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ABSTRACT: Our future networks should be capable of carrying several types of traffic in a dynamical manner.
Optical networks have the capability to provide high bandwidth for future bandwidth intensive applications. In this
paper, ultrafast packet interleaved optical time division multiplexing network is designed for high dynamical and high
capacity photonic networks. Optical Delay Line Structure is thereby designed, achieving a high bit rate access to the
optical medium on a packet by packet basis. The results are simulated and are presented to demonstrate the
effectiveness of the proposed design.
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I.LINTRODUCTION

Recently, many methods for optical rate conversion (optical packet compression and expansion) have been proposed
[1-2].Many of them are based on an optical buffer (optical recirculation loop) and a sampling technique as shown in
Figure 1. But this technique offers restriction on the bit rate and packet size. The restrictions are due to difficulties in
buffering of ultra high speed large optical packets for large period since it causes optical impairment due to dispersion
and amplified spontaneous emission (ASE) noise accumulation during amplification [3]. Delay line structure is a
further technique for optical packet compression. This technique allows simultaneous compression and expansion of n
bit large optical packets using same device for compression as well as expansion.

I1.RELATED WORK

Several authors have proposed bandwidth compression techniques in literature using OTDM technique. Ming Chen et
al.[4] has proposed spectrum compression based on filters for demonstrating bandwidth efficiency and has
demonstrated 40 Gb/sec OTDM system experimentally. Evarist et al.[5] has proposed a scheme enabling serial to
parallel conversion of OTDM data onto WDM grid based on optical Fourier transformation with spectral compression.
Likewise in [1] a simple and robust short pulse source based on chirp compression scheme is proposed. S.A. Hamilton
et.al [6] demonstrated a novel optical time division multiplexing packet level system synchronization and address
comparison technique which relies on cascaded semiconductor optical logic gates. Here in this paper packet
synchronization and address comparison at OTDM routers was achieved using optical techniques. Shinada et al.
simulated and demonstrated large capacity fibre delay line buffer for optical switch [7]. They used pipelined algorithm
to demonstrate and resolve packet contention. Here they constructed a 31-fiber delay line buffer which consisted tree
structured optical switches. Rostami et al. proposed the idea in which properties of single mode fibres ring resonator is
used for large delay lines. Also with increase in the number of ring resonators in the proposed array, delay time can
significantly be increased [8]. Various scientists have implemented optical delay line using a number of different
approaches. To obtain ultra high bit rate optical packet compression, time division multiplexing technique is used
which allows ultra high speed access to optical medium. Paul Toliver et al. demonstrated simultaneous compression
and decompression of optical time division multiplexed packets of 100 Gb/sec optical TDM packets using only single
bidirectional optical delay line lattice [9].

111.BACKGROUND

There are basically two ways in optical domain for switching up of signals: WDM technique and OTDM technique.
The use of OTDM is more suitable due to limited switching technologies available in WDM. Many research scientists
are applying ultrafast OTDM to photonic networks. An example of network that incorporates OTDM for the
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transmission of ultra high capacity data on single optical wavelength is Packet Switched Optical Network. This
networks operates on a single wavelength optical packet with high bit rates. The primary advantage of this network is
optical packets sent are converted to electrical domain when they finally reach their destination. Since electronic
conversion is avoided at the intermediate nodes hence one can use fibres bandwidth efficiently and reduce switching
latency [10].

This paper presents an optical packet compressor for compressing optical time division multiplexed data. Streams up to
1Th/sec packet bit rate can be compressed. Also we can use the same structure for optical packet decompression in
order to extract ultra high data rate OTDM packets when they reach their destination. Most important aspect of design
presented in this work is exploitation of bidirectional capability of fibre optic that is optical delay line lattice can be
used for compression and decompression simultaneously. This reduces cost and complexity since same optical delay
line performs multiple functions [1-3]. In this paper, we have designed and demonstrated the compression of 1Th/sec
optical packets, the setup as shown in Figure 2 was constructed. Hence bandwidth was conserved to a great extent.

The paper is organized as follows: In Section IV, the principles and architectures of the proposed optical delay line
structure and compression technique is defined. The simulation results are presented in section V. The paper is

concluded in section VI.
@ Compressor
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Figure 1: Optical packet compressor using recirculation loop; o denotes the overall loss in traversing the loop once [3].
IV.PROPOSED OPTICAL DELAY LINE STRUCTURE

The optical packet compressor using an ODLS, an optical gate and fibre optic system is shown in Figure 2. This
structure allows compression of packets to be transmitted simultaneously with the decompression/expansion of
received packets using the same structure. Number of compression stages used increases logarithmically with the
number of bits to be processed [7]. The maximal packet size L, IS limited by the compression rate K as follows:

Lymae = K — 2700 )

p,max o

Where K= —0 is compression rate, t,,..denotes the response time of the optical gate and T, and z,are the bit periods

of low and hlgh speed signal, respectively. For K=100, 7,= 10ps and ty4..= 40pS, Ly mqy IS limited to 91 bits.
However such short packets are usually impractical in many of the applications and also large rate conversion time can
impair the performance. Since the complete compressed packet occurs in the gap between two bits of signal of low
speed, the number of bits in the packet is limited by compression rate K as:
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n<K-1 (2
If we take into account ¢, as response time of gate then the limitation on size of packet is given by
t
Lymax =K —1—2 [g—t] 3)

For large packet sizes, large compression rate or parallel arrangement of ODLS is used. The principle of operation of
an optical packet rate conversion unit based on optical delay line structure can be explained using Figure 2 and Figure
3. Here in ODLS we have used consists of 3 stages. All stages consist of a 3decibels coupler and a delay line.
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Figure 2: Packet Compressor / Expander using ODLS [3].

As seen from Figure 2 showing compression operation a low speed six bit input packet is first split by the two arms of
3dB coupler. In first stage the signal in upper arm is delayed by (T, — t,)and it is then combined with the undelayed
packet in the next coupler. The resulting signal is once more delayed in the second stage by 2(T, — 7,) and similarly
third stage. At the output, each of the input pulse is then copied six times and spaces from its neighbour pulse by (T, —
T,). The complete compressed packet is then selected by optical gate at the output of delay line structure which is in
the middle of output sequence.

Now if we add an additional fast optical switch, the expansion of the high speed packets can be achieved using the
same device but in opposite direction. The high speed optical packet enters high speed input port of the device. This
packet is delayed by the delay line in the upper arm and combined by a 3 dB coupler in each of the stage with the
undelayed signal, making six copies of high speed input packet at output of ODLS. Each copy is delayed by (T, —
T, )With respect to next copy. An ultrafast optical switch selects the bits which are spaced at a bit period by T,, a
considerable narrow switching window. Thus, the decompressed low speed output optical signal is received having
same bit pattern sequence as the compressed packet.
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Figure 3: Optical Packet Compression Operation for 4 bit packet [3].
V. RESULT AND DISCUSSION

To demonstrate the capability of simultaneous packet compression and expansion optical packets with a bit rate of 1
Th/sec was taken and the setup was as shown in figure 2 .A 1550nm continuous wave laser is used to generate optical
pulses of power Odecibels and line width 10MHz. A three stage fibre optic delay line is used (n=6) for the expansion
and compression of 6 bit data packets. A data pattern is generated arbitrarily which is then encoded onto the optical
pulse stream generated by CW laser using Amplitude modulator (Mod1) and then this encoded packet is passed onto
ODLS subsystem where it is compressed .A second modulator is then used at the output of the delay line to get the
compressed packet. The packet after passing through all the compression stages(here 3 compression stage) is then
amplified by the amplifier and is passed through 6nm optical band pass filter (BPF) in order to remove ASE(amplified
spontaneous emission) and is propagated over 1000 m length of optical fibre. This optical packet is then again injected
into the delay line lattice but in backward direction. A demux is used to extract the bits from the compressed packets.
Finally the decompressed packet can be seen on oscilloscope after passing through a low bandwidth photo detector.

As shown in the experimental setup we were able to compress and decompress 6 bit, 1THz/sec optical packets as
illustrated in figure 4. Figure 4(a) shows the 1THz/sec packet before compression with bit sequence 10110100. After
compression stages the packet is detected by a photo detector and an oscilloscope. Figure 4(b), 4(c) and 4(d) shows the
output after each of the first, second and third compression stages.
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Figure 4(a) above shows the initial bit sequence which is pseudo random and has not been passed through any of the
compression stages.
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Figure 4(b)
Figure 4(b) shows the bit sequence after passing through the first compression stage. Pulse width t we have taken as
0.06. We have taken 6 bits per packet. Bit interval is 1bit. Now after passing through first compression stage there is a
delay of (T-1), i.e., delay of 0.94 is by one arm and it is combined with undelayed signal and the compressed output is

as shown above.
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Figure 4(c) shows the sequence after passing through second compression stage. A delay of 2(T-t) is provided in the
second compression stage, i.e., delay of 2*(0.64) =1.28.
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Figure 4(d)

Figure 4(d) shows the final compressed output after being passed through third compression stage. This stage provides
a delay of 3*(T-1), i.e., 3*(0.64) = 1.92 and the final compressed output is as shown.

VI. CONCLUSION

Using optical delay line structure we were able to compress data at a bit rate of 1Th/sec so as to reduce the overall
bandwidth. The biggest advantage of using optical delay line structure is one can perform compression and expansion
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simultaneously. Also this structure can be used for packets with practical sizes because delay line increases
logarithmically with the number of bits to be processed. If we take example of 64 byte packet (large enough to hold
ATM cell) then it would require 9 compression stages. Also splitting losses can easily be compensated by using a
single amplification stage. High bit rate of more than terabit per second range can be used which would be needed due
to fast growth of internet traffic demands as well as supercomputer applications.

REFERENCES

[1] Fan Zhang ,Peng Zuo, Jan Wu, Jintong Lin, Yizhi Gao and Peida Ye, “Simultaneous Pulse Compression And Extinction Ratio Improvement of
Gain Switched Lasers Using Comb Like Dispersion Profiled Fiber For OTDM System Application”, IEEE Optical Communication
,2001.ECOC’01.27" European Conference , Vol.4, pp.606-607,2001.

[2] Quang Nguyen, Hung Nguyen Tan ,Motoharu Matsurera and Naoto Kishi ,” All Optical WDM to OTDM Conversion Using a Multimode
Picosecond Pulse Generation In Raman Compression” , IEEE Photonics Technology Letters ,Vol24,No24, pp.2235-2238,2012.

[3] Slavisa Aleksic ,”Packet Switched OTDM Networks Employing The Packet Compression/Expansion Technique”, Photonic Network
Communication, pp.273-288,Kluwer Academic Publishers, Netherlands ,2003.

[4] Ming Chen ,Bo Lv ,Taangjun Li , Muguang Wang Shuisheng Jian ,” Method of Improving Bandwidth Efficiency for OTDM Transmission
Systems”, IEEE Communications and Photonics Conference and Exhibition ,2009 Asia ,Vol.2009 supplement,pp.1-6,2009.

[5] Evarist Palushni , Hans Christian Hansen Mulvad , Michael Galili ,Hao Hu, Leif Katsuo Oxenlowe , Anders T.Clausen , and Palle Jeppesen
,"OTDM to WDM Conversion Based on the Time To Frequency Mapping by Time Domain Optical Fourier Transformation”, IEEE Journal of
Selected Topics In Quantum Electronics , Vol.18, No0.2,2012.

[6]S.A. Hamilton, B.S. Robinson ,”40-Gb/sec All Optical Packet Synchronization and Address Comparison for OTDM Networks” , IEEE Photonics
Technology Letters, Vol.14, No.2, pp.209-211,2002.

[7]1Shinada , Furukawa, Wada,” Simulation and demonstration of large capacity fiber delay line buffer for optical packet switch” * Optoelectronics
and Communications Conference held jointly with 2013 International Conference on Photonics in Switching , pp.1-2,2013.

[8]G. Rostami , A. Rostami ,”Tunable Optical Delay Line Using Two Port Ring Resonator” ,IEEE Proceedings of Asia Pacific Microwave
Conference , PP.1308-1312,2006.

[9] Paul Toliver, Kung Li Deng , lvan Glesk and Paul R. Prucnal ,” Simultaneous Optical Compression and Decompression of 100 Gbh/sec OTDM
Packet using a Single Bidirectional Optical Delay Line Lattice”, IEEE Photonics Technology Letters ,Vol.11,N0.9,1999.

[10] Yabin Ye , Hagen Woesner , Imrich Chlamtac, “OTDM Light Trail Networks”, IEEE Transparent Optical Networks, 2005, Proceedings of 2005
7" International Conference, Vol.1,pp.20-24,2005.

[11] Rodney S. Tucker , Steven K Korotkey, “Optical Time division Multiplexing For Very High Bit Rate Transmission” , Journal of Lightwave
Technology, Vol.6, N0.11,1988

[12] Sachin Kumar, Indu Bala Pauria, Anoop Singhal, “ Optical Fiber Communication System Performance Using MZI Switching ”*, International
Journal of Soft Computing And Engineering™, Vol.2, July 2012.

[13] K Bengi, S. Aleksic ,”Design Considerations for a slotted OTDM Ring LAN”, NOC2000, Stuttgart, Conference Proceedings, pp.191-198,2000.
[14] Sachin Kumar ,Indu Bala Pauria ,Anoop Singhal ,”Optical Fibre Communication System Performance Using MZI Switching “ , International
Journal of Soft Computing And Engineering , Vol.2, Issue 3, 2012.

[15] Hans Georg Weber, Reinhold Ludwig,Sebastian Ferber, Carsten Schmidt Langhorst,Marcel Kroh, Vincent Marembert, Chirstof Boerner and
Colja Schubert,”Ultrahigh Speed OTDM Transmission Technology, Journal of Lightwave Technology , Vol.24, No.12,pp.4616-4627,2006.

[16] ]ltscuro Morita , Noboru Edagawa,” Study on Optimum OTDM Signals For Long Distance 40Gbit/sec Transmission”, IEEE optical Fibre
Communication Conference and Exhibit ,2002.0FC2002, PP.5-6, 2002.

[17] ] K.S. Jepsen ,B.Mikkelsen ,A.T. Clausen, H,.N. Poulsen , K.E. Stubkjaer , M.Yaa, “High Speed OTDM” ,IEEE Lasers and Electro Optics
,1998.

BIOGRAPHY

Abhilasha Khare is currently
pursuing M.Tech in ECE Engineering

Dr. Hardeep Singh is
presently working as

Copyright to IJAREEIE

from Thapar University, Patiala. She
received her B.Tech degree in
Electronics & Comm. Engg. from
Institute of Engg. and Tech, Faizabad
.Her areas of interests are Optical
Fibre Communication and

Optics.

WWW.ijareeie.com

Assistant Professor at Thapar
University,  Patiala.  His
teaching and research
interests are in the areas of
Optical Fibre
Communications.

9889



