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Packet multiplexing has been proposed as a practical method in optical
time-division multiplexing. One reasonable approach is to use a packet
compression–expansion scheme at the node to match the transmission rate
between the ultrafast backbone optical network and slower (electrical) networks.
This scheme is superior to the conventional bit interleave scheme in that it does
not require an ultrafast switch at the bit rate; instead, switching at the slower
header bit rate and/or packet rate is sufficient. In contrast to the bit interleave,
we call this scheme compressed optical packet multiplexing (COPM). Here we
present an experimental demonstration of an all-optical COPM with use of a
155-Mbit/s video signal that is optically compressed into a 2.64-Gbit/s optical
signal and optically expanded back to the original rate with a reasonable bit error
rate. 

OCIS codes: 060.2330, 060.2360, 060.4230, 060.4250, 200.4740.

1. Introduction

Recently there has been remarkable progress in the transmission rate of optical time-
division multiplexed (OTDM) signals in fibers.1−5 In particular, ultra-high-speed medium-
haul transmission of optical signals over 100 Gbit/s is becoming a reality by the use of
densely (or short-period) dispersion-managed solitons.6−9 Full use of such an ultra-high-
speed line is feasible only with adaptation of the proper time-division multiplexing (TDM)
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scheme. After the recent research progress in ultrafast all-optical switches,10−22 stable and
cost-effective demultiplexing of such ultra-high-speed OTDM signals has been realized.18,22

In contrast to demultiplexing at divided-clock repetition rates, however, all-optical switch-
ing at the OTDM line rate remains the subject of ongoing research.19,20 Thus it has not
been possible to study the feasibility of a time-interleaving node scheme that requires such
bit-rate switchings. An alternative scheme is slotted OTDM, in which a packet compres-
sion and expansion scheme is used.23−26 Furthermore, slotted OTDM is propsed,27 where,
by sacrificing a portion of the transmission speed, one can construct an ultra-high-speed
network by use of currently available electrical switches. The proposed scheme does not
require clock extraction at the bit rate for node-to-node switching but requires it only at the
packet rate and hence is much more appropriate for network applications in node design. In
this study we report a successful demonstration of error-free transmission of a 155-Mbit/s
video signal by compressing it into a 2.5-Gbit/s optical signal and decompressing back
to 155 Mbit/s. A combination of a delayed Mach–Zehnder interferometer28 (DMZ) and a
recirculating fiber-loop compressor29 (FLC) are used to form a compressed 256-bit opti-
cal packet while DMZs30 and electroabsorption modulators as an optical gating switch are
used for decompressing the packet. Since our goal in the present experiment is the demon-
stration of the fundamental concept, the compression rate and the transmission speed are
set to relatively low values. However, the principal scheme is scalable to higher transmis-
sion rates. For example, packet compression and expansion between 2.5 and 40 Gbit/s is
possible in theory by means of reducing the lengths of all delay lines by 1/16. In such a
case, electrical packet compression and expansion at lower rates (e.g. up to 10 Gbit/s) may
be effective to improve optical signal-to-noise ratio (SNR) and to deal with longer packets.
We first present the fundamental scheme of compressed optical packet multiplexing (COP-
M) in Section 2. This is followed by a description of the optical node structure of COPM in
Section 3, where the optical packet compression scheme (Subsection 3.B) and the optical
packet expansion scheme (Subsection 3.C) are described. The experimental demonstration
of 155-Mbit/s video signal transmission with the COPM scheme is presented in Section
4, in which the characteristics of the compression and expansion schemes and the clock
synchronization scheme are described in Subsections 4.B and 4.D, respectively, followed
by a conclusion.

2. Fundamental Network and Node Structures

Basic network structure based on the COPM assumed here is an ultra-high-speed optical
loop that connects a number of local area networks (LANs) based on a (gigabit) Ethernet as
shown in Fig. 1. At present many LANs have layered structures over Ethernet such as FDDI
(fiber-distributed data interface) or ATM (asynchronous transfer mode). However, because
of the simplicity of the network architecture, Ethernet is expanding to the gigabit range,
and it is conceivable to assume a direct access to a high-speed optical backbone through a
properly designed node that allows TDM. In either case, the interface (node) between an
optical backbone and LANs requires a scheme that allows a seamless packet transmission.
It is further desirable (although not necessary) that the optical backbone operate all optical-
ly in transmission as well as in the node structure. In addition, the node inevitably requires
a rate-conversion scheme as well as electro-optical signal transfer. LAN speed is limited
by the electronics of personal computer clock time that can reach beyond 1 Gbit/s. The
optical loop (or backbone loop) is assumed to have a transmission speed of approximately
several multiples of 2n(n = 1,2, . . .) of that of LANs. Figure 2 shows a conceptual diagram
of the node under consideration. A node consists of aDROP–ADD module installed in the
backbone. Colored packets in the backbone show high-speed optical packets with different
colors designating different addresses identified by headers (flag) of their colors. The head-
er has an appropriate number of overhead bits, which are generally much slower than the
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payload packet so that electronic processing is possible. The address detector that operates
electronically reads the slow header information and gives a command to theDROP–ADD

module. In this particular example the LAN is assigned to the white address. TheDROP

module operates electronically at the speed of the packet, which is much slower than that
of the bit rate itself and drops the entire white packet and transmits another packet. The
dropped packet may be placed in the buffer memory,31,32 and the bit space is expanded
optically to the slower rate of the LAN and detected and converted to an electrical packet.
On the other hand, the electrical packet from the LAN is stored in an electronic memory
to form a long packet of appropriate size. When it reaches the appropriate size, it is sent
to the optical modulator, which modulates the optical pulse train with the same electrical
line rate; the bit space of the modulated optical pulse train is compressed so that the bit rate
matches the backbone optical transmission speed and is inserted into the empty time slot
of the backbone after being stored temporally in the buffer memory.

ACCESS TO NETWORK

SERVER

ADM

ADM3

ADM2

ADM1ADM6

ADM5

ADM4

LAN4

LAN5

LAN6 LAN1

LAN2

LAN3
  HIGH-SPEED
OPTICAL LOOP

Fig. 1. Example of COPM-based network structure.

This example shown in Fig. 2 assumes a maximum efficiency in transmission for which
buffer memories are required. In the proposed scheme theDROP-side buffer should store the
incoming compressed packet until the former packet expansion is finished. However, the
buffer memories may be eliminated if a token system (or packet reservations) is used in the
backbone. Although the presented scheme assumes an optical expansion and compression
scheme, use of an electronics scheme for these purposes based on electronic memory may
be a reasonable practical alternative for systems with relatively slow bit rates. The major
advantage of the present scheme as compared with the conventional TDM based on a bit
interleave is that it requires much slower electronic switching and timing that are based on
the header speed and the guard slot, which in turn are controllable.

3. Optical Node Structure of Compressed Optical Packet Multiplexing

3.A. Packet Format in Compressed Optical Packet Multiplexing

In this subsection we discuss the basic design of an optical ADM node for COPM network-
s. As described in Section 2, the ADM node inserts or drops packets between high-speed
transmission lines and low-speed LANs using a packet compression and expansion tech-
nique. The format of the compressed packet in the COPM is shown in Fig. 3. Each optical
packet in the transmission line is separated by a time-slot pulse (TSP), which indicates a
fixed time slot. At theDROP module, a high-speed optical packet signal in a certain time
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Fig. 2.ADD–DROPmultiplexing (ADM) node structure of COPM. Here flags indicate
header and colored dots are (ATM) packets whose addresses are designated by various
colors.

slot is dropped from incoming signal stream. At theADD module, an optical packet signal
is inserted in an empty time slot. This format allows us to use a low-speed switching device
if the separation between the TSP and the optical packet is large enough. Another advan-
tage is that the precise position control of the optical packet in a TSP is not required. In
the COPM we assume that all signals handled in the networks are in packet format, such as
Internet Protocol (IP) packets or ATM signals.

Drop Add

Packet from node A
Time Slot Pulse (TSP)

Drop Add

Packet from node D Packet from node A

Fig. 3. Packet frame in transmission line.

Figure 4 shows a timing chart of the packet in the node used for the experiment de-
scribed in Section 4. In this study we use 256-bit, 155-Mbit/s user data. At the optical
packet compressor, the user data are compressed with the a compression ratio of 17, which
corresponds to a data rate of 2.64 Gbit/s, in order to separate the compressed packet from
the TSP. The compressed data are inserted within TSPs. After transmission, an optical
packet expander at the receiver node restores the original data. Designs and operations of
the optical packet compressor and expander used in the demonstration system are discussed
below in detail.

3.B. Optical Packet Compression Scheme

In a packet compression scheme the compression ratio must be larger than the packet bit
length, regardless of the configuration type, such as DMZ or FLC, in order to preserve the
sequence of the bit stream. It is possible to achieve a packet compression for a packet length

JON 1205 July 2002 / Vol. 1, No. 7 / JOURNAL OF OPTICAL NETWORKING     224



User data
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Fig. 4. Timing chart of packet compression and expansion.

that is longer than the compression ratio by means of concatenating compression stages as
stated in Ref. 29. Because the bit period of the 155-Mbit/s data is approximately 6.4 ns,
which corresponds to the fiber length of approximately 1.3 m, we use a DMZ as the first-
stage compressor and a FLC as the second-stage compressor because the round-trip time
of the fiber loop has to be shorter than the bit period of the input data. Figure 5(a) shows
the packet compression schematic, which consists of an optical pulse generator (OPG), a
DMZ, and a FLC. Here 155-Mbit/s NRZ (non-return-to-zero) data and a 155-MHz clock
signal are fed into the OPG. The OPG generates 155-Mbit/s optical RZ pulses with 100-ps
width. The DMZ forms a 16-bit-long subpacket at the rate of 2.64 Gbit/s by time com-
pressing each 16 bits from the OPG by 1/17. In the following, 16 FLC subpackets are made
to queue up to form a 256-bit-long optical packet for transmission. Figure 5(b) shows the
schematic diagram of the OPG. A laser diode integrated with an electroabsorption mod-
ulator (EA-LD) generates 155-Mbit/s, 400-ps-wide optical RZ pulses. Two erbium-doped
fiber amplifiers (EDFAs) are used to minimize the degradation of optical SNR. An elec-
troabsorption modulator (EAM) is used to narrow the optical pulses to 100-ps pulse width.
The use of two EAMs, one integrated in the EA-LD and another external EAM, results in
enough extinction ratio for packet compression, which will be measured in Subsection 4.B.

Optical out
Data In

Clock In
OPG DMZ FLC

(a)

OPG FLD

EA-LD EDFA EDFAEAM

(b)

FLD

EDFAEAM

AMZs

(c)

EAMEDFABPF

CPL

DL

FLD

EDFAEAM

τ

(d)

Fig. 5. Packet compression scheme. (a) Block diagram, (b) optical pulse generation
scheme (OPG), (c) DMZ, (d) FLC. Other acronyms defined in the text.
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Figure 5(c) shows a schematic diagram of the DMZ. In this stage every 16 bits of 256-
bit output pulses of the OPG are time compressed with four asymmetric Mach–Zehnder
interferometers (AMZs) and an EAM in order to form 16×16 bit long subpackets. Each
AMZ consists of a 50:50 splitter, a fiber delay, a tunable delay, a balancing attenuator, and
a 50:50 combiner. The delay time∆tN of the AMZ #N is set as Eq. (1) in order to obtain
16-bit, 2.64-Gbit/s data:

∆tN =
1
f0

16
17

2N−1, (1)

where f0 is the tributary signal rate (155 MHz). Figure 5(d) shows a schematic diagram
of the FLC, which consists of a 3-dB optical directional coupler (CPL), EAMs, an optical
bandpass filter (OBPF), a variable optical delay line (DL), and EDFAs. The delay time
∆tloop of the FLC is set as Eq. (2) to have each subpacket folded one after another correctly
to place constituent pulses periodically over one combined packet:

∆tloop =
1
f0

16
17

24. (2)

3.C. Optical Packet Expansion Scheme

The packet expander unit expands each 256-bit 2.64-Gbit/s packet by a factor of 17 and
converts (demultiplexes) it back to a 256-bit 155-Mbit/s packet. In this paper we propose
a new packet expander based on AMZs and an electro-absorption (EA) gating switch. The
use of AMZs for the optical packet expander was proposed by Toliveret al. in Ref. 30.
As schematically shown in Fig. 6, the packet expander unit in this study consists of two
subunits, A and B. This is because the expansion ratio should be larger than the packet bit
length as in the case of the packet compressor. Each subunit consists of four AMZs, an
EA gate, and two EDFAs. Each AMZ splits input packets into two identical components
and provides a delay time to the one component with respect to the other. The delay time
between the two components∆tN in the AMZ #N (N = 1,2, . . . ,8) was designed to be

∆tN =
1
f0

16
17

28−N , (3)

where f0 is the lower signal rate (155 MHz). The delay time ranges from 6.1 ns (AMZ #8)
to 775 ns (AMZ #1).

gate #1AMZ delays

#1 #2 #3 #4 #5 #6 #7 #8

6.1 ns,
9.72 MHz

380 ps,
155 MHz256-bit 2.64-Gbps packet

Input

256-bit 155-Mbps packet

Output

gate #2

Subunit A Subunit B

Fig. 6. Packet expander scheme based on asymmetric AMZs.

Each EA gate removes unwanted split components. EA gate #1 is operated atf0/16
(= 9.72 MHz). Its gating window width is determined to be 6.1 ns so that it synchronously
passes through a specific 16 bits from the propagating signals. EA gate #2 is operated atf0.
Its gating window width is determined to be 380 ps so that it passes through a specific bit
from the propagating signals. The four EDFAs compensate insertion losses of the AMZs
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and the EA gates. Figure 7(a) shows the timing chart of the expander subunit A. When
a 256-bit packet passes through AMZs #1, #2, #3, and #4, the four AMZs generate 15
identical packets (copy-2, copy-3,. . . , copy-16). The delay time∆tN is precisely determined
so that copy-2 reaches the EA gate right after the original packet (copy-1), copy-3 reaches
the EA gate right after copy-2, and so on. Hereafter, we use the termcell to denote a packet
of 16-bit signals. When these 16 identical packets (each of which is composed of 16 cells)
reach EA gate #1, the gate passes through the first cell from copy-1, the second cell from
copy-2,. . . , and the 16th cell from copy-16. As a result, subunit A expands the input packet
at a cell level; that is, it splits the packet into cells and expands the cell distance by a factor
of 17. Figure 7(b) shows the timing chart of expander subunit B, which expands the packet
signals at a bit level. When each cell arrives from subunit A at subunit B and passes through
AMZs #5, #6, #7, and #8, these four AMZs generate 15 identical cells (copy-2, copy-3,. . . ,
copy-16). The delay time∆tN is precisely determined so that copy-2 reaches the EA gate
right after the original cell (copy-1) and so on. When these 16 identical cells reach EA gate
#2, the gate passes through the first bit from copy-1, the second bit from copy-2,. . . , and
the 16th bit from copy-16. As a result, subunit B expands each input cell; that is, it splits the
cell into 16 bits and expands the bit distance by a factor of 17. Thus a 256-bit 2.64-Gbit/s
input packet is expanded to a 256-bit 155-Mbit/s packet at the output of subunit B.

4. Experiment

4.A. Configuration of the Developed System

In this section we discuss the design and performance of the developed system. Figure 8
shows a block diagram of the developed system, which includes an optical packet gen-
erator, an optical packet compressor, an optical packet expander, and an optical receiver.
To confirm the transmission stability and system feasibility, the system was designed to
transmit digital video signals as user data. The National Television Standards Committee
(NTSC) video signal from the video source was coded by an MPEG2 coder to form ATM
OC-3 data. At the optical packet generator, the 155-Mbit/s electrical signal was converted
to the optical signal in the short-pulse format. The optical pulse was subsequently com-
pressed to an 256-bit-long optical burst signal that has a bit period of 2.64 Gbit/s at the
optical packet compressor for transmission. After transmission, the optical burst signal was
fed into the optical packet expander. The continuous 155-Mbit/s optical short-pulse train
was recovered at the expander followed by the optical receiver. The digital video signal
was obtained from the receiver output as an electrical data stream. In the demonstration,
the system clock signal of 155 MHz was separately distributed to each unit to control the
operation timing. Clock synchronization is discussed below in Subsection 4.D. Figure 9 is
a photograph of the developed system.

4.B. Measured Characteristics of the Packet Compressor and Expander

The packet compressor compresses the 256-bit 155-Mbit/s input data into a 2.64-Gbit/s
rate optical burst as described in Subsection 3.A. Figure 10(a) shows an eye pattern of the
output of the OPG. The input optical power to EAM of the OPG was set to be +5 dBm
in order to keep high optical SNR. The measured pulse width and optical SNR at 1-nm
bandwidth were 100 ps and 32 dB, respectively. The use of EAM to narrow the optical
pulses to 100 ps enabled us to obtain a good extinction ratio, which was far below the
limit of the measurement of∼20 dB. Figure 10(b) shows an output of the last AMZ of
the DMZ. Here 16-bit-long 2.64-Gbit/s subpackets are obtained. Figures 10(c) and 10(d)
show the leading and the trailing parts of the FLC output, respectively. As can be seen from
the figure, intensity noise in the leading part is slightly higher than that in the trailing part,
which may be attributable to the fact that the number of times of passing through the EDFA
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Fig. 7. Timing chart of the expander for (a) subunit A and (b) subunit B.
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Fig. 8. Schematic diagram of video signal transmission.
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in the FLC is larger for the leading part. However, on average the optical SNR of the FLC
output was measured to be 22 dB.

(a) (b) 

(c) (d) 

Fig. 10. Observed eye pattern of (a) OPG output and (b) DMZ output. (c) and (d) show
the leading and the trailing parts of the FLC output, respectively.

As described in Subsection 3.C, the packet expander expands the 256-bit 2.64-Gbit/s
received data to 155 Mbit/s with eight AMZs. In adjusting the packet expander, we paid
particular attention to the accuracy in the expansion delay times and the uniformity in the
output-signal pulse intensities. Figure 11 shows our setup for the adjustments and character-
ization for the expander. We generated test input pulses with a 2-ps 1550-nm synchronously
mode-locking fiber ring laser (MLFL) and a LiNbO3 modulator. The repetition frequency
of the MLFL was set to a harmonic frequency of∆tN , fFL= 10.6 GHz (= 64∆t8). The
repetition rate of the test pulses was readily converted with the LiNbO3 modulator to each
AMZ frequency (1∆tN = f0/214−N , N = 1,2, . . . ,8) or slightly detuned frequencies (f0/63,
f0/1023) as described below. The output pulses were observed with a 30-GHz sampling os-
cilloscope. Note that the linearity of the time axis of the sampling oscilloscope was not
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enough for the adjustment. Therefore, to improve the accuracy of the delay-time measure-
ment, we compared the output of the expander with respect to the input MLFL pulses that
is synchronized to an accurately stabilized rf synthesizer. Figure 12 shows typical pulse
waveforms observed with the scope at the output of the precisely adjusted expander sub-
unit A whose AMZ frequencies are designed to bef0/1024, f0/2048, f0/4096, andf0/8192,
respectively. When we input test pulses at an intentionally detuned frequencyf0/1023 to
subunit A, the output includes 16-bitf0-frequency pulses as shown in Fig. 12(a). When
we input test pulses at a synchronous frequencyf0/1024, all the 16-bit pulses are superim-
posed as shown in Fig. 12(b). We evaluated the accuracy of the delay times by comparing
the output pulses’ peak positions in Fig. 12(a) with those of thef0-frequency test pulses.
The adjustment of the delay time for subunit B was made in the same manner.

The timing accuracy of the packet expander was thus adjusted to within±5 ps (=±6×
10−6 of the maximum delay time) without experiencing inaccuracy in the scope’s time axis.
The uniformity of the output-pulse intensities was also carefully adjusted with a balancing
attenuator placed in one of the two arms of each AMZ to within±0.2 dB as seen in Fig.
12(a) for subunit A. The total insertion loss of the eight AMZs and the EA gates was 91
dB. This includes an intrinsic gating loss of 24 dB, an intrinsic loss of the eight 3-dB
directional coupler combiners of 24 dB, an insertion loss of 2 EAMs of 22 dB, and an
insertion loss of optical components such as balancing attenuators and optical connectors
of 21 dB. This insertion loss was compensated by four EDFAs inside the packet expander,
which reduces the optical SNR to 12.8 dB. The optical SNR should be improved when the
compressed bit rate is increased to>5 Gbit/s. The use of two-input two-output directional
couplers between each AMZ should eliminate the intrinsic loss of the combiners. In this
case, however, the coupling efficiency of the couplers has to be 50% precisely to obtain the
uniformity of the output-pulse intensities. The polarization-dependent loss of each AMZ
was within 0.5 dB.

MLFL LN mod
packet

expander
sampling

scope

PPG

SG

10.6 GHz

2 ps, 1550 nm

Fig. 11. Setup for adjusting delay times of the packet expander.
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Fig. 12. Results of adjusting delay times. (a) When the frequency of the input test
pulses to subunit A is detuned tof0/1023, 16-bit f0-frequency pulses are observed.
(b) When the frequency is adjusted tof0/1024, all the 16-bit pulses are superimposed.
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4.C. Performance of the Developed System

In this subsection we describe experimental results of the developed system. As described
in Subsection 4.A, a 155-MHz clock signal was distributed from the digital video coder
in the experiment. Figure 13 shows observed (a) output and (b) eye pattern of subunit
A, (c) output of subunit B of the packet expander, and (d) recovered 155-Mbit/s data in
the optical receiver. In the experiment using a video signal, the original motion picture
was successfully recovered without any noticeable error for several hours. Next, the video
coder and decoder was replaced with a bit-error-rate (BER) test set to measure a BER of
155-Mbit/s 215−1 PRBS data. In this case, the clock signal was distributed from a pulse
pattern generator. Measured BER versus the received optical power is shown in Fig. 14.
Receiver sensitivity at a BER of 10−9 was−34.8 dBm. For comparison, we measured BER
where the optical packet generator was directly connected to the optical receiver, which is
indicated as solid black circles in the figure. A power penalty of 2.5 dB was obtained at a
BER of 10−9. We believe that the penalty results from jitter and/or wander between gating
signal and packet bit, since an optical SNR of 12.8 dB is sufficient for error-free operation
at this bit rate.

(a) (b) 

(c) (d) 

Fig. 13. Observed (a) output and (b) eye pattern of subunit A, (c) output of subunit B,
and (d) recovered 155-Mbit/s data.

4.D. Synchronization for Add–Drop Multiplexing with a Time-Slot Pulse

Two synchronization schemes are necessary in the proposed COPM node. One is synchro-
nization for ADM operation of optical packets. The other one is bit-level synchronization
for a packet expander. The bit-level synchronization should be possible by use of an all-
optical clock extractor33 or asynchronous regenerator.34 In this study we made an investi-
gation of clock extraction for the ADM operation. As shown in Fig. 3, each compressed
optical packet is separated by a TSP, which indicates a fixed time slot. The frequency of
the required clock for the ADM operation is the repetition rate of the TSPs. Here we pro-
pose clock extraction by optimizing the ratio of the peak intensity of the TSPs to the peak
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intensity of the packets, which is denoted byR. A TSP of 9.72 MHz (= 155/16 MHz) and
400-ps width was made with a laser diode and two EAMs, which were driven by a 155-
MHz clock and a 9.72-MHz clock, respectively. The output of the packet compressor of
the developed system with 2.64 Gbit/s and 256-bit length was combined with the TSPs as
shown in Fig. 15. A 9.72-MHz clock was extracted from this signal with a standard clock
recovery circuit. We measured rms timing jitter of the extracted clock with respect to the
ratio R. Figure 16 shows the result.

(a) (b) 

Fig. 15. (a) Leading part and (b) trailing part of the packet compressor output com-
bined with the TSP.

In this experiment, an optical packet exists only in one time slot of 16 slots because we
directly connected the output of the compressor. If we assume that the timing jitter is pro-
portional to the energy ratio of the TSP and the packet, we can obtain a timing jitter of<15
ps by takingR > 5 even when all time slots are occupied by packets when the packet length
is 256 bits. When the packet length is larger, the use of a nonlinear absorption device such
as EAM at a node should allow us to reduce the optimizedR. Then we carried out a 41-km
transmission experiment in standard single-mode fiber. Figure 17 shows an observed eye
pattern of the transmitted TSPs and optical packets, where the extracted clock is used for
triggering the sampling oscilloscope. No noticeable timing jitter is observed, which shows
that the synchronization for ADM operation in a COPM network is possible by optimiza-
tion of R.
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Fig. 16. Measured timing jitter versus peak intensity ratioR of TSP to the output
packets.

Fig. 17. Observed eye pattern of TSPs and optical packets transmitted in 41-km long
standard single-mode fiber. The extracted clock is used for triggering the sampling
oscilloscope.
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5. Conclusion

A feasibility test of COPM has been made successfully by means of optical compression
of 155-Mbit/s video signals to 2.64 Gbit/s and optically expanding back to 155 Mbit/s with
10−9 bit error rate (BER). In coordination with the expansion of Ethernet to metropolitan
area networks (MANs), the COPM scheme will allow construction of a revolutionary new
network that allows direction connection of LAN–MAN to back born-optical networks.
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