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Absgtract : A novel packet switching adopting in-band multi-wavelength optica labe is introduced ,in which optica
header is labeled by severd opticd pulses at different wavelengths in the same opticd communication channd band as
optica payload. The switching fundamenta and its implementation techniques,including optica transmitter with header
generation and packet formation ,receiver with data restoration and switching node with route procesing ,are described. A

amplified experiment demonstrated the switching principle.
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Introduction

With the rapid development of optica communi-
cation ,optical switching has been becoming the key to
break through eectronic bottleneck and enlarge the
communication capacity further. Optica package
switching(OPS) ') is considered as an idea scheme,
which has the advantages of little overhead and high
bandwidth utilization coefficient ,and ome research
has been made on it. At the OFC’ 2000, an OPS
olution udng sub-carrier multiplexing label was
demonstrated!?! in which packet header is carried on
a sub-carrier and can be eadly picked up ,but a narrow
spectrum band width of sub-carrier is demanded. In
ome OPS schemes, the header employs wavelength
divison multiplexing (WDM ) bits®#! and header
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(MA OLPS

recognition can be much smpler but for the
disadvantage of the payload and header reserving
different wavelegnth channels. At the APOC’ 2001,
we presented a new kind of in-band multi-wavelegnth
optica label packet switching!® (M\ OLPS) with
advantagesof header not occupying extra wavelength
channel resource ,transmitting a great dea of routing
information and easy process ng.

This paper reportsour recent research on thein
band MA OL PS.
MA OL PSisexplained. In section 3 ,we discuss ome
realization techniques of MA OLPS, including the
packetsformation in transmitter ,routing processngin
node of MA OL PS and data restoration in receiver. In
section 4 ,we describe a s mplified experiment.

In section 2, the principle of

1 Principle of MA OL PS

The optical packet structure of M\ OL PS®! is
shownin Fig. 1. Intime domain(t denotestime) ,the
header and payload are arranged at the beginning and
ending of optica packet regectivey. In gpectrum
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domain(A denotes wavelength) ,they are carried on a
same wavelength channe , but their
compostions are different. If payload is delivered at a
desgnated wavelength ,e. g.A o ,belonging to DWDM
wavelength  series, carrying
information will be congtituted by optica pulses with
different wavelengths within theA o channel band.
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Fig.1 The opticd packet structure of MA OL PS: a—badc opticd
packet b —eompostion of opticd head c—eoptiond
wavelength of header puss d—DWDM wavdength A
channd pass band

The possble wavelength value of optical pulse
ued to oonsgruct the header can be dedgnated
through regulating the number N(N =1,3,5, )
of wavelength and interval 0, of wavelength:
Ai=Ao*x ®) ,where n=0,1,2, (N - 1)/2.
The number M of the header pulses and time interval
T can d be preregulated. Then the permutation
and combination of different wavelength in header can
directly denote optica route information without any
extra modulating and coding. Limited number M of
optica pulses and limited number N of optiona
wavelengths will form a large amount of possble
combinations,that is to say ,the information quantity
denoted by this kind of header will be huge. We can
assume to form a kind of header with 15 optica
puss,i.e. M equas 15 ,like this: the first 3 pulses
with carrier wavelengthA  can be functioned not only
as header identification and synchronization,as as
indicating the carrier wavelength of this optica
packet ,the following 6 pulses and the last 6 pulses
with different wavelength can be used to indicate des
tination address and the source address respectively.
If the number N of optional wavelengths is 5,the
quantity of source addresses or destination addresses
will be 6°.

When an optica packet with such kind of in
band multi-wavelength optical label header gets
switching node ,the carrier wavelength of payload and
routing information can be obtained through header
procesor reading and trandating the wave gpectrum

of header. Then optical switching matrix in switching
node is oontrolled to sdect light-path of optical
payload, and a new header is produced to ensure
ddivering the payload forward. The switching node
diagram of multi-wavelength optical label switchingis
shown in Fig.2 ,which iscondsted of input interface,

output interface, header procesor and optica
switching matrix.
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Fig.2 The opticd switching node of multi-wavelength optica labe
switching

2 Realization technology of M\ OL PS

2.1 Packetsformation in transmitter

The transmitter of M\ OL PS should be able to
pack the incoming data (initiad data flow to be
transmitted) into optical packets with fixed format
and send them out. It congsts of an optical payload
generator ,a header generator and a packets formation

part. Itsprincipleis shownin Fig. 3.
optical payload generator
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Fig.3 Transmitter schematic of MA OL PS

In an optica payload generator ,initial data flow
with clock 9gnal A are collected and divided into data
groups with fixed length.
exported according to another clock sgna B, and
electronic payloads (payloadsin electrical domain) are
formed ,and the optical payloads can be generated by
EO oonvergon. Because the clock B is much faster
than the clock A, that is to say, the data flow
transmitted with high compressed ratio ater dividing
into groups,the data rate of optica payload is much

Then the groups are
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higher than theinitia data sgnd. For example ,if the
ratio of the two clocksis 100 1 ,after being arranged
into payloads,the 1ms time length initiad data flow
will be snt out in 1Q s,i. e. 1Q s time length. S
there will be enough time-interva between payloads
and can be used for optica header ,guard time ,etc.
Because the optical header is condsted of diffe-
rent wavelength pulses,and the routing information is
denoted by the permutation and the combination of
different header wavelengths,the structure of eec
tronic header (header in electrical domain) iscorrela
ted with EO oonverdon patterns. Fig. 4 shows two
capable schemes of eectronic header. If EO conver-
son isredized by modulating optical wavelength with
dectronic sgna amplitude, the eectronic header
should be a serial eectrica pulse with different ampli-
tude ,as shown in Fg.4a. If EO converson is con-
ducted by a group of dngle frequency/ wavelength
laser diodes ,the electronic header should be a group of
parale pulses with different sequence,as shown in
Fg. 4b,and the optical header can be syntheszed
with the optical pulses derived from the EO conver-
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Fig.4 Architectures of dectronic header

In an optica packet formation part, optica
header and optica payload are combined to form
optical packet by an opticd fiber coupler. Of course,
the generation of header and payload must be all
controlled under a uniform procesor to ensure the
accuracy of synchronization and pul ses sequence.
2.2 Routing processing in node of M\ OL PS

The optical node of communication network per-
formsoptica route selecting ,and it should recognize
the optical header of each channd first. When a
MA OL PS packet arrives at the switching node, its
header with multi-wavelengths label will be dropped

in the input interface. In accordance with this
switching mode, we adopt a kind of optica header
extracting technique!® using optical circulator and
tunable fiber Bragg grating (FBG) array to ssparate
the header from payload and recognize the header in
optical domain,as showed in Fig. 5. The array is
congsted of N optica circulatorsand N tunable FB Gs
whose normal reflective wavelengths corregpond to
the header wavelengths:A 1 ,A 5, An (within a
communication channd ) .
wavelength equals the grating reflective wavelength ,
the pulse will be backed to the nearest circulator and
go out from the other port of the circulator ,and a
correponding detector can catch it. S, when the
header arrives,its pulses with different wavelengths

If an opticd pus's

will be sparated and received by the detectors
regectively. Anayzing these sgnal'scoming from the
detectors,procesr can acquire routing information,
synchronization sgnal ,etc. After finishing the header
pulses collection ,procesor moves the FB Gs working
wavelengthsfrom the communication channel ,and the
followed payload can pass through the array to the
switching matrix without any power slitting. At the
same time, the procesor controls the optica switch
matrix to sdect suitable route and generates a new
header for the payload according to the recognized
routing information. In the output interface ,the new
header is combined with the payload ,and a ref reshed
optical packet isformed and forwarded to next node
or terminator.
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Fig.5 Principle of opticd header information extracting
2.3 Data regtoration in receiver

In contragt to the function of optica transmitter ,
the optica receiver restoresoptica packets to original
dataflow. As shown in Fig. 6 ,optica receiver trans
forms the optical packets with fixed format into elec
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trica dgnal firs. Then ,the header of eectronic pac
ket is removed ,and the electronic payload with clock
B is decompressed to low rate data sgna according to
the clock A. Through correctly compiling the decom-
pressed data ,the origina data sgna can be obtained.
Because the data rate of header is much lower than
payload ,the header is easly to delete in electrica do-
main. Corregponding to the clock sgnasof transmit-
ter ,the clock B is the high rate clock of optica pay-
load and the clock A is the low rate clock of original
data flow.

] payload
optical packet
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Fig.6 Recdver schematic of MA OL PS

3 A simplified principle experiment

To verify the feadhility of such switching
method, we desgned a smplified experiment, as
shownin Fig. 7 Fg.12. Fg.7 is the experiment
diagram, and Fig. 8 explans the fundamenta of
switching node. Four terminators are connected with
an optical switching node through optica transmitter
(Tx) and optical receiver (Rx) regectivdy to
accomplish data switching. In order to amplify the
process of procedure further ,the optical transmitter of
each terminator adopts a same optica carrier
wavelength ,A ¢ = 1550. 92nm. The optica header
pulses work at 3 optiona wavelengths within the
same 200G DWDM channel :A ; = 1550. 52nm A , =
1551. 32nm and A o = 1550. 92nm. The spectra of
optica header and payload are shown in Fig.9. Data
rate of the opticd payload is 622Mhit/ swith the time
duration of 24 s,and the header’ s is 1Mbit/ s with
' s duration. The header is composed of 7 optica
pulses: thefirst 3 pulses with carrier wavelengthA ois
acted as header identification and synchronization ,the
last 2 pulses with wavelength A ¢ is used as indicating
the end of header ,and the middle 2 pulsesis used to
derote degtination address: A1 A1) ,A1 A2) , (Ao,
A1) ,(A> Ay) standfor the terminators from thefirst
to the fourth respectively. The optica packet struc
tureis shownin Fg. 10.
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;E_ parameter , multi-wavelength optica label header can
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Fig.12 BER results

Taking Tx1 transmitting dgnal as an example,
when an optical packet enters the opticd header ex-
tractor OHE (see Fig. 5) ,the pulses of the header
can be sparated according to their wavelengths. Af-
ter received by optical detector Do to D, regectively ,
the header pulses are converted to electronic sgna ,
and the address information can be identified. Then,
procesor controlsthe OHE to lead the optica payload
to the optical switching matrix and at the same time
controls the switch matrix to sdect optica routing
and trander the payload to pre-determined receiving
terminator.

Fig. 11 shows the experimenta result of the
herder sectrum, and Fg. 12 is results of BER
measurement. The BERs between terminators were
lessthan 10" ° at a received power of about - 18dBm.
The gmplified principle experiment proves the
practicability of multi-wavelength optica labe packet

communication channd band as optica payload does
not occupy extra wavelength channel and can carry a
great dea of routing information. The optica trans
mitter ,receiver and switching node ,including header
generation ,packet formation and route processng can
be redlized. With the progress of optical dgnal pro-
cessng technology ,this kind of optica dgna header
may be arbitrated al in optical domain (an al optica
processed MA OL PS is under study in our laborato-
ry) ,and the optical switching adopting in-band multi-
wavelength optical label is apromisng ort of optical
switching technology in al-optical processing with
higher speed.
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