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SYSTEM FOR MINIMIZING OR COMPENSATING 
PMD-INDUCED DISTORTION IN OPTICAL 

TRANSMISSION SYSTEMS AND TRANSMISSION 
FIBRES IN PARTICULAR 

FIELD OF THE INVENTION 

0001. The invention relates to a system for minimising or 
compensating distortions due to polarisation modulation 
dispersion (PMD) in optical transmission systems and trans 
mission fibres in particular. 

PRIOR ART 

0002. As any glass fibre is unintentionally birefringent to 
a slight extent light signals of different polarisations are 
passed through the glass fibre with different group rates. The 
light fractions of different polarisations therefore arrive at 
the receiver with transit times relative to each other; this 
transit time effect results in a widening of the received signal 
and hence in an impairment of the quality in transmission. 
This may lead to an increase of the bit error rate in particular. 
The useful transmission rate in optical fibre communication 
networks is hence restricted by PMD-induced distortions. 
Due to the PMD of the transmission path, which varies in the 
course of time, high bit error rates and temporary breakdown 
of the transmission may occur. The existing PMD of the path 
is a restricting factor especially for the improvement of fibre 
paths already installed. 

0003. The polarisation mode dispersion encompasses all 
polarisation-dependent transit time effects where the signal 
propagation can be described completely by the propagating 
characteristics of two polarisation modes which are inde 
pendent from each other and orthogonal relative to each 
other. With birefringence being permanently varied by out 
side influences such as temperature and mechanical load, 
and being moreover dependent on the wavelength, both the 
position of the “principal states of polarisation' (which will 
be briefly referred to as PSP in the following) and the 
difference in transit time between the PSPs undergo a 
permanent variation. This is also referred to as second-order 
polarisation mode dispersion (PMD). 

0004) A wavelength-dependent PMD behaviour with 
time constants in the ms range up to the range of minutes 
results from the aforementioned effects, which fluctuates 
versus time. 

0005 Distortions in transmission systems, which are 
created by polarisation mode dispersion (PMD), must be 
compensated for high-rate data transmission applications in 
order to maintain the signal quality. 

PRIOR ART 

0006 The influence of polarisation mode dispersion 
along long high-rate transmission paths have been inten 
sively studied and measured in the past few years. 

0007. In this respect reference is made to the following 
articles which like the other articles additionally men 
tioned in the following, too—are explicitly referred to for 
explanation of all the particulars not explained here in more 
details: 
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0008 Poole, C. D.; Tkach, R. W.; Chraplyvy, A. R.: 
Fishman, D. A.: 

0009 Fading in lightwave systems due to polariza 
tion-mode dispersion 

0010 IEEE Photoonics Technology Letters, vol. 3, 
No. 1, 1991, pp. 68-70 

0011 Clesca, B: Thiery, J. -P: Pierre, V.: Havard, V.: 
Bruyere, F. 

0012 Impact of polarisation mode dispersion on 10 
Gbit/s terrestrial systems over non-dispersion 
shifted fibre 

0013 Electronics Letters, vol. 31, NO. 18, 1995, pp. 
1594-1596 

0014) Moreover, the effects of second-order PMD and 
also of polarisation-dependent loss (PDL) have been analy 
sed: 

0.015 Bruyere, F: 

0016) Impact of First- and Second-Order PMD in 
Optical Digital Transmission Systems 

0017 Optical FiberTechnology 2 (1996), Article 33, 
pp. 269-280 

0018) Gisin, N.; Huttner, B.: 
0019 Combined effects of polarization mode dis 
persion dependent losses in optical fibers 

0020 Optics Communications 142 (1997), pp. 119 
125 

0021 Fairly old fibres in particular, which had been 
installed in the first years of optical fibre transmission 
present a high PMD level. For paths to be installed in the 
future an upper limit of 0.5 ps Vkm applies. Even though the 
fibre manufacturers take any effort to offer values lower than 
this maximum, the influence of Such comparatively small 
PMDs is troublesome in the case of high transmission rates 
and long distances. 

0022. The effects of other dispersive phenomena such as 
chromatic dispersion may be pushed into the background by 
a suitable selection of the wave length or by means of fibres 
compensated in terms of dispersion. 

0023 The only factor which involves a restriction of the 
band width and the length of the distance is hence PMD. 

0024. On account of the occurrence of PMD, which is 
invariant in terms of time, compensation is not possible by 
the use of a constant-PMD fibre. Various simulations have 
become known—cf. in this respect 

0.025 Ozeki, T.: Kudo, T.: 
0026 Adaptive equalization of polarization-mode 
dispersion 

0027 OFC/IOOC 1993, Technical Digest, pp. 143 
144 

and laboratory experiments—cf. in this context 
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0028) Hakki, B. W.: 
0029 Polarization Mode Dispersion Compensation 
by Phase Diversity Detection 

0030) IEEE Photoonics Technology Letters, vol. 9, 
No. 1, 1997, pp. 121-123 

have become known in relation to the wide-band and 
flexible design of a PMD compensator. These pub 
lications, however, refer to laboratory set-ups which 
are not suitable for application in practice. 

0031. From prior art literature various approaches have 
become known for PMD compensation, with provisions on 
the receiver side being promising only in view of their 
implementation. These approaches include: 

0032) the variation of PSP of the fibre path by a 
polarisation regulator on the receiver side in Such a way 
that the polarisation of the transmitter laser will coin 
cide with a PSP 

0033 the application of a polarisation diversity 
receiver with a series-connected polarisation regulator 
that separates the signals of high-speed and low-speed 
PSP from each other and joins them again at the output 
of an electrical time-lag line, 

0034 the application of a birefringent fibre of constant 
PMD and a series-connected polarisation regulator. 

0035) It is moreover known to use a high-speed electronic 
system for implementation of electronic PMD equalisation 
and a mechanical adjustable time-lag device for PMD com 
pensation. 

0036) The aforementioned proposals are either incom 
plete because the manner of selective control is not clarified, 
or they involve a high expenditure in terms of optical and 
electrical devices, or they do not function properly. Products 
developed to be marketable have so far not become known 
worldwide. 

0037. One reason for this resides firstly in the aspect that 
in the past means have not been available for measuring 
PMD-induced distortions, which are sufficiently rapid and 
present a Sufficiently simple design. 

0038 Another reason for this is the fact that an emulator 
unit has not been available which is capable of emulating the 
PMD of a real transmission fibre as precisely as possible. 

BRIEF OUTLINE OF THE PROBLEM OF THE 
INVENTION 

0.039 Typical demands on a PMD compensator for opti 
cal transmission paths are as follows: 

0040 a wide range suitable for compensation: e.g. 0 to 
100 ps, 

0041 thorough control down to the lowest possible 
residual PMD, 

0042 high-speed thorough control in the case of varia 
tions along the fibre path, 

0043 reliable control characteristics for any kind of 
PMD and for PMD with different PSP levels in par 
ticular, 

0044 no persistence of control in local minimums, 
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0045 
0046) 
BRIEF DESCRIPTION OF THE INVENTION 

0047 The present invention is based on the problem of 
providing a system for minimising or compensation PMD 
induced distortions in optical transmission systems and in 
transmission fibres in particular, that permits a high-speed 
compensation of PMD-induced distortions in a form appro 
priate for practical application particularly in view of the 
afore-defined demands. 

0048 Inventive solutions to this problem are defined in 
the independent Patent Claims. Improvements of these solu 
tions are the subject matters of the dependent Claims. 

low insertion attenuation, 
low variance of the insertion attenuation. 

0049. A system suitable to minimise or compensate 
PMD-induced distortions must include a means for measur 
ing the PMD-induced distortions. Moreover, (at least) one 
emulator unit must be provided for adjustable PMD-values, 
as well as at least one matching element or a polarisation 
transformer element, respectively, if necessary, which 
matches the PSPs of the signals leaving a transmission 
system with the PSPs of the PMD emulator unit. 
0050. In accordance with the present invention both the 
emulator unit and the means for measuring the PMD 
induced distortions, as well as the controller and the 
employed control criterion (alone or in combination) are 
improved. 

0051. In the emulator unit presenting the inventive design 
an optically operating variable PMD time-lag element is 
used. This element is preferably composed of two dispersive 
constant-PMD elements which are connected via a polari 
sation regulator to a variable PMD element. 
0052 By insertion of a variable automatic PMD com 
pensator between the transmission path and the optical 
receiver an optical compensation of the PMD-induced dis 
tortions is successfully achieved so that the bit error rate will 
be minimised. The transmission capacity of the path and the 
maximum distance that can be covered can hence be mul 
tiplied by application of this PMD compensator. 
0053. In a preferred solution of the invention, which 
relates to the emulator unit, this emulating unit comprises a 
PMD emulator which is capable of emulating also the 
second-order PMD and of emulating the PMD of a real 
transmission fibre as precisely as possible. The emulator unit 
of the inventive design presents the particular advantage that 
a series-connected polarisation transformation element is 
not required. It is, of course, also possible—even though not 
necessary—to connect the fibre path to be compensated to 
the adjustable PMD time-lag element via a further polari 
sation regulator that operates continuously and causes the 
principal states of polarization (PSP) of both PMD elements 
to coincide. 

0054 The aforementioned preferred improvement of the 
invention starts out from a system for compensating distor 
tions induced in optical transmission systems, and transmis 
sion fibres in particular, by polarisation modulation disper 
sion (PMD), which system comprises a means for measuring 
PMD-induced distortions, an emulator unit for adjustable 
PMD values and a controller which the output signal of the 
measuring means is applied to and which controls the 
emulator unit. 
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0055. In accordance with the present invention, this emu 
lator unit comprises at least one basic emulator unit com 
posed of two differential group delay elements (DGD ele 
ments) having each a defined invariable time-lag period for 
the incoming signal, which elements are interconnected via 
a connecting element producing the effect of a transforma 
tion element, with all three elements forming a defined angle 
of the birefringence axes relative to each other. 
0056. The birefringence axes of the connecting element 
are distinguished from the birefringence axes of the two 
DGD elements in terms of their angular position. Moreover, 
at least one regulator element is provided for each basic 
emulator unit, which produces its effects on one of the 
elements of this basic emulator unit and preferably on the 
connecting element in Such a way that the overall system can 
be completely adjusted by a slight variation of the time-lag 
generated by the influenced element of the DGD. 
0057 The most different elements known from prior art 
may be used as dispersive elements and specifically as DGD 
elements, which may be employed in the inventive system. 
0.058 A multitude of polarisation regulator variants is 
available for use as polarisation regulators determining the 
essential parameters of the overall system, such as the 
response time, the insertion attenuation and the long service 
life: 

0059 rotatable/2 and W4 wave plates in the free path 
of the rays, 

0060 fibre squeezers, force produced on highly bire 
fringent fibres, 

0061 lithium niobate or other electrically controllable 
birefringent crystals, 

0062 magneto-optical YIG crystals, 
0063 nematic or ferroelectric liquid crystals. 

0064. The aforementioned elements may be integrated 
into fibre-optical systems by appropriate fibre coupling 
systems. 

0065. The elements may be PM fibres in particular. In 
Such a case the regulator element may produce mechanical 
effects on at least one of the DGD elements, expediently the 
connecting element, for variation of the time-lag interval and 
hence the polarisation. In particular, the regulator element or 
elements, which produce a mechanical action, may be fibre 
squeezers or stretchers with electrically controllable ele 
ments such as piezo elements creating a mechanical action 
on the PM fibre. 

0.066 The implementation of the different angles of the 
birefringence axes may be expediently realised by splicing 
of the individual PM fibres at the desired angle in the case 
of PM fibres. 

0067. It is particularly preferred in such a case that at 
least one of the regulator elements comprises a ring for 
distributing the mechanical effect over the longest fibre 
length, possible, on which ring the PM fibre is wound 
without being twisted. It is moreover expedient that at least 
one pressurising element creates a pressure on a plurality of 
fibre segments of the wound fibre at least at one site. This 
pressurising element may be an elongating element Such as 
a piezo element or a magnetostrictive element which acts 
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upon at least one segment of a circle that bears against the 
ring. In Such a configuration it is preferable to provide 
counter-segments relative to at least one part of the circle 
segments, which bear against the fibre segments and create 
a pressure on the fibre. 
0068. As an alternative and/or additionally to the appli 
cation of PM fibres it is possible that the elements are 
birefringent crystals adapted to be electronically influenced 
in terms of birefringence or that they are one of the other 
aforementioned elements. 

0069. In any case it is preferred that the time-lag interval 
created by the two DGD elements of each basic emulator 
unit is equal to and distinctly longer than the delay created 
by the associated connecting element. 
0070. It is furthermore advantageous to select the angles 
of the birefringence axes of the first DGD elements to be 0° 
and of the second DGD element to be 90° and that of the 
connecting element to be 45°, which means a 0°, 45= 90° 
system, or alternatively a 0°, 45°, 0° or a 90°, 45°, 0° system, 
or in any other appropriate manner. 

0071. In one embodiment of the invention another ele 
ment is provided in series at the input side of the two DGD 
elements and the connecting element for adjusting an 
optional input PSP level, which may comprise a further 
birefringent element such as a PM fibre in particular. The 
angles of the birefringence axes of the series-connected 
element and the first DGD element are necessarily different 
from each other. The angular difference corresponds pref 
erably to 45°. In the case of a PM fibre input PSP may be 
adjusted particularly by creating a mechanical action on the 
series-connected element or on the series-connected element 
and the first DGD element. 

0072 The series-connected element and/or the connect 
ing element may consist of two PM fibres or two birefringent 
crystals presenting different angular positions of their bire 
fringence axes, preferably different by 90° relative to each 
other, with the regulator element acting upon one of the two 
fibres or on one of the crystals in particular. 
0073. In order to be able to compensate also higher-order 
PMD levels it is preferred that at least two systems be 
connected in tandem for adjustment of a variable DGD, 
whereof at least one comprises a basic emulator unit, if 
necessary in combination with a PSP adjusting element. In 
Such a system it is advantageous to provide the individual 
systems of higher-order PMD compensation in a way that 
they are composed of basic emulator units including DGD 
elements providing different time lags. 

0074. In accordance with the present invention the mea 
suring means is so configured that for detection of the PMD 
distortion it detects the polarisation of all spectral fractions 
contained in the signal output by the emulator unit. To this 
end the polarisation measuring means may consist of any 
polarimeter, for example it is possible to employ a system 
consisting of at least three photodiodes for detecting the 
Stokes parameters. 

0075 Within the scope of the present invention the 
simplest possible system is preferred which consists, for 
instance, of a polarizer and an opto-electronic converter Such 
as a photo receiver, that is series-connected to the output side 
of the polarizer. 
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0076. As an alternative it is possible that the measuring 
means includes a polarisation beam splitter with opto 
electrical converters such as photo receivers connected to 
the output terminals of the beam splitter, which output 
signals are subjected to quotient formation for generating an 
actual signal for the controller. 

0.077 Ahead of the polarisation measuring means, a 
polarisation matching unit may be provided which matches 
the output polarisation of the emulator unit to that of the 
polarizer and sets the polarisation for instance in a way that 
control may aim at a power minimum at the output side of 
the polarizer. 

0078. The polarisation matching unit may be arranged 
optionally either directly on the polarisation measuring 
means or directly downstream of the PMD emulator unit and 
still ahead of the branching coupler leading to the polarisa 
tion measuring unit. 

0079 The polarisation matching unit may, for instance, 
comprise two birefringent elements having birefringence 
axes forming an angle different from 0°, preferably 45°; for 
adjustment of the output polarisation at least one regulator 
element may be provided which acts upon at least one of the 
birefringent elements. These elements may be birefringent 
crystals or PM fibres. 

0080. The signal for readjustment of the PMD compen 
sator may be derived from the detected signal of the optical 
receiver directly via electrical filters. Two different pass 
characteristics of the filters enable a valuation of the 
detected signal in terms of occurrence of distortions inde 
pendently of the signal power. A control algorithm optimises 
the polarisation elements of the PMD compensator so that 
the detected signal of the receiver presents the lowest PMD 
distortions. 

0081. It is particularly preferred that a system for distor 
tions induced by polarisation modulation dispersion (PMD) 
in optical transmission systems and in transmission fibres in 
particular is so improved that the controller includes several 
automatic-control loops in which it modulates regulator 
elements of the emulator unit with different frequencies in 
a form resembling the dither technique—such that the 
controller detects information about the amount and the 
phase position of the signal output from the emulator unit on 
the basis of the output signal of the measuring unit, and uses 
this information for performing a rapid and direct control, 
and that the controller sets the individual control loops in 
such a manner that the polarisation will be constant for all 
spectral fractions contained in the signal. 

0082 In such a configuration it is preferred that the 
controller uses a minimum photo current of the opto 
electrical converter(s) as control criterion for setting a 
constant polarisation for all spectral fractions contained in 
the signal. In this context the controller is capable of 
evaluating the output signal of the opto-electrical convert 
er(s) selectively in terms of frequency and phase. 

0083) To achieve a particularly high control speed it is 
expedient that the controller comprises analog control cir 
cuits for the regulator elements to which the frequency 
selective and phase-selective signals are applied by appli 
cation of the dither technique. 
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0084 Moreover, the controller may also control the regu 
lator elements of the polarisation matching unit, particularly 
with the same control algorithm as that employed for the 
emulator unit. 

0085. It is furthermore possible that the controller com 
prises a CPU or at least one DSP switching circuit for 
performing various functions such as for frequency-selec 
tive and phase-selective evaluation or for control of the 
sequence of operations within the system. 
0086. In any case, however, the regulated values are set 
or controlled in a manner that they are defined on the basis 
of the employed principle of measurement, so that control 
based on the trial-and-error principle may be omitted. 
0087. Due to this inventive configuration it is possible, 
interalia, to desist from the application of reset algorithms. 
0088. It is particularly expedient within the scope of the 
present invention—also in the sense of an independent 
Solution—to use elements producing a mechanical effect. 
These elements may be fibre squeezers or stretchers with 
electrically controllable elements, such as piezo elements, in 
particular, which produce a mechanical action on the fibre. 
0089. When elements producing a mechanical action are 
employed it is particularly expedient to provide elements 
having a ring for distribution of the mechanical action over 
the longest fibre length possible, onto which ring the fibre is 
wound without being twisted. With this provision, due to the 
long effective fibre distance, it is possible to operate with 
comparatively low pressures. Hence fibres may be used 
which present a standard coating, without a reduction of the 
service life of the fibre in practical application. In all other 
cases it would be necessary to use a particularly hard coating 
so as to avoid a reduction of the service life beyond a 
reasonable measure. 

0090. In another preferred embodiment at least one pres 
Surising element is provided which exerts pressure on a 
plurality of fibre segments of the wound fibre at least at one 
site. This pressurising element may be an elongating element 
in particular, Such as a piezo element that acts upon at least 
one circle segment of the wound fibres and that bears against 
the ring. In correspondence with the segments of the circle 
counter-segments are provided which bear against the fibre 
segments and exert a pressure on the fibre. This configura 
tion presents the advantage that pressurisation of the fibre is 
achieved without “stretching the fibre. It is expedient in this 
configuration to design it in a way that thermal influence will 
not be produced on the DGD element. 
0091 As the control criterion is preferably derived in an 
optical manner according to the invention, i.e. not after 
opto-electronic conversion, the following advantages are 
achieved in this case: 

0092 (a) The PMD compensator system is indepen 
dent of the bit rate of the data signal (10 GBit or 
higher). 

0093 (b) The PMD compensator system is indepen 
dent of signal coding (RZ, NRZ. etc.). 

0094 (c) The maximum DGD level to be compensated 
is not limited, as is the case in conventional systems 
where the limit ranges at 100 ps for 10 Gbit or 25 ps at 
40 Gbit, respectively. 
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0095 (d) Due to the optical signal processing it is 
possible to employ low-cost optoelectronic converters 
with a low limiting frequency (in the kHZ range rather 
than in the GHZ range as is common in prior art). 

0.096 Independently of the derivation of the control cri 
terion the following further advantages are achieved: 

0097 (a) high-speed compensation 

0098 (b) low insertion attenuation 
0099 (c) simple and low-cost structure 
0.100 (d) a rugged structure 
0101 (e) trial-and-error control is not required. 

0102) When, in accordance with the present invention, 
the modulation of the regulator elements is performed with 
different frequencies, the further advantages are also 
achieved: 

0.103 (a) a reset algorithm is not necessary 
0.104 (b) trial-and-error control is not required, and 
0105 (c) expensive signal processors are not neces 
Sary. 

BRIEF DESCRIPTION OF THE DRAWING 

0106 The invention will now be described in more 
details by exemplary embodiments with reference to the 
drawing wherein: 
0107 FIG. 1 shows the principle of the structure of a 
basic emulator unit designed in accordance with the inven 
tion; 
0108 FIG. 2 illustrates an improvement of the emulator 
unit shown in FIG. 1; 
01.09) 
0110 FIG. 4 shows a second embodiment of an inventive 
system for minimising or compensation of distortions 
induced by polarisation modulation dispersion (PMD); 
0111 FIG. 5 illustrates one example of a rotator used as 
polarisation regulator, 

FIG. 3 illustrates a first embodiment, and 

0112 FIG. 6 shows an example of a polarisation regu 
lator for PSP matching, and 
0113 FIG. 7 is a view of an example of a fibre squeezer. 

DESCRIPTION OF EMBODIMENTS 

0114 FIG. 1 shows the structure of an inventive basic 
emulator unit. This unit comprises two DGD elements 
(differential group delay elements) DGD-1 and DGD-2 
which present each a defined invariable time lag for the 
incoming signal, which amounts to 50 ps in the illustrated 
embodiment, without any restriction of the possible values. 
The two DGD elements DGD-1 and DGD-2 are intercon 
nected via a connecting element T-DGD having a time lag of 
1 ps in the illustrated embodiment. 
0115 All three elements present a defined angle of their 
birefringence axes, with the birefringence axis of the con 
necting element T-DGD being different in terms of its 
angular position from the birefringence axes of the two 
DGD elements DGD-1 and DGD-2. 
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0116. In the illustrated embodiment the (absolute) angles 
amount to 0°, 45° (in the initial setting) and 90°. 
0.117) In the illustrated embodiment moreover a regulator 
element is provided which is not shown in FIG. 1 and which 
acts upon the connecting element T-DGD in Such a way that 
the DGD level of the system can be completely set by a 
slight variation of the time lag of this element. 
0118. It is preferable that the elements DGD-1, DGD-2 
and T-DGD are PM fibres in the embodiment shown in FIG. 
1. The angles may then be set by splicing. The regulator 
element may create a mechanical action upon at least one of 
the PM fibres for modifying the time lag and hence the 
polarisation; for instance it may be a fibre Squeezer or 
stretcher with electrically controllable elements such as 
piezo elements. 
0119 With this arrangement it is possible to set an overall 
DGD level from 0 ps up to a total of the individual DGD 
levels (100 ps), to which end merely the DGD level of the 
transformation element T-DGD by 0.0025 psis sufficient. 
0120 FIG. 2 shows a modification of the embodiment 
according to FIG. 1 wherein the same elements as those of 
FIG. 1 are identified by the same reference numerals. 
0.121. In this embodiment a further element A-DGD is 
series-connected at the inputside of the system consisting of 
the elements DGD-1, T-DGD and DGD-2, which further 
element presents an angle of 45° and a time lag of 1 ps in the 
embodiment shown here. In the illustrated embodiment the 
time lag of the elements DGD-1 and DGD-2 corresponds to 
30 ps in each case, without any restriction of the general 
applicability. 

0.122 Moreover, regulators are also provided for the 
element A-DGD and the element DGD-1. These regulator 
elements permit the matching of the PSP of the system to the 
respective application. The regulator element for the trans 
formation element T-DGD serves—like in the embodiment 
according to FIG.1—to set the DGD. In distinction from the 
system shown in FIG. 1, the system according to FIG. 2 
presents the advantage that the dependence of the PSP on the 
wave length can be compensated. 
0123 FIG. 3 illustrates a system for compensating dis 
tortions which are induced by polarisation modulation dis 
persion (PMD) in optical transmission systems and particu 
larly in transmission fibres, wherein two basic emulator 
units 1 and 2 are employed which are connected in tandem 
and whereof each presents a structure corresponding to FIG. 
2; these two units serve to set the PSP and DGD levels of the 
signal IN which arrives from the transmission system, for 
instance a transmission fibre. The signal output from the 
second basic emulator unit 2 enters a beam splitter 3 that 
branches off a small fraction of the signal (1 to 5% into a 
means for measuring PMD-induced distortion. 
0.124. This measuring means includes a polarisation con 
troller 4 consisting of two fibre segments having each a time 
lag of 1 ps (in the illustrated embodiment), which segments 
are connected to each other at an angle of 45°. These two 
fibre segments are pressurised for setting the polarisation in 
the manner to be described in the following. The signal 
output from the second fibre segment enters a polarizer 4 
having an amplifier 6 with low-pass effect connected in 
series at the output side. The output signal of the amplifier 
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6 serves as input or ACTUAL signal for the controller that 
is used to set the time lag of the various fibre segments and 
which will be described in the following. 
0125 The controller comprises a phase-sensitive ampli 
fier 7 for each of the regulator elements—which are not 
illustrated either in FIG. 3—having a configuration illus 
trated in the partial view in FIG. 3. Each of the amplifiers 
7 presents a comparatively narrow bandwidth of 2 kHz, for 
example, with the frequency typically ranging between 50 
and 90 kHz. The output signal of the phase-sensitive ampli 
fier 7 is applied to the power amplifiers 8 producing an 
output signal for controlling the regulator elements, which 
may include piezo elements, for instance, as is shown in 
FIG. 7 in particular. 
0126 The emulator unit presenting the inventive con 
figuration operates as follows: 
0127. The PDMC controller is composed of analog auto 
matic-control loops independent of each other, which oper 
ate on the principle of modulated regulator elements. The 
regulator elements are controlled by an appropriate selection 
of the frequency (e.g. 50, 55. . . .90 kHz) for the modulation 
of the individual regulator elements. 
0128. The control criterion is the constancy of polarisa 
tion for all spectral fractions carried in the signal (DOP= 
100% and polarisation=constant). The polarisation at the 
input side of the polarizer is so set that a minimum of power 
will be transmitted. This furnishes a very precise criterion 
for DOP and SOP. The modulation frequencies arrive at the 
photo receiver 5 with a corresponding amplitude and phase 
position and are available for frequency-selective evaluation 
in correct phase. Hence also the control circuits for the 
individual regulator elements may be optimised simulta 
neously and independently of each other. 
0129 FIG. 4 shows a second embodiment of an inven 
tive system for minimising or compensating distortions 
induced in optical transmission systems, and specifically in 
a transmission fibre IN used as transmission path, which are 
induced by polarisation modulation dispersion (PMD); this 
embodiment, too, is based on the fundamental idea to 
compensate the PMD level of the transmission path by 
counter-connecting a variable PMD delay element 1. The 
PMD delay element 1 is connected via a variable polarising 
regulator 1' to the output of the fibre IN to be compensated. 
An optical receiver 5 with an amplifier 6 is connected at the 
output side of the delay element 1, which is followed by a 
power distributor 51 that distributes the detected data signal 
52 from the optical receiver 5 to filters 53 and 54 joined by 
detectors 55. The output signals 55' and 55" of the detectors 
55 are applied to a controller 56 that applies a control 
algorithm to obtain a control signal which involves a depen 
dence on the degree of distortion of the data signal 52. The 
control signal is used to readjust the parameters of the 
variable PMD delay element 1 and the polarisation regulator 
1" in such a way that the signal distortion will be reduced to 
a minimum. 

0130. To this end the variable PMD delay element 1 
consists of two dispersive elements 11 of the same type, 
which are connected, for instance, via polarisation regulator 
12. Depending on the polarisation transformation, hence the 
resulting PMD of this PMD delay element 1 can be infinitely 
set to a value from 0 up to the total of the individual 
dispersion levels. 
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0.131. As an example, the dispersive elements 11 may be 
two elements with linear birefringence and consist of highly 
birefringent fibres (=polarisation-maintaining fibres). The 
resulting PMD then amounts to: 

(PMD 1+PMD 2)*cos(angle of polarisation rotation). 

0.132. A simple rotator such as a W2 wave plate or a 
Faraday rotator is suitable for use as polarisation regulator. 
As an alternative, the same effect may be achieved by 
rotating the two dispersive elements relative to each other at 
the site of their coupling. 
0.133 FIG. 5 shows an example of a rotator based on a 
W2 wave plate. The light from the polarisation-maintaining 
fibre PMF 20 is subjected to collimation by a lens 21, passes 
through the w/2 wave plate, and is then focussed into the 
PMF output fibre 24 by means of a further lens 23. 
0.134. The variable polarisation regulator 1 has the func 
tion of imaging the two principal states of polarisation (PSP) 
of the fibre to be compensated onto the PSP of the variable 
PMD delay element 1 so that the “high-speed' PSP of the 
fibre will coincide with the “low-speed' PSP of the delay 
element and the “low-speed PSP” of the fibre will coincide 
with the “high-speed' PSP of the delay element. 
0.135 The variable polarisation regulator 1' operates con 
tinuously, which means that it does not present any direction 
in which there is a mechanical or polarisation-optical limi 
tation. For this function it is not sufficient that the polarisa 
tion regulator 1' is capable of converting any input polari 
sation into any output polarisation. The polarisation 
regulator 1' must therefore have sufficient degrees of free 
dom in order to be able to ensure a global minimisation of 
the overall PMD in all cases. When too little degrees of 
freedom are available there is the risk of control persisting 
too long in a local PMD minimum, rather than finding the 
global minimum. 
0.136. As an example, the variable polarisation regulator 
1" according to FIG. 6 may be composed of four W4 wave 
plates 32-35 disposed in tandem, which are freely rotatable. 
All polarisation transformation operations are infinite, which 
means that it is possible to realise them without a limit which 
were complex to circumvent. For coupling the light out of 
the single-mode input fibre a lens 31 or a fibre collimator is 
required, and the light is coupled into the output fibre 37 
again via a lens 36 after it has passed through the four w/4 
wave plates 32-35. 
0.137. A control signal reflecting the degree of distortion 
of the detected data signal 52 is obtained by filtering 
high-frequency spectral fractions out. To this end the data 
signal 52 is subdivided by means of the power distributor 51 
and supplied to different filters 53 and 54. The basic fre 
quency amounts to 5 GHZ, for example, for the transmission 
of a 10 Gbit/s signal. 
0.138. This frequency is always present and contributes 
mainly to the amplitude of the signal. The frequencies 
responsible for a high edge steepness range at multiples of 
the basic frequency, i.e. at 10, 15, 20 GHz or at odd 
numbered multiples of the basic frequencies. 

0139 For instance, two different filters (53+54) are 
employed. Filter 53 is a band-pass filter that selects the basic 
frequency at 5 GHZ, whilst filter 54 may be designed as 
high-pass filter for filtering out frequencies beyond 15 GHz 
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approximately. The two detectors 55 connected on the 
output side convert the signal amplitudes into two analog 
signals 55' and 55". The ratio between these two analog 
values then furnishes, when used as control signal, the 
degree of distortion of the data signal independently of the 
signal power. The control algorithm of the controller 56 
tends to minimise the control signal, e.g. by performing 
slight modifications in alternation on all elements taking an 
influence on the polarisation. 
0140. This is possible at a very high rate so that the PMD 
compensation may be performed in real-time. When the 
modification results in a reduction of the control signal it 
persists, or else it is rejected and the next polarisation 
element is subjected to a variation. 
0141 FIG. 7 illustrates a preferred embodiment for an 
element producing a mechanical effect on a fibre 100 for 
influencing the polarisation; this element may be a compo 
nent of the elements A-DGD, T-DGD, DGD or 1' or 12, 
respectively, for instance. A ring 121 is provided in the 
housing 121' for distributing the mechanical action on the 
longest fibre length possible, onto which ring the fibre is 
wound without being twisted. What is not represented is the 
way in which the fibre is introduced into the ring and passed 
out of the ring or the housing, respectively. The ring 121 
consists, for example, of a thin deformable special-steel part. 
A pressurising element 122, e.g. a piezo element, is disposed 
in the ring (121), which is Supported on two segments 123 
of a circle—on one side via an equalising element 122— 
which segments in their turn bear against the ring 121. On 
the side opposite to the circle segments 123 counter-seg 
ments 124 are provided which are Supported on the housing 
121' and bear against the fibre segments so that they pres 
surise the fibre 100 when the element 122 undergoes a 
corresponding elongation. Due to the elongation of the piezo 
element 122 the fibre 100 can hence be selectively subjected 
to a mechanical load. 

0142 Even though the invention has been described in 
the foregoing by embodiments, without any restriction of the 
general concept, the most different modifications are con 
ceivable, of course; moreover, it is not only possible to 
combine the various features of the individual elements in 
the aforedescribed embodiment with each other, which are 
claimed as independent inventions in the claims, but it is 
also possible to combine individual features with embodi 
ments for other elements such as those known from prior art. 
0143. The emulator unit provided in correspondence with 
the invention may, of course, also be employed in other 
devices which are not envisaged for compensating distor 
tions induced by polarisation modulation dispersion (PMD) 
in optical transmission systems and transmission fibres, in 
particularly, but serve merely to generate PMD-induced 
distortions, e.g. for test applications. 

1-6. (canceled) 
7. System for compensating distortions induced by polar 

ization modulation dispersion (PMD) in optical transmission 
systems and in transmission fibres in particular, comprising 

a measurement unit capable of measuring PMD-induced 
distortions, 

a PMD emulator unit for adjustable PMD levels, and 
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a controller which the output signal of said measurement 
unit is applied to and which serves to control said PMD 
emulator unit, 

characterized in that said PMD emulator unit comprises at 
least one basic emulator unit consisting of two DGD 
(differential group delay elements) elements having 
each a defined invariable time lag for an incoming 
signal, which DGD elements are connected to each 
other via a connecting element producing the effect of 
a transformation element, with all the three elements 
having a defined angle of the birefringence axes such 
that the birefringence axes of said connecting element 
will be distinguished in terms of their angular position 
from the birefringence axes of said two DGD elements, 
and 

that at least one regulator element is provided for each 
basic emulation unit, which acts upon one of said 
elements of this basic emulator unit in Such a way that 
the DGD level of the system can be completely 
adjusted by a slight variation of the time lag of the 
influenced element. 

8. System according to claim 7. 
characterized in that at least one of said DGD elements or 

said connecting elements are PM fibres, and 
that said regulator element exerts a mechanical effect 

upon at least one of said DGD elements for varying the 
time lag and hence polarization. 

9. System according to claim 8, 
characterized in that said regulator element or elements, 

respectively, which produce a mechanical action, are 
fibre squeezers or stretchers with electrically control 
lable elements such as piezo elements creating a 
mechanical action upon the PM fibre. 

10. System according to claim 9. 
characterized in that at least one of said regulator ele 

ments comprises a ring onto which said PM fibre is 
wound without being twisted, for distributing the 
mechanical action over the longest fibre length pos 
sible. 

11. System according to claim 10, 
characterized in that at least one pressurizing element 

creates a pressure on a plurality of fibre segments of 
said wound fibre at least at one site. 

12. System according to claim 11, 
characterized in that said pressurizing element is an 

elongating element such as a piezo element that acts 
upon at least one circle segment bearing against said 
ring, and 

that counter-segments are provided for at least one part of 
said circle elements, which bear against said fibre 
segments and create pressure on said fibre. 

13. System according to claim 7. 
characterized in that said two DGD elements are birefrin 

gent crystals having a birefringence adapted to be 
electrically influenced. 

14. (canceled) 
15. System according to claim 7. 
characterized in that the angle of the birefringence axis of 

said first DGD element is selected to be 0° and that of 
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the second DGD element to be 90° and that of said 
connecting element to be 45°, or to be 0°, 45°, 0°, or 
90°, 45°, 0°. 

16. System according to claim 7. 
characterized in that a further element is series-connected 

to said two DGD elements and said connecting element 
for setting an optional input PSP. 

17. System according to claim 16, 
characterized in that said series-connected element com 

prises a further birefringent element such as a PM fibre, 
and 

that the angle of said birefringence axes of said series 
connected element and of said first DGD element are 
different from each other. 

18. System according to claim 17, 

characterized in that said angular difference amounts to 
45o. 

19. System according to claim 16, 
characterized in that said series-connected element com 

prises a further birefringent element such as a PM fibre, 
and 

that a regulator element produces an effect on said first 
DGD element for varying the time lag and hence the 
polarization. 

20. System according to claim 19, 
characterized in that said series-connected element and/or 

said connecting element consists of two PM fibres or 
two birefringent crystals having each a different angu 
lar position of the birefringence axes. 

21. System according to claim 19. 
characterized in that said regulator element acts upon one 

of said two fibres or on one of said crystals. 
22. System according to claim 7. 

characterized in that at least two systems for setting a 
variable DGD are connected in tandem, whereof at 
least one comprises a basic emulator unit, if necessary 
with a PSP setting element. 

23. System according to claim 22, 

characterized in that the individual systems for higher 
order PMD compensation consist of basic emulator 
units with DGD elements having different individual 
time lags. 

24. System for compensating distortions induced by 
polarization modulation dispersion (PMD) in optical trans 
mission systems and in transmission fibres in particular, 
comprising 

a measurement unit capable of measuring PMD-induced 
distortions, 

a PMD emulator unit for adjustable PMD levels, and 
a controller which the output signal of said measurement 

unit is applied to and which serves to control said PMD 
emulator unit, 

characterized in that said measurement unit detects the 
polarization of all spectral fractions contained in the 
signal output from said PMD emulator unit, for detect 
ing the PMD. 
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25. System according to claim 24, 
characterized in that said measurement unit comprises a 

polarizer and an opto-electrical converter such as a 
photo receiver that is disposed to join said polarizer, 
and 

that a polarization matching unit is provided that matches 
the output polarization of said PMD emulator unit to 
that of said polarizer. 

26. System according to claim 24, 
characterized in that said measurement unit comprises a 

polarization beam splitter, with opto-electrical convert 
ers such as photo receivers being provided on the 
output terminals of said splitter and issuing signals for 
generating an ACTUAL signal for said controller, 
which are Subjected to quotient formation. 

27. System according to claim 26, 
characterized in that for detection of the polarization a 

polarimeter array known per se is provided. 
28. System according to claim 24, 
characterized in that said polarization matching unit com 

prises two birefringent elements having birefringence 
axes forming an angle different from 0°, preferably 45°, 
and 

that at least one regulator element is provided for setting 
the output polarization, which acts upon at least one of 
said birefringent elements. 

29. System according to claim 28, 
characterized in that said birefringent elements are bire 

fringent crystals or PM fibres. 
30. System according to claim 7. 
characterized in that a polarisation matching unit is dis 

posed directly upstream of said polarisation measure 
ment unit or directly downstream of said PMD emu 
lator. 

31. System according to claim 7. 
characterized in that a polarisation matching unit is inte 

grated as additional element into said PMD emulator. 
32. System according to claim 25, 
characterized in that said polarization matching unit is a 

series-connected up-stream or downstream DGD ele 
ment having an angle of 45°, with a regulator element 
acting upon this series-connected element and upon the 
DGD connected upstream or downstream thereof. 

33-34. (canceled) 
35. System for compensating distortions induced by 

polarization modulation dispersion (PMD) in optical trans 
mission systems and in transmission fibres in particular, 
comprising 

a measurement unit capable of measuring PMD-induced 
distortions, 

a PMD emulator unit for adjustable PMD levels, and 
a controller which the output signal of said measurement 

unit is applied to and which serves to control said PMD 
emulator unit, 

characterized in that said controller comprises several 
control loops in which it modulates regulator elements 
of said PMD emulator unit with different frequencies, 
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that said controller derives from the output signal of 
said measurement unit information about the amount 
and the phase position of the signal output from said 
PMD emulator unit, and uses this information to per 
form a high-speed and direct control function. 

36. System according to claim 35, 

characterized in that the bandwidth or limit frequency of 
said opto-electrical converter is matched with the 
modulation frequency, and 

that said controller sets the individual control loops in 
such a way that the polarization will be constant for all 
spectral fractions contained in the signal. 

37. System according to claim 36, 
characterized in that said controller uses a minimum 

photo current of said opto-electrical converter or con 
verters as a control criterion for setting a constant 
polarization for all spectral fractions contained in the 
signal. 

38. System according to claim 36, 

characterized in that said controller evaluates the output 
signal from said opto-electrical converter or converters 
Selectively in terms of frequency and phase. 
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39. System according to claim 38, 
characterized in that said controller comprises analog 

automatic-control circuits for said regulator elements to 
which said frequency-selective and phase-selective sig 
nals are applied. 

40. System according to claim 35, 
characterized in that said controller also controls the 

regulator elements of said polarization matching unit. 
41. System according to claim 40, 
characterized in that said controller controls the regulator 

elements of said polarization matching unit with the 
same control algorithm as that used in said PMD 
emulator unit. 

42. System according to claim 35, 
characterized in that said controller comprises at least one 
CPU or at least one DSP circuit for performing various 
functions such as for frequency-selective and phase 
Selective evaluation or for controlling the operational 
sequence within the system. 

43. System according to claim 35, 
characterized in that said controller performs essential 

parts of said control algorithm by using analog circuits. 
44-48. (canceled) 


