Development and testing A
of a new multiplexed
Heterodyne Velocimeter.

Ed Price, Will Woolfenden
Physics
ed.price@awe.co.uk

UK Ministry of Defence © Crown owned copyright
2023/AWE

NS Ay
w5
¥ §



Super Raptor concept 1 AﬁE

The Super Raptor will not use

frequency multiplexing due to the Osctloscope TIVEEE
reduction in effective bandwidth as Fast optcalswich i
the oscilloscope is recording two beat N \Tﬁ—J
signals simultaneously. Qpical prebes

Instead only temporal multiplexing
will be used but this will be extended

Frequency

beyond the single stage used

previously. / Frequency

Temporal multiplexing involves repenes é> / /
delaying an optical signal for a period / e
of time such that a preceding optical

signal has been recorded in full. This T e

can be achieved with a long coil of
optical fibre and an optical switch.
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Super Raptor concept 2 AZ@ZE

Light levels returned from a surface can
be very low and can fluctuate over several
orders of magnitude.

To maintain a good signal with little light
return we have previously amplified the
return signal but this can result in too
much light.
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A more efficient method for using multiple probes is to employ a network of fibre delays which utiIiMi}E

the coils for multiple signals.

delay lines Fast optical switches Output

T T T T T O

In this scheme, different inputs traverse different numbers of delay lines with most of the delays
used multiple times. The resultant output sees the individual signals recorded sequentially even

though they occurred simultaneously.

Signal

S

Time

Multiplexing 8 optical data channels will increase the number of channels recorded by a factor of
2 over the MHetV whilst avoiding the bit depth issues associated with frequency multiplexing.
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Practical Operation AﬁE

Super Raptor configuration during dynamic experimental time

e W B At the beginning of a dynamic experiment, the
1 %() %)() 7 (g)) D*?ﬂ optical switches are in the “A” position and the
f J f { ( f probe is connected to its respective delay coil.
géé The delay acts as optical memory, storing the light
returned from the surface of the experiment.
1:8 splitter ‘;‘:D‘PFZ'
o0

Super Raptor after dynamic time
Optical probes Circulators T Optical data
floy

'W L UE S
At the end of the dynamic experiment, the { 4[ { (

switches are all simultaneously moved to e
position “B” which connects all of the delay
coils together and connects them to the

detector section. ggﬂ@—* D iy
1:8 splitter uE‘IJ)PFL/;
. . o0
The stored signals then drain through the T

network sequentially.
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Alternative modes of operation A:@E

The delay lines have a limited storage capacity
determined by their length.

In the case where longer recording times are s e
} T

required, the delay generator which operates - - — — ot
the switches can be programmed in an {WMW WW{ W o [ 58 v

alternative configuration. Nl
In this case, each optical probe can use two i :
: : . o
delay coils as storage, doubling the recording i NEN =]
i i D :8 splitter ZD?JT'?S:
time for the ch_annel at the expense of losing o o
half of the available channels. S
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Time delays in the Super Raptor system A«@E

For the Super Raptor system, we need enough time
delay to record the full experiment and thus the delay
coils must be specified accordingly. We use 15.4 km
lengths giving over 70 us of delay for each channel.

[y BV
A ‘r_g;;:i‘»

N 1

Due to attenuation in such long fibres, two EDFAs
are used in the network in order to boost the signals.

The delay coils are built into a temperature controlled
enclosure in order to minimise timing errors. We also
include a fiducal marker to prove out the timing.

EDFA EDFA

Temperature controlled
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SMALL

Saturated Moderated Amplification of Laser Light

We use high gain, low power output
EDFA amplifiers to condition the return
light from the surface. This can be very
low intensity light but it varies.

The heterodyne process works very
effectively at moderating the beat signal
amplitude but to cover large changes in
light return levels, previous systems
record on 2 oscilloscope channels with
different sensitivities.

SMALL acts to further moderate this

output such that only a single
oscilloscope channel is required.
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A_&E
In order to maximise the moderation of the

signal amplitude, the EDFAs are used in a

2 stage arrangement (the Routley Variable

configuration). This ensures that the attenuator

Fibre

amplitude of the return signal is further laser EDFAL r— FEDFAL T

moderated and should remain relatively o SMALL system with Filter | Detector
both EDFAs at 150 mA

constant regardless of the return light from pump current
the surface.

Variable
attenuator

To test this a simple system was put Reference
together to assess the concept. Fibre laser

This allows us to change the “return light
level” over a large range and check the
sort of system performance we should
achieve.
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-30 dBm signal return AWE

Fairly typical signal return from a surface with -40 dB backreflectance and 10 mW light
output

-30dbm. hdr -30dbm.hdr
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0 dBm light return
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-60 dBm light return AWE
A very dim light return

-60dbm.hdr

-60dbm.hdr

Voltage / V
Frequency / GHz

1 1 1 L L 1 L L I

Time /s %1078 -4 -3 2 -1 0 1 2 3 4

12
Ref AWE/HD/2209/B/15856




-75 dBm light return AWE
That is just 30 pW of power
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Comparison of signal strength at 0 dBm and -75 dBm light return A@E

0dbm.hdr

-75dbm.hdr

Voltage / V

Time /s <106

Time /s <106

Nearly 8 orders of magnitude change in light intensity results in just
a 50% drop in output signal.
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F1f2 f3 and

Delay lines are large so ideally we would like to use
them to carry multiple signals at multiple ITU
frequencies.

We were concerned at how the SMALL system
would perform in such a configuration so we put
together a lab test to check correct operation.

f4 —

Frequency
combiner
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Temperature controlled

ooooom OO0 00000 00000

SMALL Frequency
combiner

F1f2f3and

f4 amplified

and
moderated
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-60dbm+3others.hdr
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There is a little more noise in the resulting
spectrogram but still very clear at very low
power levels.

Frequency / GHz

Time /s

Ref AWE/HD/2209/B/15856




AWE
Final assembly of the Super
Raptor system was completed
in November.

Dynamic trials to prove out the
instrument have been
undertaken and analysis is
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_-@- Super Raptor and
® /’.. .“\ L ® Ranging 1
/.. ‘ . . . Spare 1
° i 2 \q ° [ ] Probes positioned at
! \ Y radii:
‘ L , L 7.5mm (dashed)
o\ , @ 10mm
[ ] Q . 12.5mm (dashed)
\\ . - '// . ‘/ 15mm
[ 3 [ ) (J R P 17.5mm (dashed)
0-_g--@
N o ° L4 ° ® Angles between probes:
b @ Ring1 45°
.\\Q;,.,/./ Ring2 30°
Ring3 22.5°
Ring4 18°
Ring5 15°
All holes to fit 1.80mm tubing
(1.82 mm drill ?) Not to scale
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Preliminary results from Surpot
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SMALL appears to be keeping the
amplitude of the signal quite
constant.

The first channel which does not go
through any fibre delay is somewhat
larger amplitude.

Also there is a spike when the switch
Is activated, most likely because of
significant amplitude differences.

So SMALL operation is not

instantaneous but looks very helpful
in setting up the system.
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Spectrograms of the data show that we have poorer signal quality towards the latter
channels, particularly channel 8.

This is likely due to the amount of fibre the latter channels go through along with the limited
numbers of boost amplifiers. Potentially this could also be due to the coherence length of the

EDFA EDFA
Temperature controlled 19
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Conclusions 4@%

The delay line configuration provides a simple and effective way of multiplexing ~
multiple optical signals.

The boosting of signals within the delay network needs to be optimised to ensure no
signal loss.

The SMALL amplifier configuration provides significant improvement in maintaining
predictable and recordable signal level with a time multiplexed instrument.

Initial setup of such a system is difficult to optimise due to the number of variables but
this should only need to be done once.

Further investigation of how rapidly SMALL can respond to large changes in signal
intensity need to be investigated.

Further investigation of EDFAS used in SMALL may prove very beneficial
-lower gain?
-3 or more stages?
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A:@ZE

Thank You.

Any questions?
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