@ HeterodyneDIAL at high repetition rate:

a solution for

the data acquisition problem.

A contribution to the 19" Inter national Laser Radar Conference(ILRC)

Intr oduction

Watervaporis oneof themostimportanttracegases
in the atmosphere.Knowledgeof its vertical dis-
tribution andredistritution by transporfprocessess
crucialfor studiesof mostphysicalandmary chem-
ical atmospheriprocesses.

e Verticaltransporof watervaporis bestdetermined
by correlatedneasurementsf humidity andverti-
calwind speededdycorrelationtechnique).

¢ We suggestto measurewater vapor and vertical
wind simultanouslywith a single system, using
DIAL with heterodynealetection.

Requirements

A reasonableetof requiredperformancgarameters
for aheterodyndIAL systemis:

e 10 stemporalresolution

¢ 100 m vertical resolutionover a rangeof 10 to
12km

¢ 0.25% precisionof the signal power estimatefor
usein the DIAL retrieval

¢ 0.1 m/sprecisionof theverticalvelocity estimate.

Dueto the specklenoiseinherentin heterodynesig-
nalsthe precisiongoalfor the signalpower requires
laseroperatiomat aboutl kHz repetitionrate.

Method

Thephaseof returnsignalsis notpreseredwith het-
erodynedetectionfrom shotto shot,thereforesome
type of incoherensignalaveragingis required.The
methodwe have chosenis the calculationandaccu-
mulationof power spectra.

Thebasicalgorithmwe useis outlinedin figure 2:

e The signalis digitized directly afteramplification
andanti—aliasfiltering to achieze maximumrelia-
bility andaccurag. No furtheranalogprocessing
is applied.

e A specialdetectoris usedfor the determination
of the centerfrequeng of the transmittedpulse.
Switching betweenthe 2 detectorsoccursin the
blind range< 200m.

e For eachshotpower spectraarecalculatedor each
heightbin of 64 datapointscorrespondingo 48 m.
Thesebinsareinterleavedby 24 m.

e Thesingleshotpower spectraareshiftedto acom-
moncenterfrequeny f, andaccumulatedior each
heightbin.

e Theaveragedpower spectraarewrittento disk.
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Figure 1: Layoutof the dataacquisitionsystemhardware.
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Figure 2: Dataflow in realtimeprocessing.

Figure 3: Uncorrectedleft) andnoisecorrectedright) profilesof

power spectra.

A commonnoisespectrunis subtractedrom theav-
eragedoower spectrafig. 3). The centerfrequeny
andthetotal backscatteenegy for eachheightbin
are estimatedusingthe calculationof the centerof
gravity andnarravbandintegrationaroundthe peak,
respectirely.

Realization

Digitizing at 200 MHz samplerateis performedby
astandardigh speedransientecordeffitting into a
slotof the ISA busof aPC.Thetransientecorderis
interfacedto therealtimeprocessovia a singlefield
programmablgatearray(FPGA).

Therealtimeprocessohasbeenbuilt usinga mod-

ular systembasedon SHARC processorsThis ap-

proachallows a very flexible expansionof the sys-

temto asmary processorasneeded.Thefinal de-

signof therealtimeprocessocontainslO SHARCs:

1 for control and readoutof the transientrecordey

8 for calculationandaccumulatiorof power spectra
and 1 for processsynchronizatiorand communica-
tion with the PC.

For testpurposes downscaledversionusingonly 2
SHARC Sis used. This systemalreadyachievesthe
following performance:

¢ 200 Hz repetitionrate for 1 s averagesof power
spectrawith arangeof 6 km.

¢ 200 Hz repetition rate for single shot raw data
whenstoringarangeof ~ 3 km.

¢ 250 Hz repetition rate for single shot raw data
whenstoringarangeof ~ 1.5km.

Extrapolationof thesedatato the fully featuredsys-
temgivesanattainablerepetitionrateof upto 1 kHz
with arangeof 10 km.

Conclusion

A dataacquisitionand processingsystemhasbeen
presentedvhich is ableto calculateandaccumulate
power spectrafrom the returnsignal of a coherent
laser systemrunning at very high repetitionrates.
This systemhasbeenbuilt with industrial compo-
nentsonly.

Thealgorithmsrealizedin this dataacquisitionsys-

temarebasedon spectralprocessingf thereturned
signal. Thisis thefirst time agenerapurposeonline

processois fastenoughto calculatepower spectra
at very high repetitionratesin realtimewith a high

spatialresolution.

Theflexibility andhigh processingpeedf thissys-
temwill allow usto examinea variety of schemes
for processindneterodynesignals.
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Figure1: Exampleof areturnsignalfrom ahardtarget(singleshot).

Figure2: Exampleof powerspectrdrom ameasuremergontaining
a hardtamget. The power spectrahave beenaveragedover 10,000
shots(= 40 seconds).
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Figure 3: Apparentspeedf thehardtametvs. thelasersystem.
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Figure 4: Horizontalwind speedprofilescalculatedrom the mea-
surementshavn abore.
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Examples

Hard TargetMeasurements

Horizontalmeasurementsave beenperformedwith
a hardtametat a distanceof 620 m. To avoid over
load of the A/D—corverterby thereturnsignalfrom
thehardtamet,the preamplifiersn therecever path
have beenswitchedto verylow gain.
Severalvariationsfor theopticalandelectronicsetup
have beentestedor the f; determinationTheresults
areshavn in figure 3:

e Theapparenspeedf thehardtargetusingthefirst
(‘best’) setupwas0 cm/s=+ 2 cm/s.

e Thespeedtalculatedrom thefirst 3 measurements
waslcm/s+ 3.9cm/s.

e The'worstcase'usingapoorsetupof thedetection
pathwas21cm/s+ 1.7cm/s.

In spite of the low gain the wind speedcould be
retrieved from the atmospherigoart of the signal.
Theseprofiles shov very reasonablevalueswhen
comparedo in situ measurementgerformedat the
lidar site.

Vertical Measurements

Verticalmeasuremeniat a repetitionrateof 200Hz
have beenperformedfor 12 minutesrecordingsin-
gle shotraw data. The Doppler shifted frequeng
andbackscatterednegy areestimatedrom power
spectraaveragedover 1,000shots. Time/heightdia-
gramsfor theseretrievalsareshavn in figure7.
TheaerosoMistribution clearlyrevealstheboundary
layer structrurewith broken cumuluscloudsform-
ing around1,200m. Visual obserationsshaved a
rapid developmentof individual cloudsat this time.
The obsenred vertical wind field is consistentwith
the commonview of flow patternsbelown active cu-
mulusclouds.

To studytheattainableaccurayg of aerosobackscat-
terfor largenumbersf shotsthepower spectrahave
beenfurther averagedover 15,000shots. The re-
sultsareshavn in figure 5 and6. The comparison
of aerosolretrieval using100 MHz ‘broadband’in-
tegrationanda 15 MHz trackingfilter shavs consid-
erablenoisereduction.Theresultingsignalto noise
ratio is alsodisplayedin figure 6 andshaows values
> 50for mostof theboundarylayer

Outlook

The mostimportantnext stepis the validation of
wind andaerosotetrievalsby comparisorwith other
well establishedemotesensingtechniques.A first
attemptwill be madein the next weeksduring the
LACE’98 experimentat the Meteorologische©b-
senatoriumLindenbeg.

Improvementsin the accurag of the estimatorgor
wind speedand aerosolbackscatterare expected
from:

e increasingthe repetitionrate of the laseranddata
acquisitionsystemfrom 250Hz to 1 kHz,

e morereliabledetectionof f;
¢ optimizationof thenarrov bandtrackingdfilter.

Figure5: Profileof powerspectrdrom averticalmeasurementThe
power spectréhave beenaveragedver 15,000shots(= 73 seconds).
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Figure 6: Aerosolbackscatteftop) andwind speedbottom)calcu-
latedfrom the power spectrashavn above.
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Figure 7: Aerosolbackscatte(top) andwind speedbottom)of 12

minutesof verticalmeasurement&£achprofile hasbeencalculated
from 1,000shots(=~ 5 seconds)No furtheraveraginghasbeenap-

plied.




