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Intr oduction
Watervaporis oneof themostimportanttracegases
in the atmosphere.Knowledgeof its vertical dis-
tribution andredistribution by transportprocessesis
crucialfor studiesof mostphysicalandmany chem-
ical atmosphericprocesses.

� Verticaltransportof watervaporis bestdetermined
by correlatedmeasurementsof humidityandverti-
calwind speed(eddycorrelationtechnique).

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

Requirements
A reasonablesetof requiredperformanceparameters
for aheterodyneDIAL systemis:

� 10s temporalresolution
� 100 m vertical resolutionover a rangeof 10 to

12km
� 0.25%precisionof the signalpower estimatefor

usein theDIAL retrieval
� 0.1m/sprecisionof theverticalvelocityestimate.

Dueto thespecklenoiseinherentin heterodynesig-
nalstheprecisiongoalfor thesignalpower requires
laseroperationatabout1 kHz repetitionrate.

Method
Thephaseof returnsignalsis notpreservedwith het-
erodynedetectionfrom shotto shot,thereforesome
typeof incoherentsignalaveragingis required.The
methodwe have chosenis thecalculationandaccu-
mulationof powerspectra.

Thebasicalgorithmweuseis outlinedin figure2:
� The signalis digitizeddirectly after amplification

andanti–aliasfiltering to achieve maximumrelia-
bility andaccuracy. No furtheranalogprocessing
is applied.

� A specialdetectoris usedfor the determination
of the centerfrequency of the transmittedpulse.
Switching betweenthe 2 detectorsoccursin the
blind range� 200m.

� For eachshotpowerspectraarecalculatedfor each
heightbin of 64datapointscorrespondingto 48m.
Thesebinsareinterleavedby 24m.

� Thesingleshotpowerspectraareshiftedto acom-
moncenterfrequency � 	 andaccumulatedfor each
heightbin.

� Theaveragedpowerspectraarewritten to disk.
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Figure1: Layoutof thedataacquisitionsystemhardware.
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Figure2: Dataflow in realtimeprocessing.

Figure 3: Uncorrected(left) andnoisecorrected(right) profilesof
powerspectra.

A commonnoisespectrumis subtractedfrom theav-
eragedpower spectra(fig. 3). Thecenterfrequency
andthe total backscatterenergy for eachheightbin
areestimatedusingthe calculationof the centerof
gravity andnarrowbandintegrationaroundthepeak,
respectively.

Realization
Digitizing at 200MHz samplerateis performedby
astandardhighspeedtransientrecorderfitting into a
slotof theISA busof aPC.Thetransientrecorderis
interfacedto therealtimeprocessorvia asinglefield
programmablegatearray(FPGA).

The realtimeprocessorhasbeenbuilt usinga mod-
ular systembasedon SHARCprocessors.This ap-
proachallows a very flexible expansionof the sys-
temto asmany processorsasneeded.Thefinal de-
signof therealtimeprocessorcontains10SHARCs:
1 for control and readoutof the transientrecorder,
8 for calculationandaccumulationof power spectra
and1 for processsynchronizationandcommunica-
tion with thePC.

For testpurposesa downscaledversionusingonly 2
SHARCsis used.This systemalreadyachievesthe
following performance:

� 200 Hz repetitionrate for 1 s averagesof power
spectrawith a rangeof 6 km.

� 200 Hz repetition rate for single shot raw data
whenstoringa rangeof 
 3 km.

� 250 Hz repetition rate for single shot raw data
whenstoringa rangeof 
 1.5km.

Extrapolationof thesedatato thefully featuredsys-
temgivesanattainablerepetitionrateof up to 1 kHz
with a rangeof 10km.

Conclusion
A dataacquisitionandprocessingsystemhasbeen
presentedwhich is ableto calculateandaccumulate
power spectrafrom the returnsignalof a coherent
lasersystemrunning at very high repetitionrates.
This systemhasbeenbuilt with industrial compo-
nentsonly.

Thealgorithmsrealizedin this dataacquisitionsys-
temarebasedon spectralprocessingof thereturned
signal.This is thefirst timeageneralpurposeonline
processoris fastenoughto calculatepower spectra
at very high repetitionratesin realtimewith a high
spatialresolution.

Theflexibility andhighprocessingspeedof thissys-
tem will allow us to examinea variety of schemes
for processingheterodynesignals.
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Examples

+0 µs +1 µs +2 µs +3 µs +4 µs +5 µs +6 µs

f0 - detector atmospheric return hard target

Figure1: Exampleof areturnsignalfromahardtarget(singleshot).

Figure2: Exampleof powerspectrafromameasurementcontaining
a hardtarget. The power spectrahave beenaveragedover 10,000
shots( � 40seconds).
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Figure3: Apparentspeedof thehardtargetvs. thelasersystem.
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Figure 4: Horizontalwind speedprofilescalculatedfrom themea-
surementsshown above.
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Max-Planck-Institutfür Meteorologie

Bundesstraße55,D-20146Hamburg, Germany
Phone:+49(0)4041173-252,FAX: +49(0)4041173-269

E-mail: Linne@dkrz.de

Hard TargetMeasurements
Horizontalmeasurementshavebeenperformedwith
a hardtargetat a distanceof 620m. To avoid over-
loadof theA/D–converterby thereturnsignalfrom
thehardtarget,thepreamplifiersin thereceiverpath
havebeenswitchedto very low gain.
Severalvariationsfor theopticalandelectronicsetup
havebeentestedfor the � � determination.Theresults
areshown in figure3:

� Theapparentspeedof thehardtargetusingthefirst
(‘best’) setupwas0 cm/s � 2 cm/s.

� Thespeedcalculatedfromthefirst3measurements
was1 cm/s � 3.9cm/s.

� The‘worstcase’usingapoorsetupof thedetection
pathwas21cm/s � 1.7cm/s.

In spite of the low gain the wind speedcould be
retrieved from the atmosphericpart of the signal.
Theseprofiles show very reasonablevalueswhen
comparedto in situ measurementsperformedat the
lidar site.

Vertical Measurements
Verticalmeasurementsat a repetitionrateof 200Hz
have beenperformedfor 12 minutesrecordingsin-
gle shot raw data. The Doppler shifted frequency
andbackscatteredenergy areestimatedfrom power
spectraaveragedover 1,000shots.Time/heightdia-
gramsfor theseretrievalsareshown in figure7.
Theaerosoldistributionclearlyrevealstheboundary
layer structrurewith broken cumuluscloudsform-
ing around1,200m. Visual observationsshowed a
rapiddevelopmentof individual cloudsat this time.
The observed vertical wind field is consistentwith
thecommonview of flow patternsbelow active cu-
mulusclouds.
To studytheattainableaccuracy of aerosolbackscat-
ter for largenumbersof shotsthepowerspectrahave
beenfurther averagedover 15,000shots. The re-
sultsareshown in figure 5 and6. The comparison
of aerosolretrieval using100MHz ‘broadband’in-
tegrationanda15MHz trackingfilter showsconsid-
erablenoisereduction.Theresultingsignalto noise
ratio is alsodisplayedin figure 6 andshows values� 50 for mostof theboundarylayer.

Outlook
The most important next step is the validation of
windandaerosolretrievalsbycomparisonwith other
well establishedremotesensingtechniques.A first
attemptwill be madein the next weeksduring the
LACE’98 experimentat the MeteorologischesOb-
servatoriumLindenberg.
Improvementsin the accuracy of the estimatorsfor
wind speedand aerosolbackscatterare expected
from:

� increasingthe repetitionrateof the laseranddata
acquisitionsystemfrom 250Hz to 1 kHz,

� morereliabledetectionof � �
� optimizationof thenarrow bandtrackingfilter.

Figure5: Profileof powerspectrafromaverticalmeasurement.The
powerspectrahavebeenaveragedover15,000shots( � 73seconds).
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Figure6: Aerosolbackscatter(top)andwind speed(bottom)calcu-
latedfrom thepowerspectrashown above.
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Figure 7: Aerosolbackscatter(top) andwind speed(bottom)of 12
minutesof verticalmeasurements.Eachprofile hasbeencalculated
from 1,000shots( � 5 seconds).No furtheraveraginghasbeenap-
plied.


