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B’i)? Crosswind Influence on a Bullet Trajectory

e Crosswind velocity = 4.47 m/s (10 mph)
e (0.338 Lapua Magnum bullet

o
w o

DEVIATION (m) at 1200 m

0 200 400 600 800 1000 1200
RANGE (m)

Defence R& D Canada—Valcartier ¢ R & D pour la défense Canada — Valcartier



WRmuirmmtsfor the M easurement System

« Range-resolved crosswind measurements

« Maximum range: 1500 m

* Range resolution : about 30 m

e Maximum crosswind velocity : 20 m/s (72 km/h)
e Velocity measurement accuracy : £ 1 m/s

e Measurement and computationtime: ~1s
 Eye-safe

e Autonomous

Man portable

Defence R& D Canada—Valcartier ¢ R & D pour la défense Canada — Valcartier



Pi)?Crosswind M easur ement Systems Analysed

Coherent Doppler lidar

Direct-detection Doppler lidar
— Edge-filter technique
— Multiple-channdl technique
Temporal cross-correlation lidar
Other systems based on optical scintillations
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+»  Crosswind Veocity M easurement:
R Basic M ethod

\V. = Vz COS(qR)' VR(qR)
' sin(g)
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m\? Crosswind Velocity M easurement:
1S General Method
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E. A
RO

ssembly Diagram of a Coherent Doppler
Lidar Crosswind M easurement System
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R;) Analysisof theLidar Signal Waveform
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R‘i)? Perfor mance Equations

e Lidar equation

P.(t) = P.(t- 2R/C) b(p)‘\ea@t2 27, (R)h; hNgec Oroy (R)
e

e Signal to noiseratio
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R‘i)? Critical Parameters

e Aiming angles gxy aNd Qruax Of the lidar with
respect to the line of sight

 Number of laser pulses emitted in each aiming
direction

 Lidar telescope aperture diameter

L aser pulse energy
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.~7 Required Number of Laser Pulsesfor
RJ M easuring the Crosswind Velocity
within an Accuracy of £ 1 m/s
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mj Required Laser Pulse Energy to Obtain a
2 SNR of 1 and 3 at a Range of 1500 m
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m\;' Recaelved Optical Power at the Lidar
'S/ Detector for Three Telescope Aperture
Diameters
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m\? SNR for Three Telescope Aperture
'S Diameters
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o Accuracy on Crosswind Ve ocity
,B'J M easur ement for Three Telescope
Aperture Diameters
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R;Y Conclusions

* Range-resolved crosswind velocity measurement is
feasible, athough much complex to perform

e Complex behaviour of the system performance as a
function of range

 Eye-safe Tm:YAG laser (2.02 nm) emitting afew
mJ of energy at a repetition rate of 100 Hz
(tel escope aperture diameter of about 8 cm)

* Typica measurement time from 5 to 10 sfor seven
aiming directions (= 20° with respect to the line of
sight)
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