DAWN WIND LIDAR DATA DESCRIPTION
GENERAL
Michael J. Kavaya, michael.j.kavaya@nasa.gov, 757-864-1606
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When properly aligned, the pulsed, 2-micron, coherent-detection, Doppler Aerosol WiNd (DAWN) lidar system is monaxial; with transmit and receive optical axes being the same. The laser pulse duration is TPULSE.
The altitude z axis is positive up. Zero altitude is at or near the surface (see Appendix A for definition of altitude). The range R axis is positive in the transmitted beam direction with zero range at the lidar system.

This leads to the equation for wind measurement altitude with no aircraft yaw, pitch, or roll; and lidar scanner mounted in aircraft with nadir axis of rotation:
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The above equation when there is nonzero aircraft yaw, pitch, and/or roll is in Appendix B.
2 Range Gates

In data processing, we divide the raw data into “range gates” going from range RNEAR to RFAR. We process each range gate separately from the other range gates. One may repeat this choice of range gates at will and process the data multiple times.

The range R is determined from the round-trip time tRT of light to the signal:


[image: image2.wmf](

)

22222

FARNEARPULSE

FARRTNEARRTPULSERT

RRT

ccc

RtRtTRt

+

æö

==-==-

ç÷

èø


We combine several laser shots at each azimuth angle into one line-of-sight (LOS) wind estimate for each range gate. For the GRIP campaign, we collected different data with several different values of the number of laser shots combined, NSHOT. These values were 20, 60, and 100. We also collected a small amount of data with 1, 120, and 300.  
3 Scan Pattern

The lidar system has an onboard laser beam scanner. The angle from the laser beam to nadir is fixed at 30.12The azimuth angle is defined to be 0 when the laser beam has zero aircraft “right” component, and a positive aircraft “forward” component. The angle is 90 when the aircraft “right” component is positive, and the aircraft “forward” component is zero. This is the aircraft forward-right-down (FRD) coordinate system (see Appendix C). For the GRIP campaign, DAWN sequenced between the azimuth angles shown in the Table. The scan sequence is programmable for future flights.
	Azimuth Angle
	-45
	-22.5
	0
	22.5
	45

	Odd Numbered Scan Pattern/Sequence
	1
	2
	3
	4
	5

	Even Numbered Scan Pattern/Sequence
	5
	4
	3
	2
	1


 The dwell time, or data collection time at each azimuth angle is programmable. For GRIP, we primarily used two seconds, which is equivalent to 20 laser shots. 

The time for the scanner to change the azimuth angle was nominally 2 s. Each azimuth angle took about 4 s total. The pattern of 5 azimuth angles took about 22 s, since an extra 2 s of computer processing time occurred after each pattern.

4 Number of Azimuth Angles Processed to Wind Velocity

Our processed data to date only uses the two azimuth angles, -45 and +45 degrees, to calculate the horizontal wind velocity. 

We are working to implement processing with all five azimuth angles. We will identify which method we used for all wind data.

In principle, the five-azimuth wind velocity will have lower error than the two-azimuth wind velocity by a factor of SQRT (5/2).
5 Data Resolutions
Each LOS wind profile vs. range had two second measurement time and about four second repeat time = TLOS.

Each scan pattern of 5 azimuth angles has about 18 seconds of measurement time and about 22 seconds of repeat time = TPATTERN.
The cross-track spatial resolution YLOS,CT of an LOS wind profile was very narrow, being the width of the laser beam plus any aircraft roll angle jitter.
The along-track spatial resolution of an LOS wind profile is:
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The cross-track spatial resolution of a scan pattern was 0.15 m at the DC-8 and increased as altitude decreased. There is no repeat distance in cross-track. The cross-track resolution at height z is:
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The along-track spatial resolution of a scan pattern consists of two components: the along-track spread of the laser beams, and the DC-8 forward motion. It is:
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For periodogram generation from the data we nominally use an ADC sampling speed of 500 Msamples/s, and a range gate length of 512 samples. This provides a nominal LOS velocity resolution of 1 m/s. However, the 512 samples may be zero padded to a larger number to improve the frequency registration of many periodograms before adding them. Zero padding does not actually increase frequency resolution! It only appears to do this. There is no more information. The velocity step size in the periodogram output can be smaller than 1 m/s.

	Length After Zero Padding 
	fMAX 
	fSTEP
	VSTEP

	512 
	250 MHz 
	0.9766 MHz 
	1.003 m/s 

	1024 
	250 MHz 
	0.4883 MHz 
	0.5013 m/s 

	2048 
	250 MHz 
	0.2441 MHz 
	0.2507 m/s 

	4096 
	250 MHz 
	0.1221 MHz 
	0.1567 m/s 


Appendix D explores changing the range gate length from 512 samples.
6 Labels of DAWN Processed Data
The nominal sequence of DAWN data collection was:
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The inner loop is laser shot. Multiple laser shots contribute to an azimuth angle. Multiple azimuth angles contribute to a scan pattern. Even the inner laser shot loop may be envisioned to comprise multiple range gates (during processing). And even the outer scan pattern loop may be averaged together to obtain a wind estimate from multiple scan patterns combined.

Initially, only we will only upload to the GRIP web site winds calculated from complete scan patterns. The method of processing the data and then labeling the data for the GRIP science team is:

	Data Labels
	Laser Shot
	Azimuth Angle
	Scan Pattern

	Time
	Shot
	First Shot
	First Shot of First Pattern

	Latitude
	Shot
	Ave. Over Shots
	First Shot of First Pattern

	Longitude
	Shot
	Ave. Over Shots
	First Shot of First Pattern

	DC-8 Altitude
	Shot
	Ave. Over Shots
	N/A

	DC-8 Yaw
	Shot
	Ave. Over Shots
	N/A

	DC-8 Pitch
	Shot
	Ave. Over Shots
	N/A

	DC-8 Roll
	Shot
	Ave. Over Shots
	N/A


7 Appendix A – Altitude of Wind Measurement

For the aircraft altitude, we use the output of our INS/GPS unit (Systron Donner Inertial C-MIGITS III). The INS/GPS provides altitude referenced to the World Geodetic System 84 (WGS-84) ellipsoid. WGS-84 was issued in 1984 and updated in 2004. It uses the 1996 Earth Gravitational Model (EGM96) geoid, which defines sea level. WGS-84 deviates from EGM96 from -105 to +85 m. We report our data altitudes referenced to WGS-84.
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8 Appendix B – Calculating Measurement Altitude with Nonzero Yaw, Pitch, and Roll

The relationship between range and altitude changes when the aircraft rotates from level and geographic north, or if the lidar scanner is not mounted with nadir axis of rotation.

Neglecting lidar scanner mounting issues, the three aircraft rotation matrices for stationary axes and CCW rotating vector are:
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The matrix equation takes into account the assumptions made by our INS/GPS unit when providing the rotation angles.
9 Appendix C – Coordinate Systems and Azimuth Angles
We aim the laser beam with respect to the forward-right-down (FRD) coordinate system of the airplane.

The forward axis has a direction locked to the aircraft frame, and is independent of the velocity vector of the aircraft.
The airplane’s FRD coordinates line up with the NED coordinates when there is no airplane yaw or pitch or roll.

Atmospheric scientists prefer the measured horizontal wind’s azimuth angle or direction in the NED coordinates, except they desire “air coming from” angle. This angle is 180 different from normal physics definition of “air going to” angle. Effectively, the atmospheric scientists desire the number for the “air going to” wind direction in south-west-down (SWD) coordinates. 

The “air coming from” convention applies to reporting numbers for the azimuth angle or direction. If a top view plot is made, the atmospheric scientists desire the vector to point in the direction of the air. This is the “air going to” NED system.

The atmospheric scientists want vertical wind reported as positive is upward. This is effectively the east-north-down (ENU) coordinate system.
10 Appendix D - Effect of Range Gate Length
The range gate length used in processing digitized DAWN data may be any of several possible values. We may process the data multiple times with different values. The range gate length affects range and height resolution, and velocity resolution. 
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