DAWN DATA FILES DESCRIPTION
Michael J. Kavaya, michael.j.kavaya@nasa.gov, 757-864-1606

1. Data Files
There are four data files.

They are named according the DAWN in GRIP file naming convention, which is documented in a separate file.

The four files are identified by a field in the file name as follows:


HWS – horizontal wind speed


HWD – horizontal wind direction


FSE – frequency-domain signal energy


TLL – time vs. latitude vs. longitude

The first three data files provide three key processed parameters vs. altitude vs. time. 

The fourth data file permits the first three parameters to be correctly associated with latitude and longitude. 
2. Laser Beam Azimuth Angles

During GRIP, our lidar scanner nadir angle, relative to the aircraft, was always 30.12 deg.
All GRIP data were collected with 5 azimuth angles.

However, our current processing uses only two of the angles, -45 and +45 deg., to obtain horizontal wind speed and direction.

Our current processing uses the 0 deg. azimuth data to obtain frequency-domain signal energy.

3. Parameter Units and Formats

The units and formats of the numbers in the data files are:

	Item
	Units
	Format

	Header
	
	8 lines

	Column Delimiter
	
	Tab

	Date & Time (Columns)
	YYYYMMDD_HHMMSS
	A15

	Altitude (Column 1)
	km
	4 decimal places

	Wind Magnitude
	m/s [positive]
	4 decimal places

	Wind Direction
	Deg [0 – 360]
	4 decimal places

	Freq-Domain Signal Energy
	dB
	4 decimal places

	Latitude (Column 2)
	Deg
	7 decimal places

	Longitude (Column 3)
	Deg
	7 decimal places

	Invalid Data
	-
	-999

	
	
	


4. File Header

The file header contains in line number:

1. Take off date
2. DAWN data folder name at LaRC
3. Number of azimuth angles used for processing

4. Number of laser shots averaged for every LOS wind profile
5. Number of scan patterns combined. For now this is 1
6. Number of data samples per range gate. Typically 512
7. Total sample length of data and zero padding. Typically 2048
8. Number of samples between beginnings of adjacent range gates. Typically 256
5. Altitude Values in Data Files

The DAWN lidar receiver includes an analog-to-digital converter (ADC) to capture the optical detector signal and permit data processing in a computer. For GRIP, the ADC sample rate was set to 500 x 106 samples/second. The sample period was correspondingly 2 ns. For each sample, the atmospheric volume involved in generating the signal was pencil shaped with diameter matching the laser beam and length representing half of the laser beam length. (The “half of laser beam” comes from the round trip of light. Our 200 ns long laser pulse instantaneously illuminated an atmospheric length of 200 ns x 3 x 108 m/s = 60 m. Half of this is 30 m.) For each successive sample, this atmospheric volume advanced in range by 2 ns x c/2 = 2 ns x 150,000,000 m/s = 0.30 m. For a level aircraft, the atmospheric volume in height decreases by 0.26 m. The level aircraft altitude of sample N1 is:
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However, we process these samples in groups called range gates. Our range gates are typically 512 samples long and overlap by typically 50% or 256 samples. Therefore the level aircraft altitude of range gate N2 is:
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The aircraft altitude ZA/C is continuously varying. This means the range gate altitudes are continuously varying. Yet the recorded data typically have a height step of 66.4 m.

For calculation purposes, we desire our data files to have a better height resolution than 66.4 m. We chose a finer step size approximately by a factor of 5. Once the finer step size is established, the data for each range-gate height are placed into the closest height bin. The result usually has duplicated data numbers for a few adjacent height values. This technique prevents the data and plots from having the coarseness of the 66.4 m altitude step. 
6. Data File 1, HWS
The number of rows depends on the number of altitude values used for data processing. The number of columns depends on the duration of the uninterrupted data collection by our software.
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7. Data File 2, HWD
The horizontal wind direction data follows the direction convention of meteorology. A value of zero degrees indicates air coming from geographic north, a north wind. A value of ninety degrees indicates air coming from geographic east, an east wind. The row and column headings match those for the HWS data file.
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8. Data File 3, FSE
For a continuous measuring process, the figure of merit is power and the ratio of signal power to noise power. DAWN is a pulsed lidar. The figure of merit is energy. Signal energy may be calculated from the captured signal values in the time domain, or from the averaged periodogram in the frequency domain. The average periodogram is an estimate of the underlying signal energy spectrum. For the frequency domain, the peak in the periodogram that is classified, as the signal is used. Before we select this peak, we whiten the averaged periodogram noise. In general, when this signal peak is spread over more than one periodogram frequency bin, the area under the signal but above the noise is the signal energy. When the signal is in only one periodogram bin, the area is equal to the signal height above the noise. Our current software only calculates the peak value frequency-domain signal energy (FSE). The units of FSE are dB. For quality-controlled data, we examine the value of FSE. For values below a threshold, we change the data values in the other three files to -999.
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9. Data File 4, TLL
The date and time are in column 1 and represent rows. The second column is latitude and the third column is longitude.

Degrees are in decimal format.

The DAWN latitude and longitude come from a Systron-Donner C-MIGITS III INS/GPS unit on DAWN. The 3D position spherical error probable (SEP) is 3.9 m. (Time error is 1 microsecond. Roll and Pitch errors are 1 milliradian. The heading angle error is 1.5 milliradians and larger depending on the maneuvers of the DC-8. This is why DAWN occasionally requested DC-8 bank maneuvers.)
The values for time, longitude, and latitude come from the first laser shot of the first azimuth direction of each scan pattern.
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