MCoRDS, Accumulation, and TIDSoR Radar Data Format

This is for the 8-channel digital systemsand 1U-DAQ built by John Ledford and Carl Leuschen.

The 8-channel digital systemsare comprised of eight single channel ADC cards. Each ADC stores to a separate file so that there are eight files being recorded when all channels are recording.The 1U-DAQs are comprised of two DDS chips and a dual channel ADC. Only one ADC is used. The original file name format is:
rR-C.YYYYMMDDHHmmSS.FFFF.bin

	Filename Field Code
	Description

	R
	Radar ID (1-4 for the 4 different copies of the radar)

	C
	Card number (typically 1-8)

	YYYY
	Year

	MM
	Month

	DD
	Day

	HH
	Hour

	mm
	Minute

	SS
	Second

	FFFF
	File number


The new filename format is:

mcords.recGGG. rR-C.YYYYMMDDHHmmSS.FFFF.bin
	Filename Field Code
	Description

	G
	Recording group (each time the radar recording is started/stopped, this number increments as long as the software is not restarted – it is used strictly for file organization)

	R
	Radar ID (1-4 for the 4 different copies of the radar)

	C
	Card number (typically 1-8)

	YYYY
	Year

	MM
	Month

	DD
	Day

	HH
	Hour

	Mm
	Minute

	SS
	Second

	FFFF
	File number


The values are stored in big-endian format. There are numerous digital errors (bit errors in the header and the data).  The bit errors in the data are easy to remove by detecting burst events of 3-4 samples since the digital errors manifest as very large magnitude sample values. For MCoRDS, these values probably have a pattern, but this has not been verified).With the accumulation radar 1U DAQs, the bit errors in the data seem to always be code word 44047 and 3840, samples 2 before and 1 after these are also bad. The bit errors in the header can sometimes corrupt 10-20% of the record headers for unstable radar settings (PRF, presums being the main factors). By using all of the channels and the neighboring records, the header information can generally be reconstructed unambiguously. There are a variety of other types of errors such as repeated records and dropped records. The EPRI seems to be the best field to use for detecting and correcting these errors.

Each file contains a serial stream of records with the following fields. There are no gaps between records. Files do not generally start on a record boundary and generally the beginning of the file contains the end of the previous record (i.e. the last record of the proceeding file).. Each record begins with the frame sync, a 32 bit unsigned integer. The files are not necessarily synchronized: when processing you will want to align the EPRI for each channel, but the records for a particular EPRI may occur with different file offsets for each channel.
Each ADC channel is stored in a separate file. Since there are 8 channels, there are 8 files being stored, one channel per file.
For each EPRI count, the radar sends out at least 1 and as much as 16 waveforms and each waveform is pulsed for the number of presums for that waveform. Typically for low altitude measurements, each channel collects 2 waveforms, one with low gain and short pulse duration and one with high gain and long pulse duration.

	
	Field
	Byte,

Data Type
	Description

	
	Frame Sync
	0, uint32
	0xDEADBEEF, indicates the start of the frame

	
	Version
	4, uint32
	Version

	
	UTC Time, Seconds
	8, uint32
	UTC seconds of day from GPGGA tag read from NMEA serial stream

	
	UTC Time, Fraction
	12, uint32
	Number of sample clock cycles since the last 1 PPS rising edge.

	
	EPRI
	16, uint32
	Starts counting from zero when the system timing is reset. This field is incremented once per record stored. Each record contains all the waveforms (and is the result of all the presums).

	
	Number of Waveforms
	20, uint32
	Number of waveforms, W

	
	Bit Shifts
	24, uint32
	Unknown purpose

	
	Decimate configuration
	28, uint32
	Unknown purpose

	Fields repeated for each waveform
	Waveform settings
	32+(N-1)*8, uint32
	This field is broken into two parts and describes waveform N:

bits 31 down to 14: reserved

bits 13 down to 0: number of samples, MN

	
	Waveform settings
	36+(N-1)*8, uint32
	This field is broken into four parts and describes waveform N:

bits 31 down to 29: reserved

bits 28 down to 24: Number of logical right shifts performed after presumming, also known as which bits. The ADCs are 14 bits and the sample size is 16 bits so up to 4 presums can occur without doing bit shifts.

bits 23 down to 10: number of sample clocks since PRF trigger before recording starts (note that transmit event occurs approximately 10.8 us after the PRF trigger)

bits 9 down to 0: number of presums-1N

	
	Unknown
	160, uint16
	Unknown purpose

	Fields repeated for each waveform
	Data for waveform 1
	162, M1*uint16
	Data for waveform 1. The number of samples is M1. The last four samples of data are corrupted (or have unknown purpose).

	
	Data for waveform 2
	162, M2*uint16
	Data for waveform 2. The number of samples is M2. The last four samples of data are corrupted (or have unknown purpose).

	
	…
	…
	…

	
	Data for waveform W
	162, MW*uint16
	Data for waveform W. The number of samples is MW. The last four samples of data are corrupted (or have unknown purpose).


Accumulation radar file format is identical except that the EPRI, number of waveforms, bit shifts, and decimate configuration fields are not used. Also there are always 16 waveforms and the individual properties for each waveform are always the same.
TIDSoR radar file format is identical except for several unknown changes. The EPRI and seconds of day fields do not appear to be filled and the fractional seconds appears to have an error in it. However, the timing information may have been lost because GPS signals were not connected.
The data are 14 bit ADC samples (unsigned integers)  from an Analog Devices AD9640 that have been coherently summed and then truncated to 16 bits. The arithmetic right shift header field tells how many bits were truncated. For example, 16 presums of 14 bit ADC samples produces an 18 bit number which would have 2 in the header field so that the 16 MSB would be stored in the file. 
Let DATA be a vector from a single record (range line). We recommend removing the mean from the data due to small DC bias on ADC (also removes unsigned integer offset):

  DATA = DATA – mean(DATA);

Then convert to voltage at the ADC where Vpp_scale is 2Vpp, adc_bits = 14, bit_shifts and presums are from the header:

  DATA = DATA * Vpp_scale / 2^adc_bits * 2^bit_shifts/presums;

Time zero (transmit event) calculation: The sample delay clock counts field in the header is number of clocks since the PRF event and the transmission event is 10.8 us after the PRF event so a setting of 10.8 us in the sample delay clock field actually corresponds to a zero time delay. However, this is not precise and an additional small time delay is described on a per channel basis in the param spreadsheet on the “general” worksheet.
The UTC Time in the radar is known to have an error. When the radar system is turned on initially, the UTC time is read in from a NMEA string. After the time is read, the time is incremented using the 1 PPS line. The first problem is that the time read from the NMEA string is always registered one second late which means the radar files always have the time they read minus one second.  So if there were no other errors you would always needs to add one second to the UTC time in the file. However, there are two other sources of error. The first is that when some GPS receivers are turned on they will output GPS time in the NMEA string instead of UTC time. For the datasets collected so far there are 15 leap seconds unaccounted for in GPS time so this means that the time recorded to the radar file will need to have -(-1+15) or -14 seconds added to them (combining the -1 second error and the +15 second error). A final problem has been identified and that is that the 1 PPS signal has errors. This problem produces an unknown and random number of 1 second offsets that can change through out the day. These problems are solved by 1) comparing radar data to natural features seen by other radars, the LIDARS, or camera systems and 2) comparison of elevation and surface scattering phase over a coherent surface. By carefully monitoring the UTC time, better 1 PPS signal filtering, and tracking time with an independent clock we have resolved these problems – but the 2009 Antarctica DC8, 2010 Greenland DC8, and 2010 Greenland P3 missions all have greater uncertainty as the problem was not well understood at that point – although we have made an effort to estimate the offset for each data segment. The GPS offset that needs to be added to the UTC time in the radar data files is stored in the parameter spreadsheet.
