MCoRDS-2 Data Format

This is for the National Instruments (NI) based digital system.

The NI system is comprised of four channel ADC cards. Each card stores the four channels interleaved into a single file. The file name is:
mcords2_C_YYYYMMDD_HHmmSS_AA_FFFF.bin

	Filename Field Code
	Description

	C
	Card number (typically 0-3)

	YYYY
	Year

	MM
	Month

	DD
	Day

	HH
	Hour

	mm
	Minute

	SS
	Second

	AA
	Acquisition number

	FFFF
	File number


The values are stored in big-endian format.
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 board.
In the 16 channel setup, there are four digitizer boards (aka cards). Each digitizer has 4 ADC channels. Each board writes out a file with the four channels multiplexed into the file. Therefore you have to load 4 files to get all 16 channels (board 0 or card number 0 has ADCs 1-4, board 1 has ADCs 5-8, board 2 has ADCs 9-12, and board 3 has ADCs 13-16).

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
	0x BADA55E5, indicates the start of the frame

	
	EPRI
	4, uint32
	Master slice’s EPRI signal (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).

	
	UTC time, seconds
	8, uint32
	Seconds of day. Only valid when 1 PPS is available. Continues counting if system crosses day boundary. Source is the internal GPS receiver.

	
	UTC time, fractions
	12, uint32
	ADC sample frequency clocks since last 1 PPS signal arrived from the GPS receiver. If no 1 PPS signal is available, this field will typically roll over/wrap every few seconds. Source is the internal GPS receiver.

	
	Computer time
	16, uint64
	Milliseconds of day



	
	UTC time 2, seconds
	24, uint32
	Same as above, but from NMEA serial string. This field is redundant and is not always available.

	
	UTC time 2, fractions
	28, uint32
	Same as above, but 1 PPS is from GPS receiver supplying NMEA serial string. This field is redundant and not always available.

	Fields repeated for each waveform
	Waveform Index
	32, uint8
	Waveform index, starts at 0 and increments by 1.

	
	# Waveforms
	33, uint8
	Number of waveforms minus one

	
	Presums
	34, uint8
	Number of presums

	
	Bit Shifts
	35, uint8
	Negation of the number of arithmetic right bit shifts to keep 16 bit sample from overflowing

	
	Record start index
	36, uint16
	Number of sample clocks after PRF event to begin recording. The transmission event begins approximately 10.8 us after the PRF event.

	
	Record stop index
	38, uint16
	Number of sample clocks after PRF event to stop recording (i.e. this sample index is NOT recorded, but the one just before it is)

	
	Data
	40, packed int16
	Block of [NUM_SAMPLES] 64 bit words. NUM_SAMPLES is record stop index minus record start index. Each 64 bit word is four int16 words, one from each channel, interleaved:

First two bytes, channel 1: int16

Second two bytes, channel 2: int16

Third two bytes, channel 3: int16

Fourth two bytes, channel 4: int16


The data are 14 bit ADC samples (signed integers)  from a National Instruments NI5761 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. Note that for the first deployment at least, the number of bit shifts are not always optimal and the header field must be read. 
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:

  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. There is a 1 second jitter in the UTC time where the time occasionally jumps ahead by 1 second (so a -1 second correction must be added to the time). This error is resolvable, but we have not finished this process. The only other error source 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 -16 seconds added to them (combining the +1 second error and the +15 second error). 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. Currently, we believe that these errors are detectable and fixable with 100% certainty, but we are still in the process of doing this. The GPS offset that needs to be added to the UTC time in the radar data files is stored in the parameter spreadsheet.
