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RADIO SOLAR TELESCOPE NETWORK (RSTN) 

DATA ARCHIVAL TAPE FORMATS



1.	Data from the  ASW Radio Solar Telescope Network is archived on standard 0.5” 9-track digital magnetic tape at a data density of 800 bpi.  Each tape typically contains several days of data.  The information on the tape consists of three types of records which are organized into two types of files.  For simplicity, all three types of records are the same length (1275 16-bit words each).  All data times used on RSTN archival tapes are in the form of an integer word pair (2 16-bit words).  The first integer word is the number of hours into the data year (0-8783); the second integer word is the number of seconds into the data hour (0-3599).  



a.	Tape Directory File:  The first file on the tape is a tape directory file.  It consists of a single record.  This file is a table of contents for the tape.  It describes what is on the tape and indicates where the data is located on the tape.  The format for this file can be found in attachment 1.  

b.	Daily Save File:  Data for each observing day is organized into a single file consisting of two types of records.  The first and last records of each daily data file identify the source of the data, i.e., observatory ID, location, etc.  The format for this informational record is described in attachment 2.  The remaining records in the daily save file are data records at one-second resolution for all frequencies being measured.  The format for the six-second data block of 255 words is outlined in attachment 3.  Five 6-second data blocks are combined to form a 1275-word tape data record.  



2.	The archival agency (EDS) employs a computer with a 60 bit-per-word architecture and requires archival tape records of less than 512 60-bit words.  Therefore, the tape record and 6-second data block sizes were designed to maintain a phase relationship between the archival agency’s 60-bit/word computer and the observatories’ 16-bit/word computers.  





SCHEMATIC LAYOUT OF RSTN ARCHIVAL DATA TAPE



File 	Description		
Size (16-bit words)	
		
Re
ference




1.Master Directory File  		1275 words				Atch 1



   a.Daily Directory		Variable (30 words/day for each		Atch 1

				day of data on the tape)



2. Daily Save File		Variable (1275*(I+2) where “I” is		Atchs 2-5

				the number of 30-second (1275 word) 

				data records in the file



    a. Daily Information Record	1275 words				Atch 2



	(1.)  Station Information	220 words				Atch 2



	(2.) Burst Log		Variable  (10 words/burst entry)		Atchs 4&5



    b. 30-second Data Record	Variable (1275*I where “i” is the 		Atch 3	

				number of 30-second data records		



    c. Daily Information Record	1275 words				Atch 2



	(1.) Station Information	220 words				Atch 2



	(2.) Burst Log		Variable (10 words/burst entry)		Atch 4&5



Notes:	1. All data on tape is written in 1275 (16-bit) word records.

	2. The file format outlined in para 2 is repeated for each daily data file on the tape.  The number 	of days of data on the tape is specified in the Master Directory File (para.1).



RSTN  EQUIPMENT CONFIGURATION 



1. Current RSTN equipment monitors solar radio emissions on eight discrete frequencies.  A ninth frequency near 35 Gigahertz is planned for the future.  

2. The maximum solar radio flux observable on each frequency is:	

	245 MHz	500,000 solar flux units (sfu)

	410 MHz	500,000 sfu

	610 MHz	500,000 sfu

	1415 MHz	100,000 sfu

	2695 MHz	50,000 sfu

	4995 MHz	50,000 sfu

	8800 MHz	50,000 sfu

	15400 MHz	50,000 sfu

where one sfu = 10-22 Watts/Meter2/Hertz.

3. The radiometers employed in the RSTN system are commonly know as Dicke radiometers and are designed to automatically compensate for rapid gain changes within the equipment.  Radio signals from the sun (broadband random noise) initially arrive at the antennas and are fed by waveguide or coaxial cable to the radiometers.  The 30 MHz IF (Intermediate Frequency) section within each receiver limits the IF signals to an approximate 8 MHz bandwidth which is passed to two Princeton Applied Research Model HR-8 amplifiers.  The master (high-gain) HR-8 amplifier receives its input signal directly from the IF section.  The slave (low-gain) HR-8 amplifier receives its input signal from the IF section after the signal has been attenuated by approximately 20 dB.  This design permits a wide dynamic range of solar emission to be recorded.  

4. Data acquisition is performed by a Phoenix Model 8000 analog to digital converter with inputs from all 16 master and slave HR-8 amplifiers at one second resolution.  The raw Phoenix data are converted to voltage values and solar flux units by a Hewlett-Packard Series 1000 minicomputer, and raw data and sfu values are stored to disc every six seconds.  The raw data, solar flux unit values, necessary calibration parameters, and observatory identification data are combined and written to magnetic tape each day, creating a RSTN archival tape.  This tape record of RSTN observation is forwarded to :

Environmental Data & Information Service

National Geophysical  & Solar-Terrestrial Data Center

National Oceanic & Atmospheric Administration 

Boulder, Colorado, USA, 80302



RSTN SYSTEM CALIBRATION



1. All system calibrations are conducted in accordance with AWS Regulation 105-32.  A copy of this regulation can be obtained from Hq AWS, Scott AFB, IL, 62225.  The calibrations are performed before sunrise and before meridian passage (local noon).  A partial drift across the solar disk is done following the noon calibration to determine the quiet solar flux (IFLUX) at noon.  

2. The method employed to calibrate the RSTN system requires the establishment of two voltage references on the receiver’s response curve.  These points are the sky baseline voltage and the voltage increase caused by a known calibration source.  The sky baseline voltage represents zero solar flux units above system noise, and all received signals are then referenced to this voltage.  

3. The order of the calibration procedure is:

	a. The antennas are driven at least two hours off the sun to acquire the background cold sky value in calibration sensitivity.  

	b. The noise tube is added to the cold sky value to acquire a calibrated noise value.  In the absence of a noise tube, a matched 50-ohm load is substituted as the calibrated noise source.  

	c. The noise tube signal is removed and the receiver is switched to track sensitivity to acquire a cold sky background voltage value.  

4. This procedure creates a square-wave pattern in the data in which the voltage difference between steps a and b above can be equated to the known sfu value of the noise source.  The master HR-8 amplifier is normally operated with calibration and track sensitivities equal to unity.  The slave HR-8 amplifier is operated with a track sensitivity of unity and calibration sensitivity ranging from 2 to 1000.  The increased calibration sensitivity is required for the slave HR-8 amplifier to boost the apparent noise tube voltage above the receiver noise.  

5. The calibration methods employed in paragraph 3 above include:

	a. Sky-Noise Tube-Sky  (SN)

	b. Sky-Matched Load-Sky   (SL)

	c. Matched Load-Noise Tube-Matched Load  (LN)

In the third method (LN), the antenna is not moved from the sun, but the solar signal is replaced with the matched 50-ohm load.  This gives a steady baseline signal to which the noise tube can be added, again creating the square-wave pattern in the data.  This method is primarily used during maintenance routines to check receiver response, since it does not disturb other radiometers on the same antenna.  

6. All calibration parameters necessary to reconstruct the radiometer trace are found in the daily save information and data records.  



CONVERSION OF RAW INPUT TO SOLAR FLUX UNITS



1. The Phoenix Model 8000 is a 32-channel auto-ranging analog to digital converter which gives a dynamic range of over 132 dB.  The gain range of the system is from (10.24 volts full scale at maximum range to (10 millivolts full scale at minimum range.  This gives a throughput error of less than 0.05% of the reading of any input over five millivolts.  

2. The data is represented by a 16-bit word consisting of 4 bits of range data, 11 bits of binary data, and 1 sign bit.  

	a. Eleven ranges are possible, represented by the binary codes:

		1010	(10 millivolts full scale (minimum range)

		1001	(20 millivolts full scale

		1000	(40 millivolts full scale

		0111	(80 millivolts full scale

		0110	(160 millivolts full scale

		0101	(320 millivolts full scale

		0100	(640 millivolts full scale

		0011	(1.28 volts full scale

		0010	(2.56 volts full scale

		0001	(5.12 volts full scale

		0000	(10.24 volts full scale (maximum range)

	b. The data word format is organized as:



         MSB 									   LSB

           15   |   14      13      12      11      10      9      8      7      6      5      4   |   3      2      1      0

        SIGN	    BINARY    				BINARY 

         BIT 	  DATA					RANGE

		   BITS					DIGITS

							(BIRDS)



3.  The conversion from raw data to voltage is :

	VOLTAGE = IDATA/(200 * 2BIRDS)

where 	IDATA = the value of the binary data bits, and

	BIRDS = the value of the binary range digits.

The sign bit is “on” when the value is negative, i.e. two’s complement notation.  

4.  The conversion from voltages to solar flux units is:

	SFU = (VOLTAGE - SKY) * K

where	VOLTAGE = the converted raw data value from para 3 above, 

	SKY = the voltage of the background sky for the HR-8 amplifier being converted, and

	K = the sfu per volt conversion factor computed during system calibrations for the HR-8                                                            	amplifier being converted 

5.  The conversion factor (K) above is determined by:

	K = [FLUX/(VOLTAGE - SKY)] * GAIN

where	FLUX = the sfu equivalent of the calibration source, 

	SKY =  the voltage equivalent of the background sky, 

	GAIN = the increased gain in sensitivity required in the calibration mode, 

	VOLTAGE = the voltage equivalent of the calibration source as determined above.  

6.  The typical operating range for the HR-8 amplifiers is from +2 volts to -10 volts at full scale.  Therefore, the conversion factor and the term (VOLTAGE - SKY) are always negative, resulting in a positive solar flux unit value.  



7.  The change-over between master and slave HR-8 amplifiers normally occurs at the -10.0 volt limit on the master amplifier for automation purposes.  Slight disparities may exist between amplifiers at the change-over point due to system non-linearities, but are considered insignificant for operational purposes.  



HEWLETT-PACKARD FLOATING POINT FORMAT



The floating point format employed by the RSTN system consists of two 16-bit words per value.  The combined 32 bits are subdivided into a fraction and exponent part.  The fraction part consists of a sign bit plus 23 bits.  The exponent part 7 bits plus a sign bit.  This convention provides for an approximate range of 10-38  to 1038 with resolution to 6 or 7 decimal digits.  



	SIGN BIT

	       MSB			FRACTION PART               LSB

WORD #1      
15 |  14   13   12   11   10   9    8    7    6    5    4    3    2    1   0


                     IMPLIED 

                     BINARY  

                     POINT



                     MSB 						    LSB

WORD #2     
15   14   13   12   11   10   9    8    7 |   6    5    4    3    2    1  |  0
  

                     FRACTION PART (cont.)                 EXPONENT PART      SIGN BIT



Two examples:

	.3 is represented by 0600008  0000048

	This equates to (2-1 + 2-2) * 22



	.5 is represented  by 0400008 0000008

	This equates to (2-1) * 20.



Attachment 1

RSTN ARCHIVAL TAPE DIRECTORY FORMAT 



The thirty-word format (words 31-60) which contains information for the first daily save file on the tape is repeated to contain information on additional daily save files on the tape.  

WORD#	WORD TYPE		DESCRIPTION

1		Integer			Number of daily save files on this tape (range 1-20)

2-30		Integer			(For expansion)

31		Integer			Total number of tape records in first daily save file 

					(range 2-1802)

32		Integer			Year of first data record (e.g. 1979)

33		Integer			Hours into the year for first data record of this day

					(range 0-8783)

34		Integer			Seconds into the hour for the first data record of this day

					(range 0-3599)

35		Integer			Hours into the year for the last data record of this day

					(range 0-8783)

36		Integer			Seconds into the hour for the last data record of this day

					(range 0-3599)

37		ASCII			First two characters of ICAO station ID

					(e.g. PHFF, K70L, APLM, etc.)

38		ASCII 			Last two characters of ICAO station ID

					(e.g. PHFF, K70L, APLM, etc.)

39-60					(For expansion)



ATTACHMENT 2

RSTN ARCHIVAL DAILY SAVE INFORMATION RECORD FILE FORMAT





The first and last tape record for each observing day consists of a pre-data information record of the same fixed size as the actual data records on the tape (1275 16-bit words).  The information record contains the year, station identification, and parameters used in the daily calibrations.  



WORD #	WORD TYPE		DESCRIPTION

1		Integer			Year of data’s beginning

2-3		Floating Point		WMO Station Number (e.g.91178.)

4		ASCII			First two characters of ICAO station ID

					(e.g. PHFF, K70L, APLM, etc.)

5		ASCII			Last two characters of ICAO station ID

					(e.g. PHFF, K70L, APLM, etc.)

6-7		Floating Point		Observatory latitude (North = +, South = -)

8-9		Floating Point		Observatory longitude (East = +, West = -)

10-11		Floating Point		Station elevation in meters

12-13		Floating Point		Daily astronomical correction factor

					(square of earth-sun distance expressed in astronomical units)

14-31		Floating Point		Nine valued array containing actual observed frequencies 						expressed in Megahertz

32-40		ASCII			Nine word integer array, each word containing 2 ASCII 						characters identifying the calibration method employed for 						each frequency

41-58		Floating Point		Nine valued array containing the flux unit equivalent of the 						noise tube output for each frequency when used as a							calibration source.  The astronomical correction factor must 						be applied to this value to obtain the “corrected” value used 						during actual calibration.

59-76		Floating Point		Nine valued array containing the flux unit equivalent for each 					frequency of the matched 50-ohm load output when used as a 					calibration source.  The astronomical correction factor must 						be applied to this value to obtain the “corrected” value used 						during actual calibrations.

77-94		Floating Point		Nine valued array containing the master HR-8 amplifier 						sensitivity used during calibration for each frequency 						(normally unity).  

95-112		Floating Point		Nine valued array containing the slave HR-8 amplifier 						sensitivity used during calibration for each frequency

					(range 2 to 1000)

113-130		Floating Point		Nine valued array containing the flux unit per volt 							conversion factor for the master HR-8 amplifier for each 						frequency obtained from calibration.

131-148		Floating Point		Nine valued array containing the flux unit per volt 							conversion factor for the slave HR-8 amplifier for each 						frequency, obtained from calibration.

149-166		Floating Point 		Nine valued array containing the sky background voltage at 						track sensitivity for each master HR-8 amplifier on each 						frequency.

167-184		Floating Point		Nine valued array containing the sky background voltage at 						track sensitivity for each slave HR-8 amplifier on each 						frequency.

185-202		Floating Point		Nine valued array containing the local noon solar flux value 						(IFLUX) for each frequency.

203-220		Integer			Eighteen word array containing the time in integer word pairs 					for each IFLUX value above.  The first word is the hours into 					the year and the second word is the seconds into the hour.

221		Integer			Number of entries in the burst log

222-224					(For expansion)

225-974		Variable			The 10-word discrete frequency and sweep frequency burst 						log formats, which can be repeated 75 times as required for 						burst log entries.  The discrete burst format is described in 						attachment 4 and the sweep burst format in attachment 5.

975-1275				(For expansion)





ATTACHMENT 3

RSTN ARCHIVAL DAILY SAVE 6-SECOND DATA RECORD FILE FORMAT



WORD #	WORD TYPE		DESCRIPTION

1		Integer			Year of data (e.g. 1979)

2		ASCII			First two characters of ICAO station ID

					(e.g. PHFF, K70L, APLM, etc.)

3		ASCII			Last two characters of ICAO station ID

					(e.g. PHFF, K70L, APLM, etc.)

4		Integer			Hours into the year for this data.

5		Integer			Seconds into the hour for this data.

6-14		Integer			Nine word status array, one frequency per word, lowest 						frequency (245 MHz) in first word.  Bit breakdown:

		    MSB 15	Burst in progress

			9-14	For expansion

			8	Full scale signal being received on this frequency

			7	For expansion

			6	Antenna peaking in progress

			5-3	Calibration state:  MSB = 5, LSB = 3

				0 = between calibration states

				1 = sky reading in progress

				2 = noise tube reading in progress

				3 = matched load reading in progress

				4 = partial drift reading in progress

			           5-7 = future expansion

			2	Calibration in progress

			1	Master (high-gain) HR-8 amplifier inoperative

		    LSB   0	Slave (low-gain) HR-8 amplifier inoperative



15-32		Floating Point		Nine valued array containing the absolute flux value of the 						currently received “quiet sun”.  This value was established 						during the most recent antenna peaking and serves as a 						baseline sfu value to which the sun’s variable signals are 						compared.

33-140		Floating Point		Nine valued array (one value per frequency) is repeated six 						times (six seconds of data).  This array contains the currently 						received variable component of the sun’s signal, in flux units, 					relative to the currently received “quiet sun” value above.  						Adding these two values together results in the actual solar 						flux received at each second.  

141-248		Integer			Eighteen word array, repeated six times (six seconds of data), 					that contains the raw input as received from the analog to 						digital converter.  The eighteen word array can be considered 					as a  two word array (first word = master HR-8 amplifier, 						second word = slave HR-8 amplifier) repeated nine times.  						The convention of lowest frequency being given first is 						followed.

249-255					(For expansion)



ATTACHMENT 4

RSTN ARCHIVAL DAILY SAVE INFORMATION RECORD

DISCRETE FREQUENCY BURST LOG FORMAT



Each log entry is ten words in length.  Discrete and sweep frequency bursts are intermingled in the log.  Up to 75 discrete and sweep frequency bursts can be contained in the log. 



WORD #	WORD TYPE		DESCRIPTION

1		Integer			Type of burst log entry and burst characteristics:

	MSB 15-14	If both are set, discrete burst and noise storm; if only bit 15 is 					set, discrete burst; if only bit 14 is set, noise storm; if both are 					off, sweep burst.

	         13-9	Discrete burst type IAW AWSR 105-32

	LSB   8-0	Bit map of frequencies in burst, with 35000 MHz in bit 8 and 					245 MHz in bit 0

2-3		Floating Point		Greatest Flux observed on any affected frequency in the 						burst.

4-5		Integer			Time word pair indicating the first start time for the burst.

6-7		Integer			Time word pair indicating the last end time for the burst.

8-10					(For expansion)





ATTACHMENT 5

RSTN ARCHIVAL DAILY SAVE INFORMATION RECORD

SWEEP FREQUENCY BURST LOG FORMAT



Each log entry is ten words in length.  Sweep and discrete frequency bursts are intermingled in the log.  Up to 75 sweep frequency and discrete frequency bursts can be contained in the log.



WORD #	WORD TYPE		DESCRIPTION

1		Integer			Type of burst log entry and burst characteristics:

	           BIT

	MSB 15-14	If both are set, discrete burst and noise storm; if only bit 15 is 					set, discrete burst; if only bit 14 is set, noise storm; if both are 					off, sweep burst.

	           13-9	Sweep frequency burst type IAW AWSR 105-32

	LSB     8-0	Burst importance:

				1 = minor event

				2 = significant event

				3 = major event

2-3					(For expansion)

4-5		Integer			Time word pair indicating the start time of the burst

6-7		Integer			Time word pair indicating the end time of the burst

8		Integer			Sweep frequencies involved in this burst: Most significant 9 						bits (15-7) highest frequency in the burst in MHz; least 						significant 7 bits (6-0) lowest frequency in the burst in MHz 

9		Integer			Burst location: Most significant 9 bits (15-7) heliographic 						angle (0-359); least significant 7 bits (6-0) 

					radius vector x 100 (0-100)

10					(For expansion)



