Interpretation and Use of Binary REDR Data
This document describes and illustrates extraction of values from binary files generated according to the NASA Deep Space Network (DSN) REDR Software Interface Specification (SIS).  The REDR SIS is one of several documents that describe open loop radio science raw data products created over about two decades starting in the late 1970s.  
The REDR SIS describes the format and content of the most important open loop radio science files generated during the Voyager 1 and 2 encounters with Jupiter.  These data were written to tape from analog-to-digital converters operating at 10 ksps.  One A/D converter sampled the S-RCP receiver output sequentially, and three A/D converters sampled the X-RCP receiver output.
File and Record Formats:

Each REDR record comprises 12 bytes of header data followed by 200 16-bit samples from each of the four A/D converters (1600 bytes total), followed by 80 bytes of trailer data — totaling 1692 bytes, or 13536 bits (Table 1).  A hexadecimal dump of one record from an example REDR file is shown in Figure 1.  It was created using the unix-like command

od -t x1 vc134.dat +0. | head -106

Bytes in Figure 1 are shown in the physical order in which they appear in the file; they must be interpreted in that same order — most significant byte (MSB) first.  Most modern computers (c. 2021) write, and expect to read, the least significant byte (LSB) first if the data are read into 2-, 4-, or 8-byte words, reversing the physical order.  Reading the data into a byte array will preserve the original order.
The REDR SIS states that “all words are integer, right-hand justified, zero filled if unsigned or positive, and one filled if signed.”  Although this statement is correct for the header and trailer, it is incorrect for the A/D sample values.  All of the even-numbered bytes in Figure 1 have value “00” suggesting that the 8-bit samples were stored in the more significant byte and the less significant byte was not used
.  The sample value in the more significant byte is twos complement.
Example Data File:
Header and Trailer Values: The header and trailer from the first record have been unpacked in Table 2.  Asterisks (*) in the right column denote status flag values.  In the nine records which follow, nothing changes in the Header or Trailer except the “record second” value (bytes 6-7).  In the first record it is 0, in the second record it is 2, … in the tenth record it is 18 meaning that the time tag for the ten records in the example file increases from 0.00 to 0.18 seconds in steps of 0.02 second.  With 200 samples per A/D per record, the file will have captured 10000 S-band samples and 30000 X-band samples after one second.
Sample Values: Figure 1 shows the first 17 sample values (in hexadecimal); the S-band samples have been highlighted in yellow, the X-band samples in green:
dc  dc  f0  02  fe  d0  d9  f6  0d  ec  c5  df  ef  f8  f5  e4  dc  ...

In decimal these are:
220 220 240   2 254 208 217 246  13 236 197 223 239 248 245 228 220 ...

Converting to twos complement gives:
-35 -35 -16   2  -2 -48 -39 -10  13 -20 -59 -33 -17  -8 -11 -28 -36 ...

And separating into S- and X-band streams:

S-band: -35  -2  13 -17 -36 ...

X-band: -35 -16   2 -48 -39 -10 -20 -59 -33  -8 -11 -28 ...

The results are shown in Figure 2.  Both sample streams have a negative average value: -8.5 for the S-band values, -10.9 for the X-band values.
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Figure 1a. Hexadecimal dump of the first half of record 1 from binary REDR vc134.  The 12-byte header is highlighted in yellow at the top.
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Figure 1b. Hexadecimal dump of the last half of record 1 from vc134.  The 80-byte trailer is highlighted in yellow at the bottom.
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Figure 2a. S-Band samples (200) in the first record.
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Figure 2b. X-Band samples (600) in the first record.
� If 12-bit REDR files are discovered, this correction will have to be re-visited.





