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ABSTRACT 

In a previous paper “Merging Multiple Telemetry Files From Widely Separated Sources For 
Improved Data Integrity” presented at the 2012 ITC\USA conference, a method for synchronizing 
TM files at the minor frame level was presented.  This paper expands on that work by describing 
a method for synchronizing the files at the minor frame level faster and at the earliest frame 
possible using an internal counter.  This method is also useful if the minor frames fall out of sync 
due to large dropouts. 
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INTRODUCTION 

During long range testing, telemetry (TM) may be collected from a number of widely separated 
receiving stations.  Even though the stations will be separated, a good test plan will include overlap 
between the stations.  Each file will most likely contain noise and frame dropouts.  After the test, 
these stations will transmit data back to a central location.  Because of data dropouts and noise 
within a TM frame from each source, it is desirable to merge the data from all sources into one 
master TM file containing the best data from the source files.  Dropouts and noisy data conditions 
are usually not present at all sites simultaneously.  Merging data from multiple sources gives the 
ability to insert missing frames and replace noisy frames using data from the other files to create a 
single master TM merged file.  To successfully merge files, all the frames must be in sync at the 
minor frame level.  File syncing is required on several occasions.  An initial sync must be done at 
the start of the merge process.  Additionally, when files drop a large number of frames, the file 
with the dropped frames must be brought back in sync with the other files. 

 

A DEMONSTRATION TEST CASE 

For the purposes of this paper a test case will be used.  It is assumed the bit rate is 10 MB/s, and a 
major frame will consist of 20 minor frames.  A minor frame will be 0.0008 seconds wide.  We 
will assume there are five TM source files that will be merged into one master merged file. 

 

THE ORIGINAL SUNCHRONIZING PLAN 

File synchronizing described in the original paper consisted of synchronizing using an IRIG based 
approach.  Due primarily to speed of light delays, IRIG times between identical minor frames of 
data will be different. This means that the files cannot be synchronized using time base alone.  
Using a frame counter embedded in the data stream is useful in syncing up data files, but as the 
need for more data in the TM stream grows, there is not always room for a full 16 bit minor frame 
counter. 
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The original method used IRIG times to get two files close in time, and then a byte-wise frame 
compare is made to verify the frames are identical.  The process is as follows.  Starting with two 
files, set up a counter to count the total number of minor frames in the first file as it increments in 
time until the IRIG time for file one is one frame past the IRIG time of the second file.  In the 
example outlined above, there are 20 minor frames in a major frame, and a Minor Frame ID 
(MFID) one byte counter is included in the TM stream.  If the two MFID’s are identical, the frames 

are byte-wise compared.  If the frames are equal, the files are in sync. If the MFID’s are not equal, 

one or the other file is incremented until they are equal and the frames compared.  In practice, it is 
rarely the case the files will be in sync at the first try.  As the transmitted signal comes into range, 
there are usually noise and frame dropouts at the beginning of a file.  When a match does not occur, 
both files are incremented by a set number of frames and the process repeated.  The number of 
frames to advance file one by, is determined by estimating the number of frames the files could be 
potentially out of IRIG sync based on receiver drift and speed of light delays.  This is determined 
by the unique setup of the test environment.  In practice, a number of 10 frames works.  If the two 
files do not sync up, another file is chosen and the process repeated.  The process repeats until all 
files are in sync.  Figure 1 shows a flow chart of the above process. 

 

Figure 1. 

While this method did work, in use it was noticed when looking at frames prior to the identified frames, 
they were also in sync.  This was caused by the 10 frame jump.  In other cases, the 10 frame jump would 
land on noisy frames, causing the files to sync up much later.  The 10 frame number was originally chosen 
to help speed up the processes as byte-wise compares are time intensive.  Lack of a 16 bit frame counter 
and a minor frame rate of 1200 Hz drove the decision to use IRIG.  Experience with the issues above require 
another look at minor frame syncing. 
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THE IMPROVED SUNCHRONIZING PLAN 

In order to improve the synchronizing process, a method using a sliding window was finally arrived 
at.  This method uses a fixed window size to search through two files for a match.  To start the 
investigation, an initial window size of one second, or 1200 minor frames was chosen.  To sync 
file 2 to file 1 using a sliding window, first file 1 is advanced to an IRIG time just past the starting 
IRIG time of file 2.  File 1 is then backed up half of the window size, or 600 minor frames. To 
sync file 2 to file 1, file 1 is incremented a frame at a time.  At each frame a bitwise comparison is 
made for a match.  If the process gets all the way to the end of the window without a match, file 2 
is incremented one frame and file 1 is reset to half the window size before the file 2 frame, and the 
process is repeated.  The recalculation of file 1 start point each time is necessary to account for 
any dropouts.  Because frames are no longer skipped, a sync is now accomplished at the earliest 
possible time in every case.  Figure 2 demonstrates this. 

 

  

 

Figure 2. 

 

This method significantly improved the synchronization process, but adds additional processing 
time due to the more thorough searching algorithm.  The size of the search window is the 
controlling factor for this method.  Using 1200 Hz data and a one second window, worst case a 
comparison is done on 1200 frames in file 1 to each frame in file 2.  To improve speed, a window 
as small as possible without compromising the ability to find the file sync point is desired.   
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Looking to improve the syncing process, a method using an internal clock was investigated.  In 
order to process event times within the UUT, an internal clock is started at the beginning of the 
test.  This clock is output in telemetry.  In the above example, this clock is only available at a 60 
Hz rate instead of the 1200 Hz rate of the TM stream.  Because of this much slower rate, this 
approach was discarded when the initial merge project was undertaken.  It was time for a second 
look to see if an approach using this clock could make an improvement in synchronization.  

Starting with the first available clock time in file 2, file 1 is advanced until its clock time is equal 
or greater than in file 2.  Next, calculate an offset in IRIG between the two frames of data.  Using 
this offset we can now reduce the window size to the number of 1200 Hz frames in 60 Hz, which 
is 20 frames.  To compensate for any drifting in times between the files, the window size is 
increased to 40 frames.  When using this method the IRIG offset must be recalculated each time 
the sync method is called because the offset will vary between the files due to speed of light delays 
of when the data arrives at the receiving stations. 

 

CONCLUSIONS 

Implementing the new method using the embedded clock time results in the files synching up at 
the earliest minor frame available.  This early synching results in an overall improvement in speed 
over the original IRIG based method and more complete data in the merged file. 
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