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ABSTRACT 
 
Reduction of signal transmission is of paramount concern to many in the telemetry and wireless 
industry.  One technique that is available is the compression of the data before transmission.  With 
telemetry type data, there are many approaches that can be used to achieve compression.  Data 
compression of the Advanced Range Telemetry (ARTM) PCM data sets in the frame and packet 
modes, and for the entire data file will be considered and compared.  The technique of differencing 
data will also be applied to the data files by subtracting the previous major frame and then applying 
compression techniques.  It will be demonstrated that telemetry compression is a viable option to 
reduce the amount of data to be transmitted, and hence the bandwidth.  However, this compression 
produces variable-length data segments with implications for real-time data synchronization. 
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INTRODUCTION 
 
With the current push towards more efficient data communications techniques, much emphasis has 
been placed on bandwidth-efficient modulation techniques; see, for example [1]. However, another 
approach to the problem is to remove data redundancy by means of data compression.  Since most 
payload designers wish to be able to fully recover the transmitted data, only lossless compression 
techniques will be considered here.  Data compression techniques can be utilized both in the 
traditional frame environment and in the packet telemetry environment.   However, both 
environments present their challenges to using data compression as well.  In the traditional major 
frame/minor frame format [2], the data values are arranged to cycle through all of the values on a 
periodic basis and provides sufficient management structure to allow rapid resynchronization if there 
are link drop outs [3].  The resynchronization is based, in part, in maintaining the periodic structure 
of the synchronization markers.  Because the data compression will produce random sized frames, 
the periodicity can be removed from the synchronization process.   Packet telemetry formats will 



frequently support variable-length data fields [3] so compression will not change this aspect.  
However, the random length compression result may require buffering and fill packets to maintain 
link synchronization on some channels. 

 
A number of investigators have applied lossless compression techniques to virtual-channel mode [3] 
sampling; see, for example [4].  These investigations have shown good results with typical data sets.  
The question being investigated here is can similar results be found with the IRIG frame formats that 
are transmitted in normal major frame/minor frame environments or encapsulated into telemetry 
packets.  The data set to be compressed can be organized in two ways:  

1. compressing in real-time as the individual minor frames and major frames become available 
and then transmitting immediately, and 

2. storing the data in a disk file and then compressing that file on a periodic basis. 
In both cases, the result will be a variable length data structure.  In the first case, buffering, fill 
sequences, and related techniques may be required to obtain proper synchronization.  In the second 
case, the resulting files will probably be transmitted using a protocol such as ftp to transmit the 
variable-length files. 
 
The lossless techniques can be divided into several classes: arithmetic encoding, Huffman encoding, 
and dictionary-based encoding.  For a good summary of lossless data compression see [5].  The 
Arithmetic code is a mapping to a region on a line, and the location of that portion of the line is what 
is sent.  For a more detailed description of the compression techniques see Sayood’s Introduction to 
data Compression [6].  The Huffman codes are typically based on the probabilities of the data in the 
file.  Adaptive forms of the Huffman codes can be used to generate the code as the data is being 
compressed instead of analyzing the entire data set first.  Dictionary-based encoding includes 
methods such as the Ziv-Lempel-Walsh (LZW) encoding.  This is the basis for the common PK-ZIP 
and related packages used on many computer systems.  While dictionary-based encoding can 
achieve data compression, there is a price for the technique.  The transmitter must supply a 
dictionary along with the encoded data so that the data set can be recovered.  This extra overhead 
can actually increase the transmitted file length and give a net expansion.  There is a potential 
optimization process with dictionary-based techniques.  The more the data set looks random, the 
larger the data dictionary becomes.  It is possible to have a net smaller transmission volume by 
compressing smaller segments where the amount of redundancy is high than by compressing a larger 
data volume where the dictionary becomes a smaller percentage of the total transmitted.   
 
In this paper the following questions will be investigated: 

1. Is it more efficient to compress on an individual major frame or an individual minor frame 
basis? 

2. Is there an advantage to compressing the differences between major frames over the 
individual major frames individually? 

3. What is the variability in the compression result from compressing major or minor frames? 
4. How does individual frame compression compare with compressing the same data as a stored 

file? 
 
The next section will describe the test data set to be used in this investigation.  Then the compression 
results for file-oriented and frame oriented compression calculations will be discussed. 
 



 
DATA SET DESCRIPTION 

 
The data set used in the frame analysis is the Advanced Range Telemetry (ARTM) disk set of 
thirteen different telemetry profiles [7].  The characteristics of the data files are given in Table 1.  
These files contain a large number of frames with a mix of data word sizes and frame organizations.  
It is expected that the typical user will have configurations similar to one of the example data sets in 
the table. 
 

Table 1 – Characteristics of the ARTM telemetry data sets used in the analysis. 
 
 

File 
Name 

 
Word 
Size 
(bits) 

 
Words/
Minor 
Frame 

 
Bytes/ 
Minor 
Frame 

 
 

# Minor 
Frames 

Minor 
Frames/
Major 
Frame 

 
Bytes/ 
Major 
Frame 

 
 

# Major 
Frames 

SDS001 12 200 300 61976 8 2400 7746 
SDS002 12 160 240 59544 8 1920 7443 
SDS003 12 40 60 328065 1 60 328065 
SDS004 10 300 375 165600 209 7500 8280 
SDS005 10 300 375 411700 20 7500 20585 
SDS006 10 300 375 296920 20 7500 14846 
SDS007 10 300 375 782540 20 7500 39127 
SDS008 12 128 192 720208 16 3072 45013 
SDS009 12 128 192 718096 16 3072 44881 
SDS010 12 128 192 720000 16 3072 45000 
SDS011 12 128 192 423136 16 3072 26446 
SDS012 16 625 1250 219432 4 5000 54858 
SDS013 24 256 768 560456 4 3072 140114 
 
 

METHODOLOGY 
 
For the frame-wise analysis, the philosophy taken is that the data compression will be performed on 
either an individual minor frame or a major frame basis.  That is, the code dictionary covers only one 
frame and is independent of the previous frame when making the data compression computations.  
The compression study of the major and minor frames was performed using a Virtual Instrument 
(VI) developed in LabVIEW [8] to control reading the data files and processing the data.  The LZW 
technique as encoded in PK-Zip is used to perform the lossless compression.  This is viewed as 
being representative of the lossless techniques and is readily available in many realizations.  The PK-
ZIP module for LabVIEW is not part of the normal LabVIEW distribution but was obtained from 
[9].  In the LabVIEW the VI performs the following steps 

1. read in the frame description for the file of interest 
2. extract the frame data from the file; when processing minor frames, the frame data is 

separated into the frame data words 
3. perform the PK-ZIP compression of the frame data 
4. record the length the compressed frame 



5. upon completion of the processing of the frames, record the minimum, maximum, average 
and variance in the mean compressed data size for the processed frames 

 
After the frame analysis, compression of the entire file, as if it had been stored internally in the 
payload,  is performed for comparison.  First the Adaptive Huffman [10], Arithmetic [10] and PK-
ZIP [9] compression schemes are used on the entire file.  Next the major frames are differenced and 
the Adaptive Huffman and Arithmetic compression schemes are used to compress the entire 
differenced file.   
 

RESULTS 
 
If we designate the original frame size as α and the compressed frame size as β (this is independent 
of analyzing major frames, minor frames, or files), then the compression ratio, R, is computed as 
  

 (%) 100 1R β
α

 = − 
 

 (1.1) 

  
In Table 2, we show the results for analyzing the data files blocked as major frames.  In the table, we 
present the minimum compressed frame size, the maximum compressed frame size, the average 
compressed frame size and the variance in the average.  Also given is the equivalent number of bits 
to represent the entire data file analyzed. Finally the compression ratio as computed with Equation 
(1) is given.  The compression ratio ranges from a low of -11.5% to a high of 71.4% with an average 
of 47.7%.  The low value being negative indicates that the compression actually results in an 
expansion of the file size.  As can be seen in the table, the variances are fairly large.  This is 
illustrated in Figure 1 where the histogram of the compressed frame sizes for file SDS013 is given.  
This is the largest variance of the group but the other files also have instances of considerable 
variation as well.  The large variation indicates that there will be large differences in the compressed 
data block sizes. 
 

Table 2 – Applying PK-Zip to major frame data taken as independent blocks. 
 

File 
Name 

Min.  
Size 

(bytes) 

Max.  
Size 

(bytes) 

Avg.  
Size 

(bytes) 

 
Variance 
(bytes2) 

Equivalent 
Whole  

File (bits) 

Average 
Compression  

Ratio (%) 
SDS001 25 2217 1892.57 231331 117278778 21.1 
SDS002 23 1287 770.68 124785 45889370 59.9 
SDS003 12 71 66.89 6.4 175554143 -11.5 
SDS004 233 5041 3709.6 541581 245723904 50.5 
SDS005 30 5689 4773.38 133099.8 786080218 36.4 
SDS006 30 5205 4294.23 181724.3 510017109 42.7 
SDS007 30 5167 4200.22 116596.7 1314736064 44.0 
SDS008 25 1540 1100.3 7041.47 396222431 64.2 
SDS009 25 2031 1615.14 12473.92 579912787 47.4 
SDS010 25 1782 1142.2 14671.83 411192000 62.8 
SDS011 25 2041 1219.16 221100.2 257935243 60.3 
SDS012 28 2132 1429.59 7290.52 627395586 71.4 
SDS013 25 2095 889.75 247460.5 997331452 71.0 

 



 

 
Figure 1 - Histogram of compressed major frame sizes for file SDS013.  The Size is in bytes. 

 
In order to determine if this result can be improved, the same analysis was performed on the 
differences between the major frames.  In this case, each major frame was separated into its 
telemetry word and minor frame format and then differenced with the immediately preceding major 
frame.  Table 3 gives the results for this major frame differencing operation.  The columns 
describing the compression are the same as Table 2.  Also given is the improvement over the un-
differenced major frame analysis.  In this set of experiments, the average compression ratio was 
70.9% and there was no expansion in the file sizes.  As we can see in Table 3, the minimum 
advantage to this type of processing is a gain over the non-differenced case.  Figure 2 illustrates the 
histogram for the differenced major frame compression results.  The variance for the differenced 
major frame analysis is generally smaller than the variance for the non-differenced major frame 
analysis indicating that there will be less frame-to-frame size variation. 
 
In a payload, the amount of memory required to process a major frame or the time delay may be 
prohibitive.  However, as hardware is developed there would only be a start up delay.  To consider 
the possibility of further compression, reduced delay of data, and reduction in required memory, a 
compression analysis on individual minor frames in the file are performed as well.  Table 4 gives the 
performance data for compressing one minor frame at a time.  The histogram of the compressed 
frame sizes for file SDS013 is given in Figure 3.  Again, we can see that file 3 has an expansion 
rather than a compression.  The compression ratio for these files is also smaller than the major frame 
case with an average compression ratio of 26.2%. 
 
 
 
 



Table 3 – Applying PK-Zip to the difference from the previous major frame with each differenced 
major frame taken as independent blocks. 

 
File 

Name 

Min.  
Size 

(bytes) 

Max. Size 
(bytes) 

Avg. 
Size 

(bytes) 

 
Variance 
(bytes2) 

Average 
Compression Ratio 

(%) 

Improvement Over 
Non-Differenced 
(as compression 

ratio) 
SDS001 21 1479 1166.07 92232.84 51.4 143.2 
SDS002 18 944 491.64 55809.56 74.4 24.3 
SDS003 12 51 40.01 8.69 33.3 190.1 
SDS004 29 4436 1919.01 303192.1 74.4 47.2 
SDS005 29 4838 2773.5 204048.8 63.0 73.3 
SDS006 29 4266 2785.5 201599.8 62.9 47.1 
SDS007 29 4205 2741.69 126509.4 63.4 44.2 
SDS008 23 1508 297.06 14989.7 90.3 40.7 
SDS009 23 1666 555.5 14528.39 81.9 72.7 
SDS010 23 1658 414.11 53164.73 86.5 37.7 
SDS011 23 1890 1038.97 312281.2 66.2 9.7 
SDS012 25 1484 285.51 2251.61 94.3 32.0 
SDS013 17 990 618.04 42567.31 79.9 12.5 

 
 

 
Figure 2 -- Histogram of differential major frame sizes for file SDS0013.  Size is in bytes. 

 
 
 
 
 
 
 



Table 4 – Applying PK-Zip to minor frame data taken as independent blocks. 
 

File 
Name 

Min. 
Size 

(bytes) 

Max. 
Size 

(bytes) 

Avg. 
Size 

(bytes) 

 
Variance
(bytes2) 

Equivalent 
Whole  

File (bits) 

Average 
Compression  

Ratio (%) 
SDS001 8 311 292.2 5330.9 144875098 2.6 
SDS002 8 251 201.5 7992.7 95984928 16.0 
SDS003 8 71 66.9 6.7 175580388 -11.5 
SDS004 8 386 307.7 2203.4 407640960 17.9 
SDS005 8 386 346.8 701.1 1142220480 7.5 
SDS006 8 368 313.6 293 744912896 16.4 
SDS007 8 380 309.8 223.5 1939447136 17.4 
SDS008 8 182 108.8 1251.7 626869043 43.3 
SDS009 8 194 157 160 901928576 18.2 
SDS010 8 191 111.7 1342.5 643392000 41.8 
SDS011 8 203 120.2 2407.5 406887578 37.4 
SDS012 8 1049 418.8 1274.6 735184973 66.5 
SDS013 8 752 253.6 31189.7 1137053133 67.0 

 
 

 
Figure 3 -- Histogram of compressed minor frame sizes for file SDS013.  Size is in bytes. 

 
The variations in the compression results imply the need for further processing if a synchronous 
channel is being used.  This can be done in several ways: 

1. add fill data to make the transmitted frame fit a periodic synchronization structure 
2. encapsulate the data into another structure that maintains the synchronization. 

In either case, some of the compression gain will be lost. 
 



The compression ratios obtained by applying the Adaptive Huffman code, the Arithmetic code and 
the PK-ZIP to the entire files and the Adaptive Huffman and Arithmetic codes to the entire 
differenced files are given in Table 5.  The compression ratios for the major and minor frames are 
included for comparison.  In almost every case, the PK-ZIP applied to the differenced major frames 
gives the best results.  On the three files where this compression technique does not give the best 
results, PK-ZIP on the full undifferenced file, or Arithmetic on the full undifferenced file gives the 
most compression.  The PK-ZIP is able to make use of the patterns in the data to enable such good 
compression ratios.  The highlighted compression ratios indicate the best compression for that file.  
 
 
Table 5 –Applying Compression Techniques to data files, differenced files, major and minor frames. 

 
File 

Name 

Adapt. 
Huffman 
On full 

file 

Arith. 
On 
full 
file 

PK-
ZIP 
On 
full 
file 

Adapt. 
Huffman 

On 
differenced 

file 

Arith. 
On 

differenced 
file 

PK-ZIP 
on Major 
Frames 

PK-ZIP on 
differenced 

major frames 

PK-ZIP 
on 

minor 
frames 

SDS001 6.9 6.6 27.3 -3.8 -14.2 21.1 51.4 2.6 
SDS002 25.5 92.5 69.3 29.9 15.0 59.9 74.4 16.0 
SDS003 15.5 11.9 46.8 41.1 23.8 -11.5 33.3 -11.5 
SDS004 27.7 25.5 64.7 39.7 23.8 50.5 74.4 17.9 
SDS005 19.0 18.7 50.3 27.9 12.3 36.4 63.0 7.5 
SDS006 25.9 25.4 50.5 29.4 15.3 42.7 62.9 16.4 
SDS007 26.5 41.9 52.0 30.3 16.4 44.0 63.4 17.4 
SDS008 48.3 46.7 84.1 56.4 45.5 64.2 90.3 43.3 
SDS009 29.4 27.7 76.0 54.1 39.8 47.4 81.9 18.2 
SDS010 47.5 45.9 81.8 50.7 38.7 62.8 86.5 41.8 
SDS011 39.7 38.1 77.4 -3.9 -18.4 60.3 66.2 37.4 
SDS012 51.8 51.8 91.1 70.0 67.3 71.4 94.3 66.5 
SDS013 53.7 51.4  30.8 28.6 71.0 79.9 67.0 

 
 
One of the problems with compression is that corruptions of the data stream by channel errors can 
make the recovery impossible.  Compressing at the minor frame or major frame level rather than at 
the file level will act as a natural break to keep errors from propagating.  However, if all of the data 
is to be recovered, then either the link needs to be operating in an error-free state or some form of 
Forward Error Correcting (FEC) coding is required.  For example, a rate-1/2 convolutional code can 
be used for FEC.  This will remove much of the compression coding gain and the transmitted file 
can be approximately the same length as the original file.  Naturally, if the channel required a FEC to 
maintain quality of service, there will be a net gain in transmission efficiency with compression.  If 
the compression of the file is greater than 50%, then there will still be some total reduction in data 
sent even with the FEC code. 
 
 

CONCLUSIONS 
 
Using data compression is a viable option to reducing the amount of data to be sent over a channel.  
The lossless compression techniques can achieve compression ratios greater than 50% implying that 
they will still have bandwidth reduction even if FEC codes are applied.  In the data sets examined, 



the greatest compression usually occurred by compressing the differences between major frames.  
This can be accomplished in a payload by proper buffering and introducing a delay of one major 
frame to the data transmission.  There is considerable variation in the compressed data set block size 
so that periodic major frame synchronization markers may no longer be useful.  The use of fill data 
or other encapsulation techniques will remove some of the compression gain.  Because this study is 
based on only thirteen data sets, it should be taken as an indicator of trends for lossless compression 
of frame-structured data but not an absolute result for all possible payloads. 
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