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ABSTRACT 
 

Once the test is complete, the job of the Data Analyst has begun.  Files from the various 
acquisition systems are collected.  It is the job of the analyst to put together these files in a 
readable format so the success or failure of the test can be attained.  This paper will discuss the 
process of breaking down these files, comparing data from different systems, and methods of 
presenting the data. 
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INTRODUCTION 
 
The Raytheon Missile Systems (RMS) Telemetry and Data Analysis Community of Practice 
(CoP) has been researching various telemetry analysis tools that exist within our community.  
Best practices are being accumulated by the CoP.  Recommendations will be provided on the 
preferred analysis guidelines and tools for future programs.  These tools must be flexible and 
supportable to meet our programs analysis requirements. 
 
This paper will discuss post processing practices and tools currently in use by one RMS program 
submitted for recommendation to the CoP. 
 
Topics discussed will be: 

• How data sampling issues are handled in the development of the telemetry frame using a 
combination of IRIG 106 Chapter 4 and packets modeled from a CCSDS standard 

• How data captured from various sources is converted to one format 
• How large data files are converted into smaller, more manageable files utilizing this 

telemetry frame structure 
• How various tools are utilized for data analysis 
• How the data is flowed to the appropriate team members for analysis 

 
Due to the propriety nature of the telemetry frame and the data within, examples will be used 
throughout this paper. 
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CREATION OF THE MAJOR FRAME 

 
In the early stages of the program, engineers from the Systems Test Integration & Verification 
Center, the Systems Test Test Systems Solutions Center, Electrical Subsystems Directorate, and 
the Software Engineering Directorate were brought together to evaluate the telemetry needs of 
the program.  The Telemetry and Data Analysis CoP had not been established and could not give 
recommendations at the time.  Therefore, best practices and methods were evaluated for all 
telemetry needs from test equipment to post processing.  Early involvement from these various 
Centers and Directorates greatly attributed to the success of the methods that have been 
developed. 
 
With respect to the frame definition, it was determined that the Chapter 4 of the IRIG-106 
Standard telemetry frame was not going to be sufficient for the data sampling needs.  A Chapter 
4 IRIG-106 frame was requested by our Range Safety Officer for range safety data.  This placed 
a constraint on the type of frame used.  A solution previously used by another program was 
evaluated and determined to be the best.  A hybrid of the Chapter 4 IRIG-106 with a section of 
the frame dedicated to “packet” data was developed.  The packet data section of the frame can 
simply be thought as one large data word within the Chapter 4 IRIG-106 frame.  This packet data 
is delivered to the telemetry encoder from the system’s main processor, the MP.  These internally 
developed packets are a derivation of The Consultative Committee for Space Data Systems 
(CCSDS) Space Packet Protocol (Blue Book.Issue 1.September 2003).  An example frame will 
be used to show this method.  The example frame has the following structure: 
 

SFID Chapter 4 Formatted 
Data (Ch4) Packet Data (Pkt) SYNC

SFID Ch4 Pkt SYNC
SFID Ch4 Pkt SYNC

…
 

…
 

…
 

…
 

 
This allowed the Electrical Subsystems telemetry team to utilize Commercial off the Shelf 
(COTS) products for data capture and transmission of a Chapter 4 standard frame.  The Test 
Systems Solutions Center was also free to use COTS telemetry gathering equipment for data 
capture.  Finally, the packets within the Pkt data buffer allow the Software Engineering 
Directorate to sample the packets however the data needs are for the various stages of the test or 
flight.  They are no longer bound by the sampling rate determined within the Chapter 4 IRIG-106 
frame.  This is similar to the freedom offered by the CCSDS type frame.  Since this hybrid frame 
had been used on previous programs, internally developed software was available for 
modification for post processing and analysis. 
 
The frame is assembled within the telemetry encoder and then transferred to the ground stations.  
The Packet Data is transferred to the telemetry encoder via a set size buffer from the MP.  The 
encoder simply sees the buffer from the MP as another measurement instrument within the 
system.  The Chapter 4 practices of subframes with a subframe ID (SFID) is used with the SFID 
being numbered from 0 to n.  The subframe sync (SYNC) is utilized at the end of every 
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subframe.  The Chapter 4 Formatted Data consists of various sensor inputs the encoder collects 
that are not collected by the MP.  The encoder uses commutation, sub commutation, and super 
commutation methods for outputting this data at different rates. 
 
 

DATA FLOW 
 
Now the history of this non-standard frame has been established, how is the data extracted from 
this hybrid frame?  The flow diagram below is a visual representation how the data goes from 
test to post test reports. 
 

 
 
Only a limited amount of telemetry gathering and real time display test equipment could be 
purchased for this phase of the program.  Units were acquired from old programs and borrowed 
from internal sources.  Since these stations record the data in their own format, two different 
types of data formats could be seen on the program.  An evaluation of both formats, Test 
Equipment (TE) A and TE B, was performed.  It was determined that TE A format, or called a 
TFA file, would be used.  It has a simple header that provides the IRIG timestamp of when the 
data was collected by the ground station for every subframe.  All other COTS specific 
information in the header is stripped out.  Our first internal application converts the data from 
format B to the TFA format.  This application will be called A2BCONVERT.  A2BCONVERT 
is a command line application developed in Visual C++ .NET.  TE type A and TE type B are 
both common telemetry platforms used on various programs across RMS.  This application has 
the potential for future use in converting data files to whatever common platform is established.  
Now, only one type of file is needed for the remainder of the process.  The team now can modify 
existing tools that use TFA files. 
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BREAKING DOWN THE FRAME 

 
Within the subframes of the major frame, there are four different sections.  First is the SFID.  
Next is the data collected by the encoder, Chapter 4 formatted data (Ch4), and the packet data 
from the MP (Pkt).  Finally, the subframe sync (SYNC) is at the end.  Since the SFID and SYNC 
are well established words within a frame, they will no longer be addressed. 
 
The TFA data file is then processed by another application, FRAMEPARSE.  Like 
A2BCONVERT, FRAMEPARSE is a command line application developed in Visual C++ .NET.  
This application was internally developed and utilized on a previous program.  Modifications 
were made to the FRAMEPARSE application to meet our program’s specific needs.  The 
FRAMEPARSE program first separates the Ch4 data from the Pkt data in each subframe.  The 
Ch4 and Pkt data are then temporarily stored in two separate binary files.  After the Ch4 and Pkt 
data is separated, the FRAMEPARSE program evaluates the each binary file separately.   
 
Ch4 data can be parsed by location given the frame definition.  For example, Battery A voltage is 
the fourth word in every sixth subframe.  If the application knows what subframe it is in and 
what word is being evaluated, the application can establish the variable being collected.  The 
Ch4 data collected is saved into space delimited text files.  Each text file is determined by the 
rate to which the data comes across the frame.  For example, if sensor 1 and Battery A both come 
out of the frame at a 30hz rate, they are both saved in a file named Ch4_30hz.txt.  The file will 
look similar to: 
 
"IRIGTimestamp" "SENSOR1" "BATTERYA" 
"[UNK]" "[Deg C]" "[V]" 
 6.08860000000000e+003 1.27259994506836e-002 2.87315993905067e+001 
 6.08860200000000e+003 0.93849505847840e-002 2.88973456111800e+001 
 6.08860400000000e+003 1.19847039030848e-002 2.87287354850383e+001 
 6.08860500000000e+003 1.25837389303983e-002 2.86394739459483e+001 
 
Pkt data is a large buffer filled with predefined packets.  These packets are groupings of similar 
data.  Inertial Measurement Unit (IMU) data can be one packet.  Navigation data can be in 
another packet.  These packets have assigned packet ID’s and lengths.  Look-up tables of packet 
ID’s and lengths can then are created to define each packet.  Once FRAMEPARSE knows the 
packet it has, it can simply go through the routine of pulling out each data word given its defined 
location.  When FRAMEPARSE reaches the end of the packet, the next Packet ID and length can 
be evaluated.  An end packet with a unique ID has been created to let FRAMEPARSE know it 
has reached the end of valid data within the buffer.  The data from the end packet to the end of 
the buffer is fill data.  Once the end of the buffer is reached, the next buffer is ready to be 
evaluated.  Once all the buffers are processed, the packet data is put into space delimited text 
files with the packet ID in their name.  For example, Pkt49 has a length of 80 bytes.  Say it 
contains three data words.  The first is voltage, the second latitude, and finally longitude.  When 
the hex search string of 0x3150 (ID=49 and length=80) is encountered, FRAMEPARSE knows it 
has packet 49.  Now voltage, latitude, and longitude can simply be pulled out of the binary file 
since the length of those three words is also known.  Once all packet 49’s have been pulled from 
the binary file, the text file of Pkt49.txt is saved.  The file will look like: 
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"IRIG" "Timestamp" "BatteryVoltage" "latitude" "longitude" 
"[seconds]" "[seconds]" "[volts]" "[decimal degrees]" "[decimal degrees]" 
1.388561700200e+004  1.570982933044e+001  2.598800087653e+000 
  3.210593757307e+001  -1.109431461382e+002 
1.388562400200e+004  1.571649742126e+001  2.549879209285e+000 
  3.210593757307e+001  -1.109431461382e+002 
1.388563100200e+004  1.572483253479e+001  2.569289378408e+000 
  3.210593795133e+001  -1.109431461382e+002 
1.388563800200e+004  1.573150062561e+001  2.552892373930e+000 
  3.210593757307e+001  -1.109431458218e+002 
 
Because these are simple text files, several common applications can be used to open, read, and 
evaluate them.   
 
The FRAMEPARSE application also contains command line switches that allow the user 
flexibility.  The user can just request packet data by typing ‘-packets’ on the command line 
after the TFA file.  Other switch options include: 

• ‘-analog’ extracts the Ch4 data 
• ‘-irig’ adds the IRIG time to the Pkt data 
• ‘-count’ outputs the Ch4 data in counts, not applying any gain or offset 

 
In total, ten switches can be applied as the FRAMEPARSE application processes the TFA.  The 
most common switches used for this program are: 
 
c:\> FRAMEPARSE sample.TFA –analog –irig -packets 
 
 

ANALYZING THE DATA 
 
Now the TFA file has been broken into data specific text files, may different programs can be 
used to extract the data. 
 
Because these are text files, Microsoft Notepad, WordPad, Office Word, or any other type of 
word processing application can be used to open and look at the data.  However, due to the space 
delimitation of the file, it can be challenging. 
 
Another method for evaluating the files is using Microsoft Excel or any other spreadsheet 
application.  When the file is opened in the application, it must be specified that the file is space 
delimited.  The file becomes aligned within the cells of the application.  The allows for quick 
analysis of the data.  Using the Ch4_30hz.txt file as our example, it will look like this: 
 

IRIGTimestamp SENSOR1 BATTERYA 
[UNK] [Deg C] [V] 

6088.6 0.012726 28.73159939
6088.602 0.009385 28.89734561
6088.604 0.0119847 28.72873549
6088.605 0.0125837 28.63947394
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However, the preferred method of creating post test reports is to import the data into MATLAB.  
MATLAB M files were created on previous programs that use the format of the txt files, pull the 
data from the txt file into memory, and allow the user to plot the data.  For example, in 
MATLAB the user types the command: 
 
   p49 = GetTXT(‘Pkt49.txt’) 
 
And the output will be: 
 
   p49 =  
 
                    IRIG: [1x91578 double] 
               Timestamp: [1x91578 double] 
          BatteryVoltage: [1x91578 double] 
                latitude: [1x91578 double] 
               longitude: [1x91578 double] 
                   units: {2x5 cell} 
 
The GetTXT routine will load all the data from the file Pkt49.txt file into array structures based 
on the data type.  Typing the command: 
 
p49.BatteryVoltage 
 
Gives the user the data array of BatteryVoltage in the p49 structure. 
 
These array structures can simply be loaded into MATLAB plot and figure routines.  A visual 
plot of BatteryVoltage versus time can be created.   
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Note, there are two time references in the Pkt data text file.  One time is the “IRIG” time that 
matches the “IRIGtimestamp” from the Ch4 data.  The other time reference is “Timestamp”.  
This time reference is inserted into the packet by the MP when the packet is created.  This allows 
the analyst to correlate events in different packets based on this timestamp. 
 
For example, a report is generated to make sure that commands to the fins match the output from 
the fins.  The command and response will be in two separate packets, Pkt01 and Pkt02 
respectively.  Using MATLAB provided commands, the engineer can graphically see how well 
the commands tracked the response. 
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The main MATLAB routine used to generate the post test reports is a menu driven routine that 
looks like this: 
 
+---------------------------------------------------+ 
|            Main Menu v2.5                         | 
+---------------------------------------------------+ 
| Cmd  Plot Description                             | 
| ---  -------------------------------------------- | 
| ver   Configuration Version Report                | 
| pkt   Packet Report                               | 
| 30hz  30Hz Ch4 Data                               | 
| 60hz  60Hz Ch4 Data                               | 
| 120hz 120Hz Ch4 Data                              | 
| pkt55 IMU Data                                    | 
| pkt49 Voltage, Latitude, and Longitude            | 
| pkt35 Navigation Data                             | 
| pkt02 Fin Response                                | 
| pkt01 Fin Commands                                | 
|                                                   | 
| all  Plots all of the above plots for a dataset   | 
| hlp  Help Screen                                  | 
| Q    End Program                                  | 
+---------------------------------------------------+ 
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Enter a Plot Command -> 
 
By using this menu driven program, the user can pick and choose what data report they want to 
generate.  These MATLAB figure plots are also saved at jpg’s for insertion into presentations 
and reports. 
 
Once these reports are generated, the analyst along with the Subject Matter Expert (SME) can 
determine the success or failure of the test.  The entire process from A2BCONVERT to the 
MATLAB generated reports takes about one hour to process.  This relatively quick turnaround of 
the reports has especially benefited the program for flight tests.  Within the hour of the 
unclassified data being posted to a shared server from Eglin AFB, the engineers in Tucson, AZ 
have their critical parameters in hand and ready for evaluation.  If something needs to be 
analyzed that is not part of the MATLAB generated report, the txt files are available for the 
analyst or engineer to pull into the application of their choice.  Primary and secondary objectives 
for tests and flight tests are confirmed in the MATLAB report generator. 
 
Since all the data is not evaluated in this menu driven report generator, other MATLAB based 
routines exist.  These routines allow the user to input any Ch4 or Pkt text file and provides 
options for MATLAB figure generation.  They can also convert these txt files to a MATLAB 
MAT-file.  Various SME’s have also created their own plot routines using the txt and MAT-files 
as data sources.  These SMEs take a deeper look into their subsystems than just the overall health 
and test objective reports that the MATLAB report generator gives. 
 
 

CONCLUSION 
 
The data analyst on a given program needs a set of tools to help generate reports after the test.  
Many options exist that will assist this task.  Methods and tools from previous programs were 
employed for this program’s telemetry needs.  Utilizing a hybrid frame has given the engineers 
the data throughput needed while staying within the Chapter 4 IRIG-106 constraint.  This 
allowed other groups to utilize COTS products.  Applications generated by previous programs, 
modified to meet the program’s needs, provided cost savings versus developing all new tools 
from scratch.  Using this method, the data analyst can generate all the necessary reports to 
determine the success of a test.  
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