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This paper describes the equipment, and algorithmic method for the estimation of frequency 
error in the bit clock from outside the UAT GBT equipment under test. 
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Introduction 
The consideration of bit clock frequency accuracy has been the subject of a number of papers.  
This paper describes the equipment, and algorithmic method for the estimation of frequency 
error in the bit clock from outside the GBT equipment under test.  Described below are 
equipments which have a number of error and/or unstable sources, and an error estimation 
method which includes a number of assumptions.  In the absence of a very accurate timing and 
synchronization standard, the error sources and assumptions leave some gray area as to the test 
results.  However, the results are felt to be meaningful in the determination of the range of bit 
clock frequency offset (BCFO) error in the GBT equipment. 
 
 
Preferred Test Equipment 
The Agilent HP89441A Vector Signal Analyzer (VSA) has the provision for measurement of the 
“EYE” diagram in the “Demod” mode which makes the estimation of message quality a quick 
and easy undertaking.  Given a long enough message length, a time capture memory capability to 
match the length of the message, and a bit clock error large enough to be measured in the time 
interval available, the VSA can present of visual picture of BCFO error by noticing the 
horizontal drift of bit transitions in the “EYE” diagram. 
 
However, the VSA has limited time capture capability so that less than half of an uplink message 
can be displayed in an “EYE” diagram.  Even if the VSA could display an entire uplink message, 
the normal variations in the bit transitions due to changing data bit sequences would make the 
measurement of small BCFO difficult. 
 
Neglect for a moment the variations in bit transitions due to changing data bit sequences which 
have a significant effect in closing the “EYE” diagram.  Given the length of the GBT uplink 
message, and the requirement of a minimum horizontal “EYE” closure to 0.65, the bit clock 
frequency would have to be offset by (1-0.65) / 4452 = approximately 78.6 ppm to just meet the 
horizontal requirement.  Given a much more realistic bit clock error of about 8 ppm, an “EYE” 
measurement of a full uplink message would show a horizontal closure to only about 1 - 4452 * 
8 * 10-6 = approximately 0.965.  Considering signal noise, and other errors and variations 
inherent in the measurement, it is virtually impossible to estimate this measurement using an 
“EYE” diagram presentation within the length of one GBT uplink message. 
 
 
Alternate Estimation Method 
There is another way to estimate, or deduce, the BCFO given the following assumptions can be 
made: 
 

• bit transitions are well defined throughout time so that once the frequency offset 
characteristic of the bit clock is determined, the expected time of the bit transitions can be 
predicted with accuracy, 



• a means of accurately determining timing is available, 
• a stable means for recording data is available,  
• timing and data can be related to each other, and 
• enough errors can be reduced or smoothed out so that results are meaningful. 

 
Given that these assumptions are realizable, the estimation of BCFO can be estimated by 
recording and processing data over a number of seconds, and minimizing long term errors as 
much as possible.  The equipment used is described below followed by a description of the 
estimation method. 
 
 
GPS Timing Source 
In the absence of a very accurate timing source, the next best thing is to receive GPS timing 
pulse from a GPS source optimized for timing purposes.  A GPS timing pulse, available at the 
beginning of every 1 second frame, has variations in a window of about 0.5 microseconds.  This 
has been deduced by comparing with two other GPS timing sources observed visually on an 
oscilloscope.  Subsequent RF timing pulses, when recorded with the uplink RF messages, can be 
tracked over a number of seconds, and the variations can be averaged to arrive at a fairly 
accurate 1 second time frame. 
 
 
Triggerable Vector Signal Generator (VSG) 
The Rohde-Schwarz SMIQ-02B VSG is triggered by the GPS timing pulse.  The VSG then 
generates a short coded RF pulse at approximately 50 microseconds after the beginning of each 1 
second time frame, the RF pulse is mixed with the GBT uplink messages, and the combined RF 
is sent to the UAT Message Facility Recorder. 
 
While the VSG is very good at generating quality RF signals, the timing of the data bits in the 
generated pulses and messages vary in time in a window of about 1 to 1.5 microseconds.  It is 
necessary to compensate for this additional error. 
 
 
UAT Message Facility (UMF) Recorder 
The UMF digitally records base band samples of Continuous Phase Frequency Shift Keying 
(CPFSK) modulated RF transmitted at 978 MHz.  The UMF receives 978 MHz signals using a 
low noise Miteq front end receiver, mixes down to a 20 MHz Intermediate Frequency (IF), 
digitizes the CPFSK at over 66 MHz, digitally processes the data down to a base band stream of 
samples at about 4 times the 1.04166... MHz GBT bit clock rate = about 4.166… Mega Samples 
per second. 
 
The one main error source in the UMF, which must be tracked and minimized, is the sample 
clock.  Also, the data storage organization is in blocks of 131,072 bytes, of which 8 bytes per 
block is header information.  Compensation must be made for the non-data header bytes by “un-
jamming” the header bytes from the data, and assuming that the remaining bytes are spread 
evenly over the time of the data block. 
 



 
Estimation Method Description 
Once the timing pulses and uplink messages are recorded for a number of seconds to get a long 
term look at both data information and timing inaccuracies, the data is processed to determine 
which data blocks contain either timing pulses or uplink messages, and selected data blocks are 
read back for the purpose of analysis pulse by pulse, or message by message, essentially by hand.  
The process currently takes some days to record and assemble the data, and to do spreadsheet 
analysis for each pulse or uplink.  If software were developed to implement the tracking and 
analysis algorithms, the process would only takes hours or minutes, instead of days. 
 
The first order of business is to get a long term estimate of timing.  Assuming that the RF pulses, 
generated as a result of GPS timing pulses, over time will average out to exactly a one second 
separation, looking at the trend over a number of seconds gives a reasonably good calibration of 
the true rate of the UMF data samples.  Given a sufficient number of seconds to track data, errors 
from the GPS timing pulse variations, VSG timing variations, and errors in the UMF sample 
clock, can all be reduced (or smoothed out) in order to arrive at an accurate time base for all of 
the uplink message data bit calculations. 
 
Once the long term timing is calibrated, it is then possible to determine where message bit 
transitions occur, and to deduce a BCFO error looking either a) within individual whole uplink 
messages to determine short term drift, or b) over a number of partial uplink messages, to show a 
longer term drift in the bit transitions over time. 
 
Generating a scenario to transmit 8 uplink messages per second from the GBT, calculating the 
timing parameters to enable accurate location of data bits in time, and processing data to 
determine the position of data bit transitions compared to ideal bit windows, the resulting short 
term and long term drift directly relates to BCFO.  Ideal bit windows are positioned in time 
exactly every 0.96 microseconds. 
 
Short term estimation within one uplink message is accomplished by looking at the fractional 
statistical trend, or slope, of the bit transitions throughout the message.  Each message data bit is 
calculated to occur at a whole bit number (compared to an arbitrary zero reference), plus a 
fractional bit number representing the position of the bit transition within the current ideal bit 
window.  By computing the statistical slope of the fractional part of each data bit transition 
position, the error in bits per second is found.  Multiplying this slope by 0.96 gives the error in 
parts per million (ppm).  In spite of the noise and variations of the data bit transition positions 
due to varying data bit sequences, the statistical slope gives a fairly accurate indication of BCFO. 
 
Uplink messages are separated by about 22 milliseconds.  By looking at the relative data bit 
transition positions between a series of uplink messages, a longer term statistical slope can be 
computed.  While this longer term estimate should produce a more accurate indication, the 
difference in the average data bit transition from one uplink message to the next is subject to an 
accumulated error which depends on the accuracy of the long term timing calibration, as well as 
other unknown and unpredictable variations. 
 



Without having access to a very stable timing source, and without having the ability to imbed 
very accurately positioned timing pulses in the RF stream, there is left a gray area of uncertainty 
as to whether to put more trust in the short term or in the long term estimate. 
 
 
Test Results 
Recording of 8 uplink messages per second, over about 40 seconds, produced results which 
“begin” to determine a range of BCFO.  To date, only a small part of the data has been 
processed. 
 
The short term result from one whole uplink message of 4452 bits shows a statistical slope of 
approximately 3.9 bits per second = approximately 3.7 ppm. 
 
The long term results, where any small timing error from one uplink message to the next 
produces a slope of it’s own due to the error, shows a statistical slope of approximately 12.6 bits 
per second = approximately 12.1 ppm. 
 
 
Ongoing Analysis 
More whole uplink messages are being looked at to determine a better short term indication of 
BCFO. 
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