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The following tests were performed to verify the accuracy of the time displayed by GPS-
ABC, by comparison to other known devices. 
 
Test 1 – Comparison of Synchronisation of GPS-ABC 1pps LED with IOTA-VTI  
 
GPS-ABC_#1 was videoed, as well as an IOTA-VTI and the signal passed through a 
production model of IOTA-VTI (serial number #126).  The following image is a Tangra – 
by field display of a selected video frame. 
 

 
The upper field shows that IOTA-VTI has time stamped the V-sync at the end of the 
exposure as 07:44:23.0001 UT.  The 1pps LED of both IOTA-VTI and GPS-ABC are lit 
but are dimmer than the lower field, indicating a brief lit duration.  The 7-Segment serial 
array however has not changed to the new second. 
 
The lower field shows that the 2nd character of the RH 7-Segment array has not quite 
finished changing from the “2” as the lower LH segment is still illuminated somewhat, 
probably during the early part of the exposure, indicating a delay, certainly less than 
0.020 seconds for the 7-Segment array to change. 
 
 



Test 2 – Testing the Audio Beeper Synchronisation. 
 
This test is to see if the beginning of a beep is in synchronisation with the 1pps LED flash. 
 
The 7-Segment display, the 1PPS LED and the Audio beep were video recorded using a 
Canon MC430i camcorder.  The resulting video was grabbed to PC using an AverMedia 
Duo Hybrid PCIe TV card. 
 
I utilised the LiMovie, 'Audio Channel Display'. LiMovie runs through the audio track and 
creates a .wav file, which it uses to display the beeps graphically, then deletes the file on 
quitting.  The following image is a screenshot of the LiMovie windows. 
 

 
 
As you can see, the beginning of the audio beep is in sync with the frame that shows the 
change from 23:55:59 to 23:56:00UT.  
 
Interestingly, the 1pps LED is well lit, but looking at the upper video field, the 5 of the 59th 
second is caught in the act of changing into the 0, note the upper right and the lower left 
vertical segments, are showing signs 
of lighting, and the horizontal centre 
segment is a little dimmer than the top and bottom segments, but the 9 shows no sign of 
changing into the 0. This is because the 7-Segment display is driven serially, and it 
processes one character at a time left to right, so the processor has dealt with the 5 but 
not the 9. 
 
Also, the second 5 of 23h55m has not begun to change into the 6, because it is the 4th 
digit in the LHS 7-Seg. array of 4 and would be the last to change in that block. 
 
Tony comments; 

Yes, the serial is sent at 9600 baud, so one character takes about 1.25 msec to 
send. Because we use a hardware UART for the display (one reason why the 
MEGA is such a good bit of gear) we can just dump it on, and the stuff gets 
sent in the background (about 6 msec for all the characters). The other display 
also gets its stuff from a separate hardware UART, so the same thing happens. 
The result is that the latency should be no more than about 6 msec. 

 



 
Test 3 – Synchronisation of BeeperBoxes 
 
Test3A was an audio test. Alas I don't have a pair of microphones, however my 
camcorder has a pair of microphones for right and left audio but they are not far apart. I 
had KIWI-PC on the left side and the BeeperBox on the right. 

 
In the above image the left channel is the top of the pair and the right channel is the 
bottom of the pair. There is a lot of crossover, but the Audacity waveforms have a 
different profile for left-right channels. And they are both pretty much in sync. 
 
Test3B was a LED lighting test. 
 

 
In the LH pair of fields I found a discrepancy between the lighting of the KIWI-PC LED 
which can only begin lighting at the instant of 37th second tick and the end of the optical 
exposure and V-Sync as measured by IOTA-VTI as having occurred at 36.9995. So a 
discrepancy of 0.0005 seconds was observed with KIWI-PC in the lead. 
 
In the RH pair of fields, I found that the GPS-ABC synchronised BeeperBox was starting 
to light the LED  0.0001 seconds into the 17th second. 



 
The observed difference between lighting of the KIWI-PC LED and the GPS-ABC 
synchronised BeeperBox LED is about 0.0006 seconds, which is well within the desired 
+/-0.001 seconds accuracy of any of the test devices. 
 
Conclusion 
 
GPS-ABC at engineering and software Version 7 will provide Universal Time accurate to 
+/- 0.001 seconds, provided the GPS has been receiving 5 satellites or more for a period 
of 15 minutes after startup and prior to use. 
 
Regards 
DaveGault 


