GPS Clocks
GPS receivers are used to establish position and time information and can be used to synchronize devices provided by various manufacturers so that information or data can be correlated with respect to a fixed, industry recognized, extremely stable standard.  Although receivers are used to determine a position on the earth by calculating the time differences signals are sent and received between satellites and an earth located receiver, our focus is on the time signal.  The GPS satellites in orbit around the earth have cesium or rubidium based oscillators such that their time is kept to within three nanoseconds.  A GPS receiver’s internal clock may not be as accurate as the clock in the satellite.  Satellite time data is referenced to Coordinated Universal Time (UTC) Scale.  It was agreed to by the United States Naval Observatory and the National Institute of Standards and Technology that UTC time between the two organizations are to be maintained to within 100 nanoseconds and that time offset between the two is less than 1 x 10-13 [1].
Since manufacturers of modern protection and control equipment base their designs on a microprocessor platform, there are internal oscillators that can be used as timers or clocks for event recording and time stamping.  Since cost is an important factor in the design of a product, the internal free running oscillator may not be as accurate as required to run independently of an external synchronization signal.  This is where the GPS clock signal can be applied to “get the time back on track” within a piece of protection or monitoring equipment for extremely accurate time stamping.
The GPS receiver normally provides at least two outputs.  One is a 1 pulse-per-second output that can be synchronized to within 100 nanoseconds by knowing the inherent delays within the receiver.  The other output is serial data which can provide UTC time scale as well as other data.  This serial data has to be requested from the protection device in many cases so a manufacturer has to understand both the hardware and software interfacing specifications to a GPS receiver.
A protection and control equipment manufacturer must perform design tests to determine by measurement how data is acquired and what are the system’s inherent delays.  This is then compared with the 1 pps signal from the GPS clock.  Aging of circuitry may also lead to drift in these acquisition delays, and many designs can compensate for this by routinely injecting internal “test” signals and measuring delays.  The negative side of this approach is that the cost of a design can increase when additional circuitry and software overhead are added to perform such functions.
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