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 Description of the Satellite Tracking Routines 











The K+K GPS5 Time & Frequency receiver is a single channel dual signal GPS receiver that sequentially tracks both the PRN C/A code (Pseudo Random Noise  Coarse/Acquisition) and the L1 carrier phase with high resolution for all satellites in view (up to 9).



Typically 3 satellites will be measured per second, where every measurement yields results in a value for the current (pseudo) Doppler frequency calculated from multiple carrier phase readings and an estimate of the PRN code phase representing the (pseudo) range.



Compared to the carrier frequency value, the latter is rather noisy due to the low modulation frequency of approximately 1 MHz as compared to the carrier frequency of about 1.5 GHz.



Once per second, new values for position, receiver oscillator phase (time) and receiver oscillator frequency are calculated using the latest data from all satellites that are to be evaluated. Unless commanded into some special mode, this will be all satellites that are visible.





The elevation mask angle is set to 15°. 
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 Description of the Phase Control Routines 











From the once per second T(n) oscillator phase P(n) and oscillator frequency F(n) values described in the preceding chapter, every second a 'smoothed' oscillator phase estimate S(n) is calculated according to:





S(n) - S(n-1) = F(n)*[T(n) - T(n-1)]*(G-1)/G + [P(n) - S(n)] / G



where G is a parameter that controls the degree of smoothing (normally G=500).



This means: the progress in smoothed oscillator phase is mainly given by the integral over the (almost noise free) frequency with only a small contribution from the (noisy) PRN code measurements.



In contrast to a noise reduction by simply averaging over a large number of PRN code measurements, this method yields precise results free of any delay even if the oscillator frequency is drifting. In addition, it assures that the time scale used to control the oscillator does not exhibit any steps even if a satellite is lost or (re)acquired.
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 Description of the Serial Data Output 









K+K GPS6 Time & Frequency receivers have two serial ports:



The one named RS232 in this manual is a bidirectional UART supporting hardware handshake using RTS/CTS. It has a standard 9-pin male Sub-D connector. The bit rate (common for input and output) is software selectable between 4k8 and 19k2. Changing a jumper on the PCB enables 2k4 and 9k6 instead.



The input channel to the GPS receiver is reserved for future expansion (like remote control and/or DGPS correction data...), while the output from the GPS once per second transmits several strings containing data like position, time, satellites tracked, state of the oscillator phase lock ... (see below).





The second serial port, named AUX in this manual, is used to transmit a proprietary protocol for test purposes. As this protocol often changes to fit the current development needs, it will not be described here.  







With the current software version, all RS232 transmitted strings are compatible with the NMEA 0183 standard: they contain only ASCII characters, begin with a header that starts with '$' and end with carriage return and line feed. No check sum is given. In later versions, other strings (for example, starting with other headers) may be added.







$PUTC:18:53:44,98-04-23,17E-12,5ns, 6s, -8946,00,00,V32980417KK<cr><lf>



containes information regarding the receiver oscillator phase control loop;



beginning with character 

	  1: initially $PGPS; as soon as UTC parameters are known $PUTC

	  8: current time of day (UTC)

	17: current date (UTC)

	26: oscillator control loop error: fractional frequency

	39: oscillator control loop error: time

	48: control loop effective time constant

	56: control loop DAC value

	63: warning number, if a warning is displayed (00=no warning)

	66: two digit hexadecimal number representing 8 flags regarding

 	     the lock state:

	  LSBit=Bit0:

		bit1:

		bit2:

		bit3:

		bit4:

		bit5:

		bit6:

		bit7:

	  MSBit=bit8:

	69: version and revision of the software

�



$GPGGA,185344,5216.6538N,01028.2974E,1,06,02,0083,M,041,M,<cr><lf>



containes information regarding the position used;



beginning with character

	  1: Header ($GPGGA is a standard NMEA sentence)

	  8: time (UTC) of validity for position

	15: Latitude  and

	26: Longitude in WGS84: 		 	      DegreesMinutes.DecimalFraction,NorthEastSouthWest

	38: Type of position:

		0: not available

		1: 3D position

		2: differentially corrected 3D

		3: temporarily not available - reading data

	40: number of satellites used in position calculation

	40: HDOP/PDOP

	46: Altitude above geoid

	53: Altitude of geoid above WGS84 ellipsoid

















$PLST: 001030F--F0D01000FF000F001070-0-<cr><lf>



gives one character per satellite identical to the one displayed in STATUS\LIST.















$PION:   5.8ns<cr><lf>



gives the current ionospheric correction value for the current SatMix. This number will also be displayed in a sub-screen of STATUS\IONO.
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 Menu Scheme 







The following fold-out scheme shows all screens that can be displayed by the software and assigns a name to them for reference within this manual. The lines linking adjacent screens are labeled with the event that causes transition from one screen to the other.







-----------------------------------------------------------------------------------------------------------------------------







	Power On	        Restart after fatal error











	  TYPE	ERROR



	     K+K  SatMix	ERROR: ADRE:FD17

	  T&F GPS receiver	-------  CR=0D:FF13





POS



avrg'd:  52N16.649

0091m 010E28.890





		                STATUS:	LIST	



entr'd:   52N16.649			1001F01F10--0000	

0091m 010E28.890			000-01000F0--0D1	



		 	MENU



		    POS    STATUS

init'l:     52N16.649		    TIME   CONFIG

0091m 010E28.890





		                CONFIG:	USE



			   use initial pos!	

				     --   ok   --	 



		TYPE



TIME		     K+K SatMix

		  T&F GPS receiver

1998-APR-17   FRI

09:23:17  UTC+2h







			

		VRSN



		K+K GPS5/TF V32T

		  Rev: 980417.KK 





-----------------------------------------------------------------------------------------------------------------------------
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( Italics: only with DIAGnosis ON ! )







































ACC	ORBIT	ADC	DAC	



ACC: Pos=initial	SV:  02   18°   89°	ADC offset:	DAC value:	

URA< 32m  1(8)	TE    17  120  32m	sin=+15  cos=+15	          +12968	  

















1PPS	EVAL	DIAG	BAUD	



1pps delay:	EVAL   all   >list	diagnosis:	RS232: 9k6(19k2)	

 +000010000ns	    --  ok  --	                ON	  AUX:   9k6 baud	







	







	1111111111--1111	

	111-1111111-111-



















-----------------------------------------------------------------------------------------------------------------------------
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STDEV	QUAL	IONO	ERROR



763 -53..+62>35ns	  dt:                 1 ns	IONO correction:	no fatal error

   -9...+10 > 3E-10	df/f:                2 E-11	     SV01:   7.4ns	  since power on!

















BREAK	STEP	CONST	PRN



PLL1023=on	DA+12968 7     1ns	P=090 D=170 I=10	PRN: off

Ctl=on: DA=$B2A8	+0000ns       1E-10	I2=10 G=500(500)	  ID=00, Fre=+250





































-----------------------------------------------------------------------------------------------------------------------------
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 Description of Display and Keyboard control 













After power on (cold start) the receiver displays the TYPE message. Pressing any key delivers the MENU. From there, each of the - < + > keys selects one of the entries POS, TIME, STATUS or CONFIG: 



While TIME is a single screen only, POS allows to select one out of 3 sub-screens for different versions of position. STATUS and CONFIG each consist of a chain of different screens. Pressing MODE in one of these entries (after any changes have been acknowledged, see below) returns to the MENU.



With the MENU displayed, pressing the MODE key initially delivers the TYPE message again for as long as the key is kept pressed. After 3s, the VRSN message is displayed which gives the date and version of the software installed. Releasing MODE returns to the MENU.









All memory is cleared and the data elements given in List A below are set to the default values if the - and > keys are held pressed while turning on power.



Holding only > pressed while turning on power will clear all known ephemeris only; - will clear the almanac only and replace it by the almanac valid at the time the software was written. 









Occasionally, instead of the selected menu entry some NOTE or WARNING message may be displayed to make the operator aware of some unusual or undesirable condition. In this case all keys are disabled except for the MODE key which must be pressed to acknowledge the warning. After this, the original screen is restored and all keys function as usual. A list of all warnings is given at the end of this text. 









If some internal software error occurs from which the system cannot recover, a warm start is performed, which only differs from the power on start in displaying an ERROR message instead of the initial TYPE message and in maintaining the DIAGnosis setting (ON/OFF) instead of resetting DIAGnosis to OFF at normal power on. Again, pressing any key delivers the MENU. The error message can be read from STATUS\ERROR at any later time.











If any data in a screen may be changed, there will be a cursor and pressing + and/or - will change the underlined data. If several items may be changed, the cursor may be moved by < and/or > to select one of them for changing. For POS and TIME the movement of the cursor is cyclic within the screen, while for STATUS and CONFIG moving the cursor beyond the screen border will change the display to the adjacent screen.



After a change of data that might be critical to the receiver's performance, some text like 'data changed' will be shown but the change will not be executed immediatedly. If a key is pressed to leave the screen (either MODE to return to the menu, or < or > to scroll to an adjacent CONFIG screen) or if no key bas been pressed for 20s, a line 



	  enter?   NO



is shown. The answer may be toggled between YES and NO with the + or - keys. Pressing the MODE key will either execute or discard the change, depending on the answer selected. In either case, only pressing MODE again will return to the menu.



This is applicable to changes in: USE, 1PPS, EVAL, STEP and POS.



Changes to non critical data (like the Baud rates or local time zone) will be effective immediatedly.







NOTE: 	Some changes in CONFIG with DIAGnosis ON may degrade (CONST), temporarily disturb (STEP)  	or disable (BREAK) the time & frequency control or the automatic satellite tracking routines (PRN).   



POS:



Displays (and in case of the 'entered pos.' is an editor for) the coordinate tripel for three different positions:



	*. the position read from buffered memory at the beginning of the program: 'initial pos.' ,



	*. the position which can be edited by the operator: 'entered pos.' ,   and



	*. the long time (up to 24h) averaged position: 'averaged pos.' .



Representation: WGS84 latitude & longitude in degrees and decimal minutes, Altitude above the geoid in m.







At start of the program, the 'initial pos.', the 'entered pos.' and the 'averaged pos.' are all filled with the coordinates of the position that was in use when the receiver was turned of. If the buffered memory does not contain valid coordinates, they will be set to 55N00.000, 83E00.000, 90m .



The 'entered pos.' may be modified in the POS editor. If a modification is acknowledged (see above), the entered pos will automatically be selected in CONFIG\USE.



With DIAGnosis=Off, the 'averaged pos.' will only be displayed if the position has been determined and averaged for at least 60s.



With DIAGnosis=On, already a first 2D only position will be displayed. The average over the first 60 3D positions will be labelled 'ini.av' to distinguish it from the long time average for which it is used as an initial value.









A special algorithm visualized as a flow chart (see USE) is designed to incorporate three tasks:



	*. to find the correct position without any inputs world wide



	*. to find the correct position even with false inputs



	*. to use the same position after turning off and on again at the same location.



To this end, every second the coordinates of the position used (see USE) are stored in buffered memory. At the next power on, they will be written into the 'initial pos.', the 'entrered pos.' and the 'averaged pos.'. As soon as sufficient satellites are found to calculate the position (and thus to build up an 'averaged pos.'), the coordinates of the position used are compared with those of the 'averaged pos.' to check whether the position used is plausible. The check takes into account the growing accuracy of the 'averaged pos.' as the number of independent position calculations that entered the average increases, i.e. as time goes on. After 24h, the true position is expected to be within 8m horizontally and 11m vertically about the 'averaged pos.'.



If the position selected for use is found not to be plausible, the 'averaged pos.' is used instead and warning #2



	WARNING: initial

	pos bad>averaged



is displayed. In addition, the current result of this check is always shown in the lower line of the USE screen.



If a change in its editor has been acknowledged with YES, the new 'entered pos.' will automatically be selected for use in USE and therefore will be used unless it is found unplausible. In that case the warning reads



	WARNING: entered

	pos bad>averaged  .





Independent from this algorithm the operator can select any of the three positions for use in USE. The routine will then check for plausiblity and either follow that selection or use the 'averaged pos.'











Note:	The Time & Frequency software is designed for stationary use only and there is no 'Reset' for the 	averaging routine. Therefore, after any change of the true antenna position, the receiver has to be 	turned off and on again to accumulate a new averaged position.















TIME:



Displays the local time: date, day of week, time of day and offset of local time to UTC.

 

At start of the program, TIME is initialized with the date, time and offset read from the real time clock or, if no valid time could be read, with 1990-JAN-01, 00:00, UTC. 



If at least one satellite had been found since start of the program, the receiver will have set its internal clock and the time of day is given as hh:mm:ss . Only the local time offset can be changed in steps of 1 hour.



As long as no satellite has been found, TIME is an editor to set both the receiver clock and the local time offset for the display. If the date or time displayed are wrong, entering values correct to about 30 minutes may speed up the initial search for the first satellite. However, there is no need to enter the correct date and/or time.







































VRSN:



displays the version and revision number (date) of the software installed. To display this screen, return to 

the MENU and then press and keep pressed the MODE key.



Initially, the TYPE screen will be displayed.  After 3 seconds, the VRSN screen will appear for as long as MODE is kept pressed.















































































STATUS:



This menu entry consists of a sequence of screens regarding the receiver state, the satellite's geometry, signal quality and tracking, ...



No entries / changes are possible which affect the receiver's performance, but some screens allow selection of sub-screens by + or -  (like selecting the sub-screen for a specific satellite in ORBIT or IONO or showing the data for the previous time interval in STDEV).



Scrolling through the screens is with the < or > keys; return to the menu is by MODE. Selecting STATUS from the MENU delivers the same screen again from which STATUS had been left to return to the MENU. 











	LIST:



	displays one character for every PRN code number:

 

		A '-' means that no almanac data are known for a satellite with that code;



 		a hexadecimal digit (0...9, A...F) represents 4 bits describing the tracking state of a satellite:



		LSBit0=1:	Sat is above horizon and healthy according to almanac

		    bit1=1:	ephemeris are known

		    bit2=1:	acquirable without search

		MSBit3=1:	tracked successfully



		While reading data from one satellite, the tracking data for all other satellites can not be 		updated and will be replaced by a blank (' ').











	ACC:



	displays:

		the position used (not necessarily the one selected in USE!), 

		the maximum URA (User Range Accuracy) of the satellites used in the evaluation,

	and	the number of satellites used in the evaluation and the number of (healthy) satellites that are 										above the horizon.











 

	ORBIT:



	displays one sub-screen per satellite (satellites for which no almanac is known are not selectable),  	containing in the upper display line:



		the satellite's PRN number which may be changed with the + and/or - keys, 

		its elevation above the horizon in degrees

		its azimut in degrees



	and in the lower display line:



		a number characterizing the noise level; effectively a gain measure

		the satellite's current S/N

		the User Range Accuracy (URA) transmitted by that satellite

						(typically 2.8m ... 5.6m with SA off, 32m with SA on)



	With DIAGnosis ON, two additional characters are displayed in the lower left corner of the display:



	for the first character:

		'T' if the satellite was succesfully tracked,		or

		'R' if data are being read from that satellite,	or

		'b' if the track was discarded due to lack of data bit changes



	for the second character:

		'E' if the if the measured frequency and phase were used in the evaluation

		'p' if the measurement was discarded as not plausible. 







The following additional STATUS screens are accessible only with DIAGnosis ON (see CONFIG):







	ADC:



	gives the offset of the sine and cosine A/D conversion path; both values should be within -28 ... +28; 	otherwise warning #1

					WARNING: offset 

					  large: service !

	will be displayed.









	DAC:



	gives the value currently written to the DAC to set the receiver oscillator frequency control voltage. 	The overall range is -32768 ... +32512 corresponding to approximately  df/f = +/-2.6E-6 with a Xtal

								      or   df/f = +/- 1.3E-7 with an OCXO.

	If the value is beyond +/-24576 ($6000), warning #11

	

					WARNING: control 

					  voltage large !



	will be displayed, indicating some non-optimal setting of the 10.000 MHz trim capacitor.









	STDEV:



	displays data regarding the statistics of the receiver oscillator control loop for intervals of up to 1000s. 	Normally, the data for the current interval will be displayed; pressing + or - yields the data for the 	previous interval in the same format, which contains in the upper display line:



		the number of seconds within the interval displayed (length of the interval)

		the minimum and maximum phase error and the standard deviation of the phase error



	and in the lower display line:



		the minimum, maximum and standard deviation of the fractional frequency error





	During normal operation, a new interval begins every 1000s. In addition, a new interval begins with 	every change in the lock state (loosing or regaining lock) and 5 minutes thereafter.





	NOTE:	With the OCXO version, only the maximum and minimum time and frequency deviations 		(from UTC as derived from the apparent GPS time...) are displayed, which then effectively 		describe the SatMix SA behaviour.





	See also QLTY for some explanation!









	QLTY:



	displays the current difference between the receiver oscillator phase (and frequency) and the 	'apparent time' which the oscillator should be controlled to follow. Here 'apparent' means that 'time' 	as determined by the receiver differs from 'true' time (e.g. GPS time or UTC) by various errors, the 	largest of which is the effect of Selective Availability (SA), an intentional degradation of the satellite's 	signal accuracy.



	The 'apparent GPS time' is the best possible estimate of the true GPS time which the receiver can 	produce from the received satellite signals.



	NOTE:	Because the Xtal version has a rather short time constant for its frequency (approx. 10s), 		normally its oscillator phase should closely follow the apparent time, resulting in low dt and 		df/f values (typically <2ns and <3E-10).



		In contrast, the rather slow control loop of the OCXO version (typ. 1000s) is designed to not 		follow but instead average out the mostly SA induced errors of the apparent time. Therefore, 		the control loop errors displayed are larger and simply reveal the amount of SA present 

		(typically <60ns and <1E-9).



	IONO:



	displays the time correction applied to the received satellite phase to compensate for the ionospheric 	delay. Selectable sub-screens are:



		one for every PRN number (satellite)        and

		one for the current SatMix (depending on which satellite's signals enter the evaluation).



	The correction data are calculated using parameters transmitted by all satellites. These parameters 	are updated only every 15 min. Therefore it takes some time after power on for those corrections to 

	be valid.











	ERROR:



	after power on shows 

				no fatal error 

				  since power on!



	If a non-recoverable software error occurred, causing a warm start, this screen gives the error 	message which which will look similar to



				ERROR: EDF86:ADRE

				            CR=04:FA96







































































































CONFIG:



This menu entry consists of a series of screens where the user can set/change various parameters that affect the performance of the receiver, like satellite selection, control loop constants, 1pps delay, ...:



Similar to STATUS, scrolling through the screens is with the > and/or < keys as soon as the cursor reaches the screen border. However, within each screen, < and/or > move the cursor. MODE returns to the menu.



If data had been changed, in some screens the change has to be acknowledged to become effective (see the general remarks regarding display and keyboard control).









	USE:



	allows to select one of the 'initial', 'entered' or 'averaged' position to be used in the navigation 	solution. If the coordinates of the selected position do not coincide with the averaged position to a 	reasonable degree (depending on the number of position estimates averaged), the receiver will 	instead use the averaged position as shown in the bottom line of the display. Any changes will need to 	be acknowledged to become effective.



	If the receiver oscillator is already phase locked to UTC, changing the position used may require a 	relocking of the oscillator, causing a temporary loss of lock.

 









	1PPS:



	is an editor to enter any desired (positive or negative) delay for the 1pps with regard to UTC. 	Resolution is 1ns. A positive delay means that the 1pps occurs later than the UTC second. Any 	changes will need to be acknowledged to become effective.



	If the receiver oscillator is already phase locked to UTC, changing the delay may require a relocking of 	the oscillator, causing a temporary loss of lock.











	EVAL:



	allows to enable or disable every single satellite's contribution to the SatMix evaluation, independent 	on its orbit, health or visibility. For ease of manipulation, a text item in the middle of the upper 	display line allows to select  all  satellites or  none  by toggling it with the + or - key.



	In addition, pressing + or - with the cursor under >list  yields a sub-screen with one character for 	every satellite (PRN number) to support en/disabling satellites individually:



		'-':	no almanac data known for that satellite

		'1':	satellite will contribute to evaluation if found

		'0':	satellite will not contribute to evaluation even if found

 

	For satellites whose almanac is known (and which the receiver will therefore try to find when they are 	expected to be visible), the '1' or '0' can be toggled by + or - after the cursor has been moved under 	the respective digit by < and/or > .



	Pressing MODE will return from this sub-screen to the EVAL main screen. Upon leaving the EVAL 	screen, 	any changes will need to be acknowledged to become effective.



	If none of the selected satellites are found, the receiver will default to evaluating all satellites in view 	until one of the selected satellites is found.









	DIAG:



	allows to operate a 'switch' to hide special information that to the unexperienced user might be 	confusing rather than helpful:



	DIAGnosis=ON 	gives access to all information and settings available 



	DIAGnosis=OFF	hides most of the STATUS and CONFIG screens when scrolling through the screens.





The following additional CONFIG screens are accessible only with DIAGnosis ON:







	BAUD:



	sets the data rates for the two serial ports independently:



	For AUX (transmit only via pin 2 of the female Sub-D-15), the rate can be chosen from 2k4, 4k8, 9k6 											        or 19k2. 

	For RS232 (bidirectional via standard male Sub-D-9), two groups can be chosen:

	2k4(4k8) and 9k6(19k2). A jumper on the PCB decides whether the higher or the lower rate of either 	group will be used. Normally the board is wired for the higher rates 4k8 and 19k2.







 



	BREAK:



	PLL1023=on or off allows to (de)activate the hardware PLL which locks the 10.23 MHz proper 	receiver oscillator to the 10.00 MHz oscillator, which in turn is phase locked to UTC via software. 	PLL1023=off will disable the software PLL for the 10.00 MHz oscillator as well.



	Ctl=on or off allows to disable the software PLL which locks the 10.00 MHz oscillator to UTC, while 	maintaining the hardware PLL active. With Ctl=off, the DAC which controls the 10.00 MHz oscillator 	frequency can be set to any desired value (represented by 4 hexadecimal digits, with $8000 being 	mid-range). If PLL1023=on, changes to the DAC value will be executed with some limited slew rate 	such that no satellites are lost during slewing, while with PLL1023=off such changes will be executed 	immediately.











	STEP:



	shows in the upper display line:

		the value currently written to the DAC for frequency control

		the number of satellites used in the current SatMix evaluation

		the current phase error (relative to apparent time, see QLTY) of the software PLL to control 									the 10.00 MHz oscillator.



	and in the right hand side of the lower display line:

		the current fractional frequency error of the PLL.



	The left hand side of the lower display line contains a small editor to enter a time (phase) step which, 	if acknowledged, will be added to the 1pps delay in order to observe the PLL's reaction.



	Note that execution of such a step will change the 1pps delay entered/displayed 1PPS !.











	CONST:



	allows to change the parameters for the software PLL. As this screen is included for test purposes 	only, such changes should not be executed by the normal user.



 







	PRN:



	allows to disable the normal automatic tracking and acquiring software and instead drive the hardware 	in such a way as if it were tracking a selectable satellite at some selectable frequency. As with 	CONST, this is included for test and verification only and should not be operated by the normal user.

















�

A. List of data that are stored in buffered memory:







*. TIME:	maintained by a real time clock		Default: 2000-JAN-01, 00:00 UTC



*. UTC: leap second, offset and rate rel. to GPS time	Default: 13 leap seconds, offset and rate =0



*. POS/USE:	coordinates of the position used last	Default: 52N16.600, 10E28.800, 137m



*. Almanac (valid approx. 2 weeks) 			Default: Almanac at time of software writing



*. Ephemeris (valid approx. 4h)				Default: no ephemeris



*. 1PPS:	delay of 1pps relative to UTC or GPS_time	Default: 0 ns



*. CONST (with OCXO only): control loop time constant	Default: 1000s



*. BAUD	data rates for 2 serial ports		Default: 9k6 for RS232; 9k6 for AUX







All memory is cleared and the data elements listed above are set to the default values if the - and > keys are held pressed while turning on power.



Holding only > pressed while turning on power will clear all known ephemeris only; - will clear the almanac only and replace it by the almanac valid at the time the software was written. 



















B. List of data to be initialized at Cold start (power on) and Warm start (after fatal error):







*. initial POS = entered POS = averaged POS = last used position (USE) 

				      if not available  -> 	Default = 52N16.600, 10E28.800, 137m

*. USE initial pos!



*. MODE: URA dependent weight OFF



*. TRACK all in view



*. DIAG/TEST  OFF after power on; maintained as prior to the error after warm start



*. BREAK: PLL1023=on; Ctl=on; DA=$8000 (mid-range)



*. CONST (only with Xtal): P=090 D=170 I=10 I2=10 G=500

               (with OCXO: see list A above)

 

*. PRN: off , ID=00, Fre=+250



*. ERROR: 'no fatal error since power on' after power on; error message after warm start



*. Model of Ionosphere (updated approx. every 15min)	Default: all parameters set to zero



�.

Warnings:



The warnings listed below indicate some non-standard condition by replacing the 'normal' display contents by the respective text until the warning is acknowledged by pressing ESC. As long as a warning is displayed, all other keys are inactive, including the RESET key to display lock status messages. However, the receiver continues to operate as usual.



In order to avoid permanently repeated display of a warning (even with its cause persisting), a warning will be masked as soon as it has been issued, so that normally each warning can appear only once. However, for some warnings certain events will clear that mask and thus enable a new issue if the cause persists or occurs again. This is called 're-enable' in the following description of warnings. 

 

If a second (third...) warning is issued while a first one is being displayed, acknowledging the first (second...) warning will immediately deliver the text of the second (third...) warning, and only acknowledging the last warning will return the display to the normal screen.



Most of the warnings do not mean that the receiver performance (time or frequency outputs) is questionable, but are meant to make the user aware of conditions which normally should not occur, like false inputs, excessive oscillator ageing, hardware problems, ...



As far as possible, warnings are issued before the deviation from normal causes malfunction. Therefore, only occasional appearance of some warning most probably is harmless, while repetitive occurrence should be taken serious.



For every warning, the list gives     	a: a short description of the phenomenon that causes the warning

					b: a list of possible causes and their removal

					c: events which re-enable that warning. 





 



�

C. List of warnings:







1.	ADC offset large > needs service



   a)	The sine and/or cosine path of the analog cirquit yield an offset of more than +/-28 within the 

	+/-128 bit range of the ADC, caused by some harware error.



   b)	Receiver should be serviced.



   c)	never be re-enabled 









2.	initial(entered) pos bad > using averag'd

	

   a)	The initial (or entered) position is selected for use in RECVR\USE but is not sufficiently close to the 	averaged position to really be used. The receiver will use the averaged position instead.



	'Sufficiently close' means that the distance D between the position selected for use and the current 	averaged position fulfills the relation



			Dhor <	2352m/sqrt(n)			Dvert < 3233m/sqrt(n)  ,



	where n is the number of (once per second) position estimates that entered the averaged position. 	With a 24h average, this amounts to about 8m horizontally and 11m vertically.



b)	With the K+K_LE33 version, normally this warning will not occur as the default is to use the

averaged position. However, it will occur if a bad position is entered. 



   c)	re-enabled if a position is entered or the RECVR\USE selection is changed.  









3.	subhorizntl sat found > check pos?



   a)	The receiver found a satellite which, according to the position used, should be below the horizon and 	should therefore be not visible. Most likely the reason for this is a wrong initial position.



   b)	Correcting the position (by entering a good estimate of the true position into the 'entered pos.') may 	speed up the time needed to lock the oscillator, but is not necessary. 



   c)	re-enabled if a position is entered. 









4.	signal low  check antenna/conv!



   a)	issued if the noise level (see STATUS\ORBIT) is below 10. Compare warning #15



   b)	Possibly due to bad antenna or converter cable or connectors or a converter failure.

	

   c)	re-enabled if noise level is above 13.









5.	Xtal offset large? check pos.



   a)	the satellite doppler frequency evaluation yields a fractional frequency error of the (not yet phase 	locked) receiver oscillator df/f > +/-1.5E-6. However, as the position has not yet been determined, 	this may be due to a seriously bad position. If this is true, then warning #6 will not appear later. If, 	on the other hand, the position is good and the oscillator is really mistuned, then warning #6 will 	appear as soon as the position is found.



   b)	check the position. If correct, see warning #6.



   c)	re-enabled by entering a position.







6.	Xtal offset large >  adjust Ctrim



   a)	the satellite doppler frequency evaluation yields a fractional frequency error of the (not yet phase 	locked) receiver oscillator df/f > +/-1.5E-6. Because the position has already been determined, this 	suggests the oscillator trim capacitor to be mistuned (due to ageing...?). Normally, warning #5 will 	have appeared earlier.



   b)	the trim capacitor needs tuning or other hardware problems exist. Note that the frequency error range 	that can be compensated by the phase locked loop is about +/- 2.6E-6 (see  FREQ\QLTY).



   c)	re-enabled by entering a position.







	

7.	can't find any satellites !



   a)	Having searched extensively for all known satellites, the receiver has not even found a single one.  



   b)	maybe due to antenna/convertor problems (did warning #4 appear earlier?) or extremely bad antenna 	view (fallen off its mount...?)



   c)	re-enabled by finding a satellite.









8.	can't find enough satellites



   a)	The receiver can not find enough satellites to calculate a 3-dimensional position with sufficient 	precision. Normally, 4 satellites are enough, but in certain geometries (which do not persist for very 	long) a 5th one may be needed.



   b)	check for good antenna view. See STATUS\LIST and/or STATUS\ORBIT for the position of the 	satellites which are expected to be above the horizon.



   c)	never re-enabled









9.	buffered memory/clock lost!



   a)	the buffered memory does not contain valid data (see List A. above). Instead of using the values that 	were in use before power off, default values will be used.



   b)	the battery maybe low or some rare data transmission problem during power off may have occurred.



   c)	never re-enabled







10.	tracked sat lost > all in view



   a)	occurs, if only some satellites (not all in view) are selected in RECVR\TRACK and none of them 	could be found for 10s. This warning indicates that at least for some time in the past the receiver had 	evaluated all satellites in view, which is the default if none of the satellites selected can be found. 



   b)	occurs regularly, if only a single satellite is selected for evaluation, when that satellite drops below the 	horizon.



   c)	re-enabled, if a selected satellite is found
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11.	osc. control voltage large > adjust



   a)	occurs, if the receiver oscillator phase lock is locked and the number written to the DAC to maintain 	the lock exceeds +/-24576 (= +/-$6000; the full DAC range is +/- $8000) (see STATUS\AD/DA).



   b)	most likely the trim capacitor setting the frequency for DAC mid range is mistuned.



   c)	never re-enabled









12.	UTC vs.GPS data too old!



   a)	The set of parameters which relates UTC to GPS time normally is read every 12.5 minutes from any 	one satellite. If for some reason these parameters can not be updated before the end of their interval 	of applicability, this warning will be given to caution the user that the UTC time scale produced by the 	receiver might not be as precise as expected.



   b)	normally can occur if date and time are entered in TIME\LOCAL before a first satellite is found.



   c)	never re-enabled









13.	entered pos is not verified



   a)	Normally, the receiver will only try to phase lock its oscillator if it has been able to find its position. 	However, if the 'entered pos.' is selected in RECVR\USE, the receiver will start locking its oscillator 	even if it can not find enough satellites to calculate its position.



   b)	In this case, as soon as it is locked it will give this warning in order to caution the user that the 	precision of the time and frequency signals depends on the precision of the entered position and that 	this position has not been verified by comparison with the averaged position.



   c)	re-enabled if lock is aborted because the 'entered pos.' is unplausible (see warning #14) or if the 	phase lock enters hold-over mode (see warning #16).









14.	pos bad! proper pos unknown



   a)	While the software is not able to find the receiver's position with measurements from only 2 satellites, 	it is able to find out if the position used is consistent with the measurements from these satellites or 	not.



   b)	If the position is not consistent with the measurements, this warning is given. this will normally occur 	if the receiver is started in a new position for the first time. While no action is necessary, entering the 	correct position may shorten the time to lock.



   c)	re-enabled if a position is entered or the RECVR\USE selection is changed.  









15.	noise high! Check antenna/conv.



   a)	issued if the noise level (see STATUS\ORBIT) is above 35. Compare warning #15



   b)	Possibly due to a converter failure.

	

   c)	re-enabled, if noise level is below 30.
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16.	all sats lost > holdover mode



   a)	If all satellites are lost (for whatever reason) while the receiver oscillator phase lock is already locked, 	the system will enter the hold-over mode under certain conditions (see below): for a limited time 	span, the frequency control system will continue to apply the frequency drift correction that was 	applied when the satellites were lost.



   b)	Conditions for this to happen are:

	   1.	if the averaged position is used, the average has to cover 24h.

	   2.	OCXO version only: the osc. control time constant Ctau has to be larger than 999s.

	Note: after 30s holdover ends and the lock is considered lost.



   c)	re-enabled when phase lock ist established.







17.	(only with OCXO version:) NOTE: reducing osc control time 

  -   disabled in current version!



   a)	In order to prevent excessive phase (time) errors caused by (temperature induced?) frequency drift of 	the OCXO, the control time constant will be continuously reduced at 1s/s if the phase error of the 	receiver oscillator has been larger than 100ns for more that 2 minutes. 



	As soon as the phase error drops below 100ns again, the time constant will grow again at 1s/3s.



   c)	re-enabled, if the phase error has been less than 100ns for at least 15 minutes.









18.	internal interference large!



   a)	In regular intervals, a built-in selftest routine checks for spurious self interference signals within the 	receiver. Proper alignment of the hardware will keep these signals very low, but with poor alignment,

   b)	they may cause measurement errors and frequent loss of lock of the satellites.



   c)	re-enabled if the noise level (see STATUS\ORBIT) is below 5. Normally, this should only occur if the 	converter cable is removed.
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D. List of Lock_Lost messages:







1.	...waiting for OCXO warm up



The search for satellites will not start until the OCXO signals to be "warm",  because the considerable frequency drift during warm up would most likely cause the satellite tracking loops to loose lock.







2.	...wait: searching for a 1st satellite



As soon as the OCXO signals to be warm, searching for satellites is started, assuming the user time and position that was read from buffered memory/clock or was entered in the LOCAL or entered POS screen.

Having found a 1st satellite, the receiver is able to determine time to within about 25ms.







3.	...wait: searching for more satellites



In normal operation, the receiver will begin to control its oscillator only if the initially assumed position has been verified to be sufficiently close to the position determined from satellites. Thus it needs to find at least four satellites for position determination before it can enter the oscillator lock procedure.



To enable proper operation of the receiver even with very limited antenna view, a special mode has been added: if a position has been explicitely entered in POS (or the coordinates initially stored in the entered position are explicitely commanded to be used in USE), the receiver will start to lock its oscillator with as few as a single satellite having been found. In that mode, a warning will be given (see #13 above) and a respective LockLost message is displayed if the RESET button is pressed.







4.	pos.found! searching for more satellites



	Before beginning to control the OCXO to maintain the desired time (UTC or GPS_time...), the receiver 

will attempt to acquire as many satellites as possible in order to produce as smooth a reference time 

scale and frequency as possible.



Therefore search will continue even after the position has been determined until all satellites that are expected to be visible (according to the known time and position, but using a possibly old almanac) have been tried to acquire.







5.	lock procedure started, (re)approaching lock



When the search for more satellites has ended, this message indicates that the OCXO locking routines have been started. Normally it takes a few minutesonly to establish lock, indicated by a lit green LED and a no longer flashing, but constantly lit red LED.







6.	10MHz lock lost: (re)approaching lock

position changed: (re)approaching lock

	1pps delay changed: (re)approaching lock

	

Loss of lock within the (software) PLL and/or changes in either position or 1pps delay require a subsequent re-adjustment of the oscillator phase and therefore cause a temporary loss of lock, which normally lasts from several seconds to a few minutes.



6a.	In case of a not yet verified entered position, the second line will be replaced by

	

pos. not verified!



To caution the user that time and frequency accuracy are subject to the accuracy of the entered position.
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7.	lock procedure started   --  locked --

10MHz lock lost:   --  locked  --

position changed:   --  locked  --

	1pps delay changed:   --  locked  --

	

	Indicates that lock is achieved and additionally gives the reason why it may have been lost initially.



7a.	In case of a not yet verified entered position, the messages given above will be replaced by



	   --  locked  --	

pos. not verified!



To caution the user that time and frequency accuracy are subject to the accuracy of the entered position.







8.	If the lock had been established relying on an entered position, and that position is found to be

bad afterwards, the lock will be considered lost and the message says:



	entered position bad

	  - lock discarded -



In that state, locking the oscillator will only begin after the receiver has determined its position from at least four satellites or a new entered position is given.







9.	all satellites lost

	-> holdover mode



After loss of all satellites without any preceding problems of the software PLL, for a limited time span (in the K+K_LE33 version: 30s) the current drift rate of the OCXO will continue to be compensated for by the software.







10.	all satellites lost

OCXO running free



After the end of the holdover time span, no further adjustments are made to the DAC value which controls the oscillator frequency. 



 



11.	DAC value reset:

	(re)approaching lock



After some serious problem with the software PLL or after considerable time without satellite reception, the DAC value used to tune the oscillator frequency will be set to mid range ($8000) and the lock procedure will start from the very beginning just like after power on.




