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2)	the GICB service corresponding to the application is shown as "supported" by the corresponding bit in the GICB capability report (BDS 1,7 to 1,C) being set to "ONE";





3)	the data value is valid at the time of extraction.  This is indicated by a data field status bit.  When this status bit is set to "ONE", the data field(s) which follow, up to the next status bit, are valid.  When this status bit is set to "ZERO", the data field(s) are invalid.








Representation of numerical data





2.4	Numerical data are represented as follows:





-	Numerical data are represented as binary values in 2's complement representation.  When the value is signed, the bit following the status bit is denoted the sign bit.





-	Whenever applicable, the resolution has been either tailored to the corresponding ARINC 429 label or aligned with ICAO documents.





-	Where ARINC 429 data are used, the ARINC 429 status bits 30 and 31 undergo a logical 'AND" to form a single status bit.  This bit is to be set to "INVALID" if the data are not being updated at the required rate.





In all cases where a status bit is used, it must be set to "ONE" to indicate VALID and to "ZERO" to indicate INVALID.





-	Where the sign bit (ARINC 429 bit 29) is not required for a parameter, it has been actively excluded.





-	For certain data fields, a switch bit has been added before the status bit to indicate which of two alternative data types is being used to update the parameter in the BDS buffer.





-	Bit numbering in the MB field is specified in Annex 10, Volume IV (3.1.2.3.1.3).





-	GICB buffers containing data intended for broadcast are to have the broadcast identifier located in the eight most significant bits of the MB field.





-	Tables are numbered Table 2-X where "X" is the decimal equivalent of the BDS code to which the format applies.





Note. - BDS A, B is equivalent to register number AB, 6’








EXTENDED SQUITTER FORMATS








Format type codes





2.5	There are currently 6 BDS registers for extended squitter information.  The first 5-bit field in every Mode S extended squitter message contains the message type.  The message type differentiates the messages into four classes: airborne position, surface position, event-driven message, and identification.  In addition, the message type encodes the measurement precision category into eight classes with the
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following limits: 2 in, 18 m, 185 m, 740 m, 1.85 km, 7.4 km and 18.5 km (0.001, 0.01, 0.1, 0.4, 1.0, 4


and 10 NM).The message type also differentiates the airborne messages as to the precision of their


altitude measurements.  There are 3 altitude precision classifications: 25 foot or 100 foot barometric 


altitude, and global navigation satellite system (GNSS)  height.  The 5-bit encodings for message type


are given in the following table.


  _________________________________________________________________________________________________


(() Horizontal position accuracy


Coding                   Format                               (95% containment value)                          Altitude quantization


  _________________________________________________________________________________________________         











      0     No position information


      1     Identification (aircraft type set D)


      2     Identification (aircraft type set C)


      3     Identification (aircraft type set B)


      4     Identification (aircraft type set A)


      5     	Surface position                                  ( ( 2 in (0.001 NM)


      6	     Surface position                                  2 m (0-001 NM) < ( ( 18 in (0.01 NM)


      7	     Surface position                                  18 m (0.01 NM) < ( ( 185 m (0.1 NM)


      8     	Surface position                                  185 m (0.1 NM) < (


      9     	Airborne position                                ( < 2 m (0.001 NM)                                  25/100 ft barometric


     10	    Airborne position                                 2 m (0.001 NM) < ( < 18 km (0.01 NM)    25/100 ft barometric                                  


  	   11    Airborne position                                 18 m (0.01 NM) < (  ( 185 m (0-1 NM)      25/100 ft barometric


     12    Airborne position                                 185 m (0.1 NM) < (  ( 740 m (0.4 NM)      25/100 ft barometric


     13    	Airborne position                                 740 in (0.4 NM) < ( ( 1.85 km (I NM)        25/100 ft barometric


     14    	Airborne position                                 1.85 km (I NM) < ( ( 7.4 km (4 NM)          25/100 it barometric


     15	    Airborne position                                 7.4 km (4 NM) < ( ( 18.5 km (10 NM)       25/100 ft barometric


     16    	Airborne position                                 18.5 km (10 NM) < (                                25/100 ft barometric


     17    	Airborne position                                 (  ( 18 in (0.01 NM)                        GNSS height (to be determined)


     18    	Airborne position                                 18 m (0-01 NM) < (                        GNSS height (to be determined)              


     19    	Airborne velocity information


   20-28	Unassigned


     29    Event-driven message C


     30    Event-driven message B


     31    Event-driven message A








_______________________________________________________________________________________________








Airborne format coding


  





    2.6 The airborne format messages begin with the 5-bit type codes 9 to 18 as defined above, 


depending  on the measurement and altitude precision available.  The remainder of the airborne


format message consists of 6 fields as follows:
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	Surveillance/status	2 bits


                     	Reserved for ACAS	I bit


	Altitude	12 bits


                                            Spare	I bit


	CPR format time	I bit


	Latitude (Y) and longitude (X)	34 bits 17 bits each)





 Surveillance status





2.7  The surveillance status field in the airborne message format encodes information from the aircraft's Mode A code as follows:





Encoding	Meaning





     0	No information


     1	Emergency conditions (Mode A codes: 7700/7600/7500)


     2	Special position identification (SPI)


     3	Change in SSR code





Code 1 takes precedence over code 2. code 2 takes precedence over code 3


Altitude 





2.8 The altitude field in the airborne message format contains the aircraft altitude.  The definition of the altitude precision is determined from the message-e format type (25 feet, 100 feet, barometric or GNSS-derived).





Compact position reporting (CPR) format/time





2.9 The time of validity in the airborne message format is encoded in this 1 -bit field which indicates the 0.2 second time tick for UTC time of position validity.  This bit alternates between 0 and I for successive 0.2 second time ticks, beginning with an even UTC second.  Time synchronization is only used for airborne format types having the top two horizontal position precision categories (format types 9 and


10). In all position formats (airborne and surface), this bit field is also used to define the CPR format type (2.20 to 2.24).





Latitude/longitude





2.10 The latitude/longitude field in the airborne message format is a 34-bit field containing the latitude and longitude of the aircraft airborne position.  The latitude and lon2itude each occupy 17 bits.  The airborne latitude and longitude encodings contain the hi-h-order 17 bits of the 19-bit CPR-encoded values defined below.  The unambiguous range for the local decoding of airborne messages is 666 km (360 NM).  The positional accuracy maintained by the airborne CPR encoding- is approximately 5.1 metres.  Note that the latitude/longitude encoding is also a function of the CPR format/time value described above.





2.11 Extended squitter position messages corresponding to precision categories 9 and 10 will be time tagged to the next 0.2 UTC second time tick and labeled with the appropriate time bit (1 or 0).  This will be accomplished by extrapolating the position from-n the UTC validity time (included in the position fix) to the next 0.2 UTC time tick.  This is performed by a simple linear extrapolation using tile velocity provided with the position fix and the time difference between the position fix validity time and the time


�
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of the next 0.2 second UTC time tick.  Every 200 ms, the contents of the position registers will be updated by extrapolating the position to the next UTC 0.2 second time tick using the provided velocity.  This process continues with new position reports as they become available.





2.12   Extended squitter position messages for the other airborne and surface precision categories will be accepted as current as of the time of receipt.  The original report will be updated with the velocity provided with the position fix every 200 ms.  The process continues with new position reports as they become available.








 2.13  The extrapolation described above will be limited to no more than two seconds, in the event that the navigation input ceases.  At the end of this timeout of two seconds, the position and velocity registers will be cleared.








Surface format coding





2.14	The surface format messages be-in with the 5-bit type codes 5, 6, 7 or 8, depending on the horizontal position precision (().  The remainder of the surface format message consists of 5 fields:





	Movement	7 bits


	Ground track	7 bits


	Spare	2 bits


	CPR format/time	I bit


	Latitude (Y) and longitude (X)	34 bits (17 bits each)





 Movement





2.15	This 7-bit field provides information on the ground speed of the aircraft.  A non-linear scale is used as defined in the following table, where speeds are given in km/h (kt).


____________________________________________________________________________________________________


     encoding                    Meaning                                                                                                           Quantization 


________________________________________________________________________________________________________


        0	             	no information available


        1	aircraft stopped (ground speed < 0.23 km/h (0.125 kt))


       2-8	 0.23 km/h (0.125 kt) < ground speed < 1.8 km/h (1 kt)          (in 0.23 km/h (0. 125 kt) steps)


      9-12	 1.8 km/h (1 kt) < ground speed < 3.7 km/h (2 kt)                     (in 0.46 km/h (0.25ktsteps)


     13-38	 3.7 km/h (2 kt) < ground speed < 28 km/h (15 kt)                     (in 0.92 km/h (0.5kt)steps)


     39-93	28 km/h (15 kt) < ground speed < 130 km/h (70 kt)                    (in 1.85 km/h (1.0 kt) steps)


    94-108	   130 km/h (70 kt) < ground speed < 185 kin/h (100 kt)                 (in 3.7 km/h (2.0 kt) steps)


   109-123	   185 km/h (100 kt) < ground speed < 324 km/h (175 kt)               (in 9.2 km/h (5.0 kt) steps)


      124	ground speed @ 324 km/h (175 kt)


      125	Reserved for aircraft decelerating


      126	Reserved for aircraft accelerating


      127	Reserved for aircraft backing up





Note.- The last three movement encodings (125, 126, 127) are reserved to indicate high levels of ground speed changes etc. The precedence of the codes is not defined yet as inputs that are not currently available are required.


____________________________________________________________________________________________________                                         
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Ground Track ( true )





2.16	This 7-bit field gives the direction (in degrees clockwise from true north) of aircraft motion on the surface.  The first bit is a sign bit, with 0 = plus and 1 = minus.  The remaining 6 bits are binary encoded with an LSB of 180/63 degrees.  A value of all zeros indicates that the field contains no information.





CPR format/time





2.17	The CPR format/time field for the surface message is encoded as specified for the airborne message, i.e. time synchronization is used for the two top precision categories 5 and 6.








Latitude/longitude





2.18	The latitude/longitude field in the surface message is a 34-bit field containing the latitude and longitude coding of the aircraft's surface position.  The latitude (Y) and longitude (X) each occupy 17 bits.  The surface latitude and longitude encodings contain the low-order 17 bits of the 19-bit CPR-encoded values defined below.  The unambiguous range for local decoding of surface messages is 166.5 km (90 NM).  The positional accuracy maintained by the surface CPR encoding is approximately 1.25 metres.  Note that the latitude/longitude encoding is also a function of the CPR format/time value described above.





Latitude/longitude coding








2.19	The latitude/longitude coding is as described for the airborne message.











LATITUDE/LONGITUDE CODING USING


THE COMPACT POSITION REPORTING (CPR) ALGORITHM








Principle of the CPR algorithm





2.20	The Mode S extended squitter application utilizes the CPR encoding algorithm to convert an aircraft's known latitude (-90 to +90 degrees) and longitude (-180 to +180 degrees) into a pair of 19-bit encoded values.  The CPR algorithm utilizes a different encoding, for latitude and longitude depending on whether the encoding time is an even or odd second.  The CPR algorithm provides several benefits in the          


   Mode S extended squitter application:





a)	the encoded positions are nearly uniform in precision for all latitudes and longitudes;





b)	a single encoded position report may be unambiguously decoded over a range of 166 km (90 NM) from the receiving sensor (for surface format messages) or 666 km (360 NM) (for airborne format messages); and





c)	a pair of encoded airborne format position reports (one with CPR format/time bit equal to 0 and the other with CPR format/time bit equal to 1) separated by less than 10 seconds may be unambiguously decoded globally.
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CPR algorithm parameters and internal functions





2.21	The CPR algorithm utilizes the following parameters whose values are set as follows for the Mode S extended squitter application:





a)	The number of bits used to encode a position coordinate, Nb, is to be set to 19.





b)	The number of geographic latitude zones, NZ, is to be set to 15.





These parameter settings determine the unambiguous range for decoding (360 NM) and the encoded position precision (approximately 1.25 m).  Note that the airborne latitude/longitude encoding uses only the high-order 17 of the 19 CPR-encoded positions, so the effective precision for airborne position reports is one-fourth of the CPR precision.  Note also that the surface latitude/longitude encoding truncates the high-order 2 bits of the 19-bit CPR encodings, so the effective unambiguous range for surface position reports is one-fourth of the CPR unambiguous range.





2.22	The CPR algorithm defines some internal functions to be used in the encoding and decoding processes.





a)	Tile "convert to integer" function denoted Int( ) accepts a single argument and returns the largest integer value less than or equal to that argument.





b)	The "modulus" function denoted MOD( ) accepts two arguments that represent angles.  The MOD( ) function returns the remainder of its first argument divided by its second argument.  If the first argument is negative, the MOD( ) function adds 360 degrees to the first argument before performing the division by the second argument.





c)	The "number of longitude zones" function denoted NL( ) accepts one argument that represents a latitude angle.  The NL( ) function returns the value of the following computation:





NL = Int�EMBED Equation.2���





where lat denotes the latitude argument. If lat is ±90 degrees (north or south pole), the NL( function returns 1.





Note.- This equation for NL( ) is impractical for a real-time implementation.  A table of transition latitudes can be pre-computed using the following equation:





lat =  �EMBED Equation.2���for NL + 2 to 4 * NZ 


and a table search procedure used to obtain the return value for NL( ). The table value for


NL = 1 is 90 degrees.


�
Chapter- 2. Data Formats Ground-initiated Comm-B (GICB) Protocols                                                       2-9





CPR encoding process





2.23	The CPR encoding process calculates the encoded 19-bit position values XZ�EMBED Unknown��� and YZ�EMBED Unknown��� for the airborne or surface latitude/longitude field from the global position latitude, lat, longitude, lon, and the CPR encoding type i (O for even second and 1 for odd second), by performing the following sequence of computations:





�EMBED Unknown���lat�EMBED Unknown���is computed from the equation:


�EMBED Unknown���


b)	�EMBED Unknown��� is then computed from (lat�EMBED Unknown���and lat using the equation:





�EMBED Unknown���  rounded to the nearest integer.





If the encoding  is airborne mode, mask off the low-order 2 bits of �EMBED Unknown���.





c)	Rlat�EMBED Unknown��� is then computed from lat, �EMBED Unknown���, and (lat�EMBED Unknown��� using the equation:





Rlat�EMBED Unknown���=( lat *�EMBED Unknown��� 





d)	(lon�EMBED Unknown���is then computed from Rlat�EMBED Unknown��� using the equation:





(lon�EMBED Unknown���= �EMBED Unknown���


e)	�EMBED Unknown��� is then computed from lon and (lon�EMBED Unknown��� using the equation:





   �EMBED Unknown��� rounded to the nearest integer.





The lat/lon encoding for airborne message formats utilizes only the upper 17 bits of �EMBED Unknown��� and �EMBED Unknown���.  The lat/lon encoding for surface message formats utilizes only the lower 17 bits of �EMBED Unknown��� and �EMBED Unknown���.  The encoded 17 bit lat/lon values will be denoted as �EMBED Unknown���  and  �EMBED Unknown���.








Locally unambiguous CPR decoding





2.24	The CPR algorithm regenerates the geographic position latitude, Rlat�EMBED Unknown���and longitude, Rlon�EMBED Unknown���,


from the locally unambiguous encoded position coordinates , �EMBED Unknown���and �EMBED Unknown���, and the CPR encoding type


i (O for even second and 1 for odd second) contained in a Mode S extended squitter message by
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performing the sequence of computations given in 2.25 for the airborne message type and in 2.26 for the surface message type.  The geographic position of the listening sensor (lat�EMBED Equation.2���, lon�EMBED Equation.2���) is also used by the CPR algorithm processing.  This algorithm might be used to perform local surveillance within the unambiguous range (90 nautical miles for the surface messages, 360 


nautical miles for the airborne messages) of the receiving sensor.








COMPUTATIONS FOR THE AIRBORNE MESSAGE





2.25	The following computations provide the decoded lat/lon for the airborne message format:





a)	First extend the 17-bit lat/lon encodings Y�EMBED Equation.2���Z�EMBED Equation.2��� and X�EMBED Equation.2���Z�EMBED Equation.2���to 19 bits by appending 2 low-order zero


bits to each encoding.  These new values are denoted Y�EMBED Equation.2���Z�EMBED Equation.2��� and X�EMBED Equation.2���Z�EMBED Equation.2���





b)	�EMBED Unknown���lat�EMBED Unknown��� is computed from the equation:


                                                                      �EMBED Unknown���





c)	The latitude zone coordinate j is then computed from the values of lat�EMBED Equation.2���, (lat�EMBED Equation.2��� and Y�EMBED Equation.2���Z�EMBED Equation.2��� using the


equation: 


                          �EMBED Equation.2���





d)	The decoded position latitude, Rlat�EMBED Unknown���, is then computed from the values of j (lat�EMBED Unknown���, and Y�EMBED Equation.2���Z �EMBED Unknown���using


the equation:


�EMBED Equation.2���


e)	(lon�EMBED Unknown��� is then computed from Rlat�EMBED Unknown���using the equation:


(lon�EMBED Unknown���= �EMBED Unknown���


f)	The longitude zone coordinate m is then computed from the values of lon�EMBED Equation.2���, (lon�EMBED Unknown���, and XZ�EMBED Equation.2��� using


    the equation:


�EMBED Equation.2���











g)	The decoded position longitude, Rlon�EMBED Unknown���, is then computed from the values of m, X�EMBED Equation.2���Z�EMBED Unknown���, and (lon�EMBED Unknown���


using the equation:





                                                                                                                 �EMBED Equation.2���
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COMPUTATIONS FOR THE SURFACE MESSAGE





        The following, computations provide the decoded latitude and longitude for the surface position 


       format.





a)	First, compute the 19-bit encodings for lat�EMBED Equation.2���, and lon�EMBED Equation.2���, using the procedure provided in steps a) to


e)	of 2.23, CPR encoding process, and denote these encoded values by YS�EMBED Equation.2��� and XS�EMBED Equation.2���.





Note.- For a given receiver site, these values only need to be computed once.





b)	(lat�EMBED Equation.2��� is computed from the equation:


�EMBED Unknown���





c)	The latitude zone coordinate j is then computed from the values of lat.,, (lat�EMBED Equation.2��� and Y,7Z�EMBED Equation.2��� using the





equation:


�EMBED Unknown���





d)	The decoded position latitude, Rlat�EMBED Equation.2���, is then computed from the values of j, (lat�EMBED Equation.2���, and Y�EMBED Equation.2���Z �EMBED Equation.2���using


the equation:





�EMBED Unknown���





e)	(lon�EMBED Unknown��� is then computed from Rlat�EMBED Unknown���using the equation:


(lon�EMBED Unknown���= �EMBED Unknown���


f)	The longitude zone coordinate m is then computed from the values of lon�EMBED Equation.2���, (lon�EMBED Unknown���, and X�EMBED Equation.2���Z �EMBED Equation.2���using


                 the equation:


                                      �EMBED Unknown���











Note.- The zone coordinate m is not an integer value here.





g)	The decoded position longitude, Rlon�EMBED Equation.2���, is then computed from the values of m, X�EMBED Equation.2���Z �EMBED Equation.2��� , and (lon�EMBED Equation.2���, using the equation:


�EMBED Equation.2���
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h)	A search is now performed ±l (lon�EMBED Unknown��� step to find the appropriate longitude to return.





If Rlon�EMBED Unknown��� < Ion�EMBED Equation.2���, recalculate values of Rlon as





Rlon = Rlon�EMBED Unknown��� + (k * (lon�EMBED Unknown���/4)


for k = 1 through 4. Return the value of Rlon closest to lon�EMBED Equation.2��� as the decoded position longitude.


Else, if Rlon�EMBED Unknown��� > lon�EMBED Equation.2���, recalculate values of Rlon as


Rlon = Rlon�EMBED Unknown��� - (k * (lon�EMBED Unknown���/4)


for k = I through 4. Return the value of Rlon closest to Ion�EMBED Equation.2��� as the decoded position longitude.





GLOBALLY UNAMBIGUOUS


POSITION DECODING PROCESS





2.27	The CPR algorithm utilizes one even-panty time encoded airborne format position report (denoted XZ�EMBED Equation.2���,YZ�EMBED Equation.2���), together with one odd-parity time encoded airborne format position report (denoted XZ�EMBED Equation.2���,YZ�EMBED Equation.2���,), to regenerate the global geographic position latitude, Rlat, and longitude, Rlon.  The time between the even- and odd-parity encoded position reports should be no longer than 10 seconds.  This algorithm might be used to obtain globally unambiguous position reports for aircraft out of the range of ground sensors, whose position reports are coming via satellite data links.  It might also be applied to ensure that local positions are being correctly decoded over long ranges from the receiving sensor.





2.28	The CPR algorithm regenerates the geographic position from the encoded position reports by performing the following sequence of steps:





a)	Extend all the encoded 17-bit position encodings XZ�EMBED Equation.2���,YZ�EMBED Equation.2���,XZ�EMBED Equation.2���,YZ�EMBED Equation.2���to 19 bits by appending 2 low-


order zero bits to each position encoding.





b)	Compute (lat�EMBED Equation.2��� and (lat�EMBED Equation.2���, from the equation:


�EMBED Equation.2���


        c)    Compute the value of the even-parity time (i = 	0) latitude, Rlat�EMBED Equation.2���, from  (lat�EMBED Equation.2��� and YZ�EMBED Equation.2��� using the


               following equation for all values of the latitude	 zone coordinate j from -NZ through NZ.





	�EMBED Equation.2���





For each value of  j, the CPR algorithm computes the value the corresponding odd-paritv time (i = 1) 


decoded  latitude, Rlat�EMBED Equation.2���, from (lat�EMBED Equation.2���, and YZ�EMBED Equation.2���, for values of the latitude zone coordinate from j - 1 


through  j + 1 using the same equation. The absolute value of the difference between the decoded 


latitudes Rlat�EMBED Equation.2��� and Rlat�EMBED Equation.2���t is Computed for each value of j. The value of the latitude zone
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coordinate j that has the minimum absolute difference between the even- and odd-parity time decoded latitudes is selected as the decoded report latitude zone, and the values of Rlat�EMBED Equation.2��� and Rlat�EMBED Equation.2���, corresponding to the selected zone coordinate j are used in the further calculations.  The value of Rlat�EMBED Equation.2��� is returned as the decoded position latitude.





d)	Compute (lon�EMBED Equation.2��� and (lon�EMBED Equation.2���, from the values of Rlat�EMBED Equation.2��� and Rlat�EMBED Equation.2���, using, the following equation:








(lon�EMBED Equation.2���= �EMBED Equation.2��� �EMBED Equation.2���








The values of NL ( ) for the even- and odd-parity time values (denoted as NL �EMBED Equation.2���and NL�EMBED Equation.2���,) are retained for use in the next step of the algorithm.





e)	Compute the value of the even-parity time (i = 0) longitude, Rlon�EMBED Equation.2���, from (lon�EMBED Equation.2��� and XZ�EMBED Equation.2��� using the


following equation for values of the longitude zone coordinate m ranging from -NL�EMBED Equation.2���/2 to NL�EMBED Equation.2���/2.











Rlon�EMBED Equation.2���= �EMBED Equation.2���








For each value of m, the CPR algorithm computes the value of the corresponding odd-parity time (i = 1) decoded longitude, Rlon�EMBED Equation.2���, from (lon�EMBED Equation.2���, and XZ�EMBED Equation.2���, for values of the latitude zone coordinate ranging between -NL�EMBED Equation.2���/2 and NL�EMBED Equation.2���/2.  The absolute value of the difference between the decoded longitudes Rlon�EMBED Equation.2���and Rlon�EMBED Equation.2���, is computed for all values of the longitude zone coordinate in.  The value of the longitude zone coordinate in that has the minimum absolute difference between the even- and odd-parity time decoded longitudes is selected as the decoded report longitude zone, and the value of Rlon�EMBED Equation.2��� corresponding to the selected longitude zone coordinate in is returned as the decoded position longitude.





Note 1.- It is possible that no globally unambiguous longitude solution may be returned for certain very limited conditions.





Note 2.- The time difference limit of 10 seconds between the even- and odd-parity time position reports is determined from the size of the apparent positional jump in an erroneous zone. For the current parameter settings (NZ = 15), this jump is about 11 km (6 NM).  Hence, global decoding will be unambiguous if the distance an aircraft can fly in the time between the position reports is much smaller than 11 km (6 NM).  An aircraft capable of a speed of 1 850 km/h (1000 kt) will fly about 5.1 km (2.8 NM) in 10 seconds.  Therefore, the CPR algorithm will be able to unambiguously decode its position over a 10-second delay between position reports.





