NSTB

DATA FORMAT

(Updated November 2003)
This document describes the NSTB Data format for Test Bed Reference Station (TRS) and WAAS Reference Stations (WRS) data. The recorded data includes GPS measurements; ephemeris and almanac data; GEO measurement and WAAS broadcast data; as provided by the GPS receivers at the Reference sites.  

Data files are compressed using gnu-zip. After decompression, each file contains 24 hours of data from one receiver or weather station.  The file name has the following format.


Sss_Rrr_IIII_wwww_dd
Where:


Sss
TRS/WRS site name (Acy, And, Rir …)

      Rrr 
Receiver Type (For TRS only) 



(Ashtech,Millenium,Gsv,Trimble,Medl,Weather,OEM4,SQM)


IIII  
Receiver ID or Weather Station ID in Hexadecimal notation


wwww
The GPS week number +1024 (1107 is week 83 for example)


NN
The day of week (00 = Sunday, 01 = Monday….06 = Saturday)

Within each file “Sss_Rrr_IIII_www_dd” data is stored as NSTB TRS-ICD Type 1, 5, 10, 20, 30, 31, or 32 messages.  The format of each of these messages is described further in this document.

The data collection process adds a header to each message collected.

The header starts with a four (4)-byte synchronization framing sequence (0xFACEDEAD). It is followed by a two byte, big endian, unsigned short integer storing the GPS week of reception, followed by a four byte, big endian unsigned integer storing the GPS milliseconds in week time of reception. The NSTB-ICD message follows.

--------------------------+ -------------+ -------------------------------+------------------------------------------+--------------------------+

<  1><  2><  3><  4> | <  5><  6>  | <  7><  8><  9>< 10>     |< 10>< 11>< 12> ... <N-1><  N>  | <  1><  2><  3><  4> |

     0xFACEDEAD     | GPS Week  |  GPS RECEIVE TIME  |  NSTB-ICD Message (T1, T5 …) |      0xFACEDEAD     

                                   |                     |      (msec)                       |                                                       |

--------------------------+ -------------+ -------------------------------+------------------------------------------+--------------------------+

Data is collected and formatted on redundant UltraSparc workstations running SUN Solaris at the NSTB Master Station located at the FAA Technical Center.

All NSTB sites are posted daily on the FTP site. Only a few of the WAAS sites are posted daily on the site.If you are interested by other sites, or have any questions please contact Bill Wanner at 609-485-5514 or Nathan Vary at 609-485-5881.

The list of sites, receiver ids and surveys is available in the file: nstb.cfg
MESSAGE TYPE 1 - SATELLITE TRACKING DATA

The receivers provide single frequency or dual frequency satellite tracking data.  This data is collected by the TRS software and formatted into a Type 1 message.  The message type 1 shall only be sent when tracking data is available.

The message includes a header, a block of bytes for each satellite tracked (dual or single frequency) and a CCITT CRC checksum.  The fields of the header provide the number of satellites tracked within dual frequency and/or single frequency channels. Also include in the header block is a “TRS Epoch Counter”, or program sequence number.  This Epoch Counter is a 16-bit unsigned integer that increments with each Message Type 1 creation and transmission; the sequence number is reinitialized after the maximum value of 65535.

Byte Order for multi-bytes fields for all NSTB messages is “Little Endian”. (Less Significant Bytes first).

Ex: TRS Epoch Counter

Value (Decimal):  4660     Value (Hex): 1234

Fields:  

Byte 10 = 0x34

Byte 11 = 0x12

Flags:

Bit #   :  31--------------------------------------------------0

32 bits:   1010 1011 1100 1101 1110 1111 0001 0010

Hex    :   AB              CD            EF            12

Byte 15 : 0x12

Byte 16 : 0xEF

Byte 17: 0xCD

Byte 18: 0xAB

Sign Convention: When the Carrier Range is increasing; the Doppler is positive and the Carrier Phase is increasing. 

The satellite status field is the same for a dual frequency channel, a single frequency GPS or a single frequency GEO channel.  Therefore, some of the flags may not be applicable.  In the case a bit flag is not applicable, its value should be set to one (1).  For example:

· A dual frequency channel (GPS L1/L2) : bit 15 is not applicable,

· A single frequency channel (GPS L1) : bits 1,5,6,7,9,11,12,13,15 are not applicable,

· A single frequency channel (GEO L) : bits 1,5,6,7,9,11,12,13 are not applicable,

· The distinction between a GPS and a GEO is done according to the PRN number.

The total length of the message depends on the number of tracked satellites,

Overhead (header + checksum) = 15 bytes.

Average length (8 dual frequency channels) = 407 bytes.

	BYTE
	DESCRIPTION
	Size

Bytes
	Data type

	1
	Message type = 1
	1
	U Char

	2-3
	Receiver ID 
	2
	U Short

	 4-5
	Time of Validity - GPS Week
	2
	U Short

	 6-9
	Time of Validity - milliseconds
	4
	U Long

	10-11
	TRS Epoch Counter
	2
	U Short

	12
	Number of dual frequency channels
	1
	U Char

	13
	Number of single frequency channels
	1
	U Char

	
	
	
	

	
	Dual frequency channels data:  49 bytes/channel
	
	

	
	Repeated for each dual frequency channel
	
	

	
	
	
	

	14
	Satellite PRN number
	1
	U Char

	 15-18
	Satellite status flags (see bit field table next page)
	4
	U Long

	19-26
	L1 Pseudo-Range (PR1) (meters)
	8
	Double

	27-34
	L1 carrier range (meters)
	8
	Double

	35-42
	L2 carrier range (meters)
	8
	Double

	43-46
	L1/L2 differential group delay (PR2-PR1) (meters)
	4
	Float

	47-50
	L1 Doppler (DL1) (m/s)
	4
	Float

	 51-54
	L2 Doppler (DL2) (m/s)
	4
	Float

	55-58
	L1 signal-to-noise ratio SNRL1 (dB-Hz)
	4
	Float

	59-62
	L2 signal-to-noise ratio SNRL2 (dB-Hz)
	4
	Float

	
	
	
	

	
	Single frequency channels data:  29 bytes / channel
	
	

	
	Repeated for each single frequency channel
	
	

	n+
	
	
	

	1
	Satellite PRN number
	1
	U Char

	2-5
	Satellite status flags ( see bit field table )
	4
	U Long

	6-13
	L1 Pseudo-Range (PR1) (meters)
	8
	Double

	14-21
	L1 carrier range (meters)
	8
	Double

	22-25
	L1 Doppler (DL1)* (m/s)
	4
	Float

	26-29
	L1 signal-to-noise ratio SNRL1 (dB-Hz)
	4
	Float

	
	
	
	

	2 last
	Checksum calculated on previous bytes - CCITT CRC
	2
	Short


table 1: message type 1
The satellite status flags field is described in the following table :

	Bit
	Description
	Value

	0
	L1 Tracking mode
	1 = P-code / 0 = C/A code

	1
	L2 Tracking mode
	1 = P-code / 0 = codeless

	2,3,4
	L1 Cycle slip counter
	0 to 7

	5,6,7
	L2 Cycle slip counter
	0 to 7

	8
	L1 Half Cycle Added
	1 = Half cycle added / 0 = no half cycle added

	9
	L2 Half Cycle Added
	1 = Half cycle added / 0 = no half cycle added

	10
	GPS L1 or GEO L Pseudo-range Reasonability Check

-
Shall be performed as described in ADD V.4 section 
2.2.2.1.1 for GPS L1 and 2.2.2.2.1 for GEO L-Band.
	1 = passes / 0 = fails

	11
	GPS L2 Pseudo-range Reasonability Check

-
Shall be performed as described in ADD V.4 section 
2.2.2.1.1
	1 = passes / 0 = fails

	12
	GPS L1 and L1-L2 Differential Phase Bias Breaks Reasonability Check

-
Shall be performed as described in ADD V.4 section 
2.2.2.1.2
	1 = passes / 0 = fails

	13
	GPS differential Code measurement Reasonability Check

-
Shall be performed as described in ADD V.4 section 
2.2.2.1.3
	1 = passes / 0 = fails

	14
	GPS L1 or GEO L Pseudo-range/Carrier Phase Consistency Check

-
Shall be performed as described in ADD V.4 section 
2.2.2.1.4
	1 = passes / 0 = fails

	15
	GEO Pseudo-range dynamic behavior check

-
Shall be performed as described in ADD V.4 section 
2.2.2.2.1
	1 = passes / 0 = fails

	16
	L1 Phase Valid

-
As collected from receivers internal status 
determination.
	1 = valid / 0 = invalid

	17
	L2 Phase Valid

-
As collected from receivers internal status 
determination.
	1 = valid / 0 = invalid

	18
	L1 Pseudo-range Valid

-
As collected from receivers internal status 
determination.
	1 = valid / 0 = invalid

	19
	L2 Pseudo-range Valid

-
As collected from receivers internal status 
determination.
	1 = valid / 0 = invalid

	20-31
	Reserved for GPS receiver specific tracking status
	Unused bits are null


table 2 : satellite status flags field

MESSAGE TYPE 5 - GEO / WAAS MESSAGE

This time critical message carries the WAAS message that has been broadcast by the GEO and has been received by a GEO-capable receiver.  The message includes a header, 1 or  more GEO satellite blocks of data and a CCITT CRC checksum.  The message type 5 shall only be sent when GEO information is available.  The header includes one field that defines the number of GEO satellites tracked.

The Time of Validity is obtained from the IFRAME message of the receiver.

Thirty-two (32) bytes are reserved to store the WAAS FEC Decoded 250 bits.  The last 6, unused bits shall be nulls.

The following table details the structure of the message and the data types for each field:

	BYTE
	DESCRIPTION
	Size

Bytes
	Data type

	1
	Message type = 5
	1
	U Char

	2-3
	Receiver ID
	2
	U Short

	 4-5
	Time of Validity - GPS Week
	2
	U Short

	 6-9
	Time of Validity - milliseconds
	4
	U Long

	10
	Number of GEO Satellites tracked (max. 2)
	1
	U Char

	
	
	
	

	
	First GEO satellite : 33 bytes
	
	

	
	GEO PRN number
	1
	U Char

	
	WAAS FEC Decoded bits (250 bits)
	32
	Char[32]

	
	
	
	

	
	Second GEO satellite (if tracked) : 33 bytes
	
	

	
	GEO PRN number
	1
	U Char

	
	WAAS FEC Decoded bits (250 bits)
	32
	Char[32]

	
	
	
	

	2 last
	Checksum calculated on previous bytes - CCITT CRC
	2
	Short


table 3 : message type 5
The total length of the message depends on the number of satellites tracked.

Overhead (header + checksum) = 12 bytes

Average length (1 GEO satellite) = 45 bytes

MESSAGE TYPE 20 - GPS EPHEMERAL DATA

The GPS receivers provide Ephemeris data to the TRS processor where this data is formatted into a message type 20.  This message contains the ephemeral data for only one tracked satellite.  Therefore, the TRS process sends one message per second until all known ephemeral data is sent.  A message type 20 is sent every 30 sec for each tracked satellite. If “bad health” occurs for a satellite, the ephemeris for that satellite is sent next.

The message includes a header, a block of ephemeral data and a CCITT CRC checksum.  The “Time of Validity” fields shall contain the same values as the “Time of Validity” of the last message type 1 sent.

The ephemeral information in message type 20 shall use the same data scaling and resolution as defined in section 2.4 of the GPS-Standard Positioning Service Signal Specification document.

Overhead (header + Checksum) = 11 bytes

Length of the message type 20 = 77 bytes 

	BYTE
	DESCRIPTION
	Size Bytes
	Data type

	1
	Message type = 20
	1
	U Char

	2-3
	Receiver ID
	2
	U Short

	 4-5
	Time of Validity - GPS Week
	2
	U Short

	 6-9
	Time of Validity - milliseconds
	4
	U Long

	
	
	
	

	
	Ephemeris Data for one satellite: 
	
	

	
	
	
	

	10
	Satellite PRN number
	1
	U Char

	11-14
	Time navigation message was received (Absolute GPS time in seconds of week)
	4
	U Long

	15
	URA User range accuracy (see note 1)
	1
	U Char

	16
	SV Health Satellite health (discrete)
	1
	U Char

	17-18
	IODC Issue of Data, Clock (see note 2)
	2
	U Short

	19
	TGD Estimated group delay differential ( sec )
	1
	Char

	20-21
	toc Clock data reference time ( sec )
	2
	U Short

	22
	af2 Clock data coefficient (sec/sec2)
	1
	Char

	23-24
	af1 Clock data coefficient (sec/sec)
	2 
	Short

	25-28
	af0 Clock data coefficient (sec)
	4
	Long

	29-32
	M0 Mean anomaly at reference time (semi-circles)
	4
	Long

	33-34
	(n  Mean motion difference from computed value (semi-circles/sec)
	2 
	Short

	35-38
	e Eccentricity (dimensionless)
	4
	U Long

	39-42
	(A)1/2 Square root of semi-major axis (meters1/2)
	4
	U Long

	43-46
	(OMEGA)0 Longitude of ascending node of orbit plane at Weekly epoch (semi-circles)
	4
	Long

	47-50
	I0 Inclination angle at reference time (semi-circles)
	4
	Long

	51-54
	( Argument of perigee (semi-circles)
	4
	Long

	55-58
	OMEGADOT  Rate of right ascension (semi-circles/sec)
	4
	Long

	59-60
	IDOT Rate of inclination angle (semi-circles/sec)
	2 
	Short

	61-62
	Cuc  Amplitude of cosine harmonic correction term to argument of latitude (rad)
	2 
	Short

	63-64
	Cus  Amplitude of sine harmonic correction term to argument of latitude (rad)
	2 
	Short

	65-66
	Crc  Amplitude of cosine harmonic correction term to orbit radius (meters)
	2
	Short

	67-68
	Crs  Amplitude of sine harmonic correction term to orbit radius (meters)
	2
	Short

	69-70
	Cic  Amplitude of cosine harmonic correction term to angle of inclination (rad)
	2 
	Short

	71-72
	Cis  Amplitude of sine harmonic correction term to angle of inclination (rad)
	2 
	Short

	73-74
	toe  Reference time Ephemeris (sec)
	2
	U Short

	75
	IODE Issue of data Ephemeris (see note 3)
	1
	U Char

	
	
	
	

	76-77
	Checksum CCITT CRC
	2
	Short


parameter
# of bits
scale
range **
units
Week Number
10
1

Week

URA
4


see note 1
SV Health
6
1

discrete

TGD
8 *
2-31

sec

IODC
10


see note 2
toc
16
24
604,784
sec

af2
8 *
2-55

sec/sec2
af1
16 *
2-43

sec/sec

af0
22 *
2-31

sec

M0
32 *
2-31

semi-circles

(n
16 *
2-43

semi-circles/sec

e
32
2-33
0.03
dimensionless

(A)1/2
32
2-19

meters1/2
(OMEGA)0
32 *
2-31

semi-circles

i0
32 *
2-31

semi-circles

(
32 *
2-31

semi-circles

OMEGADOT
24 *
2-43

semi-circles/sec

IDOT
14 *
2-43

semi-circles/sec

Cuc
16 *
2-29

radians

Cus
16 *
2-29

radians

Crc
16 *
2-5

meters

Crs
16 *
2-5

meters

Cic
16 *
2-29

radians

Cis
16 *
2-29

radians

toe
16
24
604,784
seconds

IODE
8

see note 3
*
Parameters so indicated are two's complement, with the sign bit (+ or -) occupying the MSB.

**
Unless otherwise indicated in this column, effective range is the maximum range attainable 
with indicated bit allocation and scale factor.

note 1:
The URA reported in the navigation message will correspond to the maximum value anticipated during each subframe fit interval with uniform SA levels invoked.  Referring to the decimal equivalent of the transmitted four-bit binary number as N; with N a positive integer in the range of 0 through 15; the accuracy value is defined to mean "no better than X meters", in accordance with the following relationships:


(  If the value of N is 6 or less, X = 2(1+N/2),


(  If the value of N is 6 or more, but less than 15, X = 2(N-2),


(  N = 15 will indicate the absence of an accuracy prediction and will advise the SPS user to use that satellite at the user’s own risk,


For N = 1, 3 and 5; X is rounded to 2.8, 5.7 and 11.3 meters respectively; the above relationships yield integer values of X for all other values of N.  Using these values of X the user may utilize a look-up table approach for interpreting the URA message.

note 2:
The IODC indicates the issue number of the data set and thereby provides the user with a convenient means of detecting any change in the correction parameters.  The transmitted IODC will be different from any value transmitted by the satellite during the preceding seven days.

note 3:
The IODE is provided in both subframes 2 and 3 for the purpose of comparison with the 8 LSBs of the IODC term in subframe 1.  Whenever these three terms do not match, a data set cutover has occurred and new data must be collected.  The transmitted IODE will be different from any value transmitted by the satellite during the preceding six hours

MESSAGE TYPE 30 - KLOBUCHAR DATA

The TRS station shall provide GPS broadcast Klobuchar single frequency Ionosphere model parameters to the TMS.  This data is formatted into a type 30 message.  This message contains the Klobuchar model parameters common to all GPS satellites.  Therefore the TRS sends this message to the TMS at the slow rate and polls the receiver for this information at a similar rate.

The message includes a header, the block of Klobuchar data and a CCITT CRC checksum.  The “Time of Validity” fields shall contain the same values as the “Time of Validity” of the last message type 1 sent.

The Klobuchar information in message type 30 shall use the same data scaling and resolution as defined in section 2.4.5.6 of the GPS-Standard Positioning Service Signal Specification document.

The following table details the structure of the message and the data size for each field:

	BYTE
	DESCRIPTION
	Size Bytes
	Data type

	1
	Message type = 30
	1
	U Char

	2-3
	Receiver ID
	2
	U Short

	4-5
	Time of Validity - GPS Week
	2
	U Short

	6-9
	Time of Validity - milliseconds
	4
	U Long

	
	
	
	

	
	Klobuchar Data
	
	

	
	
	
	

	10-13
	Time Klobuchar data was received  (Absolute GPS time in sec)
	4
	U Long

	14
	Alpha 0 Amplitude coefficient ( sec)
	1
	Char

	15
	Alpha 1 Amplitude coefficient ( sec/semi-circle)
	1
	Char

	16
	Alpha 2 Amplitude coefficient ( sec/semi-circle^2)
	1
	Char

	17
	Alpha 3 Amplitude coefficient ( sec/semi-circle^3)
	1
	Char

	18
	Beta 0 Period coefficient ( sec)
	1
	Char

	19
	Beta 1 Period coefficient ( sec/semi-circle)
	1
	Char

	20
	Beta 2 Period coefficient ( sec/semi-circle^2)
	1
	Char

	21
	Beta 3 Period coefficient ( sec/semi-circle^3)
	1
	Char

	
	
	
	

	 22-23
	Checksum calculated on previous bytes - CCITT CRC
	2
	Short


table 4 : message type 30

Overhead (Header + checksum) = 11 bytes

Length of message type 30 = 23 bytes
parameter
# of bits
scale
range **
units

0
8 *
2-30

seconds

1
8 *
2-27

sec/semi-circle

2
8 *
2-24

sec/semi-circle2
3
8 *
2-24

sec/semi-circle3
0
8 *
211

seconds

1
8 *
214

sec/semi-circle

2
8 *
216

sec/semi-circle2
3
8 *
216

sec/semi-circle3

*
Parameters so indicated are two's compliment, with the sign bit (+ or -) occupying the MSB

** Unless otherwise indicated in this column, effective range is the maximum range attainable with indicated bit allocation and scale factor.

MESSAGE TYPE 31 - UTC DATA

The TRS station shall provide GPS broadcast UTC offsets and leap second data to the TMS.  This data is formatted into a message type 31.  This message contains the offset of GPS time from UTC (USNO) common to all GPS satellites.  Therefore the TRS transmits this message to the TMS at a slow rate and polls the receiver for this information at a similar rate.

The message includes a header, the block of UTC data and a CCITT CRC checksum.  The “Time of Validity” fields shall contain the same values as the “Time of Validity” of the last message type 1 sent.

The UTC information in message type 31 shall use the same data scaling and resolution as defined in section 2.4.5.5 of the GPS-Standard Positioning Service Signal Specification document.

The following table details the structure of the message and the data size for each field:

	BYTE
	DESCRIPTION
	Size Bytes
	Data Type

	1
	Message type = 31
	1
	U Char

	2-3
	Receiver ID
	2
	U Short

	4-5
	Time of Validity - GPS Week
	2
	U Short

	6-9
	Time of Validity - milliseconds
	4
	U Long

	
	
	
	

	
	UTC Data:
	
	

	
	
	
	

	10-13
	A0 UTC offset coefficient (sec)
	4
	Long

	14-17
	A1 UTC offset coefficient (sec/sec)
	4
	Long

	18
	DtLS Delta time due to leap seconds (sec)
	1
	U Char

	19
	tot Reference time for UTC data (sec)
	1
	U Char

	20
	WNt UTC reference week number (weeks)
	1
	U Char

	21
	WNLSF Effectivity reference week number (weeks)
	1
	U Char

	22
	DN Effectivity reference day number (days)
	1
	U Char

	23
	DtLSF Delta time at leap second event (sec)
	1
	Char

	
	
	
	

	24-25
	Checksum CCITT CRC
	2
	Short


table 5 : message type 31

Overhead (Header + Checksum) = 11 bytes

Length of message 31 = 25 bytes

parameter
# of bits
scale
range ***
units
A0
32 *
2-30

seconds

A1
24 *
2-50

seconds/sec

tLS
8
1

seconds

tot
8
212
602,122
seconds

WNt
8
1

weeks

WNLSF 
8
1

weeks

DN
8 **
1
7
days

tLSF
8
1

seconds

*
Parameters so indicated are two's compliment, with the sign bit (+ or -) occupying the MSB.

**
Right Justified.

***
Unless otherwise indicated in this column, effective range is the maximum range attainable with indicated bit allocation and scale factor.

MESSAGE TYPE 32 - ALMANAC DATA

The TRS station shall provide GPS broadcast almanac data for all of the satellites in the GPS constellation.  The data for all satellites is formatted into a message type 32. This message contains the almanac data for all operational GPS satellites.  Therefore the TRS sends this message to the TMS at a slow rate and polls the receiver for this information at a similar rate.

NOTE: ICD was amended. There is now one message type 32 sent for each satellite. Byte 12 is now always set to 1.

The message includes a header, the block of Almanac data and a CCITT CRC checksum.  The “Time of Validity” fields shall contain the same values as the “Time of Validity” of the last message type 1 sent.

The Almanac information in message type 32 shall use the same data scaling and resolution as defined in section 2.4.5.2.2 of the GPS-Standard Positioning Service Signal Specification document.

	BYTE
	DESCRIPTION
	Size Bytes
	Data Type

	1
	Message type = 32
	1
	U Char

	2-3
	Receiver ID
	2
	U Short

	4-5
	Time of Validity - GPS Week
	2
	U Short

	6-9
	Time of Validity - milliseconds
	4
	U Long

	10
	DWN Difference between GPS Week  and Week of almanac
	1
	Char

	11
	toa Time of almanac
	1
	U Char

	12
	Number of satellites in the record
	1
	U Char

	
	
	
	

	
	Almanac Data:  28 Bytes * number of SVs
	
	

	
	Block repeated for each satellite in the record
	
	

	n+
	
	
	

	1
	Satellite PRN number
	1
	U Char

	2-3
	e eccentricity
	2
	U Short

	4-5
	di Delta inclination from 0.3 (semi-circles)
	2
	Short

	6-7
	OMEGADOT Rate of right ascension (semi-circles/sec)
	2
	Short

	8-11
	(A)1/2 Square root of semi-major axis (meters1/2)
	4
	U Long

	12-15
	(OMEGA)0 Longitude of ascending node (semi-circles)
	4
	Long

	16-19
	w Argument of perigee (semi-circles)
	4
	Long

	20-23
	M0 Mean anomaly at reference time (semi-circles)
	4
	Long

	24-25
	af0 Clock data coefficient (seconds)
	2
	Short

	26-27
	af1 Clock data coefficient (seconds/sec)
	2
	Short

	28
	Health
	1
	U Char

	
	
	
	

	2 last
	Checksum CCITT CRC
	2
	Short


table 6 : message type 32

parameter
# of bits
scale
range **
units
WN
8 *
1

weeks

toa
8
212
602,112
seconds

Num satellites
8
1
32
dimensionless

e
16
2-21

dimensionless

i
16 *
2-19

semi-circles

OMEGADOT
16 *
2-38

semi-circles/sec

(A)1/2
24
2-11

meters1/2
 (OMEGA)0
24 *
2-23

semi-circles


24 *
2-23

semi-circles

M0
24 *
2-23

semi-circles

af0
11 *
2-20

seconds

af1
11 *
2-38

seconds/sec

Health



see Note 1

*
Parameters so indicated are two's compliment, with the sign bit (+ or -) occupying the MSB.

**
Unless otherwise indicated in this column, effective range is the maximum range attainable with indicated bit allocation and scale factor.

Note 1:  This eight bit word matches bits 17 through 24 of word five in the 32 pages which contain almanac data for the individual satellites.

MESSAGE TYPE 40: TMS-to-TUS MESSAGE 

This message carries the WAAS message that has been formatted by the TMS for broadcast by the GEO. The TMS shall send three (3) consecutive Message Type 40s each second (each containing an identical WAAS message) to each available TUS. The message sequence counter shall be set to zero, one, and two for each of these messages, respectively, to differentiate between them.   The TMS Availability flag contained in the Message Type 40 is configured by operator command and shall default to not available.  Each Message Type 40 message includes a header, the 250 bit WAAS message, and a CCITT CRC checksum. 

NOTE: Message Type 40 is only sent once for VHF operations
The Time of Validity represents the time the first bit of the WAAS message should be transmitted from the GEO satellite (top of a GPS second). Thirty-two (32) bytes are used to store the 250 bit WAAS message. The last six (6) unused bits shall be null.  The Message Type 40 shall arrive at the TUS at least 400 msec prior to the time of validity of the WAAS message.

The following table details the structure of message and the data sizes reserved for each field:

	BYTE
	DESCRIPTION
	Size

bytes
	Data type

	1
	Message type = 40
	1
	U Char

	2-3
	TMS ID 
	2
	U Short

	4-5
	Time of Validity - GPS week
	2
	U Short

	6-9
	Time of Validity - milliseconds (time of week)
	4
	U Long

	
	
	
	

	10
	Message sequence counter (0, 1, or 2)
	1
	U Char

	11
	GEO PRN
	1
	U Char

	12-13
	TMS status flags (see bit field table)
	2
	U Short

	14-45
	WAAS message (250 bits)
	32
	Char

	46-47
	Checksum calculated on previous bytes - CCITT CRC
	2
	Short


table 7 : Message Type 40

The status bit field for Message Type 40 is described in the following table :

	Bit
	Description
	Value

	0
	Availability Designation
	1 = available for broadcast

0 = unavailable for broadcast

	1-15
	Reserved
	unused bits are null


Table 8 : Message Type 40 TMS Status Bit Fields

Overhead (header + checksum): 11 bytes

Total length of the message: 47 bytes

MESSAGE TYPE 41 : TUS-to-TMS MESSAGE

NOTE: Message Type 41 is not implemented for VHF operations

Message Type 41 returns from the TUS to the TMS, a copy of the WAAS message broadcasted by the GEO, along with satellite tracking and status data. The satellite tracking data is from the GSV receiver that tracks both GPS satellites and the GEO. The TUS shall send a Message Type 41 to each TMS every second. Each message includes a header, message timing information, GEO tracking data, the FEC decoded WAAS message broadcast by the GEO, GPS tracking data, and a CCITT CRC checksum.

The Time-of-Validity represents the time that the first bit of the WAAS message is broadcast from the GEO. The TMS ID and message sequence counter from the Message Type 40 used for the WAAS message broadcast to the GEO are included in this message.

Thirty-two (32) bytes are used to store the FEC decoded WAAS message (250 bits). The last 6 unused bits shall be null.

	BYTE
	DESCRIPTION
	Size

bytes
	Data type

	1
	Message type = 41
	1
	U Char

	2-3
	TUS ID 
	2
	U Short

	4-5
	Time of Validity - GPS week
	2
	U Short

	6-9
	Time of Validity - milliseconds (time of week)
	4
	U Long

	
	
	
	

	10-11
	TUS status flags (see bit field table below)
	2
	U Short

	12
	Number of TMSs sending Message Type 40s
	1
	U Char

	13
	Number of GPS satellites tracked
	1
	U Char

	14-17
	Time first bit of WAAS message broadcast to GEO - milliseconds (time of week)
	4
	U Long

	18-21
	Time last bit of WAAS message received from GEO - milliseconds (time of week)
	4
	U Long

	
	
	
	

	
	GEO satellite data: 77 bytes
	
	

	22
	GEO PRN number
	1
	U Char

	23-54
	FEC decoded WAAS message received from GEO (250 bits)
	32
	Char

	55-62
	L1 pseudorange (meters)
	8 
	Double

	63-70
	L1 carrier range (meters)
	8
	Double

	71-74
	L1 Doppler (m/s) (Hz?)
	4
	Float

	75-78
	L1 frequency correction (meters/sec) (Hz?)
	4
	Float

	79-82
	L1 signal-to-noise ratio (SNR) (dB-Hz)
	4
	Float

	83-90
	Computed geometric range (meters)
	8
	Double

	91-94
	Computed ionospheric delay (meters)
	4
	Float

	95-98
	Computed tropospheric delay (meters)
	4
	Float

	
	
	
	

	
	TMS data: 9 bytes
	
	

	n+
	Repeated for each TMS
	
	

	1-2
	TMS ID
	2
	U Short

	3-4
	TMS status flags (see bit field table)
	2
	U Short

	5
	Message sequence counter of Message Type 40 (0, 1, or 2)
	1
	U Char

	6-9
	Time Message Type 40 was received from TMS - milliseconds (time of week)
	4
	U Long

	
	
	
	

	
	GPS satellite data: 29 bytes/channel
	
	

	n+
	Repeated for each GPS satellite tracked
	
	

	1
	Satellite PRN number
	1
	U Char

	2-5
	Satellite status flags (see bit field table )
	4
	U Long

	6-13
	L1 pseudorange (meters)
	8
	Double

	14-21
	L1 carrier range (meters)
	8
	Double

	22-25
	L1 Doppler (m/s) (Hz?)
	4
	Float

	26-29
	L1 signal-to-noise ratio (dB-Hz)
	4
	Float

	
	
	
	

	last 2
	Checksum calculated on previous bytes - CCITT CRC
	2
	Short


Table 9 : Message Type 41

The TUS status flags field for Message Type 41 is described in the following table :

	Bit
	Description
	Value

	0
	GEO Receiver subsystem status
	1 = OK; 0 = Bad

	1
	7201 subsystem status
	1 = OK; 0 = Bad

	2
	GPS subsystem status
	1 = OK; 0 = Bad

	3-15
	Reserved
	unused bits are null


table 10 : Message Type 41 TUS Status Bit Field

The TMS status flags field for Message Type 41 is described in the following table :

	Bit
	Description
	Value

	0
	Availability Designation
	1 = available for broadcast

0 = unavailable for broadcast

	1
	Primary Status
	1 = selected as primary

0 = selected as backup

	2-15
	Reserved
	unused bits are null


Table 11: Message Type 41 TMS Status Bit Field

The GPS satellite status flags for Message Type 41 is described in the following table:

	Bit
	Description
	Value

	0
	L1 Tracking mode
	1 = P-code 0 = C/A code

	1-3
	L1 Cycle slip counter
	0 to 7

	4-15
	Reserved
	unused bits are null

	16-31
	Reserved for GPS receiver specific tracking status
	unused bits are null


table  12 : Message Type 41 GPS Satellite Status Bit Field

Bits 16-31 are reserved for bits 0-15 of the GPSCard Tracking Status flag present in the Channel Range Measurement message of the NovAtel receiver.

The total length of the message depends on the number of GPS satellites tracked.


Overhead (header + checksum): 11 bytes


Maximum length (11 GPS satellites, 4 TMSs): 455 bytes


Average length (8 GPS satellites, 2 TMSs): 350 bytes

MESSAGE TYPE 50: SQM DATA MESSAGE

This message carries the Signal Quality Monitoring Data as provided by Novatel OEM4 receivers (with the right hardware and software configuration). One message is sent every second grouping all PRNs available and contains the SVM data for these satellites. Each Message Type 50 message includes a header, the SVM data and a CCITT CRC checksum. 

The message is sent when data for the next second has been received from the receiver for at least one PRN.

The following table details the structure of message and the data sizes reserved for each field:

	BYTE
	DESCRIPTION
	Size

bytes
	Data type

	1
	Message type = 50
	1
	U Char

	2-3
	RID (Receiver ID)
	2
	U Short

	4-5
	Time of Validity - GPS week
	2
	U Short

	6-9
	Time of Validity - milliseconds (time of week)
	4
	U Long

	10
	Number of PRNs Following
	1
	U Char

	
	
	
	

	
	Next Block repeated For Each PRN
	
	

	11
	PRN
	1
	U Char

	12
	Number of Channels  N for that PRN
	1
	U Char

	
	Next 6 lines repeated N times, 1 for each channel
	
	

	13-16
	Accumulation 1 (A1sum)
	4
	U Long

	17-20
	Accumulation 2 (A1sum)
	4
	U Long

	21-24
	Accumulation 3 (A1sum)
	4
	U Long

	25-28
	Accumulation 4 (A1sum)
	4
	U Long

	29-32
	Accumulation 5 (A1sum)
	4
	U Long

	33
	Sync Flag  (0 = In Sync 1= Not sync)
	1
	U Char

	
	
	
	

	……
	…………………
	
	

	 
	Checksum calculated on previous bytes - CCITT CRC
	2
	Short


table 11 : Message Type 50

Overhead (header + checksum): 12 bytes

Total length of the message: 

Max Length (?): 14 PRN, 2 Channels : 12 + 14*(2+2*21) = 628

MESSAGE TYPE 51: SQM INFO MESSAGE 

This message carries the Signal Quality Monitoring INFO as provided by Novatel OEM4 receivers (with the right hardware and software configuration). The message rate is set in the TRS software configuration file. All messages provided by the receiver are combined into one type 51 message. The message has a number of channels and for each channel, up to 2 set of channel data. The Time of validity is the taken from the last Type 1 sent. Each Message Type 51 message includes a header, the SVM info and a CCITT CRC checksum. 

The following table details the structure of message and the data sizes reserved for each field:

	BYTE
	DESCRIPTION
	Size

bytes
	Data type

	1
	Message type = 51
	1
	U Char

	2-3
	RID (Receiver ID)
	2
	U Short

	4-5
	Time of Validity - GPS week
	2
	U Short

	6-9
	Time of Validity - milliseconds (time of week)
	4
	U Long

	10
	Receiver Configuration  0=Narrow  1= UltraNarrow
	1
	U Char

	11
	Number of Channels N
	1
	U Char

	
	
	
	

	
	Repeated for each channel  (up to N)
	
	

	1
	Channel Number
	1
	U Char

	2-5
	Accumulation Time in milliseconds
	4
	U Long

	6
	Number of Internal Channels for that Channel (Novatel calls everything a channel!) n   (n<=2)
	1
	U Char

	
	
	
	

	
	Next block repeated n times, 1 for each internal channel
	
	

	
	
	
	

	1-4
	A1xval Correlator spacing, in C/A chips from punctual, for accumulation 1   *
	1
	Char

	5-8
	A2xval Correlator spacing for accumulation 2    *
	1
	Char

	9-12
	A3xval Correlator spacing for accumulation 3    *
	1
	Char

	13-16
	A4xval Correlator spacing for accumulation 4    *
	1
	Char

	17-20
	A5xval Correlator spacing for accumulation 5    *
	1
	Char

	21-22
	Status A
	1
	U Char

	23-24
	Status B
	1
	U Char

	
	
	
	

	
	
	
	

	
	
	
	

	……
	…………………
	
	

	
	Checksum calculated on previous bytes – CCITT CRC
	2
	Short


table 12 : Message Type 51

Overhead (header + checksum): 13 bytes

Total length of the message (21 channels / 2 internal channels each): 13 + 21 * (6 + (2 * 7)) = 433

Status A:

Correlation Accumulation Types for A1 through A5

0x00 = All correlators correlating on Inphase samples

0x01 = A1 correlating on Quadrature samples

0x02 = A2 correlating on Quadrature samples

0x04 = A3 correlating on Quadrature samples

0x08 = A4 correlating on Quadrature samples

0x10 = A5 correlating on Quadrature samples

Status B:

Correlation Accumulation Types for A1 through A5

0x00 = All correlators correlating on full Early or Late samples

0x01 = A1 correlating on E-L samples

0x02 = A2 correlating on E-L samples

0x04 = A3 correlating on E-L samples

0x08 = A4 correlating on E-L samples

0x10 = A5 correlating on E-L samples

* Correlator spacing have been scaled by 0.025575

Ex: Char = -3     -> (Float) Correlator spacing = -3 * 0.025575 = -0.076725

MESSAGE TYPE 100 – WAAS Subsystem Status DATA

The WEI provides subsystem status data.  This data is collected by the WEI server software and formatted into a Type 100 message.  The message type 100 shall be sent when WEI is providing data on the network.

The message includes a header, a block of bytes for each WAAS subsystem (status information) and a CCITT CRC checksum.  The fields of the header provide the number of WAAS subsystem status messages provided by the WEI.

The following table details the structure of message and the data sizes reserved the for each field:

	BYTE
	DESCRIPTION
	Size

bytes
	Data type

	1
	Message type = 100
	1
	U Char

	2-3
	WEI ID 
	2
	U Short

	 4-5
	Time of Validity - GPS Week
	2
	U Short

	 6-9
	Time of Validity – milliseconds
	4
	U Long

	10
	Number of WAAS subsystem status messages
	1
	U Char

	
	
	
	

	
	Status data :  9 bytes/subsystem
	
	

	
	Repeated for each WAAS subsystem
	
	

	
	
	
	

	11-12
	WAAS subsystem ID number
	2
	U Char

	 13
	Network Status
	1
	U Char

	14
	Master Status Indication (mode)
	1
	U Char

	15
	Composite Fault Code Status
	1
	U Char

	16
	43P Status
	1
	U Char

	17
	Receiver Status
	1
	U Char

	18
	Cesium Status
	1
	U Char

	19
	Power Control Unit (PCU) Status
	1
	U Char

	
	
	
	

	
	
	
	

	2 last
	Checksum calculated on previous bytes - CCITT CRC
	2
	Short


table 13 : message type 100
The Network status field is described in the following table:

	Network Status Value
	Network Indication 

	0
	Network 1 and Network 2 status message received this epoch

	1
	Network 1 status message received this epoch

	2
	Network 2 status message received this epoch


The Master Status Indication field is described in the following table:

	Master Status Value
	Master Status Indication (mode)

	1
	Inactive

	2
	Startup

	3
	Maintenance

	4
	Verification

	5
	Normal

	6
	Faulted

	7
	Backup (GUS only)

	8
	Primary (GUS only)

	9
	No data reported


The Composite fault Code, 43P, Receiver, Cesium, and PCU status fields are described in the following table:

	Status Value
	Status Indication 

	0
	No error

	1
	Non-critical error

	2
	Critical error


