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User manual

Teseo VI and Teseo APP2—-NMEA specifications and commands

Introduction

The purpose of this document is to provide an overview of the various NMEA commands and messages for the
STMicroelectronics” GNSS systems. This document is relevant for the following baseband processors and related GNSS
software products. Any other specific constraints related to version of products and software are specified inside the document.
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1 Preface

Teseo VI and Teseo APP2 devices embed the Arm® Cortex®-M7.
For information on the Arm® Cortex®-M7, refer to the technical reference manuals, available from the
www.arm.com website.

Note: Arm, Cortex, and the Arm logo are registered trademarks of Arm Limited (or its subsidiaries) in the US and/or
elsewhere.

arm
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2 Communication interface

Communication between a host processor and the ST GNSS system can be established in different ways,
depending on the implementation of the baseband processor as a standalone unit or as an integrated subsystem
on a “System on chip”.

For simplicity reasons this document refers to “standalone processors” only and the interface described in the
examples is a UART.

All information contained in this document is related to the “NMEA port” of the baseband processor.
STMicroelectronics GNSS systems may contain an additional “Debug port” but the data exchanged on the
“Debug port” is not within the scope of this document.

2.1 Commands

A command is a defined data packet which is sent from a host processor to the GNSS-baseband controller to
control the GNSS system behavior. The regular structure of a command is:

command-ID, <parameters>*<checksum><cr><lf>

In order to receive the commands, the GNSS receiver is connected to the host processor via the NMEA port. The
user interaction can be achieved through the use of the Teseo-suite (the STMicroelectronics PC Windows
program available on st.com) that is connected to the appropriate COM port with settings in the table below.

Table 1. Default UART configuration

Parity bits m Data bits Hardware flow control
0 1 8

3000000 Enabled

The default NMEA baud rate value is automatically set at the system startup. It can be modified at system runtime
using the appropriate command.

Once the command is executed the device replies with messages according to what specified in this document,
after the message the command is sent back to the host as final confirmation of the execution. This functionality
can be configured according to what specified in the firmware configuration document.

Note: That checksum can be used in a command. It is not mandatory as the GNSS receiver can manage a command
with or without checksum.

Leading zero is mandatory if more than 1 digit is expected in a command field.

2.2 Messages

A message is a defined set of data sent from the GNSS system to a host processor using the same interface
which is used to transfer commands to the system. Messages may not be enabled by default but can be switched
on and off using a command at runtime. The basic structure of a message is:

message-1D, <parameters>*<checksum><cr><lf>

221 Standard NMEA messages

Standard NMEA messages are defined in the “NMEA 0183” standard, issued from the “National marine
electronics association”.

By default, standard NMEA messages are compliant with the “NMEA 0183” standard Rev. 4.11 dated November
2018.

To get an overview of the standard NMEA messages supported by ST's GNSS systems refer to
Section 4.1: Standard NMEA messages list in this document.

UM3407 - Rev 5 page 3/138



‘_ UM3407
,’ Communication interface

22.2 GNSS talker ID’s
Standard NMEA messages start with the “message-ID” with:

$<TalkerID>

Supported talker IDs are returned in the table below according to the NMEA revision:

Table 2. GNSS talker IDs

Positioning system “NMEA 0183” standard Rev. 4.11

Galileo GA
BeiDou GB
NavIC (IRNSS) al
GLONASS GL
Global navigation satellite system (GNSS) GN
GPS GP
QZSSs GQ
223 Proprietary messages

The STMicroelectronics Teseo GNSS system can provide additional messages with more detailed data content.
This is required to transmit GNSS and system information content which is not defined in the NMEA standard
output.

Proprietary messages from STMicroelectronics start with:

SPSTM...

To get an overview of the main proprietary messages defined by STMicroelectronics refer to Section 4.2: ST
NMEA messages list in this document.

Note: Other proprietary messages not defined in the list should not be considered being for ST internal usage only.
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3 Commands

3.1 Software command list
The table below summarizes all the commands supported by the ST NMEA layer:

Table 3. Commands

$PSTMINITGPS Initialize GPS position and time using UTC format
$SPSTMINITTIME Initialize GPS time using the UTC format
$PSTMCLREPHS Clear all ephemeris
$PSTMDUMPEPHEMS Dump ephemeris data
$PSTMEPHEM Load ephemeris data
$PSTMCLRALMS Clear all almanacs
$PSTMDUMPALMANAC Dump almanacs data
$PSTMALMANAC Load almanacs data
$PSTMCOLD Perform COLD start
$PSTMSRR Perform a reset of the GNSS receiver
$PSTMWARM Perform WARM start
$PSTMHOT Perform HOT start
$PSTMFORCESTANDBY Force system in standby
$PSTMHWSTANDBY Configure hardware standby
$PSTMGPSRESET Reset the GPS engine
$PSTMGPSSUSPEND Suspend GPS engine
$PSTMGPSRESTART Restart GPS engine
$PSTMENABLEPOSITIONHOLD Set status and position for the position hold feature.
$PSTMPPS Command interface for pulse per second management.
$PSTMDUMPIONO Get the iono packets for each constellation
$PSTMIONOPARAMS Save iono packet in NVM
$PSTMFEDUMP Get front-end register’s value
$PSTMDUMPGLONASSICB Get the current values of the GLONASS ICB tables
$PSTMGLONASSICB Save a specific GLONASS ICB table in NVM
$PSTMDUMPIFB Get the current IFB values
$PSTMSETCONSTMASK Set the GNSS constellation mask
$PSTMIFB Save a set of custom IFB(s) in NVM
$PSTMDUMPCHIPINFO Dump the CHIP ID, BCS version, DCF version and DCF value
$PSTMTRKJAMMER Test jammer presence
$PSTMGETSWVER Provide the GPS library version string
$PSTMNVMSWAP () Execute a bank swap on the NVM GPS backup memory
$PSTMSETTHTRK Configures the CNO and Angle elevation mask thresholds for tracking
$PSTMSETTHPOS Configures the CNO and angle elevation mask thresholds for positioning
$PSTMGETRTCTIME Get the current RTC time
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$PSTMNMA OSNMA parameters management
$PSTMNMAPK Set PEM encoded OSNMA ECDSA public key at the specified index
$PSTMNMASETMTR Set Merkle tree root
$PSTMNMAGETMTR Get Merkle tree root
$PSTMNMACLRMTR Clear Merkle tree root
$PSTMNMASETITN Set intermediate Merkle tree node
$PSTMNMAGETITN Get intermediate Merkle tree node
$PSTMNMACLRITN Clear intermediate Merkle tree node
$PSTMNMACLRAM Clear OSNMA alert message state
$PSTMNMACLRKROOT Clear OSNMA root key
$PSTMNMAGETDSM Get OSNMA DSM blocks
$PSTMNMASETDSM Set OSNMA DSM block
1. This command is supported only by platforms or system configurations where the GNSS backup memory is based on flash
NOR or SQI memories.
3.2 NMEA commands
3.21 $PSTMINITGPS

Initialize GPS position and time using the UTC format. This command must be issued after a cold reset or it fails.
The date issued with parameters day, month and year must be later than January 2020, this threshold can be
changed using the configuration options (see UM3428). It is necessary to perform a system reset or suspend/
restart to apply the position.

Synopsis:

$PSTMINITGPS, <Lat>,<LatRef>, <Lon>, <LonRef>,<Alt>,<Day>,<Month>, <Year>,<Hour>, <Minute>,<Second
>*<checksum><cr><1lf>

Arguments:

Table 4. $PSTMINITGPS field description

parmr | roma | i |

Lat DDMM.MMM Latitude (degree-minute.minute decimals)
LatRef ‘N or 'S’ Latitude direction (north or south)
Lon DDDMM.MMM Longitude (degree-miinute.minute decimals)
LonRef ‘E’or ‘W Longitude direction (east or west)
Alt dddddd — Decimal, 6 digits Altitude in meters (-1500 to 100000)
Day dd — Decimal, 2 digits Day of month (01 to 31)
Month mm — Decimal, 2 digits Month (01 to 12)
Year YYYY — Decimal, 4 digits Year (2020 - ...)
Hour HH — Decimal, 2 digits Hour (00 to 23)
Minute MM — Decimal, 2 digits Minute (00 to 59)
Second SS — Decimal, 2 digits Second (00 to 59)
Results:
. The position and time will be initialized
. The following message is output on NMEA communication channel:
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$PSTMINITGPSOK*<checksum><cr><1f> if success
$PSTMINITGPSERROR*<checksum><cr><1f> 1if no success

Example:
$PSTMINITGPS, 4811.365,N,01154.123,E,0530,23,02,2020,09,44,12

3.2.2 $PSTMINITTIME

Initialize GPS time using the UTC format. The date issued with parameters day, month and year must be later
than January 2020, this threshold can be changed using the configuration options (see UM3428).

Synopsis:

SPSTMINITTIME, <Day>,<Month>, <Year>,<Hour>, <Minute>,<Second>*<checksum><cr><1lf>

Arguments:

Table 5. $PSTMINITTIME field description

Day dd — Decimal, 2 digits Day of month (01 to 31)
Month mm — Decimal, 2 digits Month (01 to 12)
Year YYYY — Decimal, 4 digits Year (2020 - ...)
Hour HH — Decimal, 2 digits Hour (00 to 23)
Minute MM — Decimal, 2 digits Minute (00 to 59)
Second SS — Decimal, 2 digits Second (00 to 59)
Results:
. The position and time will be initialized
. The following message is output on NMEA communication channel:

$SPSTMINITTIMEOK*<checksum><cr><1f> if success
$SPSTMINITTIMEERROR*<checksum><cr><1f> if no success

Example:
$PSTMINITTIME, 23, 02, 2020, 09, 44, 12

3.2.3 $PSTMINITFRQ

Sets the initial search NCO frequency. The frequency error is the error perceived on a satellite, either generated
by doppler shift on the moving satellite, or the inherent oscillator error. The GNSS uses this error to determine
where to start searching for the first satellite.

The frequency needs only to be set to the nearest 1 kHz since the GNSS makes wide searches (up to 9 kHz)
when looking for the first satellite. An accurate measure of the centre frequency gives a short time to first fix.

If no frequency is set the GNSS uses the previous local oscillator offset stored in the backup memory. This is the
normal case.

The centre frequency should only need to be set in exceptional circumstances for example, if backup memory is
lost.

In case of successful operation, the new frequency is stored in the backup memory.
Synopsis:

SPSTMINITFRQ, <Frequency>*<checksum><cr><1lf>

UM3407 - Rev 5 page 7/138



m UM3407

Commands

Arguments:

Table 6. $PSTMINITFRQ field description

I T R

Frequency Decimal, 6 digits Day of month (-132000 to 132000)

Results:

. The NCO frequency is set.

. No message is sent as a reply.
Example:

SPSTMINITFRQ, 10*<checksum><cr><1lf>

3.24 $PSTMCLREPHS
Clear all ephemeris. This command erases all the ephemeris stored in the NVM backup memory.
Synopsis:

$PSTMCLREPHS*<checksum><cr><1f>

Arguments:

None.

Results:

. All ephemeris, stored in the nonvolatile backup memory (either backup SRAM or flash), will be deleted.
. No message is sent as a reply.

Example:

SPSTMCLREPHS*<checksum><cr><1f>

3.25 $PSTMDUMPEPHEMS
This command sends out all ephemeris stored in the backup memory.
Synopsis:

SPSTMDUMPEPHEMS *<checksum><cr><1f>

Arguments:
None.
Results:

$PSTMEPHEM,<sat_id>,<N>,<bytel>,m..,<byteN>*<checksum><cr><lf>

Where:

Table 7. $PSTMDUMPEPHEMS field description

sat_id Decimal, 2 digits Satellite number

N Decimal, 1 digit Number of the ephemeris data bytes
byte1 Hexadecimal, 2 digits First byte of the ephemeris data
byteN Hexadecimal, 2 digits The last byte of the ephemeris data

The N bytes that are in the message are the dump of a structure that contains all the information of the
ephemeris. Data structures per constellation are described in UM3397.
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3.2.7
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Example:

$PSTMDUMPEPHEMS<cr><1f>

$SPSTMEPHEM, 1, 64,0£06bc34bc345£5£5£84£f400deadff00£9£63c239£0a35£81400fbf£33420000ee632£27698ef
00lafa50dal6cfcfaz22e0b65a3e7a3cee27d700£7£ffc616fe03*<checksum>

$SPSTMEPHEM, 2, 64, 0£06bc34bc344£f4£f4£78110019a5££f00b004faldle0e3£04c8f£fcaff1937000033515726556ba
9048eae0dalb6c346bd8£985c93adel0c76db001d00£8c7c503*<checksum>

SPSTMEPHEM, 4, 64, 0£06bb34bb344b4b4b98050038a4££000005351e110eeal041b00b8££d037000020b84e26b5138
b0425580caléeb211030e68bla949cac9615£30066ffea92£603*<checksum>

$SPSTMEPHEM, 9, 64, 0£06bc34bc341818189c0a0069aaff005£06eb249a09ca0477££6c00£72e00005131d827592b9
50a91010dalc7af88538e7call22fb9%e3df4001300c4a0c203*<checksum>

$PSTMEPHEM

This command allows the user to load the ephemeris data into backup memory.
To update the ephemeris, the following steps are recommended:

. Clear all ephemeris (for example $PSTMCLREPHS)

. Suspend GNSS app (for example $PSTMGPSSUSPEND)

. Update the ephemeris (for example $PSTMEPHEM)

. Restart GNSS app (for example $PSTMGPSRESTART)

Synopsis:

SPSTMEPHEM, <sat id>, <N>,<bytel>..<byteN>*<checksum><cr><1lf>

Arguments:

Table 8. $PSTMEPHEM field description

sat_id Decimal, 2 digits Satellite number

N Decimal, 1 digit Number of the ephemeris data bytes
Byte1 Hexadecimal, 2 digits First byte of the ephemeris data
ByteN Hexadecimal, 2 digits The last byte of the ephemeris data

The N bytes that are in the parameters are the dump of a structure that contains all the information of the
ephemeris. Data structures per constellation are described in UM3397.

Results:

. The ephemeris is stored into backup RAM.
. No message is sent as a reply.

Example:

SPSTMEPHEM, 12, 64, 0£06bc34bc3437373790£40045a7££00£c£5d522480b4bf71b00fbf£8931000096126£271£86
9101c3870call7afce79a763e13e360alce8e7003100380££903*36

$PSTMCLRALMS
This command erases all the almanacs stored in the NVM backup memory.
Synopsis:

SPSTMCLRALMS*<checksum><cr><1f>

Arguments:

None.

Results:

. All almanacs, stored in the nonvolatile backup memory, will be deleted.
. No message is sent as a reply.

Example:

SPSTMCLRALMS *<checksum><cr><1f>
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$PSTMDUMPALMANAC
Dump almanac data. This command sends out all almanacs stored in the backup memory.
Synopsis:

SPSTMDUMPALMANAC*<checksum><cr><1f>

Arguments:
None.
Results:

SPSTMDUMPALMANAC, <sat id>,<N>,<bytel>..<byteN>*<checksum><cr><1lf>

Where:

Table 9. $PSTMDUMPALMANAC field description

sat_id Decimal, 2 digits Satellite number

N Decimal, 1 digit Number of the almanac data bytes
byte1 Hexadecimal, 2 digits First byte of the almanac data
byteN Hexadecimal, 2 digits Last byte of the almanac data

The N bytes that are in the message are the dump of a structure that contains all the information of the almanac.
Data are stored in this structure according to the following tables for each constellation:

Table 10. GPS almanac field description

8 satid The satellite number

16 week The week number for the epoch

8 toa Reference time almanac

16 eccentricity Eccentricity

16 delta_i Rate of inclination angle

16 omega_dot Rate of right ascension

16 spare0 -

24 root_A Square root of semimajor axis

8 spare1 -

24 omega_zero Longitude of ascending node of orbit plane at weekly epoch
8 spare2 -

24 perigee Argument of perigee

8 spare3 -

24 mean_anomaly Mean anomaly at reference time

8 spare4 -

11 af0 Constant clock correction

11 af1 First order clock correction

1 health Contains 1 if the satellite is unhealthy 0 if healthy
1 available Contains 1 if almanac is available 0 if not
8 spareb -

32 spare6 -
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32 spare7 -

Table 11. GLONASS almanac field description

ot S mamber

8 satid The satellite number

16 week The week number for the epoch

8 spare0Q -

20 toa Reference time almanac

5 n_A Slot number (1...24)

5 H_n_A Carrier frequency channel number

Type of satellite:
2 M_n_A 00 = GLONASS
01 = GLONASS-M

10 tau_n_A Satellite clock correction

15 epsilon_n_A Eccentricity

7 spare1 -

21 t_lambda_n_A Time of the first ascending node passage

11 spare2 -

21 lambda_n_A Longitude of ascending node of orbit plane at almanac epoch
11 spare3 -

18 delta_i n_A Inclination angle correction to nominal value

7 delta_T_n_dot_ A  Draconian period rate of change

7 spare4 -

22 delta_T_n_A Draconian period correction

10 spare5 -

16 omega_n_A Argument of perigee

1 health Contains 1 if the satellite is unhealthy 0 if healthy
1 available Contains 1 if almanac is available 0 if not

14 spare6 -

32 tau_c GLONASS to UTC(SU) time correction

11 NA Calendar day number within the four-year period since the beginning of last leap year (almanac)
5 N4 Four-year interval number starting from 1996

16 spare7 -

Table 12. Galileo almanac field description

16 satid The satellite number

6 svid Space vehicle identificator

10 spare0 -

16 week The week number for the epoch
16 spare1 -
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20 toa Reference time almanac

12 spare2 -

13 delta_a Delta of semimajor axis

11 e Eccentricity

8 spare3 -

16 perigee Argument of perigee

11 delta_i Rate of inclination angle

5 spare4 -

16 omega_zero Longitude of ascending node of orbit plane at weekly epoch
11 omega_dot Rate of right ascension

5 spare5 -

16 mean_anomaly Mean anomaly at reference time

16 af0 Constant clock correction

13 af1 First order clock correction

2 E5b_HS E5 signal health status

2 E1B_HS E1-B signal health status

4 ioda_1 Issue of data almanac 1

4 ioda_2 Issue of data almanac 2

2 word_available Contains 1 if ephemeris is available, 0 if not

1 health Contains 1 if the satellite is unhealthy 0 if healthy
1 available Contains 1 if almanac is available 0 if not

3 spare6 Contains 1 if the satellite is unhealthy, 0 if healthy
32 spare? -

32 spare8 -

Table 13. BeiDou almanac field description

8 prn PRN number of the corresponding almanac data
16 week Almanac reference week number

8 toa Almanac reference time

17 eccentricity Eccentricity

1 afo Satellite clock time bias correction coefficient

1 is_geo Satellite orbit type

1 WNa_valid -

2 spare0 -

17 omega_dot Rate of right ascension

11 af1 Satellite clock time drift correction coefficient

4 spare1 -

24 root_a Square root of semimajor axis

8 spare2 -

24 omega_zero Longitude of ascending node of orbital plane at weekly epoch
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8 spare3 -

24 perigee Argument of perigee

8 spare4 -

24 mean_anomaly Mean anomaly at reference time

8 spare5 -

16 delta_i Correction of inclination angle at reference time
1 health Satellite health information

1 available Contains 1 if almanac is available 0 if not

8 last_received_toa -

6 spare6 -

Table 14. IRNSS almanac field description

10 WNa Week number for almanac

16 toa Almanac reference time

6 prn_al PRN ID for almanac

16 eccentricity Eccentricity

16 omega_dot Rate of right ascension

24 inclination Inclination

8 ISC Inter signal correction

24 root_a Square root of the semi-major axis

8 spare0 -

24 omega_zero Longitude of ascending node of orbit plane at weekly epoch
6 spare -

2 spare1 -

24 perigee Argument of perigee

6 prn PRN ID

2 spare2 -

24 mean_anomaly Mean anomaly at reference time

8 spare3 -

11 af0 Clock bias A0

1 af1 Clock drift A1

1 health Contains 1 if the satellite is unhealthy, 0 if healthy
1 available Contains 1 if almanac is available 0 if not
8 spare4 -

Table 15. CNAV almanac field description

8 prn The satellite number
16 week The week number for the epoch
8 toa Reference time almanac
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11 eccentricity Eccentricity

21 delta_i Rate of inclination angle

11 omega_dot Rate of right ascension

21 spare0 -

17 root_a Square root of semimajor axis

15 spare1 -

16 omega_zero Longitude of ascending node of orbit plane at weekly epoch

16 spare2 -

16 perigee Argument of perigee

16 spare3 -

16 Mean_anomaly Mean anomaly at reference time

16 spare4 -

1 af0 Constant clock correction

10 af1 First order clock correction

1 health Contains 1 if the satellite is unhealthy 0 if healthy

1 available Contains 1 if almanac is available 0 if not

9 spareb -

32 spare6 -

32 spare7 -

Example:

3.2.9

UM3407 - Rev 5§

SPSTMDUMPALMANAC<cr><1f> $PSTMALMANAC,1,32,011a06903f1f9f0d58£fd0800d90cal418713060099%ee260034
024200b4f£££f00*<checksum>

SPSTMALMANAC, 2, 32,021a0690944b78fe37£d0800770dal41ef0c500060487700989bd800d8088000*<checksum>
SPSTMALMANAC, 3,32,031a06904£68a2f540£d0800£60cal41922a2c003¢cae27009496cf00020a8000*<checksum>

SPSTMALMANAC, 4,32,041a0690a94aeffd36£d0800390cald4lafc95b00de7al700dfc74e004ddebf00*<checksum>
SPSTMALMANAC, 5,32,051a0690940eee0b5e£d0800900caldl1582b8600d300000060641200e40£8000*<checksum>

$PSTMALMANAC
Save almanacs data. This command allows the user to save the almanacs data into backup memory.
Synopsis:

$PSTMALMANAC,<sat_id>,<N>,<bytel>m<byteN>*<checksum><cr><lf>

Arguments:

Table 16. $PSTMALMANAC field description

sat_id Decimal, 2 digits Satellite number

N Decimal, 1 digit Number of the almanac data bytes
byte1 Hexadecimal, 2 digits First byte of the almanac data
byteN Hexadecimal, 2 digits Last byte of the almanac data

The N bytes that are in the message are the dump of a structure that contains all the information of the almanac.
Data are stored in this structure according to the following tables for each constellation:
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Table 17. GPS Almanac field description

8 satid The satellite number

16 week The week number for the epoch

8 toa Reference time almanac

16 eccentricity Eccentricity

16 delta_i Rate of inclination angle

16 omega_dot Rate of right ascension

16 spare0 -

24 root_A Square root of semimajor axis

8 spare1 -

24 omega_zero Longitude of ascending node of orbit plane at weekly epoch
8 spare2 -

24 perigee Argument of perigee

8 spare3 -

24 mean_anomaly Mean anomaly at reference time

8 spare4 -

1 af0 Constant clock correction

11 af1 First order clock correction

1 health Contains 1 if the satellite is unhealthy 0 if healthy
1 available Contains 1 if almanac is available 0 if not
8 spareb -

32 Spare6 -

32 Spare7 -

Table 18. GLONASS almanac field description

51 S namber

8 satid The satellite number

16 week The week number for the epoch

8 spareQ -

20 toa Reference time almanac

5 n_A Slot number (1...24).

5 H_n_A Carrier frequency channel number

2 M_n_A Type of satellite 00=GLONASS 01=GLONASS-M
10 tau_n_A Satellite clock correction

15 epsilon_n_A Eccentricity

7 spare1 -

21 t lambda_n_A Time of the first ascending node passage

11 Spare2 -

21 lambda_n_A Longitude of ascending node of orbit plane at almanac epoch
11 spare3 -

18 delta_i_n_A Inclination angle correction to nominal value
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7 delta_T_n_dot_A  Draconian period rate of change

7 spare4 -

22 delta_T_n_A Draconian period correction

10 spare5 -

16 omega_n_A Argument of perigee

1 health Contains 1 if the satellite is unhealthy 0 if healthy
1 available Contains 1 if almanac is available 0 if not

14 spare6 -

32 tau_c GLONASS to UTC(SU) time correction

11 NA Calendar day number within the four-year period since the beginning of last leap year (almanac)
5 N4 Four-year interval number starting from 1996

16 Spare7 -

Table 19. Galileo almanac field description

6 svid Space Vehicle Identificator

10 Spare0 -

16 satid The satellite number

16 week The week number for the epoch

16 Spare1 -

20 toa Reference time almanac

12 Spare2 -

13 delta_a Delta of semi-major axis

11 e Eccentricity

8 Spare3 -

16 perigee Argument of perigee

11 delta_i Rate of inclination angle

5 Spare4 -

16 omega_zero Longitude of ascending node of orbit plane at weekly epoch
11 omega_dot Rate of right ascension

5 Spare5 -

16 mean_anomaly Mean anomaly at reference time

16 af0 Constant clock correction

13 af1 First order clock correction

2 E5b_HS ES Signal health status

2 E1B_HS E1-B Signal health status

4 ioda_1 Issue of data almanac 1

4 ioda_2 Issue of data almanac 2

2 word_available Contains 1 if ephemeris is available, 0 if not
1 health Contains 1 if the satellite is unhealthy 0 if healthy
1 available Contains 1 if almanac is available 0 if not
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3 spare6 Contains 1 if the satellite is unhealthy, 0 if healthy
32 spare7 -
32 spare8 -

Table 20. BeiDou almanac field description

8 prn PRN number of the corresponding almanac data
16 week Almanac reference week number

8 toa Almanac reference time

17 eccentricity Eccentricity

11 af0 Satellite clock time bias correction coefficient

1 is_geo Satellite orbit type

1 WNa_valid -

2 spare0 -

17 omega_dot Rate of right ascension

1 af1 Satellite clock time drift correction coefficient

4 spare1 -

24 root_a Square root of semimajor axis

8 spare2 -

24 omega_zero Longitude of ascending node of orbital plane at weekly epoch
8 spare3 -

24 perigee Argument of perigee

8 spare4 -

24 mean_anomaly Mean anomaly at reference time

8 spareb -

16 delta_i Correction of inclination angle at reference time
1 health Satellite health information

1 available Contains 1 if almanac is available 0 if not

8 last_received_toa -

6 spare6 -

Table 21. IRNSS almanac field description

10 WNa Week number for almanac

16 toa Almanac reference time

6 prn_al PRN ID for almanac

16 eccentricity Eccentricity

16 omega_dot Rate of right ascension

24 inclination Inclination

8 ISC Inter signal correction

24 root_a Square root of the semi-major axis
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8 spare0 -

24 omega_zero Longitude of ascending node of orbit plane at weekly epoch
6 spare -

2 spare1 -

24 perigee Argument of perigee

6 prn PRN ID

2 spare2 -

24 mean_anomaly Mean anomaly at reference time

8 spared -

1 af0 Clock bias A0

1 af1 Clock drift A1

1 health Contains 1 if the satellite is unhealthy, 0O if healthy
1 available Contains 1 if almanac is available 0 if not

8 spare4 -

Table 22. CNAV almanac field description

8 prn The satellite number

16 week The week number for the epoch

8 toa Reference time almanac

11 eccentricity Eccentricity

21 delta_i Rate of inclination angle

11 omega_dot Rate of right ascension

21 spare0 -

17 root_a Square root of semimajor axis

15 spare1 -

16 omega_zero Longitude of ascending node of orbit plane at weekly epoch
16 spare2 -

16 perigee Argument of perigee

16 spare3 -

16 Mean_anomaly Mean anomaly at reference time

16 spare4 -

1 afo Constant clock correction

10 af1 First order clock correction

1 health Contains 1 if the satellite is unhealthy 0 if healthy
1 available Contains 1 if almanac is available 0 if not
9 spare5 -

32 spare6 -

32 spare? -
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Results:

. The almanac is stored into backup memory.
. No message sent as reply.
Example:

$PSTMALMANAC,12,32,0c1a06907¢c1a971160£d0800fa0dal41ae9f0600d912e90075669700490£8000*<checksu
m><cr><1lf>

3.2.10 $PSTMCOLD
Perform a COLD start.
Synopsis:

SPSTMCOLD, <type>*<checksum><cr><1f>

Arguments:

Table 23. $PSTMCOLD field description

Craamer | Fomar | anpion

Optional bitmask parameter to invalidate time, position, ephemeris and almanac, ...
0x01 — Clear almanac
0x02 — Clear ephemeris

0x04 — Clear position

type Integer 0x08 — Clear time
0x20 — Clear utc
0x40 — Clear iono
0x80 — Clear bias
Results:
. Coldstart initialization and system restart.
Note: The GPS engine will be reset. It is not a system reboot.
. If type parameter is used, only the selected GPS data is invalidated for this actual coldstart. Multiple selects
are supported (for example, 13).
. If the type parameter is not used, default value is set from CDB.
. Type is a decimal value.
Example:

$PSTMCOLD, 6*<checksum><cr><1f>

3.2.11 $PSTMWARM
Perform a WARM start.
Synopsis:

SPSTMWARM, <delta>*<checksum><cr><1lf>

Arguments:

Table 24. $PSTMWARNM field description

delta Integer | Optional parameter to add delta/1000 seconds to the GNSS time reference.
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Results:

. Warm start initialization and system restart.
Note: The GPS engine is reset. It is not a system reboot.
Example:

SPSTMWARM, 1000*<checksum><cr><1f>

3.2.12 $PSTMHOT
Perform a HOT start.
Synopsis:

$PSTMHOT*<checksum><cr><1f>

Arguments:
None.
Results:
. The system restarted start.
Note: The GPS engine is reset. It is not a system reboot.
Example:

$PSTMHOT*<checksum><cr><1f>

3.2.13 $PSTMSRR
Executes a system reset. The GNSS firmware is rebooted.
Synopsis:

SPSTMSRR*<checksum><cr><1f>

Arguments:

None.

Results:

. The GNSS firmware reboots.

. No message is sent as a reply.
Example:

$PSTMSRR*<checksum><cr><1f>

3.2.14 $PSTMFORCESTANDBY
Forces system in standby after setting the wake-up parameters configuration.
Synopsis:
SPSTMFORCESTANDBY, <duration>,<wakeup logic>,<pullUpDownDeactivated>,<sensor interrupt>*<check

sum><cr><1lf>

Arguments:

Table 25. $PSTMFORCESTANDBY field description

reanar | roma | o ]

RTC counter time out (second) to generate internal wake-up.
Duration Decimal
If 0, wake-up by RTC is ignored.

Logic of the STANDBY_IN pin.
Decimal. 1 If 0, a high to low level transition wakes up the system.
wakeup_logic L
digit If 1, low to high level transition wakes up the system.

Other values return an error.
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roanar | roma | o ]

Deactivation of pull-up and pull-down.

Decimal, 1 If 0, pull-up and pull-down are automatically set according to wakeup_logic

pullUpDownDeactivated digit parameter.
If 1, pull-up and pull-down both deactivated.

If 0, deactivation of the sensor interrupt.
Decimal, 1

sensor_interrupt digit If 1, activation of the sensor interrupts to act as a wake-up in case of move.

Other values return an error.

Results:

SPSTMFORCESTANDBYOK*<checksum><cr><1f> if success
SPSTMFORCESTANDBYERROR*<checksum><cr><1f> if no success

If success message and no wake-up condition are verified, the GNSS firmware is in standby mode.
Example:

SPSTMFORCESTANDBY, 60,1,1, 1*<checksum><cr><1f>

3.215 $PSTMHWSTANDBY
Set the configuration of hardware standby pin.
Synopsis:

SPSTMHWSTANDBY, <enable hw_standby>, <enable pull down>,<enable pull up>*<checksum><cr><1f>

Arguments:

Table 26. $PSTMHWSTANDBY field description

parmoir L romat | enpion

If 0, disable hardware standby. Standby pin is not used with no pull-up and no pull-down.

enable_hw_standby Dfijirgﬁl’ If 1, enable hardware standby. The standby pin is set to standby configuration.
Other values return an error.
If 0, disable pull-down on standby pin.
Decimal, If 1, enable pull-down on standby pin.

enable_pull_down '~ digit | Other values return an error.

Note that the enabling pull-up and pull-down at the same time is not possible and returns an
error.

If 0, disable pull-up on standby pin.
If 1, enable pull-up on standby pin.

Decimal,

enable_pull_up 1 digit | Other values return an error.

Note that the enabling pull-up and pull-down at the same time is not possible and returns an
error.

Results:

$SPSTMHWSTANDBYOK*<checksum><cr><1f> if success
$PSTMHWSTANDBYERROR*<checksum><cr><1f> if no success

The hardware standby pin is configured
Example:

SPSTMHWSTANDBY, 1,1, 0*<checksum><cr><1f>

UM3407 - Rev 5 page 21/138



m UM3407

Commands

3.2.16 $PSTMGPSRESET
Reset the GPS receiver engine.
Synopsis:

SPSTMGPSRESET*<checksum><cr><1f>

Arguments:
None.
Results:
. The GPS receiver engine is reset.
. No message is sent as a reply.
Note: Using this command the GPS module will not reboot.
Example:

SPSTMGPSRESET*<checksum><cr><1f>

3.217 $PSTMGPSSUSPEND
Suspend the GPS receiver engine.
Synopsis:

$SPSTMGPSSUSPEND*<checksum><cr><1f>

Arguments:
None.
Results:

SPSTMGPSSUSPENDED*<checksum><cr><1f>

The GPS receiver engine is suspended.
Example:

SPSTMGPSSUSPEND*<checksum><cr><1f>

3.2.18 $PSTMGPSRESTART
Restart the GPS receiver engine.
Synopsis:

PSTMGPSRESTART*<checksum><cr><lf>

Arguments:

None.

Results:

. The GPS receiver engine is restarted.
. No message is sent as a reply.
Example:

$PSTMGPSRESTART*<checksum><cr><1f>

3.2.19 $PSTMENABLEPOSITIONHOLD
Enable/disable and set position for the position hold feature.
Synopsis:

SPSTMENABLEPOSITIONHOLD, <on off>,<Lat>,<LatRef>, <Lon>,<LonRef>, <Alt>*<checksum><cr><1lf>
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Arguments:

Table 27. $PSTMENABLEPOSITIONHOLD field description

Set the position hold enable/disable status:

on_off Decimal, 1 digit 0: Disabled
1: Enabled
Lat DDMM.MMMMM Latitude (degree-minute.minute decimals)
LatRef ‘N’ or ‘S’ Latitude direction (north or south)
Lon DDDMM.MMMMM Longitude (degree-minute.minute decimals)
LonRef ‘E’ or ‘W’ Longitude direction (east or west)
Alt () dddddd.dddd Altitude in meters (-1500 to 100000)

1. The altitude has to be referred to WSG84.

Results:
If successfully executed, the following message is sent:
If on_off =1

$PSTMPOSITIONHOLDENABLED*<checksum><cr><1lf>

If on_off =0

$PSTMPOSITIONHOLDDISABLED*<checksum><cr><1f>

In case of error the following message will be sent:

$PSTMENABLEPOSITIONHOLDERROR*<checksum><cr><1lf>

Example:

$PSTMENABLEPOSITIONHOLD,1,4811.365,N,01164.123,E,0530.0*<checksum><cr><1f>
$PSTMPOSITIONHOLDENABLED*<checksum><cr><1lf>

3.2.20 $PSTMPPS
Allow interfacing all parameters for pulse per second management. This is a parametric command.
Synopsis:

SPSTMPPS, <cmd mode>,<cmd type>,<par 1>,..,<par N>*<checksum><cr><lf>

Arguments:

Table 28. $PSTMPPS field description

Select the command operation mode:
cmd_mode Decimal, 1 digit | 1 = GET operation (to get data from PPS manager)
2 = SET operation (to set data into PPS manager)
1=PPS_IF_ON_OFF_CMD
2 =PPS_IF_OUT_MODE_CMD
3 =PPS_IF_REFERENCE_CONSTELLATION_CMD
cmd_type Decimal, 1 digit ' 4 = PPS_IF_PULSE_DELAY_CMD
5 =PPS_IF_PULSE_DURATION_CMD
6 = PPS_IF_PULSE_POLARITY_CMD
7 = PPS_IF_PULSE_DATA_CMD
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8 = PPS_IF_FIX_CONDITION_CMD

9= PPS_IF_SAT_THRESHOLD_CMD

10 = PPS_IF_ELEVATION_MASK_CMD

11 = PPS_IF_COSTELLATION_MASK_CMD
12 = PPS_IF_TIMING_DATA_CMD

13 = PPS_IF_POSITION_HOLD_DATA_CMD
14 = PPS_IF_AUTO_HOLD_SAMPLES_CMD
15 = PPS_IF_TRAIM_CMD

16 = PPS_IF_TRAIM_USED_CMD

17 = PPS_IF_TRAIM_RES_CMD

18 = PPS_IF_TRAIM_REMOVED_CMD

19 = PPS_IF_REFERENCE_TIME_CMD

20 = PPS_IF_CONSTELLATION_RF_DELAY_CMD
21=PPS_IF_WGS84_ALT_POSITION_HOLD

par_1 ... par_N - Parameters list according to the command type specification (see below).

3.2.20.1 Getting PPS data (cmd_mode = 1)
PPS_IF_PULSE_DATA_CMD

SPSTMPPS, 1, 7*<checksum><cr><1f>

Result :

SPSTMPPS, 1, 7,<out mode>,<reference time>,<pulse delay>,<pulse duration>,<pulse polarity>*<che
cksum><cr><1f>

Table 29. PPS_IF_PULSE_DATA_CMD field description

0 = PPS always generated.
out_mode D?ijgﬁl’ 1 = PPS generated on even seconds
2 = PPS generated on odd seconds
0=UTC
1=GPS_UTC
2 =GLONASS_UTC
3=UTC_SU
4 = GPS_UTC_FROM_GLONASS
5=BEIDOU_UTC
6 =UTC_NTSC
7=GST
8 =UTC_GST
9 = GPS_FROM_GST

Note: UTC(SU) is the Soviet Union UTC, it is derived from GLONASS time applying the
UTC delta time downloaded from GLONASS satellites.

GPS_UTC_FROM_GLONASS is the GPS time derived from GLONASS time
applying the GPS delta time downloaded from GLONASS satellites.

If the software is configured to work in GLONASS only mode, UTC(SU) is
identical to UTC and GPS_UTC_FROM_GLONASS is identical to GPS_UTC.

Decimal,

reference_time 1 digit

pulse_delay = Decimal Pulse delay [ns]
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pulse_duration | Double @ Pulse duration [s]

| larit Decimal, | 0 = Not inverted
ulse_polari mal,

PUSEPOIY 1 digit 1 = Inverted
PPS_IF_TIMING_DATA_CMD

SPSTMPPS, 1, 12*<checksum><cr><1f>

Result:

SPSTMPPS,1,12,<fix condition>,<sat th>,<elevation mask>,<constellation mask>,<gps_rf delay>,<
glonass_rf delay>*<checksum><cr><1f>

Table 30. PPS_IF_TIMING_DATA_CMD field description

T T R

1=NO_FIX
2=2D_FIX
3=3D_FIX
4 = RTK_FIXED_FIX
5 = RTK_FLOAT_FIX
6 = PPS_MODE_FIX

fix_condition Decimal, 1 digit

sat_th Decimal Minimum number of satellites for the PPS generation

elevation_mask Decimal Minimum satellite elevation for satellite usage in timing filtering
Satellite constellation selection for usage in timing filtering
bit0 = GPS

constellation_mask Decimal (bit mask) | bit1 = GLONASS
bit3 = Galileo
bit7 = BeiDou
gps_rf_delay Decimal GPS path RF delay [ns]
glonass_rf_delay Decimal GLONASS path RF delay [ns]

PPS_IF_POSITION_HOLD_DATA_CMD and NMEA_PPSIF_CMDID_WGS84_ALT_POSITION_HOLD_DATA

SPSTMPPS, 1, 13*<checksum><cr><1f>
Result:
SPSTMPPS, 1,13,<on off>,<lat>,<lat dir>,<lon>,<lon dir>,<h msl>*<checksum><cr><lf>

Table 31. PPS_IF_POSITION_HOLD_DATA_CMD and
NMEA_PPSIF_CMDID_WGS84_ALT_POSITION_HOLD_DATA field description

0 = Position hold disabled

on_off Decimal, 1 digit
1 = Position hold enabled
lat DDmm.mmmmm Position hold position latitude
lat_dir “N” or “S” North or south direction
lon DDDmm.mmmmm Position hold position longitude
lon_dir “E” or “W” East or west direction
h_msl Double Position hold mean see level altitude (-1500m to 100000m)

PPS_IF_TRAIM_CMD
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SPSTMPPS, 1, 15*<checksum><cr><1f>

Result:

SPSTMPPS, 1,15,<traim enabled>,<traim solution>,<ave error>,<used sats>,<removed sats>*<checks
um><cr><lf>

Table 32. PPS_IF_TRAIM_CMD field description

T

TRAIM ON/OFF status
traim_enabled Decimal, 1 digit 0=OFF

1=0N

TRAIM algorithm status:

0 = UNDER alarm

traim_solution Decimal, 1 digit
1=O0VER alarm
2 = UNKNOWN
ave_error Decimal Average time error [ns]
used_sats Decimal Number of satellites used for timing correction
removed_sats Decimal Number of satellites removed by the timing correction

PPS_IF_TRAIM_USED_CMD

SPSTMPPS, 1, 16*<checksum>*<checksum><cr><1lf>

Result:

SPSTMPPS, 1,16,<traim enabled>,<used sats>,<satl>, ..,<satN>*<checksum><cr><1lf>

Table 33. PPS_IF_TRAIM_USED_CMD field description

TRAIM ON/OFF status

traim_enabled Decimal, 1 digit 0=OFF
1=0ON
used_sats Decimal Number of satellites used for timing correction
sat1..satN Decimal List of satellites IDs

PPS_IF_TRAIM_RES_CMD

SPSTMPPS, 1,17*<checksum><cr><1f>

Result:

SPSTMPPS,1,17,<traim enabled>,<used sats>,<resl>, .., <resN>*<checksum><cr><1lf>

Table 34. PPS_IF_TRAIM_RES_CMD field description

TRAIM ON/OFF status
traim_enabled Decimal, 1 digit 0= OFF

1=0ON
used_sats Decimal Number of satellites used for timing correction
res1..resN Decimal List of satellites residuals [ns].
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Each residual corresponds to the satellite in the used sat list at the same message position.

PPS_IF_TRAIM_REMOVED_CMD

$SPSTMPPS, 1, 18*<checksum><cr><1f>

Result:

SPSTMPPS, 1,18,<traim enabled>,<rem sats>,<satl>,..,<satN>*<checksum><cr><1lf>

Table 35. PPS_IF_TRAIM_REMOVED_CMD field description

TRAIM ON/OFF status

traim_enabled Decimal, 1 digit 0=OFF
1=0ON
rem_sats Decimal Number of satellites removed by timing correction
sat1..satN Decimal List of satellites IDs

3.2.20.2 Setting PPS data (cmd_mode = 2)
PPS_IF_ON_OFF_CMD

SPSTMPPS, 2,1,<on_off>*<checksum><cr><1f>

Table 36. PPS_IF_ON_OFF_CMD field description

0 = PPS disabled
on_off Decimal, 1 digit
1 = PPS enabled
PPS_IF_OUT_MODE_CMD

SPSTMPPS, 2, 2, <out_mode>*<checksum><cr><1f>

Table 37. PPS_IF_OUT_MODE_CMD field description

T L

0 = PPS always generated
out_mode Decimal, 1 digit 1 = PPS generated on even seconds

2 = PPS generated on odd seconds

PPS_IF_REFERENCE_TIME_CMD

SPSTMPPS, 2,19, <reference_ time>*<checksum><cr><1f>

Table 38. PPS_IF_REFERENCE_TIME_CMD field description

0=UTC
Decimal, 1=GPS_UTC
1digit | 2= GLONASS UTC
3=UTC_SU

reference_time
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4 =GPS_UTC_FROM_GLONASS
5 = BEIDOU_UTC

6 = UTC_NTSC

7=GST

8=UTC_GST

9= GPS_FROM_GST

Note: UTC(SU) is the Soviet Union UTC, it is derived from GLONASS time applying the
UTC delta time downloaded from GLONASS satellites.

GPS_UTC_FROM_GLONASS is the GPS time derived from GLONASS time
applying the GPS delta time downloaded from GLONASS satellites.

If the software is configured to work in GLONASS only mode, UTC(SU) is
identical to UTC and GPS_UTC_FROM_GLONASS is identical to GPS_UTC.

PPS_IF_PULSE_DELAY_CMD

SPSTMPPS, 2, 4,<pulse_delay>*<checksum><cr><1lf>

Table 39. PPS_IF_PULSE_DELAY_CMD field description

pulse_delay Decimal Pulse delay [ns]

PPS_IF_CONSTELLATION_RF_DELAY_CMD

SPSTMPPS, 2,20,<sat_type><time delay>*<checksum><cr><1lf>

Table 40. PPS_IF_CONSTELLATION_RF_DELAY_CMD field description

T T

Satellite constellation type :

0=GPS
sat_type Decimal 1 = GLONASS
3 = Galileo
7 = BeiDou
time_delay Decimal Time delay [ns]

PPS_IF_PULSE_DURATION_CMD

SPSTMPPS, 2, 5,<pulse duration>*<checksum><cr><1lf>

Table 41. PPS_IF_PULSE_DURATION_CMD field description

pulse_duration Double Pulse duration [s]

PPS_IF_PULSE_POLARITY_CMD

SPSTMPPS, 2, 6,<pulse polarity>*<checksum><cr><1lf>
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Table 42. PPS_IF_PULSE_POLARITY_CMD field description

0 = Not inverted

pulse_polarit Decimal, 1 digit
Y 9 1 = Inverted

PPS_IF_PULSE_DATA_CMD

SPSTMPPS, 2, 7,<out_mode>, <reference time>,<pulse delay>,<pulse duration>,<pulse polarity>*<ch
ecksum><cr><1f>

Table 43. PPS_IF_PULSE_DATA_CMD field description

I N

0 = PPS always generated
out_mode Decimal, 1 digit 1 = PPS generated on even seconds
2 = PPS generated on odd seconds
0=UTC
1=GPS_UTC
reference_time Decimal, 1 digit 2 = GLONASS_UTC
3=UTC_SU
4 = GPS_UTC_FROM_GLONASS
pulse_delay Decimal Pulse delay [ns]
pulse_duration Double Pulse duration [s]
0 = Not inverted

ulse_polarit Decimal, 1 digit
puise_p y g 1 = Inverted

PPS_IF_FIX_CONDITION_CMD

$PSTMPPS, 2, 8,<fix condition>*<checksum><cr><1f>

Table 44. PPS_IF_FIX_CONDITION_CMD field description

I S T

1=NO_FIX
2=2D_FIX
3=3D_FIX
4 = RTK_FIXED_FIX
5 = RTK_FLOAT_FIX
6 = PPS_MODE_FIX

fix_condition Decimal, 1 digit

PPS_IF_SAT_THRESHOLD_CMD

SPSTMPPS, 2, 9, <sat_th>*<checksum><cr><1f>

Table 45. PPS_IF_SAT_THRESHOLD_CMD field description

sat_th Decimal Minimum number of satellites for the PPS generation.

PPS_IF_ELEVATION_MASK_CMD
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SPSTMPPS, 2,10,<elevation mask>*<checksum><cr><1lf>

Table 46. PPS_IF_ELEVATION_MASK_CMD field description

T

elevation_mask Decimal  Minimum satellite elevation for satellite usage in timing filtering.

PPS_IF_CONSTELLATION_MASK_CMD

SPSTMPPS, 2,11,<constellation mask>*<checksum><cr><1f>

Table 47. PPS_IF_CONSTELLATION_MASK_CMD field description

Satellite constellation selection for usage in timing filtering.
bit0 = GPS
bit1 = GLONASS

Decimal @ Note: This parameter enables the usage of mixed constellations satellites in the
(bit mask) timing filtering. If bit0 is enabled GPS satellites are used to correct the
GLONASS reference time together with GLONASS satellites. If bit1 is
enabled, GLONASS satellites are used to correct the GPS reference time
together with the GPS satellites. When constellation mask is zero (default)
only GPS sats are used to correct the GPS reference time and only
GLONASS sats are used to correct the GLONASS reference time.

constellation_mask

PPS_IF_TIMING_DATA_CMD

SPSTMPPS, 2,12,<fix condition>,<sat th>,<elevation mask>,<constellation mask>*<checksum><cr><1l
£>

Table 48. PPS_IF_TIMING_DATA_CMD field description

I L T S

1=NO_FIX.
2 =2D_FIX.

fix_condition Decimal, 1 digit 3= 3D_FIX.
4 = RTK_FIXED_FIX
5 = RTK_FLOAT_FIX
6 = PPS_MODE_FIX

sat_th Decimal Minimum number of satellites for the PPS generation
elevation_mask Decimal Minimum satellite elevation for satellite usage in timing filtering
Satellite constellation selection for usage in timing filtering
constellation_mask Decimal (bit mask)  bit0 = GPS

bit1 = GLONASS

PPS_IF_POSITION_HOLD_DATA_CMD

SPSTMPPS, 2,13,<on_off>,<lat>,<lat dir>,<lon>,<lon dir>,<h msl>*<checksum><cr><lf>

Table 49. PPS_IF_POSITION_HOLD_DATA_CMD field description

on_off Decimal, 1 digit 0 = Position hold disabled
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1 = Position hold enabled

lat DDmm.mmmmm Position hold position latitude
lat_dir “N” or “S” North or south direction

lon DDDmm.mmmmm Position hold position longitude
lon_dir “E” or “W” East or west direction
h_msl Double Position hold mean see level altitude

PPS_IF_AUTO_HOLD_SAMPLES_CMD

SPSTMPPS, 2,14,<auto_ph samples>*<checksum><cr><1f>

Table 50. PPS_IF_AUTO_HOLD_SAMPLES_CMD field description

Number of position samples for the auto position algorithm. If the number of samples is
auto_ph_samples  Decimal, 1 digit set to “0” the auto position hold feature is disabled.

The position average evaluation is restarted every time the command is executed.

PPS_IF_TRAIM_CMD

SPSTMPPS, 2,15,<on_off>,<alarm>*<checksum><cr><1f>

Table 51. PPS_IF_TRAIM_CMD field description

T T T S

0 = TRAIM disabled

on_off Decimal, 1 digit
1 = TRAIM enabled
alarm Double TRAIM alarm [s] — scientific notation is allowed
Results:

According to the operation mode and to the command type, data is set into the PPS manager, or it is retrieved
from the PPS manager.
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3.2.21 $PSTMDUMPIONO
This command allows the user to dump the iono packet for each supported constellation.
Synopsis:

$PSTMDUMPIONO*<checksum><cr><1f>

Arguments:

None.

Results:

. Returns the iono packet for each supported constellation.
$PSTMIONOPARAMS,<sat_type>,<available>,<data0>,<datal>,<data2>,<data3>,<data4>,<data5>,<data

6>,<data7>*<checksum><cr><1f>

Where:

Table 52. $PSTMDUMPIONO:sat_type description

T T R

Satellite constellation type :
. 0=GPS
sat_type Decimal . 3 = Galileo
. 7 = BeiDou
. 10 = IRNSS

Table 53. $PSTMDUMPIONO data description for GPS, BeiDou and IRNSS

L

Available Decimal Data availability information flag
Data0 Decimal lonospheric cubic coefficient alpha0
Data1 Decimal lonospheric cubic coefficient alpha1
Data2 Decimal lonospheric cubic coefficient alpha2
Data3 Decimal lonospheric cubic coefficient alpha3
Data4 Decimal lonospheric cubic coefficient betal
Data5 Decimal lonospheric cubic coefficient beta1
Data6 Decimal lonospheric cubic coefficient beta2
Data7 Decimal lonospheric cubic coefficient beta3

Table 54. $PSTMDUMPIONO data description for Galileo

Available Decimal Data availability information flag
Data0 Decimal Effective ionisation level 15t order parameter
Data Decimal Effective ionisation level 2" order parameter
Data2 Decimal Effective ionisation level 3™ order parameter
Data3 Decimal Raw ionospheric disturbance flag for region 1
Data4 Decimal Raw ionospheric disturbance flag for region 2
Data5 Decimal Raw ionospheric disturbance flag for region 3
Data6 Decimal Raw ionospheric disturbance flag for region 4
Data7 Decimal Raw ionospheric disturbance flag for region 5
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3.2.22 $PSTMIONOPARAMS

Uploads a specific iono packet into the receiver NVM. The uploaded iono packet is retained until a new iono
packet for the same constellation is successfully uploaded or downloaded from the navigation message. There is
no answer from the receiver.

Synopsis in case of <sat_type=0>:

SPSTMIONOPARAMS, <sat type=0>,1,<A0>,<Al>,<A2>,<A3>,<B0>,<Bl>,<B2>,<B3>*<checksum><cr><1f>

Synopsis in case of <sat_type=7>:

SPSTMIONOPARAMS, <sat_ type=7>,1,<A0>,<Al>,<A2>,<A3>,<B0>,<Bl>,<B2>,<B3>*<checksum><cr><1f>

Synopsis in case of <sat_type=10>:

SPSTMIONOPARAMS ,<sat_ type=10>,1,<A0>,<Al>,<A2>,<A3>,<B0>,<Bl>,<B2>,<B3>*<checksum><cr><1f>

Synopsis in case of <sat_type=3>:
SPSTMIONOPARAMS, <sat_ type=3>,1,<ail0>,<ail>, <ai2>,<Regionl>, <Region2>,<Region3>, <Region4>, <Reg

ion5>*<checksum><cr><1f>

Arguments:

Table 55. $PSTMIONOPARAMS field description

0=GPS

3 = Galileo

7 = BeiDou

10 = IRNSS

sat_type Decimal, 1 digit

Availabe Decimal, 1 digit | Data availability information flag

These parameters are used only if sat_type=0,7 or 10

A0,A1,A2,A3 Decimal, 3 digits | |ono parameters, raw integer values as from navigation
messages

These parameters are used only if sat_type=0,7 or 10

B0,B1,B2,B3 Decimal, 3 digits | |ono parameters, raw integer values as from navigation
messages

These parameters are used only if sat_type=3

ai0,ai1,ai2 Decimal, 3 digits | |ono parameters, raw integer values as from navigation
messages

These parameters are used only if sat_type=3

Region1,Region2,Region3,Region4,Region5 Binary
Galileo iono regions (possible values are 0 or 1)

Results:
. No message is sent as a reply.
Example:

$PSTMIONOPARAMS,0,1,6,2,255,254,41,6,255,248*<checksum><cr><1f>
$PSTMIONOPARAMS,7,1,3,18,236,48,73,192,127,129*<checksum><cr><1f>
SPSTMIONOPARAMS, 3,1,123,15,316,0,0,0, 0, 0*<checksum><cr><1f>

3.2.23 $PSTMFEDUMP
This message reports the current values of all RF front-end registers.
Synopsis:

$PSTMFEDUMP,<FE>,<reg_addr>*<checksum><cr><lf>
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Arguments:

Table 56. $PSTMFEDUMP field description

0 = For internal front-end
FE 1 Digit
1 = Reserved

reg_addr | Decimal Optional. The relative address of the FE register to read. If omitted, then all registers are dump.

Results:
If the command is executed with success the following messages are sent for the internal front-end:

$PSTMFEDUMP, 00, <R0>, ..., 37,<R55>*<checksum><cr><1f>

If the command is executed for one register only:
Example:

SPSTMFEDUMP, 0,10
SPSTMFEDUMP, Oa,<R10>*<checksum><cr><1lf>

3.2.24 $PSTMDUMPGLONASSICB
This message reports the current values of the GLONASS pseudorange Inter-Channel Biases (ICB) tables.
Synopsis:

SPSTMDUMPGLONASSICB*<checksum><cr><1f>

Results:
If the command is successfully executed the following messages are sent:

$PSTMGLONASSICB, 1,50, 40,30,20,0,0,0,0,0,0,0,0,0,0*<checksum><cr><l1f>
$PSTMGLONASSICB, 2,0,0,0,0,0,0,0,0,0,0,0,0,0,0*<checksum><cr><l1f>

If the command is not successful, the following messages are sent:

$PSTMGLONASSICBERROR*<checksum><cr><1f>

3.2.25 $PSTMGLONASSICB
Uploads a specific ICB table into the receiver NVM. There is no answer from the receiver.
Synopsis:

$PSTMGLONASSICB, <carrier>,<chan-7>,<chan-6>,<chan-5>,<chan-4>,<chan-3>, <chan-2>,<chan-1>,<cha
n0>, <chan+1>,<chan+2>, <chan+3>,<chan+4>, <chan+5>, <chan+6>*<checksum><cr><lf>

Arguments:

Table 57. $PSTMGLONASSICB field description

T

1= GLONASS L1

carrier Decimal, 1 digit
2 = GLONASS L2
Chann Decimal, 3 digits Pseudorange bias in [dm] for the GLONASS channel n =-7...+6
Example:

$PSTMGLONASSICB,1,-7,-6,-5,-4,-3,-2,-1,100,1,2,3,4,5, 6*<checksum><cr><1lf>

Note: Only one ICB per carrier (L1, L2) is stored on NVM. It is under the responsibility of the user to store ICB tables,
which are matching the frequency plan in use.
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Results:

If the command is successfully executed the following messages are sent:

$PSTMGLONASSICBOK*<checksum><cr><1lf>

If the command is not successful, the following messages are sent:

$SPSTMGLONASSICBERROR*<checksum><cr><1f>

3.2.26 $PSTMDUMPIFB
Dump the current IFB values.
Synopsis:

SPSTMDUMPIFB, <data_ set>*<checksum><cr><1f>

Arguments:

Table 58. $PSTMDUMPIFB field description

I L T N

Optional. Dataset:
0-Values of IFB

data_set Decimal, 1 digit 1-Mean value of PSR IFB
2-Value of PSR IFB-Rate EMA
3-Value of ADR IFB-Rate EMA

Note: Without data_set parameter 0 is the default value.

Results:
If the command is successfully executed, the following message is sent:

SPSTMIFB<cr><1f>
$PSTMIFB, 950,100,0,0,0,0,0,0,0,0,0,0*<checksum><cr><1f>

3.2.27 $PSTMIFB
Save a custom inter frequency pseudorange biases (IFB) array in NVM. There is no answer from the receiver.
Synopsis:

$PSTMIFB, <GPS _L12C L1>,<GLONASS L2 L1>,<BeiDou B2I B1I>,<GPS L5 L1>,<GAL E5a E1>,<GAL E5b L1>,
<GAL E6 E1>,<BeiDou B2a B1I>,<GPS L1C L1>,<BeiDou Blc B1I>,<BeiDou B3I B1I>,<BeiDou B2b B1lI>*
<checksum><cr><1f>

Arguments:

Table 59. $PSTMIFB field description

GPS_L2C L1 Decimal, 3 digits IFB [dm] between GPS L1 and L2 carriers
GLONASS_L2C L1 Decimal, 3 digits IFB [dm] between GLONASS L1 and L2 carriers
BeiDou_B2I|_B1l Decimal, 3 digits IFB [dm] between BeiDou B1l and B2l carriers

GPS_L5 L1 Decimal, 3 digits IFB [dm] between GPS L1 and L5 carriers
GAL_E5a_E1 Decimal, 3 digits IFB [dm] between Galileo E5a and E1 carriers
GAL_E5b_L1 Decimal, 3 digits IFB [dm] between Galileo E5b and L1 carriers
GAL_E6_E1 Decimal, 3 digits IFB [dm] between Galileo E6 and E1 carriers
BeiDou_B2a_B1l Decimal, 3 digits IFB [dm] between BeiDou B2a and B1I carriers
GPS_L1C_L1 Decimal, 3 digits IFB [dm] between GPS L1C and L1 carriers
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Beidou_B1c_B1l Decimal, 3 digits IFB [dm] between BeiDou B1c and B1l carriers

Beidou_B3I_B1lI Decimal, 3 digits IFB [dm] between BeiDou B3I and B1l carriers

Beidou_B2b_B1I Decimal, 3 digits IFB [dm] between BeiDou B2b and B1l carriers
Example:

$PSTMIFB,1,2,3,0,0,0,0,0,0,0,0,0*<checksum><cr><1lf>

Note: Only one set of custom IFB(s) is stored on NVM. It is the responsibility of the user to store an IFB array, which is
matching the frequency plan in use.

3.2.28 $PSTMSETCONSTMASK

Set the GNSS constellation mask and usage (optional). It allows switching the multifrequency configuration at
runtime. In case of reset, constellation mask is restored to default value.

Synopsis:

$SPSTMSETCONSTMASK, <constellation mask>,<multi-freqg. Mask>*<checksum><cr><lf>

or

SPSTMSETCONSTMASK, <constellation mask>,<multi-freq. Mask>,<usage mask>*<checksum><cr><1lf>

Arguments:

Table 60. $PSTMSETCONSTMASK field description

It is a bit mask where each bit enables/disables a specific constellation

constellation_mask Decimal, 1 - independently of the others. See AN firmware configuration document CDB page
15728639 ; )
21 line 4 for details
multi-freq. mask Decimal, 1 — It is a bits mask where some bits configure multifrequency, pilot/data or tracking
q- 27795599 mode, see AN firmware configuration document page 21 line 5

Specify which constellation is used for PVT (optional), see AN firmware

usage_mask Decimal, 1 - 122543 configuration document page 21 line 6

Note: When only 2 arguments are specified then usage_mask == constellation_mask.
Note: All masks values must be converted in decimal.
Results:

If successfully executed, the following message is sent:

SPSTMSETCONSTMASKOK, <constellation mask>*<checksum><cr><1f>

In case of error the following message will be sent:

SPSTMSETCONSTMASKERROR*<checksum><cr><1f>

Examples:

SPSTMSETCONSTMASK, 527,0 a GPS L1CA+L2C, QzZSS L1CA, GLO Gl, GAL El1
SPSTMSETCONSTMASK, 655,0,137 & GPS L1CA+L2C, QZSS L1CA, GLO Gl, GAL E1l, BDS Bli

3.2.29 $PSTMDUMPCHIPINFO

Dump the registers for current chip version, BCS version, DCF version and DCF value. Note that the description
of the register’s content is not described here, please refer to the appropriate datasheet document description.

Synopsis:

SPSTMDUMPCHIPINFO*<checksum><cr><1f>
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Results:
If the command is successfully executed, the following message is sent reporting the registers information:

SPSTMDUMPCHIPINFO, <chip idl>,<chip id2>,<chip id3>,<chip id4>,<bcs ver>,<reserved>,<dcf ver>
,<dcf 388>,<dcf 389>,<dcf 38a>,<dcf 38b>,<dcf 38c>*<checksum><cr><lf>

Where:

Table 61. $PSTMDUMPCHIPINFO field description

chip_id1 Hexadecimal, 8 digits ChipID 10on4
chip_id2 Hexadecimal, 8 digits ChipID2on4
chip_id3 Hexadecimal, 8 digits ChipID 3 0on4
chip_id4 Hexadecimal, 8 digits ChipID4on 4

bcs_ver Hexadecimal, 8 digits BCS version

reserved Hexadecimal, 8 digits -

dcf_ver Hexadecimal, 8 digits DCF version

dcf_388 Hexadecimal, 16 digits DCF value offset 0x388
dcf_389 Hexadecimal, 16 digits DCF value offset 0x389
dcf_38a Hexadecimal, 16 digits DCF value offset 0x38a
dcf_38b Hexadecimal, 16 digits DCF value offset 0x38b
dcf_38c Hexadecimal, 16 digits DCF value offset 0x38c

Otherwise, on DCF read error only this message is reported:

SPSTMDUMPCHIPINFO,<chip idl>,<chip id2>,<chip id3>,<chip id4>,<bcs ver>,<reserved>,<dcf ver>*
<checksum><cr><1f>

Examples:

SPSTMDUMPCHIPINFO, 0x00513232, 0x32313033, 0x09076065, 020230620, 0x00030000, 0x00000102, 00002000
0,0x0200000200000015, 0x0040004200000001, 0x0200000210180000, 0x0200000c10000400, 0x0c00002000000
000*3F

3.2.30 $PSTMTRKJAMMER
This command is intended to test the jammer presence in the hardware when no signal is applied at the input.
Synopsis:
To start the test

SPSTMTRKJAMMER, 1*<checksum><cr><1lf>

To stop the test

SPSTMTRKJAMMER, O *<checksum><cr><1lf>

3.2.31 $PSTMGETSWVER
Get the version string of the libraries embedded in the software application.
Synopsis:

SPSTMGETSWVER, <id>*<checksum><cr><1f>
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Arguments:

Table 62. SPSTMGETSWVER field description

Puame Foma | R epion

Depending on the value of the <lib_id> parameter, the following version numbering is delivered by the
command:

0 = GNSS library version
1= FRRTOS version
2 = SDK app version

id Integer 6 = binary image version
8 = STAGPS version
10 = DR version
11 = Software configuration ID
255 = All versions strings (as reported at the NMEA startup).
Results:
Returns the requested library version in $PSTMVER message.
Example:

$SPSTMGETSWVER, 0

Note: If a wrong id is passed as a parameter to the command, the $PSTMVERERROR message is sent.

Note: When id is 255 consecutive messages are sent reporting the library version string on each line following the
above message syntax.

3.2.32 $PSTMNVMSWAP
Execute a bank swap on the NVM GPS backup memory.
Synopsis:

SPSTMNVMSWAP*<checksum><cr><1f>

Arguments:

None.

Results:

The nonvolatile backup memory banks are swapped.
Example:

SPSTMNVMSWAP

Note: This command is supported only by platforms or software configurations where the backup memory is based on
flash NOR or SQI memories.

3.2.33 $PSTMSETANTSENSOPMODE
This command is used to change the antenna detection operating mode at runtime.

This can be used to switch in manual mode to take direct action on antenna power as well as RF path. This
command can be even used to switch back to automatic mode after a manual service or an anomalous condition.

Synopsis:

SPSTMSETANTSENSOPMODE, <operating mode><cr><lf>*<checksum><cr><1f>
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Arguments:

Table 63. $PSTMSETANTSENSOPMODE field description

I S T S

Current antenna detection operating mode:
operating_mode Decimal, 1 digit 0 = Automatic mode

1 = Manual mode

Results:

Antenna sensing operating mode is set according to the command parameter. In case of no errors, the following
message is returned.

$PSTMSETANTSENSOPMODEOK*<checksum><cr><1f>

In case of errors, this error message is returned:

$PSTMSETANTSENSOPMODEERROR*<checksum><cr><1f>

3.2.34 $PSTMSETANTSENSMANUAL
This command is used to act manually on the antenna detection at runtime.

This can be used to manually force antenna power on/off, to force RF, to request the antenna status as well as
resuming the antenna sensing process.

Note: Before issuing this command, antenna detection operating mode shall be switched to manual (for more info see
SPSTMSETANTSENSOPMODE,).

Synopsis:

$PSTMSETANTSENSMANUAL, <pwr switch>,<rf path>,<get update>,<start stop>*<checksum><cr><lf>

Arguments:

Table 64. $PSTMSETANTSENSMANUAL field description

Forces antenna power switch
0 = No effect

pwr_switch | Decimal, 2 digits
1 = Antenna power on
2 = Antenna power off
Forces antenna RF path

Warning: this setting shall not be used as only the external antenna is taken into account by
the current implementation.

0 = No effect

1 = Switches on external antenna

rf_path  Decimal, 2 digits

2 = Switches on internal antenna

Forces the antenna status message once
get_update | Decimal, 1 digit | 0 = Do not send antenna status

1 = Send antenna status

Forces start or stop of antenna detection process
start_stop = Decimal, 1 digit 0 = Antenna detection process set to active

1 = Antenna detection process set to stop
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Results:

In case of no errors the message SPSTMSETANTSENSOPMODEOK is returned and if get_update is 1, the message
SPSTMANTENNASTATUS is sent.

In case of errors, the error message $PSTMSETANTSENSOPMODEERROR is returned.

3.2.35 $PSTMSETTHTRK

Configures the CNO and Angle elevation mask thresholds for tracking. This command changes these parameters
at runtime and no reset is required. In case of reset tracking CNO and Angle elevation mask are restored to
default value.

Synopsis:

SPSTMSETTHTRK, <cn0>, <el>*<checksum><cr><1lf>

Arguments:

Table 65. $PSTMSETTHTRK field description

cn0 Decimal Tracking CNO threshold as dBHz
el Double Tracking elevation mask angle as degree
Results:
If the command syntax is correct and the tracking CNO and elevation mask are correctly changed this message is
returned:

SPSTMSETTHTRKOK*<checksum><cr><1f>

In case of errors, this error message is returned:

$PSTMSETTHTRKERROR*<checksum><cr><1f>

3.2.36 $PSTMSETTHPOS

Configures the CNO and Angle elevation mask thresholds for positioning. This command changes these
parameters at runtime and no reset is required. In case of reset positioning CNO and angle elevation mask are
restored to default value.

Synopsis:

$SPSTMSETTHPOS, <cn0>, <el>*<checksum><cr><1f>

Arguments:

Table 66. SPSTMSETTHPOS field description

cn0 Decimal Positioning CNO threshold as dB.

el Double Positioning elevation mask angle as degree.
Results:
If the command syntax is correct and the positioning CNO and elevation mask are correctly changed this message
is returned

SPSTMSETTHPOSOK*<checksum><cr><1f>

In case of errors, this error message is returned

SPSTMSETTHPOSERROR*<checksum><cr><1f>
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3.2.37 $PSTMGETRTCTIME
Get the current RTC time.
Synopsis:
SPSTMGETRTCTIME*<checksum><cr><1f>
Arguments:
None.

Results:
System sends RTC data and status.

SPSTMRTCTIME, <time>,<date>,<rtc status>,<time validity>*<checksum><cr><lf>

Where:

Table 67. $PSTMGETRTCTIME field description

Time hhmmss.mms Current time read on RTC
Date ddmmyy Current date read on RTC
Status:

0 - RTC_STATUS_INVALID

rtc_status Decimal, 1 digit

1-RTC_STATUS_STORED
2 - RTC_STATUS_APPROXIMATE
Validity:
. 0-NO_TIME
. 1-FLASH_TIME
. 2-TOW_TIME
. 3-USER_TIME

) L . o . 4 - USER_RTC_TIME

time_validity Decimal, 1 digit . 5.RTC TIME
. 6 - RTC_TIME_ACCURATE
. 7 - APPROX_TIME
. 8 - ACCURATE_TIME
. 9 - POSITION_TIME
. 10 - EPHEMERIS_TIME

Example:
SPSTMGETRTCTIME

3.2.38 $PSTMSNWRITE
Save a serial number string into flash memory.
Synopsis:

SPSTMSNWRITE, <SerialNumber>*<checksum><cr><1f>

Arguments:

Table 68. $SPSTMSNWRITE field description

e e —

Serial number is a string composed of characters [a-z], [A-Z], [0-9], or special characters % :!; .,

SerialNumber - String '\ _ v jimit is 240 characters.

Results:
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If the string is correctly saved in memory, this message is returned:

SPSTMSNWRITEOK*5e

In case of writing error, this error message is returned:

$PSTMSNWRITEERROR*02

3.2.39 $PSTMSNREAD
Read a serial number string from flash memory.
Synopsis:

$PSTMSNREAD*<checksum><cr><1f>

Arguments:

None.

Results:

If the string is correctly read from memory, this message is returned:

SPSTMSNREAD, <SerialNumber>*<checksum><cr><1lf>

If no serial number is available in memory, this message is returned:

SPSTMSNREADINVALID*44

In case of reading error, this error message is returned:

SPSTMSNREADERROR* 4d

Where:

Table 69. $PSTMSNREAD field description

I T ™

Serial number is a string composed of characters [a-z], [A-Z], [0-9], or special characters % :!; .,

SerialNumber | String #1]1=0 /.

3.2.40 RF test mode
Some NMEA commands are dedicated to perform multiband RF tests in production.

3.2.41 $PSTMCUSTOTPREAD
Read customer OTP memory.
Synopsis:

SPSTMCUSTOTPREAD, <offset>,<size>*<checksum><cr><1lf>

Arguments:

Table 70. $PSTMCUSTOTPREAD field description

poamair | roma | i ]

Offset in bytes from where to start reading the data.
offset Decimal Offset must be larger than or equal to 0.
Offset + size must be lower than or equal to 9215.

size Decimal The number of bytes to read.

Results:
If the command syntax is correct and the command is correctly executed this message returns:
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$PSTMCUSTOTPREAD, 4096, 48

SPSTMCUSTOTPREADOK, 4096, <data0>, <datal>,<data2>,<data3>,<data4>, <data5>,<data6>,<data7>*<chec
ksum>

SPSTMCUSTOTPREADOK, 4128, <data8>,<data9>,<datal0>,<datall>, 0,0,0, 0*<checksum>

If the command syntax is incorrect, the message returns:

$PSTMCUSTOTPREADERROR*<checksum>

If the number of required parameters is incorrect, the message returns:

$PSTMCUSTOTPREADINVALID*<checksum>
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3.2.42 $PSTMCUSTOTPWRITE
Write customer OTP in memory. The data will be written to the OTP memory only if the area to write is empty.

Note: Once data has been written, we cannot erase it or rewrite at the same memory address.
Synopsis:

SPSTMCUSTOTPWRITE, <offset>,<size>,<data0>,<datal>,<data2>,<data3>,<data4>,<data5>,<data6>,<da
ta7>*<checksum><cr><1lf>

Arguments:

Table 71. $PSTMCUSTOTPWRITE field description

e T

Offset in bytes from where the data should be written.
Offset must be aligned to start of ECC chunk (16 bytes).

offset Decimal
Offset must be larger than or equal to 4096.
Offset + size must be lower than or equal to 9215.
size Decimal The number of bytes to write: 16 or 32 bytes.
data0 Hexadecimal, 8 digits Data to be written in memory.
data1 Hexadecimal, 8 digits Data to be written in memory.
data2 Hexadecimal, 8 digits Data to be written in memory.
data3 Hexadecimal, 8 digits Data to be written in memory.
data4 Hexadecimal, 8 digits Data to be written in memory (optional).
datab Hexadecimal, 8 digits Data to be written in memory (optional).
data6 Hexadecimal, 8 digits Data to be written in memory (optional).
data7 Hexadecimal, 8 digits Data to be written in memory (optional).
Results:

If the command syntax is correct and the command is correctly executed this message returns:

$SPSTMCUSTOTPWRITE, 4096,16,aedcl1065,12ad34dc, 08aa562d, 34ceacb5
SPSTMCUSTOTPWRITEOK, 4096,16,aedcl1065, 12ad34dc, 08aa562d, 34ceacb5,0,0,0, 0*<checksum>

If the command syntax is incorrect, or the OTP area is not empty, the message returns:

$PSTMCUSTOTPWRITEERROR*<checksum>

If the number of required parameters is incorrect, the message returns:

$PSTMCUSTOTPWRITEINVALID*<checksum>

3.3 OSNMA NMEA commands

3.31 $PSTMNMA
Allow interfacing all parameters for OSNMA management. This is a parametric command.
Synopsis:

SPSTMNMA, <cmd_type>,<par_ 1>,..,<par N>*<checksum><cr><1lf>

Arguments:

Table 72. $PSTMNMA field description

cmd_type Decimal, 1 digit | 0 = OSNMA NVM invalidate

UM3407 - Rev 5 page 44/138



‘_ UM3407
,’ Commands

1 = OSNMA enable / disable

2 = Reserved

3 = Reserved

4 = OSNMA TSL

5 = OSNMA MAC Seq

par_1...par_N Parameters list according to the command type specification (see below).

Command to invalidate OSNMA NVM memory.

$PSTMNMA, 0*<checksum><cr><1f>

OSNMA enable / disable
Command to enable or disable OSNMA.

SPSTMNMA, 1, <on_off>*<checksum><cr><1f>

Table 73. $PSTMNMA enable/disable field description

OSNMA status
On_off Decimal, 1 digit 0 = OSNMA disable
1 = OSNMA enable

OSNMA TSL

SPSTMNMA, 4, <TSL>*<checksum><cr><1lf>

Table 74. $PSTMNMA TSL field description

TSL Decimal, 1 to 5 digits Target security level

OSNMA MAC Seq

SPSTMNMA, 5, <MAC_SEQ>*<checksum><cr><1f>

Table 75. $PSTMNMA MAC field description

I T T

MACSEQ feature options flags

MAC_SEQ Decimal (bit mask)
Bit 0 = global feature enable 1=ON 0=OFF

Results:
If the command syntax is correct and the command is correctly executed this message returns.

$PSTMNMAOK*<checksum><cr><1f>

In case of errors, this error message returns

SPSTMNMAERROR*<checksum><cr><1f>
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3.3.2 $PSTMNMAPK
Set the OSNMA ECDSA public key at the specified index
Synopsis:

SPSTMNMAPK, <msg id>,<key index>,<pubk>*<checksum><cr><1lf>

Arguments:

Table 76. $PSTMNMAPK field description

msg_id Decimal, 1 or 2 digits Message ID (MID), from 0 to 15
key_index Decimal, 1 or 2 digits Key index from 0 to 15
Pubk hexadecimal, 66 digits or more Public key
Results:

If the command syntax is correct and the key is correctly changed this message returns
SPSTMNMAPKOK, <mtr id>*<checksum><cr><1f>

The field mtr_id is present only if public key verification is enabled in firmware config ([P37,L10] bit 9).
In case of errors, this error message returns

$SPSTMNMAPKERROR*<checksum><cr><1f>

3.3.3 $PSTMNMASETMTR
Set Merkle tree root value.
Synopsis:

SPSTMNMASETMTR, <mtr id>,<sha type>,<mtr data>*<checksum><cr><1lf>

Arguments:

Table 77. $PSTMNMASETMTR field description

I S NN

Merkle tree root index:

mtr_id Decimal, 1 digit 0= Current
1= Future
Sha type
sha_type Decimal, 1 digit 2 = sha 256
3 =sha 521
mtr_data Hexadecimal, 64 digits Merkle tree root value

Results:
If the command syntax is correct and the command is correctly executed this message returns

SPSTMNMAMTROK, <mtr_ id>*<checksum><cr><1f>

The field mtr_id is valid only if public key verification is enabled in firmware config ([P37,L10] bit 9).
In case of errors, this error message returns:

SPSTMNMAMTRERROR*<checksum><cr><1f>
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3.34 $PSTMNMAGETMTR
Get Merkle tree root value
Synopsis:

SPSTMNMAGETMTR, <mtr_id>*<checksum><cr><1f>

Arguments:

Table 78. $PSTMNMAGETMTR field description

Merkle tree root index:
mtr_id Decimal, 1 digit 0= Current

1= Future

Results:
If the command syntax is correct and the command is correctly executed this message returns:

SPSTMNMAGETMTROK, <mtr_ id>,<sha type>,<mtr data>*<checksum><cr><1f>

Where:

Table 79. $PSTMNMAGETMTROK field description

I S NN

Merkle tree root index:

mtr_id Decimal, 1 digit 0= Current
1= Future
Sha type
sha_type Decimal, 1 digit 2 = sha 256
3 =sha 521
mtr_data Hexadecimal, 64 digits Merkle tree root value

In case of errors, this error message returns:

$PSTMNMAGETMTRERROR*<checksum><cr><1f>

3.3.5 $PSTMNMACLRMTR
Clear Merkle tree root
Synopsis:

$PSTMNMACLRMTR,<mtr_id>*<checksum><cr><lf>

Arguments:

Table 80. $PSTMNMACLRMTR field description

I N T N

Merkle tree root index:
mtr_id Decimal, 1 digit 0= Current

1= Future

Results:
If the command syntax is correct and the command is correctly executed this message returns:
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SPSTMNMACLRMTROK, <mtr id>*<checksum><cr><1lf>

Where:

Table 81. $PSTMNMACLRMTROK field description

Merkle tree root index:
mtr_id Decimal, 1 digit 0= Current

1= Future

In case of errors, this error message returns:

$PSTMNMACLRMTRERROR*<checksum><cr><1f>

3.3.6 $PSTMNMASETITN
Set intermediate Merkle tree node data for level j
Synopsis:

$PSTMNMASETITN, <j>, <itn>*<checksum><cr><1f>

Arguments:

Table 82. $PSTMNMASETITN field description

I R S

j Decimal, 1 digit Intermediate tree node level (0 to 3)

itn Hexadecimal, 64 digits Intermediate tree node data level j

Results:
If the command syntax is correct and the command is correctly executed this message returns:

$PSTMNMASETITNOK, <j>*<checksum><cr><1f>

Where:

Table 83. $PSTMNMASETITNOK field description

j Decimal, 1 digit Intermediate tree node level (0 to 3)

In case of errors, this error message returns:

SPSTMNMASETITNERROR*<checksum><cr><1f>

3.3.7 $PSTMNMAGETITN
Get intermediate Merkle tree node node data level |
Synopsis:

$PSTMNMAGETITN, <j>*<checksum><cr><1f>
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Arguments:

Table 84. SPSTMNMAGETITN field description

j Decimal, 1 digit Intermediate tree node level (0 to 3)

Results:
If the command syntax is correct and the command is correctly executed this message returns:

$PSTMNMAGETITNOK, <j>, <itn>*<checksum><cr><1lf>

Where:

Table 85. $PSTMNMAGETITNOK field description

T L N

j Decimal, 1 digit Intermediate tree node level (0 to 3)

itn Hexadecimal, 64 digits Intermediate tree node data level j

In case of errors, this error message returns:

$PSTMNMAGETITNERROR*<checksum><cr><1f>

3.3.8 $PSTMNMACLRITN
Clear intermediate Merkle tree node level
Synopsis:

$PSTMNMACLRITN, <j>*<checksum><cr><1f>

Arguments:

Table 86. $PSTMNMACLRITN field description

j Decimal, 1 digit Intermediate tree node level (0 to 3)

Results:
If the command syntax is correct and the command is correctly executed this message returns:

SPSTMNMACLRITNOK, <j>*<checksum><cr><1f>

Where:

Table 87. $PSTMNMACLRITNOK field description

j Decimal, 1 digit Intermediate tree node level (0 to 3)

In case of errors, this error message returns:

SPSTMNMACLRITNERROR*<checksum><cr><1f>
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3.3.9 $PSTMNMACLRAM
Clear OSNMA alert message state.
Synopsis:

$SPSTMNMACLRAM*<checksum><cr><1f>

Results:
If the command syntax is correct and the command is correctly executed this message returns.

SPSTMNMACLRAMOK *<checksum><cr><1f>

In case of errors, this error message returns:

$SPSTMNMACLRAMERROR*<checksum><cr><1f>

3.3.10 $PSTMNMACLRKROOT
Clear OSNMA root key stored in NVM. This command is used to perform OSNMA warm start. A reset is needed.
Synopsis:

$PSTMNMACLRKROOT*<checksum><cr><1f>

Results:
If the command syntax is correct and the command is correctly executed this message returns:

$SPSTMNMACLRKROOTOK*<checksum><cr><1f>

In case of errors, this error message returns:

$SPSTMNMACLRKROOTERROR*<checksum><cr><1f>

3.3.1 $PSTMNMAGETDSM
Get DSM-KROOT or DSM-PKR blocks currently being downloaded.
Synopsis:

SPSTMNMAGETDSM, <DSM_type>*<checksum><cr><1f>

Arguments:

Table 88. $PSTMNMAGETDSM field description

T T

0 to get DSM-PKR blocks

DSM_type Decimal
1 to get DSM-KROOT

Results:
If the DSM blocks retrieving is successful, the command returns one message for each block present in memory:

SPSTMNMADSM, <DSM-ID>,<Block-ID>,<Block (15 bytes)>*<checksum><cr><lf>

Then, a final message is output to end the list:

$PSTMNMADSMDONE *<checksum><cr><1f>

If no block is available, SPSTMNMADSMDONE is output alone.
If the command syntax is incorrect or the blocks retrieving process failed, this error message returns:

SPSTMNMADSMERROR*<checksum><cr><1f>

3.3.12 $PSTMNMACLRPK
Clear OSNMA ECDSA public key at specified key index.
Synopsys:

SPSTMNMACLRPK, <key index>
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Table 89. $PSTMNMACLRPK field description

key_index Decimal, 1 or 2 digits Key index from 0 to 15

Results:
If the command syntax is correct and the key is correctly changed this message returns

$PSTMNMACLRPKOK,<key_index>*<checksum><cr><lf>

In case of errors, this error message returns

SPSTMNMACLRPKERROR*<checksum><cr><1f>

3.3.13 $PSTMNMAGETPK
Get OSNMA ECDSA public key at the specified key index
Synopsis:

SPSTMNMAGETPK

Results:
If the command syntax is correct and the key is correctly changed this message returns

SPSTMNMAGETPKOK, <msg_id>, <key index>*<checksum><cr><1f>
SPSTMNMAGETPKOK*<checksum><cr><1f>

Where:

Table 90. $PSTMNMAGETPKOK field description

msg_id Decimal, 1 or 2 digits Message ID (MID), from 0 to 15
key_index Decimal, 1 or 2 digits Key index from 0 to 15

In case of errors, this error message returns

SPSTMNMAGETPKERROR, <key_index>*<checksum><cr><1f>

$SPSTMNMAGETPKOK*<checksum><cr><1f>

Table 91. $PSTMNMAGETPKERROR field description

key_index Decimal, 1 or 2 digits Key index from 0 to 15

3.3.14 $PSTMNMASETDSM
Set DSM block to accelerate DSM downloading.
Synopsis:

SPSTMNMASETDSM, <DSM-ID>,<Block-ID>,<block>*<checksum><cr><1f>

Arguments:

Table 92. $PSTMNMASETDSM field description

T T

0-11 for DSM-KROOT
12-15 for DSM-PKR
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Block-ID Decimal 0-15
Block Hexadecimal Content of the block. 15 bytes (30 digits)
Results:

If the command syntax is correct and the command is correctly executed, this message returns:

SPSTMNMASETDSMOK*<checksum><cr><1f>

In case of error, this error message returns:

SPSTMNMASETDSMERROR*<checksum><cr><1f>
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4 Messages
This section contains both the standard NMEA messages and the proprietary messages delivered by the ST-
GNSS system.

4.1 Standard NMEA messages list

Table 93. Standard NMEA message list

Cspman oot | i

$--GNS ON NMEA: Global position system fix data
$--GGA ON NMEA: Global position system fix data

NMEA: GPS DOP and active satellites
$--GSA ON
“GP”, “GL” and “GN” talker ID are supported according to the software configuration

NMEA: GPS satellites in view
$--GSV ON
“GP”, “GL” and “GN” talker ID are supported according to the software configuration

$--RMC ON NMEA: Recommended minimum specific GNSS data
$--VTG ON NMEA: Track made good and ground speed
$--GST ON NMEA: GNSS pseudorange noise statistics
$--GBS ON GNSS satellite fault detection
$--TXT ON Test transmission
$--AMC OFF(" | Authenticated minimum specific data
$--ASA | OFF(") | Authenticated active satellites
$--DTM OFF  Datum reference
$--ZDA OFF  Time and date
1. Enabled only on OSNMA firmware.

4.2 ST NMEA messages list

Table 94. Proprietary NMEA message list

$PSTMPRES ON  Position residuals
$PSTMVRES ON  Velocity residuals
$PSTMTG (V) ON | Time and global information
$PSTMTS () ON | Satellite observables data
$PSTMSAT () ON  Reports satellite iono and differential data
$PSTMKFCOV OFF  Standard deviation and covariance
$PSTMCPU ON  Reports the CPU usage and CPU speed setting
$PSTMPPSDATA OFF | Reports the pulse per second data

$PSTMTRAIMSTATUS OFF | Reports the TRAIM status data
$PSTMTRAIMUSED OFF | Reports the satellites used for timing correction
$PSTMTRAIMRES OFF  Reports the residuals for used satellites
$PSTMTRAIMREMOVED | OFF | Reports the satellites removed by timing correction algorithm
$PSTMSBAS ON  Transmits WAAS/SBAS information about the tracked SBAS satellites
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$PSTMSBASM OFF | Output the SBAS satellite message frame
$PSTMNAVM OFF | Output the navigation message frame
$PSTMIFBRES ON  Output the IFB residuals
$PSTMUTC OFF  Output the UTC time, date and time offset parameters
$PSTMCHMON ON Reports correlation for a given satellite
$PSTMIFBESTDATA ON -
$PSTMTEMP OFF  Output the temperature parameters
$PSTMBIASDATA OFF -
$PSTMPV OFF \Ijg?c:/é(iitss position, velocity and root square of covariance matrix values for position and
$PSTMPVRAW OFF | Provides not filtered position and velocity, and LMS fix related info
$PSTMPVQ OFF | Provides position and velocity processing noise matrix values
$PSTMEPE OFF | Provides estimated horizontal and vertical position error
$PSTMSPOOF OFF | Provides information on the anti-spoofing algorithm status
$PSTMPA OFF | Position algorithm
$PSTMRF OFF  satellite signal data for each tracked satellite
$PSTMGSA OFF | NMEA: GPS DOP and active satellites
$PSTMRFAGC OFF | Provides RF AGC status
$PSTMNMASTATUS OFF  OSNMA status
$PSTMNMAMACV OFF | OSNMA event for MAC authentication status
$PSTMNMADSMV OFF  OSNMA event for DSM KROOT validation status
$PSTMNMAPKRV OFF | OSNMA event for DSM PKR validation status
$SPSTMNMAAM OFF  OSNMA alert message
$PSTMPD ON Reports constellation group delay from GPS
$PSTMRSS OFF | Provides receiver system status.
$PSTM--GSV On | NMEA $--GSV satellites in view extension
$PSTMALMANAC Reply ' ST: Dump almanac <data> when available
$PSTMEPHEM Reply ' ST: Dump ephemeris <data> when available

1. More details on the usage of this command are in (2)
4.3 Commands answers messages list

Table 95. Commands answers messages list

$PSTMALMANAC Reply ST: Dump almanac <data>
$PSTMEPHEM Reply ST: Dump ephemeris <data>
$PSTMIONOPARAMS Reply ST: Dump iono <data>
$PSTMGLONASSICB Reply Dump GLONASS ICB
$PSTMIFB Reply Dump the IFB(s)
$PSTMIFBRES Reply Dump the IFB residuals
$PSTMFEDUMP Reply Dump the front-end registers
$PSTMVER Reply Return a version string of the libraries
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$PSTMRTCTIME Reply Displays RTC time

4.4 Sequence to change NVM parameter
Sequence example to change the value of configuration data block [P32,L00,F01] [b08-b11] to value “3”.
$PSTMSETPAR, 32,0,1,0,3
$PSTMSAVEPAR
$PSTMSRR
For more about CDB-ID parameters, refer to UM3428 document.

4.5 Preliminary notes about satellites’ PRN ranges

The satellite PRN is an ID used to identify satellites. Starting from Rev 4.11 more constraints about this info have
been added. Thus, PRN ranges depend on NMEA revision in use.

PRN ranges for proprietary $PSTMxxx messages are:
. GPS from 1 to 32
. GPS L1C from 1301 to 1332
. GLONASS from 65 to 99
. SBAS from 120 to 140 and from 371 to 388
. BeiDou from 141 to 177 and from 978 to 1003
- Note that for input, it is also supported from 941 to 1003
. BeiDou B1C from 1541 to 1603
. QZSS from 193 to 206
. QZSS L1C from 253 to 266
. Galileo from 301 to 336
. IRNSS from 801 to 814
. ID’s for multifrequency are:
- GPS L2C from 401 to 432
- GLONASS G2 from 465 to 499
- BeiDou B2i from 541 to 599
- BeiDou B2a from 851 to 913
- BeiDou B3i from 1041 to 1103
- BeiDou B2b from 1141 to 1203
- GPS L5 from 501 to 532
- Galileo E5a from 601 to 636
- Galileo E5b from 651 to 686
- Galileo E6 from 701 to 736
- QZSS L2C 213 to 226
- QZSS L5C 233 to 246
- QZSS L1S 183 to 191
NMEA Rev 4.11, PRN ranges are:
. GPS from 1 to 32
. SBAS from 33 to 64
. GLONASS from 65 to 99
. BeiDou from 1 to 64
. QZSS from 1 to 14
. Galileo from 1 to 36
. IRNSS from 1 to 14
Signal channels are distinguished by the signal ID.
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4.6 Standard NMEA messages specification

These messages are defined within the “NMEA 0183” specification.

4.6.1 $--GNS
Fix data for single or combined satellite navigation system (GNSS).
NMEA message list bitmask (64 bits): 0000 0000 0000 0001
Synopsis:

$<TalkerID>GNS, <Timestamp>, <Lat>, <N/S>, <Long>, <E/W>, <Mode>,
<Sats>, <HDOP>,<AltVal>, <GEOVal>, <DGPSAge>, <DGPSRef>,<Nav Status>*<checksum><cr><lf>

Table 96. $--GNS field description

The talker ID (fixed two characters)
GP: If system works in GPS only mode
GL: If system works in GLONASS only mode
TalkerlD String, 2 characters GA: If system works in Galileo only mode
GB: If system works in BeiDou only mode
GQ: If system works in QZSS only mode
Gl: If system works in IRNSS only mode
GN: If system works in multi-constellation mode
UTC time of GPS sample:
hh: Hours (fixed two digits)
mm: Minutes (fixed two digits)
Timestamp hhmmss.sss ss: Seconds (fixed two digits)
.sss: Decimal fraction of seconds (variable length)

Note: That decimal fraction assumes non zero values when the fix rate is
bigger than 1 Hz.

Latitude as degrees:

DD: Degree (fixed two digits)
Lat DDMM.MMMMM

MM: Minutes (fixed two digits)

MMMMM: Decimal fraction of minutes (variable)
N/S “N” or “S” Latitude direction: north or south

Longitude as degrees:

DDD: Degree (fixed three digits)

Long DDDMM.MMMMM

MM: Minutes (fixed two digits)

MMMMM: Decimal fraction of minutes (variable)
E/W “E” or “W” Longitude direction: east or west

In case of single constellation this is a character which can assume these values:
N = NO fix
A = Autonomous
Mode indicator ~ Charorstring D = Differential GPS
E = Estimated (dead reckoning mode)

In multi-constellation mode this is a 5-letter string where each letter is the mode
indicator of each constellation in this order: GPS, GLONASS, Galileo, BeiDou, QZSS,
IRNSS

Sats Decimal, 2 digits | Satellites in use: example: 8
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HDOP Decimal, 3 digits | Horizontal dilution of precision, max: 99.0

Height above mean sea level (geoid), max: 100000 m

Number of digits after the decimal point configurable (firmware config page 32 line 0
field 0).

Alt Float Firmware config page 32 line O field 0:
Is 0 then minimum number of characters is 1.
Is not 0 then minimum number of characters is

2 + (number of digits after decimal point).

GEOSep Decimal, 4 digits = Geoidal separation, meter

DGNSSAge Empty field Not supported

DGNSSRef Empty field Not supported
Navigational status indicator:
“S” = Safe

Nav_status = “S”, “C”, “U” or “V” | “C” = Caution
“U” = Unsafe
“V” = Not valid

Note: In case of single constellation set up the mode indicator consists in one character and the information about the

constellation is given by talker id.
Synopsis:
$GNGNS, 150733.000,4800.60526,N,00013.32783, E, AAAANN, 38,0.5,096.15,47.5,,,C*33

4.6.2 $--GGA
Global positioning system fixed data.
NMEA message list bitmask (64 bits): 0000 0000 0000 0002
Synopsis:

$<TalkerID>GGA,<Timestamp>,<Lat>,<N/S>,<Long>, <E/W>, <GPSQual>,
<Sats>,<HDOP>,<Alt>,<AltVal>, <GeoSep>, <GeoVal>,<DGPSAge>, <DGPSRef>*
<checksum><cr><1f>

Table 97. $--GGA field description

The talker ID (fixed two characters)
GP: If system works in GPS only mode
GL: If system works in GLONASS only mode
TalkerlD | String, 2 characters GA: If system works in Galileo only mode

GB: If system works in BeiDou only mode
GQ: If system works in QZSS only mode
Gl: If system works in IRNSS only mode
GN: If system works in multi-constellation mode
UTC time of GPS sample:
hh: Hours (fixed two digits)

Timestamp hhmmss.sss mm: Minutes (fixed two digits)
ss: Seconds (fixed two digits)

.sss: Decimal fraction of seconds (variable length)
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Lat

N/S

Long

E/W

GPSQual

Sats
HDOP

Alt

AltVal
GeoSep
GeoVal
DGPSAge
DGPSRef

Example:

DDMM.MMMMM

“N” or “S”

DDDMM.MMMMM

“E” or “W

Decimal, 1 digit

Decimal, 2 digits
Decimal, 3 digits

Float.

o
Decimal, 4 digits
oo
Empty
Empty

Note: That decimal fraction assumes non zero values when the fix rate is bigger

than 1 Hz.
Latitude as degrees:
DD: Degree (fixed two digits)
MM: Minutes (fixed two digits)
MMMMM: Decimal fraction of minutes (variable)
Latitude direction: north or south
Longitude as degrees:
DDD: Degree (fixed three digits)
MM: Minutes (fixed two digits)
MMMMM: Decimal fraction of minutes (variable)
Longitude direction: east or west
0 = Fix not available or invalid
1 = GPS, SPS mode, fix valid
2 = Differential GPS, SPS mode, fix valid
6 = Estimated (dead reckoning) mode
Satellites in use: example: 8
Horizontal dilution of precision, max: 99.0
Height above mean sea level (geoid), max: 100000 m
Number of digits after the decimal point configurable (firmware config page 32 line O field 0).
Firmware config page 32 line 0 field O:
is 0 then minimum number of characters is 1.
is not 0 then minimum number of characters is 2 + (number of digits after decimal point).
Reference unit for altitude (“M” = meters)
Geoidal separation measure in “M” = meters
Reference unit for GeoSep (“M” = meters)
Not supported
Not supported

SGPGGA,183417.000,4814.03970,N,01128.52205,E,0,00,99.0,495.53,M,47.6,M,,*53

4.6.3 $--GSA

GNSS DOP and active satellites. Satellites from different constellations are sent on separate messages.
NMEA message list bitmask (64 bits): 0000 0000 0000 0004

Synopsis:

$<TalkerID>GSA,<Mode>, <CurrentMode>,<SatPRN1>, ..., <SatPRNn>,<PDOP>, <HDOP>, <VDOP>,<SystemID>*<
checksum><cr><1f>

Table 98. $--GSA field description

TalkerID
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GA: If system works in Galileo only mode

GB: If system works in BeiDou only mode
GQ: If system works in QZSS only mode
Gl: If system works in IRNSS only mode
GN: If system works in multi-constellation mode
Mode 1 character M = Manual, forced to operate in 2D or 3D mode (manual mode not supported)
A = Automatic, allowed to automatically switch 2D/3D
Current mode:
1 = Fix not available or invalid
2 = GPS, SPS Mode, fix valid
3 = Differential GPS, SPS mode, fix valid

CurrentMode Decimal, 1 digit

Satellites list used for positioning. See Section 4.5: Preliminary notes about satellites’

SatxPRN Decimal, up to 3 digits PRN ranges for more info about available values.

X.X, variable length

PDOP field Position dilution of precision, max: 99.0

HDOP XX, var:c?ebll(;a length Horizontal dilution of precision, max: 99.0
X.X, variable length . - - .

VDOP Vertical dilution of precision, max: 99.0

field
NMEA 4.11 only: The system ID of this message:
1=GPS
2 = GLONASS
SystemID Hexadecimal, 1 digit = 3 = Galileo
4 = BeiDou
5=QZSS
6 = IRNSS

Example:

SGNGSA, A, 3,22,03,14,01,28,08,27,10,32,17,,,0.7,0.4,0.6,1*32
SGNGSA,A,3,90,78,87,7L,,44rrs,,0.7,0.4,0.6,2*38
SGNGSA, A, 3, rrrrrrr7,,0.7,0.4,0.6,5%30

SGNGSA, A, 3,03,15,27,30,05,09,,,,,,,0.7,0.4,0.6,3*3B
SGNGSA, A, 3,30,27,33,41,16,32,14,06,39,,,,0.7,0.4,0.6,4*3D
SGNGSA,A,3,03,14,01,08,10,32,,,,,,,0.7,0.4,0.6,1*3B
SGNGSA, A, 3,03,15,27,30,09,,,,,,,,0.7,0.4,0.6,3*3E
SGNGSA,A,3,30,27,33,41,32,39,,,4+,,0.7,0.4,0.6,4*39

4.6.4 $--GSV
GNSS satellites in view.
Usually, GSV messages are organised per constellation and each message carries information about up to 4
satellites in view. Thus, in certain cases, to describe all the satellites in view from a constellation more than a
message is needed. This set of messages is printed once per each constellation with talker ID related to
described constellation. All satellites in view of bands 1 are reported with their respective CNO value if satellite is
tracked, or, no CNO value if satellite is not tracked. For the other bands, ONLY tracked satellites in view are
reported with their respective CNO value.
NMEA message list bitmask (64 bits): 0000 0000 0008 0000
Synopsis:

$--GSV, <GSVAmount>, <GSVNumber>, <TotSats>,<Satl1PRN>,<SatlElev>,
<SatlAzim>,<SatlCNO>,..,<Sat4PRN>, <Sat4Elev>,<Sat4Azim>, <Sat4CNO>,
<SignalID>*<checksum><cr><lf>
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Table 99. $--GSV field description

The talker ID (fixed two characters).

GP: If system works in GPS only mode
GL: If system works in GLONASS only mode
TalkerlD String, 2 characters | GA: If system works in Galileo only mode
GB: If system works in BeiDou only mode
GQ: If system works in QZSS only mode
Gl: If system works in IRNSS only mode
GSVAmount Decimal, 1 digit Total amount of GSV messages, max. 3
GSVNumber Decimal, 1 digit Continued GSV number of this message
TotSats Decimal, 2 digits Total Number of satellites in view, max. 12

Satellite’s list used for positioning. See Section 4.5: Preliminary notes about satellites’

SatxPRN | Decimal, up to 3 digits PRN ranges for more info about available values

SatxElev Decimal, 2 digits Elevation of satellite x in degree, 0 ... 90
SatxAzim Decimal, 3 digits Azimuth of satellite x in degree, ref. “north”, 000 ... 359
SatxCNO Decimal, 2 digits Carrier to noise ratio for satellite x in dB, 00 ... 99

SignallD Hexadecimal, 1 digit | An identifier to indicate the signal in use.

Example:

$GPGSV, 3,1,10,15,79,235,48,13,56,123,48,24,53,275,46,23,34,296,39,1*%6B
$GPGSV, 3,2,10,20,34,280,42,14,32,051,42,17,23,094,46,19,15,120,43,1*6B
$GPGSV, 3,3,10,12,14,206,41,05,09,187,39,,,,,+,,,1%6A
$GLGSV,2,1,05,73,54,175,45,68,52,316,48,71,47,243,48,65,16,047,37,1*77
$GLGSVIZIZI 05! 92! 121 15813811111111111111*42
$GAGSV,1,1,04,01,72,076,48,04,69,167,47,09,49,303,44,31,46,213,45,7*73
$GBGSV,2,1,07,842,50,289,45,821,49,198,48,814,30,311,39,810,19,046,39,1*7F
$GBGSV,2,2,07,805,11,115,36,829,08,102,41,822,08,162,42,,,,,1*72
$GPGSV,1,1,03,24,,,48,23,,,44,14,,,48,,,,,8%6C
$GAGSV,1,1,04,31,,,47,09,,,46,04,,,49,01,,,50,1*76
$GBGSV,1,1,03,29,,,44,21,,,48,22,,,43,,,,,5*%72

4.6.5 $--RMC

Recommended minimum specific GPS/transit data. Time, date, position and speed data provided by the GNSS
receiver. This sentence is transmitted at intervals not exceeding 2 seconds and is always accompanied by RMB
when destination waypoint is active.

NMEA message list bitmask (64 bits): 0000 0000 0000 0040
Synopsis:

$<TalkerID>RMC, <Timestamp>,<Status>,<Lat>,<N/S>,<Long>, <E/W>, <Speed>,
<Trackgood>, <Date>,<MagVar>,<MagVarDir>, <mode>,
<Nav_status>*<checksum><cr><1f>

Table 100. $--RMC field description

The talker ID (fixed two characters).

GP: If system works in GPS only mode

GL: If system works in GLONASS only mode
TalkerlD String, 2 characters

GA: If system works in Galileo only mode

GB: If system works in BeiDou only mode

GQ: If system works in QZSS only mode
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Gl: If system works in IRNSS only mode

GN: If system works in multi-constellation mode.
UTC time of GPS sample:
hh: Hours (fixed two digits)
mm: Minutes (fixed two digits)
Timestamp hhmmss.sss ss: Seconds (fixed two digits)
.sss: Decimal fraction of seconds (variable length)

Note: That decimal fraction assumes non zero values when the fix rate is
bigger than 1 Hz.

Receiver warning: “A” = valid, “V” = warning

Status AoV Note: “V” is reported in NO FIX conditions and “A” is reported in 2D and 3D
fix conditions.

Latitude as degrees:

DD: Degree (fixed two digits)

Lat DDMM.MMMMM

MM: Minutes (fixed two digits)

MMMMM: Decimal fraction of minutes (variable)
N/S “N” or “S” Latitude direction: north or south

Longitude as degrees:

DDD: Degree (fixed three digits)
Long DDDMM.MMMMM

MM: Minutes (fixed two digits)

MMMMM: Decimal fraction of minutes (variable)
E/W “E” or “W” Longitude direction: east or west

Speed | x.x, variable length field | Speed over ground in knots

Trackgood | x.x, variable length field Course made good, max. 999.9

Date Decimal, 6 digits Date of fix: ddmmyy
MagVar Decimal, 4 digits Magnetic variation, max.: 090.0
MagVarDir “E” or “W” Magnetic variation direction

Positioning system mode indicator:
“D” = Differential mode
Mode “D”, “A”, “N” or “E” “A” = Autonomous mode
“N” = Data not valid
“E” = Estimated (dead reckoning) mode

Navigational status indicator:

“S” = Safe
Nav_status ~ “S”, “C”, “U” or “V” “C” = Caution

“U” = Unsafe

“V” = Not valid

Example:
$GNRMC, 081623.000,A,4759.63403,N,00011.13573,E,0.1,0.0,220321,,,A,C*1E
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4.6.6 $--VTG
Course over ground and ground speed, this message provides the actual course and speed relative to ground.
NMEA message list bitmask (64 bits): 0000 0000 0000 0010
Synopsis:

$<TalkerID>VTG,<TMGT>, T, <TMGM>, M, <SoGN>, N, <SoGK>, K, <D>*<checksum><cr><1f>

Table 101. $--VTG field description

The talker ID (fixed two characters).
GP: If system works in GPS only mode
GL: If system works in GLONASS only mode

GA: If system works in Galileo only mode

TalkerID String, 2 characters
GB: If system works in BeiDou only mode
GQ: If system works in QZSS only mode
Gl: If system works in IRNSS only mode
GN: If system works in multi-constellation mode
TMGT ddd.d in degrees Track in reference to “true” earth poles (empty if no fix)
T - Indicates “terrestrial”
TMGM ddd.d in degrees Track in reference to “magnetic” earth poles (always empty)
M - Indicates “magnetic”
SoGN ddd.d in knots Speed over ground in knots (empty if no fix)
N - Indicates “knots”
SoGK ddd.d in km/h Speed over ground in kilometers per hour (empty if no fix)
K - Indicates “kilometres”
Mode indicator:
A= Autonomous mode
D char D= Differential mode
E= Estimated mode
N = Not valid mode
Example:

$GPVTG,73.2,T,,M,0.2,N,0.4,K,D*50

4.6.7 $--GST
Global positioning system pseudorange noise statistics.
NMEA message list bitmask (64 bits): 0000 0000 0000 0008
Synopsis:

$<TalkerID>GST,<Timestamp>,<EHPE>, <Semi-major>,<Semi-minor>,<Angle>,<LatErr>,<LonErr>,<Alt Er
r Dev>*<checksum><cr><1lf>

Table 102. $--GST field description

The talker ID (fixed two characters)
TalkerID | String, 2 characters | GP: If system works in GPS only mode
GL: If system works in GLONASS only mode
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GA: If system works in Galileo only mode

GB: If system works in BeiDou only mode
GQ: If system works in QZSS only mode
Gl: If system works in IRNSS only mode
GN: If system works in multi-constellation mode
UTC time of GPS sample:
hh: Hours (fixed two digits)
mm: Minutes (fixed two digits)
Timestamp hhmmss.sss ss: Seconds (fixed two digits)

sss: Decimal fraction of seconds (variable length)

Note: That decimal fraction assumes non zero values when the fix rate is bigger
than 1 Hz.
EHPE dd.dinm Equivalent horizontal position error
Semi-major dd.dinm Standard deviation (meters) of semi-major axis of error ellipse
Semi-minor dd.dinm Standard deviation (meters) of semi-minor axis of error ellipse
Angle dd.d in degree Orientation of semi-major axis of error ellipse (true north degrees)
LatErr dd.dinm Standard deviation (meters) of latitude error
LonErr dd.dinm Standard deviation (meters) of longitude error
AltErr dd.dinm Standard deviation (meters) of altitude error

Example:
$GNGST, 081623.000,1.0,3.1,2.8,-0.2,3.1,2.7,2.8%5C

4.6.8 $--GBS
GNSS satellite fault detection
NMEA message list bitmask (64 bits): 0000 2000 0000 0000
Synopsis:

$<TalkerID>GBS,<Timestamp>,<LatErr>,<LonErr>,<AltErr>,<SatPRN>,<Prob>, <Res>,<StdDev>,<System
ID>,<SignalID>*<checksum><cr><1lf>

Table 103. $--GBS field description

The talker ID (fixed two characters)
GP: If system works in GPS only mode
GL: If system works in GLONASS only mode
GA: If system works in Galileo only mode
TalkerlD String, 2 characters
GB: If system works in BeiDou only mode
GQ: If system works in QZSS only mode
Gl: If system works in IRNSS only mode
GN: If system works in multi-constellation mode
UTC time of GPS sample:
hh: Hours (fixed two digits)
Timestamp hhmmss.sss
mm: Minutes (fixed two digits)

ss: Seconds (fixed two digits)
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sss: Decimal fraction of seconds (variable length) (")

LatErr dd.dinm Standard deviation (meters) of latitude error
LonErr dd.dinm Standard deviation (meters) of longitude error
AltErr dd.dinm Standard deviation (meters) of altitude error
PRN number of most likely failed satellite
SatPRN Decimal, 2 digits
This satellite is excluded by RAIM or FDE algorithm
Probability of missed detection for most likely failed satellite
Prob Empty
Not supported
Res dd.dinm Range residual of most likely failed satellite
Standard deviation of bias estimate
StdDev Empty
Not supported
The system ID of this message:
1=GPS
2 = GLONASS
SystemID Hexadecimal, 1 digit 3 = Galileo
4 = BeiDou
5=QZSS
6 = IRNSS
SignallD Hexadecimal, 1 digit An identifier to indicate the signal in use.

1. That decimal fraction assumes non zero values when the fix rate is bigger than 1 Hz.

Example:

SGNGBS, 081624.000,3.1,2.7,2.8,,,,,,%6B

4.6.9 $--GLL
Geographic positioning latitude / longitude.
NMEA message list bitmask (64 bits): 0000 0000 0010 0000
Synopsis:

$<TalkerID> GLL<Lat>,<N/S>,<Long>,<E/W>,<Timestamp>,<Status>,<mode indicator>*<checksum><cr><
1£>

4.6.10 $--DTM
Datum reference. Local geodetic datum and datum offsets from a reference.
NMEA message list bitmask (64 bits): 0000 0080 0000 0000
Synopsis:

$—--DTM, <LocDatCode>, <LocDatSubDiv>,<LatOffset>,<N/S>,<LonOffset>,<E/W>, <AltOffset>,<RefDatCo
de>*<checksum><cr><lf>

Table 104. $--DTM field description

The talker ID (fixed two characters)

GP: If system works in GPS only mode
TalkerlD String, 2 characters GL: If system works in GLONASS only mode

GA: If system works in Galileo only mode

GB: If system works in BeiDou only mode
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GQ: If system works in QZSS only mode

Gl: If system works in IRNSS only mode
GN: If system works in multi-constellation mode
LocDatCode Char, 3 digits Local datum code
LocDatSubDiv Decimal, 3 digits Local datum subdivision code

Latitude offset

LatOffset MM.MMMMM MM: Minutes (fixed two digits)
MMMMM: Decimal fraction of minutes (variable)
N/S “N” or “S” Latitude direction: north or south
Longitude offset
LonOffset MM.MMMMM MM: Minutes (fixed two digits)
MMMMM: Decimal fraction of minutes (variable)
E/W “E” or “W” Longitude direction: east or west
AltOffset Float Altitude offset, meters
RefDatCode Char, 3 digits Reference datum code
4.6.11 $--ZDA

Time and date. UTC, day, month, year and local time zone.
NMEA message list bitmask (64 bits): 000 000 0100 0000
Synopsis:

$--7ZDA, <UTC>, <Day>, <Month>,<Year>, <LocalZoneHour>,<LocalZoneMin>*<checksum><cr><1f>

Table 105. $--ZDA field description

The talker ID (Fixed two characters)
GP: If system works in GPS only mode
GL: If system works in GLONASS only mode
TalkerlD String, 2 characters GA: If system works in Galileo only mode
GB: If system works in BeiDou only mode
GQ: If system works in QZSS only mode
Gl: If system works in IRNSS only mode
GN: If system works in multi-constellation mode
UTC time of GPS sample
hh: Hours (fixed two digits)
uUTC hhmmss.sss mm: Minutes (fixed two digits)
ss: Seconds (fixed two digits)
.sss: Decimal fraction of seconds (variable length) (")
Day Decimal, 2 digits Local datum subdivision code
Latitude offset
Month Decimal, 2 digits MM: Minutes (fixed two digits)
MMMMM: Decimal fraction of minutes (variable)

Year Decimal, 4 digits Latitude direction: north or south

LocalZoneHour Empty Local zone hour. Not supported.
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LocalZoneMin Empty Local zone minutes. Not supported.

1. That decimal fraction assumes non zero values when the fix rate is bigger than 1 Hz.

4.7 ST NMEA messages specification

In order to provide further data and information from the GNSS system, which are not provided by the standard
NMEA messages, STMicroelectronics provides “proprietary messages”. Any proprietary message on the NMEA
port starts with “$Pxxxx...” and the following three letters indicate that it is an STMicroelectronics proprietary
message ($PSTMxxx...)

There are two sorts of “proprietary messages” within an STMicroelectronics -GNSS system. They are either sent
repeatedly with a defined or definable reporting rate or they are sent only once as a reaction to a command.

471 $PSTMRF
Satellite signal data for each tracked satellite.
For more information, refer to UM3397.

4.7.2 $SPSTMTG
Time and global Information.
For more information, refer to UM3397.

4.7.3 $PSTMTS
This message reports the satellite observables data.
For more information, refer to UM3397.

4.7.4 $PSTMSAT
This message is repeated for each satellite tracked and contains satellite iono and differential data.
For more information, refer to UM3397.

4.7.5 $PSTMCHMON
This message reports the carrying correlation for a given satellite.
For more information, refer to UM3397.

4.7.6 $PSTMMG

This message reports the time week number, time of week, validity and constellation type of the current best time,
in addition to signal and observation’s quality metrics masks

For more information, refer to UM3397.

4.7.7 $PSTMMS
This message reports the valid signal and observation quality metrics for each tracked satellite.
For more information, refer to UM3397.

4.7.8 $PSTMPRES
Position residual
Note: $PSTMPRES and $PSTMVRES are always enabled together.
NMEA message list bitmask (64 bits): 0000 0000 0000 1000
Synopsis:
$PSTMPRES, <RMSpos>, <resl>, ..., <resN>*<checksum><cr><lf>

N = number of tracked satellites
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Table 106. $PSTMPRES field description

RMSpos dd.d Position “rms” residual for the fix

resx dd.d Residual of tracked satellite x (corresponds to x satellite in $--GSA message)

*

Fixed character ' Delimiter of datafield

Example:

$PSTMPRES,2.9,0.8,0.6,0.1,-0.3,9.1,-1.4,-0.2,-1.5,-0.8,3.5,1.6,1.2,0.2,0.2,-0.5,3.3,-1.9,0.4,
_2'l’0'4’0'3’_8'2’_1'17_1'270'2’4'2""""""""""""’””””””””””’*27

4.7.9 $PSTMVRES
Velocity residual
Note: $PSTMPRES and $PSTMVRES are always enabled together.
NMEA message list bitmask (64 bits): 0000 0000 0000 1000
Synopsis:
SPSTMVRES, <RMSvel>,<vresl>, ...,<vresN>*<checksum><cr><lf>

N = number of tracked satellites

Table 107. $PSTMVRES field description

T

RMSvel dd.d Velocity “rms” residual for the fix (m/s)
vresx dd.d Residual of tracked satellite x (m/s) (corresponds to x satellite in $--GSA message)

*

Fixed character = Delimiter of datafield

Example:

$PSTMVRES,0.0,-0.0,-0.0,0.0,-0.0,0.0,0.0,-0.0,-0.0,0.0,-0.0,0.0,-0.0,0.0,-0.0,0.0,-0.0,0.0,0.
llO'OIO'OIO'OIO'OIO'OI_O'OI_O'OIO'OIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII*26

4.7.10 $PSTMCPU
This message contains the real time CPU usage and the CPU speed setting.
NMEA message list bitmask (64 bits): 0000 0000 0080 0000
Synopsis:

SPSTMCPU, <CPU_Usage>, -1, <CPU_Speed>*<checksum><cr><1lf>

Table 108. $PSTMCPU field description

T

CPU_Usage ddd.dd CPU usage %
PLL enabling/disabling status:
0: PLL disabled

PLL_ON_OFF Decimal, 1 digit
1: PLL enabled
-1: Not supported
CPU_Speed Decimal, 1 digit CPU clock frequency: example: 261 MHz
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4.7.11 $PSTMPPSDATA
Reports the pulse per second data
NMEA message list bitmask (64 bits): 000 000 0020 0000
Synopsis:

SPSTMPPSDATA, <on_off>,<pps valid>,<synch valid>, <out mode>,<ref time>,<ref constellation>,<pu
lse duration>,<pulse delay>,<gps _delay>,<glo delay>,<bei delay>,<gal delay>,<inverted polarit
y>,<fix cond>,<sat th>,<elev mask>,<const mask>,<ref sec>,<fix status>,<used sats>,<gps utc d
elta s>,<gps_utc delta ns>,<glonass utc delta ns>,<galileo utc delta ns>,<quantization error>
,<pps_clock freg>,<tcxo clock freqg>,<compass utc delta time s>*<checksum><cr><lf>

Table 109. $PSTMPPSDATA field description

e roma i

PPS signal ON/OFF status
on_off Decimal, 1 digit 0: OFF
1: ON
Global PPS validity flag
pps_valid Decimal, 1 digit 0: PPS not valid
1: PPS valid

PPS synchronization validity

synch_valid Decimal, 1 digit 0: Not valid
1: Valid
0 =PPS_OUT_MODE_ALWAYS

out_mode Decimal, 1 digit 1=PPS_OUT_MODE_ON_EVEN_SECONDS
2 =PPS_OUT_MODE_ON_ODD_SECONDS
0=UTC

1= GPS_UTC (GPS Time)
2 = GLONASS_UTC (GLONASS Time)
3=UTC_Su®

ref_time Decimal, 1 digit
4 = GPS_UTC_FROM_GLONASS®
Note: If the software is configured to work in
GLONASS only mode, UTC(SU) is identical
to UTC and GPS_UTC_FROM_GLONASS
is identical to GPS_UTC.
0=GPS
1= GLONASS
ref_constellation Decimal, 1 digit Note: The reference constellation reports which
reference time has been used for the PPS
generation.
pulse_duration Double Pulse duration [s]
pulse_delay Decimal Pulse delay [ns]
gps_delay Decimal GPS path RF delay [ns]
glo_delay Decimal GLONASS path RF delay [ns]
BeiDou path RF delay [ns]
bei_delay Decimal Note: This parameter is always zero if Beidou
- constellation is not supported by the
hardware platform.
gal_delay Decimal Galileo path RF delay [ns]
inverted_polarity Decimal, 1 digit Pulse polarity inversion:
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R T R

0 = Not inverted

1 = Inverted

Selected GNSS fix condition for PPS signal generation:

1=NO_FIX.
2 =2D_FIX.
fix_cond Decimal, 1 digit 3 =3D_FIX.

4 = RTK_FIXED_FIX
5 = RTK_FLOAT_FIX
6 = PPS_MODE_FIX

Selected minimum number of satellites for PPS signal

sat_th Decimal -
- generation.
elev_mask Decimal Selected minimum satellite elevation for time correction.
const_mask Decimal Selected constellations for time correction.

Second at which the reported PPS data is applied. According
ref_sec Decimal, 2 digits to the reference time configuration it could be a UTC or a
GPS or a GLONASS time second.

fix_status Decimal, 1 digit GNSS position fix status when the time has been corrected.
used_sats Decimal Used satellites for time correction.
gps_utc_delta_s Decimal UTC leap seconds [s]
gps_utc_delta_ns Decimal UTC — GPS delta time [ns]
glonass_utc_delta_ns Decimal UTC — GLONASS delta time [ns]
galileo_utc_delta_ns Decimal UTC - Galileo delta time [ns]
quantization_error Double (scientific notation format) Quantization error [s].
pps_clock_freq Double, 2 fractional digits PPS clock frequency [Hz]
tcxo_clock_freq Double, 2 fractional digits TCXO clock frequency [Hz]

compass_utc_delta_ti

Decimal UTC — BeiDou leap second [s]
me_s

1. UTC(SU) is the Soviet Union UTC, it is derived from GLONASS time applying the UTC delta time downloaded from
GLONASS satellites.

2. GPS_UTC_FROM_GLONASS is the GPS time derived from GLONASS time applying the GPS delta time downloaded from
GLONASS satellites.

4.712 $PSTMTRAIMSTATUS
Reports the TRAIM algorithm status.

Note: All TRAIM related messages are enabled/disabled all together by the same mask.
NMEA message list bitmask (64 bits): 0000 0000 0200 0000
Synopsis:

SPSTMTRAIMSTATUS, <on off>,<traim solution>,<alarm>,<ave error> ,<used sats>,<removed sats>,<r
ef second>*<checksum><cr><1f>

Table 110. $PSTMTRAIMSTATUS field description

T T

TRAIM ON/OFF status
on_off Decimal, 1 digit | 0: OFF
1: ON
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TRAIM algorithm status:
0 = UNDER alarm

traim_solution Decimal, 1 digit

1=0VER alarm
2 = UNKNOWN
alarm Decimal Time error threshold [ns]
ave_error Decimal Average time error [ns]
used_sats Decimal Number of used satellites
removed_sats Decimal Number of removed satellites
ref_second Decimal Second at which the PPS signal is generated based on reported TRAIM status

4.713 $PSTMTRAIMUSED
Reports the satellite used for timing correction.

Note: All TRAIM related messages are enabled/disabled all together by the same mask.

NMEA message list bitmask (64 bits): 0000 0000 0200 0000
Synopsis:

SPSTMTRAIMUSED, <on_off>,<used sats>,<satl>,.., <satN>*<checksum><cr><1lf>

Table 111. $PSTMTRAIMUSED field description

TRAIM ON/OFF status

on_off Decimal, 1 digit 0: OFF
1: ON
used_sats Decimal Number of used satellites
Sat1..satN Decimal Used satellites list

4.714 $PSTMTRAIMRES
Reports the time error residuals for satellites used for timing correction.

Note: All TRAIM related messages are enabled/disabled all together by the same mask.

NMEA message list bitmask (64 bits): 0000 0000 0200 0000
Synopsis:

SPSTMTRAIMRES, <on_off>,<used sats>,<resl>, .., <resN>*<checksum><cr><1f>

Table 112. $PSTMTRAIMRES field description

TRAIM ON/OFF status:
on_off Decimal, 1 digit 0: OFF
1: ON
used_sats Decimal Number of used satellites.

Time error residuals for satellites reported in the TRAIMUSED message. Each residual refers to

res1..resN Decimal the satellite in the same message position.

4.7.15 $PSTMDRSENMSG
Reports DR sensor message data, which is specific to the message id for each specific DR sensor configuration.
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NMEA message list bitmask (64 bits): 1000 0000 0000 0000
Synopsis:

SPSTMDRSENMSG, 3, <cpu timestamp>,<odometer>,<reverse status>*<checksum><cr><lf>

Table 113. $PSTMDRSENMSG in case of MsgID = 3 field description

Message id Decimal, 2 digits Data type
Cpu timestamp Decimal, 10 digits Microseconds
Odometer Decimal, 5 digits Unsigned odometer count
0 = Forward
Reverse status Boolean
1 = Reverse
Synopsis:

SPSTMDRSENMSG, 24, <cpu timestamp>, <temperature>, <validity>*<checksum><cr><lf>

Table 114. $PSTMDRSENMSG in case of MsgID = 24 field description

T

Message id Decimal, 2 digits ' Data type
cpu timestamp | Decimal, 10 digits | Microseconds

Gyro sensor temperature
DR version < 4.7.1: 1°C/LSB

Temperature Decimal
DR version >= DR 4.7.1: fix point value format 8.8. The floating point value is recovered
by dividing by 256
0 = Temperature is not valid
Validity Boolean
1 = Temperature is valid
Synopsis:

SPSTMDRSENMSG, 30, <cpu timestamp>,<raw x>,<raw_y>,<raw_ z>*<checksum><cr><1lf>

Table 115. $PSTMDRSENMSG in case of MsgID = 30 field description

Cpu timestamp Decimal, 10 digits Microseconds
raw_x Decimal, 5 digits Raw signed 16-bit X-axis acceleration
raw_y Decimal, 5 digits Raw signed 16-bit Y-axis acceleration
raw_z Decimal, 5 digits Raw signed 16-bit Z-axis acceleration
Synopsis:

SPSTMDRSENMSG, 31, <cpu timestamp>,<raw_ x>,<raw_y>,<raw_z>*<checksum><cr><1f>

Table 116. $PSTMDRSENMSG in case of MsgID = 31 field description

Cpu timestamp Decimal, 10 digits Microseconds

raw_x Decimal, 5 digits Raw signed 16-bit X-axis angular rate

UM3407 - Rev 5 page 71/138



m UM3407

Messages

raw_y Decimal, 5 digits Raw signed 16-bit Y-axis angular rate
raw_z Decimal, 5 digits Raw signed 16-bit Z-axis angular rate
4.7.16 $PSTMTRAIMREMOVED

Reports the satellite removed by the timing correction algorithm.
Note: All TRAIM related messages are enabled/disabled all together by the same mask.
NMEA message list bitmask (64 bits): 0000 0000 0200 0000

$PSTMTRAIMUSED,<on_off>,<removed_sats>,<satl>,m,<satN>*<checksum><cr><lf>

Synopsis:

Table 117. $PSTMTRAIMREMOVED field description

T

TRAIM ON/OFF status

on_off Decimal, 1 digit 0: OFF
1: ON
removed_sats Decimal Number of removed satellites
Sat1..satN Decimal Removed satellites list
4.717 $PSTMKFCOV

This message contains the standard deviations for position and velocity and their split into north, east and vertical
components.

NMEA message list bitmask (64 bits): 0000 0000 0800 0000

Synopsis:

SPSTMKFCOV, <PosStd>, <PosNcov>,<PosEcov>, <PosVcov>, <VelStd>,<VelNcov><VelEcov>,<VelVcov>*<ch
ecksum>cr><1£f>

Table 118. $PSTMKFCOV field description

pameir | romat | e ]

PosStd ddd.d Standard deviation of position in meters
PosNcov ddd.d Covariance (north/south) in m? (from kalman filter)
PosEcov ddd.d Covariance (east/west) in m? (from kalman filter)
PosVcov ddd.d Covariance (vertical) in m? (from kalman filter)

VelStd ddd.d Standard deviation of velocity in meter/second
VelNcov ddd.d Covariance (north/south) in m?#s (from kalman filter)
VelEcov ddd.d Covariance (east/west) in m?/s (from kalman filter)
VelVcov ddd.d Covariance (vertical) in m?/s (from kalman filter)

Example:

SPSTMKFCOV,8.7,50.9,25.4,150.7,0.4,0.1,0.0,0.2%49
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4.7.18 $PSTMANTENNASTATUS
NMEA message list bitmask (64 bits): 0000 0010 0000 0000
This message reports most relevant information about the Antenna Detection module.
Synopsis:

SPSTMANTENNASTATUS, <ant status>,<op mode>,<rf path>,<pwr switch>*<checksum><cr><1lf>

Table 119. $PSTMANTENNASTATUS field description

Current antenna status

0 = Not initialized

1 = Normal condition

2 = Open condition
ant_status Decimal 3 = Short ground condition

4 = Thermal shutdown condition

5 = Reverse current/short VCC condition

6 = Overcurrent condition

7 = Error

Current antenna detection operating mode
op_mode Decimal 0 = Automatic mode

1 = Manual mode

Current RF path

0 = Not initialized

rf_path Decimal
1 = External antenna
2 = Internal antenna
Current antenna power status
pwr_switch Decimal 0 = Antenna power is off

1 = Antenna power is on

4.7.19 $PSTMSBAS
SBAS satellite data.
NMEA message list bitmask (64 bits): 0000 0000 0000 4000
Synopsis:

SPSTMSBAS, <Status>, <SatTrk>,<SatID>,<Elev>,<Azim>,<Sig>, *<checksum><cr><1lf>

Arguments:

Table 120. $PSTMSBAS field description

SBAS status
Status Decimal, 1 digit 0 = no SBAS used
1= SBAS used
SBAS satellite tracked
0 = SBAS satellite not tracked

SatTrk Decimal, 1 digit

1 = SBAS satellite tracked, decoding is ongoing

2 = SBAS satellite tracked and decoded. Differential Mode ON
SatlD Decimal, 3 digits SBAS satellite ID
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Elev Decimal, 2 digits SBAS satellite elevation (in degrees)
Azim Decimal, 3 digits SBAS satellite azimuth (in degrees)
Sig Decimal, 2 digits SBAS satellite signal strength CNO (in dBHz)
Example:

SPSTMSBAS,1,2,123,27,140,44*1A

4.7.20 $PSTMSBASM
Output the SBAS satellite message frame.
NMEA message list bitmask (64 bits): 0000 8000 0000 0000
Synopsis:

$PSTMSBASM, <SatID>, <Msg>*<checksum><cr><1f>

Arguments:

Table 121. $PSTMSBASM field description

SatlD Decimal, 3 digits SBAS Satellite ID
M Hexadecimal, 250-bit SBAS Message Frame padded with six 0 bits
S
9 64 digits (32 Bytes encoded on 64 hexadecimal digits)
* Fixed Character Delimiter for data field
Example:

$SPSTMSBASM, 120,c660003fcbfa4000000003957bb9801e5b£f3fe02007412£d82bfafee9c8a7040%22

This frame can be activated through the FW configuration with the following NMEA commands:

$PSTMSETPAR, 32,6,0,1,0x8000
SPSTMSAVEPAR
SPSTMSRR

4.7.21 $PSTMNAVM
Navigation data frame.
NMEA message list bitmask (64 bits): 0000 0020 0000 0000
Synopsis:

SPSTMNAVM, <msg_id>,<prn>,<nav_frame>*<checksum><cr><1lf>

Arguments:

Table 122. $PSTMNAVM field description

pusmoir | roma | e

Message ID:

. GPS=0

. GLONASS =1

. Galileo I/NAV PAYLOAD =3
msg_id Decimal, 1 digit . BeiDou=7

. CNAV-L2-L5=9

. IRNSS =10

. BeiDou CNAV 2 = 11

. Galileo FNAV = 12
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. Galileo EGB = 13

. BeiDou B2B = 14

. Galileo FULL I/NAV = 15
. Galileo E5B = 16

. BeiDou B3I =17

. GPSL1C =18

. QZSS L1C =19

prn Decimal, 3 digits Satellite PRN (range: depending on the constellation)

Hexadecimal,

nav_frame up to 80 digits

Navigation data frame (length: depending on the constellation)

Example:

$PSTMNAVM, 1,83, 0DF30363100697D1557CB70CA9852A031A0C100654AE*15
$PSTMNAVM, 1,71, 0DF30363100697D1557CB70CA9852A031A0C100654AE*18
$PSTMNAVM, 1, 84, 0DF30363100697D1557CB70CA9852A031A0C100654AE*12
$PSTMNAVM, 1, 90, 0DF30363100697D1557CB70CA9852A031A0C100654AE*17
$PSTMNAVM, 1, 82, 0DF30363100697D1557CB70CA9852A031A0C100654AE*14
$PSTMNAVM, 1,72, 0DF30363100697D1557CB70CA9852A031A0C100654AE*1B
$PSTMNAVM, 1,87, 0DF30363100697D1557CB70CA9852A031A0C100654AE*11
$PSTMNAVM, 1,91, 0DF30363100697D1557CB70CA9852A031A0C100654AE*16
This frame can be activated through the firmware configuration with the following NMEA commands:

SPSTMSETPAR,21,1,0,1,0x10
SPSTMSETPAR, 32,6,0,1,0x20
SPSTMSAVEPAR

SPSTMSRR

4.7.22 $PSTMIFBRES
Residuals of the IFB(s) estimations done by the receiver for each satellite.
NMEA message list bitmask (64 bits): 8000 0000 0000 0000
Synopsis:

$PSTMIFBRES, <ifb_ index>,<num sats>,<sat_id 1>,<ifb residual 1>, .. *<checksum><cr><1f>

Arguments:

Table 123. $PSTMIFBRES field description

Carrier pair:

0=GPS L2C L1

1= GLONASS G2 G1

2 = BeiDou B2I B1l

3=GPSL5L1

4 = Galileo E5a E1
ifb_index Decimal, 1 digit 5 = Galileo E5b E1

6 = Galileo E6 E1

7 = BeiDou B2a B1I

8=GPSL1CL1

9 = BeiDou B1C B1l

10 = BeiDou B3I B1l

11 = BeiDou B2B B1l

num_sats Decimal, 2 digits Number of satellites
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sat_id_x Decimal, 2 digits Satellite PRN (Range: depending on the constellation)
ifb_residual_x Decimal, 3 digits IFB residual [dm] for the corresponding satellite
Example:

SPSTMIFBRES,0,6,9,-0.3,6,56.6,3,22.8,30,-29.1,4,-32.8,7,-17.2*10
SPSTMIFBRES,1,5,69,-53.2,68,25.5,71,23.6,77,-10.1,72,14.2*0D
SPSTMIFBRES,2,2,145,-129.7,152,129.7*38
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4.7.23 $PSTMIFBESTDATA
Inter-frequency bias (IFB) estimation.
NMEA message list bitmask (64 bits): 0010 0000 0000 0000
Synopsis:

SPSTMIFBESTDATA,<ifb index>,<ifb est state>,<sat type alarm mask>,<main trk mode sat type>,<d
ual trk mode sat type>,<ifb value>,<traim solution>,<size of table>,<num residuals>,<ifb coun
t>,<psr rate count>,<adr rate count>,<ifb mean>,<ifb psr rate>,<ifb adr rate>,<thr mean>,<thr
_prs_rate>,<thr_adr_rate>, *<checksum><cr><1f>

Arguments:

Table 124. $PSTMIFBESTDATA field description

Carrier pair:
0=GPSL2C L1

1= GLONASS G2 G1
2 = BeiDou B2I B1l

3=GPSL5L1
4 = Galileo E5a E1
ifb_index Decimal, 1 digit 5 = Galileo E5b E1

6 = Galileo E6 E1

7 = BeiDou B2a B1l

8=GPSL1C L1

9 = BeiDou B1C B1l

10 = BeiDou B3I B1l
11 = BeiDou B2B B1l

bit0 = global alarm

ifb_est_state Decimal, 1 digit
bit1 = IFB estimation updated
Constellation alarm mask, for each bit in the mask: 0=0OK 1=ALARM
Bit 0 = GPS
sat_type_alarm_mask Decimal, 1 digit Bit 1 = GLONASS
Bit 3 = Galileo
Bit 7 = BeiDou
main_trk_mode_sat_type Decimal, 1 digit Main band tracking mode (sat_type only)

dual_trk_mode_sat_type Decimal, 1 digit Dual band tracking mode (sat_type only)

ifb_value Decimal, up to 6 digits PSR IFB estimate [dm]
0=0K
traim_solution Decimal, 1 digit 1= Alarm

2 = Unknown

size_of_table Decimal, up to 2 digits = Total number of PSR available
num_residuals Decimal, up to 2 digits | Total number of PSR used (number of computed residuals)
ifb._count Decimal, up to 2 digits I(E?ARL)meer of samples accounted in the exponential moving average
psr_rate_count Decimal, up to 2 digits PSR IFB-Rate number of samples accounted in the EMA
adr_rate_count Decimal, up to 2 digits ADR (carrier-phase) IFB-Rate number of samples accounted in the EMA
ifbo_mean Float Current value of IFB EMA
ifo_psr_rate Float Current value of PSR IFB-Rate EMA
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ifo_adr_rate Float Current value of ADR IFB-Rate EMA

Global alarm threshold on ifb_mean (if configured IFB will be updated

thr_mean Float automatically)
thr_prs_rate Float Global alarm threshold on ifb_psr_rate
thr_adr_rate Float Global alarm threshold on ifb_adr_rate
Example:
$PSTMIFBESTDATA,0,1,0,0,9,2428,0,5,24,4,60,60,-56.198,-0.46237,0.03814,200.0,3.000,1.000*3F

0,1,0,0,%
SPSTMIFBESTDATA,2,1,0,7,7,-411,1,2,24,0,0,0,12.568,-0.43576,0.13851,500.0,51.000,17.000*05
$SPSTMIFBESTDATA,5,1,0,3,12,-2598,0,5,24,4,60,60,9.411,0.33952,0.00241,200.0,3.000,1.000*19

rLrVror

$PSTMRFI

MCNF, RF AGC, and narrow/wide band jamming status.
NMEA message list bitmask (64 bits): 0004 0000 0000 0000
Synopsis:

SPSTMRFI, <indexl1>,<GPS_TOW>,<detection mask>,<insertion mask>,<constel mask>, <CW_val mask>,<
CW_candidate 0>,<CW_candidate 1>,<CW_candidate 2>, <CW_candidate 3>,<CW _candidate 4>,<CW_cand
idate 5>,<CW _candidate 6>, <CW_candidate 7>,<CW_candidate 8>,<CW _candidate 9>,<CW_candidate 1
0>, <CW_candidate 11>,<AGC val mask>,<AGC_CH1 VGA>,<AGC_CH1 PRE VGA>, <AGC CH2 VGA>,<AGC CH2
PRE VGA>,<AGC_CH3 VGA>,<AGC CH3 PRE VGA>, <jam det mask>,<jam const mask>,<NF DDCO>,<NF DDC1>
, <NF_DDC2>,<NF DDC3>,<CW_fs sign mask>*<checksum><cr><1f>

SPSTMRFI, <index2>,<GPS_TOW>,<detection mask>,<insertion mask>,<constel mask>, <CW_val mask>,<
CW_candidate 12>,<CW _candidate 13>,<CW _candidate 14>, <CW_candidate 15>,<CW_candidate 16>, <CW
_candidate 17>,<CW_candidate 18>, <CW_candidate 19>,<CW_candidate 20>,<CW_candidate 21>,<CW c
andidate 22>, <CW_candidate 23>,<AGC val mask>,<AGC RFA GAIN>,<AGC ext G2>, <AGC_ext GC>,<res
erved>, <reserved>, <reserved>,<jam det mask>,<jam const mask>, <NF DDC4>,<NF DDC5>,<NF DDC6>,<
NF DDC7>,<CW_fs sign mask>*<checksum><cr><1f>

Arguments:

Table 125. $PSTMREFI field description

T T T S

Hexadecimal, 1 = Message index.

index digit From 1 to 2
GPS_TOW Float GPS time (time of week only, in seconds)

IFDATA CW detection mask

For each bit:

. 1=CW detected

. 0= Unknown
0 IF1 CW detected IF5 CW detected
1 IF2 CW detected IF6 CW detected
2 IF3 CW detected IF7 CW detected
3 IF4 CW detected IF8 CW detected

CW notch insertion status mask

insertion_mask Huzxtid;‘(’jigifs" Index 1: CNF1...CNF12

Index 2: CNF13...CNF24
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For each bit:

1=ON (inserted)
0=0OFF

0 CNF1 inserted CNF13 inserted
1 CNF2 inserted CNF14 inserted
2 CNF3 inserted CNF15 inserted
3 CNF4 inserted CNF16 inserted
4 CNF5 inserted CNF17 inserted
5 CNF®6 inserted CNF18 inserted
6 CNF7 inserted CNF19 inserted
7 CNF8 inserted CNF20 inserted
8 CNF9 inserted CNF21 inserted
9 CNF10 inserted CNF22 inserted
10 CNF11 inserted CNF23 inserted
11 CNF12 inserted CNF24 inserted
constel_mask I::z)i(a)d: ?jiirgr]]i?sI’ CW affected constellation mask
CW candidate validity mask
For each bit:
. 1=Candidate valid
. 0=Unknown or not reported
=
0 CW candidate 0 CW candidate 12
1 CW candidate 1 CW candidate 13
2 CW candidate 2 CW candidate 14
CW_val_mask ':zﬁidgzigifsh 3 CW candidate 3 CW candidate 15
4 CW candidate 4 CW candidate 16
5 CW candidate 5 CW candidate 17
6 CW candidate 6 CW candidate 18
7 CW candidate 7 CW candidate 19
8 CW candidate 8 CW candidate 20
9 CW candidate 9 CW candidate 21
10 CW candidate 10 CW candidate 22
11 CW candidate 11 CW candidate 23
CW_candidate_0 ) CW candidate #0 or 12 power (unsigned bit 31-19) /Freq (signed bit 18-0).
or CW_candidate_12 Decimal CW candidate # depends on message index (index 1: #0, index 2: #12).
CW_candidate_1
or CW._candidate_13 Decimal CW candidate #1 or 13 Power/Freq.
CW_candidate_2
or CW_candidate_14 Decimal CW candidate #2 or 14 Power/Freq.
CW_candidate_3 Decimal CW candidate #3 or 15 Power/Freq.
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or CW_candidate_15
CW_candidate_4

Decimal CW candidate #4 or 16 Power/Freq.
or CW_candidate_16
CW_candidate_5
Decimal CW candidate #5 or 17 Power/Freq.
or CW_candidate_17
CW_candidate_6
Decimal CW candidate #6 or 18 Power/Freq.
or CW_candidate_18
CW_candidate_7
Decimal CW candidate #7 or 19 Power/Freq.
or CW_candidate_19
CW_candidate_8
Decimal CW candidate #8 or 20 Power/Freq.
or CW_candidate_20
CW_candidate_9
Decimal CW candidate #9 or 21 Power/Freq.
or CW_candidate_21
CW_candidate_10
Decimal CW candidate #10 or 22 Power/Freq.
or CW_candidate_22
CW_candidate_11
Decimal CW candidate #11 or 23 Power/Freq.
or CW_candidate_23
Hexadecimal,
AGC_val_mask AGC validity mask
1 digit
AGC CH1 VGA or Index 1: channel 1 VGA
= - Decimal
AGC_RFA_GAIN Index 2: AGC RFA Gain
AGC CH1 PRE VGA or Index 1: channel 1 PRE VGA
- - = Decimal
AGC_ext_G2 Index 2: AGC external G2: 1,Q (6-bit | + 6-bit Q)
AGC CH2 VGA or Index 1: channel 2 VGA
= " Decimal
AGC_ext_GC Index 2: AGC external GC: |,Q (6-bit | + 6-bit Q)
AGC CH2 PRE VGA or Index 1: channel 2 PRE VGA
- - - Decimal
reserved Index 2: reserved
Index 1: channel 3 VGA
AGC_CH3_VGA or reserved Decimal
Index 2: reserved
AGC CH3 PRE VGA or Index 1: channel 3 PRE VGA
- - - Decimal
reserved Index 2: reserved
Wide-band (IFM) jamming detection mask
DDCO0...DDC7
iam det mask Hexadecimal, )
Jam_det_| up to 2 digits  For each bit:
. 1=Jamming detected
. 0=Unknown
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jam_const_mask

NF_DDCO or NF_DDC4

NF_DDC1 or NF_DDC5
NF_DDC2 or NF_DDC6
NF_DDC3 or NF_DDC7

CW_fs_sign_mask

Hexadecimal,
up to 8 digits

Decimal

Decimal

Decimal

Decimal

Hexadecimal, up
to 3 digits

N o g b~ wWwN

DDCO - Jamming detected
DDC1 - Jamming detected
DDC2 - Jamming detected
DDC3 - Jamming detected
DDC4 - Jamming detected
DDCS5 - Jamming detected
DDC6 - Jamming detected
DDC7 - Jamming detected

Wide band jamming affected constellation mask

Noise floor DDCO or 4 (0O=unknown). Noise floor DDC number depends on
message index (index