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1. Introduction
Goal of Platform
The Stanford GPS Matlab Platform (SGMP) is a tool that helps you to use GPS/GNSS measurements in various formats for your GPS research activity. SGMP is designed to be flexible and easily modifiable based on the user’s requirement. For general or modified use, please refer to this user’s guide and the Matlab source codes.

Configuration
The major components in SGMP are:
· The Measurement Interface is an interface to various formats of GPS/GNSS measurements.  All supported formats of measurements are converted to a Matlab format defined in this document. 
· The GPS Simulator is a block allocated for signal processing functionalities based on data from the Measurement Interface. A sample program is provided which can be modified according to user’s needs.
· The User Interface is an interface designed for user’s control of SGMP. The User Interface can be used to control both the Measurement Interface and the GPS Simulator.
The overall configuration of SGMP is depicted in the following figure and more detailed description is given in the following sections.
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Figure 1. Stanford GPS Matlab Platform
2. GPS/GNSS Measurement Interface
Overview

Measurement Interface

The Measurement Interface is an interface to various formats of GPS/GNSS measurements.  All supported formats of measurements are converted to a Matlab format defined in this document.
Supported Measurement Formats

SGMP intends to support various input data formats including National Satellite Test Bed (NSTB) data format in order to enhance platform availability. Current version supports only NSTB data format as an input data format. The output format is the SGMP format defined in and for Matlab. Both NSTB and SGMP formats are described in this section.
Input Measurement Formats

· National Satellite Test Bed (NSTB)
· Receiver Independent Exchange Format (RINEX) -- To be supported
· National Marine Electronics Association (NMEA) -- To be supported.
Output Measurement Formats 
· SGMP Measurement Format
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Figure 2. Measurement formats
Matlab Interface

Following functions provide measurement interface to users and are located under /SGMP/measurement interface/ 

batchparseNSTB

A program to parse all NSTB files under /SGMP/measurement interface/data/nstb.

batchparseNSTB

parseNSTB

A function to parse a NSTB file under /SGMP/measurement interface/data/nstb. 

parseNSTB(filename, starthour, endhour, crccheck) 

ex) rx = parseNSTB( 'Acv_EPak_1330_1514_00', 1, 5, 0);
%parse NSTB file from 1 hour to 5 hour without CRC checking

parameterNSTB

A script contains program constants and settings. 

SEC_PER_FILE = 3600; %Data is divided and stored into a smaller sub-files in duration of 1 hour (3600 seconds)  
SGMP Measurement Format

Let us begin with description of the output data format. SGMP supports only its own measurement format, named “SGMP format”. The SGMP format is a Matlab based GPS measurement format and designed to support GPS/GNSS research activities conducted on a Matlab platform.
Data Structure
SGMP uses the “structure” type in Matlab to store the measurement information. For each receiver data file, one root structure, rx, is created which owns three daughter structures, info, meas, and aiding. First, info contains basic information about the receiver and the data file itself such as measurement site name. Second, meas is a collection of measurements conducted by the receiver at a given time epoch. The measurements such as pseudo-ranges are grouped together for a given transmitter (satellite) in tx as a substructure of meas. Lastly, all aiding information, provided by external sources, are classified under aiding. External sources include GPS satellites, WAAS/GEO satellites, and aided GPS (A-GPS) servers that collect and generate information relevant to positioning of the receiver. Currently eph, waas, almanac, iono, utc, tms, tus, sqm, sqminfo, waasstatus structures are implemented in SGMP, which are generated by GPS satellites, WAAS satellites, and NSTB/WAAS stations. The overall data structure is illustrated in the following figure.
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Figure 3. SGMP data structure
Data Elements

The individual elements in the data structure are listed here. Description is given per structure used in SGMP: rx, rx.info, rx.meas, rx.aiding, and their substructures. All structures and substructures are either a single structure format or an array of multiple structures.  
rx
rx contains information and measurements by a receiver during a specific time frame. rx has substructures of rx.info, rx.meas, and rx.aiding.
	Field
	Description

	info
	receiver and data file information

	meas
	measurements by receiver

	aiding
	aiding information from external sources


Table: Receiver Information (rx) 
rx.info
rx.info contains receiver specific static information such as receiver type and the start and end time of overall data file.
	Field
	Description

	id
	User defined receiver identification number

	sitename
	receiver site name

	type
	receiver type

	initpos
	initial position of receiver in XYZ (meter) and equivalent to true position for stationary receiver

	gpswk 
	reference time in gps week number

	starttow
	start time of reception in time of week (second)

	endtow
	end time of reception in time of week (second)


Table: Receiver Information (rx.info)
rx.meas

rx.meas contains measurements by the receiver and transmitter specific static information such as transmitter id (“prn” in case of GPS satellites). rx.meas has a substructure of tx.
	Field
	Description

	type
	measurement type (GPS, GEO ...)

	numtx
	number of transmitters (differ from numch)

	tow
	time of validity in time of week (second)

	tx
	substructure containing transmitter specific information in array


Table: Measurements (rx.meas)

rx.meas.tx

rx.meas.tx contains transmitter specific measurements for given reference measurement time. 
	Field
	Description

	prn
	transmitter identification number. prn for GPS satellites

	numch
	number of channels for this transmitter

	pr
	pseudo-range (meter)

	cr
	carrier-range (meter)

	dp
	Doppler (meter/second)

	snr
	signal-to-noise ratio (dBHz)

	slip
	cyclic slip counter (0-7)


Table: Transmitter specific measurements (rx.meas.tx)
rx.aiding

rx.aiding contains aiding information generated by external sources such as GPS satellites and WAAS satellites. rx.aiding has substructures of rx.aiding.eph,  rx.aiding.waas, rx.aiding.almanac, rx.aiding.iono, rx.aiding.utc, rx.aiding.tms, rx.aiding.tus, rx.aiding.sqm, rx.aiding.sqminfo, and rx.aiding.waasstatus.
	Field
	Description

	eph
	ephemeris and clock parameters from GPS navigation message

	waas
	WAAS broadcast message

	almanac
	almanac message

	iono
	ionosphere (Klobuchar) message

	utc
	UTC message

	tms
	TMS to TUS message

	tus
	TUS to TMS message

	sqm
	SQM message

	sqminfo
	SQM information message

	waasstatus
	WAAS subsystem status message


Table: Aiding Information (rx.aiding)

rx.aiding.eph
rx.aiding.eph contains aiding information from GPS navigation messages. 
	Field
	Description

	tow
	time of validity in time of week (second)

	prn
	prn number

	rxtow
	received time of message (second)

	toc
	reference time of clock parameter (second)

	toe
	reference time of ephemeris parameter (second)

	af(0,1,2)
	clock correction coefficient (s, s/s, s/s/s)

	ura
	user range accuracy [m]

	e
	eccentricity

	sqrta
	square root of semi-major axis

	dn
	mean motion correction (rad/s)

	m0
	mean anomaly at reference time (rad)

	w
	argument of perigee (rad)

	omg0
	longitude of ascending node (rad)

	i0
	inclination angles at ref time (rad)

	odot
	rate of right ascension (rad/s)

	idot
	rate of inclination angle (rad/s]

	cus, cuc
	argument of latitude correction (sine, cosine) (rad)

	cis, cic
	inclination correction (sine, cosine) (rad)

	crs, crc
	radius correction (sine, cosine) (meter)

	tgd
	group delay

	iodc
	issue of data, clock

	iode
	issue of data, ephemeris


Table: Aiding Information (rx.aiding.eph)
rx.aiding.almanac
rx.aiding.almanac contains almanac messages. 
	Field
	Description

	tow
	time of validity in time of week (second)

	dwn
	difference b.t. GPS week and week of almanac (weeks)

	toa
	time of almanac (second)

	numtx
	number of satellites

	prn
	prn number

	e
	eccentricity

	di
	delta inclination from 0.3 (rad)

	odot
	rate of right ascension (rad/s)

	sqrta
	square root of semi-major axis

	omg0
	longitude of ascending node (rad)

	w
	argument of perigee (rad)

	m0
	mean anomaly at reference time (rad)

	af(0,1)
	clock correction coefficient (s, s/s,)

	health
	satellite health


Table: Aiding Information (rx.aiding.almanac)

rx.aiding.waas

rx.aiding.waas contains WAAS broadcast messages. 
	Field
	Description

	tow
	time of validity in time of week (second)

	nummsg
	number of messages

	prn
	prn number

	msg
	WAAS messages


Table: Aiding Information (rx.aiding.waas)

rx.aiding.iono

rx.aiding.iono contains ionosphere (Klobuchar) messages. 
	Field
	Description

	tow
	time of validity in time of week (second)

	rxtow
	received time of message (second)

	alpha(0,1,2,3)
	amplitude coefficient (s, s/rad, s/rad2, s/rad3)

	beta(0,1,2,3)
	period coefficient (s, s/rad, s/rad2, s/rad3)


Table: Aiding Information (rx.aiding.iono)

rx.aiding.utc

rx.aiding.utc contains UTC messages. 
	Field
	Description

	tow
	time of validity in time of week (second)

	a0,1
	UTC offset coefficient (s, s/s)

	dtls
	delta time due to leap seconds (sec)

	tot
	reference time for UTC (sec)

	wnt
	reference week number for UTC (weeks)

	wnlsf
	effectivity reference week number (weeks)

	dn
	effectivity reference day number (days)

	dtlsf
	delta time at leap seconds event (sec)


Table: Aiding Information (rx.aiding.utc)

rx.aiding.tms
rx.aiding.tms contains TMS to TUS messages. 
	Field
	Description

	tow
	time of validity in time of week (second)

	id
	TMS identification number

	msgcnt
	message sequence counter (0,1, or 2)

	geoprn
	GEO prn number

	status
	TMS status flags

	waasmsg
	WAAS message


Table: Aiding Information (rx.aiding.tms)

rx.aiding.tus
rx.aiding.tus contains TUS to TMS messages. 
	Field
	Description

	tow
	time of validity in time of week (second)

	id
	TUS identification number

	status
	TUS

	numtms
	umber of TMSs sending message type 40s

	numgps
	umber of GPS satellites tracked

	starttow
	time first bit of WAAS message broadcast to GEO in time of week (sec)

	endtow
	time last bit of WAAS message broadcast to GEO in time of week (sec)

	geo.prn
	prn number

	geo.waasmsg
	FEC decoded WAAS message received from GEO

	geo.pr
	pseudo-range (meter)

	geo.cr
	carrier-range (meter)

	geo.dp
	Doppler (meter/second)

	geo.snr
	signal-to-noise ratio (dBHz)

	geo.range
	computed geometric range (meter)

	geo.ionodely
	computed ionospheric delay (meter)

	geo.tropdelay
	computed tropospheric delay (meter)

	tms.id
	tms identification number

	tms.status
	TMS status flags

	tms.msgcnt
	message sequence counter (0,1, or 2)

	tms.rxtow
	time message type 40 was received from TMS (sec)

	gps.prn
	prn number

	gps.status
	satellite status flags

	gps.pr
	pseudo-range (meter)

	gps.cr
	carrier-range (meter)

	gps.dp
	Doppler (meter/second)

	gps.snr
	signal-to-noise ratio (dBHz)


Table: Aiding Information (rx.aiding.tus)

rx.aiding.sqm
rx.aiding.sqm contains SQM messages. 
	Field
	Description

	tow
	time of validity in time of week (second)

	numprn
	number of PRNs

	prn
	prn number

	numch
	number of channels for this prn

	ch.accum(1,2,3,4,5)
	accumulation

	ch.sync
	sync flag (0=in sync, 1=not sync)


Table: Aiding Information (rx.aiding.sqm)

rx.aiding.sqminfo
rx.aiding.sqminfo contains SQM information messages. 
	Field
	Description

	tow
	time of validity in time of week (second)

	rxconfig
	receiver configuration 0=narrow, 1=ultranarrow

	numch
	number of channels

	ch.id
	channel number

	ch.accumtime
	accumulation time (sec)

	ch.numintch
	number of internal channels for this channel (≤2)

	ch.intch.a(1,2,3,4,5)xval
	correlator spacing in C/A chips from punctual for accumulation

	ch.intch.status(a,b)
	status


Table: Aiding Information (rx.aiding.sqminfo)

rx.aiding.waasstatus
rx.aiding.waasstatus contains WAAS subsystem status messages. 
	Field
	Description

	tow
	time of validity in time of week (second)

	weiid

	WEI ID

	nummsg
	number of messages

	subid
	waas subsystem ID

	net
	network status

	master
	master status

	composite
	composite fault code status

	p43
	43p status

	rx
	receiver status

	cs
	cesium status

	pcu
	power control unit status


Table: Aiding Information (rx.aiding.waasstatus)
NSTB Measurement Format

Excerpts from NstbDataFormat1103.doc with slight modifications. Please verify with NstbDataFormat1103.doc.
The NSTB Data format for Test Bed Reference Station (TRS) and WAAS Reference Stations (WRS) data is described here. The recorded data includes GPS measurements; ephemeris and almanac data; GEO measurement and WAAS broadcast data; as provided by the GPS receivers at the Reference sites.  
Data files are compressed using gnu-zip. After decompression, each file contains 24 hours of data from one receiver or weather station.  The file name has the following format.


Sss_Rrr_IIII_wwww_dd
	Field
	Description

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

	rrr
	Receiver Type (For TRS only). (Ashtech,Millenium,Gsv,Trimble,Medl,Weather,OEM4,SQM)

	IIII
	Receiver ID or Weather Station ID in Hexadecimal notation

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

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


Table: File naming convention (NSTB)
Within each file data is stored as NSTB TRS-ICD Type 1, 5, 10, 20, 30, 31, or 32 messages.  See NstbDataFormat1103.doc for each message description.

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

	Bytes
	Description

	1:4
	Frame synch (0xFACEDEAD)

	5:6
	GPS Week  

	7:10
	GPS RECEIVE TIME  

	11:N
	NSTB-ICD Message (T1, T5 …)


Table: Message header (NSTB)
All NSTB sites are posted daily on the FTP site. Only a few of the WAAS sites are posted daily on the site. If you are interested by other sites, or have any questions please contact Tom Dehel at 609-485-4790 / mailto:tom.dehel@faa.gov  or Jean-Christophe Geffard at 609-485-6591 / mailto:jean-christophe.ctr.geffard@faa.gov
The list of sites, receiver ids and surveys is available in the file : ftp://ftp.nstb.tc.faa.gov/pub/NSTB_data/nstb.cfg
RINEX Measurement Format

Excerpts from Wikipedia.

Receiver Independent Exchange Format (RINEX) is data interchange format for raw satellite navigation system data. This allows the user to post-process the received data (usually with other data unknown to the original receiver, such as better models of the atmospheric conditions at time of measurement) to produce a more accurate solution.

The final output of a navigation receiver is usually its position, speed or other related physical quantities. However, the calculation of these quantities is based on a series of measurements from one or more satellite constellations. Although receivers calculate positions in real time, in many cases it is interesting to store intermediate measures for later use. RINEX is the standard format that allows the management and disposal of the measures generated by a receiver, as well as their off-line processing by a multitude of applications, whatever the manufacturer of both the receiver and the computer application.

The RINEX format is designed to evolve over time, adapting to new types of measurements and new satellite navigation systems. The most common version at present is 2.10, which enables storage of measures pseudorange, carrier-phase and Doppler systems for GPS, GLONASS, EGNOS and WAAS, simultaneously. Rinex version 3.0 has recently been submitted and is capable of new measurements from advanced GPS or Galileo systems.
NMEA Measurement Format

Excerpts from Wikipedia. 

NMEA 0183 (or NMEA for short) is a combined electrical and data specification for communication between marine electronic devices such as echo sounder, sonars, anemometer (wind speed and direction), gyrocompass, autopilot, GPS receivers and many other types of instruments. It has been defined by, and is controlled by, the U.S.-based National Marine Electronics Association.

The NMEA 0183 standard uses a simple ASCII, serial communications protocol that defines how data is transmitted in a "sentence" from one "talker" to one "listener" at a time. Through the use of intermediate expanders, a talker can have a unidirectional conversation with multiple listeners, and using multiplexers, multiple sensors can talk to a single computer port. Third-party switches are available that can establish a primary and secondary talker, with automatic failover if the primary fails.
3. GPS Simulator
Overview

The GPS Simulator is a block allocated for signal processing functionalities based on data from the Measurement Interface. A sample program is provided which can be modified according to user’s needs.
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Figure 4. GPS simulator
PosFix Engine

An example position fix engine program is provided with SGMP.  Usage and extension to this example is upon user’s responsibility. Following functions provide interface to position fix engine and are located under /SGMP/simulator/

batchPosfixSGMP

A program to execute position estimation for all SGMP files under /SGMP/measurement interface/data/parsed.

batchPosfixSGMP

posfixSGMP

A function to execute position estimation for a SGMP file. 

posfixSGMP(filename) 

ex) posfixSGMP ( 'Acv_EPak_1330_1514_00_0');

paraPosfixSGMP

A script contains program constants and settings. Applied to posfixSGMP and batchposfixSGMP.

const.lmt.angle = 7.5;            % mask angles for satellite to use
const.lmt.snr   = 25;               % signal to noise ratio limit   
const.lmt.numtx = 4;                  % minimum number of transmitters per epoch

Example of PosFix

After position estimation, result figures are provided as follows. The following example illustrates position estimation for 10 minutes for one of NSTB sites.
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Figure 5. Position estimation results in ENU
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Figure 6. Positioning error histogram

Multipath Simulation

TBD.
RAIM Evaluation

TBD.
4. User Interface
Overview

The User Interface is an interface designed for user’s control of SGMP. The User Interface can be used to control both the Measurement Interface and the GPS Simulator.
Current version of SGMP does not provide a separate user interface other than individual Matlab functions for the Measurement Interface and the GPS Simulator.

TBD.

5. Reference

Measurement Format
· NstbDataFormat1103.doc Description of NSTB format is provided.
· www.nstb.tc.faa.gov/DisplayNSTBDataDownload.htm NSTB data files are provided.
GPS/GNSS

· P. Misra and P. Enge, Global Positioning System: Signals, Measurements, and Performance. Massachusetts: Ganga-Jamuna Press, 2006
· B. Parkinson and J. Spilker, Global Positioning System: Theory and Applications. AIAA, 1996
· E. D. Kaplan, Understanding GPS Principles and Applications, Boston: Artech House, 1996
Matlab

· www.mathworks.com/access/helpdesk/help/techdoc/ref/struct.html Matlab structure type is described.
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