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Executive Summary:
National Marine Electronics Association (NMEA) sentences are powerful and robust messages used by marine electronic devices to communicate with one another.  Global Positioning System (GPS) receivers take advantage of these sentences to communicate with microcontrollers and other devices.  This application note includes how NMEA sentences are defined, examples of the three most important sentences, and how to choose the appropriate sentences for your application.  
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Objective:
This application note will give a background of National Marine Electronics Association (NMEA) sentences and provide an overview of these sentences and their application.  This includes how NMEA sentences are defined, examples of the three most important sentences, and how to choose the appropriate sentences for your application.  
Introduction:

The United States National Marine Electronics Association (NMEA) 0183 specification is used to define electrical and data communication requirements for a wide range of devices including the Global Positioning System (GPS).  This standard provides an ASCII serial communications protocol that defines the requirements of an NMEA sentence and allows us to transmit, receive, and parse these sentences to obtain useful and meaningful data (Wikipedia 2009).
Hardware requirements for a GPS receiver are designed to meet the NMEA 0183 requirements.  These requirements define a minimum baud rate of 4800 bits/second with eight bits of data (that’s 480 characters per second), no parity, one stop bit, and no handshake. Setting the baud rate higher will allow you to send more characters per second but should only be changed once functionality is verified at 4800 b/s.  Because of this hardware requirement, it is possible to interface a GPS receiver which sends NMEA sentences to other devices (DePriest n.d.).
NMEA Sentences:

The application layer of the NMEA 0183 specification defines a list of requirements each sentence must fulfill to be considered an official NMEA sentence. Each sentence must start with a dollar sign ‘$’ character, followed by five characters defining the device transmitting and the type of sentence being sent.  All data fields must be separated by commas, unusable data must be represented by a NULL field, and the last data field must start with an asterisk ‘*’ followed by a two byte hex value representing the checksum of the sentence.  There is no way to notify the transmitting device to tell it if the sentences are being received but the checksum can be used to validate the integrity of the data (Wikipedia 2009).

There is a very long list of NMEA sentences but not all apply to GPS receivers, remember that NMEA sentences are defined for all devices in a marine environment.  Figure 1 shows just a few of the sentences available for use with GPS receivers. This section will review the three most important NMEA sentences for our project: GGA, VTG, and RMC (DePriest n.d.).
	Message Code
	Description

	AAM
	Waypoint Arrival Alarm

	ALM
	Almanac data

	APA
	Auto Pilot A sentence

	APB
	Auto Pilot B sentence

	BOD
	Bearing Origin to Destination

	BWC
	Bearing using Great Circle route

	DTM
	Datum being used.

	GGA
	Fix information

	GLL
	Lat/Lon data

	GRS
	GPS Range Residuals

	GSA
	Overall Satellite data

	GST
	GPS Pseudorange Noise Statistics

	GSV
	Detailed Satellite data

	MSK
	Send control for a beacon receiver

	MSS
	Beacon receiver status information.

	RMA
	Recommended Loran data

	RMB
	Recommended navigation data for GPS

	RMC
	Recommended minimum data for GPS 

	RTE
	Route message 

	TRF
	Transit Fix Data

	STN
	Multiple Data ID

	VBW
	Dual Ground / Water Spped

	VTG
	Vector track an Speed over the Ground

	WCV
	Waypoint closure velocity (Velocity Made Good)

	WPL
	Waypoint Location information

	XTC
	Cross track error 

	XTE
	Measured cross track error 

	ZTG
	Zulu (UTC) time and time to go (to destination)

	ZDA
	Date and Time


Table 1: GPS NMEA Sentences
1. GGA (Global Positioning System Fix Data)
The GGA sentence contains the essential fix data from the GPS that includes the 3D location and accuracy data.  This message is the only NMEA message that reports altitude.
------------------------------------------------------------------------------------------------------------

$GPGGA,123519,4807.038,N,01131.000,E,1,08,0.9,545.4,M,46.9,M,,*47

Where:

     GGA          
Global Positioning System Fix Data

     123519       
Fix taken at 12:35:19 UTC

     4807.038,N   
Latitude 48 deg 07.038' N

     01131.000,E  
Longitude 11 deg 31.000' E

     1            
Fix quality: 



0 = invalid

                               

1 = GPS fix (SPS)

                               

2 = DGPS fix

                               

3 = PPS fix




4 = Real Time Kinematic




5 = Float RTK




6 = estimated (dead reckoning)




      (2.3 feature)




7 = Manual input mode




8 = Simulation mode

     08           
Number of satellites being tracked

     0.9          
Horizontal dilution of position

     545.4,M      
Altitude, Meters, above mean sea level

     46.9,M       
Height of geoid (mean sea level) above WGS84

             

ellipsoid

     (empty field) 
time in seconds since last DGPS update

     (empty field) 
DGPS station ID number

     *47          
the checksum data, always begins with *
(DePriest n.d.)




Example 1: GGA Sentence

2. VTG (Velocity Made Good)
The most important data in the VTG sentence is ground speed which is provided in both knots and kilometers per hour.  Below is an example of a VTG sentence. Note that this sentence is much shorter than GGA.

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

$GPVTG,054.7,T,034.4,M,005.5,N,010.2,K*48

Where:

        VTG             Track made good and ground speed

        054.7,T        True track made good (degrees)

        034.4,M        Magnetic track made good

        005.5,N        Ground speed, knots

        010.2,K        Ground speed, Kilometers per hour

         *48              Checksum
(DePriest n.d.)
Example 2: VTG Sentence
3. RMC (The Recommended Minimum C)
The RMC is known as the NMEA’s version of essential GPS position, velocity, and time data (PVT).  Much of this data can also be found in other sentences.
------------------------------------------------------------------------------------------------------------

$GPRMC,123519,A,4807.038,N,01131.000,E,022.4,084.4,230394,003.1,W*6A

Where:

     RMC            

Recommended Minimum sentence C

     123519            Fix taken at 12:35:19 UTC

     A                      Status A=active or V=Void.

     4807.038,N    
Latitude 48 deg 07.038' N

     01131.000,E    Longitude 11 deg 31.000' E

     022.4       
Speed over the ground in knots

     084.4       
Track angle in degrees True

     230394       
Date - 23rd of March 1994

     003.1,W      
Magnetic Variation

     *6A          
The checksum data, always begins with *
(DePriest n.d.)
Example 3: RMC Sentence
These three sentences contain the necessary data to compute the path of a moving target and will allow team six to compare results to an inertial navigation system (INS).  It is important to determine which sentences you need based on the information each one contains.  By turning off any excess sentences you can save power consumption by having the GPS unit draw less current, thus saving power.  These sentences can then be parsed by the comma delimiter and processed accordingly.
Conclusion 

In conclusion, the GGA and VTG sentences were selected for use in the speed and distance sensor being designed by team six.  This is due to the fact that GGA is the only sentence which contains the altitude, an important factor when your application revolves around differences in altitude.  VTG was chosen because it contains speed data in knots, which is more accurate than kilometers, and it is a shorter sentence containing less duplicate information than RMC.  By turning off additional NMEA sentences, team six was able to reduce the current draw of the speed and distance sensor by 10 milliamps.
