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1 Introduction
1.1 Global Positioning System
The Global Positioning System (GPS) is a worldwide radio-navigation system formed from a constellation of 24 satellites (placed in orbit by the US Department of Defence; the first was launched in 1978) and their ground stations.  Using accurate timing information, a GPS receiver (GPSr) is able to calculate its position using triangulation.

Anyone with a GPSr can use the system to determine their position anywhere in the world with an accuracy of around 15 metres.
[The accuracy is determined by the quality of the satellite signals and the number of them ‘in sight’.  The GPSr must be positioned so its antennae have a clear line of sight of the sky – obstructions such as foliage and reflected signals in built-up areas can reduce the accuracy.]

1.2 NMEA-0183 Interface Standard

The National Marine Electronics Association (NMEA) develops and maintains a number of standards related to the marine electronics industry.
The NMEA-0183 Interface Standard defines electrical signal requirements, data transmission protocol and time, and specific sentence formats for a 4800-baud serial data bus. Each bus may have only one talker but many listeners.  The X200 Digital Video Recorder supports GPS receivers that are NMEA-0183 compliant.

1.3 GPS Mice

A number of GPS receivers on the market are commonly referred to as GPS Mice because they consist of a GPS engine (GPS receiver and embedded antenna) in a compact case with a single power/data cable.  Once powered up these devices send out the GPS data over the serial data connection using the NMEA-0183 protocol standard.

Since the X200 Digital Video Recorder provides +5V power out to the GPS mouse, only those which operate at this voltage and draw no more than 200mA should be used.   The X200 Digital Video Recorder has been tested with the following GPS receivers:
· Garmin GPS16 LVS

· RoyalTek Sapphire Serial GPSr
· Fortuna U2 Smart GPS
2 Configuration

2.1 Connection

The GPS receiver is connected to the X200 Digital Video Recorder through the RS232 port.  The diagram below shows the 9 way D-type connector viewed from the back of the X200 and details those pins to be used for the serial data connection and the +5V supply to the GPS receiver.

[Note that the +5V supply is only intended to provide power to a GPS receiver with a current consumption of no more than 200mA.]
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	GPS Receiver Connections

	Pin
	Connection

	4
	+5V supply

	5
	0V

	9
	Data


2.2 X200 GPS Options

Configuration of the X200’s GPS options is done via the menu system accessed using a X201 reviewer.  The GPS menu option presents the user with a number of options allowing the embedding of GPS position and speed and the units to be used.

If no valid GPS signal is being received then the X200’s GPS menu page is similar to that shown below:

            |  GPS  |     
   RECORD GPS DATA:       YES
   EMBED GPS POSITION:   >YES
   EMBED GPS SPEED:       YES

   SPEED UNITS:           MPH
   SYNC CLOCK WITH GPS:   YES

   LOCAL STANDARD TIME:   UTC

   NO GPS SIGNAL  
or, if valid GPS data is being received, it is displayed towards the bottom of the screen:

            |  GPS  |     
   RECORD GPS DATA:       YES
   EMBED GPS POSITION:   >YES
   EMBED GPS SPEED:       YES

   SPEED UNITS:           MPH
   SYNC CLOCK WITH GPS:   YES

   LOCAL STANDARD TIME:   UTC

   00011.8464W      5220.5986N

    18 MPH

These menu options are:

2.2.1 Record GPS Data

This option determines whether the serial data from the GPS receiver will be recorded by the X200 Digital Video Recorder.  Note that if no GPS data is received by the X200 (because no functional GPS receiver is connected) then there will be no data recorded either.

[If a GPS receiver is connected but satellite lock has been lost then it is still possible to record the data but it will not indicate position, speed, date or time and the actual content may vary according to the type of GPS receiver employed.]

2.2.2 Embed GPS Position

Selecting YES to ‘EMBED GPS POSITION’ will cause the position information to be embedded in the recorded image.
2.2.3 Embed GPS Speed

Selecting YES to ‘EMBED GPS SPEED’ will cause the speed information to be embedded in the recorded image.

[Note that speed and position information will only be embedded in the video image when the GPS signal is valid and the position can be calculated.]

2.2.4 Speed Units

Select either KPH for kilometres per hour or MPH for miles per hour.

2.2.5 Sync Clock with GPS
The X200 Digital Video Recorder includes a clock which is used to timestamp recording files and overlay the date and time on recorded images.  Although accurate, the system can be configured to synchronize the clock with the date and time information received from the GPS receiver. 
Synchronization only occurs when the X200 is powered up and before it starts recording.  At this time the built-in clock may be corrected by a maximum of 20 seconds if a previous discrepancy has been detected between the internal time and the GPS receiver time.
2.2.6 Local Standard Time

The time received from the GPS receiver is always UTC (Coordinated Universal Time) which is the same as GMT (Greenwich Mean Time).  In order to correctly work out the error between the local standard time (used by the X200’s internal clock) and that received from the GPS receiver, the system must be set with the correct time zone offset.
3 Troubleshooting

3.1 Satellite Signal Quality

In order to calculate its position, a GPS receiver must be receiving signals from at least 3 satellites and do to so it must have a clear view of the part of the sky in which they are located.  GPS receivers do not work indoors.

When first powered up the GPS receiver will search for satellite signals.  The signal includes information on the position of other satellites and all this information must be received before an accurate position calculation can be made.  It can take a minute or two before a valid position can be determined after the GPS has been powered up.

Even when a signal is being received from a sufficient number of satellites, a number of factors can result in the degradation of the accuracy of the calculated position.  These include:

· Atmospheric Delays.  The satellite signal slows as it passes through the ionosphere and troposphere.  A model built in to the GPS calculations compensates by an average delay to partially correct this error.

· Signal Multipath.  This occurs when the satellite signal is reflected before reaching the receiver.  The delays caused by the additional travel time can cause errors.

· Receiver Clock Errors.  The GPS receiver’s built-in clock is not as accurate as the atomic clock on the satellites and so slight timing errors can result.

· Orbital Errors. Cause by inaccuracies of the satellites’ reported position.

· Satellite Visibility.  The greater the number of satellites that the GPS receiver is able to receive a signal from, the better the accuracy of the calculated position.  Buildings, terrain or electrical interference can block the signals.

· Satellite Geometry. The GPS satellites are constantly moving, orbiting the earth at a height of around 11,000 miles.  Each making at least two complete orbits in any 24 hour period. Ideal satellite geometry occurs when the satellites are located at wide angles relative to each other – poor geometry, when the satellites are close together or in a line, results in poorer accuracy.
3.2 GPS Receiver
A simple test to ensure that a ‘GPS mouse’ is functioning is to connect it to a PC’s serial port and use an application such as Microsoft® HyperTerminal® which comes as part of the Microsoft® Windows® operating system.

HyperTerminal® is a terminal emulator application that can be used to connect to other devices using an RS232 serial port.  Other similar applications are available but in each case the serial port to which the GPS receiver is to be connected should be configured to use the following settings:
	Baud Rate (bits per second)
	4800

	Data Bits
	8

	Parity
	None

	Stop Bits
	1

	Flow Control
	None


The following display shows HyperTerminal® being configured with the GPS mouse connected to COM1:
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Even if the GPS receiver is receiving no satellite data (for example, if it is being tested inside) then when it is connected to the serial port and a suitable power supply, it should start sending NMEA-0183 sentences similar to those shown below:
$GPGSA,A,1,,,,,,,,,,,,,50.0,50.0,50.0*05

$GPRMC,021341.581,V,36000.0000,N,72000.0000,E,,,270102,,*2B

$GPGGA,021342.581,36000.0000,N,72000.0000,E,0,00,50.0,0.0,M,,M,,0000*4C

$GPGSA,A,1,,,,,,,,,,,,,50.0,50.0,50.0*05

$GPRMC,021342.581,V,36000.0000,N,72000.0000,E,,,270102,,*28

$GPGGA,021343.581,36000.0000,N,72000.0000,E,0,00,50.0,0.0,M,,M,,0000*4D

$GPGSA,A,1,,,,,,,,,,,,,50.0,50.0,50.0*05

$GPRMC,021343.581,V,36000.0000,N,72000.0000,E,,,270102,,*29

$GPGGA,021344.581,36000.0000,N,72000.0000,E,0,00,50.0,0.0,M,,M,,0000*4A

$GPGSA,A,1,,,,,,,,,,,,,50.0,50.0,50.0*05
[The above sentences were recorded when no satellite signals were being received.  The first ‘0’ after the ‘E’ character in the GPGGA sentence indicates invalid fix and the first ‘V’ character in the GPRMC sentence indicates navigation warning.]
If no serial data is received then the GPS receiver is not functioning correctly and so the first course of action should be to either investigate the problem or replace it.
4 Embedded Information
If the option to embed the GPS data within the video image is selected then the information is seen above the data and time information.  The example below shows both position and speed information embedded within the image:
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The top line of the embedded information shows the position as longitude followed by latitude in the following format:

DDDMM.MMMMH   ddmm.mmmmh
where the fields are:

	DDD
	The longitude degrees.

	MM.MMMM
	The longitude minutes (as a decimal)

	H
	The longitude hemisphere (‘W’ for west of the meridian, ‘E’ for east of the meridian)

	dd
	The latitude degrees

	mm.mmmm
	The latitude minutes (as a decimal)

	h
	The latitude hemisphere (‘N’ for north of the equator, ‘S’ for south of the equator)


[In the above example, the current coordinates are 0° 11.8464’W, 52° 20.5986’N.  Expressed as degrees, minutes, seconds this is 0° 11’ 50.784”W, 52° 20’ 35.916”N]
The line below the position shows the camera name (blank in the above example) followed by the speed displayed in the selected units.  The third and final line shows the camera number, the time and the date.
5 NMEA Sentences
The NMEA-0183 interface standard defines electrical signal requirements, data transmission protocol and time, and specific sentence formats for a 4800 baud serial data bus.  Those sentences that are relevant to GPS data and recorded by the X200 Digital Video Recorder are detailed below:
5.1 GPGGA - Global Positioning System Fix Data
This sentence includes the positioning fix information with additional information about the accuracy of the fix and the satellites used in its determination.
$GPGGA,123519,4807.038,N,01131.324,E,1,08,0.9,545.4,M,46.9,M, , *42

           123519        Fix taken at 12:35:19 UTC

           4807.038,N    Latitude 48 deg 07.038' N

           01131.324,E   Longitude 11 deg 31.324' E

           1             Fix quality: 0 = invalid

                                      1 = GPS fix

                                      2 = DGPS fix

           08            Number of satellites being tracked

           0.9           Horizontal dilution of position

           545.4,M       Altitude, Metres, 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
           *42           Mandatory checksum
5.2 GPGSA - GPS DOP and active satellites
This sentence 
$GPGSA,A,3,04,05,,09,12,,,24,,,,,2.5,1.3,2.1*39
           A             Auto selection of 2D or 3D fix (M = manual)

           3             3D fix

           04,05...      PRNs of satellites used for fix (space for 12)

           2.5           PDOP (dilution of precision)

           1.3           Horizontal dilution of precision (HDOP)

           2.1           Vertical dilution of precision (VDOP)

             (DOP is an indication of the effect of satellite geometry on

             the accuracy of the fix.)
           *39           Mandatory checksum
5.3 GPRMC - Recommended minimum specific GPS/Transit data
This sentence includes the minimum recommended GPS data and includes the position (latitude and longitude), speed (in knots), date and time.
$GPRMC,225446,A,4916.45,N,12311.12,W,000.5,054.7,191194,020.3,E*68

           225446        Time of fix 22:54:46 UTC

           A             Navigation receiver warning A = OK, V = warning

           4916.45,N     Latitude 49 deg. 16.45 min North

           12311.12,W    Longitude 123 deg. 11.12 min West

           000.5         Speed over ground, Knots

           054.7         Course Made Good, True

           191194        Date of fix  19 November 1994

           020.3,E       Magnetic variation 20.3 deg East

           *68           Mandatory checksum
6 Glossary
	Almanac Data
	Contains information about the location of the GPS satellites and their orbital information at any time.

	Ephemeris Data
	Contains information about the status of the satellite, current date and time.

	GMT
	Greenwich Mean Time

	GPS
	Global Positioning System

	GPSr
	Global Positioning System Receiver

	NMEA
	National Marine Electronics Association

	UTC
	Coordinated Universal Time
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