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1 INTRODUCTION

The Global Positioning System (GPS) has become the most common mapping tool for participatory scale mapping. GPS is a mapping tool that is extremely sophisticated, yet quite simple to use and relatively affordable. GPS involves using a hand-held receiver that receives satellite signals and automatically calculates the position of a place according to a coordinate system. GPS data is in the form of coordinates that can be processed manually on a base map or digitally by downloading to mapping software on a computer. 

This Unit explains how the GPS works. It also gives an overview of different types of GPS receivers and factors to consider in selecting a GPS receiver appropriate for a given mapping project. The GPS has given rise to new technologies, such as smartphones with GPS capabilities. 

This Unit covers how to use a GPS receiver in the field, how to design and conduct a field survey and how to record data. It then looks at CyberTracker – software that can be customised and used on a smartphone or hand-held computer and connected to a GPS to record geo-referenced observations in the field. 

Although GPS data is commonly and efficiently downloaded directly to a computer, this Unit emphasises manual techniques for recording, organising and plotting GPS data. Those involved in participatory mapping should always be able to handle GPS data manually because being able to explain the system and where the data came from demonstrates understanding and transparency.

2 the global positioning system

GPS is a mapping tool that is extremely sophisticated, yet simple to use and relatively affordable. GPS is used to locate the position of a place without having to measure the distance and direction like with a compass and metre tape. Because of this, GPS is an efficient tool to use for field mapping, especially for large areas. It is essential for large areas that are flat and show few features on a base map. GPS is a navigation system that consists of:

· 24 satellites orbiting the Earth;

· a hand-held receiver that receives signals from the satellites;

· a control station that monitors the satellites. 

The receiver uses information from the satellites to compute its exact location on Earth. It uses standard coordinate systems – latitude or longitude or UTM northing or easting. 
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The system uses 24 satellites placed in six different zones in orbit around the Earth with four satellites in each. This means there are from five to eight satellites in view at any time from any point on Earth. Four satellites must be “visible” in order to have sufficient information for the receiver to calculate the position. 

Each satellite in the system sends signals with information about its time and the location of the satellite. The distance from each satellite to the receiver can be calculated by timing how long the signal takes to travel from the transmitter (the satellite) to the GPS receiver. The signal is coded to indicate when it left the satellite. The GPS receiver reads the code and calculates the difference between the signal’s departure and arrival times. To compensate for timing error by the clock in the receiver, an extra distance measurement is taken to a fourth satellite. GPS uses the principle of triangulation by calculating the distance to three or more satellites that are within its “field of view”.

The GPS satellites also transmit ephemeris and almanac data. Ephemeris data allow the precise orbit of the satellite to be calculated. The almanac data give the approximate or predicted position of the satellites in the constellation so the GPS receiver can quickly search for the satellites in view. 
3 TYPES OF GPS RECEIVERS
3.1 Recreational-quality GPS

Recreational, hand-held GPS devices are most commonly used for participatory mapping. They are readily available at sporting good and camping stores. They are affordable (e.g. from US$100–350) and their accuracy is adequate (i.e. within 7 metres 95 percent of the time). 

3.2 Mapping-quality GPS 

Mapping-quality GPS receivers are usually less user-friendly and cost more than recreational GPS devices (e.g. from US$1000–3000). They are more accurate than recreational-quality receivers because they use differential GPS (DGPS) or Wide Area Augmentation System (WAAS). 

DGPS- or WAAS-enabled receivers use a network of reference stations that send correction data to the GPS receivers. The receiver calculates the difference between the positions indicated by the satellite systems and the known position at the reference station. DGPS- or WAAS-enabled receivers have accuracy to within 3 metres. 

3.3 Survey-quality GPS

Survey-quality GPS devices are used by professional surveyors and are the most accurate and expensive. They are accurate to within 1 centimetre and can cost more than US$10,000. Anything that needs to be mapped to this level of accuracy generally requires a licensed surveyor. 

3.4 Coming Improvements
There will be improvements in the Global Positioning System through GPS III:

· Three new signal frequencies (L2, L5 and L1C) are expected to be available for civilian use in the next few years. These additional frequencies will allow receivers to correct for the error due to atmospheric disturbance and thus provide greater accuracy.

· There will be increased signal power at the Earth’s surface.

· Laser retro-reflectors will allow tracking the satellites’ orbits independently of the radio signals so that satellite clock errors can be disentangled from ephemeris errors. This will provide greater accuracy
4 Smartphones with GPS

GPS is now included in many phones. The technology is called Assisted GPS (A-GPS). A-GPS uses the mobile phone network to assist the GPS-capable phone to perform the tasks required to calculate a position. A-GPS greatly speeds up the process of calculating the position – or Time to First Fix (TTFF). Also, it can compensate for weak satellite signals in places such as indoors and under forest canopies. Development of the technology was driven by the United States government’s “911 mandate” to make mobile phone locations available to emergency call dispatchers. For this purpose, the speed of getting a fix takes priority over sub-metre accuracy. 

For A-GPS, the network has a base station that is on all the time and in a position to see the satellites. It is ready with ephemeris data and lots of computation power. Via a server, the base station sends an initial approximate position of the receiver, ephemeris data and the code phase of the satellite signals. This enables the mobile phone to lock to the satellites faster; the phone or receiver is able to co-relate this data with its own data to calculate a position very quickly and use weaker signals than would be possible with stand-alone GPS. 

There is also the possibility for improving accuracy because the network base stations can have knowledge of ionospheric conditions and other errors that affect the GPS signal and the power to compute corrections; this enables more precise calculation of positions. However, it is not clear where the base stations are that have this capacity enabled.

4.1 Advantages of A-GPS or Smartphone Navigation
· A-GPS gets a faster “fix” on the location than does conventional GPS.

· A-GPS can use weaker signals than most conventional GPS, so it can be used indoors, surrounded by tall buildings or under thick forest canopies – places where conventional GPS has difficulty. 

4.2 Disadvantages of A-GPS or Smartphone Navigation
· A-GPS does not work out of range of the mobile phone network. Some phones have built-in, autonomous GPS, however, which would not have this problem. 

· Depending on the phone network and the type of A-GPS, there may be charges for connection time. 

· A-GPS is not built for creating maps; phones generally have less capacity for recording, storing and downloading waypoint data to computers. 

· Phones are generally not built for rugged outdoor use as are hand-held GPS receivers. 

5 selecting a gps receiver 

There are many types of GPS receivers for many different purposes. Some are designed for specific purposes such as air, marine or car navigation. For participatory mapping, a general purpose, hand-held GPS is recommended. However, even these come with many different features and there is continuous development of the technology. These are the main features to consider:  

· Sensitivity: This relates to how well the receiver picks up and calculates positions from weak signals (e.g. when under a tree canopy). High-sensitivity GPS receivers use processors to correlate GPS signals and get positions quickly. However, when the GPS signals are weak, the extra processing power is used to integrate weak signals so that they can be used to a get a position. Even recreational-quality GPS devices now have high-sensitivity chipsets and this is highly recommended. 

· Number of channels: The number of channels indicates how many satellite signals can be processed simultaneously to calculate position. The minimum is four satellites. The more satellite signals, the better the accuracy. Most recreational-quality receivers have 12 channels. Anything less is not recommended. 

· Data logging: It is important to know the number of tracks and waypoints that can be stored on a GPS receiver. Depending on the situation of a mapping project, it may or may not be possible to download data to computers on a regular basis. If this is not possible, then it will be important to get a receiver with as much data memory as possible. 

· Datum selection: GPS receivers have several different map datums stored in the memory from which to choose. Make sure the receiver supports the datum for the maps you want to use. Most receivers support the two most common datum: WGS 84 and NAD 27.

· Sensitivity of the antennae: This can be important for higher accuracy and for areas with weak signals.

· Data output cable: For mapping purposes, the receiver should have a data port and cable and the ability to download data to a computer. 

· External antennae: Usually external antennae are more sensitive and can lock onto satellite signals when internal antennas cannot. Also, they can be put on a pole to reach above a thick forest canopy. 

· Mask angle: In remote areas and mountainous terrain, a low mask angle takes in signals from satellites close to the horizon.
· Altimeter: GPS does not calculate elevation accurately. If you need to know elevations, buy a separate altimeter or look for a receiver with a built-in altimeter.

· Built-in electronic compass: This may be useful depending on your project. Make sure it shows true north and magnetic north. 

· Waterproof: Most recreational GPS are made to be waterproof and highly durable. Smartphones are less so. 

· Battery life: Battery life varies greatly depending on the model and how it is to be used. 
6 Accuracy of GPS
6.1 Error in the System – Uncontrollable Factors

There are several factors that affect the accuracy of every GPS calculation of position: 

· Satellite clock error: Satellites have highly accurate atomic clocks, but there is always a small margin of error. 

· Ephemeris error: Each satellite’s position can vary from the calculated orbit because of gravitational pull from the sun and moon. The satellites are monitored at control stations and their positions are usually corrected. 

· Receiver clock error: The receiver clock is less accurate than the satellite clock. Using a fourth satellite to triangulate position compensates for this error.

· Atmospheric disturbance: Constant changes in the ionospheric layer of the Earth’s atmosphere speed up or slow down the signals. This is the most significant uncontrollable error. 

The above types of error cannot be addressed except by expensive survey-quality or differential GPS. There are two other factors to be aware of because these may be addressed when working with a basic GPS unit in the field. 

6.2 Satellite Configuration – Controllable Factor

Satellite configuration is a controllable source of error. If the satellites happen to be all clustered in one place in the sky, the calculation of the position will not be as accurate as if they are distributed widely. The error introduced by satellite configuration is called Dilution of Precision (DOP). GPS receivers estimate and show it as the PDOP or EPE value. Normal PDOP values between 1 and 3 will give 15 m accuracy. PDOP values between 4 and 6 can reduce the accuracies to plus or minus tens or even hundreds of metres. If the PDOP is above 6 the receiver cannot even calculate position. There is not much to do about poor satellite geometry but wait for the satellites to move. This could take up to an hour for a significant change. 

Obviously there is a better chance of getting good geometry with a good, wide view of the sky unobstructed by terrain. 
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6.3 Multipath or Reflected Signals – Controllable Factor

Satellite signals can be reflected off of terrain features; the GPS receiver will pick up both the reflected signal and the usual direct signal. Recreational-quality, hand-held receivers cannot tell the difference between the two signals. If it uses the reflected signal to make a position calculation, it will be wrong. Only survey-quality GPS receivers avoid this error because they can distinguish the signals. Be aware and cross-check coordinates when in steep and complex terrain. 

7 Adjusting a GPS receiver for the local area

The first time a GPS receiver is used, it must be adjusted for the local region. Check the manual for the GPS model for specific instructions on how to adjust it. Most GPS receivers will automatically adjust the ephemeris when they are opened the first time. Important set-up adjustments to be made are: 

· Coordinate system: Set the receiver to display either UTM coordinates or latitude or longitude, depending on the grid of the base map. If there are both, then work with UTM because it is metric. 

· Distance and elevation units: Metres is the easiest unit with which to work. 

· Time: The clock has to be set for the time zone of the local area. The time zone is given as the number of hours ahead (+) or after (-) Greenwich Mean Time (GMT).

· Datum: This is a cartographic correction system that compensates for irregularities in the roundness of the earth. Every topographic map series is made using a specific datum, but the receiver will reference all of them to the WGS84 datum (World Geodetic System). A base map should have the specific datum written on it; if not, the local government survey office should know what is commonly used in the region. Most receivers have an option to custom program a datum by entering five long numbers. The local government survey department may know these numbers. WGS84 is the most common datum to use when there is no other information. Test by taking coordinates at landmarks that can be identified on the topographic map. If the coordinates seem to be consistently “off”, then it is likely the receiver is set for the wrong datum. 
8 Using a GPS recEiver in the field
8.1 Starting Up
The GPS unit needs to “wake up” before each use. Turn the unit on and leave it in the open, undisturbed for a few minutes. It needs to record the ephemeris that informs the unit of the general location of each satellite. The GPS stores the ephemeris and does not need to re-collect it, even if a satellite is “lost” for a while by tree cover and even if the unit is turned off for a short time. 
8.2 Reading the GPS Receiver

Carry the GPS unit to the place you want to locate. Stand in a clear area with no overhead obstructions. Turn on the receiver and wait for the coordinates or “waypoint” to be displayed. The coordinate will automatically be calculated and displayed when the receiver has a “signal lock” on four satellites. 

Most GPS units have a screen that shows a sky map and bars of signal strength for each satellite. The screen will indicate whether the satellites are in good configuration and with good signal strength or not. 

8.3 Marking Waypoints in the GPS Unit

The manual for the GPS unit will describe how to store a waypoint – usually it is by pressing a certain button and then a waypoint screen appears. The unit will assign a waypoint number or give the option to edit it. The name of the waypoint number can be edited by following instructions in the GPS unit’s manual. 

8.4 Recording GPS Coordinates in a Notebook

Significant landmarks should be “marked” in the GPS unit and written. The written coordinate notes serve three purposes: a) to have some backup notes in case anything should happen to the GPS unit and the data cannot be retrieved; b) to be able to make more extensive field notes about that point than can be stored in the GPS unit; c) to have information that can be used to cross-check and troubleshoot in case there are discrepancies. 

Set up a field notebook with columns to record the following information:

· Waypoint number: Each place where a GPS coordinate is taken will have its own number. Later, these numbers will identify the location on a map, so it is important that there is no confusion. Work out a system so that each location, or each track, has a unique number. It is recommended to write the numbers using the alphabet as well. For example, A1a, A1b, A1c and so on. Once through the alphabet, start with A2a, A2b, A2c. In this way, the numbers will be kept in order no matter what computer software you may use.

· Coordinates: Write down all the digits in each number whether in latitude and longitude or in UTM. 

· PDOP or EPE number: Write down the PDOP or EPE number. 

· Name of the location: Use the local language name and be as precise as possible. Give the name of the rock or the river mouth or the headwaters. The purpose of naming the place is to identify it clearly and to be able to ask members of the community about it.

· Notes: Describe the location. What type of land use? Who owns it? What is its significance? What identifies it?

· Date and time: This is information that may be helpful to cross-check and jog the memory in case of any confusion or problem with the data. 

· Surveyor: Record the surveyor’s initials for each waypoint that is recorded manually. Later, if the person who is drawing the map has any questions about the data or the place, then he or she knows whom to ask.  

8.5 Marking Waypoint Tracks

Receivers can store a traverse in a track log or track. If the receiver is continuously on while walking or riding, the track will show the route travelled. The receiver can be set to record waypoints at a certain time or distance interval. For participatory mapping, a distance interval would be most useful because the timing may be irregular with stops to discuss certain features in the landscape. 

Track logs can be comprised of hundreds of waypoints. The purpose of recording tracks is to transfer the data from the receiver to a computer; the computer will automatically draw a map of the track.

GPS receivers have a limit to their memory and how many track logs and waypoints they can store. If the GPS survey requires using a lot of tracks, it may be useful to have a second GPS unit or a data logger to download the track logs too. Alternatively, the receiver could be set to use a longer interval so that fewer waypoints are logged for a given distance. From the base map, estimate how far the mapping team can travel in a day and adjust the settings for the track log so that there is enough memory to store the day’s survey. When using track logs it is best to have a laptop computer available to download the tracks at the end of each day. 

8.6 Dealing with Poor Satellite Visibility

Some GPS receivers have an optional external antenna that can be mounted on a pole to reach above a low forest canopy. In tall forests, however, this may not work. 

For a specific site where a coordinate is needed but the satellite visibility is poor because of terrain features or forest canopy, you can take a coordinate in the closest clearing and then measure with a compass and metre tape back to the site. 

9 Designing a GPS Survey

To make sure that the survey efforts are efficient and achieve the expected result, there are some things to consider in designing the GPS survey:
· Identify priority points, areas, tracks and information: The mapping team should use a sketch map to discuss with community members the priority places to survey and the important information to record there. See Unit 2. 

· Determine criteria for waypoints: Determine the criteria for what kind of places warrant stopping to take a waypoint. Determine what kind of extra notes and information to record there. 

· Determine the criteria for tracks: What type of routes will be track-logged (e.g. trails, streams, roads, boundaries)? What additional information needs to be noted about each track? What about oral history?  

· Anticipate opportunities to collect data at a distance: There may be the possibility to collect data from a distance by taking compass bearings from waypoints and triangulating or measuring the distance using a laser rangefinder. 

· Create a numbering system: To organise the data, create a numbering system for waypoints and tracks. If taking a lot of points, it can be time-consuming to do the editing in the GPS. On the other hand, taking that time encourages staying at that point long enough to take thorough notes. Waypoints and tracks can be renamed in the computer after downloading the data. While in the field, write extra notes in a notebook and cross-reference them with the numbering system used in the GPS receiver and later in the computer. 

· Record receiver numbers:  Multiple GPS receivers allow for multiple survey teams. Number and record the receiver numbers so that you may identify errors and correct measurements from an improperly configured receiver. 

10 Plotting GPS Data
GPS data can be processed manually by finding points on the grid of a base map. Doing this manually is a good way to understand the coordinate system and helps trainees realise how the waypoints they collect translate onto a map. It puts the ground-checking of local information into perspective. It allows community surveyors to check waypoints on the map in the field and possibly troubleshoot errors without the need for a computer. 

Depending on the mapping project, there may be so much GPS data generated, particularly when using the tracking functions, that it only makes sense to download the GPS data into the computer to generate the map. Still, the map needs to be verified with community members and it may be useful to manually plot some GPS data in that process.
10.1 Plotting GPS Data Manually

It is a simple procedure to locate GPS coordinates on a topographic map. It is useful to know how to plot the data manually even if most of the data is downloaded to a computer. There are often occasions out in the field when it is important to check data on the map or in a community meeting when it is necessary to quickly locate or check a data point. 

On the sides of the map are the numbers of latitude or UTM northing and across the top and bottom of the map are the numbers of longitude or UTM easting. Use a ruler to divide between these numbers to find the exact coordinate number as recorded in the field. Use a long ruler or straight-edge to draw a pencil line across the map at those points, from right to left and top to bottom. Where the lines cross is the location of the coordinate. 
10.1.1 Finding Latitude-Longitude Coordinates on a Map

Latitude and longitude are expressed in degrees, minutes and seconds. There are 60 minutes in a degree and 60 seconds in a minute. As an example, to locate longitude 115o20’50”, look for the numbers across the bottom of the map and follow these steps: 

1. Find 115o and 120o. Divide the distance between them by five to find where each degree is (the one next to 115o is 116o and so on). In this example, you need mark only 116o.

2. Divide the distance between 115o and 116o by six to find every 10 minutes: 10’, 20’, 30’ and so on. 

3. Further subdivide by 10 the space between 20 and 30. Make a mark at 21’.

4. Divide the distance between 20’ and 21’ by six to find every 10 seconds. Make a mark at 50”. If you needed to and if the map had a large enough scale, you could further subdivide the space between adjacent tens of seconds by 10 to mark individual minutes. 

5. Use the same process of division for latitude on the side of the map. [image: image6.jpg]



10.1.2 Locating UTM Coordinates on a Map
UTM coordinates are even easier to find than longitude and latitude because the division is done by hundreds or tens. For example, on a 1:50,000 scale topographic map the UTM lines are always 2 cm apart, which is 1,000 m (or 1 km) on the ground. 
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As an example (see diagram above), an easting coordinate number might be 0381520. Look at the bottom edge of your map until you find the numbers 0381000 and 0382000. You have now located the coordinate to within four digits. At a scale of 1:50,000, the lines for 0381000 and 0382000 are 2 cm apart. Divide this 2 cm length by 10 (into 2 mm sections) to find out where 0381100, 0381200, etc. should be and mark off 0381500 and 0381600. You have now located the coordinate to within three digits. By measuring very carefully, you can break down the 2 mm section between 0381500 and 0381520 into a further 10 parts to find the exact position of your coordinate.
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You can make or buy a square grid, according to the scale of the map, that can be moved anywhere on the map to find coordinates. This one has the compass rose around it to facilitate plotting bearings. 

10.2 Plotting GPS Data on a Computer

With a cable you can download waypoint data from the GPS receiver to a computer; this is by far the most efficient way to deal with the data. Tracks are made up of so many waypoints that it would be very time-consuming to plot them manually on a base map. The computer will automatically draw a map using the coordinates you collected in the field. The procedure will be different depending on the GPS model and the computer software. The GPS manual and the software manual will explain the procedure. 
11 Cybertracker

CyberTracker is software designed to improve the efficiency of gathering data. CyberTracker is an efficient way to gather large quantities of geo-referenced data for field observations at a speed and level of detail not possible before. 

CyberTracker is installed onto a personal computer and then uploaded to a hand-held computer (PDA, or Personal Digital Assistant) or a smartphone. Using a PDA with built-in GPS, or a PDA with GPS unit attached, you can geo-reference and map your data. The CyberTracker website provides recommendations about the hardware needed and leads you through installing the software, customising the database, viewing data as reports and maps and creating maps. 
11.1 Creating Your Database

You can use CyberTracker on a smartphone or hand-held computer to record any type of observation. CyberTracker, which requires no programming skills, allows you to customise a series of screens for your own data collection needs.

The CyberTracker icon interface was originally designed for trackers who could not read or write. However, scientists and conservationists benefit from the icon interface because it enables significantly faster data collection than do text interfaces or written methods.

These are the steps involved in creating a customised database or datalogger: 

1. Download and install CyberTracker.
2. Open CyberTracker.
3. Create a new database.
4. Create screens.
5. Add elements.
6. Link screen sequence to create application.
7. Test application (screen sequence).
8. Upload application (screen sequence) onto hand-held computer.
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11.2 Viewing Data
Data that are collected may be viewed as a table or as a map. Photo views allow the user to attach photos to data points. It is easy to filter data in the CyberTracker Table View. Queries can be saved in reports, which are updated when new data are collected. Data, once filtered, can be exported to Microsoft Excel, XML or HTML formats. 
11.3 Mapping Functions
You may connect a GPS unit to the PDA with a cable via the serial port, use a Bluetooth GPS or use a PDA with a built-in GPS (see hardware for recommended GPS units). CyberTracker Version 3.0 supports the National Marine Electronics Association format (NMEA) and the Trimble GPS format (TSIP). For recommended GPS units, CyberTracker will automatically detect a GPS signal and record a GPS position. 

The CyberTracker Field Map features make it possible to navigate using the PDA/GPS to track the path of the user in real time. The field map on the PDA/GPS also makes it possible to use the stylus to pinpoint the position of an observation on the map if a GPS fix cannot be obtained (such as when under thick canopy or in a deep gully).
In CyberTracker there are advanced settings for mapping your data. You can show tracks, time intervals and scale, set the map datum and projections, set latitude and longitude for geo-referencing your data and create map layers. Maps can be exported as ESRI ArcInfo Shape files.

CyberTracker forms a substantial, geo-referenced database which may be exported to Microsoft Excel, ArcView or other mapping software. 

Bibliographic References
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PAGE  
8
Handout for Trainee

File name: M09U05_handout4T_gps
Last modified on: 6 April 2010

