
Spatial Data Acquisition

Online Data Sources

· Geospatial One-Stop

www.geodata.gov
· National Map
http://nationalmap.usgs.gov
· ESRI  (Arc products, and links to many other data types) http://www.esri.com/data/index.html
· EOS Data Gateway (NASA imagery) http://edcimswww.cr.usgs.gov/pub/imswelcome/
· Federal Geospatial Data Clearinghouse http://www.fgdc.gov/clearinghouse/clearinghouse.html
· USGS EROS Data Center   

http://edcsns17.cr.usgs.gov/EarthExplorer/
· UNESCO global maps     

   

http://upo.unesco.org/maps.asp
· United Nations Environment Programme http://www.grid.unep.ch/data/index.php
· National Climatic Data Center 

http://www.ncdc.noaa.gov/oa/ncdc.html
· Many local and regional data servers…
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Manual digitizing and scanning of analogue maps

The input of data from analogue maps required the conversion of the features into coordinate values. 

Digitizing

Digitizing is the transformation of information from analog format, such as a paper map, to digital format, so that it can be stored and displayed with a computer . Digitizing can be manual, semi-automated (automatically recorded while manually following a line), or fully automated (line following). 

Manual digitizing involves an operator using a digitizing table (or tablet) (known as heads-down digitizing), or with the operator using a computer screen (heads-up digitizing). The digitizing table has a fine grid of wires embedded in it that acts as a Cartesian coordinate system. The coordinate may be in plane or geographic coordinates. The procedure involves tracing map features in the form of points, lines or polygons with a mouse (puck) which relays the coordinate of each sample point to be stored in the computer. The tablet and puck acting together with the computer can locate the puck s position relative to reference information provided by the operator (McGowan, 1998). 
There are two modes of digitizing: point-mode and stream-mode (see Figures 1 and 2). The resolution of coordinate data is dependent on mode of digitizing: 

In point-mode the digitizing operator specifically selects and encodes those points deemed "critical" to represent the geomorphology of the line or significant coordinate pairs. This requires some knowledge about the line representation that will be needed.

In stream-mode the digitizing device automatically selects points on a distance or time parameter, which generates sometimes an unnecessary high density of coordinate pairs.

[image: image1.png]



Figure 1  Point-mode digitizing
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Figure 2  Stream-mode digitizing

On-screen digitizing is an interactive process in which a map is created using previously digitized of scanned information. This method of geocoding is commonly called "heads-up" digitizing because the attention of the user is focused up on the screen, and not on a digitizing tablet. This technique may be used to trace features from a scanned map or image to create new layers or themes. On-screen digitizing may also be employed in an editing session where there is enough information on the screen to accurately add new features without a reference image or map. 

The process of on-screen digitizing is similar to conventional digitizing. Rather than using a digitizer and a cursor, the user creates the map layer up on the screen with the mouse and typically with referenced information as a background.

There is always a requirement to transform coordinates from the digitizer system to the real world system (e.g. national map grid).

Digitizing errors will always occur (undershoots, overshoots, triangles).

Editing of digitized features involves error correction, entering missing data, forming topology.

There are many issues to consider before digitizing commences, including (McGowan, 1998):

· For what purpose will the data be used? 

· What coordinate system will be used for the project 

· What is the accuracy of the layers to be associated? If it is significantly different, the layers may not match. 

· What is the accuracy of the map being used? 

· Each time you digitize, digitize as much as possible. This will make your technique more consistent. For more consistency, only one person should work on a given digitizing project. 

· If the source consists of multiple maps, select common reference points that coincide on all connecting sheets. Failure to do this could result in digitized data from different data sheets not matching. 

· If possible, include attributes while digitizing, as this will save time later. 

· Will it be merged with a larger database?

Map registration or Georeferencing

Registration of the map needs to be performed for each new digitizing session, as well as each time the map’s position is changed on the digitizer (see Figure 3).

This is so that the coordinates of the digitizer can be converted into geographic coordinates. The digitizing program will require the map scale, and the geographic coordinates of the control points which will be used. These control points should generally be well spaced, for example near the corners of the map. Depending on the software being used a minimum of four points are required. These locations of these points then need to be digitized.

Always use the same control points for each session of a particular map sheet.
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Figure 3  The digitizer table and puck

Some software  may require the establishment of the size of the digitizing window by clicking in the lower left corner and upper left corner of the region of interest.

An error limit needs to be specified. This is the maximum error that is acceptable to register your paper map. The default error limit is 0.004 inches (or its equivalent units). Once you enter a minimum of 4 pairs of map and paper control points, ArcView calculates the Root Mean Square (RMS) error and compares the value with the one you specified in the Error Limit edit box. If the calculated error is less than the specified error limit, Register button is enabled for you to register the map.

RMS error

The Root Mean Square (RMS) error represents the difference between the original control points and the new control point locations calculated by the transformation process. The transformation scale indicates how much the map being digitized will be scaled to match the real-world coordinates.

The RMS error is given in both page units and in map units. To maintain highly accurate geographic data, the RMS error should be kept under 0.004 inches (or its equivalent measurement in the coordinate system being used). For less accurate data, the value can be as high as 0.008 inches or its equivalent measure.

Common causes of high RMS error are - incorrectly digitized control points, careless placement of control points on the map sheet, and digitizing from a wrinkled map. For more accurate results when digitizing a control point, check that the crosshairs of the digitizer puck remain centered on the control point.

Scanning

Another approach is to use a scanner to convert the analogue map into a computer-readable form automatically. One method of scanning is to record data in narrow strips across the data surface, resulting in a raster format. Other scanners can scan lines by following them directly.

Maps are often scanned in order to:

· Use digital image data as a background for other (vector) map data

· Convert scanned data to vector data for use in a vector GIS

Scanning requires that the map scanned be of high cartographic quality, with clearly defined lines, text and symbols; be clean and have lines of 0.1mm width or wider.

Scanning comprises two operations:

· scanning, which produces a regular grid of pixels with grey-scale levels (usually in the range 0-255)

· binary encoding – to separate the lines from the background using automated feature recognition techniques

Editing of scanned data can include: pattern recognition of shapes and symbol candidates; line thinning and vectorisation; error correction; supplementing missing data, and forming topology.

See Berhardsen (1992) for more detail.
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Global positioning systems (GPS)

A Global Positioning System (GPS) is a set of hardware and software designed to determine accurate locations on the earth using signals received from selected satellites. Location data and associated attribute data can be transferred to mapping and Geographical Information Systems (GIS). GPS will collect individual points, lines and areas in any combination necessary for a mapping or GIS project. More importantly, with GPS you can create complex data dictionaries to accurately and efficiently collect attribute data. This makes GPS is a very effective tool for simultaneously collecting spatial and attribute data for use with GIS. GPS is also an effective tool for collecting control points for use in registering base maps when known points are not available. 

GPS operate by measuring the distances from multiple satellites orbiting the Earth to compute the x, y and z coordinates of the location of a GPS receiver.

The following forms of GPS equipment are currently available to users:

· Small hand-held units 

· 'James Bond'-type wristwatch units 

· In-car navigation systems 

· Back-pack units 

· Aircraft and ship mounted systems 

· Belt-mounted units which can be linked directly to wearable computers containing GIS databases 

· Mobile telephone installed units

Uses of GPS

GPS can be used for georeferencing, positioning, navigation, and for time and frequency control. GPS is increasingly used as an input for Geographic Information Systems particularly for precise positioning of geospatial data and the collection of data in the field. 

The system

The system hardware contains three parts; the antenna, the receiver, and the datalogger; sometimes called a data-collector.

The datalogger is a hand-held computer that contains software to coordinate signal collection and storage, file manipulation, and file transfer to and from a computer. Some systems might combine some of these elements into a single piece of hardware. 

The system software, which normally resides on a computer, has four primary functions: preplanning, post-processing correction of the raw satellite data, display/editing of the data, and converting/exporting of the data. Preplanning includes determining satellite availability for a particular place and time, and the preparation of data dictionaries for a particular job. Correction involves the use of a base station file to apply corrections to the raw data collected from the satellites, greatly improving accuracy. 

Editing and display can include averaging points, connecting points to form lines or areas, smoothing, measuring distance and area, and displaying the data to screen. GPS software programs are not meant to be map-making programs and usually most of the final editing will take place in a GIS program.

Data conversion and export include the capability to convert from the spherical Latitude/Longitude (Lat/Long) coordinates that the receiver collects into a variety of other coordinate systems and datums, and then exporting this data in a variety of formats used by different CADD and GIS programs.

The satellites

The known distances and locations of each visible satellite are used to locate the position of the receiver. We can place ourselves anywhere on a sphere around one satellite once we know the distance to the satellite. Known distances from two satellites will place us on a circle that is the intersection of two spheres. Known distances from three satellites will place us in two points, which is the intersection of three spheres. We may be able to eliminate one of these points as being impractical, such as out in space or deep underground. With one gone, the other must be correct. Three satellites are sufficient, at least theoretically, to provide receiver location. More satellites simply add confirmation to the receiver location. In practice, the more satellites the better. Four satellites are the minimum to secure only one, absolutely technically, trigonometrically unambiguous location. Three work in practice since we can eliminate the absurd location.

Four satellites (normal navigation) can be used to determine three position dimensions and time. However user mistakes, including incorrect geodetic datum selection, can cause errors from 1 to hundreds of meters. Receiver errors from software or hardware failures can also cause errors of any size. 

GPS satellite signals are blocked by most materials. GPS signals will not mass through buildings, metal, mountains, or trees. Leaves and jungle canopy can attenuate GPS signals so that they become unusable. In locations where at least four satellite signals with good geometry cannot be tracked with sufficient accuracy, GPS is unusable. Planning software may indicate that a location will have good satellite coverage over a particular period, but terrain, building, or other obstructions may prevent tracking of the required satellites. 

The GPS satellites circle the earth twice a day, 10,900 miles above the earth. There are 24 satellites in the GPS constellation. Twenty-one satellites can be called on at any time; the other three are spares in case one of the others becomes unhealthy.

Five or six satellites are above and visible (by radio wave) to any spot on the earth at any one time. Buildings, hills, trees, and other ground features may block one or more at one time, or one or two of the satellites may not be at their best. These problems will reduce the number of useful satellites above a position to two, and maybe even one, but three or four are commonly available. Often as many as five and six are visible. 

The location in space of each satellite is known. The orbits are carefully planned and constantly updated so that actual location is never off by much from the intended location. Each satellite constantly announces its number, and the time that signal was sent. 

The distance from each satellite to the receiver is calculated by comparing the time the signal says it was sent with the time the receiver picks up the signal. The time difference is multiplied by the speed of light to get the distance from satellite to receiver. This is done for each satellite the receiver can "see".

Differential GPS (DGPS) Techniques

The idea behind all differential positioning is to correct bias errors at one location with measured bias errors at a known position. A reference receiver, or base station, computes corrections for each satellite signal for all satellites in view (see Figure 4). Differential GPS are measured at two stations, one of which has known coordinated. Correction values can then be used to calculate the exact position of the unknown points from the roving receiver. In this way it is possible to calculate the exact position of survey control stations on land or of mobile objects such as boats. The use of differential GPS helps users achieve better accuracy.
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Figure 4  Differential GPS
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