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Lecture 4
 Image Georeferencing, Accuracy and Precision,
 File Geodatabase
 Tomislav Sapic GIS Technologist
 Faculty of Natural Resources Management Lakehead University
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Why Georeference? • Images of the surface of the Earth, such as scanned or digital aerial photographs, or satellite images, as well as scanned maps, need to have coordinates assigned to them in order to become a GIS dataset. Without the attached coordinates, they are just digital pictures (photos). • Through georeferencing, an image of the surface of the Earth is assigned coordinates that link (georeference) the image to the surface of the Earth.
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Georeferencing vs. Orthorectification
 • Georeferencing should not be confused with orthorectification: Orthorectification is a process of creating a planimetrically correct image (e.g., an aerial photo), where the inherent displacements in the image, such as relief displacement, have been rectified and the features on the image are properly planimetrically positioned (have proper horizontal positions).
 • Orthorectification rectifies displacements created by the perspective geometry of a photograph taken with a lens camera.
 • Orthorectification is a more accurate process of determining locations for image features and should be used especially for images of hilly areas.
 • Georeferencing produces satisfactory results for approximately flat areas and, if orthorectification is not available, can be used for hilly terrains by placing many control points on the hills.
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Orthorectified Images
 Source: Mikhail et al. (2001)
 http://unusualteacher.8m.net/geo971_lect4.htm
 Perspective Projection Perspective and Ortho Projection
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Aerial Photo
 Topographic Maps (GIS
 Layers)
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Image Georeferencing
 • Through georeferencing, image pixel positions are transferred from the image space made up of cells (columns and rows) to the coordinate space of the reference layer. • This is done by using a mathematical model, such as polynomial transformation.
 An example of the Affine transformation
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Image Georeferencing - Control Points • Coordinates are assigned from a reference GIS dataset (layer), by linking a set of corresponding points, named control points. • Most often, a control point in the image is linked to a control point, an x,y position, in the reference system by using a reference dataset; however, other sources of reference x,y positions can be used as well, such as topographic maps, GPS, or another image.
 • Control points are geographic point locations in the reference vector GIS dataset that can also be identified in the image. • Locations chosen for control points need to be clearly identifiable point features (intersections, lakeshore tips, sharp turns) and correspond between the reference layer and the image.
 Control Points in Georeferencing with Vector Datasets
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• Effects of a perspective projection used to create photos.
 Building tops should not be used as control points, points on the ground should
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• An image should be georeferenced in a coordinate system that is the most suitable for the type of the image and the area it covers.
 • Coordinates assigned to the image either come from the reference layer and its coordinate system (map projection) or, e.g. in ArcMap, from the on-the-fly coordinate system (map projection) of the Data Frame.
 • UTM is an appropriate map projection for aerial images of small areas.
 Reference layers in GCS Reference layers in UTM
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• Already created (presumably scanned) maps (e.g., thematic, topographic maps), should be georeferenced in the same coordinate system (map projection) they are in.
 No statement of the map projection and a potentially misleading indication that the map is displayed in GCS – in fact, it is displayed in UTM. A quick cursory review of the map rules out GCS.
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Common Transformation Methods Used for Georeferencing Images
 Must have ≥ 3 control points. Must have ≥ 6 control points. Must have ≥ 10 control points.
 Used for mostly flat areas. Used for hilly areas (relief
 displacement!) and distorted
 images.
 Used for rugged terrain (relief
 displacement!) and mountains,
 distorted images.
 Notes: - more than required minimum of control points are advised to be used to lower the overall
 alignment error.
 - the higher the order of transformation is the greater can be image distortions in the areas far from the
 control points.
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Affine Transformation
 x’ = Ax + By + C
 y’ = Dx + Ey + F
 x,y input coordinates
 x’,y’ output coordinates
 A, B, C, D, E, and F are
 transformation coefficients.
 (From ESRI (2012) and Chang (2008), p 124)
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• Georeferencing should be avoided for images with a hilly terrain and orthorectification preferably used. However, because orthorectification requires much more extensive information input, georeferencing might be the only option; in that case use higher order transformation methods (2nd, 3rd order polynomial) and many control points on hills.
 • In contrast, a proper, topographic, planimetrically correct map of a highly mountainous area can be easily georeferenced with the Affine transformation.
 • GIS data are presumed and should be created planimetrically correct.
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• RMSE measures the displacement between the actual and estimated locations of the control
 points in the reference coordinate system (Chang 2008).
 • Following the minimum required number of control points (e.g., ≥ 3 for the Affine
 transformation), each additional control point triggers a new run of the model, based on the
 enlarged set of x,y control points, and a calculation of new transformation coefficients. Output
 x,y values are then recalculated based on the new model and compared with the already existing
 ones. The difference between the modeled (estimated) and registered (actual) locations
 becomes an error, measured as an RMS error.
 Root Mean Square Error (RMSE) in Georeferencing
 • RMSE is affected by the distortions in the image (e.g., those caused through scanning) and the
 accuracy of the reference layer. RMSE should be aimed to be as low as possible or within the
 margins of error acceptable for the GIS project at hand.
 • RMSE is similar to standard deviation and errors have a distribution similar to normal
 distribution: ~68% errors ≤ 1RMSE; ~95% errors ≤ 2RMSE.
 • RMSE in georeferencing does not describe the accuracy of the image (raster) itself.
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Georeferencing (with the Affine Transformation)
 1. Find a georeferenced (projected), reference vector dataset and use it to assign real-world coordinates to the un-georeferenced imabge.
 2. Create control points that connect corresponding points on the image and the reference layer.
 3. Choose the transformation method, run the transformation, and observe RMS Error values.
 4. If RMS Error values are too high, delete the control point(s) causing them and find a better control point.
 5. Finally, when satisfied with the RMSE, confirm georeferencing (‘Update Georeferencing’ in ArcGIS).
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ArcGIS Georeferencing vs. Rectify • ArcGIS Update Georeferencing does not create a new raster, but adds a .AUX.XML world file which contains transformation coefficients; the raster with georeferencing updated can now be used as GIS dataset in any ArcMap project or in ArcGIS tools. • A new raster that has the new coordinate system imbeded in the raster file itself can be created from the georeferenced raster by using Rectify. The new raster needs to be placed in the georeference target coordinate system, which means that newly formed cells in the new raster need to be filled out with the values from the rectified raster. Since the two rasters are in two different coordinate systems the filling of the values cannot be direct but the values need to be assigned based on a particular rule. Nearest Neighbour – the closest cell (pixel); output cell values are the same as the input values but that can create an aesthetically unappealing output raster with stepwise features; should be used for rasters whose individual cell contain nominal and ordinal values .
 Bilinear Interpolation – interpolates values of the four nearest pixels.
 Cubic Convolution – interpolates values of the 16 nearest pixels.
 Output cell values
 smoothed out,
 shouldn’t be used
 on nominal and
 ordinal values.
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Source: Chang, Kang-Tsung. 2008. Introduction to Geographic Information System. McGraw-Hill. 450 pp. ESRI. 2012. ArcGIS 10 Help File. Mikhail, E. M., J. S. Bethel, and J. C. McGlone. 2001. Introduction to Modern Photogrammetry. John Wiley & Sons, INC.
 http://help.arcgis.com/en/arcgisdesktop/10.0/help/index.html
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Accuracy, Precision, Resolution
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Accuracy and Precision – The Concept
 Higher precision,
 Lower accuracy
 Higher accuracy,
 Lower precision
 • Accuracy – the degree to which data agree with the values or descriptions of the
 real-world (or reference) features that they represent (true value).
 • Precision – the degree to which repeated measurements are close to each other.
 Higher precision doesn’t mean higher accuracy!
 • Precision – when it comes to
 numbers precision is also defined by
 the number of significant digits (and
 decimal places). This precision can
 also be looked at as resolution.
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• “Accuracy is the degree to which information on a map or in a digital database matches true or accepted values. Accuracy is an issue pertaining to the quality of data and the number of errors contained in a dataset or map. In discussing a GIS database, it is possible to consider horizontal and vertical accuracy with respect to geographic position, as well as attribute, conceptual, and logical accuracy.” • “Precision refers to the level of measurement and exactness of description in a GIS database. Precise locational data may measure position to a fraction of a unit. Precise attribute information may specify the characteristics of features in great detail.” However, precise data--no matter how carefully measured—can have a low degree of accuracy. (Foote and Huebner, 2000)
 o When it comes to rasters, spatial precision refers to cell resolution.
 Accuracy and Precision in GIS
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Positional accuracy and precision
 Attribute accuracy and precision
 Conceptual accuracy and precision
 Logical accuracy and precision
 • How close are feature positions to the corresponding target (true) feature positions. • At what fraction of a unit are the positions recorded.
 • E.g., tree species accuracy. • E.g., species composition precision.
 • E.g., is an area forest or treed muskeg? • E.g., muskegs represent finer description than wetland.
 • E.g., are fish spawning sites within lakes and rivers? • E.g., are fish points divided into species and e.g., lakes into deep and shallow lakes?
 Accuracy and Precision in GIS
 • In GIS, accuracy and precision are used to measure and express various qualities of data:
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ArcGIS Vector Coordinate System Resolution • Vector features’ x,y coordinates exist in within a coordinate system with a defined
 resolution.
 • A coordinate system resolution can be looked
 at as a fine grid, where all coordinates snap to
 the grid and the resolution defines how far
 apart the individual lines in the grid are.
 • The default resolution in
 ArcGIS is 0.0001 metres
 (or the equivalent distance
 in another unit), or
 0.000000001 decimal
 degrees if the coordinates
 are in lat and long.
 • Coarser resolution means lower precision.
 An example of a 0.01 x,y resolution.
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Positional Accuracy
 • Three main standards of expressing positional accuracy of GIS (spatial) are in use in USA and Canada:
 o National Map Accuracy Standards (NMAS) – USA accuracy standard developed in 1947 for the use on paper topographic maps as accuracy is defined by map scale.
 o The National Standard for Spatial Data Accuracy (NSSDA) – post-NMAS, USA accuracy standard developed to report accuracy of digital geospatial data; not constrained by scale.
 o Circular Map Accuracy Standard (CMAS) – developed in the USA and adopted in many Canadian GIS databases.
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NMAS
 • Based on a threshold of accuracy – pass or fail. • Scale dependant:
 o Accurate within 0.5 mm on the map (12.2 m on the ground) for 1:24,000 scale (continental US, Puerto Rico, Hawaii). o Accurate within 0.8 mm on the map (32.2 m on the ground) for 1:63,360 map scale (Alaska).
 • Reports a 90% accuracy – if 90% of test points fall within the limits the map gets the label “This map complies with NMAS”; if not no indication stated!
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NSSDA
 • No threshold specified – GIS managers set accuracy requirements.
 • Reports accuracy based on Root Mean Square Error (RMSE) and at 95% confidence level at ground scale. • Minimum number of test points is 20 (at 95% confidence, one point can fail the accuracy test). • Horizontal Accuracy = 1.7308*RMSEr • Vertical Accuracy = 1.96*RMSEz
 RMSEr = sqrt[Σ ((Xdata - Xcheck)2+(Ydata – Xcheck)2)/n]
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CMAS
 • Originally developed by the Aeronautical Chart & Information Center, USA to report on missile accuracy at the beginning of the Cold War. • Uses the standard deviation to calculate the distance in the normal distribution that would contain 90% of the predicted population.
 CMAS used in NTDB (Geomatics Canada 1996):
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Positional accuracies of some large Canadian GIS databases:
 NTDB (Horizontal Accuracy)
 • Urban area – CMAS = 10 m
 • Rural area – CMAS = 25 m
 • Isolated area (not urban or rural) – CMAS = 125 m
 OBM
 • Horizontal accuracy = +/- 10 m.
 • Vertical accuracy = +/- 5 m.
 Ontario eFRI Imagery
 • Horizontal accuracy = < 1 m
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Some Significant Potential Causes of Positional Errors in GIS Data • Disregarding Scales: Data captured at smaller scales used at larger scales (e.g., lake polygons digitized off a 1:500,000 topographic paper map used to georeference a 1m cell resolution image). • Using primary data sources whose declared accuracy is not reliable (e.g., paper maps shrink and expand which compromises their stated accuracy). • Mixing in one dataset features and their parts that originated in datasets of different degrees of accuracies. • Propagating errors through successive GIS datasets. Solutions for Reducing Errors When Developing GIS Databases • Data error management
 o Set standards for procedures throughout the project and stick to them. Train staff. o Document procedures and products. o Test products (e.g., topological error checks).
 • Metadata
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NTDB vs OBM vs eFRI
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Geodatabases in ArcGIS 10
 File Geodatabase
 - Shows as a folder in the Windows file system.
 - Unlimited in size and can contain (shapefile-like) elements, called feature classes, whose
 size can be up to 1 TB.
 - Preferred to a personal geodatabase.
 Personal Geodatabase
 - Shows as a Microsoft Access database in the Windows file system.
 - Limited in size to 2 GB.
 ArcSDE Geodatabase
 - Stored in a relational database using Oracle, Micorsoft SQL Server, IBM DB2, or IBM
 Informix.
 • A geodatabase is a collection of geographic datasets, GIS data objects, behaviours
 and rules, held in a series of tables that can have relations created between them. A
 geodatabase is an object-relational database.
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Geodatabase Elements
 • A geodatabase can contain different GIS file formats and relationships, some of which in turn contain other elements. Imported shapefiles become feature classes.
 Feature Dataset
 Table
 Feature Class
 Topology Relationship
 Table Relationship Class
 • Feature classes can be created within a geodatabase or imported from an existing GIS dataset, such as a shapefile.
 • A geodatabase can contain raster datasets as well.
 File Geodatabase
 Raster
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Feature Dataset
 • Feature dataset is an element (object) of a geodatabase.
 • It can only contain feature classes that have the same coordinate system. The geographic area
 that the contained feature classes should share can be defined as well, as a Domain.
 • Example: FMP files within an Ontario Base Map tile or within a forest management unit may be
 part of a feature dataset.
 • Feature dataset allows for a creation of topological relations between/within contained feature
 classes. This is then stored in a Topology element.
 • It does not accept rasters but it can store Terrain models, Network and Geometric Datasets and
 Parcel Fabrics.
 Possible
 Feature
 Dataset
 elements
 Feature
 Dataset
 properties
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Feature Class
 • A collection of geographic features with the same geometric type (points, lines, polygons) and
 within a defined geographic extent.
 • Feature classes can be imported from shapefiles, coverages, annotation layers and dimension
 features (measurement graphics).
 • Feature classes take advantage of the geodatabase format and can have more database, spatial
 and relational properties than shapefiles.
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Appearance of File Geodatabases in ArcCatalog and Windows Explorer
 In Windows Explorer, a file
 database shows up as a folder
 containing binary files.
 However, there is no feature
 class name - binary file name
 correspondence.
 Warning: Individual files
 inside file geodatabases
 should not be manipulated in
 Windows Explorer!
 Individual files should be
 manipulated in ArcGIS ; in the
 Windows, only entire geodatabase
 folders should be copied/pasted,
 renamed, deleted.
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Advantages of GDB Feature Classes Over Shapefiles
 Component GDB Feature Class Shapefile
 Max. size 1 TB. Up to 2 GB per each shapefile component file (e.g., .dbf file).
 Area and Length fields in the table Automatically created and live-linked to the spatial features.
 Need to be created by the user; detached from the spatial features.
 Max. table field name length 64 char. 10 char.
 XY Coordinate Resolution and Tolerance Contained
 Yes. No.
 Spatial domain present Yes. No.
 Actual size (due to compression) 3-5 times smaller than the equivalent shapefile.
 Capability to be related to attribute domains, annotation, topologies
 Yes. No.
 Can store Unicode. Yes. No.
 Shapefiles have become wide spread amongst GIS software, however, they are an older file
 format and should be used for simple feature representations only. Feature classes are preferable
 within ArcGIS.
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Resources
 FGDC. 1998. Geospatial Positioning Accuracy Standards, Part 3: National Standard for Spatial Data Accuracy
 Foote, K.E. and D.J. Huebner. 2000. The Geographer’s Craft Project. The University of Colorado.
 Geomatics Canada. 1996. Standards and Specifications of the National Topographic Data Base. http://ftp2.cits.rncan.gc.ca/pub/bndt/doc/stdntdb3_en.pdf
 Minnesota Planning. 1999. Positional Accuracy Handbook. http://www.mnplan.state.mn.us/pdf/1999/lmic/nssda_o.pdf
 http://ftp2.cits.rncan.gc.ca/pub/bndt/doc/stdntdb3_en.pdf
 http://www.mnplan.state.mn.us/pdf/1999/lmic/nssda_o.pdf
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