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1 Introduction
This Unit orients trainees about the process of extracting data from a three-dimensional (3D) model by using digital photography and preparing that data for import into a Geographic Information System (GIS) environment by georeferencing.    
Data on a 3D model can be captured and transferred to a GIS. While transferring the data from one medium to the other, it is important to minimise data loss or erroneous georeferencing. Those who extract the data should be fully familiar with the attributes described in the map legend (i.e. the scale, symbols and associated descriptions).    
2 Data capture via digital photography

[image: image4.emf]Data capture via digital photography consists of two steps: preparing the model for data extraction; and extracting the data with digital photography. 
2.1 Preparing the Model for Data Extraction
A grid has to be placed on top of the model. For a 1:10,000-scale model, it is advisable to use a 10 cm-interval grid. Each resulting square corresponds to 100 hectares or one square kilometre. 
The grid should be placed on the model to match the grid on the base map. A strong, fine yellow thread may be used to intertwine the grid above the model. To ensure correct positioning, measure the intervals starting always from the same corner (i.e. the reference corner), and proceed as shown in Figure 1. After the grid is in place, the extraction of the data can begin.
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2.2 Extracting the Data with Digital Photography  
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In order to capture the model with fewer shots, the camera has to be placed at a sufficient distance from the model. This requires moving the camera at the set distance to capture the model in sections. The model is tilted by 90 degrees (Figure 2) to allow photographs to be shot perpendicularly to its surface. 
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To reduce radial and relief displacements, parallel camera movement shooting is recommended for models that cannot be captured in one shot. This technique is described below.
Draw lines on the floor perpendicularly to the model’s horizontal plane at selected intervals (Figure 3 and Figure 4). Draw a reference line at the end of the orthogonal lines to serve as a guide in moving the camera from one position to the next. Use a plumb line to position the camera exactly above the intersection of the orthogonal and reference lines. 
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Place a high-resolution digital camera (preferably a single-lens reflex (SLR) with a manually adjustable zoom lens) set to mid-range zoom
 on a tripod at a 4 metre distance from the base of the tilted model. 
Any mainstream digital camera provides sufficient image resolution (> 6 megapixel). The camera needs to be set to capture images at its maximum resolution. The flash should be turned off. Pictures should be shot in diffused daylight. Avoid taking pictures under direct sunshine or fluorescent tube light illumination as these either intensify contrast or alter colour patterns.
Select the height of the camera above ground, which has to be constant throughout the first passage ( REF _Ref253409780 \h 
). Make sure that the camera is perpendicular to the model, and that there is at least 60 percent overlap between the images taken.

The number of pictures needed to capture the entire model may vary, depending on the size of the model and the camera used. As an example, approximately eight photographs are needed to capture the details of a model (1:10,000 scale) measuring 2.4 m x 1.2 m when capturing sections of 75 cm x 100 cm with sufficient image overlap (Figure 5). 
The photographs taken are “raster images” saved in either TIFF (recommended) or JPG/JPEG format. No ortho-rectification will be necessary, provided that images were shot at a sufficient distance and perpendicularly to the model plane. 
After georeferencing, the images can be converted to vector format through on-screen digitising. 
3 Georeferencing Photographs 
Georeferencing is about establishing the correct position of an image on the world’s surface using a predetermined coordinate system. This Unit covers only the preparations for on-screen digitising.

3.1 Preparing for On-screen Digitising 

Manual on-screen digitising with a mouse cursor on the computer screen is currently the most practised method. In principle, digitising can be done in any image and photo editing software; however, it is essential to use GIS software (e.g. QGIS, ILWIS, ArcGIS) to derive a geographically referenced map with embedded coordinates. 

It is not necessary to scan maps or photos if digital images of the 3D model are available. These photos can be opened as raster images in a GIS. Most importantly, the photos must be provided with geographic coordinates. This can be done by georeferencing these in a GIS. Once the different features (i.e. legend items) of the 3D model are digitised, the derived data sets can be added to a geodatabase containing other GIS data (e.g. digital versions of the base map of the model).
Images taken from 3D models, aerial photography and satellite imagery will not align properly with other data until they are georeferenced. Thus, to use the photographs that have been taken of the 3D model in conjunction with other spatial data, it may be necessary to align, or georeference, them to a map coordinate system. A map coordinate system is defined using a map projection, a method by which the curved surface of the earth is portrayed on a flat surface. In the case of P3DM, it is necessary to refer to the map projection of the base map used to manufacture the model.

When georeferencing a raster dataset, it is important to define its location using map coordinates and assign the coordinate system of the data frame. Georeferencing raster data allows it to be viewed, queried and analysed with other geographic data. (Source: ESRI ArcGIS, 2009). 

To georeference an image, establish control points, input the known geographic coordinates of these control points, choose the coordinate system and other projection parameters and then minimise residuals. Residuals are the difference between the actual coordinates of the control points and the coordinates predicted by the geographic model created using the control points. They provide a method for determining the level of accuracy of the georeferencing process. 
3.2 Georeferencing Procedure
Establish control points from the base map of the model. At least four points (corners) with known coordinates should be marked on the map. Because the 3D model is based on a north-oriented map (using GIS software such as QGIS
), it is a straightforward process to georeference the image based on control points. When the map grid is placed on the model, the coordinates of four grid intersections at the corners and one in the middle will probably offer accurate georeferences. Because the coordinates of the grid intersections are known from the model base map, this should be a straightforward exercise. The procedure is as follows:
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Figure 6. Control point coordinates are recoded from the base map. 

· Write down the x, y coordinates of each point (see Figure 6). Open/import an existing raster layer (photo) into the GIS program. Use the software's georeferencing tools to select and add control points. 
· Click the mouse pointer over a corner point on the raster layer for which the x and y coordinates are known (Figure7). 
· After at least four points are added, evaluate the transformation. In most GIS software, the “residual” error for each point and the “RMS” (Root Mean Square) error can be examined. 
In an ideal situation, the RMS error should not be greater than 1 pixel (Figure 8).
The actual procedure for georeferencing is different for each software package. 
The software help function should be checked for guidance in this process.
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· Once the single images have been properly georeferenced, they can be “glued” or “stitched” together to represent the entire model. 

The output of this process is a georeferenced raster image which is ready for onscreen digitising. This topic is discussed in detail in Module M12. 

Bibliographic References
Bibliographic references and other recommended reading materials are listed in the handout: M10U04 – List of Additional Resources

Figure 7.  	Coordinates of selected control points are added �into the GIS. 





Figure 2: The model is tilted by 90 degrees.





Figure 3	Sequential high resolution pictures are taken. Image courtesy Giacomo Rambaldi
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Figure 8.  	Residual errors of control points resulting �in an RMS error smaller than 1 pixel
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Figure 4.	Parallel camera movement





Figure 5. 	Picture sequence








� If the camera has 10x zoom, it should be set at 5x zoom to remove lens distortion.


� GRASS and ILWIS are other open source GIS software packages which can be used for the same purpose. ArcGIS is a commercial solution – in most cases too elaborate or expensive for grassroots practitioners. 
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