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Image Accuracy Checkpoint Collection Guide 
Introduction to Photogrammetry 

This guide is designed to help you perform a rigorous accuracy assessment while 

minimizing the effort to do so, by providing an overview of how to collect high-quality 

ground checkpoints.  In this white paper you will find information on what a 

photogrammetry target is, what one looks like, what the dimensions are based on scale, 

where to place them, and how to locate ground checkpoints if a photogrammetry target is 

not available.   

Photogrammetry is the art, science, and technology of obtaining reliable 

information about physical objects and the environment through processes of recording, 

measuring, and interpreting images or photographs.  The process itself consists of project 

planning, image acquisition, image processing, image orientation from reference data, 

data compilation, and finally the presentation of an end product.  Photogrammetry is a 

complex process, involving the management of systematic and random errors from a 

variety of sources. As in any complex process, some errors may be actual mistakes or 

blunders, which can be detected and corrected. However, any model representation of 

reality will never be “exact”: there will always be some difference between the end 

product of any surveying or photogrammetric project and “the truth.” Quantifying the 

error, accuracy, and uncertainty of georeferenced images is the primary function of 

Accuracy Analyst™.     

Ground Control Points and Ground Checkpoints 
 Before going into detail about photogrammetry targets, we begin by discussing 

the concept of ground control points versus ground checkpoints and how each is used in 

the photogrammetric process.  Ground control points are identifiable points in real space 
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(on the ground), whose locations are known, and they are used to verify positioning of 

map features, aerial images, or remotely sensed images.  That is, they are used for initial 

georeferencing.  Ground control points are often called GCPs in the literature, but some 

authors also use GCPs to refer to checkpoints, and therefore to be quite clear, this paper 

will not use the term. Ground checkpoints are used to perform an independent, 

quantitative assessment of image location error.  Ground checkpoints are also commonly 

referred to as validation points, checkpoints, survey points, reference points et cetera.  

Typically photogrammetry targets are used as ground control points; it is possible 

to use the photogrammetry targets as ground checkpoints if and only if they are not used 

in the initial georeferencing process.  Photogrammetry targets to be used as checkpoints 

can be collected in one of two ways: 1) the targets may be placed on the ground for use as 

survey checkpoint locations prior to an aerial imaging flight or 2) targets may be placed 

on the ground for use as control points and some may be omitted from the georeferencing 

process specifically to be used as checkpoint locations.  Targets used as control for 

georeferencing should not be used also as checkpoint locations. 

The terms “ground control point” and “ground checkpoint” will both be used 

throughout this document.  Regardless of whether photogrammetry targets are being used 

as ground control points or ground checkpoints, the characteristics and criteria for 

collection discussed in this document will be the same.  The difference between control 

points versus checkpoints is only in their use, not in their collection: control points are 

used in the initial georeferencing process and checkpoints are used only in the assessment 

check.   
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Photogrammetric Targets 
What is a photogrammetry target? 

 A photogrammetry target is something that can be easily identified on the aerial 

photos and that is preferably placed on the ground before taking aerial photos of a given 

area.  These targets can assist in the processes of georeferencing, surveying, location 

analysis, assessment checks, and other mapping tasks.  The use of targets increases the 

accuracy, precision, and efficiency of the photogrammetric process.  Photogrammetry 

targets come in three levels: low-level, standard, and high-level.  The target level required 

depends on the altitude of the airplane, focal length and sensor/camera system 

characteristics, and the resultant scale of photography designed for acquisition during the 

aerial photo flight. 

What does a photogrammetry target look like?   

 Photogrammetry targets should be clear and easily identifiable on aerial photos.  

Most often targets are either painted onto hard-surfaces at ground level, or a scheduled 

field paneling operation is conducted as close as possible to the anticipated flight.  

Targets should be a symmetrical shape, adequate size based on the scale, and outlined by 

a contrasting color.  Most targets are either white with a black background or yellow with 

a black background.  They are typically in the shape of a crosshair, a “T”, or a chevron 

and targets are highlighted with an outline, a bull’s-eye target, or a complete background.  

The one exception to the rule is that low-level targets are always shaped liked a crosshair 

while the highlighting is a complete square background.  The following images show 

examples of standard, low-level, and high-level aerial targets. 
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Figure 1. Standard Photogrammetry Targets. Modified from the Survey Engineering Department at Ferris 
State University.  

 

 

 

 

 

 

 

 

 

 

Figure 2. High-Level Photogrammetry Targets. Note that the dimensions are different, even though the 
general appearance is the same. Modified from the Survey Engineering Department at Ferris State 
University. 



Spatial Information Solutions  Image Accuracy Checkpoint Collection Guide 

©2009 SIS: Accuracy Analyst Technical Reference-Image Accuracy Checkpoint Collection Guide Page 6  

 
Figure 3. Low-Level Photogrammetry Targets. Modified from the Survey Engineering Department at 
Ferris State University. 

What are the dimensions of photogrammetry targets? 

 Photogrammetry targets are scale-dependent meaning they vary with the size of 

the scale being used.  Below is a table with recommended target dimensions as a function 

of photo scale. 

Photo Scale Width of Leg Length of Leg 

1:1800 6 Inches (150mm) 3 Feet (0.9m) 

1:2400 6 Inches (150mm) 3 Feet (0.9m) 

1:3000 6 Inches (150mm) 4 Feet (1.2m) 

1:3600 6 Inches (150mm) 4 Feet (1.2m) 

1:4200 6 Inches (150mm) 5 Feet (1.5m) 

1:4800 8 Inches (200mm) 6 Feet (1.8m) 

1:6000 8 Inches (200mm) 6 Feet (1.8m) 

1:8400 12 Inches (300mm) 7 Feet (2.1m) 

1:9600 15 Inches (375mm) 8 Feet (2.4m) 

1:12000 18 Inches (400mm) 10 Feet (3.0m) 

1:19200 24 Inches (600mm) 15 Feet (4.5m) 

1:24000 30 Inches (750mm) 20 Feet (6.0m) 

Table 1. Target Dimensions as a function of photo scale. Modified from the New Jersey DOT Survey 
Manual 
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Where should survey points be placed? 

 Before placement of survey points begins a sample design should be created. 

Creating a sample design will help minimize errors that can occur during the process.  

For all sample designs, 20 sample points are considered the minimum necessary, but for  

statistical rigor, more than 20 sample points should be chosen.  The optimal sample 

design is obtained by first deciding the number of survey points needed for the area.  The 

second step is to divide the area of interest into four quadrants and to determine the 

number of survey points in each quadrant, making sure that no more than 20% of the 

survey points come from one quadrant.  After deciding on the number of survey points 

per quadrant, the next step is to select optimal sample sites with all points spaced at an 

appropriate distance from each other.   

 
Figure 4. Hypothetical Distribution of Sample Points.  Modified from Congalton and Green, 2009. 

The samples may be distributed more densely in the vicinity of important topographic 

features and more sparsely in the areas of little or no interest.  Keeping this in mind, no 

two points should be closer than the diagonal of the area of interest divided by ten. Points 

should be located where shadows will not adversely affect the visibility of the panel.  
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Furthermore, they should only be located at ground level and not on the rooftops of 

buildings. 

What if photogrammetric targets are not available? 

 If targets are unavailable and/or conducting an aerial survey using targets is not an 

option then it is possible to identify points on pre-existing aerial photos.  This method is 

less accurate than using standard photogrammetric targets; however, it is used because it 

is less expensive.  Nonetheless, utilizing photogrammetric targets is the most accurate 

and precise method.   

There are several factors that need to be considered when collecting quality 

ground checkpoints without using photogrammetric targets.  First of all, the points must 

be well-defined and represent a specific feature.  Secondly, the points must be of a high 

degree of horizontal accuracy and precision (Figure 5).  Precision refers to the closeness 

with which repeated measurements made under similar conditions are grouped together.  

Accuracy refers to the closeness of the best estimated value obtained by the 

measurements to the “true” value for the quantity measured. 
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Figure 5. Precision and Accuracy. 

Figure 5 illustrates the difference between accuracy and precision.  In figure 5a, the 

points are grouped closely together and the measurement is said to be “precise”.  Figure 

5a is also accurate because the center of the group coincides with the center of the square.  

In figure 5b, the grouping is still precise but not accurate because it is not centered on the 

middle of the square.  The points in figure 5c do not exhibit close grouping or nearness to 

the center.  They are, therefore, neither accurate nor precise. 

Finally, each point must be clearly identifiable on the spatial data set being assessed as 

well as in the reference data set.  Right-angle intersections of roads, railroads, or other 

linear mapped features work well as reference points when using graphic maps and/or 
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vector data.  When using orthoimagery, these same right-angle intersections of linear 

features work well, but small isolated shrubs or brushes can also be used. Ideal features to 

use should be permanent, not subject to erosion, and easily identified on an image or 

map.  When using maps or images with scales larger than 1:5000 additional features such 

as utility access covers and intersections of sidewalks, curbs, or gutters can also be used. 

Photo-identified Points 
What are some examples of photo-identified quality ground checkpoints? 

 The following images provide examples of optimal ground checkpoints if 

photogrammetric targets are not available. In each set of photos, the first two images 

represent the specific location and survey set-up at ground level. The last image 

represents the same location as above but from an aerial view rather than a ground view. 
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Figure 6. Optimal Checkpoint Location 307. The survey checkpoint (green) 
and photo identified locations (red) are shown.



Spatial Information Solutions  Image Accuracy Checkpoint Collection Guide 

©2009 SIS: Accuracy Analyst Technical Reference-Image Accuracy Checkpoint Collection Guide Page 12  

Figure 7. Optimal Checkpoint Location 311. The survey checkpoint (green) and 
photo identified locations (red) are shown.
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Figure 8. Optimal Checkpoint Location 315. The survey checkpoint (green) 
and photo identified locations (red) are shown. 
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Figure 9. Optimal Checkpoint Location 336. The survey checkpoint (green) 
and photo identified locations (red) are shown. 
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