
Course on Remote Sensing and GIS Notes 

PHOTOGRAMMETRY BASICS 

 

Photogrammetry is the science and technology of obtaining spatial measurements and other 

geometrically reliable derived products from photographs. Photogrammetric analysis procedures can 

range from obtaining approximate distances, areas, and elevations using hardcopy photographic 

products, and simple geometric concepts to generating precise digital elevation models (DEMs), 

orthophotos, and other derived products.  

 

Definitions 

Aerial photographs can be classified according to the orientation of the camera in relation to the ground 

at the time of exposure. Oblique aerial photographs have been acquired by cameras oriented toward 

the side of the aircraft.  Oblique photographs have the advantage of showing very large areas in a single 

image.  However, measurement of distances, areas and elevations is not convenient. 

 

Vertical photographs are acquired by a camera aimed directly at the ground surface from above. 

Although objects and features are often difficult to recognize from their representations on vertical 

photographs, the map-like view of the earth, and the predictable geometric properties of vertical 

photographs provide practical advantages.  

Aerial cameras are manufactured to include adjustable index marks attached rigidly to the camera so 

that the positions of the index marks are recorded on the photograph during exposure. These fiducial 

marks appear as silhouettes at the edges and/or corners of the photograph. Lines that connect opposite 

pairs of fiducial marks intersect to identify the principal point, the optical center of the image. The 

ground nadir is defined as the point on the ground vertically beneath the center of the camera lens at 

the time the photograph was taken. The photographic nadir is defined by the intersection with the 

photograph of the vertical line that intersects the ground nadir and the center of the lens. (i.e the image 

of the ground nadir) 

 

Scale: 

The scale of a photograph expresses the mathematical relationship between a distance measured on the 

photo and corresponding horizontal distance measured in a ground coordinate system.  

A photograph “scale”, like a map scale, is an expression that states that one unit of distance on a 

photograph represents a specific number of units of actual ground distances. Scales may be expressed 

as unit equivalents, representative fractions, or ratios. 

For example, if 1 mm on a photograph represents 25 m on the ground, the scale of the photograph can 

be expressed as 1mm = 25m (unit equivalents), or 
25000

1
(representative fraction) or 1:25,000 (ratio). 

Scale comparisons can be made by comparing the magnitudes of the representative fractions involved.  

 

The most straightforward method for determining photo scale is to measure the corresponding photo 

and ground distances between any two points. This requires that the points be mutually identifiable on 

both the photo and a map. The scale ‘S’ is then computed as the ratio of the photo distance ‘d’ to the 

ground distance ‘D’. 

 

S = photo scale = photo distance/ground distance = d/D 

 

For a vertical photograph taken over flat terrain, scale is a function of the focal length ‘f’ of the camera 

used to acquire the image and the flying height above the ground, ‘H’, from which the image was taken. 



Scale = camera focal length/flying height above terrain = f/H 

 

Relief displacement 

An increase in the elevation of a feature causes its position on the photograph to be displaced radially 

outward from the principal point. Hence, when a vertical feature is photographed, relief displacement 

causes the top of the feature to lie farther from the photo center than its base. As a result, vertical 

features appear to lean away from the center of the photograph. 

 

Figure: vertical photograph imaging a tower. The photograph is taken from flying height H above datum. 

When considering the relief displacement of a vertical feature, it is convenient to arbitrarily assume a 

datum plane placed at the base of the feature. If this is done, the flying height H must be correctly 

referenced to this same datum, not mean sea level. Thus, in the figure, the height of tower is h. The top 

of the tower, A, is imaged at a in the photograph whereas the base of the tower, A’, is imaged at a’. That 

is, the image of the top of the tower is radially displaced by the distance d from that of the bottom. The 

distance d is the relief displacement of the tower. The equivalent distance projected to datum is D. The 

distance from the photo principal point to the top of the tower in the photo is r. The equivalent distance 

projected to datum is R. 

From similar triangles AA’A” and LOA” 

D/h = R/H 

Or d = rh/H  

Where d is the relief displacement. 

 

Analyzing the equation, it can be observed that relief displacement of any given point increases as the 

distance from the principal point increases, and it increases as the elevation of the point increases. 

Other things, being equal, it decreases with an increase in flying height. Hence, under similar conditions 

high altitude photography of an area manifests less relief displacement than low altitude photography. 

Also, there is no relief displacement at the principal point (r=0). 

 

The main effect of relief displacement is that inaccurate or wrong coordinates might be determined 

when, for example, digitizing from image data. Whether relief displacement should be considered in the 

geometric processing of the image data depends on its impact on the required accuracy of the 

geometric information derived from the images. Relief displacement can be corrected for if information 

on the terrain topography is available (in the form of a DTM). 

 

Object height determination from relief displacement measurement 

Equation for relief displacement also makes it possible to indirectly measure heights of objects 

appearing on aerial photographs.  

  h = dH/r 

To use the above equation, both the top and the bottom of the object whose height is to be measured 

must be clearly identifiable on the photograph and the flying height ‘H’ must be known. If this is the 

case, ‘d’ and ‘r’ can be measured on the photograph and used to calculate the object height ‘h’. It is 

important to remember that ‘H’ must be referenced to the elevation of the base of the feature, not to 

mean sea level. 

While, this is a convenient means of calculating heights of objects from aerial photographs, the 

assumptions implicit in the method have to be remembered. Use of truly vertical photographs, accurate 

knowledge of the flying height, clearly visible objects, precise location of the principal point are the 

assumptions. If these assumptions are reasonably met, quite reliable height determinations may be 

made. 



 

Correcting relief displacement: Reading assignment 

 

Ground control points 

GCPs refer to physical points on the ground whose ground positions are known with respect to some 

horizontal coordinate system and/or vertical datum. When mutually identifiable on the ground and on a 

photograph, ground control points can be used to establish the exact spatial position and orientation of 

a photograph relative to the ground at the instant of exposure. 

 


