
F I L M - B A S E D  C A M E R A S

AERIAL CAMERAS





Types of Aerial Cameras

 The frame camera: exposes 
a square-shaped of ground 
all at the instant of time

 The continous strip:The film 
moves continously past a slit 
in the focal plane

 The panoramic camera: 
operates in a direction 
normal to the direction of 
flight.It takes a sweeping 
picture of the ground from 
right to left





METRICAL CAMERAS

 Designed specifically for use in photogrammetry

 Precise determination of spatial positions of objects

 Traditionally use of roll film for recording images





Data of different lens assemblies



FRAME CAMERAS

• Used for most photogrammetric operations

• Principle parts are:

1. The lens assembly

2. The Inner cone

3. The focal plane

4. The Outer cone and body

5. The Drive Mechanism

6. The Magazine





The lens assembly

 Forms the image of the ground being photographed 
in the focal plane

 The diaphragm and shutter control the exposure 
according to the amount of available light and film 
speed

 The Filter helps to penetrate the atmospheric haze





Cross-sectional view of aerial camera lenses



The Inner cone

 Holds the lens assembly fixed with respect to the upper 
surface (the focal plane) of the cone. 

 The upper surface contains reference marks called 
fiducial marks which define the coordinate axes of the 
resulting photograph

 The relative positions of the lens axis, the focal plane 
and the fiducial marks fix the elements of interior 
orientation of the camera





The focal Plane

 Defined by the upper surfaces of the fiducial marks together 
with the upper surface of the focal plane.

 Located at such a distance (focal lenth) from the rear nodal 
point of the lens as to give the best overral image definition

 The focal length is determined by calibrating the camera



Outer cone and body

 To support the inner cone

 To hold the drive mechanism

 Furnish a support for the magazine



The Drive Mechanism

 Provides the motion necessary to wind and trip the 
shutter,flattenning the film in the focal plane and 
wind the film or change the plates between 
exposures



The Magazine

 Holds the exposed and unexposed film (or plates)

 Advances the necessary amount of film between 
exposures

 Houses the film flattening device

 For a 23 by 23 cm picture size, the magazine can 
hold up to 120m of film that is 24cm wide. This will 
yield as many as 475 exposures



Image Motion

 During the instance of exposure, the aircraft moves and 
with it the camera, including the

image plane. 

 Thus, a stationary object is imaged at different image 
locations, and the image appears to move.

 Image motion results not only from the forward 
movement of the aircraft but also from vibrations



Forward image motion



 An airplane flying with velocity v advances by a 
distance D = v t during the exposure time t. Since 
the object on the ground is stationary, its image 
moves by a distance d = D/m where m is the photo 
scale. We have



with f the focal length and H the flying height.

Example: given

 exposure time t =1/300 sec

 velocity v= 300 km/h

 focal length f= 150 mm

 flying height H= 1500 m

 image motion d =28 μm



























CAMERA CALIBRATION

 During this process, the interior orientation of the 
camera is determined.

 The interior orientation data describe the metric 
characteristics of the camera needed for 
photogrammetric processes. 



The elements of interior orientation are:

1. The position of the perspective center with respect to the 
fiducial marks.

2. The coordinates of the fiducial marks or distances 
between them so that coordinates can be determined.

3. The calibrated focal length of the camera.



4. The radial and discentering distortion of the lens 
assembly, including the origin of radial distortion with 
respect to the fiducial system.

5. Image quality measures such as resolution



PURPOSE OF CAMERA CALIBRATION

 Cameras should be calibrated once in a while 
because stress, caused by temperature and 
pressure differences of an airborne camera, may 
change some of the interior orientation elements.































Summary of Interior Orientation

 The main purpose of interior orientation is to define the 
position of the perspective center and the radial distortion 
curve. A camera with known interior orientation is called 
metric if the orientation elements do not change.

 An amateur camera, for example, is non-metric because the 
interior orientation changes every time the camera is 
focused. Also, it lacks a reference system for determining 
the PPA (Principle Point of Autocollimation



 Modern aerial cameras are virtually distortion free. A good 

approximation for the interior orientation is to assume that 
the perspective center is at a distance c from the fiducial 
center.

 The elements of interior orientation are thus:

1. The calibrated focal length f,

2. The coordinates of the principle point,

3. The appropriate distortion curves


