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Rotary Focal-Plane Shutter Distortion 

The geometric distortion is analyzed, and corrections for that 
distortion are presented. 

T HE AERIAL CAMERA SHUTTER is one of the main 
components of the aerial photographic cam- 

era. It prevents light from striking the film emul- 
sion during the time of exposure. In general, two 
types of shutters are used with modern frame cam- 
eras. These are the intra-lens shutter and the 
focal-plane shutter. 

The intra-lens shutter or between-the-lens 
shutter is located in the air space between the 
elements of the lens. It is commonly used in map- 
ping cameras and in some reconnaissance cam- 
eras. It admits light to all parts of the negative at 
one instant when opening, and cuts off the light 
from the whole negative at the moment when the 

image geometry has already been considered 
(Aldred, 1968; Nielson, 1975; ElHassan, 1982). 

The objective of this paper is to analyze image 
distortion caused by the rotary focal-plane shutter. 

The rotary focal-plane shutter which has re- 
cently been developed, has a circular disk with a 
slit across its center that sweeps the focal plane, 
admitting light to pass to the film during the time 
of exposure (Figure 1). 

This most interesting design has the great ad- 
vantage that it can, if necessary, be run continu- 
ously so that there is no starting and stopping, no 
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exposure is completed. This mode of operation 
allows the image points on the negative to have a 
precisely defined relationship with all the object 
points photographed. This is the well-known 
perspective projection relationship which is the 
basis for normal photogrammetric operations 
(American Society of Photogrammetry, 1980). 

On the other hand, the focal-plane shutter is lo- 
cated close to the focal plane of the camera. There 
are two types of focal-plane shutters. These are the 
parallel-curtain focal-plane shutter and the rotary 
focal-plane shutter. The former type is commonly 
used with large-format reconnaissance cameras, 
e.g., the British F126 and the American KA-30A 
reconnaissance cameras. The  effect of the 
parallel-curtain focal plane shutter type on the 
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acceleration or deceleration, no change of direc- 
tion, etc. This means that power requirements are 
lessened, that very high cycling speeds are possi- 
ble, that and ultra-short exposure times can be 
used (up to 1115,000 sec in the A.G.I. F139 camera). 

The disadvantage of this shutter, however, is 
that the diameter of the disk must exceed twice the 
format size, which limits its use to small format 
cameras (70-mm film size), e.g., the Oude Delft 
TA-7, Williamson F-134, and A.G.I. F-139 Agiflite 
cameras. 

Another interesting point that merits considera- 
tion is that the mode of operation of this shutter, as 
described above, causes a geometric image distor- 
tion. In order to use the photography produced by 
cameras equipped with this type of shutter for 
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FIG. 1. The rotary focal plane shutter. 

photogrammetric measurements, this geometric 
effect should be analyzed and the measured image 
coordinates should be corrected. 

In the rotary focal-plane shutter the slit performs 
a circular motion while the exposure is taken. The 
slit speed, ui, at any point, i ,  along the slit at radial 
distance, ri, from the center of the slit motion, 0, is 
given as 

u, = 13 ri (1) 
where e is the angular speed of the slit (radians/ 
second). The exposure time, t,, to expose the 
image point, i , is given as 

where b is the width of the slit. 
It is clear from Equation 2 that, if the slit width, 

b, is kept constant, the exposure time would vary 
from one part of the photograph to another due to 
the different speed of the slit at different radial 
distances from its center of rotation. However, the 
exposure time could be kept constant if the 
ratio, b/ui, is kept constant (i.e., increasing the 
width of the slit, b, as the radial distance, r,, in- 
creases). This leads to the use of a wedge-shaped 
slit as in the A.G.I. F-139 camera (see Aeronautical 
and General Instruments Ltd., 1977). This is il- 
lustrated by Figure 2. 

Now, consider a coordinate system with the x- 
axis in the direction of flight, the y-axis perpen- 

pT wedge - shaped slit 

FIG. 2. Wedge-shaped slit for even exposure. 

FIG. 3. Coordinate systems. 

dicular to the direction of flight, and with the 
center of motion of the slit, 0, as origin (see Fig- 
ure 3). 

The slit would start its motion from the hori- 
zontal position OH, along the x-axis, in the coun- 
terclockwise direction. If the time taken by the slit 
to move from position OH to any point, i ,  is t i  
(known as the shutter transit time), then the image 
distortion in the direction of flight caused by the 
craft motion during this time is 

where V is the craft speed and 11s is the photo 
scale. 

If the angle between the x-axis and the slit posi- 
tion when point i is exposed is 8, (in radians), then 
the shutter transit time, (ti), to expose point i is 

01 tan-' (yilx*) t i =  - = 
13 e 

Therefore, Equation 3 can be written 

V tan-' (yi/xl) 
dxi = - 

S e 
For the photo-coordinate system with the prin- 

cipal point, p, as origin and the xf- and y'-axes 
along and across the flight direction, respectively 
(Figure 3), Equation 5 would be expressed as 

v 
dxi = - tan-' ( ~ ' t  + ro) 

sf3 x : 
where r, is the distance between the center of 
motion of the slit, 0, and the principal point of the 
photograph, p. 

Although high exposure times with low power 
requirements could be achieved using the rotary 
focal-plane shutter image distortion is introduced 
due to the mode of operation of the shutter. This 
distortion would be significant for large scale 
photography and high flying speeds. However, the 
measured photo-coordinates can be corrected 
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using Equation 6. The information required is the 
photographic scale, the flying speed, and the 
angular speed of the slit. 
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digitized and interfaced directly with minicomputers. Great Basin also performs their own off-line 
orthophoto profile scanning for the Wild OR-1 production system. 

Analytic aerotriangulation using the bundle method of adjustment is done in-house using a one 
micrometre comparator, zoom PUG, and HP 1000 F minicomputer. This system is equipped with 
double disc drives, and magnetic and paper tape read and write capabilities with 512K bytes of random 
access memory. The computer section is also equipped with a 48 in. by 72 in. automatic plotting table 
and a multiple terminal environment. 

All principals of the firm are professionally educated and licensed engineers and surveyors with an 
average of 25 years experience. Specialty services and applications include expert testimony, consult- 
ing, digital earthwork modelling, and cadastral retracement surveys using photogrammetric methods. 
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P LANNING RESEARCH CORPORATION (PRC) provides engineering and information services to govern- 
ment and industry, and is the largest diversified professional services organization in the world. 

Founded in 1954, PRC has approximately 200 offices in the United States and abroad. More than 
one-third of PRC's 6,500 employees work in engineering sciences, with another third in computer 
sciences. 

PRC headquarters is at 1500 Planning Research Drive in McLean, Virginia. This recently completed 
office building provides essential facilities for PRC's professional services and the appropriate technical 
environment for scientific research and engineering projects, including highly classified work. 

PRC Government Information Systems, one of the company's four operating groups, provides a full 
range of information systems architecture and engineering, as well as automated data processing ser- 
vices. These include design, development, and implementation of major information handling systems. 
The group also develops resource management systems, blending computer and micrographic 
technologies that economically facilitate and control the storage and retrieval of information. 

PRC Government Information Systems serves the federal government in military and civil markets 
and both state and local government agencies as well. Many of the group's larger contracts include 
long-term commitments to major military commands, with PRC staff members providing system design 
and implementation and operational life-cycle support. Under these contracts, PRC manages hardware 
and software vendor subcontracts, including contract initiation and supervision, and integration of 
hardware and software acquisitions. 

For more than 18 years, PRC Government Information Systems has ~rovided information manage- 
ment services in mapping and charting to the government. This includes designing and implementing 
geographic information systems that support the management of cartographic information and library 
holdings. Extensive software has been developed for such cartographic applications as vectorlraster 
conversion and symbolization. Integrated systems supporting digitization, interactive editing, and geo- 
graphic information management services have been designed and implemented for the National Ocean 
Survey and the Defense Mapping Agency. 

Averaging 10 years of professional experience each, technical staff members maintain an in-depth 
knowledge of the state-of-the-art and participate in research and development on advanced 
technologies. PRC Government Information Systems is committed to research and development, and 
many senior staff members have made significant contributions toward development of programming 
techniques and languages. 


