Circles of Confusion
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One of the most important jobs for a cameraman is to get the image in focus. But when is an image in focus? At what point does an image become ‘out of focus’ and how do we calculate this point?





We must first agree on the viewing distance of the image. Of course, the nearer you are to the image/screen the more ‘blurred’ the image will become. If you are very near  to the screen you will see the pixels that make up the display device.


Once we have decided on the viewing distance we can  then decide when an object in the picture becomes blurred or  ‘out of focus’


With a fixed lens and camera position a moving image will become blurred at two points. These will be as the object moves away from the camera and then again when it becomes closer to he camera. The distance between these two points when the image is sharp is called the Depth of Field (D.o.F.) of the lens.
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The D.o.F  depends on the aperture and focal length of the lens, image size, focus distance and the permissible circle of confusion size.





But what is the permissible circle of confusion?





Remember when you were young and you lit a fire by focusing the sun with a magnifying glass onto some paper?  Lets consider that this tiny image of the sun as the smallest image that the magnifying glass could produce.  The better the magnifying glass the smaller the image of the sun you could produce and quicker the fire started.  As  you moved the magnifying glass away  from the surface the round image of the sun became blurred and bigger and the paper wouldn’t  burn.








The smallest image of the sun that you make  could  be called the ‘circle of least confusion’  for that lens. 





Now imagine that a friend was holding the magnifying  glass and  you were an observer, you may not be able to see  the point when the sun became blurred  because you were standing too far away to see. By moving nearer, at a certain point you could actually see the image of the sun becoming blurred. At this viewing distance the diameter of the image of the sun could be called the ‘permissible circle of confusion’.





Now if the image of the sun was focused  on a piece of paper and your friend kept the magnifying glass still but moved the  piece of paper the distance between the two points when you could  see the sun become blurred would be the Depth of Focus.
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The nearer you became to the image of the sun that your friend was making,  (you reduced the viewing  distance) the smaller the distance that the magnifying glass would be able to moved  before you could see the image of the sun become blurred. But if  you made the permissible circle of confusion  smaller  you would be able to reduce the viewing distance before you could see the image become blurred. In other words the definition or ‘sharpness’ of the lens would have been increased.


Consider it another way.  By making the permissible circle of confusion smaller you would be able to increase the distance the lens could be moved before you could see the image become blurred.  That is you have increased the Depth of Focus.





We can see the relationship between  the viewing distance and the  permissible circle of confusion’ .


But by keeping the viewing distance the same we can only  reduce the  permissible circle of confusion’   to increase the definition of the lens.  But there is a limit to how small the 


permissible circle of confusion’   can be made for a lens.





Reducing the Depth of  Focus as we can see will keep the  permissible circle of confusion’  small.





By reducing the Depth of Focus  the Depth of Field  will also be reduced.





So by having a high definition image you require a lens that has a small permissible circle of confusion which will have a small Depth of Focus thus a short Depth of Field.





By having a small  Depth of Field focusing becomes more critical and thus its harder to focus when working in HD. Plus by the fact that  we have a sharper image and any out of focus image will be more noticeable






































The mathematical  calculation for working out the  D.o.F. is:





         D.o.F =  2u2NC


                          f2








u       Focus distance


N      f  number: Aperture


f        focal length of lens


C      Circle of confusion





Depth of  field is directly proportional to the circle of confusion, the f number, and the square of the focused distance and inversely proportional to the square of the focal length.





Because all this is a little complicated focus pullers working on films have tables  to refer to!
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T is Depth of Field 


t  is Depth of Focus.


C is permissible circle of confusion


D is diameter of lens


O is the object at the focus distance


I   is the image at the image plane (CCD)
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