
Cameras 



ʇʣʘʥ ʣʝʢʮʠʠ 

Åʂʘʤʝʨʳ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 
Åʇʨʦʩʪʝʡʰʘʷ ʤʦʜʝʣʴ ʢʘʤʝʨʳ 

Åʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ 

Åʂʘʤʝʨʳ ʩ ʣʠʥʟʘʤʠ 

Åʈʝʘʣʴʥʳʝ ʢʘʤʝʨʳ 

Åʎʚʝʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 
Åʂʨʘʪʢʘʷ ʠʩʪʦʨʠʷ ʮʚʝʪʥʦʛʦ ʬʦʪʦ 

Åʎʠʬʨʦʚʳʝ ʮʚʝʪʥʳʝ ʢʘʤʝʨʳ 

Åɿʘʜʘʥʠʝ! ʈʘʥʥʷʷ ʮʚʝʪʥʘʷ ʬʦʪʦʛʨʘʬʠʷ (ʇʨʦʢʫʜʠʥ-ɻʦʨʩʢʠʡ) 

Åɺʚʝʜʝʥʠʝ ʚ MATLAB 
Åʆʧʠʩʘʥʠʝ ʩʨʝʜʳ MATLAB 

Åʆʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʷʟʳʢʘ ʠ ʤʘʪʨʠʯʥʳʝ ʦʧʝʨʘʮʠʠ 

 

 

 

 



Letôs design a camera 

Idea 1:  put a piece of film in front of an object 

Do we get a reasonable image? 

Slide by Steve Seitz 



Pinhole camera 

Add a barrier to block off most of the rays 
ÅThis reduces blurring 

ÅThe opening is known as the aperture 

Slide by Steve Seitz 



Pinhole camera model (ʩʪʝʥʦʧ)  

Pinhole model: 
ÅCaptures pencil of rays ï all rays through a single point 

ÅThe point is called Center of Projection (focal point) 

ÅThe image is formed on the Image Plane 

Slide by Steve Seitz 



Perspective distortion 

ÅWhat does a sphere project to? 

Image source: F. Durand 



Perspective distortion 

ÅWhat does a sphere project to? 



Perspective distortion 

ÅThe exterior columns appear bigger 

ÅThe distortion is not due to lens flaws 

ÅProblem pointed out by Da Vinci 

Slide by F. Durand 



Perspective distortion: People 



Perspective distortion 

ÅProblem for architectural photography: 

converging verticals 

Source: F. Durand 



Perspective distortion 

ÅProblem for architectural photography: 

converging verticals 

 

 

 

 

 

ÅSolution: view camera (lens shifted w.r.t. film) 

Source: F. Durand 

Tilting the camera 

upwards results in 

converging verticals 

Keeping the camera level, 

with an ordinary lens, 

captures only the bottom 

portion of the building 

Shifting the lens 

upwards results in a 

picture of the entire 

subject 

http://en.wikipedia.org/wiki/Perspective_correction_lens 

http://en.wikipedia.org/wiki/Perspective_correction_lens


Perspective distortion 

ÅProblem for architectural photography: 

converging verticals 

ÅResult: 

Source: F. Durand 



Building a real camera 



Camera Obscura (ʪʝʤʥʘʷ ʢʦʤʥʘʪʘ) 

ÅBasic principle known to 

Mozi (470-390 BCE), 

Aristotle (384-322 BCE) 

ÅDrawing aid for artists: 

described by Leonardo 

da Vinci (1452-1519)  

Gemma Frisius, 1558 

Source: A. Efros 



Home-made pinhole camera  

http://www.debevec.org/Pinhole/ 

Why so 

blurry? 

Slide by A. Efros 

http://www.debevec.org/Pinhole/35mm-pinhole-camera.jpg
http://www.debevec.org/Pinhole/


Shrinking the aperture 

Why not make the aperture as small as possible? 
ÅLess light gets through 

ÅDiffraction effectsé 

Slide by Steve Seitz 



Shrinking the aperture 



Adding a lens 

A lens focuses light onto the film 
ÅThin lens model: 

ïRays passing through the center are not deviated 

(pinhole projection model still holds) 

Slide by Steve Seitz 



Adding a lens 

A lens focuses light onto the film 
ÅThin lens model: 

ïRays passing through the center are not deviated 

(pinhole projection model still holds) 

ïAll parallel rays converge to one point on a plane located at the 

focal length f 
Slide by Steve Seitz 

focal point 

f 



Adding a lens 

A lens focuses light onto the film 
ÅThere is a specific distance at which objects are ñin focusò 

ïother points project to a ñcircle of confusionò in the image 

ñcircle of  

confusionò 

Slide by Steve Seitz 



Real lenses 



Lens Flaws: Chromatic Aberration 

Lens has different refractive indices for different 

wavelengths: causes color fringing 

Near Lens Center Near Lens Outer Edge 



Lens flaws: Spherical aberration 

Spherical lenses donôt focus light perfectly 

 Rays farther from the optical axis focus closer 



Lens flaws: Vignetting 



No distortion Pin cushion Barrel 

Radial Distortion 

ÅCaused by imperfect lenses 

ÅDeviations are most noticeable near the edge of the lens 



Color photography 

Nikolaevskii Cathedral from southwest in Mozhaisk (1911) 


