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Model of imaging



A Pinhole Camera



The Pinhole Camera









Cameras aren’t linear in input 
energy

• This is deliberate, and 
usually a property of 
camera electronics.
• Helps imitate film
• Increases dynamic 

range
• It’s not the sensor 

(which is usually linear)
• you can usually get 

linear pix from cameras 
with enough work

• Different cameras have 
different nonlinearities



From wikipedia, https://commons.wikimedia.org/wiki/File:Raw_vs_jpg.jpg
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Digital color image
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Why more green?

Human Luminance Sensitivity Function



Images in Python
im = cv2.imread(filename)     # read image

im = cv2.cvtColor(im, cv2.COLOR_BGR2RGB) # order channels as RGB

im = im / 255     # values range from 0 to 1

• RGB image im is a H x W x 3 matrix (numpy.ndarray)

• im[0,0,0] is the top-left pixel value in R-channel

• im[y, x, c] is the value y+1 pixels down, x+1 pixels to right in the cth channel

• im[H-1, W-1, 2] is the bottom-right pixel in B-channel
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Pointwise image transformations

• Apply the same function to each pixel value
• perhaps different for R, G, B

• Simple applications
• remove camera non-linearity
• simulate different camera
• increase/reduce contrast





Other sensors...

• Basically, light cameras with extra tricks
• IR cameras

• light cameras at different wavelengths
• but you might have to cool sensors

• Polarization cameras
• specialized sensors to measure intensity at particular 

polarizations
• Multispectral cameras

• various arrangements to image with more sensors than R, G, 
and B

• Really different
• Depth cameras

 



Two cameras yield depth





If’s, and’s and but’s...





Camera – projector stereo



Structured light



LIDAR














