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Imaging Path

ÉSilver Halide Systems

ÂExposure (film)

ÂProcessing  

ÉDigital Capture 

ÂExposure (sensors)

ÂProcessing (computing)

ÉWe will not cover the ñmechanicsò of cameras

ÂLenses, shutters, auto-focus, flash systems etc. 



Silver Halide
É Capture, camera needs a light sensitive film

Â AgX where X is a halide or combination of halides

Â A latent image is formed once light has been imaged by a 

lens onto the film

É Processing

ÂLatent image is turned into a ñrealò image

Â B&W: developing & fixing is used to produce Ag image

Â Colour: developing, bleaching & fixing is used to produce a 

dye image

É Output

Â View directly, on a light box or projection ïTransparencies

Â Print optically onto AgX material

Â Scan and treat like a digital image
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Digital Camera

É Capture, camera needs a light sensitive detector

Â CCD or CMOS sensor

ÂA>D conversion to form ñRAWò image

ÉA ñRAWò image is the code values from the A>D converter

É Processing

ÂThe ñRAWò image is turned into a ñrealò useable image

Â Colour, Contrast, Noise reduction, etc.

ÂR, G, B bitmap is the ñrealò image

Â Encoded  different ways, TIF, JPEG

É Output

Â Print using a variety of technologies

Â Soft display using a variety of technologies



Digital Camera Schematic
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ÅISO

ÅColour Space

ÅContrast

ÅColour Saturation

ÅNoise Reduction

Åetc., etc.!!!

http://en.wikipedia.org/wiki/Image:Bayer_pattern_on_sensor.svg


Digital Camera - Sensors
É Two main types of sensors are used

Â CCD

Â CMOS

Â Each have their advocates!

É Basic Function for both CCD & CMOS

Â To turn light into an electrical quantity that can be digitised

Â Need linearity between incident light and resulting 

charge/voltage

É Cost

Â Smaller sensors tend to have higher manufacturing yields 

and hence lower costs

Â Larger sensors tend to have higher costs, look at prices of 

medium format digital backs!



CCD ïCharge Coupled Device

É Light landing at a photo site causes electrons to flow 

resulting on the build up of charge within an electron 

well

É The larger the well, the more charge that can 

accumulate

Â Smaller sensor sizes, lower dynamic range, higher noise

Â Larger sensor sizes, higher dynamic range, lower noise

Â Typical photo site size 5-8 microns in DSLR cameras

Â Compact digital cameras ~ 2 microns

É The charge is transferred away from the photo sites 

and converted into voltage before transfer to 

external circuitry



CCD



CMOS
Complimentary Metal Oxide Semiconductor

ÉPhoto sites similar to CCD

ÂBut, due to the fabrication process considerably

more on-chip processing can be performed than

with CCDs

ÂCharge to voltage conversion is done at the photo

site

ÉOn chip A>D conversion

ÂPotential for simpler lower cost camera design

ÉLike CCD sensors, size matters



CMOS





CCD cf. CMOS



CCD versus CMOS

FEATURE CCD CMOS

Pixel Signal Charge Voltage

Chip Signal Voltage Bits

Fill Factor High Moderate

System Complexity High Low

Sensor Complexity Low High 

Relative R&D Cost Lower Higher

Power consumption Higher Lower

Dynamic Range Very High High

Quality Very High High*

*In DSLRs CMOS can match CCD quality, but higher chip development costs are required. 



But what about Colour

ÉSensors have a broad spectral sensitivity, so 

how do we get colour?

É Two main approaches

ÂColoured Filtered Arrays (CFAs)

ÂLayered structure sensitive to different 

wavelengths ïFoveon

ÉCFAs dominates >99% of cameras

ÉFoveon ïSubsidiary of Sigma

ÂSigma purchased Foveon November 2008

ÂOnly in Sigma cameras 



Coloured Filter Array

The Bayer pattern (Kodak patent to Bryce E Bayer in 1976, US3,971,065) 

Other patterns exit, eg. C, M, Y, G, but R, G, B is the most  common

http://en.wikipedia.org/wiki/Image:Bayer_pattern_on_sensor.svg
http://en.wikipedia.org/wiki/Image:Bayer_pattern_on_sensor_profile.svg
http://patft.uspto.gov/netacgi/nph-Parser?patentnumber=3971065


Foveon Sensor


