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Image Formation 

• The Digital Camera 

• How camera works? 

• Reflected light from one or more surfaces passing through the 

camera optics (lenses). 

• Light finally reaches the image sensor. 

• Simple camera model 

 

Simple camera model. Image sensing pipeline, showing the various sources 

of noise as well as typical digital post-processing steps. 

• Light falling on an imaging sensor is usually picked up by an active 

sensing area, integrated for the duration of the exposure (usually 

expressed as the shutter speed in a fraction of a second, e.g., 1/125 , 

1/60 , 1/30 ), and then passed to a set of sense amplifiers . 
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• Two main kinds of sensor used in digital still and video cameras are 

charge-coupled device (CCD) and complementary metal oxide on 

silicon (CMOS). 

• Both sensors contain million of photosites (pixels) and follow same 

procedure. 

 

• Main procedure of camera sensors 

How charge-coupled device (CCD) works? 

• Photo to charges. 

• Photons are accumulated in each active well during the exposure 

time. 
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• Horizontal and then vertical shift registers for charges.  

• In transfer phase, the charges are transferred from well to well in a 

kind of “bucket brigade”. 

• Each charge changed to voltage and amplified (amplifier) and the 

analog to digital (ADC) converter is performed. 

•  Older CCD sensors were prone to blooming, when charges from one 

over-exposed pixel spilled into adjacent ones, but most newer CCDs have 

anti-blooming technology 

 

 
 

How CMOS works? 
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• In CMOS, the photons hitting the sensor directly affect the 

conductivity (or gain) of a photodetector, which can be selectively 

gated to control exposure duration, and locally amplified (in pixel 

itself) before being read out using a multiplexing scheme.  

• Processing speed much higher than CCD sensor. 

• First row of pixel is activated using pixel selected switch. 

 

 
• The main factors affecting the performance of a digital image 

sensor are 

• The shutter speed, sampling pitch, fill factor, chip size, analog 

gain, sensor noise, and the resolution (and quality) of the 

analog-to-digital converter. 

• Shutter speed (exposure time): it directly controls the amount of 

light reaching the sensor and, hence, determines if images are 

under- or over-exposed. 

• Sampling pitch. it is the physical spacing between adjacent sensor 

cells on the imaging chip.  
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• Smaller sampling pitch has a higher sampling density and 

hence provides a higher resolution (in terms of pixels) for a 

given active chip area.  

• However, a smaller pitch also means that each sensor has a 

smaller area and cannot accumulate as many photons; this 

makes it not as light sensitive and more prone to noise. 

• Fill factor. The active sensing area size as a fraction of the 

theoretically available sensing area 

• Chip size. When overall device size is not important, having a 

larger chip size is preferable, since each sensor cell can be more 

photo-sensitive. 

• Analog gain. The sensed signal is usually boosted by a sense 

amplifier. 

• Sensor noise. Throughout the whole sensing process, noise is 

added from various sources, which may include fixed pattern 

noise, dark current noise, shot noise, amplifier noise and 

quantization noise  

The final amount of noise present in a sampled image depends on 

all of these quantities, as well as the incoming light (controlled by 

the scene radiance and aperture), the exposure time, and the sensor 

gain. 

• ADC resolution. The final step in the analog processing chain 

occurring within an imaging sensor is the analog to digital 
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conversion (ADC). While a variety of techniques can be used to 

implement this process, the two quantities of interest are the 

resolution of this process (how many bits it yields) and its noise 

level (how many of these bits are useful in practice). 

• For most cameras, the number of bits quoted (eight bits for 

compressed JPEG images and a nominal 16 bits for the RAW 

formats). 

• Digital post-processing. Once the irradiance values arriving at the 

sensor have been converted to digital bits, most cameras perform a 

variety of digital signal processing (DSP) operations to enhance 

the image before compressing and storing the pixel values.  

• These include color filter array (CFA) demosaicing, white point 

setting, and other operations. 


