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F-factor, f/# (definition):  

Small angles: 

Light opening = : Light intensity decreases quadratical
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(6.3)

x through a spheric area is given by the intensity 
multiplied width the solid angle. Flux from an 
ect with area Ao becomes proportional with IoAo.

e solid angle is given by spheric area divided by 
 square of radius a of the sphere. 
all angles: area ~ aperture. 

nsity at the image plane, the sensor, can be 
tten as 

ere D is the diameter of the aperture. 
= Ai / Ao is the ratio image area to the object area. 

ically, m << 1 and the illuminance at the image 
ne can be written as
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e light will generally decrease form the centre to the periphery and follow a cos4θ
is is compensated in some lenses). 

-10 -8 -6 -4 -2 0 2 4
0.94

0.95

0.96

0.97

0.98

0.99

1

  θ [°] 

N
o
rm

a
liz

e
d
 in

te
n
si

ty



0 - CMOS Image Sensors

AO 6.7

Op

Ci

 δ “ as a point when viewed at a 
dis

To rmat (size of image plate). 
INF 544

10V

tics and resolution

rcle of confusion and scaling with sensor size. 

Circle of confusion”: Largest blur circle that will be perceived by the human eye 
tance of 25 cm. 
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m triangles above and equation (6.3), Dh = a, and equation (6.2)

es the “Hyper focal length” :

 b-f becomes “Depth of focus”:
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pth of Field

ing the same technique as above, it can be shown that Depth of Field can be wr
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n optics without aberrations and smear will 

a source of diffraction due to the aperture.

rference around small light points called
 discs. 

dius of the first dark circle is the Rayleigh 
erion for resolution, the separation of two 
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(6.9)

Using (6.8), and ,

yleigh limit can be expressed by MTF:
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tical format
• Standard lens sizes are measured in inches, i.g. 2/3”, 1/2”, 1/3”, 1/4” (kind of

• The size has influence on the light sensitivity (responsivity), and cost.

• Sensor diagonal is less than the lens diameter

• Example: The format 1/3” (8.5 mm) need a sensor diagonal of 6.1 mm 

Optical Format  Sensor diagonal

1/7 inch (=3.63 mm)  ~2.3 mm 

1/6 inch (=4.23 mm)  ~2.7 mm

1/5 inch (=5.08 mm) ~3.2 mm

1/4 inch (=6.35 mm) ~4 mm

1/3 inch (=8.47 mm) ~6 mm

1/2 inch (=12.7 mm) ~8 mm

2/3 inch (=16.9 mm) ~11 mm

1 inch (=25.4 mm) ~20 mm
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e figure shows the connection between pixel size, array format, and optical form
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 (Common Intermediate Format): 352H x 288V

CIF (Quarter CIF): 176H x 144V

A (Video Graphics Array): 640H x 489V

VGA (Quarter VGA): 320H x 240V

QVGA: 160H x 120V

GA (Super VGA): 800H x 600V

GA (Extended Graphics Array): 1024H x 768V

XGA: 1280H x 1024V

.3M 1280H x 1024V

.1M 1680H x 1248V

.3M 2088H x 1550V

.1M 2310H x 1732V

2M ~¨4000H x 3000V

Active part 

Barrier pixels
around the acti
Covered with b
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	Typically, m << 1 and the illuminance at the image plane can be written as
	(6.4)


	Uniformity
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	Circle of confusion and scaling with sensor size.
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	Examples
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	MTF Modulated Transfer Function
	MTF of the optics can have low contrast at intermediate spatial frequencies, but still high resol...
	or high contrast at intermediate spatial frequencies, but low resolution (2),
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	MTF (1/r) = 9%
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	Using (6.8), and ,
	Rayleigh limit can be expressed by MTF:
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	• Example: The format 1/3” (8.5 mm) need a sensor diagonal of 6.1 mm
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