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Impulse response (PSF) and 
transfer function of a lens 
system
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Object Image

Image formation by a lens system
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Image formation by a lens system

• In the image formation by a lens system, high-
frequency component is blocked by the lens 
aperture. 

•Then it works as low-pass filtering, and the 
resolution is limited. 

• In most cases, it can be modeled as a linear 
shift-invariant system, and characterized by the 
impulse response, called “point spread function 
(PSF).”
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Lens formula

Impulse response of a lens system
Po L Pi
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The input-output relationship becomes
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Substituting 

Let us define  

Convolution

Impulse response: 

Coherent imaging case
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Coherent case
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The point spread function (impulse response) of an 
imaging lens system is the Fourier transform of a pupil 
function.

Input: 

-- Complex amplitude of the magnified object.

Output: -- Complex amplitude of the image.

Impulse response (PSF): 

-- Fourier transform of the pupil function

By Netweb01 (Own work) [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0) or 
GFDL (http://www.gnu.org/copyleft/fdl.html)], via Wikimedia Commons

Incoherent case

Po L Pi

Intensity distribution at plane: 

Each point source at plane does not interfere with the light from 
other point sources at observation plane.

Intensity distribution at plane: 
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The point spread function (impulse response) of an imaging 
lens system is the Fourier energy spectrum of a pupil function.

Incoherent imaging case

Input: 

-- Intensity of the magnified object.

Output: -- Intensity of the image.

Impulse response (PSF): 

-- Fourier power spectrum of the pupil function

Frequency response
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Coherent imaging case

Fourier transform of the 
impulse response(Transfer function)

PSF
Impulse response

Pupil function
Frequency response
(Transfer function)

F. T.

F. T.

Lens with 
circular aperture

(Fourier-Bessel transform)

: Bessel function of the first kind, order 1.

Frequency response
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Incoherent imaging case

Fourier transform of the 
impulse response(Transfer function)

PSF
Impulse response

Pupil function

| F. T. |2 F. T.

Lens with 
circular aperture

(Autocorrelation)

Frequency response
Transfer function

Optical transfer function (OTF)
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Frequency response of an incoherent imaging system 
after normalization is called OTF. OTF is commonly 
used for the characterization of an optical imaging 
system.



Modulation Transfer Function

Contrast of input image (u,v)
Contrast of output image (u,v)

MTF = 

MTF = | OTF |

(u,v) : Phase transfer function (PTF)

)},(exp{),(MTF),(OTF vujvuvu
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Airy Disk

“Jinc” function

Impulse response of a circular aperture

: Bessel function of 
the first kind, order 1.
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Rayleigh limit

(Diffraction limit)

Resolution of a lens system

D
dL i22.1

- Rayleigh criterion -
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Object Image

p sin = 

do

D

D
dL i22.1

Rayleigh limit (image plane)

Object plane
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Estimating the resolution of a lens system

Period = p

or
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Example

Lens diameter

do = 20m
= 0.5 m f = 20mm

F = 2

F-number of a lens system

Object larger than 1.22mm can be resolved.
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