
Optical imaging and image processing
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2. Optical imaging systems
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2. Optical imaging systems
2.1 Complex expression of waves

– Complex amplitude, Wavefront
– Plane wave, spherical wave

2.2 Interference
– Coherence, Interferometer

2.3  Diffraction and wave propagation
– Scalar wave propagation theory
– Fresnhel diffraction, Fraunhofer diffraction

2.4 Imaging through a lens system
– Optical Fourier transform, Coherent optical filtering
– Image formation

2.5 Impulse response (PSF) and transfer function of a lens system
– Pupil function, Point spread function
– Coherent transfer function, Optical transfer function, Modulation transfer function

2.6 Resolution of a lens system
– Diffraction limit, Rayleigh criterion, Numerical aperture

Appendix.  Geometrical optics, ray-tracing, lens aberration
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2.3  Diffraction and wave propagation
2.3

d
d sin = m 

Diffraction Grating

If sinusoidal grating,
d sin = 0
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Superposition of sinusoidal gratings
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Decomposition to sinusoidal gratings

High frequency components in an image 
correspond large diffraction angle.
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Scalar diffraction theory 
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Envelope of secondary spherical waves

Huygens-Fresnel Principle 
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If |x0 – x1| << z and |y0 – y1| << z
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Spherical wave is approximated by quadratic wave:

Fresnel approximation

Spherical wave

Paraxial approximation
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Fresnel diffraction
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Convolution
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Rewriting the Fresnel diffraction equation

w1 w2
w3

[ Fourier transform of U ] * Phase term

Wavefront U

Far field 
diffraction

Light intensity = |Fourier transform of U|2

Fraunhofer Diffraction

d1 d2

P1 PL1 L2

L2→P2 Fresnel Diffraction
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P1→L1 Fresnel Diffraction

L1→L2 Phase modulation by lens
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2.4 Imaging through a lens system
2.4  

Transformation of wavefront     Spherical wave  Plane wave
Spherical wave  Spherical wave
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Lens aperture = Pupil function
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Wavefront at P1 and P2 planes
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P1 P2L

P1: Input , P2: Filter (Fourier plane), P3: Output

P3L

f ff f

Optical Fourier transform and Coherent optical filtering

When d1 = f and d2 = f ,
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u = x2 / f , v = y2 / f
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Object Image

2.5 Impulse response (PSF) and transfer function of a lens system
2.5

Imaging by a lens system
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Impulse response = Fourier transform of the pupil function
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Magnification

Lens formula

Impulse response of an lens system

Real Image

D

P(x,y)

Transfer function of lens system

• Coherent transfer function Hc(u,v)

• Optical transfer function (Incoherent)
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H(u,v) = H'(u,v) / H'(0,0): Optical transfer function (OTF)
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Impulse response of a circular aperture

Rayleigh limit

(Diffraction limit)

2.6 Resolution of a lens system
2.6

D
dL i22.1

- Rayleigh criterion -



Object Image

p sin = 

do

D

sin D / (2 do )

Umax = 1 / pmin = sin D / (2 do )

D
dL i22.1Rayleigh limit (image plane) Object plane
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Estimating the resolution of a lens system

• Lens diameter D = f / F = 10mm
• uo max = 10 / ( 0.5 10-3 20 103 ) = 1.0 (mm-1)

• Object larger than 1mm can be resolved.

o
o d

Du max

do = 20m
= 0.5 m f = 20mm

F = 2

Example

(Working distance)

NA = n sin 

p

p sin = NA
ap

NA = 0.25
= 500nm

a = 0.61

p 1.22 m

NANAD
do 61.0

2
22.122.1

Numerical Aperture ( )

= n


