Coherent imaging
as a linear, shift-invariant system

Thin transparency

R t(x,y) output
( ) amplitude
X, I ro_
&\ Y o, (x, ) = impulse response a,(x', ') =
illumi = g,(x, y)1(x, y) convolution = &,(x, y)*h(x, y)
nation
Fourier Fourier
transform transform
(=plane wave transfer function G.(u,v) =
P G (u v) —S s\thV
spectrum) 2\ . ~-G H
multiplication =G, (u,v)H (u,v)

transfer function H(s, ,s,): aka pupil function
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Spatial filtering with the 4F system
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Single-lens imaging system
Impulse response (PSF)

gin(x1y) spatial gout(x, ’y’)
. “LSI" system .
|deal PSF: h(x, v;x',y')=0(x' —mx)5(y' —my)

Diffraction- Ry xV , 2
-limited h(x,y;x',y'): jinc| — (_’__j +(L’_Zj
PSE: ANLs s s S
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Imaging with incoherent light
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Two types of iIncoherence
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spatial
incoherence

matched
paths

Young interferometer

mono-chromatic light
(= single color, narrowband)



Two types of iIncoherence

temporal é : spatial

incoherence A : incoherence
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Coherent vs Incoherent beams
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Mutually coherent: superposition field amplitude

IS described by sum of complex amplitudes
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Mutually incoherent: superposition field intensity

IS described by sum of intensities
I=1+1,

(the phases of the individual beams vary
randomly with respect to each other; hence,
we would need statistical formulation to
describe them properly — statistical optics)




Imaging with spatially incoherent light

A ”a
X r !
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T

simple object: two point sources
narrowband, mutually incoherent
(input field is spatially incoherent)
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Imaging with spatially incoherent light
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Incoherent: adding in intensity =
I(x')= ‘h(x' — X, )(2 + ‘h(x' + xo)(

2
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Imaging with spatially incoherent light

A "a
X ! X ?x'

i ifzﬁfz

Generalizing: A J‘ r Y2
thin transparency with I(x )_ I(x)(h(x x)( dx
sp. incoherent illumination Intensity at the output
of the imaging system
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Incoherent imaging
as a linear, shift-invariant system

Thin transparency

R t(x, J/) _ output
incoherent intensity
Il(x,J/) L(x,y) = Impulse response L(x',y)=
illumi = 1,(x, y)|t(x, )| convolution = 1,(x, y) *|h(x, »)|
nation

Incoherent imaging is linear in intensity
with incoherent impulse response (IPSF)

~

2
h(x,y)=|h(x, )
where A(x,y) Is the coherent impulse response (cPSF)
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Incoherent imaging
as a linear, shift-invariant system

Thin transparency

F f(X, y) _ output
incoherent intensity
I,(x, ) L,(x,y) = impulse response L(x,y)=
> || /—> — > )
illumi = 1,(x,y)|(x, ») convolution = 1,(x, ) *|h(x, y)|
nation
Fourier Fourier
transform transform
(=plane wave A transfer function I,(u,v) =
spectrum) I(u,v) = A ~
multiplication =1,(u,v)H (u,v)

transfer function of incoherent system: H (sx,sy) optical transfer function (OTF)
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The Optical Transfer Function

H(u,v)= S{\h(x y)(z} normalized to1
3 ”H(u',v')H*(u'—u,v'—v)du'dv'
- ”‘H(u’, v')‘zdu'dv’

1 real(H) 1 real(ﬁ )
1 1
Z/II\Z :
—Umax Umax —ZLUmax Umax
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some terminology ...

H (u, v) Amplitude transfer function
(coherent)
[;f (u, v) Optical Transfer Function (OTF)

(incoherent)

‘H (M, V)‘ Modulation Transfer Function (MTF)
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MTF of circular aperture

Pinhole, radius 1mm Pinhole MTF, radius 1Tmm

y*(mm)
y“(mm)

® = x"(r?wm) &5 i X" (mm)
f,=20cm physical aperture filter shape (MTF)
A=0.5um
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MTF of rectangular aperture

Rectangle aperture, width 2mm Rectangle MTF, width 2mm

¥ (mm)

x"'(mmj) x"(mm)

£,=20cm physical aperture filter shape (MTF)
A=0.5um
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Incoherent low—pass filtering

Pinhole MTF, radius 1Tmm Incoherent with pinhole, radius 1mm

MiT

x"(mm) x'(mm)

f,=20cm MTF Intensity @ image plane
A=0.5um
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Incoherent low—pass filtering

Pinhole MTF, radius 0.5mm

Incoherent with pinhole, radius 0.5mm

y"(mm)
¥'(mm)

2 A

x'(mm)

f,=20cm MTF Intensity @ image plane
A=0.5um
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Incoherent low—pass filtering

Rectangle MTF, width 2mm

Incoherent with rectangle, width 2mm

y"(mm)
¥'(mm)

M

x'(mm)

f,=20cm MTF Intensity @ image plane
A=0.5um
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Diffraction-limited vs aberrated MTF

_ _ I real(ﬁ)
Ideal thin lens,
finite aperture

realistic lens,
finite aperture
& aberrations

max max
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Imaging with polychromatic light

Monochromatic, spatially incoherent response
at wavelength A,

xy/l

”I X, V; /1 x x,y'—y;/lo)(z dxdy

Polychromatic (temporally and spatially incoherent)

response:

I(x',y")=
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Comments on coherent vs Incoherent

 Incoherent generally gives better image quality:
— no ringing artifacts
— no speckle
— higher bandwidth (even though higher frequencies are
attenuated because of the MTF roll-off)
* However, incoherent imaging Is insensitive to phase

objects

« Polychromatic imaging introduces further blurring due to
chromatic aberration (dependence of the MTF on

wavelength)
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