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Fourier domain representation

Fourier transbrmsl andU give frequency antentof | and U :
Ik, k) = [ [ exp2mi(kx+k,y) I(x,y) dx dy

- 00 00

Uk, k) = [ | exp2ri(kerk,y) U(y) dx dy

Antitransformsare:
Ixy) =] | exp-2ri(kx+k,y) I(k, k) dk, dk,

00- +00

Uxy) = | exp-2ri(kxrk,y) Uk, k,) dk, dk,

oo~ +00

In alinear system,ratio U/l Iis independentf the input andis
calledthe OTF (pticaltransferfunctior) of the system.
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OTF and MTF

Takingl=1, we see thaDTF is the systenmiesponse tthespatial
Dirac-deltad(x,y) inputimage or:

OTRK k) = U(KeK,)/ 1(KeK,) = Uk ok,)

The antitransbrm Ux(x,y) of Uxis theconfusion distributin of
theimagesystem ifs width is theonfusiorcircle of classical

optics.
In a systemnvariant to rotationsranslation®f the inputimage
OTH.k,) = OTF(k,) OTF(k,)
andwe canlimit ourselves to considemecomponenODTHK).
Wecanexpressn generathe OTF(k)asthe productof a modulus
and aphase actor
OTF(K) MTF(k) expi PTF(k)
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MTF

Modulus MTF s called the modulationtransfer function

and PTHs calledthephasetransferfunction

In linear systems PTF vanishesbecausdJs(X,y) IS sym-

metricalto theorigin x,y=0 andits transbrm — the sine of

theimaginary part-hasazerointegral Thus
OTF(k)MTF(K)

MTF is the ratio of the outputto-input signal contentat
frequencyk, or, the ratioof outputto input contrastC for
aninput of thetype

1(X) H(1+ C sh 2rkx)
ContrastC Is definedas
C :tn(a)('lmin) / (I max+|min)
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MTF of cascaded system

To analyzethe cascadef severalimage systems we can
write the outputontrast fromhe nth systemas

G=(C/Cr1)(CrA/Cr ). (C/CHCs,
where G, Is the input imagecontrast the compositon rule
In productfollows as
MTF =MTF,-MTF, --MTF,
To apply thisrule, thespatial requenciesk of all individual
terms shalbehomogeneous

Considera TV broadcastf imageswhere we havean objective
lens an image pickup device a transmissionan amplifier and
demodulator circuitsand a diday, all described by atMTF.
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Making MTFs hom ogeneous

opt \/\ A
Cn
pickup demod. (Q\>
camera
MTF

C
o MTF : MTF,., MTE,,

1(X,y)

Frequenciek or f areeasily connected to each othandif we
choose t@xpress the, all in termse.g.,of k, we get

* ky=k,F, whee Fis the objecive focal length
« f=k v, wherev is thehorizontal scan speed theimage
* k,=k.D, whereD is theeye distance frordisplay;

* k=Mk, , whereM=d,¢/d,;, Is thelinear magniication

from:”Photodetetors”’, by S.Donati, Rrentice Hal 2000



transmiss

total MTF ¢
objective

7
/
’

limiting
resolution -__







Sampling schematization

finite duration IDEAL

| INTEGRATION | SAMPLING
int

— 1,(3)

1(X)

lo(X) = [1(x) * C(x)] - comi(x)
lo(k) = [1(k) - C(k)] ~ comK(x)
T o l(k-m/X) C(k-m/X)

iInput signal I(k) Is repeaté periodically every 1/X in
spatial frequency at integer multiples (positive and

negative) of the samplng frequency Integrate and
dump has C(k) = sin (2knX/2) / (2rknX/2)
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Measuring I(k) by Moire

Beforetheimagewe placeasinusnidal grating with vertal bars
havinga sinusodal transmismn

T = I(1+cosak, x),
andcollectthe transmitted radiatioat asingle PD.Current is
i=[ I(x,y) To(1+cos 2Kk x) dx
X

and,recalling thatl = FT (1):

= 711(0,0) +1(k,,0) |
or, we getthe Fourier transbrm componentn k, (plus adc tern).
Similarly, with ahorizontal gratingweget| (k,,0).
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Optical rule circuits

sin @ signal cos @ signal

sin® cos @

! /’7\\ m By countingthe sin®
| and co3b crossingsf
M w mean lewel |, (4 per

period displacement is
measured witip/4
resolution(andsign)
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Moiré contouring

Aiming to devise a simgl
technique for checking
scolioss,

Takasaki has reported (Applied
Optics vol12 p.845) ths
example of3-D contouring

on a smalistatues0-cm tall
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