
AD-AO89 955 ROCHESTER UNIV N Y COLL OF ENGINEERING AND APPLIED -ETC F/ 14/5
INVESTIGATIONS OF PHOTOGRAPHIC GRAIN IN COHERENT AND INCOHERENT-ETCCU)
SEP 80 B J THOMPSON OAA$29-77-4-OOINt

UNCLASSIFIED ARO-1-1101.3-GS NL

U----II-

7 0.



'i, 10 21,

11111111112.8
IIIJI1 5 1111.---6 ILI '

NAIINAI IIAOI I IANO)ARP ) NWb3A



RE+~~ PO DOCUMENTATION PAEBEOE OPLTNGFR

I. PERFOR."MIOR2.GOVTiACCEAMEON NO. POGR AA LO LM N UMBOETRTS

OSInetiaUinsit fPoftochestc rai Pnr sa If l4016
C_ oheseter anew Ynohr n 14627 m A.

It. ~ ~ ~ ~ ~ ~ G CCNTTORLIN OOIC NAMET ANIADRSS12rFwo fA

lRearc J.Triangle Park, NC 27709,

0 0 . MONIOR ING ORA NCYA I NAME W O R S A10SS I PROGn~ o t~ll j Oli. I. S C RITY L ASS. RO JET. TASKr

Q SceneUivrstyoURchstr

1S. CONTROIIUING STIC ATE ADADRS

Apperve foripublic Prela, C tiui lmtd 2709 6

14. MOITRINTAGNNSTATEME .Ah ADDRESSgl different Ctrlling 0 Idffe) IS.e SEUIYCAS hsreport)

16. SUPPLZEMTARY NOTES

The view, opinions, and/or findings contained in this report are those of the
author(s) and should not be construed as an official Department of the Army
position, policy, or decision, unless so designated by other documentation.

I9. KEY WORDS (Continue anreverse aide It necessay and Ientity e7 ooocK rmotw)

photographic grain, image processing

246 AVWRAC1 (Cwina M .oewin ob If nweem7 ow 0*Sl6tW by block nuotba)

PThe initial set of problems studied in this work consisted of:
0 (1) the comparison of the behaviour of photographic grain in coherent versus

6.) incoherent optical systems(Z.)
(tt a more complete understanding of the signal dependence of grain in

ej coherent and incoherent systems; and (?)~
(lll) ,the implications of the results of (1.) and (II)in the fields of image

%s. evaluation and image processing.
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Investigations of Photographic Grain in Coherent and Incoherent Systems

I. Problems Studied

The initial set of problems studied in this work consisted

of:

Mi the comparison of the behaviour of photographic grain

in coherent versus incoherent optical systems,

(ii) a more complete understanding og the signal dependence

of grain in coherent and incoherent systems,

(iii) the implications of the results of (i) and (ii) in

the fields of image evaluation and image processing.

These studies led naturally into some special problems in

image processing with coherently recorded images. We concentrated

on the practical aspects of image phase and wavefront reconstruction

from measured intensity distributions in two defocused planes of a

coherent optical system. Three methods of phase retrieval have

been examined in detail: a direct method, the Misell or

Gerchberg-Saxton algorithm, and a gradient search method.

Finally, a preliminary analysis of the Lau effect was carried

out and the effect extended to develop a coherent (and partially

coherent) Lau effect.

II. Summary of the Most Important Results

A. Photographic Grain Studies

1. Results indicate that the coherent analog spectrum

gives the same granularity information about photographic materials

that is usually generated by incoherent optical methods.

2. The first and second order statistics of the grain

as they are manifested in the scattered light are the same in in-

coherent and coherent optical systems.
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3. The signal-dependence of photographic grain has

been demonstrated using uniform grain patches.

4. The effects of the nonstationarity of .the first

order statistics of the photographic grain and the use of spectral

analysis techniques have been evaluated.

5. The signal-dependence of photographic grain has

been shown to cause the traditional linear filter technique of

image restoration to be ill-suited to the task of processing

severely grain-degraded images.

B. Image Processing Studies

1. Three methods of phase retrieval using image

intensities measured in two defocused planes have been examined

in detail.

2. The direct method is non-iterative and potentially

very rapid, but its recursive nature makes it extremely sensitive

to errors and noise. The method was evaluated for simulated

wavefronts under conditions of defocus error and noise. Sensi-

tivity to round-off errors and noise precludes its use in any

practical situation.

3. The iterative Misell algorithm has been studied

with respect to its convergence properties under various condi-

tions in image and wavefront reconstruction. The technique is

reasonably tolerant of errors and noise and is thus useful for

practical situations.

4. The gradient search technique attempts to minimize

the error by adjusting the phases of each sample in the image.

The method is reasonably tolerant of noise, but converges rather
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slowly at points in the image having a low relative intensity.

For best results, the required phase structure should be located

in a part of the image having a large and almost uniform intensity.

5. The Lau effect has been investigated as a result of the

propagation of partially coherent light. It is found that the

fringe structure is dependent on the relationship between the

grating separation and the periodicity of the complex degree of

spatial coherence in the plane of the second grating. This

provides a simple and elegant means of interpreting and extending

the Lau effect.
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