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1.U INTkOIJULTIIN
The work described in this Technical Report was performed

under Contract F19b2t8-79-C-0OO5. The purpose of this program was to
design, fabricate, and test a laboratory breadboard of a dual channel
Ik radiometer having tailored modulation transfer functions. The MTF's
of the two optical channels were to be matched to suppress as
completely as possible all spatial frequencies in the object below

* approximately 25% of the cutoff frequency.

The Background Optical Suppression System (BOSS), which has
been described in various forms in References 1 through 6, uses pairs
of matched modulation transfer functions to suppress the range of
lower spatial frequencies in a structured background, thereby
enhancing the detectability of point sources or targets seen against
that background. The h~TF pairs are tailored to match as closely as
possible at low spatial frequencies, but must diverge significantly
from each other at higher frequencies. Then, by detecting only
fluctuations when the two images corresponding to these two MTF's are
alternately projected onto the common detector plane, the MTF's are,
in effect, subtracted from one another and the lower spatial
frequencies in the object are suppressed.

The program began with an initial definition phase in which
various design options were examined:

A. Alternative methods for switching from one optical
channel to the other were examined, and the most
promising one selected for this application.

B. Suppression characteristics of various tailored NFT
systems (particularly, matched pairs of circular and
annular apertures) were examined and the most promising
pair for this application chosen.

C. Geometry trade-offs (aperture diameter vs focal length vs
detector size) were evaluated in order to optimize the
dimensions of the laboratory model.

D. Evaluation and specification of detector and electronics
for laboratory model were performed.

E. Methods for fine-tuning the optical system to achieve
final matching of the MTF's and effective collecting
areas were examined.

5



Following the initial definition phase, detailed design and

fabrication of the radiometer was performed.

lhe final phase consisted of a program of laboratory

measurments to determine the maximum suppression ratio (as a function
ot spatial frequency) which can be achieved with this instrument. At
this time, only preliminary measurements of the optical system
response at three spatial frequencies are available. These[ measurements show that the instrument behaves qualitatively as

expected. At a spatial frequency of zero, a suppression ratio in

excess of IOU was achieved. At a relatively high spatial frequency
(59% of the way to cutoff), no suppression was observed, as expected.

At a spatial frequency 11.8% of the way to cutoff, in the region where
effective suppression was expected, a suppression ratio of about 7 was

observed. The suppression ratio here was probably limited by certain

shortcomings of the present apparatus, which are discussed in Section
4. Suppression ratios at lower spatial frequencies which are at least
an order of magnitude higher than this should be achievable with

additional work.

A condensed version of this report was presented at the 1981
Los Angeles lechnical Symposium, sponsored by the Society Of

Photo-Optical Instrumentation Engineers (SPIE), and will be published

in SPIE Proceedings Number 268.

In the course of this work, a novel technique for achieving a

matched set of MIF's in optical systems with a single entrance pupil
was conceived and investigated in a preliminary manner. The matched

MIF's are produced by causing the image to undergo a programmed
sequence ot high-frequency,sniall amplitude gyrations on the detector

face. lhis technique was described in a paper presented at the SPIE'S
?4t h Annual Technical Symposium and was published in SPIE Proceedings

Number 253. This paper is reproduced in the Appendix.

Section 2.0 describes the initial definition phase of this

program, in which the various design options were examined.
Section 3.0 describes the laboratory apparatus which was

constructed.
Section 4.0 describes the preliminary measurements which have

been made using this apparatus.
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2.0J DEFIN1ION PHASE

During the Definition Phase, the various design options listed

in Section 1.0 were evaluated, and the alternatives most appropriate

for this program were selected. The following paragraphs describe that

selection process.

The method chosen for switching from one entrance pupil to the

other used an arrangement of rotating and stationary polarizing

components shown in Figure 1. First, the radiation from the source

entering the entrance pupils was linearly polarized. A quartz

half-wave plate over one of the two pupils then rotated the plane of

polarization for this pupil by 900. Then, a rotating analyzer prism in

front of the detector alternately passed the polarized radiation from

one pupil and then the other, with smooth transitions in between. This

part of the apparatus is more completely described in Section 3. Other

switching techniques involving rotating apertures, solenoid operated

shutters, and tilting mirrors were considered. lhe advantage of the

polarization technique over the others is that the transitions are

performed smoothly, without disturbing transient effects or momentary

changes in the shapes and/or sizes of the pupils during the switching

phase. The polarization method is, of course, wasteful in its use of

the incident radiation. However, the main objective here was to

accurately watch the M1F's at low spatial frequencies, and efficient

use of the incident radiation was considered to be less important in

this phase.

The wavelength of the center of the radiometer spectral

passband was chosen to be 2.0 um because this was the longest

wavelength for which the fabricator of the half-wave plate had

reliable data on the retardation value of crystalline quartz. Also,

2.0 lim is a convenient wavelength at which to work because

satisfactory optical materials and suitable detectors are readily

available, and absorption by atmospheric gases is not a problem.

From among the various possible pairs of matched MTF's

describea in the references, the pair consisting of a diffraction-

limited annulus and a smaller diffraction-limited circular pupil was

chosen, as shown in Figures 2 and 3. This was considered to be the

simplest and most easily implemented arrangement which could provide

7
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* ANNULAR ENTRANCE 0.917 cm
PUPIL

CIRCULAR ENTRANCE 1.100 cm
PUPIL
, - , 2.040 cm

Figure 2. Dimensions of the two entrance pupils.
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good suppression over a reasonable range of lower spatial frequencies.

lhe area of the annular pupil is several times that of the circular

pupil, thus requiring that a neutral density filter be placed over the

annulus to equalize the effective collecting areas. once aqain,

efficient use of the incident illumination was not considered

important in this laboratory program.

With regard to the geometry trade-offs (aperture diameters vs

focal length vs detector size), the approximate aperture of the

circular pupil was constrained by the 10 nun diameter of readily

available half-wave plates. Then, the requirement that the MIF's match

accurately out to about 25% of the cutoff frequency determined the

approximate dimensions of the annulus. lhe outside diameter of the

annulus used here was 2.040 cm. For a number of reasons, a relatively

long focal length for the objective lens is desirable. With a long

focal length, the effects of geometric aberrations of the lens, such

as spherical aberration, are decreased. Also, the size of the

diffraction-limited point spread function increases with the focal

length, allowing a larger field stop diameter and relaxing the

mechanical precision required from the spatial scan mechanism. Also,

the depth of focus increases with thr focal length. For these reasons,

a focal length between 100 and 20b cm seemed appropriate. A single

element, plano-convex lens with a focal length of 105 cm was finally

selected. In order to define shape and size oi the field of view, a

circular field stop aperture was placed in the image plane, just in

front of the detector. The diameter of the field stop opening involved

a tradeoff between signal level, which increases with the diameter,

and contrast in the spatial scans of the higher frequency test

targets, which decreases with field stop diameter. It seemed

reasonable to choose a field stop diameter such that the first zero in

the detector transfer function would approximately coincide with the

cutoff frequency in the MTF of the diffraction-limited annulus. The

resulting field stop diameter was 100 microns. This size proved to be

small enough to give reasonable contrast in scans of the higher

frequency test targets (such as the target with a spatial frequency

b9% of cutoff), while at the same time yielding adequate signal

11
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levels. he field stop consisted of a thin disk of nickel foil con-

taining the lob micron opening. lhe disk was centered on the detector

and then tacked in place around the edges with an adhesive.

lhe detector chosen for these measurements was a

Quantum-Detector Technology, Inc., 100 x IOU micron PbS detector. This

choice was made because this detector is readily available, its

characteristics are familiar to Visidyne personnel, and it works well

at 2 microns. Because the objectives of this program involved the

optical properties of the instrument, no attempt was made to choose

"realistic" detector electronics as would be used in an actual flight

system containing a detector array with a large number of elements.

Instead, near-ideal electronics were used, in the form of a Princeton

Applied kesearch Phase Lock Amplifier, Model 12b. The polarity of this

amplifier was switched synchronously with the rotation of the analyzer

prism. In this way, the output of this amplifier was made proportional

to the cross-correlation of the actual detector signal with a square

wave having the same frequency and phase as the expected detector

signal. lhis is probably the optimum method for extracting a periodic

signal from a noisy background.

lhe methods for fine-tuning the optical system to achieve

close matching of the MIF's at lower spatial frequencies involved

varying the outside diameter of the annulus and also adjusting the

effective collecting area of the annulus by adjusting the tilt angle

of a thin metal vane. As stated previously, the effective collecting

areas of the two pupils were roughly matched by placing an N-D 0.50

filter over the annulus. Nominally, this left the effective collecting

area of the annulus about 9% greater than that of the circular pupil.

Final matching was performed by obscuring a portion of the area of the

annulus with the thin metal vane, as shown in Figure 4. The amount of

obscuration could be controlled precisely by tilting the vane. (The

long dinmension of this vane was oriented perpendicular to the

direction of the lines in the test targets, so that its effect on the

shdpe of the observed MIF of the annulus would be minimized.) This

matching was performed with the uniform test target (zero spatial

frequency) in place. It was then planned to observe the amount of

suppression at some higher spatial frequency within the region of

12



TILTABLE
METAL

CIRCULAR ANNULAR
PUPIL PUPIL
(Half-wave Plate) (N-D Filter)

Figure 4. Entrance Pupil Assembly, with metal vane for fine
adjustment of the effective collecting area of the
annul us.
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suppression, such as at 20% of cutoff. From the amplitude and phase of

the residual (unsuppressed) fundemental spatial frequency, a corrected

value for the outside diameter of the annulus could be computed. The

O.D. would then be so modified. (The stop which determined the C.D. of

the annulus was fabricated in several slightly different sizes.) Then,

the matching at zero spatial frequency would be repeated, the

suppression at 20% of cutoff would be measured again, and the process

repeated until suitable low-frequency matching of the MTF's was

observed. Due to problems discussed in Section 4, this process has not

yet been carried out in its entirety.

14



3.0 IHE APPARATUS

The tailored modulation transfer functions were produced by
matching a diffraction-limited circular entrance pupil to a larger
diffraction-limited annular pupil. Given an annulus with an outside

diameter of unity, it was found that a suitably matched pair of MTF's

will result if the outside diameter of the circular pupil is set equal

to 6.45U and the inside diameter of the annulus is set equal to 0.540.

The calculated MIF's for this combii-ation are shown in Figure 3. lhe

matching is very good out to 20% of the cutoff frequency, wc' of the

annulus, with the largest calculated mismatch in this range being

6.665 at 10% of wc" Beyond 0.45 wc' the MTF of the circular pupil

(Lurve B) drops to zero, and the combined MTF (Curve A minus Curve B)

is that of the annulus alone.

The actual dimensions of the entrance pupils used in this

radiometer are shown in Figure 2. The two pupils were concentric, as

shown, and shared ,the same objective lens. The nominal value of wc

referenced to the image-plane of the radiometer is 9.71 cycles/mm, as

calculated from the 2.040 cm outside diameter of the annulus, the 105

cm focal length of the objective lens, and the nominal 2.0 micron

wavelength of the radiation. The geometric collecting areas of the two

pupils were substantially mismatched, with the area of the annulus

being 3.5L, times that of the circular pupil. This mismatch was

corrected in part by placing a metallic neutral density filter with a

nominal transmittance of 0.316 (neutral density 0.50) over the

annul us.

The major components of the apparatus are shown in Figures I

and 5. As stated previously, the method chosen for switching

alternately between one entrance pupil and the other without producing

disturbing transient effects utilized a set of polarizing components.

First, incident radiation from the test source was linearly polarized

by reflection from an uncoated optical flat set at Brewster's angle,
and it then passed through the entrance pupils and the common

objective lens. The portion of the radiation passing through the

annular pupil was attenuated by the N-D filter, but its state of

polarization was not changed. Radiation passing through the circular

pupil, however, encountered the half wave plate, which was oriented so

15
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as to rotate the plane of polarization by 96'. (lhe region between the

inside diameter of the annulus and the outside diameter of the

circular pupil was blocked by a thin metal ring, as shown). A

Glan-Thompson analyzer prism mounted in a rotating sleeve assembly was

located just ahead of the image plane. This sleeve, which was driven

continuously at 4.67 revolutions/sec by a synchronous motor, rotated

about an axis coincident with the optical axis of the radiometer. In

this way, the image observed in the plane of the field stop consisted,

alternately, of radiation passing through one entrance pupil and then

the other pupil, with smooth transitions in between. For instance, if

the intensity of the images formed by the two pupils over the field

stop opening were identical, the signal corresponding to one entrance

pupil would vary as sin 2t, and of the other as cos 2st, as shown in

the insert in Figure 1. Thus the total signal from the detector would

be constant with time, and the output of the phase lock amplifier
would be zero. If, on the other hand, the intensities of the images

were different, the output of the phase lock amplifier would be pro-

portional to that difference. Switching of the phase lock amplifier

was synchronized to the rotation of the analyzer prism with a fiber

optic rotation sensor viewing a sector pattern located on the face of

the rotating sleeve. The polarity of the amplifier was reversed for

each 900 rotation of the prism.

The bandpass filter was an interference filter with bandwidth

of 0.04 microns centered on 2.0 microns. It was necessary to restrict

the spectral bandpass because the half wave plate produces the

required A/2 retardation only over a limited spectral range.

The optical path length through the N-D filter (annulus) was

longer than the path length through the central pupil (half wave

plate) by approximately three times the coherence length of the

radiation, as determined by the bandwidth of the interference filter.

Thus, the images from the two entrance pupils were combined

incoherently in the detector plane, as desired.

lhe test source, seen in the background of Figure 5, consisted

of a set of backlighted Ronchi rulings located in the focal plane of a

paraboloidal collimating mirror. Backlighting was provided by a

tungsten-halogen lamp used with a condenser system. lhe Ronchi rulings

17



were mounted on a motor-driven translation stage, allowing spatial

scans of the rulings to be made with time. The spatial frequencies of

the rulings, referenced to the image plane of the radiometer, ranged

from 1.15 cycles/mm up to 7.66 cycles/mm. An unruled region in the

test target plane provided a uniform field with a spatial frequency

approaching zero.

A possible future improvement to thL apparatus would be to

provide a test source having sinusoidal test targets instead of the

square-wave (Ronchi) targets used here. The degree of suppression of

the fundamental spatial frequency can be determined in a spatial scan

of a square-wave target despite the presence of the higher spatial

frequency components in that square-wave. However, when the objective

is to demonstrate large suppression ratios, it is more convincing if

those higher spatial frequencies are entirely absent from the target.
Hence, sine wave targets would be desirable.

18



4.6 PkLLIMINARY RISLILTS

Initial alignment of the various optical components in the
radiometer and test source was performed using a He-Ne laser. The
radiometer was then focused by measuring the contrast in the image of

one of the higher spatial frequency Ronchi rulings for several image
plane positions. The detector assembly was then locked in the plane

having the highest contrast. Next, with the analyzer prism turning,
the orientation of the half wave plate was ddjusted so as to rotate

the plane of polarization of the radiation passing through the central

pupil by 9V.O This was done by blocking off the central pupil and then

maximizing the reading of the phase lock amplifier on the signal due
to the annulus by varying the phase adjustment on the amplifier. Next,

the annulus was blocked, the central pupil was opened, and the phase
adjustment of the amplifier was incremented exactly 90'. Then, the

half wave plate was rotated to maximize this second reading and locked

in place. Finally, with the spatially uniform test target in place,
t the effective collecting areas of the two pupils were adjusted to give

optimum suppression (zero signal) at w=O. This was done by shadowing a

portion of the area of the annulus with a thin metal vane, as
previously described.

Figure 6 shows a spatial scan of the uniform region of the

test target. The observed signal from the phase lock amplifier is 0.0
+ 0.63 volts, compared to a signal level of +4.0 volts when the

central pupil was blocked and the test target was viewed through the

annulus alone. 1hus, a suppression ratio in excess of 100 was achieved

at w0O.
Figure 7 shows spatial scans of the 1.15 cycle/nm target with

both pupils open (lower curve) and with the annulus alone (upper
curve). The fundamental frequency of this test target is U.118 wc , and

thus is within the expected region of effective suppression, as seen
in Figure 1. The scans do demonstrate substantial suppression, by

about a factor of 7. However, suppression ratios at least an order of
magnitude higher than this should be achievable. 1he suppression ratio

observed here is probably limited by certain shortcomings in the
present apparatus, which are briefly described below.

19
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figure 8 shows spatial scans of a b.75 cycle/mm ruling, which

corresponds to 6.59w c" lhe lower scan, made with the circular pupil

alone, shows no significant modulation. This is to be expected, since

the MTF for this pupil drops to zero well below this frequency. lhe

levels of modulation in the upper two scans, with the annulus alone

open and with both pupils open, are about equal, as would be expected.

Of the present shortcomings of the apparatus which limit the

suppression ratio seen in Figure Y, one of the most important is

probably nonuniform illumination of the entrance pupils by the test

source. Among the possible causes of non-uniform illumination ar.

mis-alignment of the condenser system in the source and

non-uniformities from point to point in the relectance of the

collimating mirror and two folding mirrors. The effect of such non-

uniformities is to distort shapes of the MTF's from the nominal shapes

which are shown in Figure 3. Then, in their distorted forms, they can

stil be forced to match at w=U, but will in general be mismatched at

all higher spatial frequencies. Various techniques are available to
correct this situation. Diffusers could be added to the source, and

various states of adjustment of the condenser optics could be tested
to find the one which is most uniform. The mirrors involved could be

re-coated. An incandescent lamp with a ribbon filament could be

substituted for the present coil-type filament. Other possible problem

areas are that the images through the two pupils may be spatially
displaced due to wedging in the N-D filter or the half wave plate, or

that the wavelength at which the half wave plate produces X/2

retardation may not coincide adequately with the passband of the

interference filter. These and other possible problem areas will be

examined in the next phase of this program, and it is expected that

substantially improved suppression ratios will be achieved in the

future. lhe objective of the next phase will be to demonstrate

suppression over the range of lower spatial frequencies by a factor of

1O.
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Background suppression with variable modulation
transfer function (MTF) imaging systems

Theodore Zahnpfennig. Saul Rappaport, Richard Wattson
Visidyne. incorporated, 5 Corporate Place. So Bedford Street. Burlington. Massachusetts 01803

Abstract

A technique is aiescribed tot suppressingl the lower spatial ft-eCi~itcC IFt) the iib)jtftt It all Optitcal

system with a title-varying MTh. Rie techniquc IS appllcdble- to Imlaging Fadiorseters ijpetating in the infrared
region. ihe requi red vaitItions Ii thc INIF are produced by causing thu imaget to muVu In' d pr-uge'dirIKed sequence
of smallI dflpT Itude circulatr gyrations on thIL face of the detector. The 9yyraf)OIn are lIerOOTiJied at d frequency
high compared to thel- system framile rate. A series Ot calculati#ons We ijeSc1Iico Which Indicate that, at low
spatial frtequerici es, average(, SUPVVUS!i1 or, rtI 1 sOf at least I1U tu 1 carli 1e , hiuved with thi teefiique.

Introduction

This paper discusses a technique of background suppression on an Optical level by meICatis of suitably Matched
or tailored pairs of modulation tratister functions which, when subtracte-d fromt one another, suppress the lower
spatial frequencies in the object scene. This, in turn, enhances the detectadbl ity Of point sourc-es or'
targets in the presence Ot structur backgrounus. The technique is inie-ndeo i tob( applied to Iiiaget-formnun
radiometers operating at or near' thU diftfraction l imit in the Infrared rogiton (it the spectrum.

igure 1shows a somewhat ideal izeo pair of imodulation transfer furutions of this type, lie MTiIdlbeled
la. ) initially drops steeply, then levels off, and finally tails to zero at the cutoff frequency, =I.b. The
M F labeled T ) closely maitches I A out to .; .3. However, beyond this point, it continues to fall Steeply
actually becoling tiegative IprodcIny reverse contrast) over, the range of higher spatial frequEncies before
returning to zero at w~l.b. When subtracted trots one anocther, the resulting Net M111 (I A minus l..,) results i
effective suppression of the )lower spatial frequencies, while the imagey contrast for- those_ higheV spatial
freLquencies Which Would characterize a point source is preserved Or actually enehaniceo.

Previous work at Visidyne lias concentrated on adapting this concept for- use iti baclground supptf t
iiiwgitig double-beami interferoijeters. (fPeferences i. ,2, 3, and 4). A double-beam ititertroweti is o
schemsatical ly iii f-igure . Ihe deUvice has two entratice apertures, at ;P arid /i, , and two output%, at L. arO
L. , where detector arradys can be placed. The two mudulation transfer lf~etIOtI typical I ly ate IIfIn 6iy
O~tical_ comiponents Or Stops placed at these two entrance apertures. f or tct HAuarter-wavv riot iovl of te
moving roof reflector Mi the image formedl on a given detector array is switched froi rauliat tori psri
thrWoug one etitrarice a p~rture to that Passing through the other entranrcei aperture. Thete mLd, L t i11r6 tthins-
ter functions are, in1 effect, subtracd by detect tig otily thle fIlLut0lris In the tIaIge as theC 1oci efct cOr
is translated.

GYP'A I (IN
tI All Axis

r A' "I

W;"I u

I --

itn 1i ~ n IYr 7ah t '
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BACKGROUND SUPPRESSION WITH VARIABLE MODULATION TRANSFER FUNCTION (MTFI IMAGING SYSTEMS

A nuiu bt I, tLet hill (jt ', furta i Ilot Ii i k e KH ul a ylvvl (41 It-ol SYSt toU tilt' dj ,Irj, toil, have ljrtri-
I nvest L Iad rO. I 1Iie,t' )fit i Otlk I tit I OUUc ri I I u LO V lI Ld dIIiOUl~t'- Of Var- 10.5LS ~ d r ILd I dterrdt 1 uis' I lito I ht-
Systeml, ', 11111.t y (lei (It u% Ily tilt tySteili, dd Illy CelLt d I obstruct louris Ot variou OUlamIIetter S to thlt Pentrancu(
pupi I ,Iritr Ooo(. g n4opt aLd I pathI IlnthI 1.fcanes Of A/? OVeT var ious areas ot the PUJPiI , dfid cauising the idye
to undergjio siml sI p Itode cIircular gyrationIs at highf frtl~uLricy onl the uetcctor face. These techniques are
desi-rit iii more, detaili Ith e references.

Variable M11- radiomleter

itilt- present hork, We Wish to dapt thlt tal loteU liotmulatiori transfer fUnction concept to imalging radio-
mleters, for applicationIS where the high spectracl resolutIon Of an interferoiseter is not required or where the
bulk altO comiplexity ot all IntelrteroJiieter is not wanted. ]he lilain problen, here is that, uril ike a double-beam
Ihiterturometer, ai maliying rd~iometer normlal ly has orily one entrance Pupil and, at any nioient in time, only
on Uric M. ihi concept culd, however, be adapted to a radiomieter if the optical properties of this single

*entrance pupil cotuld bet varied with time In order to switch from one MlY to the other. Thus, on alternate
t roniet, tile M11 of tile- radlimeter would resemiblIe that, of 1 (Mode Al inl fiure 1, and on the remining frames
It Would reseiitble that of I (Mode [) . by detec tingj Only he Image fluctuatlis, the net KTF would be the
ditference betwen thie two YnistariAdneous Mil-'s. 10 be prac(tical , the chaniges in the MU1 must be effected
without islsJor liilnik... ihot loris or' Major Optical coliponerit chkanges. I-or these reasons, techniques invol ving
variouI cOIlIbIradtiuNS of Sisadl I aiispi Itude gyrations of the Iiage on the detector face appear to be most promiis-

ng, arid are- exam ieo i ri detal I this paper.

l yore I Ill usrats the type Of yatioyns which dre of Interest here. ]he Solid curve represents the
prof I I oh tie lnstdaiareus oitftractLion Pattern proU(ed by tite oJpticali SYSteli. by traflISldtiIy and, or
tiltigj~ One ki the opticld comsponenlts In tilt systemi, tills diffrction patter n is miade to love in a circular
Motion about (in axis which, in this case, is locadted part of the way out to tnc first dark ring. 1hus, the
cished cir ve is thie prof il Ito the dJiffractionI pattern one-hlf Of a gyration cycle later. It will be shown
that glyration rdii rio more than several times the radius of the first dark ring are sufficient to produc thle
r-equi red 11o06t icat1IrIS Inl the Mli . Thus, tile ariipl itude (it the gyrationIs is very smial 1 , being on the arcsecono
or Suoi-arcusecona level for any real ,et of optical system dimensions. The frequency of the gyrations Must oe
high covilpart-i -tite1, syst ti asic rate, so that the obSerVed( 1411 duinIll anly given frame will , in fact, be the
time-averaged MU.' l ypical ly, acoustLical frequencies on thlt order of 1b kliz would be appropriate. The
gyrationIs co(uld be dr ivenr by ex istilg types of 8ctuator-s, such as a set of piezoelectric drivers. An davant-
aye Of the gyration tec-lfiiie for tat bO'rng the MOOdlon transfer functions is that, by controll ing the
actuators With a prugraiiaole tund ion generator, the Optical system chiaracter ist ics can be adjusted on a
soifltwan evel. lhus, ti rdio0lieter tarl be coririered to be an adjustable spatial filIter whose filtering
charac.teristics carnltie tuned at will I. An aitmitiondl adlvantage is that the effective col lecting areas of the
opticl-d systemiii Mode-, A and Iarc automatil1ly iiitChed, Since they time-share the same entrance pupil.

Ma~tcheO c.1 letting dareu, ar, t euired lur effective background suppression With this technique.

MODLE A

MOIDE B L

'i'v I irlral I ur itlyri lre.I riqmre A I ofM1 l'lsoiitying, [urctior;'.
lvilli .- lli'l loll iiir n hn fir the qiyratiori plrteri shown in 1 iqoire 4.

ii IIn I iii, ofi I iill ri- 1
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Calc(.UIitatn Sf at y-tI Uni idd1)I dndi dWell t ImeJs

in ur Initial calcUlatIOrIS, WU JSSUmedL thdt one MUi Of the atcft(l IWIit wool(! be thre Mil Of d stationar-y
ofr'turI-qy ratedI uptil Systemt, arid thdt it would be Si1111 I at- In ri Sha to I p (') in I li qUi i. Wt then citteiipted
LL, ft rILd aPatternl Of iyrt loriS Which WulJd rnsiorl I into to t1I1iii'-averjcodM i 1111 r to I ). het result
of thiis Jt tUilipt was tha t sotueC of tfi requ i r ed YyIa tIU~ A lo hive to hi- pe-rtovut e f ot titjati pi1ode of fa
t Ilme . We iterpret this teLSU t to iIeRN thadt saI riot be i( Mil Uf dity StA (Hi!y optId i YAII ail ,teii
It aIS I s uSt be prouUed by dppiyly a pat terF 'of qyti t roFls to Some other Stat oiun y SYte'i With ian tMl if

I () -

ApatIrri of ijyratII Whons wficf was fud to givye pairs ot iiodui t io oti tt risfet f utict ioti of tht Ir te (I torili1
IS Sfiuwtn I [IqUre 4i. Ihis tiyure(- illustrates the genieral futili ot thie two ilietibuttoi funttitot,, of tfii
yt ati; tritaci. For tfiosi framte periods when thev tadiorietct ts to bie It) Moade A with ft i an NI I A' ft (I '

Oi thie tllie is Spent Yyyat1 iq at a rad(li us kl aid tfie r'elilrt of thie tie t, spenit tiwe I :I rig( ti I it I on
tad Ius of Zero, cis Sfiowni. lot- tfie alI tet-nat t Y I iodS Wften It Is% to lie In F) odeI I. wit an 111l of I th i-n cit Ier

ithe IS SPe'it gyra't~ itt t Somie otfhet rdioS k .i itus, tfie di stributio ttfuttiotis bk' ) ant II fioi tfi

yy rit. i n rdii can(dr be wri tten as foll Iows: I

btIr r-k b I)

wriere ( r-R IS the LId ta unt i on in cy lintdri cal -oot-ut fltes, ati t is the fruit ion of the t iii tfiat tfit
sy str:i, spends dwell in nit a jyrat tori raius of zero whieti it is iti Mode A. AS It is uct-il here, it(, delta
funiction) in cyl incrical cOUiditiateS is defined to hadve tfie fol lowitig piopir~ty:

In tit LC 1 u at loris describcd ft-re, tft(. transiti n titmes In switcftin nt rui urie jyt-dtit ti radius to atiotft have
bceri assumied to be nicyl ignule, andc thteir effects on the Mil fiave bteen tieglectveI.

hN timil--aVeradt poinft spradu tutict on af tfire gyrated opt ical systoil I, the : I iiiiooury po itit ,:)t -id I um (itin
convolvec withi tfhe distribution forictiuti b~r) of gyration rdii. Pius, tfie gyrated 1,l11 1 (, is tfi( prodluctIOf tfe stat i tiary N11 1~ ) nd the 1-our-ier li-rnstortim l. t o b( r)

Ifiti , tfie nioulat ion tranrsfer funictionurs of for- Modes A atid I', are gi veti by:

L I L b

fIl + 04f 1 0 zpA

-40 1I

ju .. Iit( niof Mu1 Tl fiitiitt hy I i~ur 7. ( viint i tt iris with anit

i-ul i 'hirj the# !AI ot a diffrat ti eldif it rit 1 iivr- Tom r-.i t p I' aifulit

I imu- tr tio fy I( ) fttii I i'qtrre t(. mi - 1ih .
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BACKGROUND SUPPRESSION WITH VARIABLE MODULATION TRANSFER FUNCTION (MTF) IMAGING SYSTEMS

Ji* ls tk ILT-U ofrk 'I' iesSeLI I uIcL Ili . I Iwe reto I I t tlI iCh I hIatch it Sur SPat lo 1 lyr-e1 ul tCY
ids WCll as at .=U), the condition for' Iitattftir14 Lan bu foundt by Lomibinirtk [qutions 1,an(, u:

k?1 I + ki-I J Izlik .

Note that ki qOdl i duS nut aepend i the stationar-y il, 11 . hus, wrier. this equatiori is sati St]i(, 1.
aid~ , I I iatoh at u dnti .. regar dless of tie stat lorrty MYF whichd was chosen. Fur thi s reasor,, it wa
consi, 1r ed to bt s Ito re sig9n ifI 1 icant 0Lu dcILcUIadt e, i IIt ial Iy, padi r of MI 11 io (I t y iriy U ncLti1on S F s d GIF

* rather thdan I arid I lu Hre:

U c

OFsLU I arid i die khOWN , 1I then any rV 1ie 0e cail be SeItcarid thet-, pol tA gyrated nloau Iat i 1, trIan'sfer

hlosirtj t~ fixed at U.zJ, a set its of calc-Ulations, of I aid( I were I,,idt by vdrylig tilt yyrdticr, taatint-
ant 1i1 over- a hr r-I ike sedti pat tern. ketj uns of th(2; I ptt'Irn yit I dinri the OUsLtfomis forI atm]
tilli Jf;t-ins, Al -1 1 wi-re cxplutre( lit de-Ldi I. IlW LTr U I Jolt tot Se Iti-itij tiet last or-lits was LhA~ k I
rr Ild il aS Li't I Ztl / da s it) I(.t I U(151 L0 to zb. L,, ari tit that ItL( 1 ia, to as I d reu c va uc U s pcSs ILb e
bt-1t!('I-n J U. "(I arts., - G. I it Ie res UI t of uri of the LaId ItI a t Iss i Lit I t, i s et s are shouwni is lsr i-

errt, I.lit tly I at Itrl Idli I -:i arl(. I, Were 1. 6 15 anid tt-bi., r-Lsp-ct LI veyI Iit , thi, uits (it the yyratict.l
all r arit .I l/I tCtti rris. liu d V~itis ttor. 1,i of 6.805 tior-rc portos to ,itrt abUt atl axIs whicht Is

i.. I s.-tl or0 tile way to tile- first dark mil irti ri u ciffrattiui patti rr fur d circular u4.ettur: ,I 'hau-
id I er * (ati rdetil VatI11 i lit Ltilt talcslatiun was t, the frattiors ofi tilt tulle. spirint In Gwef I t', ait a
dulo', ( tr I Ui when t tit ',Y',Lti 1s ir 111tNde A,. lere, t was 0.6Y-!. I orill aI ent atrqIL

to~~~a -6-0 with i. iiunui f 1/aeyiund~tit s pIll-f hey diverge. reachi ro 5

1s1d AItWIIt ft- I e( t: 6l ''1 1 ., a t , UL. / z. I hius , at till is spdti alI frequency , the net M1ll I woula actua' ly O

1-;df I, tht t l t t'l !I l(,,.I ljilt h , ~tll ll~t~iiLU ly tit( i .l of a stationary, Giftracticr

I I, Li uirkI I pu. i I hv i~f (i-iLT II l ct I uLIn equalI to "ht'. of i ts da act,s i. 1hi d(nnular apr ticws

I-c--ou~t ti -Lt ('lytallInt art ditt all a~r1ii I 'ps. to redJuce the deVratiott of tilt niet .IF f ruts zero Ibetween
U. l Irlti b,[1, , . i laIt .i I t rt t~ II I , ,hotw,, viftectLIve backgrouro suppreLss Ion out to .=c,.?L , %I ti a

'"AI 11,11 ICV I d t r t ~I k- 1to tI- . dlii at L 1. L. At Spatial frequenciles beyuo U. U tit(! net MlI SiseWS Lun5 1-

tit-ra tec i it L t-ti'- tWV I llii ' i , lit a ienF itttitedi circ-ulart aperture, Witch IS Inuicotd by thet 6cshteC

MC

-11 ( l fr lot i~u i ,) lyoI I t( v u 8 , wit t

itt '5t i'' 'ii rr hiwn Ii I oit-~ t'tirits, ,io i'xpsandv(I to ,how the behavior

111f'it ilt f-il"n -it low s;~ii.iril frruen( jes'.
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I I T tUT'' 1 . Th e T o n b u t -IFit i F l

{ ti I f a dI td -tj

tot ioriS nll I tyore are pruo bly tlit opt tiow or ri -l 't tiniuil ott whi h t dil tit tei'ti . i i : I I I , I,
tU1rthLY iproveiients in bLktkrUurIc SuppreUssIi l dt lower spot. toI f t qw-1, it- .1i I I, I t I Ii . , , ot
tnt, iyhen frequencies, dont d O jtioiUll 1 e ro of't': ti t I i ~li 1o2t'lii; 1i1 11i1 '1)10t 1 14 1, llI I 11. it .4 , ,
thldt thp optt1d SYSteti III Noile ",ottrite be-tweenr two qyydliin roidi 40i it ,!,! -. ', 1f 1 41.
the system in Loce L tod Il terria to between twou kyy nt i oil vadd1 I ds wpl I Is flilfldfl I) fnl o. 0W,; 1 1
LOUilpi ilcti on. I- iyure i shows thle yljen Ipdtte2rnf Of YYra1ti0n ral) Ii with h:1 I Wc 1 . 1 (11 it
doii tu t'u B. !he ynadt tori diotynibfU t 1 tt n ttri t iir Mu L then,1 (ill( iis

LO ,r,) = g , (r-;%L, ( I l-(J) I t-kI.

wti ttI ,I % tfit( t TILt iovi of thie tim Ii t it systemi i tis gjy t I nii I t 1, wh~i1 I t I Ill Id I Fit -

III Idi u lI to tie previous b liter,, tiii: L0o ILdittit tiil liidthtioi III ... L \n Ii [I if: I" ( h.i
fic I dc i by the tol lowlrigj two ix prssilrs:

ju b rik Ib) + i-il, b k 4 P f [~ l-i~ 1 L 4 ITO,

Or cot cut - ic 1 n ury fur thler L~iti II 1,.1 iris We , L e' l I1to

',uts or MHt iodifyhing funLtions wvir et fil.it,IL fir* vorii'. t liilitoo It in tit i , Ill! I. tit Ii 1t s
for urip of these oii u bIhriao ris li t .ili r i I i~jil ( , r- N itI . i if I t qu411 ! .4 : 1 1, .i. I Ol Ih1.( Ni

th'.t , w.ilii the diddec ileijitu ot fr( iidoii,. tI( ;ow +otI tird , hnq rity Y ha I II I I " 1 , ot. I i ,, I Fii~t I I
irt p'veto Over F igur-e b, wi ! h th [lid A fIlIjIli dey V t I tori1 FI i./11i beilow t , . 41 . Il- f (4 : Ioil, - .1 6, , 1,
:n i yore, , the ordinaote SCle Of I oner i, hiai, iecn t'xpfitti Lo ,filow 1tld - .f% tilt !tfi,vI or .1l .I t I ,w
spoti~ I fr tTequerLIeres . In I Iut (UY (, th il l Oh ilt- l pktrowly dvtton tutul iro,I I ,1% i,l 1')lo I:, Ill.d hiq~r
thle met ',l- of t hL GPtcl ystoI ii(Jd I IF tilt itasheil I t' ' sh Ws, t Mii ()ilfl, O to , 1it i2 a 2 ia, ( 1,

i! ti cLIreu'.r, a forYt u r. riI :,.i'.A 111iW il iva'VIdf1) 11i t I /or ( to 1,t, Ici u .. , Iv I! tji Ii, i t t

tvrqt: supfpressiorn ratios of tIP,( to iio jr(itr( e all , liisfI b]coit iivr ll ow I'l Ii IIi .;it Ilk~ vit wIi 1i'1

'ttniriijui. itteriiptiriij to Ifiptlvt thy:- thieorui " io u iih it ii It toL IF y, li,w ! ti I . ' il ni~, t i i , I i *1

WUortlt Itp, SI FIC ( atUd WPl Sk oifsrn radtio s wr Ii inrilialiIy lit' I rIt l(-( t vaIliji, (itit ii % ti'v ii i~tI, I ilk 1

upti I-4.1I tcuip nirt to I traIto Ft , l ijrIptic'rit1 toI .ltvr'u rii i , . In hlt- til- I it I Ii Ii ir1 ill IF 0

swI ti.,h f 1-oth One ,JYf radt I or. id( I us t,( 'I iot tier .

t G(sI'.r Ul, thy' reglion.U 1, f tI Ifttt.i1vu k I.l Y~tl u C "upfl It str I i on ,f OFFIl I I (tit .,114h 1, 1r iiil ' t'J it 14'.

I, i I t-ju ru ~,, b has b p l ~i'r c lo iiI) I ., .. hit( i-lt lr ij MU1 iiti~ii ty iri ru i wt ri ilt ' - thot -,,tr,,I i i

'46Ctic lI C to 0 . 41 or wu. It~ wo I it l"i t It I t I Io y '"I ffu "e501l
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jilItiiritu~yI at l t- tcchm iyu

Iwo wajys In whih hi is batk(gruuId( %uppI11 lull Ill I yIJI LoJUil b(' [ilip Iiltd UTi shown StLIt(-iiit ILtd iy III
Ilylil v 1, . A LdSSeyr d Ill Opt ILtd L t rit 191,11'at lull 1% lid I(catk-d. hiur t' dlI tfi(1iJl IN 1 dl.t It Iliighlt be d SCIIIIII(t

Systemi or suIe Other' Latd I Optl It t oFt tiUulat l us .i. di aiy caSe, tie SybtLvii woo l] probably i ncluae a secundry
ItIIru II lyl.1 12udla thle seolidary iir'rul IS IIIUUoite'd Ull d se(t ut piezuclecitI nc acuators .,ich proucUE- the
requires-d gyradtionS of the Image on Lte face uf thet dletectur' arra-y by wubbii1nS the secondlary so that its
optId dca Iais traceUs out a circLular lleI Withl I Ifll'. Inils itoun uf the sturmdry will also tilt the imdge
planec wi th respecLt tu the uetettor' facet. Hloweverin1ce the ijyrattuns (ire Io be on thre arcsecondc or sub-
art Seu0irII levelI, tile recsult i lij djefutus i ri of leglulls uf the iliage il tit: be iieI ib le. In li gore ib the
secondary YIIIIl (Itr is t ixed. dand thle actuator% all' USed tu drVive d p1arrId ll I.rrur 1Lcted Just in front of the
dItUctur' atlay. Ihie drivYen lii rtur Ili tLill 5 tyut'urt lUll WOuu Pr'baOly bi Slia ill dnrad less fl~assl ye than the
dr')vetki .1rr or IllI iy~ule ta a41 tihough Lte uipl itude o1 Lte ilutiunuis wuulo, have to be greater because of thne

*Shorter optical 1'91 tu tile detettur,. As IridIcad~u, thet actutrs wooI Lit be driven by a proyrarintable function
*genlerator . lie turk-t lulli gencrator WOUI ld p1 dUCe WaVetorijis ui the type +A Sin .I and +A cos t, where thet

arhiip ItoU(c A vWuulidcrepn to the' par'tIcular gyr at lullI adUS useguileId at ally ijYVLI mtomeint.

I he tc Il it, 10oris (ic 1 hellI here I lid 1 tdtl that ver y (1 1(-etC I ye- suppre(-s.ul (ih tile lower spatial I ruquent 1 t
In anl ubjutt 'A 'Ile cdli be ubta nled on all opt ical level Ii smrili-pupi I systciis With a teth0inique whicri requi u~s
Only 111tr1t0 i hotJI iris.101! ot Uu of the opt cl0 Luilipitilit'- Ili( actLual supprt-eslol ratios Which cadr t.e
"iJ.1IcycO Will pr-obaliIy lie I lIlitedJ by i. ulipuierit 111r id lt glilLt toleradnces, ariI by thle tintite t lle kg I'UAlli L(,t
5101w.0 tcI tuiii uric qyraJtt1rI I'd us to iutlhi. IluweVkr , We e'xpect that thle effec.ts Of SUtIlt Oif theSe rac t
hilllta.tIN tLlcars bet l1111liilLIie by tritle toninrg thet SyStell, by lilialis Of litnur a(lJJUStilitS iii the gyratoi br raii
andI thet dWc i t llies. A loalil tury Ieasurs.eetits pi ograei to e'va IUate tliis tthit g~uL is prn scint ly be till

lis work was, supported ill part by thle Air lote ',pacc bi vision arid the( Air for cc 6eophlysics Laboratory
undler Loritact hitP-bL.
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it the spat 1] dltII ter)ri tlLchni que described were to be appl fed to dutui t Ilmyl] IV 1111 tai jut% wou Id you
proupose to] I owl fly I t with the usud l telilPora 1 f i I tei nig techn iques suggtjLo, , %uch d tas e to IdO t r fdi

Stibti dt lull

1 Janissens
AeroSpdce torpurat Jun

Answer

tUenc-ral ly, one woulu want to take ddvantdge Of all the relevant tvchiiqui-s which woulli iimprove the iit-tei-
t ion process. The Variable MIF technique used l ii corIU nct)F lolWith I raise t ,l fidie %utlti at iou tay iake t hk
latter eas ier to implement , sinrce iiust of the background ISe VI iiili idt(O prioir to us ingl~ idlil to tri ubl-
trdct ion. 'Ihat is, it May dec reaC'se the prec isi on With Which Iidit to tldairit SUbt ltt lOfll IrI't e 114-I limeille I

order to reach ca given Overall level of background suppressionI.

Loes this systeml cope only With cilalrly symmietric types of bac-ky"ourirs, or does It co(pe equally We]]

with an edge or other rnon-syiiiletric features!

Anlswer

It is not limited to circuldrly syiietric features. The backgrounld sprsinclrceitc

isotropic , and do not aepeilo oil the urientatir of thle spat Iad Iftre(Ucfie s which lake oil d gi ven teadtui CIIl

the Object. -lhis is one dvantage Of this type Of spatial fIIIter over types using gr1Iles or' r4LtLI( les, Which
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