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_~ t .L. >discrimination and , in some cases , to allow convergence on featureless
target  surfaces .  The thi rd system uses noncoherent lig ht returned from
the target  to obtain phase corrections for a transmitted laser beam. ‘Such systems, which may or may not use multidither techniques , are
called “TRIM-COAT” because they combine transmitt ing and imaging
COAT concepts~~)

~The one system studied to date uses an annula r uncompensated receiver
aper ture  and is known as “Annular -Aperture IMPACT. ” Thi s system
operates like a conventional outgoing-wave multidither COAT system in
strong turbulence , requiring a well-defined target highlight for good
convergence.  In low turbulence (on the return path), however , the
system has demonstrated its ability to converge a laser beam on a weak
glint in the presence of a stronger one and to converge the beam on a
featureless target.

The remaining two systems to be studied are described , along with
Annular Aperture IMPACT , in this report.  They will be experimentally
evaluated during the second half of the contract period.  Studies on
offset pointing and isoplanatic effects will also be pursued in the second
contract  period . 
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SUMM AR Y

The principal goal of this program is to demonstrate Loherent
-. 

optical adaptive technique (COAT) phase control concepts that can be
appl ied to hig h -power  laser systems , that are  insensi t ive to target

- . 
. dynamics and t a rge t  surface effects , and that are  effect ive in turbulence

compensat ion.  This goal has been demonstra ted with a number of
COAT systems to be discussed in thi s report .

The work reported here was carried out during the second part

of this program . It is an experimental evaluation of three COAT sys-
tems that  d i f fe r  p r imar i ly in their  receiver confi gurat ions.  The
inter im report , 1 ref lec t ing  work car r ied  out during the f i r s t  part  of
this  program , contains a comp lete d esc ription of the thre e COAT
systems.  These descr i ptions will be summarized in Section 1. The
in te r im repor t  also contains a detailed discuss ion of the problems pro-
du ced by isop lanatisrn and t a rge t  effects , as well as an evaluation of
the advantages and disadvantages  of these systems when app lied to hig h
power lasers. These discussions wilt not be repeated here.

The th ree  systems studied all emp loy an 18-channe l mult idi ther
COAT system to provide  rea l - t ime phase control s ignals  to a deform-
able m i r r o r .  Two of the systems emp loy an imaging receiver  which
works  off of the coherent  lig ht re turn  f rom the t a rge t .  A field stop is
used at the receive r to limit the field of view. This image ,~1ane

aper ture  censoring technique (IMPACT) permits enhanced glint dis-
crimination capabilities and also enables these systems to converge on
comp letely fea ture less  t a rge t s .  The third system uses non-coherent
lig ht re turn f rom the target  to correct  the t arget  image; these phase
corrections are then impressed upon the transmitted high-power laser

beam to ensure convergence upon the target. Such systems, which may
or may not use multidither techniques are  called “-TRIM-COAT” because
they combine t ransmit t ing and imaging COAT concepts .

Four of the five possible fundamental modes of operation of these
three  systems were demonstrated and evaluated experimentally. The
fif th mode of operation cou ld not be evaluated due to low signal- to-noise

9
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ratios in the target  re turn.  Their turbulence compensation performance

was eva luated using natural  turbulence on a 120-rn rooftop propagation

range.  All three  systems operating with single gl ints  exhibited 60%
2 -14 -2/3

- convergence in strong turbulence (C N 2 x 10 cm ). The per-

fo rmance  of all  th ree  systems as a function of signal return and control

channel  s igna l - to-noise  ratio was essentially identical whether operating

with glint or fea ture less  t a rge t s .  Low-turbulence convergence levels ‘ -

of 90% or g rea te r , convergence t imes of 2 msec or less , and peak

beam i r rad iance  fluctuations of < 10% were obtained for  S/N ~ 20.

The ef fec t iveness  of the IMPACT stop was evaluated with mu lti-

gl in t  t a rge ts , where  the g lints were in relat ive t ranslat ion or rotation.

Intruder  glints up to 20 dE stronger than the reference glint were suc-

cessful ly locked out at spacings of two beam diameters in strong

turbulence.  IMPACT was also shown to be hig hly effective in preventing

glint hopp ing when the re ference  glint was partiall y dest royed.

Addit ional  computer studies of isop lanatic effects on offset  point-

ing and extended t a rge t  re ferencing  were originally envisioned for  this

part  of the program (they were  riot a part of the Statement of Work) .

Due to time and financial  limitations , however , they were not extended

beyond the point a l ready summarized in the interim report .

10
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SECTION 1

INTRODUCTION

A. PR OGRAM OBJECTIVES

- . 
. The major  goal of thi s program is to demonstrate and evaluate

COAT p hase control concept s with three  attributes: They must be
applicable to h igh-power  laser systems , they must be insensitive to
target  d ynamics and su r face  effects ;  they must be effect ive in turbulence
compensation . To attain this  goal , the program focuses on the follow-
ing three tasks or objectives:

1. Demonstrate several COAT systems experimentally.
These must be systems that can effectively correct
for  turbulence  distort ions with comp lex sern idif fuse
targets . They must also be insensi t ive to glint and
target dynamics.

2 . Analyze and compare the per formance  of these
COAT systems and assess  their  applicabili ty to
hi g h-powe r laser operat ions.

3. Using computer simulation , evaluate the isop lanatic
patch size on the offset  pointing and extended target
referencing.

A discussion of the problems produced by isop lanatism and ta rg€ . .
effects  appeared in the Interim Technical Report . 1 The interested
reader  is re fe r red  to the report  for an introduction to these issues .

The Interim Repor t  also included a complete descr i ption of the
three COAT systems to be investigated in this stud y and an evaluation

F of their  advantages and disadvantages when app lied to hig h power lasers .
The following outline of each system ’s receiver  geometry and salient
operating character is t ics  is included as a brief review.

11
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B . COAT SYSTEMS T O BE  EVALUATED

I . Annular  Aper tu re  IMPACT (Image Plane A per tu re
Censor ing Techni que)

Annular  ape r tu re  IMPACT is an outgoing_ wave  system that uses
an annular  receive r m i r r or  to image the t arget  p lane. The image is
for med f rom h i gh - p o w e r  laser  lig ht re f lec ted  off of the targ. .t .  The
annular  m i r r o r  picks off the t a rge t  re turn si gnal before it reaches  the
d e f o r m a b le  m i r r o r  (see F igure  1).  Thus the return  wave is not cor-
rected , an c under strong turbulence condition s the target image can be
d e g r a d ed .  A fi e ld stop (the IMPAC T aper tu re )  at the image p lane is
used to limit the detector t s f ie ld  of view.

_________________ COOLED 4l7~~~9

COR RECTOR
MIRROR RETURN WAVEFROM HEL SOURCE 

-q-~_ FROM TA RGET

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ WAVE

ADAPTIV E

IMPACT sró~~~
’
~~~ ELECT~ c~~I~~~

G

Figure 1. Annular aperture IMPACT system applied to highpower laser .

12 

~~~~~~~~~~~~~~~~~~~ - -



r_. -_ -_
~~
. 

~~~~~~~~~~~~~~~~~~~~~~ ~~~
- ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~‘ ----,------- - - --.- - .,. .—-...--.---~--.-C ‘

~~~~ -

L - - ________ 
- — 

While operating in the glint mode , the IMPACT stop is made
larger  than the dif f ract ion- l imited g lint image.  The system then wo rks
much like a s tandard  outgoing -wave mult idi ther system, but the IMPACT

- - stop permits rejection of the re turns  f rom nearby glint s which mig ht
otherwise cause the COAT system to initially conver g e on an unwant ed

g lint , or to break lock once convergence  has been obtained .

While operat ing in the fea ture less  target  mode , the IMPACT stop

is made smaller  tha n the image of the di f f ract ion- l imi ted laser  beam

incident on the ta rge t . The COAT servo maximization of lig ht throug h

the IMPACT stop then produces  a d i f f rac t ion- l imi ted  beam at the ta rge t .

If the t a rge t  is comp letely d i f fuse  and f ea tu re l e s s  no t i l t - e r r o r  informa-

tion is generated and thu s an auxil iary t racking method is also requi red .

This is shown as a quadrant  detector in Figure 1, although other methods

are  app licable (see Inter im Report ’).

Proper  operat ion in both modes requires  a good image.  Since

the image deg rades  with increasing turbulence , on e wou ld expec t th e

glint discr iminat ion capabil i t ies and fea ture less  target  convergence to

de grade  a lso.

2 . Shared Aper tu re  IMPACT

Shared -ape r tu re  IMPAC T is an outgoing-wave — re turn-wave

system. It also emp loys reflected laser  light for  target  imaging, with

the rece ive r  shar ing the t ransmit t ing optics used by the hig h-power

l a se r .  This system uses a beamsplitter to pick off the re turn signal

af ter  it ref lec ts  off of the deformable  m i r r o r  (see Figure 2) .  The

re turn  path is t he reb y corrected and the target  image is not degraded

b y the effects  of tu r bulence.

The IMPACT stop permits glint mode and fea ture less  target  mode

operation much as in the case of the annula r aperture  system. An

auxi l iary t racking control is also required here  for  fea ture less  target

operat ion.  Due to the image-correct ing action of the deformable

mirror, one would expect the performance of the shared aperture sys-

tem to degrade  less quickly with increasing turbulence than the annular

aperture system .
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SPLITTER

- 
- 

LASER

SPLITTER
POINTING ________

CONTROL
D I F F RACTION
LIMITED TO TAR GET

PINHOLE 
~~~~ QUAD DETECTOR

IMPACT STOP~~~,,~~~~ DITHERAND
SERVO CORRECTOR

DET ECTOR CONTROL MIRROR
ELECTRON I~ S

Figure  2 . Schematic of basic shared aper ture  IMPAC T system.

3. TRIM-COAT

TRIM-COAT is a pure return-wave system. It uses broad-band ,

non-coherent lig ht returns from the target to correct the phase of the

transmitted laser. The receiver configuration employs a beam splitter

to pick off the broad-band return signal after it reflects off of the

deformable mirror (see Figure 3). The COAT servo electronics is

used to correct the broad-band target image. Since the high-power

laser also reflects off of the image-correcting mirror, the proper con-

jugate phase information is imparted to the beam which causes it to
V converge on the target.

The use of advanced detector systems (see Interim Report )  using

multiple detectors as the receiver will enable the TRIM-COAT system

to operate with nearly featureless targets (limited by isoplanatisrn).

However, the laboratory demonstration carried out in this study, which

employs only a sing le pinhole and single detector (see Figure 3) requires
a fairly well-defined target highlight for proper convergence.
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D I CHRO I C -

BEAMSPLI TTER

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

FILTER ~~ 1/ - TO TARGET

PI NHOLE I ~~
L DETECIO R ’

~~~T 
_ _L—N~ . SE R VO CONTROL WHITE LIG HT - -

ELECTRONICS TARGET ILLUMI NATOR
PREAMPLIFIER (SPOTLIGHT IN LAB)

Figure 3. A localized referencing TRIM-COAT system using a
single pinhole , single detector  rece iver .  Many
system variat ions are  poss ible ;  the i l lustrated sys-
tem is appropr ia te  for  a low power , visible wave-
length labora tory  demonstrat ion.

C. ORGANIZATION OF THIS REPORT

This report contains an experimental evaluation of the above

three COAT systems. Section 2 describes the experimental apparatus

used in this study. Section 3 evaluates the basic system operation of

the three COAT configurations using simple targets in various levels

of turbulence. Section 4 evaluates the performance of the three COAT

systems with complex and moving targets. Section 5 includes some

recommendations for future studies. An appendix is included at the

end of the report to summarize the s/N characteristics of the photo-

multiplier/preamp circuitry used for this study.
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SECTION 2

4 EXPERIMENTAL APPARATUS

One of the requirements of the contract is that the contractor

utilize available experimental hardware; the contract is not intended to

be a hardware construction program . As a result of past and ongoing

Hughes IR&D and Government contract programs , we have available at

the Hughes Research Laboratories (HRL) all of the essential experi-

mental hardware: deformable mirror, COAT servo electronics , target

and ta rge t  motion equi pment , propagation range , and turbulence moni-

tor ing  equi pment . These items are  discussed in this section.

A.  DEFORMAB LE MIRROR

-~ - 
Since the systems we are studying emp loy imaging receivers ,

and since one system operates on noncohe rent lig ht , it is necessary as

well as convenient to use a continuous-surface , deformable mirror for

the phase corrector  element . The 37-actuator unit we are using is

pictured in Figures 4 and 5. The mirror uses a particularly simple

des ign 2 that provides 0 .5  ~rn of surface motion for 400 V of drive ,

which is quite adequate for  the visible-wavelength experiments being

conducted on this p rogram.  The influence function of the central actu-

ator is shown in Figure 6. Notice that the surface at the center of an

adjacent actuator moves only 2% of the peak motion . This 2% “mechani-

ca P ’ coup ling results in an 18% coup ling 3 of the two servo channels ,

however.

The mirror frequency response is shown in Figure 7. Since

it is usable up to about 20 kHz, the single mirror is used to app ly both

the dither and correct ion signals.  Note , however, that the mi r ro r

induces a phase lag, which is compensated for by adjusting the phase of

the reference signal applied to the synchronous detector in the appro-

priate control channel.

17
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(b)

Figure 5. Schematic diagram of deformable mirror  showing
illumination aper ture  (enclosed by dotted line).
The shaded actuators have a control channel drive .
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Since only 18 channels of control electronics are  available for
- — this program, the outer ring of 18 actuators is not used (not illumin..

ated) and one of th e actuators in the second ring has no COAT control
channel app lied to it. Only the 18 shaded actuators in Figure 5 are
se rvo-cont ro l led .

B . CONTROL ELECTRONICS

A block diagram of the n-iultidithe r control system is shown in

• Figure 8. In all its essential features, it is identical to the DARPA/
RADC control system used on ear l ier  p rog rams . 3’ ‘~‘ The only addition
is the series injection t r ans fo rmer  used for combining the dither and
control signals onto a s ingle PZT mi r ro r  actuator.  A photograph of
the electronics is shown in Figure 9.

The control  system with the deformable  mi r ro r  exhibits a
convergence time of 1. 5 to 2. 0 msec as i l lustrated in the t races in
Figure 10. This is the same as the DARPA/RADC system and is the
des ign goal of the system. The corresponding system bandwidth is
400 to 500 Hz , quite adequate for  turbulence compensation.

C. OPTICAL SYSTEM

The COAT optical system is shown in schematic and picture
- - forms in Figures 11 and 12 . A l-W argon laser beam is expanded , by

a 7x microscope objective located in the spatial filter and by lens

to f i l l  the 9 .5 - c m  aper ture  of the deformable m i r ro r .  The beam is
then reduced to 2.0 cm diameter  and recollin-iated by lenses 14 and 1~~.
The Z .O-cm diameter is required for  scaling this experiment to a

3.8- 1im , 4-km range equivalent (see Section 2 .D) .
The photomu~tip lier (PMT) detector may be positioned in one of

several  locations , depending upon which C OAT system is to be evalu-

ated. For TRIM-COAT and Shared-Aperture IMPACT studies , the
PMT is placed at position ( 1) .  For Annular Aperture IMPACT studies
it is located at position (2).  The TRIM-COAT configuration is identical
to the Shared-Aper ture  IMP AC T , with the addition of a 4880 A laser-reject
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filter in front  of the PMT. A quarter-wave plate is inserted in the

out put beam for use with the Shared-Aper ture  IMPACT system . This

p late , p lus a po la r i ze r  in f ron t  of the PMT that is crossed with the

laser polarization , acts to disc r imina te  against backscatter  f rom the

optics. An enclosure  is also p laced around the PMT at position (1)  to

prevent stray light f rom entering the detector .

As shown in Figure 11 , the system also contains a beam sp litter

(BSZ) and a “local-loop ” detector .  When the output of this detector is

fed to the COAT servo electronics, r esidual  phase distort ions in the

optics (primarily in the deformable mirror) are removed so that a near

diffraction-limited beam is propagated . Local-loop control usually

resulted in factor  of 1 .5  to 2 .0  improvement  in Strehi ratio ove r that

obtained with COAT off .
Much of the low-turbulence data reported in this study was

obtained by propagat ing the laser beam inside the laboratory rather

than across  the turbulence range .  In thi s case , beamsplitte r BSZ was

rep laced by a flat mirror and additional mirrors were placed at the

output of lens £ 3 to direct  the beam around the tu rbu lence- range

periscope to the target . For these indoor measurements the distance

be tween £ 3 and the target  (=2 .9  m) was chosen to produce a diff ract ion-

limited beam diameter equal to that obtained by propagation across the

range (7 mm) . Thi s was done so that the same targets  and target-

monitoring arrangement  could be used in both the indoor and outdoor

studies.
When using the indoor range setup, lenses £ 3 

and £ 6 become part

of the receiver optics. Their  diameters  were chosen to be large enoug h

so that they would not be the limiting elements in determining the

entrance pup il of the system . For both the indoor and range studies

the entrance pupil was determined either by the o. d. of the annula r

mi r ro r  (7 . 1 cm with annular aperture IMP ACT) or of the deformable

m i r r o r  mask (2 .0  cm with TRIM-COAT and shared-aper ture  IMPACT).

For the indoor measurements , the quar ter-wave plate was positioned

at the out put of lens £ 3.
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The target geometry and beam monitoring equipment are shown

schematically in Figure 13. A small portion of the laser beam that is

converged on the target  is sp lit off by an uncoated glass plate . The

plate is ground so that there is a 3Q 0 wedge between surfaces .  Two

bea ms, propagating at slightly different  angles , are thus produced.
. 

- 

These two beams are spatially separated by a lens and a flat m i r ro r

located near the lens ’ focal point . One beam is sent to a sil icon p hoto-

diode detector , the other to a milk-glass plate where it is monitored

by a black-and-white  TV camera .

The i r is  in f ront  of the silicon photodiode is small compared to

the beam diameter ;  it is positioned so that the detector views only the

central maximum of the beam. The photodiode is connected to a chart

recorder and oscilloscope. Peak target irradiance , beam convergence
— 

time, and beam stability are read out on these instruments .

- 
- The black-and-whi te  TV camera is coup led to a VP-8 image

analyzer which uses the video si gnal to generate two disp lay outputs.

One disp lay is a color TV monitor , with each color corresponding to a

different intensity level .  The boundaries  between colors are thus

isointensity contours.  The second disp lay is a 3-D beam profi le that is

viewed on an osci l loscope.

D. PROPAGATION RANGE

Since isop lanatic effects p lay such an important role in the oper-

ation of imaging systems, we felt  that the use of an extended , turbulent

propagation path was essential to achi eving the goals of the contract .

We thus utilize an outdoor , rooftop propagation range at HRL , which

is connected to the laboratory by a periscope , as shown in Figure 14.

A folded path is used so that both the laser t ransce iver  and the target

are  located in the laboratory. The rooftop path is 100 m and the tota l

per iscope path length is roug hl y 20 m. Atmospherically-induced

isop lanatic effects are thus always a part of our experiments and no

turbulence scale-size scaling is necessary such as that required with

isolated phase screens .
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Figure 13. Target  geometry and beam monitoring.
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Research Laboratories.

31

- -~~~ M’  L~~~k~.i .•-•

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
---

~~
-‘ —

~~~~~~
—- -

~~~~~



- -- 
~~~~~~~~~~~~~ — ~~~~~T~~~~~~~~~~~~~~ _ _ _ _ _ _

It is necessary,  however , to scale the optica l fresnel number ,
and the turbulence strength as measured by the parameter  a5. In

addition , the target  dimensions should be scaled so that the number of
d i f f rac t ion- l imi ted  resolution elements, N, across  a character is t ic
dimension , T , is constant .  These three requirements are stated
mathematically as

kr4
= —~~~~~~ constant ( 1)

C~~k~ /~ Z l 1/6 constant (2)

N = T/S = constant (3)

where k 2r /X  is the optical wavenumber, DT is the transmitter
diameter , Z is the target  range , and C~~ is the atmospheric  s tructure
constant (turbulence s t rength) . The diffract ion-  limited focal-  spot
size , S, is found f rom

l . 2 2 X Z  (4)DT

The requirement in Eq.  (2) is equivalent to holding constant the

ratio r 0/S, where r 0 is Fried’s coherence length as defined by

2 2r 0 = 1.68(k CNz) (p lane wave) . (5)

The results of performing the scaling exercise to obtain DT, T ,
and C~~ for our visible-wavelength experiments are shown in Table 1.
As can be seen , at the short  wavelength and range , very small values
of r 0 are  found for  s trong turbulence.
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E. TURBULENC E MONITOR

The atmospheric structure constant (C~~) is monitored during all

outdoor range experiments  by means of an optical scintillometer.  The

device consists of a He-Ne laser , a silicon photodiode with a restricted V

field of view, and an electronics signal processing package. The He-Ne

laser is propagated over the turbulence range direct ly adjacent to the

argon beam and illuminates the silicon p hotodiode. The turbulence

encountered along the beam path causes the He-Ne laser beam to

scintillate, and these fluctuations a re  sensed by the photodiode. The

electronics package generates an output voltage which is proport ional

to the root mean square of the log of the fluctuations . C~~ is proport ional

to the square of this  output voltage , with the constant of proportionali ty

being determined by the geometry of the system and known propert ies

of the e lec t ronics .  ~ 6, ~ Measurements obtained with the scintillometer

have shown fair  agreement with microtherrnometer  measurements of - -

C~~, (Ref . 5) and the turbulence data reported in this study are  believed

to be accurate  to within 50%.
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SECTION 3

BASIC OPERATION OF THE THREE COAT SYSTEMS

• 

A. INTRODUCTION

In thi s section we evaluate the performance of the three  COAT
systems in various levels of turbulence using simple targets.  Four
out of the possible f ive modes of operation described in Section 1 are
invest igated:  (1) Annular Aper ture  IMPACT , glint operation; (2) Annular
Aper ture  IMPAC T, fea ture less  target operation; (3) Shared Aper ture
IMPAC T , glint operation; and (4) TRIM-COAT . Strehl ratio , converg-
ence time , and beam stability are  determined as a function of target
return signal level and s ignal- to-noise  ratio. The performance of these
systems is compared one to anothe r and also to a “ standard” multi-
di ther  COAT confi guration where the receiver  is located at the ta rge t .
In the standard system there is no turbulent  return path , therefore the
per formance  of this configurat ion represen ts  the best that can be
expected with the present  COAT servo electronics .

As discussed in more detail below, we were unable to obtain 
—

• proper operation of the Shared Aperture IMPACT system with feature-

less targets. This was due pr imari ly to poor S/N caused b y small
signal return from our semi-diffuse featureless targets  (Scotchlite).

The experiments reported in this section fall into two categories:
(1) detailed low turbulence (C~~ < i0~~

7 
cm 2

~
’3) studies requiring long

periods (—~ 1 hr )  of reproducible  conditions that were carr ied out inside
the laboratory,  and (2) quickly-executed experiments , conducted over a

-17 2 -14 -2/3wide range of turbulence levels (4 x 10 
~ 

CN ~ 4 x 10 cm
that were car r ied  out with the outdoor propagation range.  The indoor
experiments were not p lanned orig inally, since long ~eriods of repro-
ducible low tu r bulence are readily obtained over the outdoor range after
sundown . However , variable weather conditions present in Malibu
during this fall and winter made it vi r tually impossible to obtain extensive

sets of comparative data after dark . Humid onshore winds and cool

temperatures  produced both dense fog and water condensation on the
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range mi rro r s .  These caused factor-of-10 variations in the transmitted
beam intensity over period s of minutes , and occasionally caused com-
p lete beam attenuation . Rather  than spend excessive time waiting for
the weather to improve , it was decided to move the more complex low-
turbulence experiments indoors.

B. BASIC LOW-TURBULENCE SYSTEMS PERFORMANCE

Measurements  of peak target i r radiance , convergence time , and
beam stabili ty,  as well  as TV disp lay p hotograp hs of the beam profi le ,

- 1 were  obtained as a function of re turn signal level and S/N ratio. These
data were obtained us ing the indoor range.  Specifi c details of the
experimental confi gurations are as follows :

1. Experimental  Detai ls

a. Annular Aper ture  IMPACT (glint operation)

A sing le cats-eye (lens with m i r r o r  at its focal point ) was
used as a glint in these experiments . It had an effective diameter of
— l  mi-n , conside rab ly less than the ‘—7 mm diameter of the full y con-
verged argon beam. Lens £~ 

(see Fi gure 11) was a lOx microscope
objective (16 mm focal length). Thi s produced an image of the g lint
‘— 0 .15  mm in diameter at the IMPAC T stop. The IMPACT stop was
located 20 cm from £ 2 and was opened to a diameter of 2 mm (much
larger  than glint image size).

b. Annular Aperture IMPACT (featureless target
operation

The target  in this configuration was an 8- by 8-cm flat
section of Schotchllte , a semi-diffuse scatterer of relatively high
reflectivity . Lens £ 2 was again a lOx microscope objective spaced
20 cm from the IMPACT stop. The image size of the converged 7 mm
diameter argon beam was ‘ - — 0 . 7 5  mm at the IMPAC T stop location. The
IMPACT stop was chosen to be ‘--‘0. 25 mm in diameter (approximately
1/3 of the image size) for these measurements . Stops up to ‘—- 1/2 of
the image diameter were found to prcduce similar performance .
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— c. Shared Aper ture  IMPAC T (glint operation)

The glint in this configuration was chosen to be a flat m i r ro r

with a 2 mm diameter i r is  in front of it. The cats-eye glint produced

results similar to the above glint , but was not used here due to the

smaller (‘—- 1/ 10) r e tu rn  from it , which limited the range of re turn sig-

nals to be studied. - -1
Lens I l was a lOx microscope objective and was spaced 45 cm

from the IMPACT stop. This produced an image of ‘— 0 . 5  mm diameter .

The IMPACT stop diamete r was chosen fa i r ly  small (1 mm) in order  to

reduce the backscatter  reaching the PMT . The return f rom the glint

was large enough so that an ND 1. 5 (15 dB) neutral density filter was

also placed in f ront  of the PMT to fur ther  reduce backscat ter.  The

ratio of dc re turn signal to backscatter signal was approximately

3000:1 (35 dB) for these studies.

d .  TRIM-COAT

It was original l y intended to emp loy white light or He-Ne

laser illumination of a hig hl y reflective target  in these studies. How-

ever , both of these illumination schemes failed to produce a detectable

signal at the PMT ( i . e .,  signals were <1 mY at the output of the

preamp/line d r ive r) .  Shining strong white lig ht sources directly into

the optical system did produce easily observable signals , but the

signals did not have sufficiently hig h S/N to ensure good system opera-

tion. For example , shining a hig h intensity microscope illumination

lamp with a 2-mm aperture  in front of it direct ly into £ 3 from the

target  position produced — 8 mV of signal and S/N —~12. As will be

demonstrated , thi s is sufficient for  partial convergence but allows no

leeway for varying the signa l levels upward to determine the point of

Strehl ratio saturation.
To obtain the necessary  range in signal strength, we used a

He-Ne laser to simulate the TRIM-COAT target  hig hlig ht. The laser

was placed at the ta rget po sition and dir ected towa rd £ 3. A 19-cm

focal length lens p laced direct l y in front of the He-Ne laser diverged

the initially ‘—- 1-mm beam to a size of ~— 2 .  5 cm at £ 3. This served to
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decrease the power received by the PMT to tolerable levels (additional
filters at the PMT were required for  fu r ther  signal reduction) and to
ensure that the 0. 47 mm entrance pupil of the optical system was uni-
formly illuminated . For all practical  purposes the He-Ne laser thus
appeared to the optical system to be a 6328 A glint that was radiating

isotropicall y at the target  plane.

A ZOx (9-mm focal length) microscope objective was used for £

This produc ed a 1. 3-mm diameter spot at the IMP ACT stop which was

45 cm away. Several stop sizes in the range 20% to 40% of the spot

size were t r ied  with equall y good resu l t s .  For these measurements a

0 .51-mm diameter  IMPACT stop was employed (‘—‘40% of the spot s ize) .

2. Data Obtained on Indoor Rang~

Figures 15 throug h 18 are plots of peak target  i r radiance as a
function of dc signal return level.  The curves represent  the long-term

average peak power in the beam with all 2 Nir states 2 ’ 8, 9 removed . The

transmit ter  op tics have been defocused to give a COAT-off peak irradi-

ance which is 10 to 15% of full beam convergence . Thi s was done in

orde r  to give the COAT system a significant e r ro r  to correct  in low

turbulence and to make any degradat ion with lowered signal returns

more noticeable.

The dc signal levels were measured at the output of the

preamplifier/line driver which direct ly follows the PMT (see Figure 8).

The signal levels were varied by placing neutral density f i l ters  in front

of the PMT. Also shown along the x axes of these figures are average

s/N values presented to each of the control channels.  This S/N is

defined as the ratio of the rms dither return signal for  a typical control

channel to the rms noise in the 400-Hz control channel bandwidth. It

is defined for  the unconverged beam (COAT off) . The dominant noise

in our system at the signal levels studied here is PMT shot noise.

Thu s, the S/N ratio varies as the square root of the return signal.

The S/N was not measured directly during these experiments, but was

inferred from S/N versus dc signal return calibration measurements

which are described in the Appendix .
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Figure 17. Peak target  i r radiance as a function of return signal
for Shared Aperture IMPACT operating with simple
glint.
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Figure 18. Peak target irradiance as a function of return signal
for TRIM-COAT configuration.
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Figures 15 throug h 18 indicate that all four configurations perform

roug hly the same . At COAT -off s ignal-return levels of several  tenths

of multivolts (S/N ‘--2-3) essentially no COAT correction occurs .  Eig hty

percent  convergence  occurs at 4 to 8 mV (S/N ‘—- 8- 12),  90% convergence

occurs at 10 to 20 mV (S/N — 14-20 ) ,  while full convergence is produced

.- . 
- by 50 to 150 mV (S/N ‘— ‘30 - 50) .

For signals ove r 150 mV (S/N >50)  all four configurations reach

• saturation and produce identical Strehl ratios.  This is the same as the

saturation Strehl ratio produced by the standard COAT system (receiver

at target). These relationships were determined by direct side-by—side

comparisons with the standard system and by comparisons between the

other fou r configurat ions.  System comparisons that were employed in

Figures  15 throug h 18 to determine the peak target irradiance = 1 nor-

malization are  indicated by square data points.

To comp lete documentation of the system’s performance at low

turbulence levels we present a fa i r l y extensive set of beam profile and

oscil loscop e photographs corresponding to representative locations

along each of the curves  shown in Figures 15 throug h 18. These photo-

grap hs are shown in Figures 19 throug h 22.  Each column of three

photograp hs correspond s to a fixed signal re turn and S/N level. These

are indicated at the bottom of each column . The p hotographs in the top

row are beam prof i les  (side view) taken f rom the TV disp lay. Those in

the middle row show the convergence time of the beam (peak irradi-

ance) as measured at the target  by the silicon detector shown in Fig-

ure 13. The photograp hs in the bottom row show the stability of the

peak beam irradiance over a Z-sec time interval.

The beam profiles are included primarily for  qualitative com-

parison . Due to nonlinearities in the TV camera response , the peak

heig hts of the prof i les  are not related directly to the peak irradiance

measured by the silicon detector.  For beam profiles of — ‘6 major

divisions in height a factor-of-4 decrease  in laser beam intensity

result s in a f ac to r -of - —- 3 decrease in profile height. The sidelobe

structure is thu s enhanced somewhat in the profile photographs , and

the peak beam irradiance appears to fal l  off with decreasing return

signal strength more slowly than it actually does.
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The convergence time and beam stability trace8 are linear and
may be used for  quantitative comparisons.  The high-frequency “ noise”
superimposed upon these traces is the dither modulation. The lower-

f requency,  overall  deflections in these t races  represent the actual beam
variations. Minor var ia t ions in the saturation (p lateau) value of peak
target  i rr ad iance  are  evident in these photographs f rom one COAT sys-
tem to the next . Thi s is attributable to the data being taken on dif ferent
da ys .

Variat ions of ± 10% in the maximum peak target irradiance
attainable occurred from day to day. These variation s were observed
with the standard system also , and correlated well from system to
system when side-b y-side comparisons were made. They are thu s not
related to any fundamental d i f ferenc e in the COAT systems studied , but
ra the r  to the normal variations encountered in any experimental setup.

Carefu l  inspection of Figures 19 throug h 22 indicates that the
four COAT configurations pe r fo rm quite similarly. For dc signal
levels g rea te r  than ‘—25 mV (S/N ‘

~~ 20) ,  wel l - formed beams with only
mino r sidelobe s tructures are  fo rmed .  Convergence times of -‘2 msec
or less are observed , and beam stability is good with fluctuations

limited to less t h a n± 5  or 10% . The convergence-time photograp hs
show that for this range of signal levels , the beam converges to only
— 80 % of its long-term average during the initial r i se .  Thi s 80% level
is apparent ly a Z Nir state. Convergence to thi s level is near ly  always
observed. To remove the system from this state required an external
perturbation , such as j iggling lens or passing an object through the
beam .

At dc signal levels of 4 to 5 mV (S/N ‘— 8- 10) marked sidelobe
s t ructures  have appeared.  The convergence times have slowed to
3 to 5 msec and the beam fluctuations are now roug hly ± 10 to 20 % .  At
lowe r dc return levels of — 1 mV (S/N — 4),  almost no improvement in
the beam profi le  is noticeable with the COAT system on. The rise
time has slowed to > 10 msec and beam fluctuations are now of the same
magnitud e as the average beam intensity .
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The main conclusion to be drawn from the data presented in
Figures 15 through 22 is that for proper  system operation, return sig-
nal levels of >25 mV (S/N >20)  are required for  the four COAT con-
f igurat ions  studied . Under  these conditions we obtain: (1) peak beam
irradiances of >90 % of the saturation value, (2) convergence times of
2 msec or less , and (3) beam i r radiance  fluctuations of <10% of the
ave rage  value .

3. Featureless Target  Operat ion of the Shared Aperture
IMPAC T System

As noted in the introduction, we were unable to demonstrate
p rope r  operation of the Shared Aper ture  IMP ACT System in the feature-
less ta rge t  mode.  Several attempts were made throug hout the stud y,
both over the propagation range and indoors. We were never success-
ful, pr imar i ly due to the fact that at most only 1 to 2 mV of dc signal
re turn was ever observed . (This observation was made on the indoor
range , with a Scotchlite target , ZOx microscope objective for 

~0 .51  mm IMPACT stop spaced 45 cm from 
~ 1’ no attenuation f i l ter  in

f ront  of the PMT , argon beam coll imated.)  As noted above , for proper

system operation >25 mV of signa l are  required for  the other four

COAT configurat ions.  We would expect this system to have similar

behavior.

In the above configurat ion, about 3 to 5 mV of backscatter f rom
the optics reached the PMT. When the COAT servo loop was closed

the total signal at the PMT (return signal plus backscatter) would

increase by approximately a factor of two , but no improvement in the

beam quality was observed .  The COAT system apparentl y was maxi-
mizing the backscatter through the IMPACT stop.

There are several  approaches that could have been employed to
increase the signal return and thus enhance the probability of demon-

strating this system: ( 1)  Find a semi-diffuse reflector that returns

more lig ht than the Scotchlite employed here;  (2) use a receiver larger
than the 2 cm diameter employed here ;  (3) use a more powerfu l argon

- 
- laser (1 W used he re ) .  Approach (3) is made somewhat suspect by the
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fact that increasing the laser power will also increase the backscatter.
Use  of thi s approach would thu s also require revamping of the optical
system to produce fu rther backscatter reductions . This is a major
system change and is beyond the scope of the contract. Approach (2) V

also requires  a major system change and in addition would violate the
scaling of this experiment to a 4 km , 3. 8 ~m scenario using our present
120 m turbulence range (see Section 2.D). Regarding approach (1), we

have been looking for an improved semi-diffuse reflector but have not

found one.

Fur ther  exper imentat ion on the Shared A perture IMPACT system
operating with fea tu re less  targets  was the re fo re  abandoned . This
demonstrat ion should be tried again in the fu ture, probabl y throug h the
use of A pproach (2),  above .

C. B ASIC SYSTEM OPERATION IN TURBULENCE

In this section we investigate the turbulence-compensating abili-
t ies of the four COAT configurations using simple targets . Peak target
i r r adiance, convergence time and beam stability were obtained as a
function of turbulence level.  The outdoor range was emp loyed for these
measurements . We f i r s t  present  a series of representative side-b y-
side comparisons and then follow this with a summary p lot of turbulence-
compensation capabilities as a function of turbulence level.

1. Some Representa t ive  Data

The optical configurations and targets  employed here are basically
the same as those descr ibed  previously (Sections 2 .C  and 3 .B ) .  Since
the turbulence produced severe distort ions of the laser beam , it was not
necessary  to defocus the transmitting optics to give the C OAT system
an e r r o r  to correc t . An approximately collimated beam was used for
all  measurements . The average signal return was maintained at
>100 mV (S/N >40) so that each system was operating on the flat portion
of the curves shown in Figures 15 through 18.
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a. Annular Aperture IMPAC T (glint operation)

Figure 23 shows a side-by-side comparison of this

conf igura t ion  and several  other  modes of operation in s t rong turbulence .

The top t race  shows the peak target  i r rad iance  as a function of t ime ,

the lower curve shows the simultaneously- recorded  atmospheric  struc-

tu re  constant (C~~) .  The beam i r r ad i ance  detector and scintil lometer

c i r cu i t ry  were  both adjusted to have a response/ in tegra t ion  time of

— 1  sec. The dashed line across  the top of the i r r ad iance  t race repre-
2 - 17 -2/3sents the best low-turbulence (C N 4 x 10 cm ) per f ormance

obtained over the outdoor range with the COAT rece iver  located at the

targe t .
Four modes of operat ion are  investigated in this ser ies :  glint

operat ion of Annular  A pe r tu re  IMPAC T , the “ s tandard”  system with

the rece iver  at the target , COAT off (beam manually s teered to t a rge t) ,

and local loop operat ion (beam steered manually) .  The standard sys-

tern represents  COAT operation with no return path turbulence to

degrade  pe r fo rmance .  The local loop (see Section 2 . C) is used to

remove residua l distortions in the transmitter  optics so that an approxi-

mat e di f f rac t ion- l imi ted  beam is sent out onto the turbulence range.

The d i f fe rence  between the dashed line and local ioop i r radiance levels

thus represents  the degradat ion to an approximate  diffract ion-l imited

beam caused b y the tu rbu lence .  In thi s case , the degradation is almost

a factor  of f ive .
The pe r fo rmance  of the Annular A perture (glint) system is seen

to be equal to that of the s tandard system: peak target  irradiance for

both a re  60 to 70% of their low turbulence values and the COAT on/ local

loop improvement is 2 .5.
2 -14 -2/3The average C N dur ing the run was 2 x 10 cm (strong

turbulence) and varied by typically ± 50% ove r periods oi — 1 0  sec ,

althou gh la rger  variations are  evident near the end of the ruii. The

smaller excursions in the lowe r t race are due pr imari ly to the stati s-

tical nature of turbulence and the 1-sec integration time employed

here .  However , the l a rge r , longer - te rm fluctuations correlate well

with changes in wind velocity over the roof .  An increase in wind
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Figure  23. P e r f o rmance of Annular  A per tu re  IMPACT (glint mode)
in hig h tu rbu lence .
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velocity produces lower turbulence and v ice -versa .  This is apparent ly
due to the turbulent  air which r ises  f rom the roof surface being blown

out of the path of the beam befo re  it can rise to the l - m  height of the

- - 
- 

- optics.  Wind velocity during thi s run ranged from 0 to 5 mp h.
Figure 24 shows photograp hs of the beam stability and convergence

t imes  for  the Annular  Aper ture  (g lint~ system in strong turbulence
2 -14  -2/3 .(C N 1 .0  x 10 cm ) .  During the 1-sec interval  shown in the top

photograp h, the peak target  i r radiance  varied by —± 50% about the
n-sean . Two examples of the system convergence time are shown in

the lower photograp hs:  in one the beam converges  to near ly the ave r-

age leve l (~~l2 \T in these photograp hs) in the usual time of — 2 msec , in

the other the beam converges  to a 2Nir state initially, then f i n a l l y af ter

‘-~-- 5 msec converges to approximately the average value. Convergence

to 2N i~ states was usuall y observed . Full or nearl y full convergence

was see n onl y — 1 0 %  of the t ime.

b . Shared Aperture  IMPAC T (glint  operation)

Figure 25 shows s ide-by-sid e comparative performances  of

the Shared A pe rtu re , Standard and COAT OFF modes of operation .

The average C~~ is 1 x ~~~~~~~ cm 2/3 . Initially the Shared A per ture

system is seen to produce correction to about the 60% level. U pon

switching to the rece iver -a t - t a rge t  mod e the level d rops  to 40 to 50% .

At this  point one mig ht conclude that the Shared Aperture system works

better than the rece iver -a t - t a rge t  configurat ion (an unlikely event).
‘ However , upon switching back and forth repeatedly between the two

systems, we see that the two optical configurations actually pe r fo rm

about the same. It is the overall  ability of COAT to correct  the tur-

bulence which is vary ing.

The approximately ±25 % variations observed here for a given

COAT system to cor rec t  a given level of turbulence were observed for

all the systems studied at one time or another .  Its cause is not yet

understood . It may be something as simple as a transient  defect in the

COAT electronics (such as a transient phase er ror  in the dither or

receiver e lect ronics) ,  or it may be a fundamental problem (such as a

57

——-— - ------. -— - - . - - -  —--- — -- — ------~~~-- ---- --- --- —--- ----





F — - -- - - - - -,-- - -- --— ---— -- -—----—-— ------- - -- - -  
J

_ _ _____

~~~

__
~~

___ ______ 

6004- I S

RECEIVER SHARED SHARED RECEIVER SHARED
-

~~~ 

. AT APERTURE APERTURE AT APERTURE
TARGET IMPACT COAT IMPACT TARGET IMPACT

(glint) OFF (glint) (glint)

~i 
I’. 

~‘1 h’l b ~l ft ‘I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—

Z

1m m

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~; Z

TIME — 001
4 

.

Figure 25. P e r f o r m a n c e  of Shared Aper ture  IMP ACT (glint mode)
in hi g h turbulence.
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subtle change in the rate at which fluctuates inducing the system to
lock up in Z Nir states).  The problem requires  fur ther  investigation .

Figure 26 shows photograp hs of the beam stability and convergence
. 2 . - 14 -2/3 .t imes.  C N here is about 2 x 10 cm . Beam fluctuations are •

again about ± 50% . Convergence times are  2 msec as expected. The

same statements r ega rd ing  2 Nir states found in the Annula r Aperture  •

desc r i ption app ly here  also.

c. TRIM-COAT

For comp leteness we include data for the TRIM-COAT

system in Figures  27 and 28. The per formance  of this system is

essentially the same as glint operation of the Annula r Aper tu re  and

Shared Aper tu re  configurat ions.  Fi gure 27 shows that TRIM-COAT
- 2 -14 -2/3produces — 60,~ convergence with CN 2 x 10 cm , thereby

per fo rming  as well as the rece iver -a t - ta rge t  mode.  Figure 28 shows

that the beam fluctuations are again approximately ± 50% and that con-

vergence  times are  — 2 msec. As before , convergence to ZN TT states

occurs — 9 0 %  of the time.

d. Annular Aperture IMPACT (featureless target)

As discussed previously in Section 1, featureless target

operation with the Annular Aper tu re  IMPACT system requires an

auxiliary tilt control for  maximum performance  in turbulence. The

COAT system used in the stud y does not have provis ions for  thi s , and

as a r esul t , the pe r fo rmance  reported here  is not as good as in the

previousl y descr ibed systems .

Figure 29 compares the featureless  target  performance of

Annular Aper ture  IMPACT with the standard configuration in inte r-

mediate turbulence  levels (C~~ ~ 5 x 1o~~~6 cm _2/ 3 ) . The peak bore-

sig ht i r rad iance  is only about 40% of the maximum possible , about

half of that obtained with the receiver  at the target , and about twice

that obtained with COAT OFF . The local loop was removed for these

run s in order  to eliminate backscatter fr o m  beamsplitter BS2 (see Fig-

ure 11); the re fore  a direct local-loop comparison is not possible.  How-

ever , on runs with the other systems , the local-loop improvement
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Figure 26.  Beam stability and convergence  time

of Shared Aper ture  IMPACT (glint
mode).
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Figure 27 . Per formance  of TRIM-COAT in hig h turbulence.
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Figure 29. Performance  of Annular Aperture IMPACT (featureless
target  mode) in intermediate level turbulence.
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at the target  was usually 50 to 100% ove r the COAT OFF condition , so

that the featureless target performance shown here is probabl y roug hly

comparable to the local-loop performance.

Still photographs of the beam profi les  obtained with the feature-

less target  configuration and the standard system are shown in Fig-

ure  30. Here ~~~~~ l . O x  lO
_ 15  cm 2

~
’3 . B oth beams were photo-

g rap hed near  their maximum peak irradiance excursions.  For both

beams the peak i r radiance  varied by roug hly ± 2 0 % .  The beam pro-

duce d by the standard system is locked onto a glint located at the trans-

mitter  bores ight . It was observed to have essentially no tilt (side to

side) motion. The fea ture less  target  beam is seen f rom Figure 30 to

have a peak i r rad iance  of roug hly 75% of the standard beam. Although

its average  s ide- to-side  position was the t ransmit ter  boresight , e r rors

in duced by the tu r bulent return path caused the beam to tilt from side

to side by roug hly ± 1/2 beam radius.  A tilt e r ro r  of about 1/2 beam

radius is shown in Figure 30.
From these observat ions it is fair ly clear that if these tilt e r r o r s

could have been removed by an auxiliary tilt control , the boresight

i r rad iance  of the featureless target  beam would have been roug hl y 75%

of that obtained with the receiver  at the target . Compensation of the

return path (as in the Shared Aperture IMPAC T system) would pre-

sumably make the convergence level even hig her .  Evaluation of both

the Annular Aper ture  and Shared Aperture systems with an auxiliary

tilt control is an important  project  for  future stud y.

Figure 31 shows beam stability and convergence time data for
2 -15 -2/3

thi s system at intermediate turbulence levels (C N 2 x 10 cm

Beam fluctuations are roug hly ~ 25 % .  Convergenc e times are again

— 2  msec as expected . Part ial  convergence to 2Nir states is observed

at roug hl y the same frequency (V~~ 90% of the time) as in the other sys-

tems studied.
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2 . Summary of Turbulence Performance with Simple Targets

Figure 32 is a plot of peak target  irradiance as a function of C~~.
Data for the three COAT systems (fou r modes of operation) as well as

for  the standard ( receiver-a t - target )  system, local loop and COAT off

modes are shown. Data point s for  the laboratory measurements are

also p lotted in their approximate location (C~~ estimated).  The two

straig ht lines in the f igure  indicate two gioups  of data points that behave

roug hly the same ; The units for  C~~ shown in the figure are cm 2/3 .

To convert t o m  “ multi p ly by 22. To scale to the 4-1cm, 3 .8 -p m

scenarios described in Section 2 .D , divide C~~~by 59.

Annular Aper ture  IMPACT (g lint operation), Shared Aper ture

IMPACT (g lint operation) and TRIM-COAT are observed to per form

equally well over the range 1o
18 

~ C~~ ~ 4 x ~~~~~ cm 2 /”3 . Their

performance is equal to that of having the receiver  located at the target .

This is not unexpected since with single glint s the image quality of the

glint is not important . With no other glint on the target , the process

of maximization of the total lig ht return signal must converge the beam

on the glint whether the return path is corrected or not. Approximately
2 - 17full convergence is maintained up to CN 5 x 10 - Thereafter the

convergence level gradually degrades to about 60% of maximum at
2 -14 -2/3

~ 2 x 10 cm (strong turbulence). Thi s is about a fac tor -of -

three improvement over the simple propagation of a diffraction-limited

beam across  the range (local loop mode), and about a fac tor -of -s ix

improvement over having the COAT system comp letely off . The 60%

convergenc e levels obtained here in hig h turbulence with a deformable

mi r ro r  are the same as those obtained with the RADC phasor matrix

with tracking controls.  10

Figure 32 shows that, over most of the range of C~~ studied , the

performance of Annular Aperture IMPAC T operating with feature less

targets is not as good as that of the othe r systems. While the same

peak boresight irradiance was obtained in the laboratory

(C 2 
< 1o ’7 cm 2/3), at C 2 5 x the irradiance has fallen to - -

70%, and at C N ~~2 x 10~ cm the irradiance is little better than

that obtained with the local loop in operation .
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This relatively poor performance is due primarily to the lack of

an auxiliary tracking control in the present optical system. As noted in

the previous section there is evidence that this modification would

improve the peak boresight  i rradiance by a factor  of — 1 . 4 at C~ 5
-16 -2/3 . .x 10 cm , thereby giving — 7 5 %  of the peak i r radiance  produced

by the othe r systems.  The use of the Shared Aperture system, which
has a corrected re turn path , would presumably do even better .
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Figure 32. Convergence of the various COAT systems as a function
of turbulence level.
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SECTION 4

INVESTIGATION OF TARGET EFFECTS

A. INTRODUCTIO N

In this  section we inves t igate  the sensi t ivi ty  of each of the COAT

systems to glint and tar get dynamics . W e pr esent glint dest ruct ion and

gl int  “ pop-up ” demonstra t ions  which show the e f fec t iveness  of the IMPACT

sto p at loc k in g out an i n t r u d e r  g lint when the i n t r u d e r - t o - r e f e r e nc e - g l i n t

s t r e n gt h ra t io  chang es . The radius  of e f fec t ive  guard ing  act ion for  the

IMPACT stop is mapped out as a funct ion  of i n t r ud e r - t o - r e f e r e n c e - gl int

s t r eng th ra t io , and the degradat ion of guarding action with tu rbulence  is

dete rm ined , Convergence on a rotat ing mul t i -g l in t  t a rge t  and also on

the nea r -edge  hig hli ght of a rotat ing spher e a r e studied . The e f fec t s  of

g l int size and the g lint  re t u r n si gnal to back ground r e tu rn  signal contrast

ratio a re also invest igated .

B. GLINT DISCRIMINATION

1 . Glint Dest ruct ion  and Glint “Pop-Up ”  Demonstrations

An important fea ture  for  COAT systems to exhibit is an intensitivity

for g lint hopping when the gl ints  on a complex target  vary  in s t rength or

posi t ion . i~~i this  section we p resen t  visual demonstrations of the insensi-

t iv i ty  of Annular  A p e r t u re  IMPACT and Shared Aper tu re  IMPACT to the

par t ia l  des t ruc t ion  of the r e fe rence  g lint , and the insens i t iv i ty  of TRIM -

COAT to the sudden appearance of an in truder  glint .

These experiments were  carr ied out inside the laboratory using the

apparatus  descr ibed in Section 2. C. Hig her-power microscope objectives

were used for lenses 1 and I (see Figure 11) than were employed for

this work in Section 3 , in order to increase  the image s izes  at the PMT .

This permitted the use of var iable-diameter  i r i se s  as IMPACT stops .

Annular A p er t u r e  IMPACT and Shared Aper ture  IMPACT used 40 x

(5mm focal length) microscope object ives  for  ~ 2 and I 1 respect ively.

These produced images 50% of the target  size , respect ively, when

objective-to-IMPACT stop distances were  20 cm and 45 cm, respectively.
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TRIM-COAT employed a 20 X (9mm focal length) microscope objective
for  which was spaced 45 cm from a 0 . 25-mm pinhole. The images

were 25% of the t a rge t  size . Cats-eye glints were  used for the two
- 

- IMPACT systems, and two de focused He-Ne lasers were used as glints

in the  T R L M - C O A T  experiments , In order  to g ive the COAT system
an error to correct in these indoor experiments, the transmitter optics

were  defocused to reduce the COAT-off  peak i rradiance to — 15% of its

converged value. The experiments were  car r ied  out with re turn signal

levels  > 50 mV (S/ N > 30) to ensure  full  beam convergence .

a. Annular  Ap e r t u r e  IMPACT System

Figure  33 shows a target  acquisi t ion and glint des t ruct ion

simulation using the Annular  Aper tu re  IMPACT system. The t ransmi t te r

bores ight is in it iall y steered midway between two glints which are spaced

1, 5 beam radii  apart . ( One beam radius = 3. 5 mm; the fully converged

beam dia meter  (at the base)  is 7 mm .)  The re fe rence  glint (R)  is initially

2. 5 ti mes s t rong er than the int r uder glint (I) .  The IMPACT stop diameter

( D ) is ini t ially set at 3 . 4 beam diameters  (full y open). The following

sequence of events then takes place ( re f er t o n umbered photos in

Figure  33):

(1 )  With the IMPACT stop full y open , the COA T servo
loop is closed . Since R/ I  = 2 . 5, the COAT system
partially converges on the reference  glint .

(2)  The t ransmit ter  boresight is pointed at R and 2Nn-
lock-ups are  removed .

(3)  The IMPACT stop is closed to D = 1.0 beam diameter .
Target  acquisi t ion is now complete , with the IMPACT
stop obscuring the return f rom the int r uder glint .

(4) The r e fe rence  glint is now partially destroyed. The
re tu rn  signal from R is decreased by a factor of 30
by quickly placing a neutral-densi ty f i l ter  in front of
it . The intruder  glint is now 12 times stronger than the
reference .  Never theless , the system continues to
maintain its lock on R with essentially no decrease in
Strehl ratio .
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(5)  The same sequence as in ( 1),  (2)  and (4) is repeated ,
but with the IMPACT stop full y open. Upon destruct ion
of the reference glint , the beam hops over to the

- - intruder . it is locked-up in a low-lying ZN ir state.

(6)  With the boresight still on R , the ZN Tr lock-up is
removed.

b. Shared Aper ture  IMPACT system

A similar target  acquisition and glint destruct ion scenario

is shown in F igure  34 using the Shared Aper ture  IMPACT system. Here

the reference and intruder glints are spaced 3 beam radii apart and
initially R/ I  = 2. 0. Referr ing  to the numbered photos in Figure 34, the

following sequence is enacted:

( 1)  With the boresig ht pointed midway between the two
glints , the COAT servo look is closed , producing
partial convergence on the stronger reference glint .

(2) The boresight is tilted towards R , and 2Nir lock-ups
are removed.

(3) The IMPACT-stop is closed to D = 0.5 beam diameter.
Target acquisition is now complete , with the IMPACT
stop obscuring the return from the intruder glint .

(4) The reference glint is partially destroyed by placing
a filter in front  of R which decreases the signal
return f rom it by a factor of 23 . The intruder glint
is now 12 times stronger than the reference.  Some
degradation in Strehi ratio is evident , but for the most
part lock-on is maintained.

(5) The events of (1 ) ,  (2)  and (4) are again repeated
as before , but the IMPACT stop is left fully open.
When the reference is destroyed, the beam jumps
over to the intruder glint . The beam is locked-up
in a low lying ZN-if state .

(6)  Here the boresight has been pointed at the intruder
glint and ZN-if lock-ups have been removed.

c. TRIM-COAT System

The TRIM-COA T system is particularly interesting from the

viewpoint that the laser beam may be offset from the reference glint/

hig hlight and thus avoid the problems of glint destruct ion which were
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simulated above. However , the question still remains of how the
system reacts  to an intruder glint appearing suddenly in the vicini ty
of the re fe rence . Such a situation can easily ar ise , for examp le , with
a rotating target . 

. 
-

Althoug h the ideal TRIM-COAT system will employ a more
complex rece iver  than the single pinhole detector used here , a, simple

glint “pop-up” demonstra t ion will i l lustrate  that the TRIM-COAT concept

does have glint d iscr iminat ion capabilities . F igure  35 shows the simple

glint “ pop-up ” scenario . Two g lints are  spaced 3 beam radii apart

and adjusted to hve the rat io I/R = 5. The sequence of events is:

( 1)  The intruder  glint (I) is initiall y blocked . Photo shows
the COAT off beam and the positions of the two glint s.

(2) The COAT servo loop has been closed , produc ing
convergence on the re ference  glint . The 2Nir lock-ups
have been removed.

(3)  The in t ruder  g lint , whi#~h is 5 time s stronger than the
reference, has been exposed. No noticeable degrada-
tion in Strehl ratio has occurred.

(4) The transmitter and receiver optics have been
steered toward the intruder with the reference still
exposed. Upon r emoval of 2N’rr lock-ups , full
convergence is now obtained on the intruder glint .
The beam is offse t  slightly to the left of the intruder .

The above demonstrations indicate tha t all these systems are

insensitive to glint ref lect ivi ty changes on multiple glint targets . They

were presented pr imari ly as a basic illustration of the workings and

importance of the IMPACT stop, and as a means of visualizing what

actually happens to the beam during glint and IMPACT stop changes .

2 . Radius of Effective Guarding Action

In this section we determine the effect  of IMPACT stop size upon

the glint discrimination performance of the Annular Aperture IMPACT

and Shared Aper tu re  IMPACT systems. Experiments were performed

both indoors and over the turbulence range using essentially the same

equi pment employed in the preceding section. The intruder glint was

mounted on a translation stage so that it could be moved easily relative
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to the stationary reference glint . Neutral  density f i l ters  of various
strength were placed in front of the reference glint to vary the intruder-

t o - r e f e r ence  (1 , R )  glint s trength ratio.

The data indicate that both systems can be made quite insensi t ive
to g lint dynamics with the proper choice of IMPACT stop diameter.
The major differences observered here between the two occur primarily

because of the higher resolution of the Annular Aperture system (a
secondary result of our experimental set-up) and because of the corrected

return path in the Shared Aperture system (a fundamental difference).

For a given I/R ratio and IMPACT stop size the radius of guarding

action was determined in the following way. With the intruder — 10 beam

radii  f rom the r e fe rence , the COAT system was

converged on the referenc e and all 2Nir lockup s were removed , For
indoo r measurements the transmitter  optics were defocused as before
to give the system an error  to correct. This also made interference from

the int ruder  more easily dete ctable . For the outdoor turbulence measure-

ments an approximately-collimated beam was employed . The intruder
glint was then translated uniformly at —1 beam radius/ sec toward the

re fe rence . The beam profile was observed on the TV disp lay, and when
noticeable (— 10% ) degradation in Strehl ratio occurred the intruder
motion was halted . The distance between the intruder and reference
was taken as the radius of guarding action. This radius represents

the point at which glint hopping s tar ts  to occur for  a g iven IMPACT stop

size and I/R ratio,

It was also determined that if the intruder was backed up — 1-2 mm

(0 . 3-0 . 6 beam radius) f rom the guarding action radius the system would
f ully converge on the reference from the COAT off state. Thus by adding
this amount to the guarding radius, the curves to be presented may be
used to estimate how well the systems will converge on a weak glint in

the presence of a stronger one .
The data for the Annular Aper ture  IMPACT system are shown

in F igure  36 . In this f i gu re  we plot I/R as a function of guarding radius

(R
G
) for various size IMPACT stop radii (R1). 

Both are expressed

in terms of converged-beam radii (1 beam radius = 3. 5 mm at the target) .

78 



4 6004.27
10 1 I I I I -

i CONVERGED BEAM RADIUS :
(FIRST ZERO) -

: R 1 (RA DIUS OF IMPACT STOP) -

- p.25 BEAM RADIU S -

BEAM RADIU S 
.

I j l.0 BEAM RADIUS

~ io 3 :- I -

> • I
C.,
LU

- -

U.
LU -

I- - I
z I
-j I- -

LU
C.,

~~~ iO 2 _

H 1  
•~~~~~~~~~~~~~~~

- R 1 3.4 BEAM AADI I

0 I

2 1 — R 1.0 BEAM RADIUS —
i... 10 

- 

CN
2 2 x b - ’ 4  cm 2

~
’3

: i

I 
-

- - • LOW TURBULENCE DATA

I D STRONG TURBULENC E DATA

i0 0 I I I I
0 1 2 3 4 5 6

RG, RADIUS OF EFFECTIVE GUARDING ACTION, (BEAM RADII)
I I i i

o 5 10 15 20
• RG. RADIUS OF EFFECTIVE GUARDING ACTION, mm

Figure 36. Glint discrimination capabilities of Annular Aper ture
IMPACT.
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R G is also shown in units of millimeters on a separate scale . The
square data points represent measurements obtained in strong turbulence .
(C~~ 2 x io 14 cm _2/  ). The others were obtained inside the lab .

To the rig ht of and below each R 1 
= a constant line, glints may

-

~~~ move around or va ry  the i/R ratio without causing glint hopping. To the
left of and above each of these lines glint hopping will occur.  Perform-
ance improvement is marked by RG becoming smaller , The closer that
the intruder glint may be moved to the reference without causing inter-
f erence , the better the system performs.

The glint d iscr iminat ion capabili t ies shown in Figure  36 are quite
impressive.  For example , in low turbulence an intruder  tha t is
1000 times (30 dB) stronger than the reference may be effectively locked

out fo r glint spacings as small as ‘~~ 2. 5 beam radii with the use of
R 1 ~~0. 25 or 0 . 50 IMPACT stops . In strong turbulence (C~~ 2 x
cm - ) , an intruder  that is 100 times (20 dB) stronger than the refer-
ence may be locked out , for  spacings as small as 4 beam radii , with
the use of an R 1 = 1. 0 IMPACT stop.

The performance improvement due to the IMPACT stop may
be expressed in two ways . With the first technique we compa re how
much closer two glints of a given I/R may be moved as we decrease
the IMPACT stop size. In the second method we determine how the

I/R ratio tha t may be effectively locked out increases with decreasing
stop size for  a fixed glint spacing. Both of these characterizations

may be determined from the data of Figure  36 .
Using the f i r s t  approach , if we choose I/R = 100 we see that with

the stop full y open (R 1 3. 4) the guarding action is effective down to
spacings of only 5 beam radii. For R

1 
= 1.0 , 0. 5 and 0. 25 the guarding

action becomes effect ive  down to spacing s of 2. 3, 1. 5 and 1. 3 beam
radii, respectively. Thus , for example , a 20-dB-stronger glint may

approach 5.0/1.3 = 3.9 times closer by changing the stop from full open
to nearl y closed . Different  value s for thi s ratio will be determined for
each I/R .

Using the second method, if we choose the spacing to be 3 beam
radii , we see from Figure 36 that an 1/R ratio of only 2 can be dis-
criminated against with the stop full y open . Closing the stop through . 

-
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sizes R
1 = 1.0 , 0. 5, and 0. 25 , increases I/R to 450 , 3500 , and 6500,

respectively. Thus , for  example, with  a spacing of 3 beam radii an
improvement in I/R of 6500/ 2 = 3250 (35 dB) is obtained by closing the
stoj. f rom full y open to nearl y closed . An interest ing point to note is
that since this is a semi-log plot and the R 1 constant lines are roug hl y
parallel , the improvement in 1/ R due to changing the IMPACT stop by
a fixed amount is roug hly the same for all spacings .

The degradation due to turbulence can be found from Figure 36

by comparing the two R 1 = 1. 0 curves  that were  determined during

low- and hig h- turbu lence  conditions . The lines are roug hly parallel .
The reduction in I,/R due to an increase in turbulence from C~~ < l0 17

-2/3 2 -14 -2/ 3 . .cm to CN 2 x 10 cm for a fixed glint spacing is roughly
a factor  of 100 for the range of glint spacing studied . This reduction

is quite large , and is due primarily to the glint images being degraded

by the turbulence . The turbulence tends to smear out the images and
cause the intruder g lint d i f f ract ion pattern to have a larger spatial

extent . Lig ht re turn  f rom the intruder (part icularly side-lobe s t ruc ture)
can thus more easily leak through the IMPACT stop and cause inter-

f erence . In a system which correc ts  the return wave (such as Shared

Aper ture  IMPACT), the degradation observed here would not be as great .
The glint discrimination data for  the Shared Aper ture  IMPACT

system are shown in F igure  37 . Due to the lower lig ht - gathering

capability of the experimental setup used here , the range of the I/R
values that could be studied was more limited than in Figure 36.

(Recall  tha t I/R is varied by decreasing the return signal from the

reference . )  Two low-turbulence curves were obtained for R = 1.0  and
2 14 2”3 I

3. 4, and one data point for CN 2 x 1 0 cm / was also determined

for R 1 = 4 beam radii ,

The hig h-turbulence data point was obtained using corner cube

ref lectors  with 2-mm apertures as the glints . The cats-eye glints
did not provide suff icient  S/N (> 30) required for a good lock-on .

‘ Unfortunately the corner cubes could not be moved closer than 4 beam

radii due to their size , and above I/R = 4 the S/N fell below 20. There-

fore we obtained only one data point.
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Figure 37 . Glint discrimination capabilities of Shared Aperture
IMPACT.
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The data in Figur e 37 show that the glint discrimination performance
of the Shared Aper tu re  IMPACT system is also quite good . For example ,
in low turbulence an intruder  that is -—25 times (14 dB) stronger than the

reference can be discriminated against for spacings as small as ‘— 3 beam

radii by using an R 1 = 1.0 IMPACT stop. In strong turbulence, an

I/R ratio of 4 (6 dB) can be discriminated against  down to glint spacings

of 4 beam radii . Holding I/R = 10 , we see tha t by closing the IMPACT

stop from full y open (R 1 = 3. 4) to R 1 = 1. 0, the in t ruder  may be more than a

factor of (R G = 3. 75) ÷ (R G 
2 . 3) = 1 .6  times closer to the intruder

before in te r fe rence  occurs  (This ratio changes depending upon the value

of I/R chosen).  For a fixed g lint spacing, the I/R ratio is seen to improve

by a factor  of — 6  (8 dB) by closing the IMPACT stop from fully open

(R 1 = 3. 4) to R 1 = 1. 0 .
The degradation due to turbulence can be estimated by extending

the R 1 1 , 0 curve  out to R
G 

= 4. This produces I/R = 80 at R G
Comparing this with the hig h turbulence data point we see that the

turbulence has degraded the I/R rat io that can be discriminated against

by a factor  of 80/4 = 20 . This is less of a degradation than the factor

of — 100 seen in the Annular Apertur e IMPACT system.
The smaller degradation in I/R with turbulence seen with Shared

— Aperture IMPAC T is probabl y due to the corrected image this

system provides .  However , due to the limited data available a

f i r m  conclusion is not possible.  The most we can say with con-

f idence is that the data tend to support the contention .
In absolute terms the g lint discriminat ion capabilities of Annular

Aper tu re  IMPAC T appear f rom Figures 36 , and 37 to be superior  to

Shared Aper ture  IMP ACT. This is not unexpected since , due to the

way our optics are  set up, the Annular Aperture system has a 3 .6

times better resolution than the Shared Aper ture  configuration (The

annula r receiver  m i r r o r  is 7 . 2 cm in diameter , the Shared Aperture

IMPACT receiver is 2 .0  cm in d iameter ) .
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The role of resolution in helping to determine glint discrimination

performance is illustrated schematically in Figure  38. The top f i g u r e

shows the intruder glint image produced by an optical receiver  of
- - diameter  D . The central lobe of the d i f f r ac t ion  pattern is fa ir l y small

and the sidelobes fall off in intensity to very  low values by the time

the posit ion of the reference glint is reached . V e r y  little energy f rom

the in t ruder  glint will find its way throug h the IMPACT stop to the

detector .
The lower f i g u r e  shows the in t ruder  glint image produced by

a receiver with a 3. 6 t imes lower resolution . Th e cent ral lobe as

well as sidelobes are  spread out f a r t he r  than before .  The energy from

the intruder that passes through the IMPACT stop i~ much greater  in

th is case ,

Due to the la rger  spatial intent of the image , the poorer resolu-

tion system will thus exhibit a greater  tendency to be confused by the

int ruder . We believe this is what is occur r ing  in F igures  36 and 37 .
A meaningful theoretical ana lysis of the problem would require a fair l y
detailed model of the sidelobe s t ruc ture  of the intruder glint image,

rece ive r  opt ics aberr ations, and the power dis t r ibut ion in the argon

laser beam at the ta rge t . Such an analysis is oeyond the scope of the

present  study.

C. ROTATING TARGETS

1 , Use of IMPACT to Elimina.e Glint Hopping

In this experiment, Annular Aper ture  IMPACT was employed

to lock out an intruder glint that was 10 time s stronger than the

reference, Both glints were placed on a disc that could be rotated at

from 0 to 1. 5 Hz . The target  geometry is shown in Figure  39. Scotch-

lite glints with area ratios of 10~ l were used . Insufficient signal return

was obtained to car ry  out this experiment with the Shared Aperture

IMPACT system.
The experimental results  are shown in Figure 40. The photos

show the peak i r radiance on the reference glint for  several center-to-

center glint spacings . The rotation speed here is 1 Hz. In the left
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Figure  38. Effect  of rece iver  resolution on intruder  glint image.
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column the IMPACT stop is full y open . The power on the reference

glint is observed to fall to zero each time the intruder reaches a

certain angular position and causes the COA T system to converge on

- - 
it . This angular sensitivity to glint hopp ing was encouraged by steering

the COA T off laser boresight slig htly to one side of the reference glint .
When the intruder approached this side , the beam would hop over and

then track the intruder for  ~— 1/ 2  to ‘~3/4 of the way around .
As the photos indicate , this behavior was readily eliminated by

closing down the IMPACT stop to the values shown, Beam stability

near ly equa l to that obta ined for a non-rotating reference g lint was

ob served , The beam instabi l i ty  seen in the lower rig ht photo is due

primar ily to the IMPACT stop partially obscuring the reference glint

image . The signal was reduced and an unfavorable S/N resulted .
Similar resul ts  were obtained over the entire rotation range 0 to

1. 5 Hz. Speckle r e tu rn  was observed , but was not a dominant part of

the rece ived si gnal . Undoubtedl y the relatively large-diameter annula r

m i r r o r  employed here  helped in averaging out the speckle -

11 , 12modulations,

2 . Convergence on a Rotat ing Spherical Target

In this  experiment Annula r Aper ture  IMPACT is used in the glint

mode to converge on the near-ed ge hig hlight of a rotating ball . The

ball was roug hly spherical (a s i lver Christmas tree ornament) with a

diameter of 6. 7 cm. Scaling this  to the 4 km, 3. 8 p.m scenario of

Section 2.D . this would correspond to a target  diameter of 1. 10 meters.
The rotation rate could be varied over the range of 0 to 1. 5 Hz . System

performance was investigated in both low and high turbulence. The low

turbulence behavior is shown in Figure  41 for  both a stationary (left)

and rotating ( r i ght) target . The rotation rate used here was 1 Hz .
Performance at other rotation rates  was substantially the same. Beam

profi les  and convergence times are unaffected by the rotation. The

beam stability is affected somewhat.
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In the lower rig ht photo of Figure 41 a large part of the beam

instability is due to the target  not being perfect ly spherical. Due to the

slightly i r regular  surface, the position of the near-edge hig hlight

shifts f rom side to side slightl y as the ball rotates . The beam follows
the highlight and also shifts around, Since the beam irradiance is
measured by a stationary detector with a small entrance aperture (see
Figure  13), the peak of the beam is not always centered on the detector .
The larger  fluctuations that have a period of — 1 sec are due to this
effect . The smaller fluctuations are  result  of dither signal modulations
and perhaps a slig ht amount of instability due to speckle return . A very

small speckle re turn  signal was observed , but its spectrum was not
measured. As in the previous experiment, the large annular mi r ror
employed here served to average out much of the speckle modulations. 

11 , 12

2 -14 -2/3Performance ~n strong turbulence (C N ~~~.O x l 0  cm ) is
shown in F igure  42 . The beam stability and convergence time are
unaffected by the target  rotation. As was the case in Figure  41 , the
performance achieved by this system using a rotating sphere for a
ta rge t  is essentially the same as that obtained in Section 3 using a
simple stationary glint .

D. GLIN T SIZE AND CONTRAST RATIO EFFECTS

1, Strehl Ratio as a Function of Glint Size

The Annular Aper ture  IMPACT system operating in the glint

mode is used here to determine how the peak beam irradiance varies
as the size of the glint is increased. The experiment was performed
indoors under low-turbulence conditions , The target was a large piece
of Scotchlite with a variable-diameter iris placed in front of it . The
COAT off dc signal re turn level was maintained constant at 50 mV

(S/N 30) during the glint diameter variations by placing various
ne tu ra l -dens i ty  f i l te rs  in front  of the PMT . As in previous indoor
experiments the transmitter optics were defocused to give the COA T
system an e r ro r  to correc t .
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Figure 43 shows the effects of glint size upon the power incident

upon the center of the glint . The full y converged beam diameter is

7 mm. For g lint diameters  up to 5 mm (70% of beam diameter) there

is no change in power at the glint center . For glint diameters larger 
- 

-

than this , the power decreases  fair ly rap idly, falling to 65% convergence

when the glint diameter  is 7 mm. Although insuff icient  re turn was

obtained f rom this target  to repeat the experiment with the Shared

Aper tu re  IMPACT system, we would expect behavior to be similar .

2 . Per fo rmance  as a Function of Glint to Background Contrast RatLc

Here we investigate how brig ht a glint must be with respect to

its su r round ings  in order  to be recognized as a glint by the COAT

system. The ta rge t  conf igurat ion  used is shown in Figure  44 . A

Scotchlite g lint of dimensions 3 x 3 mm is glued to the center of a

neu t ra l  densi t y f i l te r  (approximately 5 x 5 cm2 ). By using dif ferent

neutral  density f i l ters , the effect ive  ref lect ivi ty  of the background

Scotchlite can be varied . The f i l t e r -g lint combination is then placed

in front  of a larger p iece of Scotchlite and convergence on the small

glint is invest igated .
The resul ts  of such a variat ion using the Annular Aper ture  IMPACT

system indoors a re  shown in Fi gure  45. The back ground and glint

r e t u r n  signals were measured with COAT off , The glint return signal

was held constant at the value shown, Numbers beside each data point

indicate the ratio of effect ive glint reflectivity to background reflectivity,

calculated f rom the known attenuation of the neutral  density f i l ters .

Convergence of 90% or better is obtained for background to glint

re tu rns  ratios < 6. 5. That is , as long as the re turn  from the glint

is greater  than 13% of the total return the COAT system will converge

to nearly the full value . For this glint size , 90% convergence occurs

when the ref lectivi ty  of the glint is roug hly nine times the reflectivity

of the background . Since the COA T system works on re turn  signal

rather than ref lect ivi ty ,  smaller glints would have to be more

reflect ive than this , and vice versa .
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Figure 43. Effect of glint size upon peak irradiance at center of
the g lint .
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Figure 45. Ef fec t  of glint to background contrast ratio upon beam
convergence.
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SECTION 5

RECOMMENDATIONS FOR FUTURE STUDIES

As noted in Section 3 and 4 there are  several areas in which

fur the r  investigation would prove par t icular ly f ru i t fu l . The f i r s t  of
these would be the addition of an auxi l iary  tracking control to the
Annular A p e r t u r e  IMPACT system so that featureless  target  operation

could be evaluated more meaningfully. The second area involves
fea ture less  target  operation of the Shared Aper ture  IMPACT system,
wh ic h was n ot demons tra ted in t he study due t o low signal re turn  levels .
In orde r t o increase  the signal level , a larger receiver could be employed .
Backscatter could be reduced by a more comprehensive analysis and a
more sophisticated design of the optical system than was possible on this

con t rac t .
Beyond these fundamental system demonstrations, there are  more

sophist icated COA T conf igurat ions  that show great  promise for practical

hig h-power laser applications . One of the most promising is the concept
of hot-spot tracking , where the COAT system locks onto the light emitted
by the laser-produced plasma. There are important questions to be
answered regarding the best method for  acquir ing the initial target

lock-on and then t r ans f e r r i ng  it to the hot-spot tracking mode once the

plasma is formed . An experimental investigation of several possible
scenarios , including a real is t ic  hot-spot  simulation, would be a signifi-

cant advancement in this area ,

97

Hi-

J ~c~•~ is— - 
--

~~~~~~~~ -~~~~~~~ — ‘  ‘
~~~~~~~

— -
~
--

~~ - --.—-----—--—- - - -  — -

~~~~ 
— — — — —— - -  -

- ---—- -~~~~ --— —  ---—-_-- - - --.- — —-—-- --- - - - -- •__ - --— - - -

pwong
Text Box
preceding page blank - not filmed



APPENDIX A

DETERMINATION OF CONTROL SYSTEM S/N

- 
- During all experiments the received signals were monitored at

the output of the preampli f ier/ l ine  dr iver . This location was chosen

since the signal voltages were of readily measurable magnitudes here

(amplified by a factor  of 20),  and since any thermal noise which might

be in troduced by the preamp could also be observed .

An RCA type 4840 photomultiplier with S-9 response was ~ised in

all experiments. It was biased at 600 volts , a value which gave maximum

S1’ N for  the range of ta rget  re turn  signals obtained in the stud y. The

sensi t ivi ty  of this PMT was measured with a UDT model 40X “ opto-

meter ” power meter and was found to be ---4 x 10 watt/mV at 4880 A

and —= 6 x l0~~~ watt/mV at 6328 A with the normally-used 4880-A and

6328-A pass f i l t e r s  in place . The voltages referred to here were

measured at the output of the preamp/ l ine  d r iv e r .

The rms noise (N) at the preamp output as a function of dc re turn
o signal voltage (S0 ) is shown in the lower curve of F igure  A - I . The

bandwidth was lim ited to the range 3 to 30 kHz for  these measurements

so that the noise values would approximate the noise actually present

in the 4- to 20-kHz dither  band . The data are plotted as a function of

the square root of the dc r e tu rn  signal (x axis is non- l inear)  and the

good straight- l ine  fit  indicates that N s0 / . The system is thus

predominantly shot-noise limited at these signal levels.

Due to the design of the COA T servo electronics, only noise

within a 400-Hz bandwidth around each dither f requency is actually

coupled into the corresponding control channel . Since shot noise has a

white-noise frequency spectrum, the noise present in a typical control

channel can be calculated by multiplying the measured broad-band

(Al = 27 kHz) noise curve (lower curve F igure  A - l )  by the ratio

400/27 , 000. This 400-Hz noise plot is shown in the upper curve in

Figure  A - I .
The dc component of the re turn  signal is lost upon passage throug h

the AGC/high pass f i l ter  and only the ac dither re turn  (Sf ) at each dither
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frequency is coupled to the control channels. Rather than measuring
18 values of S1/N each time the operatin g conditions are changed, it is
much more convenient to determine an average dither signal return
(call it S) for representative operating conditions and then to relate S
to the easily-measured dc signal return S0. The unconverged (COA T off)

V 

state is the most meaningful condition upon which to base a measure of
s/N , sinc e this is the starting point for the convergence process .

To make this measurement, the Annular Aperture IMPACT system
was employed inside the lab. A silicon photodiode was put in place of
the PMT (IMPACT stop open) and a flat mirror  (no apertures)  was
placed at the target position and aligned to reflect the laser light back
into the receiver optics . The Ar laser beam was approximately
collimated. With the servo ioop open , one dither was turned on at a
time and the ratio of the rms dither return to dc return was measured
for each of the 18 channels. On the average it was found tha t

• Sf/S = 0. 0263 ÷ 0. 0184

where the error  is one standard deviation.
We now define S = 0. 0263 S .  If we now divide this expression

at each dc signal by the 400-Hz noise curve (upper) of Figure A -I , we
obtain an I~averageu S/N as a function of S0. This is shown in
Figure  A -2 .

To rei terate, the S/N shown in this f igure  and referred to
throughout this report is defined as the ratio of (the average single
channel rms dither return with COAT off ) to (the rms noise in a typical
400 Hz control channel bandwidth).
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