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SUMMARY

Many applications in mapping require the use of Laser

Beam RecorderS(LBR) as output devises. While many complex and

expensive LBR systems have been designed and fabricated , a

detailed evaluation of the effect of system parameters associated

with LBR systems has been lacking . The intent of this investigation

is to design an experimental program for such an evaluation from

the point of view of mapping applications. In this report a unique

eperimental Laser Beam Scanning system to be used an experimental

bed is described and its design details are presented . The

advantages of the proposed experimental system are also outlined .

Some of the experiments , with particular emphasis towards Mapp ing

applications are documented .

1



1 Introduction

The recent dominant growth of digital processing

techniques in various phases of topographic mapping operations

has greatly intensified the need for good and economical

image recorders to serve as hard copy output devices for

computer systems. To date, systems based on laser scanners

seem to represent the best candidates to meet such needs.

While there has been considerable effort devoted to the

design and development of one of a kind laser beam recording

systems to meet specific needs, more general evaluation of

the system parameters associated with laser beam recording

systems has been lacking . Development of more general ,

simple and economical laser recording systems requires an

understanding of the contributions of the system parameters to

the overall image quality of the final output and an evalua-

tion of the tolerances associated with hardware implementation .

It is in this context that this study is being undertaken

to establish the basis for evaluation of the various system

parameters associated with a general laser recording system.

The main objective of this study is to design an experimental

program for evaluating the various system characteristics of

— 1 —  
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laser beam recording systems . in this report , the design

and characteristics of an experimental laser beam recording

system to be used as an experimental tool for further

investigation is presented . The princi ple of operation of

the experimental laser beam scanning system which serves

both as an image scanner as well as an image recorder is

described. The advantages of the proposed experimental

laser beam scanning system are outlined from the viewpoint

of the proposed evaluation program . Specific recommendations

• for an experimental program are made along with a summary

and conclusions of this study on the design of the experimental

program for the general investigation of laser beam recording

systems.

1.2 Objectives

Laser beam recording systems, and in fact any image

recording device in general , can be characterized by system

parameters that are not specific to any particular system

configuration or system design. Examples of such system

parameters are :

1. spot size

— 2 —
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2. intensity distribution within the spot

3. overlap between adjacent spots

4. overlap between adjacent scan lin es

5. method of grey scale modulation

6. dynamic range of modulation

These system parameters not only determine the characteristics

of the image produced in terms of resolution and contrast but

also greatly influence the susceptibility of the cosmetic

quality of the output of the system to errors , such as scan

line stabili ty and jitter. Tolerances on hardware components

that contribute directly to the above—mentioned system eriors

determine to a large extent the economics of laser beam recording

systems. This is the main motivation behind this proposal

for an investigation of the various system parameters associ ated

with laser beam recording systems. The main objectives of

this study are:

1. List and characterize the significant system parameters

associated with laser beam recording systems.

2. Design a simple experimental laser beam recordinq

system that would permit experimental and empirical evaluation

of the various system parameters defined earlier. The laser

beam scanning system is to be flexible enough to permit

— 3 —



variations of significant system parameters.

3. Develop test procedures to permit quantitative f .
evaluation of the output generated using the experimental

laser beam recording system under conditions of varying

system parameter characteristics.

1.3 Scope of this Report

In this report the specification s of the experimental

laser beam recorder system are outlined. The proposed

experimental laser beam system is then described along with

the design details necessary for its fabrication . The

advantages of this experimental laser beam system from the

viewpoint of the proposed experimental program are outlined .

Some of the experiments to be performed with the experimental

laser beam recording system are described . Finally, the

conclusioas of this study are documented along with specific

recommendations for follow-on work.

- 4 —



2 Definition of System Parameters and

Specification of the Experimental LBR

The main objective of this study is to design an

experiment that would permit a general investigation of

the effects of various system parameters of the laser beam

recorder on the quality of the reconstructed image. Since

the output is likely to be used for many applications and

subsequent processing and data extraction , the term “quality ”

has to be based on some measurable parameters and not based

on subjective evaluation of the output. The experimental

apparatus used during this investi gation must  be capable

of genera t ing  reconstructed images t ha t  exh ib i t  prec ise ly

the c h a r a c t e r i s t i c s  tha t  are l ike l y to be encount ered in a

practical LER system. The system parameters that are common

to all image recording systems and that have sig n i f i c a n t  impact

• on the “quality ” of the reconstructed image are :

1. the size of the scan spot

2. the intensity distribution within the scan spot

3. the overlap between scan spots along the scan line

4. the overlap between scan lines

5. method of grey scale modulation

— 5 —  
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6. the dynamic range of grey scale modulation used

7. the nonuniformity of sc~ spot overlap along the

scan line

8. the nonuniformity of scan line spacing

9. registration and geometric fidelity of scan format

10. laser power stability in relation to the modulation

frequency

The experimental laser beam recording system to be used

in the experimental investigation must possess sufficient

flexibility to vary the system parameters listed above. The

required specifications of the experimental laser beam recorder

are:

1. Image area - 50 mm Square

2. Spot size - .02 mm Mm and Variable

3. Number of spots — 2000 x 2000

4. Spot overlap - 90% Max and Variable

5. Grey scale - 256:1 Max

6. Laser Power D*~nsity- 5 W/Cm2 Max

7. Type of Film - Flexible

8. Construction - Stand alone , Table top
operation

— 6 —
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3 Description of the Experimental LI3R System

The basic principle of a simp le laser beam recorder

system is shown in F igur e 1. The collimated beam from the

laser is modulated using the acousto-opt .ic modulator. The

scan spot shap ing optics produce the laser spot that is to

be scanned across the film. The scan optics in conjunction

with the scanner form a one-to-one image of the spot produced

by the scan spot shaping optics. The galvanometer scanner

provides scanning along one direction and the translation

stage on which the recording f i lm cartr idge is mounted

provides scanning along the second direction . While the

laser scanner syst em shown in Figure 1 represents a simple

sys tem , it presents a major disadvantage when considered as

a candidate for the experimental laser beam recorder to be

used for the system parameter evaluation program . The problem

is one of management and handling of digital data that is to

be used in generating the required image output. The

• specifications for the experimental laser beam recorder call

for an image format of 5 0mm2 and a nominal spot size of 25

microns. This means that the volume of data to be handled

during the generating of a single frame is four million points

— 7 —
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w i t h  e igh t  b i t s  a t  each p o i n t  to  represent grey scale. This

requ i rement  makes  a s i m p le  and s t r a i ght f o r w a r d  approach to

the de s ign  of an exper i m e n t a l  lase r  beam recorder  as au

experimental tool u n a t t r a c t i v e.

The problem of man ag i ng  and handling vol urn i nous dat  a

is overcome in t he  laser  beam recorder syst  em shown in F i g u r e

2. The system shown in  F i (lure 2 1 S s ir n  i 1 a r in  concept to

the  simp le s ys t  em shown in  l ’ iqur e ’  1 , except f o r  the  f a c t  t hat
L.

a second channel has been added to serve as •t n  image scanner .

In the  system shown in  F i gu r e  2 , o r t h ogo n a l  p o l a r i z a t i o n

components ax e used in  the t w o  c han n e l  s and because t he beam

sp i i t t t ’rs BSI and flS2 ar e  po a r • i  z t t  ion beam spi i t t e rs  , the

two channel s are  t o ta l  ly  inclepen&Ient  . Thi  s p e r m i t  s s irnu l t ~mn e o u s

scann i ng of t he two channels w i t  bout an y  i n t  v u  ~t ct  ions bet ween

t hem. I f a f i i  in t r a n s p a ren c y  were  to be p l aced at the  I i na I

scan p la n e  i n  c han n e l  two as shown in F igu r e  2 , t h e  v i  (leo

si gna l  g e ner a te d  by the  scanning spot si z e  on the  f i l m  t t

})clrCflCy can be converted to represent the s t re am  of digi ta l

data  r equ i r ed  t o  m o d u l a t e ’  the lase r  beam in channe l  one to

produce the r e q u i r e d  f i n a l  image output . Th i s syst em organi.~at ion

permi t s  the image t r a n s p a r e n c y  to be used as a read-on l y

memory f rom w h i c h  the d ig i ta l  da t a  r equ i r ed  for  the  construction

of the f i n a l  ou tpu t  p lane  is r et r i eved .

— 9 —
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The signific ant advantages of the dual channel laser

beam scanning systems are:

1. It overcomes the problem of handling large amounts

of data required to generate the test picture.

2. It permits the system to be used as a stand—alone

instrument without the need for interfacing with any large

or mini computer systems.

3. The scan spot shape of the image scanning channel

• can be changed easily to simulate any image sampling system

independent of the characteristics of the image recording

spots.

4. The use of the same scanner for both scanning and

image recording simultaneously relaxes the tolerances associated

with scan distortion and scan registration requirements.

5. The feasibility to scan and record with differing

system parameters extends the scope of experiments that can

be performed using this system.

— 11 —
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4 Design Details of the Experimental LBS System

The design relating to the hardware implementation of

the basic dual channel Laser Beam Scanning System is shown

in Figure 3. The components of the system shown in Figure

3 are numbered to permit easy identification and system

description. The design of the system is presented in this

section by describing the functions of each of the components

shown in Figure 3.

1. Laser: The laser to be used in the system is a low

power He—Ne laser (about 1 to 2 mw) and the laser beam output

is polarized.

2. Laser Mount: The laser mount holds the laser onto

the base plate. The laser mount includes pitch and yaw

adjustment to permit angular alignment of the laser beam.

3. Base Plate: The base plate provides the reference

plane on which all the components of the system are mounted .

4. Folding Mirror : This folding mirror permits the

laser beam to be directed to the top side of the base plate.

The pitch and yaw adjustments on the folding mirror permit

the control of the laser beam direction.

5. Folding Mirror : This folding mirror is identical 
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to the folding mirror 4, and the pitchand yaw adjustments

of this mirror in conjunction with those on mirror 4 permit

one to align not only the direction of the laser beam but also

the location of the beam with respect to the base plate . Hence

using folding mirrors 4 and 5, the laser beam can be made to

correspond to the optical axis of the optical system.

6. Half Wave Polarization Rotator : The purpose of this

component is to orient the polarization of the laser beam so

as to obtain the desired laser powers in the two channels of

the scanner. The rotation of the half wave plate rotates the

polarization of the beam and hence alters amplitudes of the

two orthogonal polarization components. The rotary mount

requires that the half wave rotator can be positioned to an

accuracy better than a degree.

7. Compensated Attenuator : The compensated neutral H

density beam attenuator is intended to reduce the laser power H
without introducing any gradients across the beam. Attenuation

over a clear .5” aperture is provided with the neutral density

being adjustable from .1ND to 4ND , with a resolution of .02ND

per adjusting dial division.

8. Spatial Filter/Beam Expander Assembly: This spatial

fil ter/beam expander assembly is mainly intended to clean up

the laser beam and expand the laser bea”~ to a suitable diameter

to permit easy focusing and modulation downstream.

— 14 -~
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9. Polarization Beam Splitte r: The polarization beam

splitter not only splits the beam to term two channels , but

also makes the polarization of the beams in the channels to

be orthogonal to each other. The strength of the laser beams

in the two channels depends on the orientation of the linear

polarization of the beam with respect to the cube beam splitter ,

which in turn is determined by the half wave rotator.

10. Acousto Optic Modulator : This acousto optic

modulator  permi ts  the m o d u l a t i o n  of the power of the laser

beam in Channel  I .  The acousto optic modulator  is capable

of m o d u l a t i o n  at 1MHZ and must have a diffraction efficiency

of at  least 8 0 % .

11. Focusing Lens: The focusing lens focuses the

diffracted beam from the acousto o p ti c  modula to r  onto the

spatial spot shaping mask. The purpose of the focusing lens

is to increase the laser power density available to illuminate

the spatial spot shaping mask.

12. Spot Shaping Mask: The spot shaping mask defines

the size, shape and distribution of the scanning laser spot

on the recording film. The mask can be made of photographic

film and can be backed by a low angle scattering diffuser.

13. Folding Mirror : This folding mirror is used to fold

the transmitted (and scattered ) beam from the spatial spot
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shaping mask towards the scan lens. The pitch and yaw

adjustments on the folding mirror mount enables one to adjust

the apparent position of the scan spot shaping mask as viewed

from the scan lens.

14. Electronic Shutter: This electronic shutter is an

electromechanical shutter which permits the beam channels to

be either turned on or turned off.

15. Focusing Lens: This focusing lens is identical

to the focusing lens (11) and it focuses the beam onto the

spot shaping mask in Channel II.

16. Spot Shaping Mask: This spot shap ing mask is

identical in its functional characteristics as that of the

mask (12) and it determines the size , shape and distribution

of the scanning laser spot in Channel II.

17. Folding Mirror : This folding mirror is identical

to the folding mirror (13) and has the same functions.

18. Polarization Beam Splitter: This polarization beam

splitter reflects the beam from Channel II and transmits the

beam from Channel I since it has a dielectric coating ident ical

to the cube beam splitter (9).

19. Scan Lens: The purpose of the scan lens is to

collimate the beam originating from the two scan spot shaping

— 16 —
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masks (wh ich  are located at focal distance away from the

scan lens)  and also to focus the scann ing  beams onto the

recording plane in Channel I or the scan plane in Channel

II. The scan lens should provide a flat final image plane

for the scan beams and should have minimum distortion .

20. Galvo Driven Scan Mirror : The collimated beam

from the scan lens is retrodirected back through the same lens

by the scan mirror 20. The scan mirror is rotated by the

Galvanometer and the ang le of the reflected beam changes

corresponding ly. The scanning beam from the Ga1vanometer

mirror when focused by the scan lens (19) qives rise to the

scanning spot in the back focal plane of the scanning lens.

Since the Galvanometer mirror autocollimates the beam from

the scan lens , the final scan spot represents a one-to—one

image of the illuminated scan spot shaping mask.

21. Recording Film Plane/Translation Stage: This

component defines the recording film plane. The translation

stage is mounted on the reference base plate and carries the

recording film cartridge. While the scanning beam gives the

scanning of the spot in one dimension , the translation stage

gives the scanning in the perpendicular direction to cover

the second dimension. By using an adapter frame on the

— 1 7 —
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translation stage several film cartridges can be used for

recording the reconstructed image. This approach solves

the problems of recording film handling , reg istration and

film translation .

22. Scanning Film Plane/Translation Stage : This

component is identical to translation stage (21) except for

the fact that the film cartridge is modified to permit detection

of the transmitted light. The cartridge carried the transpa-

rency followed by a condensor lens and a detector to permit

generation of a video signal representing the information on

the transparency.

The rotation of the half wave plate number 6 permits

balancing of the total laser power in Channels I and Ii while

the neutral density filter represented by number 7 permits

the attenuation of the total laser power in both Channels I

and II. By using the modulator number 10 and the shutter

number 14, either of the two Channels can be selected . Scan

spot shaping masks 12 and 16 permit independent control of

the laser scanning spot shape for the two Channels. Because

of the selectivity of the polarization beam splitter 18 to

the direction of the incident laser radiat ion , it is anticipated

that there will be less than 1% interaction between two

— 1 8 — 
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Channels. The block diagram corresponding to the control and

process electronics of the dual channel laser beam scanning

system is shown in Figure 4. Direct control of the translation

stages 21 and 22 and the galvanometer mirror 20 are needed

for the operation of the system. The modulation of the beam

by the acoustic modulator 10 must be synchronized with the

galvo mirror scanner 20. The specification details of each

of the components used in the above design are given separately

in Appendix A.

It is to be noted here that the component characteristics

are illustrated by citing examples of commercially available

units and this does not represent an endorsement of these

vendors. The design of the system is shown in these selected

components merely to illustrate not only the feasibility of

the system concept ~ut also to demonstrate the compactness

of the system that can be achieved . Hence the material

presented in Appendix A must be viewed in this context.

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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It is anticipated that the proposed design for the

experimental LBS System will have the following characteristics: H
SYSTEM CHARACTERISTICS :

Picture Format 50 x 50 rums

Spot Size 12.5 Microns Mm
25 Microns Nominal

Line Scan Time 12.5 milliseconds

Write Window 10 milliseconds

Dwell Time per Spot 2.5 Micro seconds Mm
5 Micro seconds Nominal

Modulation Rate at 256 grey levels

Time to W rite Format 25 Seconds

Film Plane Translation 2 rums/second

LASER SCANNER CHARACTERISTICS :

Scan Field Flat ( + 150 M i c r o n s )

Scan Linearity 0.5% of Scan Width

Scan Repeatability 10% of Spot Size

Start of Line Registration 4% of Spot Size

LASER SPOT EXPOSURE CHARACTERISTICS :

Total Laser Power on the Spot 2.5 Milliwatts

Spot Size (nominal) 25 Microns

• 2Power Density 5 Watts/cm

Exposure Time (nominal) 1 Microseconds

Maximum Exposure 50 ergs/cm2

— 21 —
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FILM TRANSPORT/HOLDER CHARACTERISTICS :

Film stage stable during writing window

Film stage steps during flyback

Stage Step Resolution 2.5 Microns (10% of Spot Size)

Step Rate 4000 steps/sec

Line Spacing Accuracy 10% of Spot Size

Scan Line . Registration 10% of Spot Size/inch H
of translation

Film Holder Any Mamiya compatible back

• 

. . • • - .- 
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5 Proposed Evaluation Program

The objective of this study is to design an experimental

program to evaluate the effects of various system parameters on

the performance of the LBR System. The performance of the LBR

System depends on the “quality ” of the output image. Various

image quality investigations of the LBR output images based on

subjective evaluation of photointerpretors have been carried

out in the past. However no attempt has been made to develop

quantitative means of evaluating the LBR output image. The

“quality ” of the LBR output image depends upon the particular

application or use. In this section , three specific applications

of the LBR output image are identified and experiments to

evaluate quantitatively the “quality ” of the output image within

the context of the specific applications are described .

5.1 Pointing Ability and Geometric Fidelity

Many applications in mapping require manual measurement

of distances in photographs between specific targets using mono

or stereo comparators. The accuracy and repeatability of such

measurements depends not only on the geometric fidelity (in terms

- ~-~~~~——



-• _ _ _
~~~

J_Ij_ ~_
_ • - —------—-

~~~
---

~~~~~~~~
- -——. --•.

of distortion) of the photograph or transparency used but also

on the ability of the operator to point exactly on the target.

LBR generated images will have character istics that are likely

to alter the operators ability to point at specific targets

accurately and with precision. The significant system parameters

that are likely to play a part in this application are (1) scan

spot size’ (2) spot overlap and (3) jitter caused by vibration.

The intensity distribution within the spot is also likely to

have a greater impact on the ability of the operator to point

on the image.

In the experiment to be performed , a high resolution

aerial transparency with some specific and easy to identify

targets is used as a reference. First measurements are made

on the transparency using a monocomparator. The reference

transparency is placed on the optical scanning channel of the

dual channel experimental laser beam scanning system. The

smallest possible scan spot size is used to scan the aerial

transparency. The video signal generated is then used to

generate the image on writing channel of the experimental

LBS System. A number of images are reconstructed using various

spot sizes, shapes and spot overlaps on the writing channel

of the ELBS System. I4easurement~ are made on each of the
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reconstructed images using the monocomparator to determine

the error in pointing as a function of the varying system

parameters.

5.2 Scan Artifacts and their Contribution

to OPS Analysis

In recent years OPS analysis has shown considerable

promise as a means of classifying and prescreening aerial

transparencies. One of the possible applications of the output

from the LBS Systems is to utilize it as an input for a conven-

tional OPS Analysis System. Scan generated images exhibit many

artifacts which may be acceptable from a “cosmetic” point view,

but migh generate spurious intensity distributions in the Fourier

plar~~rendering them useless for any optical processing appli-

cations. The strength and the nature of the Fourier plane

intensity distributions depend on the various system parameters

described earlier. Hence experiments can be performed to

empirically determine their impact on applications to OPS analysis.

In the experiment to be performed an aerial transparency

• with areas of low or zero spatial frequency is used as a reference

transparency. This reference transparency is screened first

on a ROSA type system to identify the boundaries and coordinate

— 25 — 
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of areas of low spatial frequency. The reference transparency

is then placed in the optical scanning channel of ELBS System.

Various images are reconstructed on the writing channel by

varying the system parameters (spot size, shape and overlap).

Each of the reconstructed images is then screened individually

on the ROSA type system under the same conditions as the reference

transparency. Differences in power spectral measurements will

provide significant and useful results for optiinizinç the LER

System for any future applications that involve optical data

processing.

5.3 Scan Artifacts and Their Contributions 
*

to Optical Correlation

One of the many applications of LBR generated images in

mapping is stereo compilation. All automated stereo compilation

systems rely on image correlation to achieve matching of conjugate

images and to measure the parallax automatically. The nature

and shape of the image correlation function depends on the image

structure in the two transparencies. Scan artifacts associated

with LBR generated images are likely to interface with the

correlation process and hence the “quality” of the LBR generated

images must be evaluated from the point of view of correlation
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applications.

This experiment can be performed using an experimental

optical correlator such as the HOC System. Identical copies

of ELBS reconstructed images can be placed in the two channels

of the HOC and the two dimensional correlation function generated.

Several images can be generated with varying system parameters

as described in 5.1 and 5.2 and they can be individually

correlated on the HOC System to provde a measure of the

width of the correlation function and the ratio of the primary

correlation peak height to the secondary peaks (which relates

to false correlation). H

The experiments descr ibed above are only some of the

many potential empirical studies that can be performed using

the experimental, LBS System to study the effects of various

system parameters associated with LBR Systems.
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6 Conclusions and Recommendations

The objective of this study is to design an experimental

program for evaluating the LBR System from the viewpoint of

• mapping applications and to establish a basis for empirical

investigation. During this study an experimental laser beam

recorder system to be used during the course of the proposed

investigation has been designed and its design evaluated . Some

preliminary ideas on proposed experiments to be performed have

been identified and the aprroaches documented . The results of

this study support the following general conclusions:

(1) In order to establish a quantitative means of

evaluating the “quality ” of LBR image outputs , it is necessary

to study the effects of system parameters on the usefulness

of the output image for the many specific intended applications.

(2) It is possible to design and fabricate a simple and

flexible experimental laser beam recorder system that can be

used in an empirical evaluation of the effects of the various

system parameters on the quality of the output. It is possible

to use clever system configurations to overcome the need for

large data handling and data management digital hardware and

hence permit the experimental hardware to operate in a stand-

alone mode.
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(3) Preliminary considerations of an empirical

evaluation program suggest that the results of this investigation

can have a significant impact in defining the specifications

of future LBR Systems depending upon the intended applications.

The specific recommendations of this study are :

(1) The proposed dual channel experimental laser

beam scanning system should be fabricated , since it would

serve as a very useful experimental tool.

(2) The proposed experimental evaluation program

should be carried out using the experimental laser beam recorder ,

since the results of such an investigation would be extremely

useful for the specification and design of future LBR Systems.
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APPENDIX A

Component Sp~~~ifications

The list of components and the vendor sources presented

in this appendix are only examples of what is available

commercially as “off the shelf” units. The proposed design

can easily be modified to accept similar components from other

vendor sources and will require in most cases no more than

m o u n t i n g  m o d i f i c a t i o n s .  The inc lus ion  of the s p e c i f i c  vendor

sources does not represent  spec i f i c  endorsement  of these

components over others .

(1) Laser Low Power He-Ne
Power Output - 1 - 2mw
Polarization — Linear
Extinction Ratio — 500:1 or better
Noise (below 1KHZ) - .5% or better
Power Stability

(Long Term ) 2% or bet ter

Suggested Source :
• Spectra—Physics

M o u n t a i n  View , CA ( Model l 4 5 P )

(2) Precision Adjustable Laser Mount

- to hold low power He-Ne Lasers such as
Spectra Model 145

- requires pitch and yaw adjustment

Suggested Source:
NRC
Fountain Valley, CA (Model 810)

L - 
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(3) Base Plate

Aluminum Tooling Plate
Size: 29” x 16.5” x .75”
Has to be custom fabr ica ted

(4) Diagonal Mirror Mount

For Mounting Folding Mirrors

Adjustments: Pitch and Yaw
Resolution : 2 to 5 arc seconds
Mirror Flatness: 1/4 wave
Mirror Size: Greater than 5mm square

Suggested Source: F
Daedal , Inc.
Harrison , Pa. 15636 (Model 3000)

(5) Diagonal Mirror Mount

Same as No. (4)

(6) Rotary Translation Stage

For Mounting Half Wave Rotator

0Ad3ustments: 9~ rotation
Resolution : .1
Aperture: Greater than Smms
Mounting : Vertical

Suggested Source:
Daedal , Inc.
Harrison, Pa. (Model 20000)

(7) Compensated Attenuator

For Laser Power Control

Dynamic Range: .1 to 4ND
Resolution: .002ND
Beam Deviation: Less than 1% of Bead Diameter
Beam Angle Deviation: Less than 20 ArcSec

• Beam Uniformity: No density gradients
5% uniformity

No spurious fringe patterns
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Suggested Source :
Newport Research Corp.
Fountain Valley, Ca. (Model 925B)

(8) Beam Expanding Telescope

Purely for Spatial Filtering

Suggested Source :
Jodon
Model BET2S

(9 )  T i l t  Table

For Mounting Cube Beam Splitter

Adjustments: Tilt and Tip Adjustments

Suggested Source :
NRC
Fountain Valley, Ca. (Model - MM 1 , with Spacer)

(10) Acousto Optic Modulator

Acousto Optic Modulator Mat: Glass
Modulation Bandwidth: 2MHZ (Max)
Optical Aperture : 2mm
Wave Length of Operation : 6328 A0

Diffraction Efficiency: 80% or better
Extinction Ratio: ‘ 1000:1
Polarization : Should be insensitive

Suggested Source :
Interaction Corp.
Bensenville , Ill. (Model AOM-40)

(11) and (12)
Focusing Lens Spatial Filter Combination

For Scan Spot Shaping

Focusing Lens: 5x Microscope objective
Spatial Filter: Scan spot mask with diffuser backing
Adjustments: X,Y adjustments on spatial filter

Z adjustment on the lens
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Suggested Source:
NRC
Fountain Valley, Ca. (Model 900)

(13) Folding Mirror

• Aper : .1 inch

Suggested Source :
Daedal (Model 2000)

(14) Optical Shutter

For Closing and Opening Channel II

Optical Aper: 5mm
Response Time: 10 msec
Operation : Electronic control

(15) and (16)
Same as (11) and (12)

(17) Same as (13)

(18) Polarization Beam Splitter and Beam Splitter Holder

Aperture : 30mm
Extinction Ratio: 1000:1

Suggested Source:
Spectra-Physics
Mountain View , Ca.

(19) Scan Lens—See Specifications

(20) Galvo Scanner

For Scanning

Scan Angle : 2.755°
Mirror Size: 2 5mm Diameter

2mrt Thick
Angular Repeatability: 1 ArcSec

(1/S of the spot size)

Suggested Source:
General Scanning, Inc.
Watertown, Mass. (Model 300PD)

H
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(21) and (22)
Translation Stages

For Translation of Film Cartridge

Total Translation : 2”
Repeatability: .0001”
Resolution : .0001”
Step Rate: 200 steps/sec
Mounting brackets for film cartridges

- Suggested Source:
Ae rote c h
Pennsylvania (Model ATS3O2M)

(23) Film Cartridges and Adopter Plates

Mamiya RB67

(See attached brochure)

_ _  



~

=-

~ 

~~~ ~~~~ 
—. 

. . •- 
- -  _- ._-.. _ 

,1~~.____

-
. APPENDIX B

Scan Lens Design

During the course of this investigation a scan lens

was designed to demonstrate the characteristics that can be

anticipated using a rather simple lens systems. An air

spaced doublet was used to achieve the required performance.

Only a third order optimization was used to design the lens

and no elaborate attempt was made to achieve the best possible

performance. The specifications and the characteristics of

the lens designed are presented in this appendix.

The lay-out of the lens and the ider.tification of the

surfaces and thicknesses are shown in Figure (A—i) .

Specifications:

Surface No. Radius Thickness Index- — • Infinity 1.0 (air)
(Object bistance)

1 (Scan Mirror) —

10 nun 1.0 (air)
2 —32.207 mm

5 mm 1.515 (BK—7)
3 —40.906 ruin

3.036 nun 1.0 (air)
4 —136.782 mm

5 mm 1.515 (BK—7)
5 —52.749 mm

281.671 nun 1.0 (air)
6 ( Image Surface)-
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Wavelength of Operation .6328 microns

Aperture Stop Dia 20 mm

Lens Performance Characteristics:

Effective Focal Length 260.01039

Back Focal Distance 281.671 ruin

F—Number 13.0

Scan Format 26 mm

Petzval Radius —583 .18676 nun L

Spot Diagram Characteristics/Radial Energy Distribution:

Fractional Field FOB - 0.0

Fractional Energy Spot Radius (in ruins)
.1 .000196
.2 .000196
.3 .001258
.4 .002176
.5 .004317
.6 .005043
.7 .011599
.8 .011608
.9 .017049
1.0 .017049

RMS Radius - . 009 rums
Fractional Field — .5

Fractional Energy Spot Radius (in nuns)
.1 .000231
.2 .000358
.3 .000491
.4 .001510
.5 .002455
.6 .005122
.7 .009361
.8 .011917 - •

.9 .014384
1.0 .020845

RMS Radius — .0083 ruin

— 3 6 —  
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Fractional Field - 1.0

Fractional Energy Spot Radius (in nuns)
.1 .000944
.2 .001161
.3 .001580
.4 .002015
.5 .002251
.6 .002624
.7 .003809
.8 .008437

- .9 .015264
1.0 .022824

RMS Radius — . 007 mm

It is clear from the characteristics listed above ,

the scan lens designed will more than adequately meet the

needs of the ELBS System.

Il ~L 
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APPENDIX C

Laser Power_Requirements

In this appendix , calculations are presented to show

that a 2mw low power He—Ne laser is more adequate to meet

the requirements of the experimental LBS System.

The various parameters are:

~L 
Laser power output

Reflectance of the folding m i r r o r

Reflectance of the folding mirror M5

T6 Transmission of the polarization rotator

T7 Transmission of the attenuator

T8 Transmission of the beam expander

T9 Transmission of cube polarization beam splitter

T10 Diffraction efficiency of the AO modula to r

Transmission of the focusing lens

T12 Transmission of the diffuser behind spot shap ing mask

R13 Reflectance of the folding mirror 13

T18 Transmission of the beam splitter 2

T5 Radiometric transfer function of the scan optics

The total power available in the scan spot
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Now

P5 
= PLR4RST6T7T8T9T1OT11T12R13T18TS

Typically

R4 = .96

R5 = .96

T6 = .92

‘F7 = .92

T8 = .85

T9 
— .5

= .8

= .95

T12 
= .8

R13 
= .95

T18 =

Hence

= .182 x 
~L 

x

T5 depends on the scattering characteristics of

the diffuser and the F-number of the scan lens (F).
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n+l
T
s 

= 

[1 
- 

+ 4F2j~~
]

Where cos~ is the scattering distribution .

When n = 1 , T
5 4.6 X l0~~

fl 10, T5 = 45 x l0~~

When n = 1

P
p = S
L .182 x 4.64 x

= x 1.2 x ~~~ watts.

If S is the sensitivity of the film , T is the

exposure time and A is the area

= S x A 
, S - Joules/CM2

A - CM2

T - sec

When S = 1 x 10 6 
J l / C M 2 (max)

T = s x io 6 sec

A = 6.25 x io 6 CM2 (26 micron spot)

PS 
= 1.25 x io 6 watts

Hence = 1.5 mwatt (1.5 x lO~~ watts).
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The power contained in the scanning spot is 1.56 mwatts.

With that much power and using a silicon detector , it is possible

to obtain a dynamic range of 100:1, which corresponds to a

density of 2D at the transparency. When more sensitive films

are used , more power can be diverted to the optical scanning

channel using the polarization rotator .

However , when a proper diffuser is used behind the spot

mask such that it has cos10o scattering distribution (low spatial

frequency diffuser such as the rear projection screen), the

radiometric transfer function of the scan optics becomes 45 x

10~~ . Hence the laser power required for exposing the film

is reduced by a factor of 10 and the power available in the

optical scanning spot is correspondingly increased .

In summary, a 2mw He—Ne laser will permit using films

with sensitivities as low as lOji Joules/cm2.
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CAT . NO. 655310 Pro -S l2O RolI FiIm Ho lder( l0exp osu res )
CAT. NO. 655311 Pro -S 22O Ro ll Film Ho lder (2oe xp o su r es f
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-
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.~~~ ~~~~ .~,
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~~~
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CAT. NO. 656185 Right -Ang le Focusing Back
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