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1.0 Introduction

This is the final report for a 21 month study investigating the use of acousto-optic beam
steering for inter-satellite laser communications (lasercom). The basic technique is demonstrated in
a breadboard that uses a customized 2-dimensional acousto-optic (AO) Bragg cell deflector and a
magnifying optical system comprised of all off-the-she!f components. Important characteristics of
the AO Bragg deflector include high angular resolution, fast switching speed, high electrical and
optical efficiency, and high reliability with no moving parts.

The breadboard was designed to steer a laser over a range of 360° x 36°. Several unique
capabilities are provided by the AO deflector which are not possible with conventional steering
mirrors. For example, multiple simultaneous beams can be independently steered anywhere within
the total steering range. Also, the AO deflector can produce variable defocus or "zooming" that
increases the divergence of the transmitted beam anywhere from 1 to over 10 times the diffraction-
limited beam width. A direct-digital-synthesizer (DDS) was fabricated for the breadboard to
produce ultra-stable and fast switching frequencies for input to the AO deflector. All of the beam
control and diagnostic functions for the breadboard are provided by a menu-driven PC486-33
computer program.

The potential for reducing the overall size of an AO-based lasercom transmitter was also
investigated. Using customized optical components and miniaturized packaging techniques an
optical system equivalent to the breadboard demonstration could be reduced to the size of a
"shoebox" with no sacrifice of performance.

2.0 Executive Summary

This section briefly summarizes the significant results of the effort. An analysis was
performed that determined AO technology could meet or exceed all of the desired beam steering
specifications for a given "hypothetical” lasercom system (derived from the SDI Brilliant Pebbles
concept). Then the technology was experimentally demonstrated in a breadboard using the
hypothetical system specifications as design goals. The goal specifications and the final breadboard
results are listed in Table 2-1. Overall, the conclusion is easily made that acousto-optic technology
is a very effeciive beam stecring technique for usc in lasercom transmitter applications.

Table 2-1 illustrates that all of the goal specifications were met by the breadboard with the
exception of end-to-end optical efficiency. As explained in Section 5.3 this was partly due to poor
spectral quality of the infrared laser diode nsed in the breadboard (which reduced the Bragg cell
deflection efficiency), but mostly due to several optical components that were not designed to
operate at the 830 nm wavelength of the laser diode, which resulted in upproximately 70%
reflection losses. The projected efficiency of a customized optical system with a much lower lens
count and properly coated optics using a high quality laser diode source is at least 70%, as
discussed in Section 4.2.2.




Table 2-1. Breadboard Goal Specifications and Results

Goal Specification Breadboard Result
* steering range: approx. 180° x 45° * implemented 360° x 36° (2 sectors)
* transmit beam size: 0.36° round * successfully demonstrated
» zoom factor: minimum 10X (3.6°) * successfully demonstrated
* multiple beam generation: min. 4 « successfully demonstrated (can

"simulate” many more)

* end-to-end opucal efficiency: min. 50% ¢ 13% demonstrated (limited by laser and
>70% losses in "off-the-shelf" optics)

* steering response time: 30 microsec * successfully demonstrated

3.0 Background and Overview

In many communications scenarios lasercom has been shown to have significant hardware
advantages over traditional RF/microwave approaches: smaller apertures, lower power
consumption, and lower weight. These advantages can be directly related to the high carrier
frequency of the light which produces narrower beamwidths. In addition, there are significant
systems advantages including higher data rates, EMI immunity, jam resistance, and easy frequency
allocation. The component technology in lasers, detectors, and modulators is continuing to advance
at a rapid pace, leading to increased interest in lasercom for terrestrial and space-based applications.
However, the narrow beamwidths that help make lasercom attractive also increase the burden on
acquisition, pointing, and tracking (APT) functions.

The motivation for the present effort arises from the need to quickly steer a communications
laser over a very wide steering range using relatively small apertures and short link ranges. These
requirements were derived from the SDI Brilliant Pebbles scenario. In this scenario traditional
opto-mechanical approaches to beam steering become complex and e~pensive to implement, and
reliability becomes a concemn. In this report the design and development of a demonstration
transmitier subsystem using acousto-uptic (AO) technology is presented that meets or exceeds the
beam steering requirements for many lasercom applications.

AO deflector technology is very mature and proven reliable in many applications. AO
deflectors may also have utility as angular and wavelength discriminators for wide-angle lasercom
receivers. Although the present effort was primarily concerned with lasercom transmitter
applications there are numerous other related applications for AO deflectors including image
processing, robotic scanning/inspection systems, RF antenna processing, laser printing/marking,
visual displays, laser radar (LIDAR), and remote sensing. Closely related AO tunable filters
(AOTF) provide high resolution spectral analysis capability for LIDAK, remote sensing, and in the
analysis of covert optical communications or threat laser beams (warning sensors) in tactical
environments.




An ana!_ sis was performed to determine the minimum transmitter apertures (beain diameter)
required [or various link ranges. For example, Figure 3-1 shows link performance as bit error rate
(BER) versus link range for various beam diameters. The assumptions used in developing this
trade analysis are listed directly below Figure 3-1. This analysis was not concermned with the
performance of specific lasercom systems, but only with determining approximate beam diameters
for the design of the AO bcam steering subsystem.

Figure 3-1. Example Link Performance Analysis
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It may be seen in Figure 3-1 that for link ranges out to 1000 km an optical aperture as small as
1 cm may provide good BER performance. This result forms the basis for using very wide field-
of-regard (FOR) optics and beam deflection by a Bragg cell to achieve steering of the transmit
beam. The maximum steering range and transmitted beam size is related to the Bragg cell by

@range = TBW @bearn (3-])

where Orange 1s the desired transmitter steering range, Opeam 15 the beam divergence (chosen to
meet BER requirements), and TBW is a performance measure of the Bragg cell called the "time-
bandwidth product”, or also known as the "spot resolution number". In general, Bragg cell
efficiency deteriorates with increasing TBW, making it harder to achieve high optical throughput.

The important result of Eq. (3-1) is that the available transmitter steering range is ultimately
limited by the Bragg cell performance for a given transmitter beam size, as shown in Figure 3-2.




Figure 3-2. Beam Parameters vs. Acousto-optic Device Performance
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Three different values of Bragg cell TBW's are plotted in Figure 3-2, with a TBW of 500
representing an "easy” Bragg cell design and a TBW of 2000 representing a state-of-the-art design.
To obtain a full 360° steering range it may be seen that a moderately complex Bragg cell design
with a TBW of 1000 may be used with a beam divergence of about 6 milliradians (upper right hand
comner of plot). The maximum link range can then be determined based on specific link parameters
such as laser power, path loss, desired BER, background noise, etc.

Figure 3-2 suggests some interesting alternative applications for lasercom AO Bragg steering.
For example, in certain applications such as terrestrial or space data relays it is not necessary to
steer the beam over a very wide range, and larger transmit apertures may be required. Also, when
very fast steering speeds are not required over a wide steering range one may employ auxiliary
mechanical gimbals for coarse pointing. In these types of applications an AO Bragg deflector can
provide high performance "fine-tune” beam steering in association with the larger beam sizes. For
example, as shown in the lower left hand comer of Figure 3-2, a Bragg cell design of TBW =
1000 and a beam divergence of 2 microradians can provide a fine-tune steering range of 0.1°.
Therefore, AO Bragg steering also has utility in lasercom systems requiring transmit beams 10 cm
or more in diameter and link ranges well beyond 1000 km (referring to Figure 3-1).

The trade analysis presented in Figure 3-2 is not limited just to lasercom transmitters, but is
also valid for receivers. In other words, an AO deflector may be used in an optical receiver
employing wide FOR optics in order to select the desired angle of arrival to the photodetector. This
uses the AO device in the reverse sense from the transmitter: here one wishes to hold a constant
deflected angle (onto the detector) for various chosen input angles. In this application there is no
actual change in the Bragg cell itself, but only a change in the way that it is utilized. Since lasercom
receivers require somewhat larger apertures for low BER communication the lower left hand corner
of Figure 3-2 is generally the applicable region for receiver operation. As in the long range
transmitter case, for large receiver apertures the AO device serves primanly as a very fast fine-
tuning element with a courser steering assist from ~lower gimbal mechanisms as needed.

For the purpose of technology demonstration a breadboard lasercom transmitter was
developed that provides a 360° x 36° optical steering range. This is achieved optically by a ficld




splitter that divides the beam space and routes the Bragg cell output field to two optical
magnification sectors that each cover a 180° x 36° FOR. This concept, illustrated in Figure 3-3, can
be easily extended to provide three or more output sectors as required.

Figure 3-3. Breadboard Transmitter Optical Concept

. L
L ——
>
/ e Sm—
—
beam shaping
optics 2-dimensional
Bragg Cells Transmitted Beam Specifications:
L= — FOR = 360° x 36°
Divergence = 0.36°
Resolution = 1000 (horizontal) x
100 (vertical)
Sector #2 Sector | Sector 160°
Sector #1 (180° x 36°, #1 #2 horizontal
(180° x 36°, 2-D Bragg ceil field 500x 100 beams) n
500x100 beams)

AQO-steered
ransmitte

36°
-vertical

effective focal planes

In order to achieve two axes of beam steering two Bragg cells tuned orthogonal to each other
are required. The time-bandwidth TBW, or spot resolution, required for the Bragg cells can be
determined from the ratio of total steering range to far-field beam width: 1000 (360°/0.36°) in the
horizontal axis and 100 (36°/0.36°) in the vertical axis. However, this would result in two highly
asymmetric Bragg cell designs, and since the optical field can be divided as shown in Figure 3-3, a
more equitable solution is to implement a 500 (horizontal) x 200 (vertical) spot Bragg cell pair and
optically split the field in half along the 200 spot axis. In the end, this approach produces the
optical equivalent of a 1000 x 100 spot Bragg cell pair.

The relatively small steering range that the Bragg cell inherently produces must be angularly
magnitied in order to meet the lasercom transmitter requirements. The 1.2° steering range of the




500 Spot Bragg Cell must be magnified to 180° as it exits the lasercom terminal. so an optical
magmnfication factor of 150X is required. Angular magnification results in an effective decrease in
the beam diameter. which in this case becomes 25 mm / 150 = 165 microns. For the 200 Spot
Bragg Cell the optical magnification factor required is approximately 70X. Due to the relatively
small beam sizes a simple wide angle 35mm camera lens was employed to achieve the required
optical magnification. Figure 3-4 illustrates the concept of the wide angle camera lens. The
breadboard optical design has been extensively modeled on CODE V® analysis software and
shown to have wavefront quality near A/10.

Figure 3-4. Optical Magnification Concept with Wide Angle Lens

To drive the Bragg cells an electronic subsystem was developed that uses direct-digital-
synthesis (DDS) to generate the required frequencies. Since the DDS system can switch
frequencies up to 50 times faster than the response time of the Bragg cells one can use time-
division-multiplexing of several frequencies in order to produce multiple simultaneous deflected
beams or similarly to create higher diverging beams for lasercom acquisition or close-range
communication purposes. The DDS system provides phase noise, spurious signal, and drift
specifications well within the requirements of the breadboard. The output of two DDS channels is
amplified before insertion to the two Bragg cells.

The breadboard control is implemented in a tum-key fashion with a 486-33 PC as the central
controller. A very user-friendly menu-driven software interface was developed in Visual Basic®.
The PC opens two windows on the monitor screen - the “"command” and "analysis” windows. In
the top half of the monitor the command window shows a flat representation of the 2-D beam
steering space (360° x 36°) with a small dot that indicates the current intended beam steering
direction. The angular coordinates of the intended steering direction are displayed next to the
window. Directly below the command window is the "analysis” window, which displays a real-
time image from the CCD array camera that is mounted at an intermediate focal plane of the Bragg
cell output. The analysis window thus provides a direct visual check on where the beam is actually
being steered vs. the intended direction displayed in the command window. The actual pointing
coordinates can be calculated and displayed using a centroiding algorithm that operates on the CCD
image data. Figure 3-5 shows a simplified schematic of the demonstration breadboard hardware.




Figure 3-5. Simplified Breadboard Schematic
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The CCD cainera and image analysis software serve as a built-in diagnostic system for the
breadboard. Performance parameters that can be directly measured include beam size, beam shape,
beam location, scan range, scan linearity, optical efficiency, zoom factor, and multiple beam
geaeration. The CCD camera does not respond fast enough to measure the 30 microsecond
switching response.

The PC converts intended steering directions selected in the command window into new
horizontal and vertical frequencies for the DDS frequency generator that feed into the Bragg cells.
16-bit frequency data words are loaded into 4096-word FIFO (first-in first-out) memories on a
custom digital interface board, and ihe FIFO memory is cortinuously cycled to the DDS at the rate
of 400 nsec/word. Therefore, to completely fill the 40 microsecond (25 mm) aperture of the 500
Spot Bragg Cell only 100 of the 4096 available FIFO words need to be occupied. In other words,
if the FIFO contents are forced to change more rapidly than 100 words at a time then only partially
developed defl=ction beams will be produced by the Bragg cells due to subaperture fill times. A
simplified schematic of the electronics subsystem is shown in Figure 3-6.




Figure 3-6. Simplified Electronics Schematic
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Optical defocus or "zooming" of the beam is executed from a pull-down menu in which zooms
from 1X to 11X may be selected. The nominal beam steering direction is unchanged by the
zooming function. Specific zoom ratios are accomplished by a combination of multiple frequencies
switched at specific duty cycles. The different frequencies will deflect beams in different
directions, and the abbreviated duty cycles (less than the full Bragg cell aperture) create smaller
diffraction apertures and hence wider divergence angles. The combination of these two effects can
be tailored to produce infinitely varying zoom ratios. The FIFO memories are loaded with the
appropriate frequency data and duty cycles such that all the required frequencies are always present
within the Bragg cell aperture. For example, Figure 3-7 illustrates the spot pattem that results in a
5X beam zoom using 3 frequencies per acoustic axis switched at a duty cycle of 1/3 the Bragg cell
aperture of each axis.

Figure 3-7. Example Beam Pattern of SX Zoom
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4.0 Subsystem Components
4.1 Acousto-optic Bragg Cell Design and Test

The design of Bragg cells requires a detailed understanding of the fundamental processes
illustrated in Figure 4.1-1, which will not be discussed in detail here since many references have
covered this in the past. Briefly, an input sinusoidal electrical signal is converted to traveling
acoustic waves in the Bragg cell by a pi=zoelectric transducer.

The acoustic waves produce a refractive index grating through the photoelastic effect, by which
the incident light beam is angularly deflected according to the standard theory of diffraction from
peniodic gratings. The grate spacing will be an inverse function of frequency, and to first order the
deflected optical beam angle will be a linear function of the input frequency.

Figure 4.1-1. Fundamental Acousto-optic Process
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It may be seen in Figute 4.1-1 that the AO material parameters that determine the deflected
beam angle, OD, are the acoustic velocity, v, and optical index, n. Material parameters that
determine thc amount of light that is defiected include ths acousuc attenuation coefficient I
[dB/m/GHz2 ] and the deflection figure-of-merit M2 = n 6p2/(pv3) [s3/kg), where p is the mass
density and p is the photoelastic constant. The time-bandwidth parameter, TBW, is defined as the
product of: 1) the time that it is required for the acoustic signal in the Bragg cell to traverse the
width of the input optical beam, Do, and 2) the bandwidth of the electrical stimulus, BW. This is
expressed as

TBW = (Do /v) BW (4.1-1)

where (Dg / v ) is the acoustic transit time. From Eq. (4.1-1) it appears that a large TBW can be
obtained by simply choosing a material with low velocity and by using a large electrical bandwidth
for a fixed beam width. However, there are other practical limitations, since one must also
consider the cffects that a large bandwidth may have on the deflection efficiency. Oae limitation to




the bandwidth arises due to the increase of acoustic attenuation, I, with frequency. For most
acoustic crystals the intrinsic attenuation varies “vith approximately the square of the operation
frequency. A simple denvation shows that TBW is lim.'ed by acoustic attenuation according to

TBW = 1017 /(v BW) (4.1-2)

where the assumption is made that the fractional bandwidth (BW / f;) is approximately 0.5 for ease
of impedance matching to the acoustic transducer. Performance vs. material trades can therefore be
made by solving Eq. (4.1-2) for BW and then Eq. (4.1-1) for Dg until an overall optimum Bragg
cell design is achieved.

There is, however, another major consideration for the choice of acoustic material: the
potential wavefront distortion of the deflected beam due to thermal gradients in the material. The
thermal gradients arise due to the imperfect conversion of the input electrical signal into acoustic
waves by the transducer, and also to some degree by acoustic attenuation within the Bragg cell. A
thermal distortion figure-of-merit can be defined for acoustic materials as

Mth=nM2k/{ (4.1-3)

where x [W/m/°C] is the thermal conductivity and £ [1/°C] is the temperature dependence of the
acoustic velocity. The appearance of n and M2 in this definition reflects the fact that matenals with
higher diffraction potential require less drnive power for a given level of optica! efficiency and hence
eam a better Figure of merit for thermal distortion. If thermal distortion is a problem, selective heat
sinking of the Bragg cell can often alleviate the situation by predominantly forcing only easily
correctable linear and/or quadratic distortion terms to occur. Similarly, a figure-of-merit for optical
deflection efficiency is given by

Mde =M2/ (vT1/2) (4.1-4)

where the acoustic attenuation parameter, I', and velocity, v, account for the practical limitations
imposed on the actual design of high time-bandwidth Bragg cells. A material trade for high TBW
Bragg cells can then be made by plotting Mh versus Mde as shown in Figure 4.1-2 for six
common Bragg cell materials. The shear-wave <110>-mode in Tellurium Dioxide (TeO2) is seen
to have the best overall combination of features for this type of application. The <110>-mode of
TeO? has been well e flored in the literature due to it's very slow velocity of 617 [m/sec] and very
high M2 = 1.2 x 10-1 [s /kg), and |s commonly referred to as "slow-shear” TeO2. The rather
high value of G = 22000 [dB/m/GPz ) in slow-shear TeO? severely limits it's bandwidth range
via Eq. (4.1-2), but does not typically degrade optical efficiency at smaller bandwidths due to the
offsetting effects of the very high M2 via Eq. (4.1-4). There are, however, numerous
complications involved in prcperly utilizing slow-shear TeO2 in practice, especially due to it's
acoustic anisotropy and optical birefringent properties.

With TeO2 as the chosen acoustic material the bandwidth can be found from Eq. (4.1-2) to be
about 14 MHz for the 500 spot (horizontal) acoustic axis. The beam diameter Do can then be
found from Eq. (4.1-1) to be 22 mm. This resuits in a 100% switching response time of Do/v =
36 microsec. If the beam diameter for the 200 spot axis is chosen to be 11 mm (in order to
produce a 2:1 aspect ratio corresponding to the output of many laser diodes) then the bandwidth
from Eq. (4.1-1) is 12 MHz, which is well beiow the maximum limit imposed by Eq. (4.1-2).
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Figure 4.1-2. Acoustic Material Figure-of-Merit Trade
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As mentioned previously, the choice of center frequency is somewhat complicated by the
birefringence in TeO2. A low center frequency is typically desired in order to reduce acoustic
attenuatior, and a fractional bandwidth of less than 60% is also desired for piezoelectric transducer
and impedance matching requirements. In the pure <110> "slow shear” mode of TeO2 the inherent
center frequency is fixed at about 24 MHz for an optical wavelength of 830 nm. This would result
in a marginal fractional bandwidth of 58%. A Bragg cell designed at this frequency, however, will
have a severe degenerate notch in the deflection response when driven to high optical efficiency
centered at the 24 MHz frequency.

The explanation for this "self” or "1-tone" degeneracy is illustrated in the momentum-matching
diagram of Figure 4.1-3. The incident and deflected output light vectors, ki and ko respectively,
are defined by 2mtny/A, where the extraordinary index (ne) is used for the incident light and the
ordinary index (ng) is used for the output light. For a Bragg interaction to occur these two vectors
must form a triangle with the acoustic vector K3, defined by 2rf/v. Due to the symmetry of the
pure-mode <110> interaction it is seen that the deflected beam may be re-deflected to the outer
index along k'g at the 24 MHz center frequency. The degenerate interaction, denoted by the primed
k's in Figure 4.1-3, does not have as much bandwidth due the non-tangential nature of the
interaction, leading to the notch formation in the response band of the primary interaction.

The degeneracy may be removed, and/or the center frequency increa..J, by rotating the
acoustic mode slightly off of the pure-mode <110> slow-shear axis. Alteratively, the center
frequency could be increased by utilizing a phased array piezoelectric transducer. In other
applications it may also be advantageous to rotate the optical axis of the Bragg cell. For the present
application a simple acoustical rotation is the logical choice based on a trade of electrical drive
power and size of the TeO3 crystal. However, in a 2-D deflector it is not possible to acoustically
rotate both axes in a single crystal without also inducing unwanted optical rotations. The easiest
solution to this dilemma is to use two separate crystals that are each acoustically rotated. These can
then be brought together, or even glued together, to form a quasi-monolithic single Bragg cell.
This approach also serves to reduce the fabrication complexities of a 2-D single crystal Bragg cell.




Figure 4.1-3. Degenerate Response in On-Axis TeO3
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Several primary issues must be addressed in acoustically rotating a TeO2 crystal: the center
frequency and bandwidth of the interaciion, the "walkoff" of the acoustic energy in the crystal due
to anisotropy of the velocity, and the conjugate frequency pair at which secondary interactions
occur. These secondary interactions are actually split manifestations of the degenerate 1-tone
interaction that occurs in the <110> pure-mode, and may be considered as “2-tone" degeneracies
since two frequencies are involved. For applications where only one frequency is introduced into
the Bragg cell at a time then 2-tone degeneracy is not a concemn. [or the lasercom demonstration
system, however, it is desired to use discrete simultaneous frequencies to produce multiple
deflected beams, so if a 2-tone degeneracy exists then it wouid likely be encountered in operation.

Figure 4.1-4 illustrates the concept of acoustic rotation and the usable bandwidth region where
1- and 2-tone degeneracy can be avoided. In this configuration the 1-tone degeneracy is prevented
as long as the bandwidth does not extend below the frequency corresponding to Kjo. This also
happens to be the condition for preventing 2-tone degeneracies since it can be seen that frequencies
higher than that corresponding to K|]o cannot re-maich to the outer index. The only practical
limitation to the upper end of the bandwidth is how well the line of interaction matches to the inner
index. For maximum bandwidth the interaction line should not be perfectly tangent to the inner
index but should be slightly "de-tuned" by the input kj angle so as to bisect the inner index in two
places with a small offset mismatch at the center frequency.
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Figure 4.1-4., Rotated AO Interaction in TeOQ2: High-Band Mode
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Note that the rotated AO interaction illustrated in Figure 4.1-4 may be reversed in operation
such that the degenerate interaction is utilized as the primary interaction, as shown in Figure 4.1-5.
In this case 1- and 2-tone degeneracies are prevented as long as the bandwidth does not extend
above the frequency corresponding to Kpj. It can be seen in Figure 4.1-5 that the acoustic vectors
are shorter than in the previous case, so this orientation is referred to as the up-shifted low
frequency interaction, or "low-band” mode. The advantage of the low-band mode is less acoustic
attenuation and, more significantly, a wider bandwidth due to the fundamental 1/fc dependence of
interaction bandwidth for a given transducer size.



Figure 4.1-5. Rotated AO Interaction in TeO2: Low-Band Mode
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The theoretical small-signal deflection response of both the high- and low-band modes is
shown in Figure 4.1-6, normalized to 1 watt of electrical drive power. Here the acoustic rotation is
2° and the optical aperture is 22 mm as required for the 500 Spnt Bragg Celi axis. It can be seen
that the center frequency of the low-band mode is hardly changed from the non-rotated case of =
24 MHz due to the circularly-symmetric nature of optical activity in the vicinity of the <001> axis,
but the high-band mode center frequency has moved significantly upward to nearly 40 MHz.
Degenerate effects are not included in the responses shown in Figure 4.1-6.

In order to obtain the required 14 MHz bandwidth for the 500 Spot Bragg Cell axis it is seen
from Figure 4.1-6 that only the low-band interaction mode is practical. The 1-tone degeneracy
occurs at about 33 MHz, and since the degenerate notch width is about 10% of the total interaction
bandwidth then the upper bandwidth limit of the low-band mode should not excced 31 MHz.
Therefore the 500 spot acoustic axis can be satisfied with a 14 MHz bandwidth centered at 24 MHz
on the low-band interaction mode. The resulting fractional bandwidth is 58%.
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Figure 4.1-6. Theoretical Deflection Response of Low- and High- Band
Interactions in 2° Acoustically Rotated TeO3
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The same center frequency of 24 MHz was chosen for the 200 spot acoustic axis in order to
use duplicate and interchangeable electronic frequency generation circuits for the two Bragg cell
axes. The deflection response of the 200 spot axis is essentially the same as that shown in Figure
4.1-6 for the 500 spot axis. For acoustic rotation angles less than 4° the energy walkoff angle due
to anisotropy is about 10 times greater, so for a 2° acoustic rotation the crystal must be sized
properly for a 20° beam propagation over the optical aperture length. The approximate dimensions
of the 500 Spot Bragg Cell are shown in Figure 4.1-7. Acoustic reflection interference from the
back surface of the Bragg cell is almost completely eliminated by appropriately beveling and
coating the back surface with a proprietary acoustic absorbing material.

RF impedance matching circuits were designed and constructed for the Bragg cells. The
schematic of these circuits is shown in Figure 4.1-8. Relatively simple LC "pi"-type circuits were
used for the matching, and were they constructed with discrete micro-chip components (inductors
and capacitors) due to the relatively low frequencies involved. The starting point impedance for the
200 Spot Bragg Cell and the final matched impedance are shown in Figure 4.1-9, in Smith Chart
form. Similar data for the 500 Spot Bragg Cell is shown in Figure 4.1-10.




Figure 4.1-7.

Dimensions of 500 Spot (Horizontal) Bragg Cell

—
Energy Flow
20°

<110> Slow-Shear
K. 2.0° Axis
llllll:l:l'lv UL LT e
A A A AT
00| TR
—
—
230 k, ko Steering
X Range
A~ = 0.0°£0.54
ATATAA
AT
- u~$
10.0

1 W piezo

] transducer
Dimensions (mm]), Not to Scale

Figure 4.1-8. Bragg Cell Impedance Match Circuits
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Figure 4.1-9. Starting and Finishing Impedance for 200 Spot Bragg Cell

Starting Impedance Finishing Impedance

Figure 4.1-10. Starting and Finishing Impedance for 500 Spot Bragg Cell

Starting Impedance Finishing Impedance

The resulting VSWR for the 200 and 500 Spot Bragg Cells is shown in Figure 4.1-11.
The frequency range in Figures 4.1-9 through 4.1-11 ranges from 15 to 35 MHz, although only 17
to 31 MHz is actually used during operation of the Bragg cells. The VSWR values over the range
of operation are are no worse than 2.5:1, corresponding to an electrical insertion loss of less than
1.0 dB (= 20% power transmission loss). All subsequent Bragg cell performance references to
deflection efficiency vs. drive power (i.e., expressed as %/Watt) include this RF matching loss.

The small-signal deflection efficiency response of the 500 Spot Bragg cell is shown in
Figure 4.1-12. The theoretical response is shown on the left-hand side, assuming a flat matching
VSWR of 2.0. On the right-hand side of Figure 4.1-12 is the experimentally measured response,
which has a match VSWR of about 2.0 at 20 MHz as was shown in Figure 4.1-11. The small-
signal response 1s a commonly used measurement for acousto-optic devices because it avoids the
issue of the non-linear deflection response with increasing RF drive power. In other words, it is a




convenient method for comparing the efficiency performance of different AO devices without
having to state the exact drive power that was used. The peak response. measured at about 20
MHz, is seen to be =700%/W. The slight deviation from the theoretical response at frequencies
greater than 20 MHz can be seen to be at least partially due to the rising VSWR in Figure 4.1-11.
Very similar results were obtained for the 200 Spot Bragg cell. except the peak efficiency was
measured to be about 400 %/W.

Figure 4.1-11. Matched VSWR for 200 and 500 Spot Bragg Cells
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Figure 4.1-12. Theoretical vs. Experimental Deflection Efficiency
of the 500 Spot Bragg Cell
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The optical switching response, or steering speed, of the SCO Spot Bragg Cell was
measured using a pulsed inout RF signal. Since the optical deflection angle is a function of the RF
frequency that is inserted into the cell, then the speed at which the angle can be changed depends
or: how fast the frequency content of the cell can be changed. The switching speed will therefore
be determined by the ratio of the illumination beam width over the acoustic velocity. For this test
the 500 Spot Cell was illuminated with an accurately measured 24 mm wide optical beam, which
should corre-pond to about 40 psec of acoustic aperture if the acoustic velocity is 620 m/sec in the
slow-shear TeO>. For a given beam width the switching speed is solely determined by the acoustic
velocity, so this test is really a verification of the acoustic velocity of the Bragg cell. Therefore, if
an RF pulse of 15 psec duration is input to cell then it should require a total of 55 psec from the
time that the pulse first enters the illumination aperture until it completely disappears. If the
deflected beam is monitored on a photodetector then the response should be seen to
correspondingly nise and fall within the same 55 psec. This test and the experimental results are
illustrated in Figure 4.1-13.

Figure 4.1-13. Switching Response Test
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The illumination for the test in Figure 4.1-13 was a Gaussian intensity profile; had the
illumination been uniform then the response would have had a flat "plateau” between about 15 and
40 psec. The response is seen to correctly rise and fall at the 55 psec interval, confirming that the
100% switching response time is 40 psec for the S00 Spot Bragg Cell. Note that the response
peaks at about half the c.w. response simply due to the fact that the RF pulse always occupies less
than half of the illuminatior. aperture. The 200 Spot Bragg Cell similarly would have a 200 psec
switching speed due to it's smaller 20 psec aperture.




Figure 4.1-14 illustrates the "saturated” response of the 500 Spot Bragg Cell. At about 400
mW of input RF power the deflection response peaks on this cell and will actually start to decline
with increasing drive power. This saturation effect will cause the frequency response of the cell to
flatten out to a large degree as shown in Figure 4.1-14. The saturated response is seen to deviate
about +5% around the nominal value.

Figure 4.1-14. Saturated Response of the 500 Spot Bragg Cell
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A thermal analysis was performed on the Bragg cells to investigate the potential wavefront
distortion effects caused by temperature gradients inside the cells. Imperfect conversion of the
input RF drive power at the piezoelectric transducer is the source of thermal heating, and additional
heating occurs due to absorbed acoustic energy at the end of the cell and acoustic aticnuation along
the length of the cell. The resulting temperature gradients can cause optical distortions due to
thermal expansion of the width of the Bragg ceil (W) and the temperature dependence of the

acoustic velocity (v)and index of refraction (n). The optical phase, ¢g, at position "I" from the
transducer end of the cell along the exiting face is given by

{

¢’B([)=27t(ff Lax+
0

n(I)W(Q \

(4.1-5)

where f is the RF frequency of excitation (i.e., =24 MHz) and A, is the optical wav length.




Figure 4.1-15 shows the parameters and geometry of the heat sinking used in the thermal
analysis, and Figure 4.1-16 shows the results of the analysis. The top of Figure 4.1-16 shows the
optical wavefront contours that would result from the temperature gradients, and the bottom of
Figure 4.1-16 shows the "corrected” wavefront contours when the simple tilt and quadratic focus
terms have been removed. The focus correction can be easily implemented by adjusting the
appropnate spherical lens in the breadboard optics, and the tilt term is simply an angular deflection
offset. This shows that heatsinking at the back face of the cell produces a very large region of the
Bragg cell that is predominantly free of optical aberrations to less than A/10 peak-to-valley. This
occurs because the symmetry of the temperature gradients along the acoustic axis of the cells lend
themselves to well behaved optical distortions that are of low enough order (spherical and linear) to
be easily corrected.

Figure 4.1-15. Geometry and Parameters for Thermal Analysis
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Figure 4.1-16. Raw and Cecrrected Wavefront Contours
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4.2 Optics
4.2.1 Demonstration Optics Design
The purpose of the demonstration optics was to show proof of concept without the expense

of building a custom system. Figure 4.2.1-1 illustrates the layout of the demonstration optics. All
off-the-shelf optical components were used (except for the Bragg cells) in the breadboard design.

Figure 4.2.1-1. Demonstration Optics Layout
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Table 4.2.1-1 contains a list of parts in the Lasercom system illustrated above. Only one 180
degree field is enumerated, with the other field identical.

Table 4.2.1-1. Demonstration Optical Hardware List

1)  The base plate is a 2 inch thick 3 foot square optical table with a one inch 1/4-20 hole grid
pattern.
2)  The 25 mW 830 nm laser and collimator.
3)  The 10 mW 670 nm laser and collimator.
4) A 2X anamorphic corrector prism pair.
5)  Hot mirror beam combiner (reflects IR, passes visible).
6) A half wave plate and a quarter wave plate.
7) A 6X beam expander.
8) A 2inch Folding Mirror.
9)  The Horizontal Bragg Cell.
10) A half wave plate.
11) The Vertical Bragg Cell.
12)  The Horizontal Fourier Transform Lens (300 mm).
13)  The camera pickoff beam splitter, the camera’s Vertical Fourier transform lens, and CCD
camera suspended above.
14)  Holds the Vertical Fourier Transform Lens (80 mm) for the projection legs.
15)  The image divider mirrors, and two 40 mm Lenses (one for each half field).
16)  Camera support post.
17) 100 mm lens.
18) A 2 Inch fold mirror.
19) A 3 Inch fold mirror.
20) 150 mm lens.
2D 150 mm lens.
22) 8 mm Nikon Fisheye lens.

The optics consist of several sections. The first part is the illumination optics (2-8),
followed by the Bragg cells that do the beam steering (9-11). Next come the Fourier transform
optics that form the beam waists (12-14). The beam waist field is then divided in half and each half
reimaged to ihe input field of the fisheve lenses (15-21). Finally, the fisheye lenses project the
beams out to free space (22).

This system was optimized for an 830 nm laser. However, to provide a visible
demonstration capability, a 670 nm laser was also provided. With the 670 nm laser however, the
bandwidth of the Bragg cells is only half that for the 830 nm laser. The power to the laser is
provided by a BNC connector on the back panel of the system control box. This connector
supplies 5 volts to the two laser drivers. Inline on the power cable is a switch that selects either the
RED laser or the IR laser. Only one laser can be used at a time to avoid spot confusion at the CCD
camera plane. The aspect ratio required at the Bragg cells is 2:1 with the long axis in the horizontal
direction. The aspect ratio out of the RED laser is 4:1, so a 2X prismatic beam expander is used to
form the correct ratio. The output of the IR laser is about 2:1, so no correction is required.

The beams are combined using a hot mirror. A hot mirror is a dichroic surface that reflects

IR (above 700 nm) and transmits visible light. The beam sizes at this point are about 2 by 4 mm.
A 6X beam expander is used to create a 12 by 24 mm beam to illuminate the Bragg cells. The

24




Fourier Cylinders then form a scan plane with a field of 500 spots by 200 spots. A beamsplitter
reflects a small portion of the light to the CCD TV camera for spot position monitoring. The top
half and bottom half of the fields are divided by a mirror pair into the left field and right fields, each
with 500 by 100 spots. These fields are then reimaged and magnified to fill the input aperture of
the fisheye lens. The fisheye then projects the spots to fill each half field of 180 degrees
horizontally by +/- 18 degrees vertically.

The alignment procedure listed in Table 4.2.1-2 assumes that all the optical mount holders
are in their normal positions (see Demonstration Optics Layout, Figure 4.2.1-1). The optical axis
should be aligned to be 5 1/2 inches above the optical table. At all times observe laser safety
precautions' Useful tools not supplied are an infrared viewer, an IR sensitive viewing card, a
power meter, and an oscilloscope.

Table 4.2.1-2. Alignment Procedure

1) Place 830 nm laser with collimator into holder (2).

2)  Rotate the laser beam to a clear area of the table.

3)  Adjust laser until near and far field of beam is at S 1/2 inches above the table.

4)  Aim the beam at the center of the dichroic splitter (5).

5)  Adjust the splitter angle to maintain the 5 1/2 inch height and project the beam along the line
of components (6), (7), and (8).

6)  Center the half wave plate and the quarter wave plate (6) on the beam.

7)  Center the 6X beam expander (7).

8)  Before inserting turning mirror (8), use the collimation tester (supplied) to adjust the
collimation out of the 6X beam expander. Rotate the focus ring until the fringes on the view
screen are parallel to the shadow of the wire.

9) Insert tuming mirror (8) centered on the beam and folding 90 degrees toward the horizontal
Bragg cell.

10)  Position the horizontal Bragg cell (9) in the center of the beam.

11)  Place a 300 mm lens (supplied) after the cell, and project the spot onto a detector with the
detector output displayed on a scope.

12)  Energize the cell by starting the software. Select Scan Horizontal from the menu.

13)  Adjust the position and angle of the cell to maximize the output on the detector and maintain
a flat bandshape.

14)  Iteratively adjust the rotation of the halfwave and quarterwave plates (6) to maximize the
output of the horizontal cell. Greater than 80% throughput efficiency can be obtained.

15)  Remove the 300 mm lens.

16)  Position the halfwave plate (10) in the center of the diffracted beam.

17)  Position the vertical Bragg cell in the center of the diffracted beam.

i8)  Place a 300 mm lens (supplied) after the cell, and project the spot onto a detector with the
detector output displayed on a scope.

19)  Energize the cell by starting the software. Select Scan Vertical from the menu.

20)  Adjust the position and angle of the cell to maximize the output on the detector and maintain
a flat bandshape. '

2D Iteratively adjust the rotation of the halfwave plate (10) to maximize the output of the
vertical cell. Greater than 80% throughput can be obtained.

22)  Select Scan Diagonally from the software menu and check the composite deflection
efficiency. Greater than 60% should be available across the band.




23)
24)
25)

26)
27)
28)
29)
30)

31)

32)
33)
34)
35)

36)

37)
38)
39)
40)
41)
42)
43)

45)
46)
47)
48)

49)
50)

Note:

Table 4.2.1-2. Alignment Procedure (Continued)

Remove the 300 mm lens.

Place the 300 mm cylinder lens in position (12). This focuses the scan horizontally.
Place the beamsplitter (13) so that the diffracted light passes through and is reflected
upward.

Position the vertical Fourier lens (14) into position, centered on the beam.

Position a second cylinder lens above the beamc plitter, supported off vertical post (16).
Suspend the CCD TV camera also from post (16).

Center diffracted light on the camera.

Select Scan Vertically from the software and focus the line of light on the camera by
moving the camera position up and down.

Select Scan Horizontally from the software and focus the line of light on the camera by
moving the suspended cylinder lens.

Select Multibeam, 8 beam demo from the software menu.

Center the pattern on the TV camera by moving the camera.

The TV camera setup may have to be repeated after the projected beams are set up.
Focus cylinder lens (12) and (14) to form an image in front of folding and splitting
mirrors (15).

Position splitting mirrors (15) to deflect the top half of the image to the left and the bottom
half of the image to the right.

Choose the pattern file RIGHTO.PTN from the File Open menu.

Position the 40 mm lens (15) for a straight projection of the beams.

Position the 100 mm lens (17) in the center of the beam.

Position mirror (18) to direct the beams toward mirror (19).

Observe the image at position (19). Individual spots should be observed.

Position Mirror (19) to center the image in the center of the following lens positions.
Center lens (20) on the beam.

Center lens (21) on the beam.

Insert the Nikon Lens (22) into its holder.

Focus lens (17) to obtain clean spots on the screen.

Position mirror (19) to center the array of spots in the vertical direction and horizontally.
Finely adjust the position of lens (22) along the beam path to set the outer spots at the
outer edge of the observation screen.

Iterate any adjustments out of tune.

Repeat for the other projection leg.

The system can only be nominally adjusted for one wavelength laser at a time. If the 670
nm laser is used for alignment, then the 830 nm laser will no longer be aligned.

The following sections provide the CODE V® design data for the breadboard system. Table

4.2.1-3 and Figure 4.2.1-2 cover the Front-end Demonstration Optics Design and Layout, from
laser to Bragg cells. The CODE V® design tool works better when starting from an infinite object,
so the data below starts with the collimated beam in the Bragg cells and works backward toward
the Aspherical lens in the laser collimator.
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Code V® design data, from Bragg cells to laser diode.

XDE:
XDC:
ADE:
ADC:

RDY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
0.000000

100
45.000000
100

INFINITY

-125.26610

115.19900
555.66760
-73.85900

-110.00000

INFINITY
~31.67600
INFINITY
-31.67600
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
0.000000
100
40.000000
100

INFINITY
3.03022

-0.233433

«©

9.29061
INFINITY
INFINITY
INFINITY

THI RMD GLA
INFINITY
35.060000 *TEQ2"
25.000000
3.000000 BK7 SCHCTT
25.000000 -
35.000000 'TEO2'
50.000000
0.000000 REFL
YDE: 0.000009 2DE: 0.000000
YDC: 100 2DC: 100
BDE: 0.000000 CDE: 0.000000
BDC: 100 CDC: 100
-50.000000
-7.997000 SK11_SCHOTT
-4.205C00 SFS5_SCHOTT
-0.748000
-5.776000 SF11_SCHOTT
-87.180000
-2.080000 SF11_SCHOTT
-2.080000
-2.(80000 SF11_SCHOTT
-£0.000000
-3.000000 BK7_SCHOTT
-25.000000
-3.000000 BK7_SCHOTT
-50.000000
0.000000 REFL
YDE: 0.000000 2DE: 0.000000
YDC: 100 ZDC: 100
BDE: 0.000000 CDE: 0.000000
BDC: 100 CDC: 100
50.000000
3.00¢0¢CC SFS7_SCHOTT
KC : 0
CUF : 0.000000 CCF: 100
B :=-.407418E~04 C :=~.112171E~05
BC : 0 cc 0
1.000000
1.200000 BK7_SCHOTT
0.695980
0.000000

Table 4.2.1-3. Front-end Demonstration Optics Design

ccYy
100
100
10C
100
100
100
100
100
BEN

100
100
100
100
100
100
100
100
100
100
100
100
100
100

100
BEN

100
0

bC

100
100
100

THC
100
100
100
100
100
100
100
100

100
100
100
100
100
100
100
100
100
100
100
100
100
100

100

100
100

100
10C
PIM
100
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Table 4.2.1-3. Front-end Demonstration Optics Design (Continued)
SPECIFICATION DATA

EPD 25.00000
LIM MM
WL 830.00
REF 1
WTW 1
XAN 0.00000
YAN 0.00000
vUx 0.00000
VLX 0.00000
viJY 0.00000
vLY 0.00000

APERTURE DATA/EDGE DEFINITIONS
CA

CIR Sl 20.000000
CIR S2 20.000000
CIR 83 15.000000
CIR S4 15.000000
CIR S5 20.000000
CIR S6 20.000000
CIR §7 25.000000
CIR 89 25.000000
CIR S10 25.000000
CIR s11 25.000000
CIR s12 25.000000
CIR S13 24.000000
CIR sl4 7.000000
CIR S15 5.500000
CIR S1é 7.000000
CIR 817 5.500000
CIR S18 12.500000
CIR S20 12.500090
CIR s21 12.500000
CIR S22 12.500000
CIR s24 2.500000
CIR 825 2.500000
PRIVATE CATALOG

PWL 830.00

'THIN' 1.010000

PAL 830.00

'TEQ2' 2.200090

REFRACTIVE INDICES
GLASS CODE 830.00

SFS7 SCHOTT 1.821707
SF11 SCHOTT 1.763120
SFS SCHOTT 1.657453
SK1T SCHeTT 1.556411
BK7 SCHCTT 1.510206
'TED2! 2.200000
SOLVES
PIM
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Table 4.2.1-3. Front-end Demonstration Optics Design (Continued)

This is a decentered system. If elements with power are
decentered or tilted, the first order properties are prokcably
inadequate in describing the system characteristics.

INFINITE CONJUGATES

EFL 26.9927
3FL 0.6960
FFL 7102.4964
FNC 1.0797
IMG TIS 0.6960
OAL -64.9460
PARAXIAL IMAGE

HT 0.0000
ANG 0.0000
ENTRANCE PUPIL
DIA 25.0000
THI 0.0000
EXIT PUPIL

DIA 0.0950
THI 0.7986

Figure 4.2.1-2. Front-end Demonstration Optics Layout

50 MM

Input to Cell from Laser Diode HAR 6-JUL-93




The data for the Back-end Demonstration Optics Design, Table 4.2.1-4 and Figure 4.2.1-3,
covers the demonstration optics from the output of the Bragg cells through to the output of the
Fisheye lens. Because Nikon does not release design data for their lenses. the CODE Y®
description of the Fisheye lens is an approximation. This approximation was obtained by having
CODE V¥ optimize the performance of the lens until it matched the published lens data such as
focal length, field. nodal positions and lens count.

Table 4.2.1-4. Back-end Demonstration Optics Design

Output From Bragg Cell.

RDY THI R’MC GLA cCy THC GLC
QBJ: INFINITY INFINITY 100 100
3T0: CNFINITY 4¢.Q¢ccC0C 100 100
2: L33.6.000 5.30C002 BK7_SCHCTT 1C0 10¢C
YL
DX INFINITY 100
3: INFINITY 220.50510: 109 o]
q: INFINITY 5.000000 BK7_SCHOTT 10C 120
CYL:
RDX: 41.49600 100
S: INFINITY 97.612781 100 0
6: 6€9.12100 2.000000 SFS SCHOTT 160 180
7: 17.1375%0 3.500000 SK1T_ScCHOTT 100 100
8: -25.58640 60.308441 100 100
9: 177.46180 3.000000 SFS SCHOTT 100 100
190: 42.40620 7.00000C0 SK1T SCROTT 100 100
11: -63.41870 424.559359 - 100 100
12: 77.80500 14.000000 BK?7 SCHOTT 100 100
13: INFINITY 62.278121 - 100 100
14: 77.80500 14.000000 BK7_SCHOTT 100 100
15: INFINITY 8.330962 100 100
16: INFINITY 0.100000 BK?7_SCHOTT 100 100
17: INFINITY -0.007790 100 100
18: INFINITY 37.600000 100 100
19: 45.735%7 2.000000 621412.600145 100 100 100
20: 300.00000 0.100000 100 100
21: 51.80390 2.500000 753%09.286741 100 100 100
22: 19.87530 8.500000 487000.704000 100 100 100
23: -71.69472 8.000000 100 100
24: INFINITY 4.600000 100 100
25: 39.76499 3.000000 744000.447000 100 100 100
26: 21.68338 6.500000 487000.704000 100 100 100
27: -20.75049 0.100000 100 100
28 300.00000 2.500000 648227.4476829 100 100 100
29: -154.23737 3.000000 100 100
30: INFINITY 2.060000 755000.276000 10¢ 100 100
31: INFINITY <8 $00200 AIR 100 100
32: -60.00000 12.000000 755000.276000 106 100 100
33; -23.00000 1.300000 100 106
34: -21.00000 7.000000 604179.611411 100 100 100
35: 6C.00000 17.000000 100 100
36: -16.00000 3.000000 487000.704000 100 100 100
37: -210.00000 22.000000 100 100
38: -28.00000 3.000000 487000.704000 100 100 100
39: -68.00000 10.000000 100 100
40: INFINITY 60.000000 100 100
IMG: -150.00000 0.000000 100 0

30




Table 4.2.1-4. Back-end Demonstration Optics Design (Continued)

3PICITICATICIN DATA

PT 12.50000

AFZ 60.0000C

-IM MM

WL 830.00

RET 1

ATA L

XAN 2.000C0 2.3C00C0 0.00000 J.500G90
5.23C0¢

YAN 2.00001% J.126CC8 2.2430% $.35900
20432208

TCX 2.906¢¢C .20l S.otG00 l.330C0
T.eEClcC

JLX 3.23600¢< 2.0 3.30C00 £.23000
2.03CCO

vuY 0.00000 0.000c9¢% 0.00000 0.00000
J.60000

VLY 0.00000 0.00000 0.00000 0.00000
0.00000
APERTURE DATA/EDGE DEFINITIONS

cAa

CIR S2 15.000000

CIR §3 15.000000

CIR S4 13.000000

CIR S6 7.500000

CIR §7 7.500000

CIR S8 7.500000

CIR S9 15.000000

CIR S10 15.000000

CIR S11 15.000000

CIR S§12 40.000000

CIR S13 40.000000

CIR 8§14 40.000000

CIR S15 4€.000000

CIR S19 10.000000

CIR S20 10.000000

CIR S22 10.000000

CIR S23 10.000000

CIR S24 10.000000

CIR 825 10.000000

CIR S26 10.000000

CIR s28 10.000000

CIR S§29 10.000000

CIR 830 10.000000

CIR S§31 10.000000

CIR §33 16.000000

CIR 534 16.000000

CIR S35 17.000000

CIR 836 16.000000

CIR S37 30.000000

CIR S8 30.000000

CIR S§3¢ $5.000000
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Table 4.2.1-4. Back-end Demonstration Optics Design (Continued)

RETIAZTIVE INDICES

3LASS CcZte 330. 27
3T 3ZEITT L.31%2%4
ir: S.33743
vl 1.5%641L

INFINITE CTNJUGATES
Dl 22851.2187
ar. 345.3854
TFL -2.1008E~L"
NI 2823.337:

Mz CIs 6C .28l
AL Z13d8.33°7
FARAKIAL IMAGE

=7 131.34d
ANG 0.4800
INTRANCE FUPIL

DIA 12.5000

THI 0.0000
EXIT PUPIL

CIA 0.2835

THI -172.8578

COLE V> in £

output from cell

Elem Surfs Focal Length

i 2- 3 304.994317 Cylinder in Y direction
2 4- 5 (81.3 mm Cylinder in X direction)
3 6- 8 40.000048
4 9-11 100.000046
s 12-13 152.497158
6 14-15 152.497158
7 16-17 Flat
8 19-20 87.753893
2 21-23 122.109272

12 25-27 73.581878
i1 28-29 160.193088
12 30-31 Flat

13 32-33 44.591933
14 34-35 -25.275186
15 36-37 -39.318677

15 38-39 -101.392848

'~
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Figure 4.2.1-3. Back-end Demonstration Optics Layout

125 MM

Output from Cell HAR 5-JUL-93

4.2.2 Custom Optics Design

For a spaceborne application, small size and !ight weight are very important. One program
goal was to produce an optimized design for space using custom, instead of off-the-shelf, optics.
Optimizing for size and weight meant redesigning the breadboard optics to include the fewest
components possible. On the output side, the Fourier transform lenses were retained as a pair of
cylinders. The output lens system however was changed from seventeen elements (scaling system
consisting of six elements in four groups, and a fisheye of eleven elements in nine groups) to an
output fisheye lens with five elements total, a savings of twelve optical components. Table 4.2.2-1
is the Code V® design for the custom o .put fisheye lens, starting from th= output and working
back to the lens input. Figure 4.2.2-1 illustrates the layout of the custom back-end optics.
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Table 4.2.2-1. Back-end Custom Optics Design
Small Fisheye Lens.
RDY THI RMD GLA CCY  THC
GLC
> CBJ: INFINITY INFINITY 100 100
1: INFINITY 25.000000 100 100
2: 49.45403 4.400000 SFL57_SCHOTT 0 0
3: 6.87256 4.676532 0 0
q: -100.84273 4.400000 SFLS7_SCHOTT 0 0
S: 26.52705 18.238627 0 0
6: -47.69870 4.406043 SFLS7 SCHOTT 0 )
- -33.85775 0.100000C - 0 J
STC: INFINITY 4.358435 100 o)
3 -258.23597 1.5319052 SFL57 SCHCTT 0 0
] -15.98231 0.10000¢C - 0 0
1% 13.92418 4.589311 SELS7_SCHOTT 0 0
12: -76.55846 7.600000 0 0
13: INFINITY 0.414966 100 PIM
IMG: INFINITY -0.039060 100 100
SPECIFICATICN DATA
NA 0.04167
DIM MM
WL 830.00
REF 1
WTW 1
XAN J.00000 0.00000 0.00000 0.00000 0.00000
YAN -§3.00000 -45.000006 0.00000 45,003000 89.00000
REFRACTIVE INDICES
GLASS CODE 830.00
SFL57_SCHOTT 1.821500
SOLVES
PIM
INFINITE CONJUGATES
EFL 1.7000
BFL 0.4150
FFL 34.3550
FNO 12.0000
IMG DIS$ 0.3759
OAL 82.6000
PARAXIAL IMAGE
HT 97.3952
ANG 89.0000
ENTRANCE PUPIL
DIA 0.1417
THI 34.4024
EXIT PLPIL
DIA 5.0782
THI ~-60.5239




Figure 4.2.2-1. Back-end Custom Optics i ayout

10 MM

Qutput from Cell HAR 7-JUL-93

On the input side to the Bragg cells, the design takes seven elements and reduces the count to

three, a savings of four lens components. Table 4.2.2-2 lists the Code V® output for this part of
the design. Figure 4.2.2-2 illustrates the Front-end Custom Optics Layout.

For the custom optical design, the mid-section optics layout is shown in Tigure 4.2 2-3. The
mid-section transforms the Bragg cell output, and is implemented using two cylinder lenses. The

Code V® output design data for this section is shown in Table 4.2.2-3.




Custom Beam Shaping Optics.

RDY THI |MD
SLS
C3J5: INFINITY INEFINITY
P INFINITY 3.000000
2: INFINITY 5.000000
3 INFINITY 3.000000
i: INFINITY 3.000000
> 3. INFINIT 15.92C2000
LTz 0.0009000 YDE : 0.00CCCa
XZC: 100 YCC: J
AZZ 2.035500459 BCE: 2.00c08e
ACC: 100 BCC: 100
5 INFINITY 12.000000
7 INFINITY 0.006000
XDE: 0.000000 YDE: 0.000000
XCC: 100 YDC: 100
ACE: 0.000000 BDE: 0.000000
ADC: 100 BDC: 100
STO: INFINITY 20.07
9: 45.84068 13..
100
XDE: 0.000000 YDE: €.000000
XDC: 100 YDC: 100
ADE: 0.000000 BDE : 0.000000
ADC: 100 BDC: 100
GPl: FX5_SCHOTT SPG:
10: -18.44596 1.500000
11: -58.40115 0.100000
12: 21.47053 13.000000
13: INFINITY 14.122865
IMG: INFINITY -0.029505
SPECIFICATICN DATA
EPD 25.00000
XZF
DIM MM
WL 830.00
REF 1
WTW 1
XAN 0.00000
YAN 0.00000
VUX 0.00000
VLX 0.00000
vuy 0.00000
VLY 0.00000
APERTURE SATA/EDGE DEFINITIONS
CA
CIR Sl 15.6000¢0
CIR S3 15.000000
CIR Sé6 15.000000
CIR §7 18.000000

Table 4.2.2-2. Front-end Custom Optics Design

GLA
8K7_SCHCTT
BK7_SCHOTT

I0E: 0.0GGG0C
cC: 1C0
CDE: 0.9200C0%
CCcC: 120
ST11_SCHOTT
ZDE: 0.000000
ZDC: 100
CDE: 0.000000
CcDC: 100
507578.598075
ZDE: 0.000000
ZDC: 100
CDE: 0.000000
CDC: 100
PRC:
SFL57_SCHOTT
AIR
SFL57_SCHCTT
AIR

cCY

1d¢
100
i0<
103
1€
102

Rz

10C
100
CAR

100
100

100
100
100
100
100

100

100
100

100
100

100
100
100
PIM
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Table 4.2.2-2. Front-end

Custom Optics Design (Continued)

REFRACTIVZ INLCICES
GLASS CCDE 830.20
SF.l SCEZTT 1.763129
307573.538075 1.5007 %%
SEL37_SCROTT 1.82135%53
3KT_sTHCTT 1.510226
SEPARPTURIZ TRCOM CATALOG INDICES
3LAs8s CIZE 330.00
307372.3:22075 0.019G36
SCL7ES
2IM
ZCCM DATA
POS 1 POS 2
EPD 25.00000 12.50000
ADE S5 0.00000 ~6.04460
ACC S5 100 100
ADE S7 0.00000 -29.43000
ADC §7 100 100
YDE $S9 0.00000 7.38661
YDC S§9 100 0
ADE S9 0.00000 19.88279
ADC S9 100 0
YDE S35 0.00000 3.82850
YDC SS 0 0
This is a decentered system. If elements with pcwer are
decentered or tilted, the first order properties are probably
inadequate in describing the system characteristics.
POS 1 POS 2
INFINITE CONJUGATES
EFL 23.4006 23.4006
BFL 14.1229 14.1229
FFL 40.7117 40.7117
FNO 0.9360 1.8721
IMG DIS 14.0934 14.0934
OAL 90.6000 90.6000
PARAXIAL IMAGE
HT 0.0000 0.0000
ANG 0.0000 ¢...J0
INTRANCZ PUPIL
DIA 25.0000 12.5000
THZ 35.7791 35,7791
EXIT riPIL
DIA 118.6018 59.3009
THI 125.1371 125.1371
STO DIA 25.0000 12.5000
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Figure 4.2.2-2. Front-end Custom Optics Layout
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i
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A
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20 MM
Custom Beam Shaping Optics HAR 8-JUL-93

Figure 4.2.2-3. Mid-section Custom Optics Layout

51.02 MM

Cylindrical Transform Lens Scale: 0.49 HAR 9-JUL-93
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Table 4.2.2-3. Mid-section Custom Optics Design

Cylindncal Transform Lens.

RDY THI
GLC
> CBJ: INFINITY INFINITY
1: INFINITY 25.00000¢C
2: INFINITY 5.000000
3: INFINITY 3.0000060
4: INFINITY 5.000000
5: INFINITY 25.200000
S7T0: INFINITY 25.00000¢C
7: 155.04000 6.000000
YL
RDX INFINITY CCX: 100
El INFINITY 152.535673
3: INFINITY 6.000000
ZY-
RCX 75.2C000 CCX: 100
-C: INFINITY 143.4138412
iMG: INFINITY -0.10478¢C
SPECIFICATICN DATA
£eD 12.50000
PUX €.50000
PUY 0.50000
PUI 0.13500
X7
LIM MM
dqL 830.00
REF 1
ATH 1
XAN 0.00000 0.00000
YAN 0.00000 0.5090¢C
APERTURE CATA/EDGE DEFINITIONS
CA
CIR S 15.000000
CIR S3 15.000000
CIR S5 15.000000
CIR §7 10.000000
CIR 89 10.000000
PRIVATE CATALZOG
PWL 830.00
'TEQZ2' 2.200000
REFRACTIVE INDICES
GLASS CCTE 830.00
3K?7 SCELTT 1.510206
'TE02" 2.200000

GLA

'*TEO2'
BK7_SCHOTT
'TEO2"

BK7_SCHOTT

BK7_SCHOTT

0.21300
0.00000

0.21300
0.509¢C0

ccy

1C0
100
100
1C0
15C
1690
120
1C9

PRNEN
LU

130

1
LCO0

THC

193
100
100
190
pRele]

-
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Table 4.2.2-3. Mid-section Custom Optics Design (Continued)

SOLVES
PIM

NFINITE ZCNJUGATES
EFL 147.3914
BFL 143.4184
FFL 68.8310
FNO 11.7913
MG CI: 143.3136
CAL 252.5357
PARAXIAL IMAGE
HT 0.547%
ANG 0.2130
EINTRANCE FUPIL
DIA 12.5000
THI 34.7138
EXIT PUPIL
DIA 54.0018
THI 780.1700

Figure 4.2.2-4 represents the entire custom svstem irom end to end. It is much smaller and
more compact than the breadboard. The custom optics consists of the laser output going through a
three element 25mm F1 collimator, followed by an 1.5X prismatic beam expander. This system of
input optics takes the 3:1 aspect ratio of the laser and forms it into a 12.5 by 25mm output beam.
This 1s followed by a halfwave plate and a quarterwave plate to adjust the polarization to the
ellipucal onentation necessary to get maximum diffracticn efficiency from the Bragg cells. Between
the two Bragg cells is another halfwave plate that corrects for the polarization change due to the
birefringence of the first cell. After the cells are the two orthogonal cylinder lenses, 300mm for the
horizontal output and 145mm for the vertical. These lenses Fourier transform the scan angles into a
real image plane at the back focal plane of the fisheye lenses. A splitting mirror directs half the
vertical field to each of the two fisheye lenses, which image the focal plane to infinity with a .36
degree beam divergence.

Table 4.2.2-4 below shows the predicted optical throughput for the custom system. With
custom optics. designed and coated for 830 nm, and using a Spectra-Diode Labs laser, the output
can easily exceed the requirement of 50% throughput. In the Section 5.3, Breadboard Performance
Summary, the Custom design expecied results are further contrasted with the actual measurements
for the breadboard.
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Figure 4.2.2.4. Complete Custom Optics Layout

Custom Sy stem could be folded into
approximately 4 X 4 X 8 inch package

A 98 a
S0 MM

RLINE {4.13]

-— * 24 19CHEY

Table 4.2.2-4. Optical Efficiency of the Custom System

Lasercom Light Budget

COMPONENT COMPONENT
POQWER QUT (mW)
Laser Output 150.0
Laser Collimator 145.5
Wave Plates (1/2 AND 1/4) 139.6
Horizontal Cell (DC) 136.8
Horizontal Diffraction 130.0
Wave Plate (1/2) 127.4
Vertical Cell (DC) 124.8
Vertical Diffraction 118.6
300 mm Cylinder 117.4
145 mm Cylinder 116.2
Turming Mirror 115.1
Fisheve Lens 109.3
TOTAL 109.3

Custom System

THROUGHPUT

COO0O0O0O0COO0
00V VOV OWYVO !
O \O \O A 00 00 Lh 00 G\ )

© o
9 o
w »n
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4.3  Electronics Design and Test

Figure 4.3-1 shows a simplitied block diagram of the electronics subsystem. The electronic
subsystemn uses direct digital synthesis (DDS) to generate a tunable 18 to 32 MHz frequency output
bandwidth. The electronics interface box consists of a control interface card, two DDS cards, and
an RF section, all self-contained including a power supply. The breadboard PC computer controls
the electronics box via a digital output card.

Figure 4.3-1. Electronics Subsystem Block Diagram

PC Comnuter
Control card Power
| Y
Electronics intertace Box
l — ﬂ Impedance
I f i | ‘ Match

Front Panel [_Control imertace | c Ptl))».vcr . l:»n»:c: [::ralglg 5 pre=s
RF Inputs ombiner 4: ps ells Ej
: —_— Impedance
Maich

Figure 4.3-2 shows a block diagram of the Control Interface Board. The Control Interface
Board buffers digital frequency and control data between the controlling PC and the two DDS
cards, strobes this information into the DDS cards upon a read request from the PC, and generates
the required clocks for the these processes to take place. Appendix C contains a schematic of the
Control Interface Board.

The Control Interface Board receives 24 parallel data bits from the controller PC consisting of
17 data bits of frequency data, and 7 data bits of control logic. The frequency data (D0-D16) is
latched into four 4096X9-pin FIFO's (CY7C433). two FIFO's per channel, upon a write request
(W1, W2) from the PC. A read enable (READ EN) command from the PC enables the FIFO's to
read data into the DDS cards via a read (R) command from the PAL (32VX10). The PAL also
transmits a DDS latch command (DDS LATCH) to the DDS cards to latch the frequency data into
buffers on the DDS card and a DDS load strobe (LSTRB) command to load the information into
the DDS chip. Once all the data has been read from the FIFO's an empty flag (EF1. EF2, EF3,
EF4) will signal the PAL. The PAL will then send a retransmit command (RT) to the FIFO's
requesting the FIFO to loop through the frequency data.



Figure 4.3-2. Control Interface Board Block Diagram
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The sequence of operation is as follows:

Initial reset of FIFO's and DDS card (RESET. DDS RESET) at turn on.
Write to the FIFO's (W1, W2)

Read all FIFO's.

a. READ EN from PC to PAL.

b. R from PAL 1o FIFO's.

C. DDS LATCH from PAL to DDS card.

d. LSTRB from PAL to DDS card.

4. FIFO's will continuously loop until a RESET or writc command.

a. Empty flag (EF1-EF4) from FIFO to PAL.

b. Retransmit (RT) from PAL to FIFO.

1D

The Control Interface Board generates a 160 MHz ECL clock. a 5 MHz TTL clock, and a |
KHz TTL clock. The 160 MHz ECL clock is used as the clock for the DDS boards. The S MHz
and | KHz clocks are clock selected (CLK SEL) by the PC for either fast or slow operation and
are used for FIFO read and write operations. The FIFO write rate is determined by the PC and the
FIFO read rate is 400ns.
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Figure 4.3-3 shows a block diagram of the DDS board. The DDS boards are off-the-shelf
Stanford Telecom STEL-2272A single output direct digital synthesizer boards with a maximum
output frequency of 110 MHz and a maximum clock speed of 300 MHz. The output frequency
changes 33 clock cycles after a LSTRB command. This application uses a 160 MHz clock for a
frequency change rate of 206 nsec.

Figure 4.3-3. DDS Card Block Diagram
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The frequency information from the Control Interface Board is buffered into four 8-bit
latches with a DDS LATCH command. A LSTRB command initiates a serial input of the frequency
data bits into the STEL-2172A chip at the DDS board clock rate (160 MHz). The DDS chip
bounces the data bit information against a look-up table in ROM to translate to a corresponding
frequency using the following equation:

fout = (phase change) * fclk | 2N (4.3-1)

where phase chunge = data bits from PC, fclk = 160 MHz, N = 18, and fout = 18 to 32 MHz.
For example. if fout = 18 MHz, then phase change = fout * 2N/ fclk = (18 * 106) * (2N)/(160
*106) = 2.9491 * 104 = 000111001 100110011 (bin). Frequency calculations were made using 18
bits of frequency data to improve frequency resolution to 610 Hz. The two MSB's of the
frequency data are always O between 18 and 32 MHz.

Figure 4.3-4 shows a block diagram of the RF section. The RF section contains two
identical RF paths, one for each channel, containing a power combiner, an attenuator and a high
power amplifier. A 4-way power combiner (Anzac, DS-312-SMA) combines the RF from the
DDS card with up to three additional frequencies. The aitenuator is SMA packaged and can be
selected for a desired output power. The high power amplifier (Mini-Circuits, ZHL-1-2W) is a 2
watt device with a minimum gain of 29 dB.




Figure 4.3-4. RF Section Block Diagram
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The electronics subsystem was thoroughly tested to verify that the goal specifications were
met. The following paragraphs summarize the results per test performed.

Test#L. F Tuni

The Channel X (horizontal) and Channel Y (vertical) were tuned from 18 to 32 MHz. A
HP5328B frequency counter was used to measure frequency resolution across the band. A random
sampling of 20 frequencies compared to the expected frequency achieved a resolution in both
channels of less than 610 Hz.

[est #2. Spurious Tones
This test was performed to verify that spurious tones were at least 40 dBc down.

Channel X - Figure 4.3-5a shows spurious tones across the frequency band at < -40 dBc. The
frequency band was swept to annotate worst case dynamic range.
Channel Y - Figure 4.3-5b shows spurious tones across the frequency band at < -40 dBc. The
frequency band was swept to annotate worst case dynamic range.
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Figure 4.3-5. Spurious Tones Test Results
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Test #3. Phase Noise

This test was performed to verify that phase noise was no greater than -70 dBc/Hz maximum,
20 KHz from the carrier.

Channel X - Figure 4.3-6a shows a CW signal centered at 18 MHz and at an output power of +27
dBm. The SSB phase noise at 20 KHz offset is approximately -93 dB¢/30 Hz or -108 dBc/Hz.
Channel Y - Figure 4.3-6b shows a CW signal centered at 18 MHz and at an output power of
+26.5 dBm. The SSB phase noise at 20 KHz offset is approximately -93 dBc¢/30 Hz or -108
dBc/Hz.

Test #4. Seuling Time

This test was performed to verify that the settling time was no more than 200 nsec. Figure
4.3-7 shows the test setup used to check the settling time at turn on and turn off of frequencies
generated by the DDS card. A Mermmimac quadraphase modulator was used as a phase detector with
90 degree phase shift reference. The output of the DDS card was split with one signal entering the
modulator at the 90 degree quad and the other at the in-phase combiner. The signals were then
combined 90 degrees out of phase to produce a voltage reference. The output of the DDS card was
then toggled. The settling time is the time measured 10 to 90 % in amplitude.

Channel X - Figure 4.3-8a shows a rise time of less than 100 nsec. Figure 4.3-8b shows a fall
tme of less than 75 nsec.
Channel Y - Figure 4.3-9a shows a nise time of less than 100nsec. Figure 4.3-9b shows a rise
time of less than 75 nsec.
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Figure 4.3-6. Phase Noise Test Results
a. Channel X (horizontal) b. Channel Y (vertical)
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Figure 4.3-8. Channel X (Horizontal) Settling Time Test Results

a. Rise Time

- - M0 /oty e = 100 O ro WAL, @ia)me) 168, OO v

(- —
{ A

l— - — § g

A ‘

— |
Sewitiviey Offane Arobe Copling | apesgree ‘

Owmenl A0 o¥/hy A NOB & (1} - ® ow 1

tos L
= e Paattive “'u.. ot Crarvell '
trigge Lovel ta)

Cuwwvail = (6.0000 of Gwies rejume OFT)
iVl o A0

b. Fall Time

S 0D e 0.6 /iy [V 4} - w000 - I, einand 0. @

Sersitiviny Of fann Prade Capling lapetarws
Owrvead 1§ L oV/v 16 0B o L) o " ow

Cuwnit » 14 GDW of Voliee o poy OOV
ldiff o D ID o

Test #5._Frequency Drift:

This test was performed to verify th .. the frequency drift was no more than 10 Hz/1ainute. and
less than 50 Hz maximum long term. The test monitored both channels at turn on for 5 minutes
with an HPS5328B frequency counter, and the achieved drift was less than 10 Hz. The long term
test monitored both channels over a twelve hour period. and achicved the same results.
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Figure 4.3-9. Channel Y (Vertical) Settling Time Test Results
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0 N ~ m S /e ¥ 44 [ ] 160, 05 s -l Biniaa) 410 0 -
——

7

Barwisivity o fams Pr ane Caplirg (apwteus
Ow a1 .80 rtev 14 COOD v e - ”» on
Vigge Gntm Gdge
™ v Pepistve ldge of Owvwil
trigge Low) @
Owwmil) « 1A 8KD of Suyiee 7 s PV
nidf - S -
~TE D s LR YR~ 1] u_ " - [ atit) 4 A NID rs
b3 K 0 /v B -~ DU B~ b . XD -
-
A A
1
Swwitivisy orfewt Arebe Copling | agpeduran,
Owwal 3 L0 ov/cav (600D N Sl L] » dw

igpe Nodm ¢
= Yo tagsive Lige of Owvell
Trigger (ows)

Owwnil « 100000 & roim ro et D
BTV o AN ~

Test #6. Third Order Intercept
This test was perforined to verify that the third order intercept was +42 dBm minimum.

Channel X - Figure 4.3-10a shows a two tone tesi for intermodulation distortion across 18 to 32
MHz. The tone on the left was generated by the DDS card and the other tone was generated by an
external signal source combined in the RF scction of the electronics subsystem. Both tones were
adjusted to +26 dBm output power at the output of the electronic subsystem. The external signal
source was swept across the band to generate the worst case intermod tone. The figure shows the
intermod +42.63 dBc. The third order intercept point is calculated as foliows:
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[P3 =Pout + A2 where A 1s the difference ot output power and intermod level,
theretore. IP3 =26 + 42.63/2 =47.3 dBm.

Channel Y - Figure 4.3-10b shows a two tone test for intermodulation distortion across 18 to 32
MHz. The tone on the left was generated by the DDS card aud the other tone was generated by an
external signal source combined in the RF section of the electronics subsystem. Both tones were
adjusted to y +26 dBin output power at the output of the electronic subsystem. The external signal
source was swept across the band to generate the worst case intermod tone. The figure shows the
intermod ++3.45 dBc. The third order intercept point is calculated as follows:

IP3 = Pout + A/2.  wherc A is the difference of output power and intermod level.
therefore, IP3 =26 + 45.45/2=48.7dBm

Figure 4.3-10. Third Order Intercept Test Results
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5.0 Breadboard Demonstration
5.1 Breadboard Hardware Description

This section briefly describes the breadboard hardware setup. Figure 5.1-1 shows the
major components of the breadboard: the controller PC computer (on the left), the electronics
interface box (middle background), and the optics bench (foreground) which contains the lasers,
Bragg cells, CCD camera, and the various lenses.

The breadboard is self-contained, requiring no additional lab equipment to operate (other
than tables on which to place the computer, electronics box, and optics bench). Once the computer
and electronics box are plugged into the AC wall outlet the breadboard is ready to run, and all other
components are powered via software control: the lasers, Bragg cells, and CCD camera. The
breadboard control software and operational procedure will be discussed in detail in Section 5.2
(see also Appendices A and B). Table 5.!-1 lists the PC computer specifications.

Table 5.1-1. PC Computer Specifications

* Motherboard: 486-33DX with AMI BIOS

¢ Cache: 64K SRAM

* RAM: 8 Megabytes

* Hard Disk: 120 Megabytes (IDE)

* Floppy Drives: 3.5" (1.44 Meg) and 5.25" (1.2 Meg)

* /O ports: 2 serial and | parallel, 2 IDE and 2 FDC
* Graphics Card: ATI-VGA Wonder XL-24 (1 Megabyte)
* Monitor: 14" SVGA 1024 x 768 non-interlaced

* Video Overlay Card: Super Video Windows

* /O Card: National Instruments DIO-24

* Software: DOS 5.0, Norton Desktop 2.0, Windows 3.1,

Visual Basic 2.0

Figure 5.1-2 shows a perspective view of the optics bench. The two laser diodes (670 nm
and 830 nm wavelength) are in the far left comer of the bench. The Bragg cells are located where
the input coax cable terminates in the left central portion of the bench (Note: the mount shown for
the Bragg cells is an earlier mount not used in the final breadboard). The CCD camera is suspended
vertically at the top of Figure 5.1-2, and the two wide-angle output lenses can be seen at the left
and right sudes of the bench. The optics bench (TMC Model #77-133-02) has a 3 x 3 foot surface
area (9 ft.2), is 2 inches thick, and weighs approximately 135 Ibs. (without optics). The Bragg cell
design was discussed in detail in Section 4.1.

One side of the electronics box is skown in Figure 5.1-3 with the cover removed. This
shows the custom developed interface board containing the programmable array logic (PAL)
devices and the first-in-first-out (FIFO) memories. In the upper center this picture shows the heat
sink on one of the two signal output amplifiers, and to the left of this is onc of the 4:1 signal
combiners (2 front panel input ports and 1 internal DDS generator channel). The power supply for
the box electronics is on the right side of the box, and a cooling fan is located directly above.
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Figure 3.1-1. Photograph of Breadboard Hardware




Figure 5.1-2. Photograph of Optics Bench
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Figure 5.1-4 shows the other side of the electronics box. This view shows the two DDS
gencrator boards on the right side of the box (Stanford Telecom Model #STEL-2272). The other
power amplifier is located in the upper central region of the box, and the other signal combiner can
be seen in the upper right hand comer. The CCD power transformer is located at the bottom.

§.2 Control and Analysis Software Description

The Lasercom system was designed for ease of use. When the computer boots up, it
automatically loads Windows and runs with Norton desktop. To start the Lasercom system. simply
double click the left mouse button with the cursor sitting on the Lasercom Icon, in the Applications
group. This starts the software and tums on the hardware.

The software was written in Visual Basic 2.0 and is fully commented. Appendix A attached
15 a printout of the source code. Appendix B is a printout of the Help file. which explains the
system operation and control in greater detail.

When the program first loads, a warning dialog box is displayed that explains about laser
safety. Then the control window appears. In the top part of the screen is a white contro] area, in the
bottom is the live TV camera output. The laser spot initial condition is on, with the spot centered in
the right half of the display area, with the beam exiting the system in the center of the right-hand
fisheye lens.

The spot can be moved to a new position by three different methods. The spot can be
positioned by placing the mouse cursor antwhere on the white control area and clicking the left
mouse button. The spot will then appear at that point. The white display area represents 360
degrees of horizontal positions and +/- 18 degrees of vertical positions. The line in the center
defines the split in the system between the left-hand fisheye and the right-hand fisheye output. The
live TV output is split vertically, with the bottom half mapped to the left area and the upper half
corresponding to the right half. Another way to manipulate the spot position is to place the mouse
cursor on the spot and, while holding down the left mouse button, dragging the spot to a new
location. The third method of spot positioning is to grab the slide bar with the mouse and drag it to
a new location. This gives you independent control of the horizontal and vertical positions. The
bars and the bar arrows can also be clicked on for coarse and fine position control, respectively.
The position of the spot can only be controlled for a single spot. In order to control the posiiion of
multiple output spots, either independent frequency sources can be plugged into the front panel, or
a pattern file can be written for time division multiplexing the spot positions. See the Help menu
for details on writing a pattem file.

Along the top of the program is a menu bar. This lets you control things like displaying
pattern files. zooming the spot, displaying multiple spots, scanning the spot, centroiding the spot,
and calling on the Help files. To exit the program, either double click in the upper left corner or
choose the File - Exit menu.
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Photograph of Electronics Box (DDS Side)

Figure 5.1-4.




5.3 Breadboard Performance Summary

The primary objectives of the breadboard demonstration were to correlate theoretical
predictions of Bragg cell performance (such as efficiency, switching speed, multi-beam generation,
and beam zooming) with experimental data and to gather other data concerning system-level
operations such as overall steering range, beam divergence, and throughput efficiency. All of the
objectives of the breadboard were met, and with the one exception of throughput efficiency, all of
the technical goals were achieved. The overall throughput efficiency was found to suffer for two
reasons which will be explained in greater detail later: poor laser diode spectral quality and several
uncoated (or wrongly coated) optical lens elements. The itemized compliance of the breadboard
performance versus goals is given in Table 5.3-1.

Table 5.3-1. Itemized Compliance of Breadboard to Goals

SOW Goal Specification Breadboard Result
* steering range: approx. 180° x 45° * implemented 360° x 36° (2 sectors)
* transmit beam size: 0.36° round * successfully demonstrated
e zoom factor: minimum 10X (3.6°) * successfully demonstrated over 11X
* multiple beam generation: min. 4 * successfully demonstrated (can

"simulate” many more)

* end-to-end optical efficiency: min. 50% ¢ 13% demonstrated (limited by laser and
>70% losses in "off-the-shelf” optics)

* steering response time: 30 microsec * successfully demonstrated

The majority of the breadboard performance parameters can be measured by a diagnostic
systemn that is built into the breadbtoard itself: a CCD camera array interfaced to the PC control
computer with custom analysis software. This particular combination of hardware and software is
hereafter referred to as the Built-in Test Set, or BTS. Several tests, however, required initial
calibration tests separate from the BTS due to their unique demands. The BTS block diagram is
illustrated in Figure 5.3-1. Note that the BTS is a self-contained analysis system that requires no
additional laboratory equipment.

The optical design wavelength of the demon«tration breadboard is 830 nm (infrared).
although a 670 nm (red) laser is also incorporated 1.0 the breadboard for purposes of visual
(naked ¢ye) demonstration. All test descriptions and results in this Section arc assumed to occur at
the 830 nm design wavelength. No minimal specifications were implied for the 670 nm
wavelength: in fact, it was found to be very difficult to optically align both the 670 and 830 nin
lasers to the Bragg cells simultaneously through the same optics. As a result the 670 nm laser does
not have the desired visual impact when the optical system is optimized for the 830 nm laser. In
hindsight a better solution would have been to provide scparate input optics for the two lasers so
that they could be optimized individuaily.
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Figure 5.3-1. Breadboard Built-in Test Set (BTS) Block Diagram
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A test plan was developed for the breadboard and implemented with only some minor
chaages. The tests that were described in the test plan and performed on the breadboard are
suminarized in Table 5.3-2. The following paragraphs explain how the performance measurements
were made and the data that was obtained for cach of the SOW performance goals.
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Table 5.3-2. Test Plan Summary
TestID  Test Name Specifications Test Setup Comments

A Steering Range 360° x 36° * Special * Imually measured with “curved screens™.

* BTS * Mcasured on CCD after initial calibration.
B Beum Divergence 0.36° * Spectal * Initially measured with beam profiler.

* BTS * Mecasured on CCD after initial calibration.
C Divergence Zooming 10:1 * Special ¢ In,c1ally measured with beam profiler.

«BTS » Measured on CCD after imtial ¢alibration.
D Muiniple Beamns qty. 4 * Special * Visually observed on “curved screens”.

* BTS * Measured on CCD prior to ¢xit lens.,
E Opitical Efficiency S0% Special Measurced with discrete photodetector
F Response Time  40x 20 microsec  Special Mcasured w/ APD detector & oscilloscope.

Test A._Steering Range

This test was performed by measuring the maximum angular steering range of the optical
output at the exit of the wide-angle Nikon output lenses. Specifically, the limits of the horizontal
and vertical steering range were determined by physically locating the steered beam on a curved
screen placed approximately I foot from the output lens. as shown in Figure 5.3-2. A hand-held
IR viewer was used to locate the beam position on the screen, and at the limits of the beam steering
a pencil mark was made on the screen corresponding to the exact beam location. The beam was
then incrementally steered by commands from the PC computer until the beam steering iimits are
reached (where clipping or vignetting of the beam occurs to a level no greater than 1 dBc). The
locator marks on the screen were then used to geometrically determine the angular beam steering
range as discussed below.

Horizontal range: Drop vertical lines to the bottom of the screen (i.e.. to the bench top) from the
maximum horizontal extent locator marks. Draw a line that intersects these points with the vertical
drop point on the bench top that corresponds to the center of the wide angle lens. After doing this
for both left and right steering limits the horizontal steering range can be determined directly from
the angle between these lines.

Vertical range: The vertical angular steering range was measured by triangulation between two
maximum extent locator marks lying on a vertical drop line ard the distance to the wide ungle lens.

The results of this test successfully confirmed that the total breadboard steering range is
360° honzontal by 36° vertical.
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Figure 5.3-2. Test A - Beam Steering Range
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Test B. Beam Divergence

This test was performed using a newly purchased beam profiler system, the Spiricon
Model #LBA-100A. Placed after ihe wide angle exit lens, the Spiricon makes very accurate beam
profile measurements including beam diameter at both the 1/2 (FWHM) and e-? (Gaussian) power
points. By taking a measurement at one axial location and then another at a further axial location
the Spiricon can automatically calculate the divergence of the beam. This test confirmed that the
diffraction-limited beam divergence was 6.29 mrad, or 0.36°. Therefore, the number of resolvable
beams is 1000 in the horizontal axis (360°/0.36°) and 100 in the vertical (36°/0.36°).

Test C. Divergence Zooming

This test is intended to confirm that the optical beam will effectively enlarge or “zoom™ hy a
factor of at least 10 in both axes, or to increase to about 3.6° from the 1X value of 0.36° in both the
horizontal and vertical axes. Note that the amount of actual divergence can be varied continuously
anywhere between a factor of | X to 20X or more by commanding the proper number and spacing
of frequencies into the Bragg cells. The pull-down "Zoom Menu" in the PC control software hus
pre-programmed data for generating 1X. 3X. 5X, 7X, 9X. and 11X zooms. This test was
performed using the previously mentioned Spiricon beam profiler, and the rcsults are shown in
Table 5.3-3. It is seen that very good agreement was obtained between the desired and actual
measured zoom ratio. It would have been a simple matter to adjust the frequency programming to
the Bragg cells to obtain even better correlation, but it was deemed unnecessary since the primary
intent was merely to demonstrate a minimum of 10X zocoming.
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Table 5.3-3. Beam Zooming Test Results

Desired Zoom Ratio Meas Ratio
1 X 1 X
3X 2.66 X
5 X 4.66 X
7X 6.59 X
9 X 9.17 X
11X 10.80 X

Test D. Multiple Beum Generation

The goal of this test is to produce a minimum of four independently steered beams from the
Bragg cells. True multipie beam generation requires that frequencies be simultancously combined
before insertion into the Bragg cells. Each Bragg cell therefore has been supplied with four input
channels each: | internal DDS channel and 3 front panel ports for externally applied signals. We
have inserted s'gnals into the front panel ports and confirmed the true multipie beam generation.

This test can also be "simulated” using BTS capability. The procedure is very similar to the
previous zoom approach in Test C, except here full-aperture beams are generated in a time-
multiplex2d fashion. The PC commands the Bragg cells to vary between 4 frequencies that
correspond to the desired steering directions. The frequencies are switched at the fastest switching
speed of the 500 Spot Bragg Cell (40 microsecond aperture). The simulation occurs due to the fact
that the beam is being steered faster than the CCD camera can respond, and therefore 4 statically
steeced beams “appea:” to occur. Note that the steering frequencies can be arbitrarily chosen and
that more or less than 4 unique beams may be steered by commanding the proper number of
frequencies into the Bragg cells. In fact, this the same technique that is used to generate special
scans and patterns from the pull-down "File Menu" and "Scan Menu".

The result of this test is that the generation of at least 4 simultaneousiy and independently
steered becams was successfully demonstrated. The divergence angle of each beam is the same as
for a singie CW steered beam. Note that ghost beams are also be generated in this process since
any steering frequency in onec Bragg cell interacts optically with any steering frequency in the other
Bragg cell. For example. 2 frequencies input to each cell in order to generate N=2 unique beams
also produces 2 ghost beums. !n general, N2 1otal beams are formed, of which N are primarily
sought and N2-N are ghost beams.

Test E. Optical Efficiency

The purpose of this test is to measure the end-to-end optical efficiency of the overall
demonstration breadboard, defined as the optical power difference between the output of the source
laser diode and the beam that finally exits the wide-angle lens. The optical efficiency of the Bragg
cells is a function of their drive power. so this test was performed after the saturation drive power
(1e., maximum efficiency) of the Bragg cells had first becn determined. The test was performed by
placing a photodetector in the path of the optical beamn at various locations between the laser source
and the final widc-angle exit lens.
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The result of this test is that the overall optical 2fficiency ot the demonstration breadboard is
about 13% (-9 dB), instead of the goal 50% (-3 dB). Figure 5.3-3 presents the componeni-by-
component breakdown of the optical power through the system.

Figure 5.3-3. Measured Optical Power through Breadboard
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Component Definition;

l. Laser Diode 6. Mirror 11. Splitter 16. Mirror
2. Collimator 7. Horiz. Bragg cell  12. 86mm Cyl lens 17. Mirror
3. Mirror 8. Wave Plate 13. Mirror 18. 150 mm lens
4. 2 waveplates 9. Vent. Bragg ceil 14.40 mmlens  19. 150 mm lens

5. 6X Beam Expander  10. 300mm Cyl. lens 15. 100 mm lens 20. Nikon wide lens

Another way to view the optical power losses is on a component-by-component throughput
percentage, as shown in Figure 5.3-4. It can be seen in Figure 5.3-4 that f.ve of the 20 breadboard
compcnents failed to meet at least 90% optical throughput efficiency: #7 Horizontal Bragg Cell, #8
Wave Plate, #9 Vertical Bragg Cell, #13 Mirror, and #20 Wide Angle i_ens. The lack of a proper
830 nm anti-reflection coating is the reason that #8 Wave Plate (which "ad to be ordered quickly
without time for coating delays) and #20 Wide Angle Lens (which is an off-the-shelf 35mm camera
lens coated for visible only) performed poorly. The reason that the #13 Mirror performed poorly is
due to the fact that unprotected aluminum-coated mirrors do not reflect well at u 45° angle of
incidence at 830 nm wavelength. A gold or silver coated mirror would do a much better job in this
location.




Figure 5.3-4. Component Throughput Percentage
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Component Definition:

1. Laser Diode 6. Mirror 1. Splitter té. Mirror

2. Collimator 7. Honz. Bragg cell  12. 80mm Cyl lens 17. Mirror

3. Mirror 8. Wave Plate 13. Mirror 18. 150 mm lens
4. 2 waveplates 9. Vert. Bragg cell 14. 40 mm lens  19. 150 mm lens
g

6X Beam Expander  10. 300mm Cyl. lens  15. 100 mm lens  20. Nikon wide lens

The remaining two components that performed less than expected are the #7 Horizontal
Bragg Cell and #9 Vertical Bragg Cell. This was somewhat of a surpnse given the excellent initial
measurements that were made on the Bragg cells after fabrication. As discussed in Section 4.1 the
Horizontal Bragg Cell (500 Spot Cell) had a small signal response of 700%/W . and was expected
to approach 95¢% cfficiency or more at approximately 300 mW of drive power. Similarly, the
Vertical Bragg Cell (200 Spot Cell) had a small signal response of 400% /W, und was expected to
approach 95% efficiency or more at approximately 400 mW of drive power. This led to an
investigation of the cause of the performance degradation.

The impresstve small-signal responses reported in Section 4.1 are neted to have been made
using a very high quality Spectra-Diode Labs laser diode Model 5400 (100 mW', index-guided.
\InQIL mode). This raised the question as to the quality of the laser diode that was purchased for
the breadboard. which is a Sharp laser diode packaged by D. O. Industries (DO, Model 1-9280-
SHAC. The specirum of the laser had been measured at delivery and found to be "adequate”, but
was remeasured again in hight of the efficiency problems. It was found to have degraded
significantly. The results are given in Figure 5. 3-5. where on the left hand side is the initial
measurement and on the right ‘hand side 15 the latest measurement. 1t is clear that substantial
degradation in longitudinal mode structure has occurred, and the laser is now running with a large
number of wavelengths. The spatial profile «w as also measured using the Spiricon beam profiler. as
shown in Figure 5.3-6. This also confirmed that the laser had 4 degraded transverse mode
structure, probably directly related o the degraded longitudinal mode structure.
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Figure 5.3-5. Laser Diode Spectral Quality Measurements
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Due to a lack of time and funds at the end of the program the laser diode problem could
not be corrected. It is surmised that the poor laser quality directly contributed to the lower than
expected Bragg cell performance since the acoustic/optical phase matching requirements inside the
Bragg cell are rather stringent. In other words. not all of the multiple wavelengths from the laser
can be properly phase-matched simultaneously inside the Bragg cell to produce a high deflection
response. Therefore, some of the light from the DOI breadboard laser is being "wasted" since the
Bragg cell cannot properly deflect it. The small-signal response was also measured using the DOI
laser and found to be about half the response measured previously with the SDL laser.

Test F._ Response Time

The purpose of this test was to determine the response time limit for switching of the
optical beam steering direction. Since this is completely determined by the Bragg cell response
time, the results of this test were given in Section 4.1, Figure 4.1-13 as part of the Bragg cell
checkout testing. The response time was measured by pulsing or time-gating a signal through the
Bragg cell and observing the rise, dwell, and fall time of the resulting deflected optical beam.
This test successfully verified that the 60% response time of the Horizontal (500 Spot) Bragg Cell
was 30 microseconds, and 15 microseconds for the Vertical (200 Spot) Cell. The 100% response
time for the Horizontal and Vertical Cells is 40 and 20 microseconds, respectively.

6.0 Conclusions

As a result of this effort it has been proven that acousto-optic Bragg cells can perform very
useful and unique functions for controlling the transmitted beam in a laser communications sysiem.
Analytical tools were developed to model the performance of Bragg cells for this application, and
other design trades were made which led to the choice of the optimum Bragg cell material (TeO»),
fabrication geometry. and heat sinking techniques. A breadboard lasercom transmitter was
developed which successfully demonstrated that Bragg cells can be used to steer the transmit beam
over a very wide range (in this case, 360° x 36°) and with very fast speed (< 40 usec). The steered
beam was shown to have a diffraction limited beam divergence (0.36° in this case). Several
complications led to an overall optical efficiency of about 13% for the breadboard, as explained in
Section 5.3, but convincing evidence is provided that the overall optical efficiency of a customized
optical system can be greater thu.a 70%. as explained in Section 4.2.2. Also, it is shown that the
overall package si.> for a customized system can be on the order of 128 in3, including lasers,
Bragg cells, and all op'ical components.

Some unique attributes of Bragg cells were demonstrated by the breadboard. including
multiple simultaneous beam steering (> 4 simultaneous beamns) and variable beam divergence (>
10:1 beam spreading). Significantly, all these capabilities are provided by Bragg cells which are
rugged. long-lite components that have no moving parts. Biagg cells are, therefore. very attractive
components from a systems application point-of-view.

A custom electronics box including frequency generators vas developed for the breadboard
using direct digital synthesis (DDS) to provide ultra-stable and fast frequency switching for the
Bragg cells. These electronics can be significantly miniaturized for flight applications.

In summary, acousto-optic beam steering technology has been proven as a viable approach
for lasercom beam steering at the breadboard level. The next step for development is to produce
brassboard-level hardware which implements miniaturized packaging technigues and to obtain
performance data under simulated or real environmental loading conditions.
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Appendix A. Breadboard Control PC Source Code

The following pages present the listing of the source code that exists on the breadboard PC
computer for all of the control and diagnostic functions. The code is written in Visual Basic®,
which is a registered trademark of the Microsoft Corp. The code has been extensively commented;
however, it is suggested that any desired changes not be made before contacting the author first to
avoid potential complications: Lee Burberry, Harris Corp. HISD, M/S 13-7747, P. O. Box 98000,
Melbourne, FL, 32902, phone (407)727-5317.

A-1l




LASERCCTM.F3M - )

Sub BOARDINIT ()
'SETUP DIGITAL I/0 3CARD FOR 24 BITS ALL QUTPUT
ot I =0 To 2
status = DIG_Prc_ConfigV(Byval 1, ByvVal I, ByVal 0, Byval 1)
Next I
‘set all bits ports O,and 1 %0 zero
poctout(0) = O
portout(l) = 0
portout(2) = (2 «+ 4 + 8 + 16)
'2 @ HARDWARE ON 4=RESET 8=W1 16«W2 INITIALI2ED TO SET
For I = 0 To 2 'send out initial states
status = DIG_Out_Portv(ByvVal 1, Byval I, . /Val portout(I))
Next I
XFreqCu: = Val(forml'Text2.Text)'read initial scate from screen text
YFreqOu: = Val(forml'!Textd.Text) 'read initial scate from screen text
Calil Freqout 'initialize Y and Y frequencies
End Sub

Sub CENTROIDING () 'routine to find weighted average of spot location

Dim DeqreeX, DegreeY As Single ‘'local X and Y holders

Dim Pix As Single ‘Pixel Grey Level

Dim I, J As Iateger 'local counters

Dim SumX, SumY, SumN As Double 'Sum holders

Dima Xlower, IUpper, YlLower, YUpper As Integer 'box size holders
Olm ymaz, Ymin, YDelta As Integer ‘Vertical scale holders

Dim XHalf As Integer ‘which halgt

Static Region As AVrzect 'defins a region variable “or partial frame capture
Const XOff = 10 ‘extent of centroid area in X

Const YOff = 130 'extent of centroin area in Y

Consc XMax = 210 'Global size of x area for scaling

Coust XMin = -30 ‘Global size of x ares for 3scaling

Const PixThreshold = 1 ‘it grey level below this, don't count it

1t Centzoin = True Then ‘only do it when button pushed

forml !Picture2.Visible = True 'Picture2 hold data for centroiding
formi 'AvContzoll.Visible = False ‘hide real time vidio
forml!avoverlay.Visible = False ‘hide overldy window
forml.TirerS.Fnabled = False ‘'turn off timer 30 no reentry
OldMouse = Screen.MousePointer'save old mouse pointer shape

Screen.MousePointer = 11 ‘set to hourglass while centroiding
SumX = 0 ‘dinitialize Sua X

SumY = 0 'initialize Sum Y

SumN = 0 *initialize Weighted Sum

YDelta = ~47
‘where to centroid azound in degree space
DegreeX = Val(forml.Textl) ‘'get position from screen toxt
If DegreeX >= 180 Then ‘Which half?
Ymin « -160 ¢+ YDelta
ymax ® 210 + YCelta
DegreeX = DegresX - 180 ‘X mod 180
XHalZ =« 180 ‘remesber to add 180 to output

Else
fmin < -160
ymax * 210
XHal? « 0
Ena It

'Torml 'Picture?.Scale (~30, 25)-(220, -25)'scale the data
forml'avoverlay.Sca.e (XMin, ymax)-(XMax, Ymin) 'scale the data
DegreeY = Val(forml.Text3) ‘'get positicn from screen text
‘set l.mits

YLower = TegreeY - YOLf

1f YLower < Ymin Then YLowe:z = Ymin

YUppe: = TegreeY ¢+ YOff

If YUprer > ymax Then YUpper = ymax

XLower = CegreeX - XOff

I1f XLowe: < XMin Then XLower = XMin

xupper = DegreeX + XOff

If xupper > XMax Then xuppe: « XMax
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‘dravw box acound spot
forml'avoverlay.Line (DeqreeX - Xxoff, DegreeY - YOf?Z)-({DegreeX + XOff, DegreeY + YO?Z), white
8

‘grab video to picture Dox TO get access to pixel data
as§ = “d:\temp .bmp® ‘file to hoid bi:map on ramdrive
'define the cegion of the video field to grad
Region.lelt = 50
Region.Top = 130
Region.Right = 330
Regicn.3¢tzom = 270
‘LResult = AVgrabtofile(AvControll.AvVideoHandle, a$, File_windows8gray, Region)'save REGION
OF video to Ramdisk
LResult = AVgrabtofile(AvControll.AvVideoHandle, a$, File_windowsBgray, ByVal 0&) 'save ALL v!
deo to Ramd.sk
forml !Piczure2 .Picture = LoadPicture(a$) 'get video from disk 90 can be accessed
forml!?:cture2.Scale (XMin, ymax)-(XMax, Ymin)'scale the data after screen size dynanically a
djueted
‘centrc:d Dy waited average
for I =« YLower To YUpper
For J = Xlower To xupper
‘get pizel value (b/w camera)
Pix = (forml'!'Picture2.Point(J, I) And 255) / 255'keep numbers small so no overflow
If Pix < PixThreshold Then Pix = 0
SumX = SumX ¢ Pix * J 'set up sum of POSITION wieghts
SumY = SumY ¢+ Pixz * I 'set up sum Of POSITION wiegnts
SumM = SumW + Piz ‘set up sum of PIXEL wieghts
Next J
Next I
If Sumi > 0 Then 'If Sum of all the pixels is nonzero then
XCentrold = SumX / SumWN + XHalf ‘calculate the X centroid
YCentzoid = SumY / SumM 'calculate the Y centroid
Else 'If all zero then centzoid is zero
XCentroid = O
YCentroid = 0

End It

If Calibrated Then ‘use calidsation table to calculate location

' find calibration box upper left coordinates and frequencies

uxd o Val(forml.Textl) / 30 ' demand x-frequency in array coordinate space
uyd = (18 - Val(forml.Textd)) / 2 ' demand y-frequency in array coordinate space
nx = Int(uxd) ' box left array coord

If nx = 12 Then nx = 11

ny = Int(uyd) ' box top array coord

If ny = 12 Then ny = 11

dx00 « nx * 30 ! demand box left frequency

dy00 « 18 - ny * 3 ' demand box top frequency

' find box corner frequencies
x00 = XCentroids(nx, ny)
x10 = XCentroids(nx + 1, nay)
x01 = XCentroids(nx, ny + 1)

x11l o XCentroids(nx ¢ 1, ny ¢+ 1)
y00 = YCentroids(nx, ny)

yl0 = YCentroids(nx ¢ 1, ny)

y0l = YCentroids(nx, ny + 1)

yll = YCentroids(nx + 1, ny ¢+ 1)

' estima:e "Shculd-Have-Been" ‘reguencies xfr, yIrs
al = x:9 - x00
a2 = y.0 - y00
bl = x01 - x00
b2 = y0l - y00

dtrm - al " b2 a2 * bl 'matrix determinant

cl » x:1 +» x00 - x10 - x01
c2 @ yil + y00 - yi0 - yO1
di « xCentroid - x0C

d2 =« YCent:zo:id - y00

xxx = 9

yvy = ¢

'use suicessive aproximation to find locaticn
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For I = 1 To0o S
el = 11 - cl * xxx * yyy
@2 ® A2 - C2 * uxx *
xxx = (b2 * el - bl * @2) / dtrm
YYy = (al °* e2 - a2 * @l) / derm
Next I
‘These a:ze the calibrated values
XCentroid = dx00 + 30 * xxx
¥Centroid = dy00 - 3 * yyy
End If
'Plcture 2 is visible, show area of centroiding
storml!?ic:u:oZ.LLno (DegreeX - Xx0ff, DegreeY - YOf()-(DegreeX + XOff, DegreeY + YOLf), white,
'Display Cetroid results as text on the screen
forml.labelé.Caption = Format$ (XCentroid, "0.00")
forml.Label8.Capiion = Format$ (YCentroid, “0.00%)
formi .Refresh ‘updace display
f{orm. .Refresh 'update display
form]l Timer$S.Enabled » True ‘turn on again for nex:z cenzroid
Screen.MousePointer = OldMouse ‘set back to before state
‘srase box with another Xor draw
forml'avoverlay.Line (DegreeX - XOff, DegreeY - YOff)-(DeyreeX + XOff, DegreeY ¢ YOff), white
]
’
Clse ‘'centroider is oft
torml .Labelé.Caption = * Off® ‘scatus output i{f centro’sd off
forml.Label8 .Caption = * Off*
Ena If
2nd Sudb

Sub TIMEREé _Timer ()
End Sub

Sub IVFRAMESETUP () ‘'set up forml control sizes

h « forml.Height 'get the vertical size of the form

w = forml.Width ‘get the horizontal size of the form
‘scale all displays to those sizes

form] .Hide ‘turn off the form while reslzing

'setup the video frame grabber

forml !AvContzoll.Top = h * .25

form] 'AvControll . left = w ¢ .02

forml ‘AvControll .Height = h * .63

forml!AvControll.Width = (3 / 2) ¢ torml'AvControll.Height

‘setup the video frame grabber overlay window

fcrml 'avoverlay .Top = h *

fornlfavoverlay.left « w * .02

forml'avoverlay . Height =« h = _6S

forml !avoverlay.Width « (3 / 2) ¢ forml'!AvControll.Height

‘set up & picture dbox %o hold the data for centroiding

form] !Picture2 . Top = h * .25

form) !Picture2. Left « v ¢ |}

forml'Picture2 . Helight « h ¢ ,6S

forml'Picture2.Width (3 / 2) * forml'!AvControll.Height

‘put a yellow bar in the middle of the video window to show split halves

forml'Sepbar.Height = forml'AvControll.Height ¢ .00S

form.'Sepbar.Top = forml'AvControll.Top + (forml'AvControll .Height / 2) - (lorml'!'SepCar.Hel3ht

/ 2)

form] !Sepbar.lLeZt = forml'AvControll.left

forml'Segbar.Width = forml'!'AvControll.Width

‘set up point display windows

Zorml!Picturel .Top = h *» ,0S

forml'Picturel . left = w ¢ ]

forml'Picturel . Width « w * 65

forml'Picturel .Height = K * .1

‘set up hcrizontal sc:oll bar

forml 'HScrolll.Top « h ¢ 17

forml'HScrolll. . lefs & w ¢ ]

forml 'HScrolll . Width = w * 65

forml 'HScrolll . Height = h * .0l

‘set up verizcal scroll dar

foml!vSeralll Top = ¢ 08

forml !VScrolll . Left « w * .77

forml'!'vScrolll . Width « h « ,025
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forml!VScezalll . Height = h * |1
‘set up X cegcee text display
forml'!'Texz..Tcp = h * .2
forml'Text]l . Lels @« w ¢ )
forml!Labell.Top = h * .2
forml'Labell.left = » v 38

‘set up X rzoquoncy text display
forml'!'Text2.Top = ¢ .2

forml 'Text2.lelt = v LI
forml'Label2.Top = h * .2
forml'Label2.left = w * .58

‘set up Y degree text display
forml!'Text).Top = h *« 06

forml 'Textl.Lef> = v ¢ .8
forml'Labelld.Top = h * .07
torml'Labo J.Left = w ¢+ 038

‘set up Y Frequency text display
forml 'Text4. 'op ah * 12

forml 'Textd.le2t o w * .8
torml!cheli.Tcp =h - .11
forml!Labeld.left = v * 88

'set up centroid Label
forml'centroidlabel.Top = h * .49
forml'!centroidlabel . Left =« w * .78
‘set up X centroid text output
forml'!'Labelé.Top = h * .6)
forml!Llabel6.left = v ¢ .78
forml'label?.Top = h * .63
forml'label?.left « w *+ 8%

‘set up Y centrold text output
forml!label8.Top = h * .81
forml'Labelf.left = w * 78
forml!label9.Top = b * .83

torml !Label9.Left =« w * 8%
‘turn the form back on
forml.Show

‘put an initial spot on the screen
SPOTORAW

End Swd

Sub ABOUT Click ()
AboutBox.3hov '{f requested tell about program origan

End Sud

Sub CALIBRATE_Click ()

'Routine to Calibrate the Centroider
Oim 1, J As Integer'local counters

Dim X, Y As Single 'local Degree irputs

Title = ®"Callbration of Centroider® 'Message Box Title
Mag = "This WMiil Take a While. * fset up message
Msg = Msg ¢ * Do you want to continue?” ‘'more message
DgDef = MB_OKCANCEL + MB_ICONQuestion ' Describe dialog buttons
Response = quaox(noq, DqDot, Title) ' Get user response,.
If Response = IDOK Then ' Evaluate response
Screer .MousePointez « 11 'set to Hourglass
Centr2:dCn = Truea 'set the global variable

for J = 0 To 12 ‘step through Y

Y = (J-6) ¢ <3 ‘Get Y from J (18 to -18 step -3)

For 1 = 0 To 12 '‘step through X
X e 1 °* 39 'Gat X from I (0 to 360 step 30)
HSczolll . Value « X ¢ 104 'set scroll bars, causes

VScrolll.Value » (VMax / 204 - Y) * 104 ‘'spot to be output
Call CENTROIDING 'Find Spot centroid
fornl.TimerS.Enabled = False'turn timer off(cetroid turned it on)
XCentroids (I, J) = XCentroid 'save the position
Centzoids (I, J) = YCentrold 'save the position

Next I

Next J

CentroidOn = False 'set the global variable

SCLBeN . MoUSerointes ~ 1 'sat 1o Arrow

Calibrated = True ‘set global variable

forml.centroidlabel ~ "Calibrated Centroid Position”
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TimerS.Enabled = False'turn timer off
forml 'Pictuc-e2 . Visible = False ‘'turn off picture2 when done
forml'AvConzroll . Visible = True'show real time vidio
forml'avoveslay.Visible = True'allow overwriting on window
forml .abelS.Caption = ® Off" 'status ocutput if centroid off
forml .Labei8 .Caption = * Of¢*

Ind If

End Sub

Sub CENTOFF_C.ick () 'Turn centzoindong Off

CentroidOn = False ‘set global variable

TimecrS.Enabled = False'turn timer off

forml'Picture2 . Visible = False ‘'turn off picture2 when done
forml'AvControll .Visible = True‘'show real time vidio
forml'avoverlay.Visible = True'allow overwriting on window
forml.label6.Caption « * Off® 'status cutput if centroid off
forml . labeld.Caption = * Off"

End Sub

Sub CENTCN Click () ‘Turn centroiding ©On
Centroidln = True 'set the global variable
TimerS.Enabled = True'turn timer on

tnd Sud

Sub CONTENTS Click ()
Oumwy = Shell(®c:\windows\winhelp.exe lasercom.hlp®)'start windows help on help

gnd Sudb

Sub DIAGONAL _Click () ‘'draw a diagonal line of light
Dima IncrementX As Single s step size
Dim IncrementY As Single 'y step size

Dim FreqX As Single ‘local x frequency holder
Dim FreQY A9 Single ‘local y frequency holder
Dim J As Intege:r Tlocal counter

Call TURNZOOMOFF ‘turn off the zoom if on

‘leave enable line or to watch the drawing be created

Call RST 'TOGGLE RESET LINES to clear Fifo
IncrementX = (MaxXFreq - MinXFreq) / 249 '250 x steps

IncremantY = (MaxYlFreq - MinYlFzeq) / 249 '250 Y steps

FreQqY = MinY1lFreq 'set to initial step

For FreqX = MinXFreq To MaxXFreq Step IncrementX ‘step through frequencies
for J = 0 To 7 'eight occurrences in the fifo for each freq (8*250=2000)
Call DOSENDING (FreqX, FreqY) 'mid value for y freq

Next J

Call DRAWMULTI (FreqX, FreqY) 'draw each spot on tha screan without erasing old spots
FreqY = FreqY + IncrementY ‘increment Y frequencies wich X

Next FreqX
IncrementY = (MaxY2Freq -~ MinY2Freq) / 249 ‘'another 2000 fifo location
FreqY = MinY2Freq ‘reset Y for second half
For FreqX = MinXFreq To MaxXF:eq Step IncrementX
fFoz J = 0 T0 7 'eight occurrences in the fifo for each freq
Call DOSENDING (FreqX, FreqY) 'mid value for y freq
Next J
Call DRAWMULTI (FroqX, FreqY) 'draw each spot on the screen without erasing old spcts
FreqY = FreqY + IncrementY '‘incremont Y {requencies with X
Noxt FregX
End Sub

Sub DONE _Click () 'Ready to te:rminate prcgram run
Call TURNZCCMOFF 'turn off zcom and centroider if on
forml!Time:S Enabled = False 'turn off centroider timer
Call ONCFF (False)

End
End Sub
Sub EIGHTBEAM Click () 'display one spot in each corner of the two halves
Dim FregX As 3:ngle 'local frequency hulder
Dim FreqY As Single 'local frequency holder
Call TURNICCMCFF ‘turn of? the zoom {f on
Call ENABLE(OQ) "TURN OFF READ
Call RS? 'TOGGLE RESET LINES
FregX = M:nXFreq ‘set frequencies to Lelt half, lower left

freqY = MinYirceq
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'l
Fort J = 0 To 199 '200 occurrences in the fifo for each freq(2 fill timas)
Call DGCSEMDING (FregX, FreqY) 'mid value for X & Y frey

Next J

Call DRAWMULT: (FreqQX, freqY) 'draw the 3pot

‘2

FreqY = MaxY.Freq ‘left half, Upper le?:

For J = 0 To 199 '200 occurrences in the fifo for each freq(2 fill times)
Call DOSENDING (FregX, FreqY) 'mid value for X & Y freq

Next J

Call DRAWMULTI (FreqX, FreqY) ‘'draw the spot

'3

FregX < MinXFreq

FreqY -~ MinY2F:req 'Right Half Lower Lef:

For J = 0 To 199 '2C0 occurrences in the fi:fo for each freq(2 fill times)
Call CCSENDING (FregX, FraeqY¥) 'mid value for X & Y treq

Nex: J

Call DRAWMULTI (FreqX, FreqY) ’draw the spot

.

4

FreqY = MaxY2rreq 'Right Hal? Upper Left

For J = 0 To 199 '2C0 occurrences in the fifo for each freq(2 fill times)
Call DOSENDING (FregX, FreqY) 'mid value for X & Y freq

Next J

Call DRAWMULTI (FreqX, FreqY) ‘draw the spot

'S

FreqX = MaxXFreq 'Left half, lower right

FreqY = MinY1Freq
For J = 0 To 19% '200 occurrences in the fifo for each freq(2 fill times)
Call DOSENDING (FreqX, FreqY) ‘mid value for X & Y freq

Next J

Call DRAWMULTI (FreqX, FreqY) ‘draw the spot

'é

FreqY = MaxYlFreq *left half, Upper Right

For J = 0 To 199 '200 occurrences in the fifo for each freq{2 fill timnes)
Call DOSENDING (FreqX, FreqY) ‘mid value for X & Y freq

Next J

Call DRAWMULTI (FreqX, FreqY) ‘draw the spot

7

FreqX = MaxXFreq

FreqY = MinY2Freq 'Rignht half, Lower Right

For J = 0 T0 199 '200 occurrences in the fifo for each freq(2 fill times)
Call DCSENDING FregX, FreqY) 'mid value for X & Y freq

Next J

Call DRAWMULTI (FreqX, FreqY) 'draw the spot

'8

FreqY = MaxY2freq ‘Right Half, Upper Right

For J = 0 To 199 '200 occurrences in the fifo for each freq(2 fill times)
Call DOSENDING (FregX, FreqY) ‘'mid value for X & Y freq

Next J

Call DRAWMULTI (FreqX, FreqY) 'draw the spot

Call ENABLE(Y) 'TURN READ LINE BACK CN
End Sub

Sub ELEVENX Click () ‘zoom spot 11 X

threex.Checked = False

fiveX.Checked = False

sevenX.Checked = False

nineX.Checked = False

elevenX.Checked = Tr:e 'check the correct meru Item
200MQOFF .Checked = False

1sZoomed = SMALLSPOT * 11 ‘set spot to 1l X size

SPOTDRAW ‘draw the spot
Freqout 'send out the spct
End Sub

Sub FIVEX Click () ‘zoom the spot to 3 X

threax.Checked = False

fivex.Checked = True 'check the correct menu Item
sevenX.Checked = False

nineX.Checked = Falsea

elevenX _Checked = Fa.se

2O0CMOFY .Checked = Fals:

IsZoomed = SMALLSPOT * S ‘'set the spot size

A-7
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SPOTORAW 'drav the spot

Freqout ‘send out the spot

€nd Sub

Sub FOPEN_Click () 'choose to open a picture file
Load Zilebox ‘get the dialog box
filebox.Show ‘show the dialog box

End Sub

Sub FORM_GotFocus () ‘whanever the Form is on top
SPCTDRAW 'redrawvw the spot

End Sub

Sud Form_Lload () 'When the program starts this form is loaded first
APP .HelpF:le = "lasercom.hlp*'define the help file for the F1l key

forml . Hide '‘hide the main form until it is resized
Safety.Show 1 'warn about laser 1 for modal
Call CNOFF (True) 'TURN RARCWARE BOX ON

isZoomed = SMALLS?20T 'initialize the spot size
OldlsZoomed = Isloomed 'Remember it for latter

CentroidCn =~ False ‘centroid off to start

Calibrated = False 'Not calibrated yet

MaxCounter = 10 ‘number of warmup Intervals for timers
OnCounter = 0 ’initially all off for timers

torml!Text2 = Format$ (MiaxXFreq, “#40.000°) 'set start Freq
forml'Text4 = Format$(MidY2, "€40.000") 'set start Freq
Call TVFRAMESETUP ‘Set up Form 1

forml .Refresh ‘force display to update

Call BOARDINIT ‘Initialize the hardware

Timerl .Enabled « True'in one sgcond turn on spot
End Sub

Sub FORM_MouseMove (Button As Integer, Shift As Integer, X As Single, Y As Single)
Screen . MousePointer ~ 1 'When mouse i3 on Form, let it be an ARAROW POINTER

End Sub

Sub Form_Paint () 'when the form need refreshing

If Not Fancy Then
SPOTDRAN 'dravw a single spoct if not in multispot mode
Freqout 'SEND SPOT OUT

End If

nd Sub

Sub FORM_Resize () ‘'If form size changes
If forml Width > 600 Then TVFRAMESETUP ‘'dynamically scale all the screen elements if not an lc:c

n
End Sub

Sub FORM Unload (Cancel As Integer) f‘When program is terminating
Cancel = True ‘Yes this is the end of the program
torml 'TimerS.Enabled - False ‘turn off centroider
Call CNOFF (False)
End
Ena Sub

Sub FIUR3ZAM _Click () 'four simulatanjious beams
Dim FreqX As Single 'local frequency hoider
Dim FreqY As Single 'lccal frequency holder
Call TURNZOCMCFE ‘'turn off the zoom if on

Call ENABLE(D) 'TURN OFF READ

Call RST 'TCGGLE RESET LINES
FreqX = (MaxXF:req - MinXFreq) / 3 + MinXFreq 'left half, 1/3
FreqY = MiaYl ’ ‘middle Y

For J = 0 70 199 *200 occurrernces in the fifo for each freq(2 fill times)
Call DOSENDING(FreqXx, FreqY) 'mid value for X & Y freq

Next J
Call DRAWAMULTI (FreqX, FreqQY) 'Draw spot on screen without erasing others
FreqY = MidY2 'Right half middle

Focr J = 0 To 199 '200 occurrences in the fifo for each freq(2 fill times)
Call DCSENDING (FregX, FreqY) 'mid vaiue for X & Y freq

Next J
Call DRAWMULTI (FreqX, FreqY) ‘Oraw spot on screen vithout erasing others
FreqX = (MaxXFreq - M:nXFreq) * 2 / 3 + MinXFreq 'left half, 2/13
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FreqY = Mi:aYl

‘'middle Y

For J = 0 To 199 '200 occurrences {n the fifo for each freq(2 fill times)
Call CCSENDING (FregX, FreqY) 'mid value for X & Y freq

Next J

Call DRAWMULTI (FreqX, FreqY) 'Oraw spot on screen without erasing others

FreqY = M:dY2

‘right half middle

For J » 0 To 199 '200 occurrences in the fifo for each freq(2 fill times)
Call DOSENDING (FreqX, FreqY) 'mid value for X & Y freq

Next J

Call DRAWMULTI (FreqX, FreqY) ‘'Draw spot on
Call ENABLE(1)
End Sud

screen without erasing othecs

*TURN READ LINE BACK CN

Sub HORIZONTAL Click () ‘'draw horizontal Line

Duim increment As Single 'X frequency step
Dim Freq As Single
Call TURNICCMOFF

'local X frequency holder
‘turn off the zoom if on

‘leave enadle l.ine on to watch the drawing be created

Call RST 'TOGGLE RESET LINES

increment = (MaxXFreq - MinXFreq) / 249 '250 steps across each haltf

For freq = MinXFreq To MaxXFreq Step increment
‘eight occurrences in the fifo for each freq

For J =« 0 To ?

'do steps for left half

Call DOSENDING (Freq, MidYl) 'mid value for y freq

Next J

Call DRAWMULTI (Freq, MidYl) ‘drav the spots on the screen without erasing old ones

Next Freq

For Freq = MinXFreq To MaxXFreq Step incrament
'eight occurrences in the fifo for each freq

For J = 0 %o 7

'¢o steps for right halt

Call DOSENDING (Freq, MidY2) 'mid value for y freq

Next J

Call DRAWMULTI (Freq, MidY2) ‘'draw the spots on the screen without erasing old ones

Next Freq
End Sub

Sub HSCROLL] Change ()

DEGX = HScrolll.value / 10¢

DEGY = -(VScrolll.Value / 10¢ - VMax / 208)
Call DEGtoFREQ(DEGX, DEGY)

Textl.Text = Format$(DEGX, “¢40.0")
Text2.Text = Format$ (XFreqoOut, "#40.000%)
Textd . Text = Format$ (YFreqOut, "#40.0007)
SPOTDRAN

End Sub

Sub HSCROLLl Scroll ()

DEGX = HScroTll.value / 104

DEGY « ~(VScrolll.Value / 104 - VMax / 20¢)
Call DEGtoFREQ (DEGX, DEGY)

Textl.Text = Format$(DEGX, "#4#0.0°)
Text2.Text ~ Format$ (XFreqout, "#20.00C")
Text4.Text = Format$ (YFreqout, *#40.0007)
SPOTDRAW

End Sub

Sub NINEX Click () 'Set zoom to 9 X
threex.Checked » False
fiveX.Checked = False
sevenX.lhecked = False

‘whan bar or buton is clicked

‘get X text and convert to degrees
‘get Y text and convert to degrees
‘convert degrees to frequencles
‘redisplay degree X text

‘display new X frequencCy as text
‘display new Y frequenCy as toxt
'‘draw the newv spot

‘The dar button {3 being dragged
'get X text and convert to degrees
‘get Y text and convert to degrees
'convert dagrees to frequencles
‘redisplay degree X text

'display new X frequeéency as text
'display nev Y frequency as text
'drav the new spot

nineX.Checked = True ‘'check only the correc. meny Item

elevenX.Checked = False
ZOCMCFF .Checked = False

isZoomed « SMALLSPOT * §
SPOTORAW

Freqouz

End Sub

Sub NCBEAMS Click ()
Call TURNZOCMCFF

'sg: spot size to 9 X
‘draw the spot
fsend the spot out

tzyrn off zocm if on

RST ‘reset FIFO turns all beams off

'and clear the dispiay windcw
'redraw vertical scparazor line on screen
fcrml'Picturel . Line (.5 * forml'Picturel.Sca.eWidth,

Plcturel .ScaleHeight), Black

A-Q

0)-(.5 * forml'Picturel. ScaieWidth,

formi



:-5elcam (3uttcn As Integer, Shilt As Intege:z, X As Single, Y As S. g.e)
‘Set the global var:able to MCUSE IS DOHN
» X / lorml'Picturel.Width) * hmax 'set the scroll bac to match the mMCuse ;os-

= (Y / forml'Picturel He:ght) * Y™Max 'a change in the sczolldars will update zhe

Text cTutp.t
gEng 3ut

Sup PICTTURIL_MI-:seMcve (Bution As Integer, Shift As Intege:, X As Single, Y
Screen Mcuse nte. = 2 'while mcuse 1% MOViING 1n the picture window, set .=
1L PMIUSE e Then ':f the mouse button 13 pressed.

As Single)
29 Srosshair shas:s

2ieml Tive Znabled ~ False ‘turn off timer whi.le mov;ng
soe X "P-_-u—e:.w;dtn) * hmax 'qot the mcuse X Tocr.
v e 7 e. Height) * Max 'ge: the mouse Y ZToo:.
ia <t 27 the value = w.-hin The ?.cturel s.ie
noe
£.se ! - > ~—ax Then h = nhmax
Tnd ¢
2 v ¢ ) Trern
v e )
Eise If v > “™Max Then v = \VMax
End I¢
HScto.ll . V& i@ = N 'set the scrollbars to refloxt tha mouse position
vVScrolll.Vaiue ~ v 'a change in the scrollbars will update the tex: output

Ena ¢ ‘i3 mouse button pressed
1t Centzo:¢Cn Then forml.TimerS.Enabled = True 'turn it 2n again

£nd Sub

Sub PICTURE. Ho»soUp (Button As Integer, Shift As Integer, X As Single, Y As Single)
PMCUSE = fa.se ‘set the Globa. variable to reflect that the mouse button is no longer pres.ec

End S

Sub SEVENX _Click () ‘Ceven X mer. option chosen
threex.Checked = False

fiveXx.Checked = False

sovenX.Checked = Trye ‘'make sure only seven X meny !tem i3 cC..ecked
nineX.Checked « False

elevenX . Ctecked = False

ZOCMCEF .Checked = False

IsZocmed = SMA_LSPCT * 7 'set spot size to 7 X

SPOTDRAW ‘dra - the spot

Freqout ‘send out the spot

End Sut

Sub TEXT2 C:ange () 'when the X screen text is changed, output the new spot
Call Fregout 'SEND FREQUENCY DATA TO FIFO #)

End Sub

Sub TEXT4_Crarnge () 'when the V screen text is changed, output the new spot
Call Fregouz' SEIND FRIQUENCY CATA TO FIFO #2
Eng Sub

Sub THFEIX Clica () ‘Three X mgnn opraion chosarn
*hreex.” ecCced = ‘:.c ‘Toke s$u:e 0:.)Y Three X Tenu item is checked

f.veX . Treciel = False

severX Treckel ~ Ta.sa

r.reX.lrecked = fFalse

e.3 erX “rec«eC = Fal.se

LICFOFF Trelkel - F2lse

182 . med ~ SMALLSFOT ¢ 3 ‘set 3po% size o ) X

SELTIRAMA 'drav the spot

ireg.vt ‘send out the spot

£nd Sut

29D TIM. T TIMEF () '.rati1dli:ie output

Ta.. fre... 'se~d sus spot al"er program starcts
L Fa.se'a’ter coing it tarn sell ce!
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Cail CENTRCIDING 'used to periddically do centroiding

Ena Sub
Sun TWCBEAM_Cl.ck (! 'Menu Item f{or two cut beams chosen
Din FreqQX As Single ‘local Frequency holder
Oim Freq¥Y As S.ngle ‘local Frequency holder
Call TURNZIOMOFF ‘turn off zoom L{f on
Call ENASLE(0) ‘TURN OFF IEAD
Call RST 'TOGGLE RESET LINES
FreqX = MidXFreq ‘set mid left half
FreqY = MidYl 'set mid Y

For J = 0 To 199 '200 occurrences in the fifo for each freq(2 fill times)
Call DOSENDING (FreqgX, FreqY) 'mid value for X ¢ Y freq

Next J

Cail DRAWMULTI (FreqX, FreqY) ‘'draw each spot without ereasing old ones
FreqY = MidY2 ‘set mid rignht

For J = 0 To 199 '200 occurrences in the fifo for each freq(2 f.:il t.mes)
Call DOSENDING (FregX, Freqy) 'mid value for X & Y freq

Next J

Call DRAWMULTI (FreqX, FreqY) ‘draw each spot without ereasing old ones
Call ENABLE (1) *T'JRN READ LINE BACK ON

£nd Sub

Sub USING Click ()
Dumny = Shell (®c:\vindows\winhelp.exa WinHelp.hlp®) 'start windows help on heolp

tnd Sub

Sub VERTICAL Click (, 'Drew & vert.ical line in esch half, wess chosen from the menu
Dim incremsnt AS Single ‘suep size holder

Oim FreqY As Single *local Frequency holder
Dim rreqX As Single '‘local Frequency holder
Call TURNZOOMOFF fturn off zoom if on
‘leave enadle 1line on to watch the drawing be created
Call RST 'TOGGLE RESET LINES
FregqX = MiAXFreq ‘middle Of X
increment = (MaxY1Freq -~ MinYlfreq) / 249 1250 steps
FreqY = MinY1Ffreq ‘start at left bottom
¥hile FreqY < MaxY1FreqQ 'doit
For J « 0 To ? 'eight occurrences in the fifo for each f:eq
Call DOSENDING (FreqX, FreqY) 'mid value for y freq
Next J
Call DPAKMULTI (FreqX, FreqY) 'draw each spot without ereasing o.d ones
FreqY = Freql + incremert 'next step up
Wend
increment = (MaxY2Freq - MinY2Freq) / 249 ‘reset for right halt
TreqY = MinY2Freq ‘skip unused verticle bandwidth
While FreqY < MaxY2Freq 'doit
For J = 0 To 7 'eight occurrences in the fifo for each freq
Call DOSENDING (FreqX, FreqY) 'mid value for y f{req
Next J
Call DRAWMULTI (FreqX, FreqY) ‘'draw @ach 3pot without ereasing old ones
freqY = FreqY + increment ‘next step up
Wend
£nd Sub
Sub VSCROLLL Change () ‘The bar of srrows are being clicked on
DEGX o HScreY'i.Value / 106 ‘co.vert the screen text to X dejrees
DEGY e -(VScrolll.vValue / 104 - VMax / 20#) ‘'convert the screen text to Y degrees
Cal. DEGroFREQ (DEGX, DEGY) ‘convert the degrees to frequencies
Text2 . Text = Format$ (XFreqOut, "04#0.000") 'display the nev X Frequency
Toxtl.Text = Format$(DEGY, "440.0%) ‘display the nev Y Degrees
Textd. Text = Format$(YFregOut, “#90.000") ‘display the nev Y Frequency
SPOTDRAW ’ ‘draw the new spot
End Sub
Sub VSCROLL1l Scroll () ‘the button on the bar is being dragged
DECX ~ HScroTl..value / 10¢ ‘convert the screen text to X deqrees
DEGY = -(¥Scrolll.va:ae / 10¢ - VMax / 204) 'convert the screen text to Y degrees
Call DEGtOFREQ (DEGX, DEGY) ‘convert the degrees to frequencies
Texz2.Text » format$ (XFzeqOut, "#4#0.000°) ‘display the nav X Frequency
Yext) . Text » Format$S(DEGY, "#40.07) ‘display the nev Y Dogrees
Textd4.Text « Format$ (YFreqout, “440.000°) ‘display the nev ¥ ticquency
SPOTORAW ‘draw the new spot
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End Sub

Sub IOOMCFF_Click ()
Call TURNZOOMOFF
SPOTDRAN

Freqout

end Sub

‘zoom of? menu Item chosen
‘tuzn off the zoom if on
'draw the spot

‘send out the spot
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Sub OK_Click ()
safety.Hide 'continue with program

End Sudb

Sub cancel_click ()

Ena 'end the program before it starts
fnd Subd

Sub Form_Paint (!
OKBuzton.SetFocus 'nighlight button as default

End Sud

Sub OKbutton Click ()
safety.Hide Twhen OK continue with program

gnd Sub
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Sub DIR.L_Crhange () 'if the selected directory changes, rflect the change
Filel.?acth = Dir:.Pach
End Sub

Sub DRIVEL_Change () 'if the selected directory changes, rflect the change
On grzor GoTo DrivelError 'maxke sSure no error on reading drive

Diz..Pazh = DRIVEl.Drive ‘if no error, get daca
Exit Sub
DrivelEr=or: ‘handle error

Beep

It Ecc = 68 Or Erz = 71 Then ‘'print error message
MsgS = "Error #" + StrS(Err) + ®* No Floppy in the Drive'"
Mag8ox Msg$S, 48

Zlse
MsGS = "ESrror #" + St:S(Err) 'pPrint generic error message
sna ¢
Resune 'qo back to program
End Sub

Sub ExitDemo_Click ()
Fllebox.Hide 'if filebox canceled, get rid of window

gad Sud

Sub FILE1 DblClick () ‘allow double clicking the name to load the file
Call LOADFILE_Click 'If double clicked then load file
EZnd Sub

Sub LOADFILE Click ()

' Routine 4o get a data filc and use it to display a line patterzn

Dim Filename As String 'The file containing the data

Dim Commnd A9 String 'The first item command on each data line

Dim FirstParm As Single 'The second item on esch data line (if needed)
Dim SecondParm As Single'The third iteama on each dsta line (1if neededq)
Dim ThizdParm As Integer'The forth item on each data line (4if needeaq)

Dim I As Integer ‘local counter

Dim J As Integer *local counter

Dim NTIMES As Integer ‘The number of fifo locations for each point
Dim 0laDX As Single ‘temporary parameter holder

Dim 0ldDY As Single ‘temporary parameter holder

Dim DegX As Single ‘Spot position holder

Dim DegY As Single *Spot position holder

Dim StepX As Single tincrement of next spot position

Dim StepY As Sirgle 'increment of next spot position
Filebox.Hide ‘get ride of the File Open Dialog Box
forml .Redresh ‘Repaint the display
If Filel <> *® Then 'a name was chosen

‘make the file name with full path specified
I1f Right$(Dizl, 1) = *\® Then ‘root filenames end in slash

Filename = Dirl + filel

Llse
Filenames = Dirl 4 ®\" + Fillel ‘'aubdirectories need slash added

gnd It

Open Filenams For Input As #1 '‘open the tile

Input ¢1, Commnd ‘check the first statement

If UCase$ (Commnd) <> "START® then 'If not ®stazt® then file rot in correct format
Beep ‘beep and do nothing

Else ‘file is OK to start

Call TURNIOCMOFF ‘turn off the zoom {f on
Call RST *TOGGLE RESET LINES ‘Clear the Fifo

forml.?i1cturel.Cls ‘Clear the Display ares
Input €1, NTIMES ‘Get the number of location to fill the fifo Ior each poins
displayed
While (Not EOF (1)) ‘Keep getting data until the end of the file
Inpes ¢!, Commnd ‘get the next command
Seleczt Case UCase$S (Commnd) *Act on the command
Case “POINT® t1f {t is a point
tapuz #3, FilzstParm, SecondParm 'Get X and Y Coordinates, in Degrees
C:dDX « First?arm *save it for latter
C.aDY =« SecondParm ‘save it for latter

Call DEGtoFREQ(FirscParm, SecondParm) 'convert degrees to frequencies
For J = 0 Tn NTIMES - 1 tfor Nrimes
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Call JOSENDING (XFREQOUT, YFREQOUT) 'Fill the Fifo

Next J
Ca.l DRAWMULTI (XFREQOUT, YFREQOUT) ‘Display location on screen
Case "LINE" 'If it is a line

fnout #1l, FizsctParm, SecondParm, ThirdParm 'Get the X, Y and number of steps
StepY e (FirstParm - 0ldDX) / (ThiraParm -~ 1l) 'Calculate the X step size
StepY = (SecondParm - 0ldDY) / (ThirdParm - 1) ‘Calculate the Y step Size
DegX = OldDX + StepX 'take one step from starting point

DegY = OldDY + StepY ‘'take one step from starting point

For I = 1 To ThirdParm ~ 1 ‘'for number of step do...

Call DEGtoFREQ(DegX, DegY) ‘convert to {requencies

For J = 0 To NTIMES - 1 'for NTimes
Call DOSENDING (XFREQOUT, YFREQOUT) ‘'Fill the Fifo
Next J M
Ca.. DRAWMULTI (XFREQOUT, YFREQOUT) ‘Display the point
DegX = DegX + StepX '‘increment tO the next point
Deg¥ = DegY + Step¥ ‘increment to the next point
NexZ I 'Take the next step
OlaDX = FirstParm ‘Remember whero we left of?
QlaDY = SecondParm 'Remember where we left off
Case "CLEAR" 'Start new picture
Call RST ‘“YOGGLE RESET LINES to clear the Fifo
foral .Picturel.Cls ‘clear the display
Case "END”
'does nothing, but locks good at end of the file
Case Else
Beep '*Anything else is not a valid command.
End Select
Wend
End It 'End of Valid data file

Close #1 ‘close the file

Fancy = True 'set the Mode varible to multypoint display
End If'no file name chosen

gnd Sub

Sub TEXT1_XeyDown (KeyCode As Integer, Shift As Integer)
1f KeyCode = 13 Then ‘It Enter key is hit
Filel.Pattern « Textl.Text 'select text
Eng It
gnd Sub
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Global
Glodal
Global
Global
Global
Global
Glcbal
Global
Giobai
Gloval
Global
GiZoal
Silsoail
Gicbal
Glabal
Global
Global
Global
Global
Global
Glodal
Global
Global
Global
Global
Global
Global
Global
h

Global
Glopal
Global
h

Global
Global
Global
Globel
Global
Global
Global
Global
Global
Global
Global
Global
Global
Global
Global
Global
Global
Global
Global
Glohal
Global
Global
Global
Global
Global
Global
Global
Globa:l
Global
Global
Global
Global
Global
Global

M.3A5 -~ o

Vession 1.01,
Sta?? Engan
Informazt:ion Systems D
32902

PMouse As Intaeger

OldX As Single

0ldY As Single

IsZocomed AS Integer
Oldiszocmad As Integer
XFreqOut As Single
YF:eqout ASs Single
Uppechall As [nZeger
Poziluz (J To 2) As Integer
Statis As Intege:
Jentsz:127n As Integer
Tancy As Integer
XCerzzo.2,
XCertzoi128(d Ts 12, 2
YCenzzoids (0 75 i2, 0
Cal.brated As Integer
Consz SMALLSPOT = 15§
Const Hmax = 1600
Const Vmax = 360

Const Black = 0

Const White = GHFFFFFF
Const Magenta e GHFFOOFF
Const MinXFreq ~ 18

Const MaxXFreq = 30

Const MidXFreq ~ (MaxXFreq -
Const MinYiFreq = 18

Const MaxYlFreq = 23.29%

ronst MidYl e (MaxYlFfreq - Mi

Te 2)
To 12)

Const
Const
Const

MinY2Freq = 24.7$
MaxY2Freq = 30
MidY2 = (MaxY2Freq - Mi

Const
Const
Const
Const
Const
Const
Const
Const
Const
Const
Const
Const
Const
Const
Const
Const
Censt
Cons=
Const
Const
Const
Const
Cons:
Const
Consz:
Consz
cornst
Cors:
Cens:
Cerss
Conat
Corsz
Const
Corst

NumBits = 262144
DDSClock = 160
EnadbleHi = 32
Enablelo =~ 223
ABMask = 295§

Mask = 3

ClearC » 252
ResetHi = ¢
Resetlo = 251
ResetDDSHL = 128
ResetDDSLOo = 127
WrslnlHi = ¢
Wrtlnllo ~ 247
Wrtln2HyL = 16
Wrtlnglo » 239
RelayOn = 2
RelayQss = 253

MB OK = )

MB CKCANCEL o 1
MB_YESNCCANCEL = 3
MB_YESNC = 4
MB_ICONSTOP = 16
MB ICONQUZISTION = 32
MB _ICONEXCLAMATION = 43
MB_ICONINTORMATION = 64
MB DEFBUTTON2 = 256
22K = 2

IZCANCEL = 2
IDABORT « 3

IDRETRY = ¢
IDIGNCRE » 5

IDYES « 3

-

iONO = 7

OffsetY = MinY2Freq - MinYlfreq

June 1993

aer
1vis.on

'IS MOUSE DOWN IN PICTURE:.

'PRIVIOUS X IN PICTUREL

'PRIVIOUS Y IN PICTUREL

*Z0CM TOGGLE

'"ZOCM STATE STORAGE

'X OUTPUT FREQUENCY IN MH:z

'Y OUTPUT FREQUENCY IN MHz

‘WHICH HALF OF SPLIT

'?0RTA=0, PORTB=~1,PCRTC=2

'RETURN FROM DIGITAL 30ARD

‘on 22f place holder

‘Is more than one sSpot being drawn

e'wa.ghted average inside box

As Single‘arrzay of calidration cffsets

As Single'arcay of calibration offsets

‘state of calibration

'‘Number of Pixels to draw for spot Radius

'Horizontal scals for 360 degrees

‘Vvertical scale for 36 degrees

‘Color numbet

'Col : number

'Colur number

'Horizontal bragg cell band minimum in MegaHertz
'Horizontal bragg cell band maximum in MegaHert:
MinXFreq) / 2 + MinxXfreq'ilorizontal bragg cell band middle
‘Vvertical cell band minimum in MegaRert:z

‘Vertical cell dand maximum in MegaHertz for lower mizror
nYIFreq) / 2 ¢ MinYifreq ‘middle of lower vertical bandwidt

‘Vertical cell Upper band miniaum in MegaRert:
‘Vertical cell dand maximum in MegaHertz
nY2Fzeq) / 2 + MinY2freq 'middle of upper vertical bardwid:

‘Seperation of the two vertical Bands
'2-19 LITS for DDS board resolution

1160 MHZ CLOCK TO DDS BOARDS
'BINARY 00100000 ENABLE HIGH
'BINARY 11011111 ENABLE LOW
*BINARY 11111111

'SINAR. 00000011

'BINARY 11111100

'BINARY 00000100

'BINARY 11111011

*BINARY 10000000

'BINARY 01111111

'BINARY 000061000

'BINARY 11110111

'BINARY 00010000

'*BINARY 11101111

*BINARY 00000010

'BINARY 111::101

‘Define but:=ons

(OR IN)
(AND IN)

‘Define otrhers.

'OK button selected.
'*Cancel button selec-ed.
‘ADOCLT button selected.
'Retry button selected.
'‘lgncre button selected.
'Yes button selected.
No button selacted.
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'The fo.l:zwing :hree l.nes deciare the funct.ons that conzrol the I/0 card

Oeclaze Tuncz:2n DIG_Tut_PortV Lib "atwdaq.dll®™ (3yvVal sloch, ByVal porth, ByVal faztemd)

Deciace Functicn DIG_Prw_Configh Lib "atwdaq.dll® (8yval sloth, 8yval portt, ByVal latch moded
Byval dizectizny) = !

Declare Functicn DIG_2sT_Statusy Lib "atwdaqg.dll® (ByvVal sloth, ByVal porthV, Statuswy)

‘The fol.owing 18 for %he Vidio Frame Gradber Card

L A N A R R A N R R E R R R E R N RN R R I Sy
®eesveosssvresev T e

'Global Zeclazations For 3VW CIL (Common Interface Libracy)

'New Med.a Sraphics () 1992

‘Modifications:

' Release 1.2b Supplemental {(1:33 pm)

gek 22-Jurn-1992 Add supper: for Stilli Frame Compress:on board

3%k 1T-Jun-1992 Change FrameGrab Structure to accept poincers
Crhange AvpgutlcBiimap and AVge:rTromBiimap Fragh:icsRect =32
539 AS Any .nstead of As AVraec:
Add Adindcw's SendMessage lec.aratian

'function Ceclarcations

L I T e L T B e R R L L T e A

' From Av_ctrl.h
*

' Private W.ndcw Messages Start Here (0x400)
Global Const WM_USER = 1024

Define Nev Messages that can be sent to the AV Control

Message ID wParcam 1Param

Global Const AVM _GETVIDEQ = (WM USER + 1)

Global Const AVM_FADEIN = (WM _UJER + 2) FadeMasx Duracion
Global Cons: AVM_FADEOUT = (WM _USER + 3) FadeMask Duration
Global Const AVM_FREEZE = (WM_USER » &) True/False

Global Const AVM_LISTSOURCES = (WM USER + $)
Global Const AVM_GETSCURCE = (WM_USER ¢ 6)
Global Const AVM SETSOURCE = (WM USER + 7)
Global Const AVM_SETCOLORKEY = (WM _USER + 8)

L
[}
1]
L]
' Buffer length Buffer Poiater
[ ]
[}
Global Const AVM GETCOLORKEY = (WM ('SER + 9) °*
L]
1]
L]
)
1
L]
’

Buffer Length Buffer Pointer
Buffer Pointer
Hazdwa.e color index

!

COLORREF
Video Parameter Value
Video Parameter
Audio Paramter Value
AV_GRAB command LPFRAMEGRAB
AV_PUT command LPFRAMEGRAB
Fit Mode
T-ue/False

Global Const AVM_SETCOLOR = (WM USER ¢+ 10)
Globsl Const AVM_SETDISPLAY = (WM_USER ¢ 11)
Global Const AVM_GETDISPLAY e (WM _USER + 12)
Global Const AVM_SETAUDIO « (WM USER + 13)
Global Const AVM_GRAB = (WM USER + 14)
Global Const AVM_PUT = (WM_USER + 19)
Global Const AVM_FITMCDE = (WM_USER ¢ 16)
Glotal Cons® AM_AUTOAESIZE = (WM USER + 17)
Global Const AVM_NOTIFY = (WM_USER + 19)
Global Ccns:t AVM_GETFITMCDE = (WM_USER + 20)
Glcbal Const AVM_TUNE = (WM_USER + 21) !

Giobal Const AYM_GETAUDIO = (WM_USER + 22) !

Global Ccns: AVM_SETPOSITION e (WM_USER + 23) ' AVrectPrr
Global Czas:t AYM_GETPSSITION < (WM_USER + 24) ' AVrectPte

DNUNUSUSOSUROR

crannel lowordefinetune, h.=stancard ’
A.di0o Paremeler

Global Const AVM_MAP = (WM _USER + Z5)

Global Ccns: A/M_UNMA? = (RM_USER + 26)

Global Czns: A'YM_GETCILOR « (WM_USER + 27)

List of so-mal window messages WM_ that ace usecd Dy the AV control

Messaze Add17iAnyY yte 1n AV Contra)

WM_ENABLE TS18 will enable/disable the Video
WM_SIlE Res'zes the video to fit the w:ndow
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' WM_MCVE

' Commancs &
Global
Global
Global
Glcbal

csnst
Const
Const
Canst

Csnst
Tonse
<onst
Zonst

loval
Slotal
Globai
Glokal

<3

Moves the video to fa2

Tata structures involved in
AV_GRA3 FILE =~ 0 ' uses
AV_GRA3_3ITMA? = 1 ' uses
AV_GRAB_CUT = 2 ' uses
AV_GRAB_CTOPY = 3 ' uses
AY_PUT FILE = O ' uses
AV_PUT_3ITMAP = 1 ' uses
AV_2UT_PASTE = 2 ' uses
AV_PUCT_CLZAR « 2 ¢ oputs

the w."dow

FrameGrabbing

filename field to name dest 2ile
bitmap Zield to hold result

Windows Clipboard to hold result
Windows Clipboard to hold result

gilename
bitmap f.eld as the source
Windows Tlipboard as the sourzce
all black to the framebufler

T S0 PR e e el et e atntigsdaestiagsetaervesttvcesvenststotscoontennsnnensotune

'e Copyzaght (Z) 1392 New Mecia Graphics Corp.
‘s

‘e Module: avsys.h

'e Description: Visual Basic definictions for AV CIL

‘e

te MS-NWNINDOMWS 3

‘e Compiled uncer Visual Basic 1.0
te

0 EDITION

180 e RS 000 et et Rt INREeERANRRRARRERRPREelodecstatncnsaenERdtensOeeata

' Name of configuration file (does not specify location)

Global Const
' Define the

Global
Global
Global
Global
Global
Global
Global
Global
Global
Global
Global
Global

Const
Const
Const
Const
Const
Const
Const
Const
Const
Const
Cconst
Const

CONFIGFILE = *"VIDEO.INI®

' Filename of Contiguration file

strings for graphics mode configuration

INI_GRAPHICS MODE = “"Mcde®
INI_MALIGN_LEFT = “Wleft®
INI_WALIGN _TOP = "Wtop®
INI_VALIGN_LEFT = “*Vleft*®
INI_VALIGN RIGHT
INI_VALIGN_TOP = "Vtop*®
INI_VSTART = *Vstart®
IN1I_SHIFT = "Shifc*”
INI_GDELAY = “Gdelay"”
INI_RED = "Red*

INI _GREEN = “"Green”

INI BLUE = ®"Bjiue®

LI L 0 W

USSR

[

' Maximum length 02 a source name

Global Const

SRCNAME_LEN = 16

= ®*vVright*®

s This structure def.nes what a vidpore
'e {3 usecd Dy AVdef:neVidport.

Tyre Vv:idrorst
X1 As
Y1l As
x) As
y3 As
End Type

Type Wincort

Integer
Integer
intege:
intejer

X As Integer
Y As Integer

Widzh As

2gight As

End Tyre

Type D.splayAt:r

lnteser
intege:s

iooks l:xe. It

field to hold source file
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dright As Intege:
S8t As Integer
contzast As Integer
hue As Integer
shasp As Integer
lags As Integer
Eac T/Te

' 3lack and <hite flag

' Descr.be 3 un.t configuration

Type UnitContig
unL _type As Integer
TOots.i_vins As Integer
Tozal_ains As Integer
window_mcde As Integer
L25Cxs As Ilntaeger
key_IoCe AS Integer
k@y_va..e As intege:
Acs.ve As Integer

Znd Tyfre

Type of vicdeo un:t, frem UNIT Dbelow
Video 1inpuzs -

Audio inputs

Rese:sved

Number 0f ogen handles

Current coldr xeying mcde XY re.cw
Parameter f0r co.or key moce

' Describe 3 source configuration

Type SrcConfig

srctype AS Integer ' See SRC_* below

sigtype As Integer ' See SIG_* below

active As Integer ' TRUE or FALSE
End Type

Describe a connection. Both of cthese are numbered 1..n.
' These are logical numbers, not physical, so the private bus
' would simply be considered some ordinally numbered input.

Type ConConfig
video_input As Integer
audio_input As Integer
End Type
' Misc cefines
Global Const AV_UNDEF = -1
Global Const AV_FILLIN e -2

* Erroc returns from video module

Global Const AV_OK = 0 ' Everything hunky dory

Global Const AV_FAIL = )} .

Global Const AV_NOMEM = 2 ' No memory left )

Global Const AV_SYSERR = 3 ' The system returned an error

Global Const AV_INTERNAL = 4 ' Internal error

Global Const AV_NULLVID = § ' Null video handle passed

Global Const AV_ILLARG = 6 ' Illegal argument

Global Const AV_RANGE = 7 ' Argument out Of range

Global Const AV_TIMECUT = 8 ' Timeout - no response “rom hardware
icbal Const AV_OQVERRUN = 9 ' Data overrun

Global Cons: AV_NCTFOUND = 10 ' Entry not in configuration file

Global Const AV_NCCONFIG = 1) ' No confZiguration file

Global Cons: AV_NOUNITS o 12 ' No video generators on this system

Globai Const AV_BADCCNFIG = 13 ' Bad entzy in configuration tile

Global Cons:i AV_DUPNAME = 14 ' Attempt to add s duplicate name

Global Const AV_BADINPUT = 1§ ' Illegal cornection description

Global Cons:t AV_SPLIT = 16 ' Can't split audio/video across units

Globa. Const AV_SIGNAL = 17 ' Urnknown signal description

Glcbal Const AV_NCCCNTROL = 18 ‘ No control line 3vailable for device

Global Ccnst AV_INUSE = 19 ' Device (s active

Global Const AV_NOTSUPT = 20 ' Feature not supported

Global Const AV_NCTACTIVE = 21 ' Device requested is not active

Global Const AYV_NOCONNECT = 22 ' Device not ccrnected

Global Const AV_BADLIC = 2) ' Attempt to move to bad location

Global Ccnst AV_BADSIZE = 24 ' Attempt to create wincow with bad size
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Global
Globai

Glotal <

[=%-1.7 94
Global
Global

Global
Global

Globai

Jlikbal
Slsta.

Zanst

[o&-1.¥ 14
conse
Canss
Conszt
Const
Corse

Const

Zzinst

Zonss

AV_BADFIT = 25
AV_WMCODE = 26

snsT AV_ALMCST e 27

AV_NOTRZADY = 28
AV_DEVICE = 29
AV_BADECRMAT = 30
AV BADFILENAME = 31
AV SADREGION = 32

AY_NOTCCMPLETE = 33

AV_3ADIZAZOR = 35
AUT3ACMEMADDR = 36

' Masks for AVIznfliguse
Global Const AY_QUERY = 1

Window won't fit on screen
Can't in this windowing mode
The winport values were adjusted

Device not ready
Wrong device type for opecation

Format not allowed for this opezaz.on
Filename was not allowved
Error in framegrabbing region

Used in framagrabbing.

Orezation went fine but is NOT
finished yet. It should be called
aga:n

Sad SVA /0 address
Bad framebuffe: address

' Return values from AVgrabToBand and AVputFromBitmap
Global Const XFR_CMPLT = GHAO
Global Const XFR_NCMPLT = &HAL
Global Const XFR_START = (HA2

L
' s Useful Aud-o ccnstants
t s These CoNsTants arce documented to be these ranges and will not change.

Global
Global
Global
Global
Global
Global
Global
Globasl

Global
Global
Global
Global
Global
Global
Global
Global
Giobal

loval
Global
Globai
Global
Global

' Flags

Glcpal

Const
Const
Const
Const
Const
Const
Const
Const

Const
Const
Const
Const
const
Const
Const
Const
Const
Const
Const
Const
const
const

e
Czense

' AvVsezlispl

Glcral
Globas
Global
Glcbal
Global
Global
Glebal
Global
Global
Glaobal
Gleral

Global

[of-1.% 24
Censt
cons:
Cons:
Const
Const
Cense
[of-3,3 14
Const
Cense
Canac

Const

AV_MINVOL = 0
AV_MAXVOL = 100
AV_MINBAL = -100
AV_MAXBAIL = 100
AV _MINBASS = 0
AV_MAXBASS = 100
AV_MINTREBLE ~ 0
AV_MAXTREBLE = 100

'

AV _VOLUME = 1}
AV_VOLUME UP = 2
AV_VOLUME_DOWN = 3
AV VOLUME MUTE = 4
AV BALANCE = 5
AV_BALANCE_LEFT ~ 6
AV BALANCE RIGHT = 7
AV BASS = ¥
AV_BASS MORE = 9
AVTBASSTLESS = 10
AVTTREBLZ = 11
AV_TREBLZ_MORE = 12
AV TREBLZ LESS = 13

USUSUSUSUS I U

AUDI10_ysaBEF « $H1000

DisplayAzzr.fliays
OISP_FLAS_SNW « §HI

dy Fartateters
DIS?_HUE = 1
CISP_SATURATION = 2
DIS? BRIGHTNESS = 3
DISP_CCNTRAST = 4
DISP_SHARPNESS = §
DISP_MFILTER = 6
DISP BNW = 7
DISP_RED = 8
DISP_GREIN = 9
DISP_BLUZ = 10
DISPTUSROEF m (HM1000

DISP_SYSOEF = 6H2000

' Lcad use: defined delault

' Internal use only
' Internal use only
' Internal use only
' Lzad user Jefined delfaullt

' Load system defined Jdefaul:

A-20
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Global Const DISP_MIN_HUE = )

Global Const DISP MAX HUE = 00

Global Consz DISP_MIN _SAT = (

Global Cons:t DISP_MAX_SAT = 100
Global Const DISP_MIN_3RIGKT « 0
Global Const DISP_MAX_BRIGHT = 100
Global Consc DISP_MIN_CONT = 0
Global Const DISP_MAX CONT = 100

Global Cons: DISP MIN SHARP = 0

Global Const DISP MAX SHARP = 100

! Types of soucces

Glocal Ccrnst SRT_UNKNCWN = “y*®

Global Cors: SRC LASERDISC = "_"

Global Corst SRC_TUNER = "T" 'V Tuners

Glodal Const SRC_VCR = *v*

Global Cons: SRC_CAMERA = "C"

Giobal CJcnst SRI_TUNER_PLUS = 3" ' Jz « Tune:r (.nboasd)

' Types of videc units

Global Const UNIT_HIRES = “H"
Global Const UNIT_SVW = “5°
Global Const UNIT _SVW_SL = *J*

Global Const UNIT_SW_IV = *p°®
Global Const UNIT_SVW QM = *C"
Global Const UNIT_SVW _MCA = "M°

Workstation product

Super VideoWindows

Super VideoWindows SL

TV VideoWindows (on one card)
Super VideoWindows v/Compression
Super VideoWindows Microchannel

« ® @ « = =

' Video source types

Globsl Const SIG_NONE = 0

Globsl Const SIG_AUTO « "a* ' Automatically detect
Glodbal Const SIG_NTSC « "n*

Global Cons: SIG_PAL = ®"p®

Global Const SIG_RGB « *r® ' Not supported by SVW
Global Const SIG_SVHS_NTSC = “v*

! Fade flan

Gilobal Const FADE _IN = 1

Global Const FADE_OUT = 0

' Fade masks -- Not supported in this release
Global Const FADE_VIDEOQ = 1

Global Const FADE_AUDIO = 2

Global Const FADE_SCREZN = ¢

' Various modes for AVIitMode

Global Const FIT_STRETCH e ¢HIU ' 16 decimal

Global Cunst FIT_COMPRESS = 420 ' 32 decimal

Global Consi FIT_CROP = SHAO ' 64 decimal - not supported

Global Coi.st VIT_CENTER = §H21 ' 33 decimal

Global Ceast FIT_GRA3 = 4H11 ' 17 Gecimal

Glotal Ccnst EIT_CNETOONE = §Hi2 " 18 decimal

' Color key mo.les

Global Const KEY NONE = 0

Global Const KEY_CCLOR = 1 ' Single color

Global Corst KEY_MASK = 2 ' Se: ¢?f coclicrs-not impiemented yet

Global Corst KEY LCGICAL PALETTE = 3

Global Censt KEY_PHYSIZAL PALETTE = KeY_COLCR

' Op codes for AVcwviiGatcKeyCeolor

)

‘¢ BGR883 or COLCRRIT are intended to accept a Windiws COLORREF strucCture

Globa: C:ensz C7_BGRIS8 = 1
Globa® Ccast C T _COLIRREF = 1

' * BGR655 18 :ntended o accept the Microsoft C6 -crgtants such
' ¢ as _RID and _GREIN that appear in goaph.h.

Gl=bal Ceres CVT_RGRESE = 2

A-2]
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‘s FlLajs 2or AVgeclevices. The active and :nact:.ve modifierss
‘" 3re MTUALly extlusive. Asking {oc both 3¢ them gi.ves you nothing.

Slebal Tonst GET_SCURCES = &HL

Global Z:srnst GET_UNITS » (H2

‘Global Const GET AL = (GET_SOURCES | GET_UNITS)

Gilobal Zenst GET_UNLYINACTIVE = €H10

Global lznst GET_ONLYACTIVE = gH20

'‘Giobal Ccnst AVgetSources(index,buf,n) = AVgezDevices (GET_SOURCESIGET_ONLYACTIVE, incex, >uf, -

e JVaricus definitions for how to parse video.in:
' ¢ These are Case .nsens:tive

Gloral. C:nst INI_VICEO_CONNECTION = "VideoCu:”
Gictal Z:nst INI AUT!O CONNECTION = "Aud:.olu:”
Glsbal Const INITACTIVE SOURCE = "“Active™
5ioba. Cznst INI_CCNTROL LINE = “Control®
Sicbal Canst INITCONTROL SETTINGS = *"CsriCe3”
Globa. Ccrst INI_SIGNAL TYPE = "Signal®

Slobal Const INITSCURCEY = "Sources®

Global Const INI _DRIVER NAME = °"DLL® ' For Microsoft Windows 3.0
Global Const INI_UNITS = *VideoUnits®

Global Const INI_IOADDR = "IQaddr® ' For SVW, Tuner

Global Const INI MEMADDR = “"MemAddr® ' For SW

Global Const INI _SYNC = ®"AlignSync®
Global Const INI CONTRAST « °*Contrast”
Global Const INI HUE = “Hue®

Global Const INI_SAT = ®"Saturzation®
Global Const INI BRIGHT = ®Brightness”
Global Const INI SHARP = ®*Sharpness”®
Global Const INI VOLUME = °*Volume®
Global Const IN1 BASS = "Bass"®

Global Const IN1 TREBLE = *Treble*
Global Const INI BALANCE = "Balance”
Global Const INI_SOURCE_DEFAULT = ®DefaultSource®
Global Const INI_SOURCE_NONE e *¢

LI S

(LU

Global Const DEV LASERDISC = ®"Laserdisc”
Global Const DEV VCR = ®VCR®

Global Const DEV TUNER « "Tuner”

Global Const DEV _TUNER PLUS » *"TunerPlus®
Global Const DEV CAMERR = *Camera®

Global Const DEV UNKNOWN = ®"Unknown®
Global Const DEV SVW = "SVW"

Global Const DEV HIRSS = “"Hiras*®

t
‘e Lase@rcdisc stufft

Global Ccnst PLAY FORWARD
Glotal Ccnst PLAY_REVERSE

[ R & ]

Global Const AUDIO_NCNE -
Globali C:inst AUDIO_LEFT -
Giobal C:nst AUDIO_RISHT = 2
G.cbal C:inst AUDIO_BITH = 3

- o

Glcbal C:nst PLAYER_AVDIO » 1
Gictal C:inst PLAYER DIRECTICON » 2
Global C:2st PLAYER SPSED e 3
G.ctal C:nst PLAYER FRAME = 4
Glsbal Camst PLAYER CISPLAY = §
+
' frame Gratblng S:iuff
'/* Rectatg.e */
Type A/rel:

left As Integer

Top As Intege:

r.ght As Intege-

botz:n As Integer
Ernd Tyfre
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‘/* framegrab Structure ¢/

Type FrameG:ad
format As Intege:-

! f{lenams As String * 30
filename As Long
bitmap As Integer

' region As
region As Long
End Type

P e s PR e Rl et v e OV R R RR RSO RRt Rt RTlnantioReetatatonetrceqatsaetRotssuennagny
e

' ®* Data structures describing an image currently dbeing framegrabbed

L ]

* SR E R I T UV OV TR ERAPS PO OO RO PO RANSORE OB ERCROrRRa e aRoeRBOosRtoananoany
' FGB format flags

Global Const AV _BITMA? = 1

Global Const AV_FILE « 0

Global Const AV_PUT = 2

Global Const AV_GRAB = 0

Global Const AV_BOTTCMUP - 4

Global Const AV_TOPDOWN = 0

R Y F R E R RN R AR A R R R NN R RN RN R AR AR AR R AR RRSRRNEARERRRRERERERRASERARE X}

f* Data structures describing a FGR format installed in the CIL
‘s

1N RNRCOOREtERO R RRNEREENCRNSERNEERINOERNENSRRSROCERCSNROINOIRQARRACSASRGORRENERODS
,

' Native Format IDs
Global Const AV_SVW = )

! Supported features of a framegradb format
Global Const AV_GRABBITMAP_SUPZ = 1

Global Const AV_PUTBITMAP 3UPT = 2

Global Const AV_GRABFILE SUPT = ¢

Global Const AV_PUTFILE 3SUPT ~ @

Global Const AV_PRESCAN SUPT =~ 16

Global Const AV_APPLGLOBAL = 32

Global Const FILE_REVISION = |}

'.'ll..-l".t"...III'l...'.".....l.ll.l...'..l.'...l.l'..l"'."'....'.
LA )

' ¢ Format 1Ds

LA

1]

000N 0AS RN SRE0RCNARENeREAERERaNGEROeaREdPRARORCESCRITSOSERSETOESRIRSUSRSYS

' Band Formats
Global Cnnst BAMD SVW NATIVE = 1
Global Const BAND WINDOWS24 = 2
Global Const BAND TARGAl6 = 4
Global Const BAND TARGA24 = §
Global Cecnst BAND TARGAJ2 =« 6
Global Const BAND PCXGRAY « 7
Global Const BAND PCX256 = 8
Global Const BAND WINDOWSS =« 9
Global Ccnst BAND WINTCCWSBGRAY = 10
Giobal Const BAND JPEG = 11

' Bitmap Formats :
Gicbal Cons2t BITMAP_SVW _NATIVE = BAND SVW NATIVE

Global Const BITMAP WINDCWS24 = BAND _WINDOWS24

Global Ccrnst BITMAP WINDOWSS = BAND _WINDOWSS ‘ Grab COnly
Global Const BITMAP_WINCOWSBGRAY = BAND_WINDCWS8GRAY ' G.ab Only

* File fcrmats
Global Ccnst FILE_SVW _NATIVE = BAND SVW NATIVE
Global Corst FI_Z WINTCWS24 = BAND WINDCwS24

read/write
read/write

)
Giobal Const FILE_TARGA16 = BAND_TARGAl6 ' read/write
Global Ccnst FILE_TARGA24 ~ BAND_TARGA24 '

read/write




[
'Y

FILE_TARGA)2 = BAND_TARGAIZ ' read/write
FILE_PCXGRAY = BAND PCXGRAY * Write Oniy
FILE_PCX256 = AAND_PCX256 * Wrice Cnly
FILE_WINCCWS8 = SAND_WINCCWSS ' drite Only
TILE_WINTCWSBGRAY « BGAND _WINDCAS3GAAY' Write Cnly
Gicbai Z:mnst FILE_JPES = BAND_JPEG ' read/<zite

Stancards £22 the AViuner cal.
Glcral Coanst USA_BCST = O
Giobali Czcnst USA CATV = |
Giobal Cznst CAPAN = 3

'Sg..l Trame Ciaempress.con Framegratbing Literals
G.coas TC _ALL =

Gicral TSC_HIGH = L

Glcral T3C MEZ = 2

Glchal = TSI _LCW = 3

Gizecal T ¥5C CUSTIM = &

Global Tzarst £5C _DIALIG = S

Global Cernst FGC_PUT = 6

Glotal Const FGC_LAST = 7

"dendi?

Declaze Function AVde’ineAudio Lib "Video® (ByVal vid As Long, ByVal volume As Integer, ByVal t
alance As Integer, ByVal bass As Integer, ByVal treble As Integer) As Integer

Declare Sunction AVsetAudio Lib "video™ (ByVal vid As long, ByVal parm As Inteqer, ByVal Value
As Integer) As Integer

Declare Funct:on AVgerDisplay Lib “Video® (Byval vid As long, ByVal parm As Integer) As Integer
Declare Function AVgetaudio Lib "Video® (ByVal vid As Long, ByVal parm As Integer) As Integer
Declare Function AVcvtBGRtoKeyColor Lib "Video® (ByVal oo As Integer, ByVal Value As Long) As 2
nteger

Declare Function AVCVIRGBtoKeyColor Lib "Video® (ByVal R As Integer, ByVal g As Integer, ByVal
b As Integer) As Integer

Declare Function AVgetPlayerStatus Lib "Video“ (ByVal vid As Long, ByVal parm As Integer) As Lc
ng

Declare Function AVpausePlayer Lib "Video® (ByvVal vid As Long) As Integer

Deciaze Function AVplayPlayer Lib *Video®" (ByVal vid As Llong, ByVal end_frame As Long) As intes

er

Declare Funct.on AVseekPlayer Lib "Video™ (ByVal vid As long, Byval frame As Long) As Integer
Ceclare Function AVsezPlayer Lib "Video® (ByVal vid As Long, ByVal parm As Integer, ByVal Value
As Intege:z) As Integer

Declare funcr:ion AVstepPlayer Lib "Video® (ByVal vid As long, Byval incr As Long) As Integer
Declare Function AVstopPlayer Lib "Video™ (ByVal vid As Lorng) As Integer

Declaze Function AVcolorKey Lib "Video" (ByVal vid As Long, ByVal mode As Integer, Byval Value
As Integer) As Intege:

Declare function AVfizMode Lib "Video® (ByVal vid As Long, Byval mode As Integer) As Integers

Declare Function AVcreate Lib "Video" (ByVal source As 5tring) As Long

Declare Sub AVcGestroy Lib "Video®" (ByVal vid As Long)

Declare Finction AVse:Display Lib "Video"™ (ByVal vid As Long, ByVal parm As Intege:, ByVal Valwu
& As Integer) As Integer

Deciare Funct:on AYVmap Lib "Video™ (ByvVal vid As Long) As Integer

Declare Avunrzp Lib "Video"™ (Byval vid As long) As Integer

Declare AVenable Lib "Vidaeo" (Byval vid As Long) 2s Integer

Ceclare AYdisable Lib "V.deo" {ByVal vid As Long; As Integer

Ceclare 7 AVfreeze Lib "Videc™ (ByVal vid As long, SyVai flag As Integer) As Intege:
Ceclare AVccnfigure L:ib "Video” (Byval vid ARs long, frame As WinporZ, tet_«p As W.npCI

t, 3yvVal mask As Int:ger) As Integer

Cecldre T.oCT.2n AVmove Lib "Video" (3yval vid As Lcng, ByVal X As Iateger, 8yval ¥ As Integer)
As Integ

Declare 7encT-on AYsize Lib "Video" (3yVal vid As Long, ByvVal widthl As Intege:, 8yVal Heizht A
s Intege:z) As Integer

Ceclare F:nc-:on AY?Zace Lib "Viceo" (ByVal vid As Long, ByYal fiag As Integer, Syval mask As In
tegez, ByVal celay As IntegeZ) As Integer

re-lace fiactior AVisTaced LiD "Video" (ByVal vid As Llong, Byval mask As Inzege:) As Inteje

Declace F.action AVwidecWincdow Lib *Video®" (ByvVal szc_name As String, ByvVal X As Inzezer, =
Y As Integes, ByVal widthl As Integer, Byval Height Xs Integer) As long

Leciare F.ncLiuh AvgeiReyHode Lib "Vvidas™ (ByVsl wid Az longy As Integer

reclare TincTicn AVge:XeyValue Lib "Video" (Byval vid As Long) As Integer

Leclare T.nction AVdevice Lib "V:ideo® (Byval vid As long, ByVal device As String) As Integer
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Declare Tuncticn AVituner Lib “"V:ideo® (ByVal vid As Long, ByVal chanrel As ntegez, ByVal f:ine ;
s Inrege:, 3yVal stancdard As Integer) As Integer

Declace Tunci:cn AVgrabtofiie Lib "Videc" (Byval vid As Llorg, ByVal filename As String, Byval -
ormati As Integer, graphicsRect As Any) As Integer

Declare Funcz:on AVputFromfile Lib "Video® (Byval vid As long, ByVal filename As String, 3yva.
formatl As Integer, graphicsRect As Any) As Integer

Declare Tunctiion AVQrabToBitmap Lib “"Video®" (ByVal vid As Llong, Byval formatl As Integer, grag:
icsRect As Ay, bdlitmapPtr As Long) As Integer

Declare Function "VputFromBitmap Lib *Video" (ByVal vid As Llong, ByVal formatl As Integer, 3yv,
1l bitmap As Inte. s, gzaphicsRect As Any) As Integer

Declare funzzion AVclear Lib "Video®" (ByVal vid As long, graphicsRect As AVrect) As Integer
Declare Tunction AVinit Lib "Video® (ByVal fnam As String) As Integer

Declare Sub AVend Lib ®"Video® ()

'Wincdows 3.x functicns
Declare T.nctiiczn sendmessage Lid "User®™ (ByVal hWnd As Integer, ByVal wMsg As Integer, Byva. w:
aram As Iategers, lParam As Any) As Long

'Still Frame Compression Framegrabbing functlions
Deciare Tunction FGCinstall Lib "Fgc.d4dll® (ByVal formatl As Integer) As Integer
Declare Function FGCremove Lib "Fgc.dll® (ByVal formatl As Integer) As Integar
Declare Sub FGCsetlmageQuality Lib "Fgc.dll® (ByVal quality As Integer, ByVal sharpnmss As Tnte
ger)

Declare Function FGCqualityDialog Lib *Fgc.dll® () As Integer

Declare Function FGCgetSharpness Lib “Fgc.d'l® () As Irntsger

Declare Functinn FGCjetJuality Lib *Fgc.dll® () As Integer

Declare Function FGCsetAddress Lib "Fgc.dll® (ByYal address As Intejer) As Integer
Declare Function FGCgetAddress Lib *Fgc.dll® () As Integer

Declare Function FGCaddressDialog Lib °Fgs.dll® () As Integer

Sub DEGtoFfREC (ByVal X As Single, Byval Y As Single)
'Routine to convert from cdagrees to output frequencles
‘X AND Y PASSED IN DEGREES
'X ->0 TO 36C DEGREES
'Y +/- 18 DEGREES
Dim SclX As Single 'X scale (horizorntal)
Dim SclY As Single 'Y scale (vertical)
SclX = (MaxxFreq - MinXFreq) / 180 'x always goes 0 to 18¢C
If X < 187 Then
SclY » (MaxYlF:eq - MinYlFreq) / 36 'Y has two tegions
Urpechalf = False
Else
X = X - 180 'WRAP SPACE MOD 180 CEGPEES
SclYy = (MaxY2Freq - MinY2Freq) / 36 'if x>180 then use uppwc half
Upperhalf = True
Ena It
XFreqOut = X * SclX + MinXFreq 'REQUIRED FREQ OUTPUT
YFreqout = Y * SclY ¢ MidYl - Upperhalf * OffsetY
'RETURN FREQ FCR TWD D_FFERENT REGIONS
End Sub

Sub DOSENDING {XCut As Single, YOut As Single)

'This rouzine ccnveszs frequencies to vLhe numbers required by the dds boarzd
Dim Numce: As lcng 'holds the number to send to the Fifos in the dds card
Dim Mida As ong '‘nunber (s 18 bhits, mid {3 micddle byte

Dim H- As Integer 'hi 1s most significant byte

' do the X f-equeincy
Number = (Nun3:its / DDSClock) * XDuz + 1 ‘calculate number for dds board

Pordut (0) = Number And ABMask ‘ABMASK i3 lower 3 bits only
Midd = Nuzbe: \ 256 © 'SHIFT RIGHT 8 BITS
Port2ut (1) = M:cd And ABMask *set up middle 8 birts

hi = Midd \ 256 'SHIFT RIGHT 8 BITS

'set up twn msbs, (never used)
' 2 msb's ace never se:t in used fregquency range
' msb cha~zed 0 cont:ol hardware on-off relay
' porzziz.2) ¢ (gForzcut (2) And CLEARC) Or (HI And CMASK)

'SEND THZIM COUT
for 1 = 0 To 2
Staz:s = DIG_Zur_Porthv(Byval 1, ByVai I, ByVal PortOut(lj)
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Nex:z I
'AND STCBE WRITE LINE 20 advance fifo counter
Call WRTLN(L) 'FIFC L CR 2

' a0 the Y frequency
Numbe:r = (NumB:its / ODSClock) * YOuz + 1 ‘calculate number for dds boa:cd

Porzfut (J) = Number And ABMask 'ABMASK 13 Lowver 8 bits only
Miad = Number \ 256 'SHIFT RIGHT 8 BITS
PortOut (1) « Midd And ABMask ‘set up middle 9 bits

Hi = Midd \ 256 ‘SHIFT RIGHT 8 BITS

'set up two msbs, (never used)
' 2 msb's are never set in used frequency range
' msb changed to cont:ol hardware on-off relay
' porzout(2) = (portout(2) And CLEARC) Or (HI And CMASK)

*SEND THEM CUT
For I =« 0 TOo 2
Status = DIG_Out _Portvi(Byval 1, 3yval I, Byval Por:dut(Il))

Next I
"AND STCBE WRITE LINE to advance filo counted
Call WRTLN(2) '‘FIFO 1 OR 2
End Sub

Sub DRANMULTI (ByVal X As Single, Byval Y As Single)
'toutine to draw more than ohe spot on Picturel frame for fancy outputs
Dim Q As Single ‘x pcsition on daisplay window
Dim R A9 Single 'y position on display window
‘draw but don't erase
‘calculate and scale the X postion
O« ((X - MinXFreq) / (MaxXFreq - MinXFreq)) * Forml 'Plczurel Width * _494
*{s it in left half or right half
If Y > MaxYifreq Then 'right balt
Q= Q ¢ Forml'Picturel.Width * .5 'jump to right halg
YeY - 0ffsatY ‘reduce %0 in picture range
End 1
‘calculate and scale the y position
R ~ Forml!Picturel.Aeight - ((Y - MinYlFreq) / (MaxYlFreq - MinYlFreq)) * Forml'!'Picturel .Height
* 95 - 40

'Output spot to screen
Formi'Picturel.line (Q - IsZoomed, R - IsZoomed)-(Q + IsZoomed, R + lsZoomed), Black, BF

‘drav vertical screen separator line
Forml'Picturel .Line (.5 * Forml'!'Picturel.ScaleWidth, 0)-(.%5 * Forml'Picturel.ScaleWidth, Fomml':

Picturel.ScaleHeight), Black
End sub

Sub ENABLE (I As Integer) 'O FOR LOW, 1 FOR HI
‘READ ENABLE IS DISABLED WHEN LO, ENABLED WHEN HI
'set up port 2 with bit pattern for enable and leave other bits intact
It T « O Then
PortOut(2) = PortOut(2) And Enablele 'PORT C
Else
PorzCut (2) = PortQui(2) Oz EnableHL 'PORT C
End It
*send it out
Status = DIG_Cut_Portd(Byval 1, Byval 2, Byval PortOut(2))
End Sub

Sub Freqout () ‘pararezers passed as global variable XFreqOut, and YfregOut
"routine to output a single spot to the CODS Fifo and upcate the screen
pim I, J, X, N As Integer 'local counters

Dim XCut As Single *Local version of XtregqOut
Dim YOut As Single ‘Local version of YFreqQut
Dim zoomFactor As Integer ‘amount of Zoon

Dim Delta As Single *SPACING CFFSET FACTCR
Const XCZZset = .025 *MHz .025

Consr YO2Zlser = .1 '‘MHz .05

ZocrFactor = IsZcomed / SMALLSPOT ‘'How much to zocem

Call ENABLE(O) *TURN OFF READ
Call RST *TOGGLE RESET LINES

Selec: Case locmFactes
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Case .: *NO I0CM
X0ut = XFregCut 'LOCAL STORAGE
YOuT = YFregOut ' LOCAL STORAGFE
Call CGCSENDING(XCur, YOut) '‘send one spot
Case 3: 'USE 4 SPOTS
Celta = 1 'l full pixel positicn stagger
N e 103 'about one total fill time for all spots
Co While N >= 0 ‘set up 16 spot array
! = Int(N / 26) - 1.5 ‘1.8, .% ,-.5,-1.5

J =~ Int((N Mod S2) / 13) - 1.8 ‘1.5, .%5 ,-.5,-1.9%
'each spot 18 offset one pixel spacing

XOut = XFreqOut ¢ I * Delta = XOffset

YCut = YFreofut + J ¢ Delta ¥ YOffset

Call DOSENDI 5(XCut, YOut) 'send out spots to f.fo
N = N-1
ioop 'next n
Case S: 'USE & SPOTS
Jelta = 1.5 '1.5 full pixel position stagger
N a 1C 'about one total fill time for all spets
00 Wh:..e N >= ‘set up 16 spot array
I « Int(N / 26) - 1.5 ..5, .5 ,-.5,-1.5

J ® Int((N Mod S52) / 13) - 1.8 'S5, .8 ,-.5,-1.%
‘each spot i3 offset one pixel spacing

XOut = XFreqOut ¢+ I ¢ Delta * XOffset

YOut = YFreqCut + J * Delta * YOffset

Call DCUSENDING(XOut, YOut) ‘send out spots to fifo

NeN-1
Loop 'next n
Case 7:
Delta = 2 '2 full pixel position stagger
N = 103 fabout one total fill time for all spots
Do While N >= ¢ 'set up 16 spot array
I = Int(N / 26) - 1.8 ‘1.5, .5 ,-.5,-1.%

J = Int((N Mod 52) / 13) - 1.5 *1.%, .5 ,~.5,-1.%
‘each spot is offset one pixel spacing

XOut = XFreqQqOut « I * Delta ¢ XOffset

YOut = YFreqOut + J ¢ Delta * YOfLset

Call DOSENDING (XQut, YOut) ‘'send out spots to fifo

NeN-1
loop ‘next n
Case 9:
Deita = 2.5 '2.9 fu)l pixel position stagger
N = 101 fabout one total fill time for all spot:z
Do While N >= 0 ‘set up 16 spot array
I = Int(N / 26) -~ 1.5 'y.S5, .% ,-.%,-1.5

J e Int((N Mod $2) / 13) ~ 1.8 1.8, .5 ,-.5,-1.5
'each spot 1s ofZset one pixel spacing

XOut = XFreqOut ¢ I « Delta * XOffset

YOut = YFreqOut + J * Delta * YOffset

Call DOSENDING (XOut, YOut) ‘'send out spots to fifo

N=-N-1
Loop ‘'next n
Case 11: fUSE 4 SPOTS FOR 7,9,11
Delta = 1
N = 103 fabout one total fill time for all spots
Co While N >= 0 ‘set up 16 spot array
I « Int(N / 26) - 1.9 1.5, .% ,~-.5,-1.5

J @ Int((N Mod %2) / 13) - 1.% '1.5, .5 ,-.%,-1.%
'gach spot is of“set one pixel spacing
XCut = XFreqOut + I » Delta * XOffsat
YOut = YFregQOut + J * Delta * YOffset
Call CCSENDING (XZut, YOut) ‘send out spots to fifo
NeN-1 ‘
Loop 'next n
End Sclect
Call ENAZLE(Y) "TURN READ LINE BACK ON

End Scb

Sub CNOFF (I As Intege:) 'FALSE FOR OFF, TRUE FOR ClN
' THIS RCUTINE CONTRCLS THE ON-OFF RELAY IN THE HARDWARE

AOB I AN RNAAM D tame mA RS AR
Mas & WiV AWML & VOlws iV D VIOW WE WHen

L]
' SINCE IN USED FREQ RANGE MSB WAS NEVER SET,
' LINE AAS CHANGED (2/2/93) TO CONTROL SYSTEM CN -OFF
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I£ I - Talse Then 'tusn it of!
PoriCuz(2) = PcrzCul(2) And Relaylf?! 'PGRT C

Else ‘tysn it on

PorzQuz(2) = portlut(2) Or RelayOn 'PORT C
End ¢

Status = JIG_Cut_Portd(ByVal 1, ByvVal 2, ByVal PortOut(2))
End Sub

Sub AST () 'routine to reset ha:rdware box, Reset clears Fifo

‘FLIP RESET BAR AND DDSRESET THEN RESTORE
PortQut{2) = PortOut(2) And Resetlo 'PORT C
PortOut (2) = PortOut(2) Or ResetDDSHi 'set both reset and dds reset
Status = O0IG_Cuyt _PortV(ByVal 1, Byval 2, ByVal PortCut(2))
PortOut (2) = PortQut(2) Or ResetHi ‘'set back the other way
PortQut (2) e PorzOut(2) And ResetCDSLo ‘trans:.tion
Status = 2IG_Cut_Por:¥(ByvVal 1, ByvVal 2, ByVal PortOut(2))

End Sudb
Sub SPOTDRAW () 'This routine prints the dot on the User Ilnterface
If Fancy Then 'If the prasvious mode was a many spot draw then

Fancy = Falss 'raset mode to single point
Forml 'Picturel.Cls 'and clear the display window
Znd If
‘Set the X and Y scale 3o that all of the small spot are displayed at the edges
X « Forml'HSCrolll.Value * .994 * Forml'Picturel . Width / Hmax
Y = Forml'VScrolll.Value * .95 * Forml'Pictucel.Height / Vmrax
‘erase old spot

Forml'Picturel .Drawdidea = 1 ‘one pixel linewidth
Forml'Picturel .FillColor = Wnite 'WHITE TO ERASE
Forml!Pictutel.FillStyle = 0 *SOIID FILL, spot is a small box

Forml!'Picturel.Lline (0ldaX - OldlsZoomed, OldY ~ OldIsZoomed) - (0OldX + OldlsZoomed, 0lAY + Oldisz

oomed), wWhite, BF

‘redraw it at new location

Forml'Picturel .FillColor = Black 'BLACK

Forml'!'Picturel .fillStyle = 0 'SOLID FILL, spot {s a small box

Forml!RPicturel.line (X - IsZoomed, Y - IsZoomed;-(X + IsZoomed, Y + IsZoomed), Black, BF
'redraw vertical separator line on screen

Forml'!Picturel.Line (.% * Forml'Picturel.ScalsWidth, 0)~-(.5 * Forml'Picturel.ScaleWidth, Forml'
Picturel.ScaleReight), Black

'remember sSpot location sc next time it can be erased

0ldX = X

0l1dY = Y

OldIsZocoed = IsZoomed ‘remember old size ©f spot

End Sub

Sub TURNZOOMOFF () 'when no zoom is wanted
IsZoomed = SMALLSPOT ‘'Set z00m tO one spot size
Forml !throex.Checked = False
Forml !'fiveX . Checked = Falsse
Forml !sevenX.Checked = False
Forml ‘nineX.Checked = False
Forml ‘elevenX.Chacked = False
Forml ! 20CMOFF .Checked = True 'set the zoomoff check on the pulldown menu
[>rml !Picturel .Cls ‘'clear the scraen display
Fancy = True ‘set mode to multl spot
'also turn off cen:troiding
Centz0idOn = False ‘set global vari«ble
FormlPicture2 . Vis.bie =~ False 'zurn off picture2 when done
forml 'AvControll.Visible ~ True'show real time vidio
Form)l 'avoverlay . Vis:ble = True'allow overwriting on window

End Sub

Sub WRTLN (I As Integer) 'Tcggle the Hardware Fifo Write line
‘channel ! CR 2 FOR CX0QICES

If I = 1 Then 'CHANNEL 1

*SEND THEM LO THEN 3ACK TO HIGH

Porzdut12) = PortOut(2) And wWrtlnllio 'PORT ¢

Status = JIG_Out Pc:-tt(Byval 1, ByVal 2, ByVal PoriCut(2))

Por:Ouz (2) = PortOu:z(2) Or #rtlnlHi 'PORT C

Status = DIG_Cut_PorinN(ByVa! 1, Byval 2, Byval PortOut(2))
Else - '"CHANNEL 2

*SEND THEM LO THEN 3ACK TO HIGH
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PoreCut(2) = PortCut(2) And Wrtln2lo 'PORT C
Status =« DIG_Out_Porttv(Byval 1, ByVal 2, ByVal PorzCut(2))
PorzOut (2) = PortlOut(2) Or Wrtln2Hi 'PORT C
status < DIG_Out_PostV(ByvVal 1, Byval 2, ByvVal PortOut(}))
End I¢
End Sub




Appendix B. Breadboard Control PC Help File Listing (User's Guide)

The following pages present the listing of the on-line help files that are available to the
operator via the breadboard control software (see aJso Appendix A, Scction 5.2). T'hese help files
contain a brief overview of the breadboard systern and therefore constitute a User's Guide of sorts
that should be reviewed by anyone who is preparing to operate the breadboard.
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* Index to Menus
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* Index to Technical Information
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“«3 Program Overview

Lasercom is a system designed to output an 830 nm laser beam in any direction
within a cylinder of space that ranges from 0 to 360 degrees in the horizontal
direction by +/- 18 degrees in the vertical direction. The size of the beam is designed
to cover an angular spread of 0.36 degrees. The purpose of this system is to
demonstrate beam steering for low orbit satellite optical communication with no
moving parts.

This software is the control interface needed to operate the breadboard. The beam
can be positioned by clicking the mouse on a new position on the beam positioning
control area, dragging the beam spot from one position to another, or by adjusting
the pusition slide contro!s.

Systemn Optical Field Coverage.

Beam Specifications
Divergence = 0.36 Degrees _
Resolution = 1000 (Horizontal) x 100 (Vertical).

360 Degree
‘Ninzonlal Field Coverage

36 Degrees
Vertical Field Coverage

¥ GENERAL _OVERVIEW
K CVERYIEW.LASEF TUVPE.SCAN KANUE, BEAM D TEEKING SA TELLITE.OPI1CAL COMMLUNICATION;CONTROL
NTERFACE BEAM POSITION:

PROGRAN OVERVICW

B-6




* X3 Release History

Yersion 1.01
June 1993

¥ GENERAL_HISTORY
N RELAEASE HISTUKR Y, VERSION, DA I
3 RELFASE HISTORY
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* & Know Bugs and Limitations

There are as yet, no known bugs.
Please keep us informed of any bugs found during use.

This program is limited to a single instance. Only one working copy can be run at a
time.

¥ GENERAL _BUGS
N BLGS:LIMITATIONS
$ KNOW BLGS AND LIMITATIONS
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*«s Copyright Notice

LaserCom Interface

Written By Lee Burberry,

Staff Engineer

Harris Corp, Information Systems Division
Copyright © June 1993

Sponsored By SDIO and Directed by Rome Laboratories under Contract No. F30602-91-C-0131

e e
CENERAL _COPYRICHT

K BURBERRY:LASERCOM:HAKRIS;ROME:SDIO;CONTRACT NO SPONSORED BY
3 COPYRIGHT NOTICE
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* 3 File Menu

Open
Pops up a file open dialog box to select pattern files.
Pattern files draw pictures with the output light beam.

Select a file name and click OK to display the picture.
Or double click the filename to display the picture.

Select CANCEL if you do not want to display a picture file.
Exit

Ends the program.
The program terminates after a cne minute cooldown period.

¥ MENU_FILE
K FILE MENU.OPENEXIT.PATTERN FILE
FILE MENU

B-10




*®1Zoom Menu

o
Turn zoom off and returns the output laser beam to is normal size covering 0.36
degrees of field

3X
Enlarges the output laser beam to 3 times it normal size to cover a 1.08 degree field

§X
Enlarges the output laser beam to § times it normal size to cover a 1.80 degree field

7X
Enlarges the output laser beam to 7 times it normal size to cover a 2.52 degree field

9X
Enlarges the output laser beam to 9 times it normal size to cover a 3.24 degree field

11X
Enlarges the output laser beam to 11 times it normal size to cover a 3.96 degree field

¥ MENU_Z0OM
N 200M MENLU.OFF;3X ;5 X.7 X.9 X.11X;ENLARGE
$ 200M MENU
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* s Multibeam Menu

0 No Beams
This clears the system FIFO of all output frequencies. This will turn off all the

cutput beams.

2 Beam Demo

Displays two sim:‘ltancous beams, one in the center of each field. These two beams
define the centered output of each fisheye lens and can be used as an aid to system
alignment. The coordinates of each beam in space is; 90 degrees horizontally by 0
degrees vertically, and 270 degrees horizontally by 0 degrees vertically.

4 Beam Demo

Displays four simultaneous beams. The coordinates of each beam in space is; 60
degrees horizontally by 0 degrees vertically, 120 degrees horizontally by 0 degrees
vertically, 240 degrees horizontally by 0 degrees verticaily, and 300 degrees
horizontally by 0 degrees vertically.

8 Beam Demo

Displays eight simultaneous beams, one in each corner of each field. These beams
define the limits of each field and can be used to scale the data to cover the output
field of each fisheye lens. The cvordinates of each beam in space is; 0 degrees
horizontally by -18 degrees vertically, 0 degrees horizontally by 18 degrees vertically,
179.9 degrees horizontally by -18 degrees vertically, 179.9 degrees horizontally by 18
degrees vertically, 180 degrees horizontally by -18 degrees vertically, 180 degrees
horizontally by 18 degrees vertically, 359.9 degrees horizontally by -18 degrees
vertically, 359.9 degrees horizontally by 18 degrees vertically.

¥ irir wara T.oCAM
vak.. e el v

K'MULTIBEAM: NO BEAMS, 0 BEAMS:2 BEAM.4 BEAM.8 BEAM.ALL REAMS OFT. TURN OFF BEAMS
$ MULTIBEAM MENU

B-12




"K3$Scan Menu

Horizontally
Draws a Horizontal line from 0 degrees to 360 degrees horizontally, 0 degrees
vertically.

Ve tically
Draws two vertical lines from -18 degrees to +18 degrecs vertically, 90 degrees
horizontally, and 270 degrees horizontally.

Diagonally

Draws two Diagonal lines from 0 degrees horizontally by -18 degrees vertically to
179.9 degrees horizontaily by +18 degrees vertically, and 180 degrees horizontally by
-18 degrees vertically to 359.9 degrees horizontally by +18 degrees vertically.

¥ MENU_SCAN
K SCAN'MENU.HORIZONTAL; VERTICAL:DIAGONAL
$ SCAN MENU
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#ks Centroid Menu

On

Turns centroiding on. When a single beam is output, this function periodically finds
the position of the beam as seen from the reference CCD camera. The detected
coordinates are displayed alongside of the camera display output. With centroiding
on, the system pauses for a few seconds each time the centroiding takes place.
Centroiding dramaticaily slows down the system.

ofr
Turns off the centroiding function.

Calibrate

This function is used to create a lookup table between the desired beam output
locations and the actual location as seen on the CCD camera. It takes a few minutes
to operate and should only be used if an exact correlation between desired and
actual beam output is required.

* (ENU_CENTROID

$ CENTROID MENU




*«s Help Menu

Contents
Activates this Help File

Using Help
This Opens the Help File on how to use a Help File.

About
The About choice pops up a Diatog Box with the Version number, Copyright
Information and Sponsorship of this software.

* VENU_HELP
K'HELP MENU;CONTENT:USING HELP,ABOUT
$ HELP MENU
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#xs Description of Bragg Cells

Basic Theory

Acoustic Matenal:
optical index = n
acoustic velocity = v

L
Input Beam

©s = A fc:(nv)

RF Input:
bandwidth = BW
centered at fc

Deflected Beam

\OD = A f/(nv)

Undeflected Beam

The Bragg cells are
the key component
in the beam steering
system. The
direction of light
passing through the
Bragg cells is
changed to an angle
that is a linear
function of the RF
frequency that is
used to stimulate the
cells. Inside the
Bragg cells an
acoustic grating

(compressional wave) is propagated at the frequency of the RF stimulus in the
transverse direction of the optical beam path. The time that it takes for the acoustic
wave to propagate over the width of the input optical bear is referred to as the
"time aperture” of the cell. This corresponds to the time that it takes to uniquely
change the angle of optical deflection from the cells.

How Zooming is performed

An interesting result can be nbtained by

14 switching the RF stimaulus frequencies faster

ax: 2 freqs/axis.
(4 beams).

SX: 2 freqs/axis.
(9 béams).

than the time aperture of the Bragg cells. The
deflected optical beam can be made to
effectively expand, or " zoom", in divergence
angle by repetitively cycling several closely
spaced frequencies within the time aperture
of the cells. Each unique frequency steers the
deflected beam to a slightly different
direction, and the sub-aperture fill time of
each frequency causes each deflected beam to
spread more due to diffraction and hence
overlap the neighboring beams. The result of
these two effects is that the net (composite)

Y RESEARASS or bk
POWER 1

$ DESCRIPTION OF BRAGG CELLS
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deflected beam appears to have increased in size over that of the uncycled (cw)
beam size. The zoom factor can be continuously varied by programming the correct
frequency spacings and cycle times to the Bragg cells. The demo software (under
Z200M MENU) has been pre-configured to provide zoom factors of 1X (cw), 3X,
5X, 7X, 9X, and 11X.

How Multiple Beams are performed

As mentioned above, Bragg cells operate by transforming a particular input RF
stimulus frequency into a specific optical deflection angle. Multiple simultaneous
deflection beams can therefore be generated by inserting simultaneous RF stimulus
frequencies into the Bragg cells. The demo electronics/interface box has 3 additional
input ports per Bragg cell for this purpose. Since the electronics/interface box
provides only one frequency source per Bragg cell (DDS synthesizer) then a different
approach is used to "simulate” the effect of muitiple beams without using the
additional input ports. The approach used is to time-division-multiplex the
frequencies rapidly between the different beam locations (i.e., faster than the CCD
camera can respond) so that the illusion of multiple beams is created. However, the
true generation of multiple beams can only occur by simultaneously summing
frequencies into the Bragg cells via the front panel input ports.

WARNING: the total combined RF power (the summed power of all input
frequencies) into each Bragg cell should not exceed 400 mW due to potential
thermal damage to the cells. NOTE; the DDS frequency synthesizer in the
electronics/interface box has a gain pot that has been pre-adjusted to a produce 400
mW to each Bragg cell. If the front panel input ports are used to provide additional
frequencies then one of the following options should be executed: 1) the DDS
outputs should be attenuated appropriately with in-line pads, or, 2) the DDS
outputs should be disconnected and terminated with 50 ohm load, or, 3) the gain
pots on the DDS boards should be adjusted to appropriately reduce the power,




# x s Description of Optics

XS-33

AN g

The following is a list of parts in the Lasercom system illustrated above. Only one
180 degree field is enumerated, the other field is identical.

1) The base plate is a 2 inch thick 3 foot square optical breadboard with a one inch
1/4-20 hole pattern grid.

2) The 25 mW 830 nm laser and collimator.

3) The 10 mW 670 nm laser and collimator.

4) A 2X anamorphic corrector prism pair.

5) Hot Mirror beam combiner (reflects IR, passes visible)

6) A half wave plate and a quarter wave plate

a4
K KFE&%RS OF OPTICS PARTS:COMPQONENTS
$ DESCRIPTION OF OPTICS




7) A 6 X beam expander.

8) A 2 Inch Folding Mirror

9) The Horizontal Bragg cell

10) A half wave plate

11) The Vertical Bragg Cell

12) The Horizontal Fourier transform Lens (300 mm)

13) The camera pickoff beam splitter, the cameras Vertical Fourier transform lens,
and CCD TV camera suspended above.

14) Holds the Vertical Fourier transform Lens (80 mm) for the projection legs
15) The image divider mirrors, and two 40 mm Lenses (one for each half field)
16) Camera support post

17) 100 mm lens

18) A 2 Inch fold mirror

19) A 3 Inch fold mirror

20) 150 mm Lens

21) 150 mm Lens

22) 8 mm Nikon Fisheye Lens

The optics coasists of several sections. The first part is the illumination optics(2-8),
the next part is the Bragg cells that do the beam steering(9-11). Then comes the
Fourier transform optics that form the beam waists(12-14). The beam waist field is
then divided in half and each half reimaged to the input field of the fishe e
lenses(15-21). The fisheye lenses then project the beams out to free space(22).

This system was ~n~timized for an 830 nm laser. However, to provide a visible
demonstration ¢:  bility, a 670 nm laser was also provided. The power to the laser
is provided by a B..C connector on the back panel of the system control box. This
connector supplies § volts to the two laser drivers. Inline on the power cable is a
switch that selects either the RED laser or the IR laser. Only one laser can be used
at a time to avoid spot confusion at the CCD camera plane. The aspect ratio
required at the Bragg cells is 2:1 with the long axis in the horizontal direction. The
aspect ratio out of the RED faser is 4:1, so a 2X prismatic beam expander is used to
form the correct ratio. The out of the IR laser is about 2:1 so no correction is
required. The beams are combined using a hot mirror. A hot mirror is a dichroic
surface that refiects IR (above 700 nm) and transmits visible light. The beam sizes
at this point are about 2 by 4 mm. A 6X beam expander is used to create a 12 by 24
mm beam to illuminate the Bragg cells. The Fourier Cylinders then form a scan
plane with a field of 500 spots by 200 spots. A beamsplitter reflects a small portion
of the light to the CCD TV camera for spot position monitoring. The top half and
bottom half of the fields are divided by a mirror pair into the left field and right
fields, each with 500 by 100 spot. These fields are then reimaged and magnified to
fiil the inpat aperture of the fisheye lens. The fisheye then projects the spots to fill
each half field of 180 degrees horizontally by +/- 18 degrees vertically.
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#xs Alignment Procedure

This alignment procedure assumes that all the optical mount holders are in their
nominal positions (see Description of Qptics). The optical axis should be aligned to
be 5 1/2 inches above the optical table. At all times observe laser safety precautions!
Useful tools not supplied are an infrared viewer, an IR sensitive viewing card, a
power meter, and an oscilloscope.

Place 830 laser with collimator into holder (2).

Rotate the laser beam to a clear area of the table.

Adjust laser until near and far field of beam is at S 1/2 inches above the table.

Aim the beam at the center of the dichroic splitter (5).

Adjust the splitter angle to maintain the § 1/2 inch height and project the beam

along the line of components (6), (7), and (8).

Center the half wave plate and the quarter wave plate (6) on the beam.

Center the 6 X beam expander (7).

8. Before inserting turning mirror (8), use the collimation tester (supplied) to
adjust the collimation out of the 6 X beam expander. Rotate tne focus ring until
the fringes on the view screen are parallel to the shadow of the wire.

9. Insert turning mirror (8) centered on the beam and folding 90 degrees toward
the horizontal Bragg cell.

10. Position the horizontal Bragg cell (9) in the center of the beam.

11. Place a 300 mm lens (supplied) after the cell, and project the spot onto a detector
with the detector output displayed on a scope.

12. Energize the cell by starting the software. Select Scan Horizontal from the
menu.

13. Adjust the position and angle of the cel! to maximize the output on the detector
and maintain a flat bandshape.

14. Iteratively adjust the rotation of the halfwave and quarterwave plates (6) to
maximize the output of the nurizontal cell. Greater than 80 throughput
efficiency can be obtained.

15. Remove the 300 mm lens.

16. Position the halfwave plate (10) in the center of the diffracted beam.

17. Position the vertical Bragg cell (11) in the center of the diffracted beam.

18. Place a 300 mm lens (supplied) after the cell, and project the spot onto a detector
with tha detector output displayed on a scope.

19. Energize the cell by starting the software. Select Scan Vertical frem the menu.

20. Adjust the position and angle of the celi to maximize the output on the detector
and maintain a flat bandshape.

21. Iteratively adjust the rotation of the halfwave plate (10) to maximize the output

of the vertical cell. Greater than 80 % throughput efficiency can be obtained.

PNl
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22. Select Scan Diagonally from the software menu and check the composite
deflection ~fficiency. greater than 60 % should be available across the band.

23. Remove the 300 mm lens.

24. Place the 300 mm cylinder lens in position (12). This focuses the scan
horizontally.

25. Place beamsplitter (13) so that the diffracted light passes through and is reflected
upward.

26. Position the vertical Four:er lens (14) into position, centered on the beam.

27. Position & second cylinder lens above the beamsplitter, supported off vertical
post (16).

28. Suspend the CCD TV camera also from post (16).

29. Center diffracted light on the camera.

30. Select Scan Vertically from the software and focus the line of light on the camera
by moving the camera position up and down.

31. Select Scan Horizontally from the software and focus the line of light on the
camera by moving the suspended cylindrical lens.

32. Select Multibeam, 8 beam demo from the software menu

33. Center the pattern on the TV camera by moving the camera.

34. The TV camera setup may have to be repeated after the projected beams are set
up.

35. Focus cylinder lens (12) and (14) to form an image in front of folding and
splitting mirrors (15)

36. Position splitting mirrors (15) to deflect the top half of the image to the left and
the bottom half of the image to the right.

37. Chose the pattern file RIGHTO0.PTN from the File Open menu.

38. Position the 40 mm lens(15) to project the beams straightly.

39. Position the 100 mm lens (17) in the center of the beam.

41). Position Mirror (18) to direct the beams toward mirror (19).

41. Observe the image at position (19) . Individua! spots should be observed.

42. Position Mirror (19) to center the image in the center of the following lens
positions

4. Center Lens (20) on the beam.

44. Center Lens (21) on the beam.

45. Insert the Nikon Lens (22) into its holder.

46. Focus lens (17 ) to obtain clean sopots on the screen.

47. Pusition mirror (19) to center the array of spots in the vertical direction and
horizontally.

48. Finely adjust the position of lens 22 along the beam path to set the outer spots af
the outer edge of the observation screen.

49. lterate any adjustments out of tune.

50. Repeat for the other projection leg.

Note: The system can only be nominally adjusted for on wavelength laser at a time.
If the 670 laser needs to be used than the 830 laser will no longer be in
adjustment.




#xs The Centroiding Algorithm

To display and centroid the optical spot, a CCD TV camera is used in conjunction
with a NEW MEDIA GRAPHICS Super Video Windows, video display and capture
board. During normal operation, only the reai-time video is displayed on the screen.
During centroiding, the real time video is hidden and only the frame grabbed image
is displayed. The frame grabbed picture is used as a holding place for the video
data. Each pixel of video holds the 8 bit gray level value of the data (only upper 7
bits are significant). An area that surrounds the expected position of the spot is
selected and the average of the pixels, times the position, is taken, and divided by
the average of the pixel values to get the weighted average. From this data, the
located spot data is obtained. However, in order for this data to be valid, the system
must be calibrated. The calibration routine, creates of grid of know spot location
and their associated centroided positions. Using this data, a four point interpolation
is used to find the calibrated centroid positions.
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#c s Pattern File Format

Triangle.PTN
START33
POINT,90,15
LINE,120,-10,40
LINE,60,-10,40
LINE 90,15,40
END

This is a spot based drawing routine. However, since the fill time of the Bragg cell is
100 locations in the FIFO and the FIFO has 4096 total locations, only 40 totally
independent spots may be displayec. Up to 4096 position may be specified, but
under filling the Bragg cells will cause the beam to grow.

The First command in a Pattern file must be the START command followed by a
comma, and the number of FIFO locations used for each spot draw. The other
commands may be mixed or repeated in any order. An END command at the
conclusion of the file is optional but is included for clarity. Other commands consist
of 'POINT",X,Y (where X,Y are the coordinates of a spot location in degrees
horizontal (0-360) by degrees vertical (-18 - +18)) and 'LINE",X,Y,NUM (which
draws a series of points from the present location to the specified X,Y coordinates,
with the number of steps indicated by NUM-1 {a NUM of 2 produces just the two
endpoints). 'CLEAR' will erase the present drawing in the FIFO and allow for
multiple successive pictures in one file, used for animation purposes.

]
1Bk R HFBY R A T.5TAR T POINT.LINE.CLEAR EXD:* PTMFIFD
S PATTERN FILE FORMAT
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#x s How to Write a Pattern File

Pattern files can be written with any text editor that can save files in ASCH format.
Each Line must start with a keyword, with parameters following separated by
commas. One command per line must be used. [llegal commands will cause the
program to BEEP when the bad line in the flle is accessed. The file will continue to
run, however.

[ .
KEBWTW‘E A PATTERN FILE.TEXT EDITOR:ASCII.:BEEP
$

B e e T R R I
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Appendix C. Electronic Interface Board Schematics

The following pages present the electrical schematics for the Electronic Interface Board.
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Appendix D. List of Acronyms and Frequently Used Abbreviations

AC Alternating Current RAM Random Access Memory

AO Acousto-Optic RF Radio Frequency

AOTF Acousto-Optic Tunable Filters SDI Strategic Defense Latiative

APT Acquisition, Pointing, Tracking SDL Spectra Diode Laboratories
sec seconds

BER Bit Error Rate SOW Statement of Work

BTS Built-in Test Set

BW Band Width TBW Time Band Width product
TeO? Tellunum Dioxide

oC Degrees Centigrade 18% Television

CCD Charge Coupled Device VSWR Voltage Standing Wave Ratio

cm centimeter W Watts

CW Continuous Wave

dB decibei

dBc decibel relative to carner

dBm decibel relative to | mW

DC Direct Current

DDS Direct Digital Synthesis

DOl D. O. Industries

EM] Electro-Magnetic Interference

FIFO First In, First Out

IFOR Ficld Of Regard

GHz GigaHenz

Hz Henz

170 Input/Output

IR Infra Red

KHz KiloHertz

Km Kilometcr

LIDAR Laser Radar

m meler

Mbps Megabits per second

MHz, MecgaHenz

mm mullimeter

mrad milhiradians

psec microseconds

mW milliWatts

nm nanometer

ns, nsec nanosecond

PAL Programmable Array Logic

PC Personal Computer
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