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than the sensor, and its dependence on the image.
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SUMMARY
AN

This report documents the development and design of the
Image and Alignment and Correlation System built for the US
Army Engineer Topographic Laboratories by Deft Laboratories,
Inc. The purpose of the system is to provide a hardware
demonstration of the applicability of DEFT (Direct Electronic
Fourier Transform) technology to the problems of image alignment
i and image cross-correlation measurement. These problems are

T T

related generally to the areas of topographic mapping, feature
extraction and change detection, and photointerpretation.

The development of this system is a continuation of the
advancement of DEFT technology and its applications. The sensor
technology has received previous sponsorship at Syracuse
University by ETL and by the Night Vision Laboratories. The
Image Alignment and Correlation System represents a significant

achievement in the application of the technology and in its
interfacing and programmable control by a microprocessor. In
other words, the system represents the first real "use'" of

. DEFT sensor outputs.

The system uses a highly developed image-adaptive alignment
algorithm which exploits the spatial frequency analysis capability
of the DEFT sensor. _With high-contrast images having prominent
spatial frequenciesf<residual alignment errors are typically
50 microns in translation and 0.1 degree in angle. The system
also has the capability of displaying the spatial frequency
content of an image, and of computing normalized cross-correlation

coefficients based on spatial frequency data.

The system consists of two major assemblies, which are the

alignment fixture and the electronics cabinet. The alignment
fixture uses translation and rotation stages driven by stepper
motors to align the test image with respect to the reference
image. The images are transparencies mounted on light boxes.




An x-y plotter and a graphics terminal were also furnished with
the system as accessories.

The major limitations of the system are its slow operating

speed, which is caused by certain parts of the circuitry rather
than the sensor, and its dependence on the image.
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PREFACE

This report contains all information specific to the
Image Alignment and Correlation System, but it does not include
background material on the principles of operation and
characteristics of the DEFT sensor on which the system is
based. That information can be obtained from any one of a
number of previous papers and articles, the most significant
of which are listed in a bibliography at the end of this
document.
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I. INTRODUCTION

The Image Alignment and Correlation System was built for
the U.S. Army Engineer Topographic Laboratories by Deft
Laboratories, Inc. under Contract No. DAAK70-78-C-0217. 1Its
purpose is to provide a hardware demonstration of the applica-
bility of DEFT (Direct Electronic Fourier Transform) technology
to the problems of image alignment and image cross-correlation
measurement. These problems are related generally to the areas
of topographic mapping, feature extraction and change detection,
and photointerpretation.

The development of this system is a continuation of the
advancement of DEFT technology and its applications. The sensor
technology has received previous sponsorship at Syracuse
University by ETL and by the Night Vision Laboratories. The
Image Alignment anda Correlation System represents a significant
achievement in the application of the technology and in its
interfacing and programmable control by a microprocessor. In
other words, the system represents the first real "use" of
DEFT sensor outputs.

The system performs three main functions: display, image
alignment, and image correlation. There are options under
each of these main functions. That of display uses as an output
device either a graphics terminal which has a storage cathode-
ray tube (CRT) or an X-y recorder for '"hard copy." The sensor
output is scanned in the spatial frequency domain under micro-
processor control and displayed graphically in pseudo-three-
dimensional form.

The second function aligns a test image in angle and in
vertical and horizontal translation, either with resvnect to a
reference image viewed by a second sensor, or with respect to
the original position of the test image using only one sensor,
Using high-contrast images which have prominent features in
the spatial frequency domain, residual alignment errors are
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typically 50 microns in translation and 0.1 degree in angle.

The system measures image correlation by computing a
normalized cross-correlation coefficient between the outputs
of the two sensors over the usable range of the spatial
frequency domain. The data on which the correlation coefficient
is based is an approximation to the two-dimensional Fourier
transform of each image's intensity pattern. Either a real
coefficient using the data magnitudes or a complex coefficient
using the complex data can be computed.

Because the entire system is controlled by a microprocessor,
there is ample opportunity for program modification or expansion.
In addition, the system can be used as a stand-alone micro-
computer, either with its own terminal or with another,

The purpose of this report is to document the development
and design of the system, describing both its hardware
and software aspects in detail. The following sections begin
with descriptions of the system hardware, the basis of the
alignment algorithm, and the software which implements it and
the other functions. These descriptions are followed by
instructions for operating the system which are an expansion
of the Condensed Operator's Manual furnished when the hardware
was delivered. Then there is a review of the significant
events, technical problems, and their solutions which were
experienced during the contract term,

-2-
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II. SYSTEM HARDWARE

A. General Description

The Image Alignment and Correlation System consists of
two major assemblies and two accessories., The two major
assemblies are an alignment fixture and an electronics
cabinet. The two accessories are a display terminal and an
x-y plotter. Some of the system functions do not reaquire the
accessories, and they'can be detached and used for other
purposes.

The components of the alignment fixture are mounted on an
L-shaped frame made of 0.5 in. thick aluminum plate. The
vertical end of the frame supports a fixed mounting for the
reference image and tandem-mounted translation and rotation »
stages which hold the test image. Each image is a transparency, F
and is placed on a light box. The translation and rotation a
stages are driven by stepper motors which are controlled by i
circuitry in the electronics cabinet. At the other end of the
alignment fixture is a bracket which supports a pair of modules
containing the DEFT sensors.

Three cables connect the alignment fixture to the i3
electronics cabinet. One carries signals and power to the DEFT
modules, and one carries power to the three stepper motors.

The remaining cable is an ac line cord for the light boxes.

The electronics cabinet contains circuits which pulse the ; F
stepper motor windings, a microprocessor which controls the
entire system, some analog signal processing circuitry, and
power supplies. i

The three stepper motor drivers are located in the center Lo
section of the cabinet. Each.driver has its own power supply
for itself and for the corresponding motor. The drivers are
interfaced to an input/output port for the microprocessor.
During image alignment the stepper motors are controlled

—
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automatically through this interface. However, they can also
be actuated manually by means of push-button controls on the
front panel of the cabinet.

The top section of the cabinet front panel is a door
which allows access to the microprocessor and the signal
processing components. Both are assembled on plug-in circuit
cards. Normal operation of the system does not require access
to these cards, so the front panel door may be left closed.
On the door is a 16-position keypad and a 15-position LED
display. The keypad is used to select and execute the various
functions which the system has been programmed to perform. The
LED display shows either the positions of the translation and
rotation stages or the value of the correlation coefficient,
depending on the program selected. It also displays the number
of the selected program and gives error warnings under certain
conditions.

The bottom section of the electronics cabinet contains
power supplies for the microprocessor, the analog signal
processing circuits, and the DEFT sensor modules. Two power
switches are located on the front panel of this section. The
one on the left side is a master switch for the entire system
except for the light boxes, The other switch controls the
light boxes independently.

The rear panel of the cabinet is a door on which are
mounted the connectors for the interfacing cable to the DEFT
sensor modules, the stepper motors, and the accessory x-y plotter
and display terminal. All of these connectors are different,
so there is no danger of connecting the interfaces improperly.
Also located on the rear panel door are the ac line fuse and
two small toggle switches. These switches were used for tape
cassette read/write operations when the system software was
being developed. They have no effect on the presently programmed
system functions.

Figure 1 shows a block diagram of the entire system. The

-4-
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signal flow is generally from the synthesizers, which are
controlled by the microprocessor, to the rf distribution
circuit board, and from there to the sensor modules and
synchronous detector circuit boards. Signals from the modules
go to the synchronous detectors and then to the data acquisition
system where they are sampled and digitized synchronously under
software control. The bias generator is coupled to the micro-
processor to achieve this synchronization. The microprocessor
also controls the stepper motors through their drivers and the
accessory x-y recorder through the analog output. It also
exchanges data with the keypad and LED display and with the
accessory graphics terminal. The power supply subsystem
furnishes power to all parts of the system except the acces-

- sories, the stepper motors and their drivers.
3 B. Microprocessor Subsystem

1. General Description - The microprocessor subsystem

1 consists of an integrated collection of modular plug-in circuit
cards purchased from Wintek Corp. of Lafayette, IN. The modular
approach allows the processor to be configured to meet the needs
of the system at minimum cost. In addition, Wintek offers a
very useful monitor in firmware called FANTOM-II, as well as

an editor/assembler, which enabled the same processor to be
used as a software development tool. The processor is an 8-bit
machine based on the 6800, and includes a Control (CPU) Module,
a ROM module with 16K capacity, a 16K dynamic RAM module, a RAM
refresh module, an analog output module, and a two-port parallel
1/0 module. All of these cards are held in a cage behind the
front door of the electronics cabinet. 1In addition, there is

a Console I/0 Module with a keypad and LED display which is
mounted on the door.

All of the connections between the microprocessor and the
remainder of the system, with the exception of the Data
Acquisition Subsystem (DAS), are made through 6820/6821
Peripheral Interface Adapters (PIA's). The DAS is connected !

-6-
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directly to the address and data busses through buffers

located on an auxiliary card. All peripherals are memory-
mapped since the 6800 has no IN or OUT instructions; that is,
the peripherals are treated in the same way as memory locations
by the processor. The address decoding scheme and other

details can be found in the Wintek information which is included
separately with the Commercial Data.

2. Control Module - This card includes the 6800 CPU, a 1K
ROM which contains the FANTOM-II monitor, 3K of RAM, two PIA's,
and a 6850 Asynchronous Communications Interface Adapter (ACIA).
The ACIA is configured to provide transmission and reception
of ASCII data through an RS-232 interface with the accessory
graphics terminal. The two PIA's provide two groups each of
16 lines of parallel output data which controls the two frequency
synthesizers. The interconnection is made through a 50-conductor

ribbon cable.

3. Cassette Interface - This module does not plug into
the card cage, but rather is mounted on the inside of the rear
cabinet door. It is connected to the Control Module by a 14-
conductor ribbon cable, and converts logic voltage levels to
RS-232 levels and vice versa. It also can act as a modem for
writing data to a cassette tape recorder and reading it back
into memory later. The audio input and output lines are brought
out to the conrector which interfaces the system with the x-y
plotter, since the plotter and the cassette recorder would not
be used simultaneously. The cassette functions were used
extensively while the software was being developed. They remain
functional, but they are unnecessary in normal system operation.
Cassette read and write procedures can be found in the Wintek
documentation with the Commercial Data.

The small 7-position DIP switch on the Cassette Interface
circuit board sets the baud rate for the RS-232 interface. This
setting must agree with the rate set at the accessory graphics
terminal, The recommended rate is the maximum accepted by the

-T-
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terminal in order to minimize execution times. 1In the case .
of the Tektronix 4006-1 terminal this rate is 4800 baud. To

set this rate, position 6 on the DIP switch should be ON. All

other positions should be OFF,

The small toggle switches on the rear panel affect only
the cassette read and write operations.

4. RAM and Refresh Modules - the RAM module holds 16K
bytes of dynamic read-write memory. Refreshing of this memory,
along with some address decoding functions, is done bv the RAM
Refresh Module. These two cards are interconnected ai. their

R e R B e Rk

front ends as well as at the backplane,.

A portion of this 16K block is unused by the existing
software and is available for the temporary storage of other
programs or data. In addition, the system can accommodate
another 16K module without any hardware or software changes.

© QR T Ly

5. ROM Module - This card has the capacity for sixteen
2708-type UV-erasable programmable read-only memory (EPROM)
chips. As delivered, only nine sockets are in place. Eight
of them contain the 8K bytes of permanent software for the
image alignment, correlation, and plotting functions. The v
ninth EPROM was purchased from Wintek and is programmed with
a set of math routines which are used by the other software.

2 S AP LI X T T
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This module also can be expanded to its capacity of 16K
bytes.

6. Analog Output Module - This card has two 8-bit digital-
to-analog (D/A) converters which furnish the x and y input -
voltages for the x-y plotter. These voltages are taken to the '
rear panel connector through a ribbon cable which plugs into
the front of the card. The D/A converters are adjusted for an
output of 0.00V for a binary input of 00000000, and an output
of +10.00V for an input of 11111111 (FFy).

7. Parallel 1/0 Module - This unit has a PIA and buffers,
and provides two 8-bit parallel ports, one input and one output,

-8-
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for interfacing with the stepper motor drivers. These inter-
connections are made by means of two ribbon cables.

Although this module has the capacity for four PIA's,
only one more can be added without creating a memory address
conflict, because of the address decoding scheme used by
Wintek.

8. Console I1/0 Module - This module is mounted on the
front panel of the cabinet so that its 16-position keypad and
15-position LED display can be seen and accessed easily. Its
edge connector is wired to the backplane using only those lines
necessary for its operation. The system software recognizes
commands entered at the keypad and uses the display to show the
number of the program being (or about to be) executed. It
also shows the relative position of the test image and the

value of the correlation coefficient when appropriate.

This circuit generates interrupts, which are maskable,
at a rate of 1200 per second. The interrupt service routine
updates the display and checks the keypad for input. Further
details are given in the software description and with the
Commercial Data.

9. Reset Generator - An auxiliary circuit card, located
adjacent to the left end of the microprocessor backplane, con-
tains address and data buffers for the DAS. It also has
circuitry which produces a hardware reset when the system power
is turned on and when the BREAK key on the graphics terminal is
pressed. A hardware resét affects all of the interface adapters
and the CPU, and is necessary before the system software can

configure the interface adapters for their various functions.

It also causes the processor to get an address from a particular
memory location and to begin execution at that address. The
address is A91Cy, the entry point for the initialization
procedure. In the case of a system malfunction which stops
normal program execution, it will be necessary to reset the

-9-

ARyt




system to regain control of it. Rather than remove power and
reapply it, a small white button on the auxiliary card can be
used., This button simply grounds the reset line,

When the front cabinet door is opened, two such buttons
will be seen on adjacent cards at the left side. The reset
button is the leftmost of the two. The other one grounds the
non-maskable interrupt (NMI) line, and K;s the effect of stopping
any program execution in progress and giving control to the
FANTOM-II monitor. The monitor can be used only through the
keyboard of a terminal connected to the RS-232 interface, This
capability is useful for troubleshooting or for experimenting
with new software, but it will not be needed in normal system
operation, If the NMI button should be pressed accidentally,
simply press the Reset button to escape from the monitor, A
program listing for the monitor and instructions for using it
are included with the Commercial Data.

10, Memory Allocations - The addresses for the system's
memory and peripheral adapters are given in the following table.
All addresses are in hexadecimal notation. Address space which
is designated as '"Not Available" is such because of the Wintek
address decoding scheme which does not use all 16 address bits
in all cases. Addresses so designated must be avoided since

their use can result in the simultaneous activation of more than
one peripheral, with ambiguous results. Addresses not listed
in Table 1 in the range E@@Py-EFFFy fall in this category, with
two exceptions. Either EEP4-EEQ@7 or EF@4-EF@7 (but not both)
may be used without any hardware modification, This space will
accommodate either one additional PIA (on the Parallel I/O
Module or on a separate module) or up to two additional ACIAs
without conflict. See Wintek applicatidn note AN-0010 in the
Commercial Data for more detail,

C.Stepper Motors and Controls
The translation and rotation stages and their controllers

-10-
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Hexadecimal Address

TABLE 1
Memory Address Allocations

Function

9909
1909
80909

Co0p
DFXQ

DFX8

E@09
ECP9
EE@S
EE10
EE20
EE49
EES¢
EFpP
Fo99
FC@Q

3FFF
7FFF
BFFF
DEFF
DFX7
DFXF
EBFT
EDFF
EEQS
EE13
EE23
EE43
EF83
EFP3
FBFF
FFFF

RAM
Available for future expansion
ROM
Available for future expansion¥*
Available for future expansion
Data Acquisition Subsystem
Not Available
RAM
ACIA
PIA for X Synthesizer
PIA for Y Synthesizer
PIA for Front-Panel Console
PIA for Analog Output
PIA for Stepper Motors
Not Available
ROM ( FANTOM-II Monitor)

*With additional address decoding hardware.

Note - See text regarding addresses starting with E,
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were purchased from Aerotech, Inc. of Pittsburgh, PA. Each
stage is actuated by a small stepper motor and each motor is
controlled by a driver. Aerotech calls the driver a "translator,'
probably because it translates logic-level signals or switch

closures into voltages which are applied to the motor windings
in the proper sequence. Each driver is connected to one of

the front-panel push-button switch assemblies by a ribbon cable.
The upper switch assembly operates either the horizontal (x)

or the vertical (y) translation stage, while the lower set of
switches operates only the rotation stage.

Instructions and schematics pertaining to the driver (or
"translator") and the switch assembly are included in the
Commercial Data which is separate from this volume,

The stepper motor subsystem is interfaced to the micro-
processor through two 8-bit ports on its Parallel I/0 Board.
One port is configured as an output and furnishes clock and
direction signals to Pins 3 and 4, respectively, of J1 on each
of the driver ('"translator'") boards. Since there are three
stepper motors, only 6 of the 8 bits are used. Separate outputs
which confirm the clock and direction signals are taken from Jl
on the front-panel switch assemblies to the other 1/0 port,
which is configured as an input. Again, only 6 of the 8 bits
are used.

When the local/remote switch (labeled MAN/AUTO) is in the
local (MAN) position, the outputs from the microprocessor are
disconnected from the motor drivers. The drivers then generate
their own clock pulses under the control of the STEP and SLEW
switches, and the direction switch determines the motor
direction. With the local/remote switch in the remote (AUTO)
positicn, the STEP, SLEW, and direction switches have no effect
and the stepper motors operate under the control of the micro-
processor., The driver outputs which confirm the clock and
direction signals remain connected to the processor in both
modes so that it can keep track of the relative position of
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each stage when the system is in its calibrated state,.

3
B o <YL Rt - e e gL

Each driver board has its own power supply. §

D. Frequency Synthesizers

Two digital frequency synthesizers are used in the system.
1 They ultimately provide the excitation for the orthogonal
surface-acoustic wave (SAW) transducers on the DEFT sensors,
and they also furnish the reference for synchronous detection

e

of the sensor outputs.

The synthesizers are modular plug-in circuit boards made
by Syntest Corp. of Marlboro, MA, They are capable of covering
the range of 20.000 MHz to 159.999 MHz in 1 kHz steps, and are
controlled by the parallel input of 5% BCD digits at logic
levels. In this system the most and least significant digits
are always zero because they are hardwired to ground. The
; remaining four BCD digits for each synthesizer come from the
two PIA's on the Control Module. The resulting effective

E - frequency range is 20.00 MHz to 99,99 MHz in 10 kKz steps,
Lg and each synthesizer is controlled independently.

T s e anp

© e o IR Y e

The two synthesizers use a common crystal-controlled 1 MHz
reference which is located on one of them and cross-connected

to the other. The synthesizer without the reference oscillator
cannot function without the other one.

The synthesizers are located immediately to the right of
the microprocessor back plane. The x-frequency is produced by

T S TP Foons Y APt T BN TSP S WYKL SN

the one on the left. Their outputs are carried to the rf
distribution circuit board by miniature 50-ohm coaxial cables.

Specifications and other information on the synthesizers
can be found with the Commercial Data.

E. RF Distribution Circuit Board
Figure 2 shows a block diagram for this unit. It is a
plug-in card located immediately to the right of the synthesizers,
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Its function is to filter and amplify the synthesizer outputs
and forward them to the DEFT sensor modules. In addition, the
x-axis frequency is split into two orthogonal parts in a 90-
degree phase difference network and each part is mixed with
the y-axis frequency in a balanced modulator. The difference
frequency is isolated by a low-pass filter at the output of
each balanced modulator. The resulting difference-frequency
signals, which are in phase quadrature, are sent on to the
synchronous detector cards.

F. DEFT Sensor Modules

The two sensor modules are located on the alignment fixture.
They have identical circuitry, but there are minor differences
in the characteristics of the sensors themselves. The system
software takes these differences into account, and for that
reason the sensor modules should not be interchanged.

Figure 3 shows a block diagram for the sensor modules.
The x-axis and y-axis frequencies from the rf distribution
circuit board are applied to the SAW transducers on the sensor
through drivers and matching networks. The purpose of the
matching networks is to increase the effective acoustic band-
width of the transducers.

Before this system was built, the practice was to apply
a dc bias to the contact pattern on the sensor, and the
resulting output appeared at a frequency equal to the difference
between the two SAW frequencies. However, in this design, a
sinusoidal ac bias is used and the output takes the form of a
double-sideband suppressed carrier signal, The sidebands are
displaced from the difference frequency by the bias frequency,
which is 1440 Hz in this system. This scheme provides a
spectral separation of the desired signal from any component
at the difference frequency which might result from stray mixing
of the two transducer voltages, since they are very large
compared to typical signals,
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Figure 3 - Block Diagram of DEFT Sensor Module
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A low-pass filter between the sensor and the signal pre-

"

amplifier attenuates frequencies above the highest difference
frequency, which in this case is about 10 MHz. The impedance
of the sensor's contact pattern is mostly capacitive and forms
an integral part of the filter circuit. Since the sensor is

usually characterized as a current source as far as the signal
is concerned, the preamplifier can be thought of as a current-
to-voltage converter with a transimpedance of about 2.5K. Its
output is again low-pass filtered and further amplified. The

output of the second amplifier stage is balanced and each side
is matched to the 50 @ coaxial cables which carry the signal
to the electronics cabinet.

The disc behind the lens on the module can be rotated to
reveal a peep-hole on each side so that the image on the sensor
can be seen. The lens is a standard one-inch format CCTV type ¥
with a "C" mounting thread (1"-32). ﬁ

G. Synchronous Detector Circuit Board

The signal from each sensor module is fed to a synchronous
detector card in the electronics cabinet. There are two such
cards, one for each sensor module, and they are located
immediately to the right of the rf distribution circuit board.
They are readily identified by the 26-conductor ribbon cable
which connects to the front of both of them.

Figure 4 shows a block diagram for the synchronous detector
board. It consists of a pair of balanced modulators to which
the signal from the sensor is fed in parallel. The reference
inputs to the modulators are the difference-frequency voltages
in phase quadrature which come from the rf distribution board.
The balanced modulators translate the double sideband suppressed
carrier signal to the bias frequency, which is constant. Low-
pass filters which follow the modulators essentially remove all
other frequencies from the outputs. These two bias-frequency
signals are in phase, but their voltages represent two orthogonal
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components of the signal from the sensor. These two voltages
connect to the DAS via the ribbon cable and are digitized
synchronously under software control.

The synchronous detector cards have other circuitry which
is not used in the present system. It was included in the
original design of the card prior to the decision to implement
a synchronous detector in software for the bias-frequency
signal.

H. Data Acquisition System (DAS)

The DAS is in the form of a plug-in circuit card purchased
from Analog Devices of Norwood, MA. Wintek offers an input
version of their analog interface module but it was considered
to be too slow for this application. No source was found for
an analog input module compatible with the Wintek bus. The
Analog Devices model RTI-1220 was selected, but buffers for
the address lines and for four bits of the data bus had to be
included on an auxiliary card to prevent excessive loading of
the Wintek bus.

The DAS consists of an input multiplexer, a sample-and-
hold circuit, a 12-bit A/D converter, and control logic. The
input is configured for 16 channels of analog data with a
common reference for '"pseudo-differential" operation. Only
four channels are used at present, and since their sources are
the two side-by-side synchronous detector cards, negligible
error is introduced by using a common reference. The selection
of the input channel and the sampling of the analog voltage
are both under software control. A conversion is initiated
automatically when the sample-and-hold goes to the "hold" mode.
This module is set for 2's complement binary output with an
analog input range of +5V.

A data sheet for this unit is included with the Commercial
Data. More detailed information is contained in the User's
Guide for the RTI-1220 and RTI-1221, which was supplied separ-
ately because of its copyright restriction.
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I. Bias Generator
The bias generator furnishes the ac bias voltage for the !
DEFT sensors. It is the circuit card at the extreme right end
of the cage. It consists of a phase-locked loop frequency
synthesizer using the 60 Hz line as a reference. A miniature !
rotary switch at the end of the circuit card sets the output 1
frequency, which is equal to the switch setting multiplied by '

240 Hz, The switch should remain set to 6 for a bias frequency
of 1440 Hz, since the timing in the software synchronous detector
is matched to that frequency.

Logic-level square waves derived from the 60 Hz line and
from the bias output are made available to the microprocessor
through extra inputs to the PIA's on the Control Module. The
synchronous detector subroutine uses these signals for timing
references. The 60 Hz waveform is obtained from a small filament
transformer.

The bias voltage applied to the sensors has a peak value
of about 5V, -

An LED below the frequency-setting switch indicates loss
of phase lock. Normally it will flash when the system is turned -
on or if the frequency setting is changed. Otherwise it should
remain off at all times.

J. Power Supplies

The power supply subsystem at the bottom of the electronics
cabinet was procured from Acopian Corp. of Easton, PA. and is
identified by their number 3276. The chassis wiring was
modified slightly to make some of the rear terminals available
for the switch which was added for the light boxes.

This subsystem consists of four separate modular supplies.
One furnishes +5V and :12V to the microprocessor system. These
three outputs are overvoltage protected. The +5V also goes to {
the DAS. Another supply provides +15V for the DAS, the bias -
generator, and all of the analog circuitry, which includes the : ]
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DEFT modules and the rf distribution and synchronous detector
circuit boards. The remaining two units have outputs of +9V
and +24V, respectively, for the frequency synthesizers.

The following table lists each available voltage, the
rated maximum current available at that voltage at an ambient
temperature of 60C, and the measured current drain with the
system operating. It is evident that all of the ratings are
conservative,

K. Light Boxes

Illumination for the test and reference images is provided
by light boxes on which the images are held. The illuminated
area is about 11 inches square, and images should be transpar-
encies of approximately that size. They can be kept flat by
squares of anti-reflective glass which were furnished with the
system., The glass covering the image is retained by four
spring fasteners on the light boxes,

The light source in each box is an array of six F6TS/CW
fluorescent lamps, each having its own starter and ballast.
Access to these parts is gained by removing the 24 screws
which hold the translucent plastic cover to the box. Before
removing the cover, it should be marked temporarily (with a
piece of tape) so that it can be replaced with the same
orientation.

A single power cord for both light boxes comes from the
box which is fixed in position. This cord has a standard 3-
prong grounding plug which can be mated to the receptable on
the rear door of the electronics cabinet or to some other 115V
60Hz source if more convenient. The receptable on the cabinet
is switched from the front panel.

The power connection between the two light boxes also has

a standard 3-prong disconnect, but the female part has been
modified so that the plug can be pulled out easily. This
measure was taken in case the rotating stage should accidentally i
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wrap the short cord around itself. In that event the plug and
socket will disengage before tension on the cords causes any
damage to the internal connections,

Y e S

TABLE 2

Measured vs. Rated Power Supply Currents

"’
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Voltage Current Rating (@ 60C), A Measured Current, A

+5 6.0 2.26

+12 1.2 0.36 -
-12 1.2 0.30

+15 0.85 0.29

-15 0.85 0.61

+9 2.6 1.3

+24 0.75 .006
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ITI. ALIGNMENT ALGORITHM

A. Overview

The function of the alignment algorithm is to align two
identical or nearly identical images (e.g., stereo pairs)
which are misaligned in both angle and in translation.
Alignment is achieved by the following steps:

1) Selection of prominent spatial frequencies in the
reference image which are then used exclusively in the subse-
quent processing.

2) A coarse angular alignment based on maximizing the
correlation of the magnitude of the two-dimensional Fourier
transforms of the reference and misaligned images sampled at
the selected spatial frequencies,

3) A fine angular alignment based on maximizing the
same correlation function as in 2) above. The final fine
search increment is 0.1 degree.

4) A translational alignment based on a least squares
estimate of Ax and Ay, the x and y-axis misalignment. Fourier
transform phase data is used in this step.

5) A fine angular correction.

Steps 4) and 5) are repeated iteratively until the computed
translational correction becomes less than a small threshold.

The alignment algorithm is based on the well-known Fourier
transform space-shifting theorem!, The theorem can be
stated simply as follows: Let I (x, y) be the intensity function
of the reference image and IAx, ay, AO(x, y) be the intensity
function of an identical image translated by Ax, Ay and rotated
by A6. Let F (mx,wy) and FAx, Ay, Ae(wx

transforms of these images respectively. Then

,my) be the Fourier

| Cogoug) 1= 1 Py ay, o Coxouy)l (1)
and
arg {F (wx.my)} - arg CFAX'

0 (mx,my)] = w,bx + w Ay

(2)

Ay, y

I3. W. Goodman, Introduction to Fourier Optics, McGraw-Hill 1968, chap. 2.
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The first equation states that if the two images are in angular
alignment (but not necessarily translational alignment) then
the magnitude of their Fourier transforms would be identical.
Hence, a cross-correlation of the magnitudes of the two trans-
forms achieves its maximum when the two images are aligned in
angle. This property is the basis of steps 2), 3) and 5) in
the algorithm.

Once the images are in angular alignment the second
equation above states that the difference between the phase of
the two transforms is a bilinear function of the misalignment
Ax and Ay. These offsets could, in principle, be determined
using only two spatial frequencies. However, a superior
approach is to increase the number of samples and estimate ax
and Ay using least squares estimation. Since a number of
samples are used in computing the estimate, the effect of
noise at each sample is reduced through averaging over the set
of spatial frequencies. This approach is used in step 4) of
the algorithm.

There is, however, an additional complication not evident
in equations (1) and (2). The DEFT sensors each have a 1.27 cm
X 1.27 cm square aperture onto which the images must be focused.
To maximize resolution, it is desirable that I (x,y) completely
fills the aperture of one sensor. Since magnification is the
unless

will

same for both images, |F| cannot equal |FAX, Ay, Aol

AX = Ay = A0 = 0 since, otherwise, part of IAx’ Ay, 80

fall outside the aperture of the second sensor. Hence, equations
(1) and (2) are only approximately true. The alignment algorithm
has been designed to be insensitive to this approximation. This
is accomplished by iterating steps 4) and 5). That is, correc-
tions are computed assuming that equations (1) and (2) are
exactly satisfied. These corrections are applied to the mis-
aligned image to bring it into alignment with the reference.
Since the equations are only partially satisfied there will be

a residual error, New corrections are recomputed and applied
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4 iteratively until the magnitude of the correction falls below
% a threshold. At that point the two images are assumed to be
. aligned., If, indeed, the algorithm converges to alignment

) then, in the limit, equations (1) and (2) will hold exactly.

Analytic conditions for convergence are image dependent, i
difficult to derive and probably not useful in practice. How-
ever, in experiments using test patterns containing prominent f
spatial frequency components, (e.g., grid patterns), the f
algorithm was successful in aligning images to high accuracy.
Some experimental results are presented in Table 3. The
reference image in this case was a black and white checkerboard
pattern with a horizontal frequency of 10 line pairs across the
sensor aperture and with a vertical frequency of 5 line pairs.
The reference image was placed in three orientations: 1) 10
line pairs horizontal (0 degrees), 2) 10 line pairs with a
6.5 degree tilt and 3) 10 line pairs vertical (90 degrees).

The misaligned image was identical. The initial and final
offsets are shown in the table. For this pattern all final
errors were less than 0.1 mm in Ax, Ay with one exception and
0.2 degrees in A0. (These errors are referred to the light

] table. Because of the 20:1 demagnification from light table
to sensor, the errors Ax, Ay referred to the sensor were all

34 O S

less than 5 microns.)

A detailed description of the alignment algorithm is
contained in Sections III B. through III E. Section III F,
contains a discussion of the computational requirements of the
algorithm. It is shown there that the algorithm has computational
advantages over algorithms which use image intensity data as
input rather than the Fourier transform.
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B. Spatial Frequency Selection

F For computation time and signal-to-noise considerations
a small number of spatial frequencies must be automatically

selected by the program from the large number of addressable
spatial frequencies within the bandwidth of the DEFT sensors.
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TABLE 3

Initial and Final Offsets: Typical Test Pattern

Reference
Orientation
(deg.)

Mean

Standard
Deviation

Initial Offsets

Ax
(mm)

+5.00
-5.00
-5.00
+5.00
+5.00
-5.00
-5.00
+5.00
+5,00
-5.00
-5.00
+5.00

Ay
(ram)

+5.00
+5.00
-5.00
-5.00
+5.00
+5.00
-5.00
-5.00
+5.00
+5.00
-5.00
-5.00

A8
(mm)

-2.0
~2.0
-2.0
-2.0
-2.0
-2.0
-2.0
-2.0
-2,0
-2.0
-2,0
-2.0
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Ax

(mm)

+

.00
.02
.03
.01
.01
.05
.06
.04
.02
.08
.06
.07

Final Offsets

Ay
(mm)

+.04
+.05
-.07
-.13
+.03
+.03
~-.05
~-.04
+.05
+.07
+.03
+.03

-.0183 +,0033

.0386 .0583

Y]
(mm)

0.0
-0.1
-0.1

0.0
-0.1
-0.2
-.01
-0.2
-0.1
-0.2
-0.1

0.0

-0.10

.0577
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The method of selection of these spatial frequencies will be
discussed in this section.

The alignment algorithm requires the computation of a
cross-correlation at each angle increment during angular
alignment. 1In addition, a least squares estimation is required at
each iteration of the translational alignment. The computation
time required is linearly proportional to the number of spatial
frequency samples used. Hence, it is desirable to use as few
spatial frequencies as possible. However, since each sample
will contain noise due to the sensor, electronics and A/D
converter it is necessary to use a set of spatial frequencies
so that noise will be averaged out. Through experimentation
it has beern determined that about 16 spatial frequencies are
adequate for the proper functioning of the algorithm.

These spatial frequencies are selected using transform
data from the reference image only. A number of criteria are
necessary in the selection of these points.

1). The reference transform evaluated at the spatial
frequency should have a large magnitude. This increases the
signal-to-noise ratio. It is especially important for least
squares estimation since noisy phase data is weighted the same
as phase data from significant transform components.

2). The set of spatial frequencies must not all lie along
a straight line through the origin of transform space. During
translational alignment a plane defined by mxAx + wyAy is
fitted to data consisting of transform phase differences.

Since three points (which are not all on the same line) are
required to define a plane, the spatial frequencies selected
must not all lie along the same line. 1In addition, the least
squares equation will be ill-conditioned if all data points

are clustered along a line through the origin. If the equations
are ill-conditioned then a small amount of noise at the A/D
output will be magnified to a large error in the computed
corrections Ax, Ay. A situation where ill-conditioning would
occur would be if all the spatial frequencies selected were
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clustered around a single peak in the transform.

3). Spatial frequencies near the origin of spatial
] frequency space should not be used. The transform magnitude
and phase is rather insensitive to translation and rotation
for very low spatial frequencies.

4). High spatial frequencies should not be used for

coarse translational alignment if Ax or Ay are so large that
ImxAx|+|wyAy|1y. This is because true phase cannot be measured.
Rather, the principal value of phase is measured. Phase

differences greater than = cannot be detected. However, as
translational errors are reduced Ax and Ay will be smaller,
allowing the use of higher spatial frequencies for fine
alignment.

A search scheme which was developed to satisfy these
criteria will now be described. The area searched in spatial
frequency space is shown in Figure 5. As noted above, a region
of low frequencies is excluded. During the first stage of

the search, this region is sampled on a grid with a spacing
of 210 kHz in both dimensions. Spacing is fine enough to

satisfy the Nyquist criteria but coarse enough to require
sampling at only 959 points. At each point on this grid the
reference transform is sampled and the magnitude of the trans-
form computed. From these magnitudes a table is constructed.
The n-th entry in this table is the number of samples for

which the magnitude of the sample is greater than n x THR2 where
THR2 is a small constant. (In the software, this table is
constructed during calls to subroutine UPDATE.) After the
transform is searched, subroutine THRSET is used to determine
the number n such that the n-th table entry is less than or
equal to NPT and the n-1st entry is greater than NPT. NPT is
the desired number of spatial frequencies which is 16. Then
the threshold THR1 is set to nxTHR2. The significance of THR1
is the following. 1If during the first stage of the search, a
spatial frequency was accepted if and only if the magnitude
of the transform at that frequency was equal to or greater
-28-
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Figure 5§ - Search Area in Spatial Frequency Domain
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than THR1, then the number of samples accepted would be less
than or equal to NPT,

Once THR1 is computed the second stage of the search is
initiated. The reference transform is again searched over
the coarse 210 kHz grid. However, each time the magnitude of
a sample equals or exceeds THR1, a fine search is initiated in
the 180 kHz x 180 kHz square centered at the sample. The fine
search grid spacing is 30 kHz. (In the software, this search
is carried out in subroutine GSRCH.) The spatial frequency
with largest transform magnitude in this square is determined.
This magnitude is compared with THR1., If it is at least as
large as THR1 the spatial frequency is accepted and becomes
one of the set to be used in the subsequent operations of
correlation and least squares extimation. The use of the fine
search results in spatial frequencies with larger magnitudes.
Since a fine search is initiated only when THR1l is equalled or
exceeded during the coarse search, the time spent in fine
search is minimized. This procedure is continued over the
entire coarse grid bounded as in Figure 5. Because of the way
THR1 was chosen, the number of spatial frequencies chosen will
be close to the desired NPT.

Since only one spatial frequency can be chosen in each
:180 kHz x 180 kHz square, the set of spatial frequencies chosen
tend to represent the prominent frequency components of the
transform without clustering exclusively around a single large
peak (if the transform contains one.)

To prevent a condition of phase ambiguity as outlined in
criterion 4) above, the search area shown in Figure 5 is sub-
divided into three regions. During least squares estimation
of Ax, Ay only spatial frequencies from region 1 are used until
the iteration when the computed correction becomes less than
a threshold DELTA (1). On the next iteration spatial frequencies
in both region 1 and region 2 are used. This is the case until
the iteration when the computed correction becomes less than
the threshold DELTA (2). On the next and all succeeding
iterations spatial frequencies from all three regions are used.
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Hence, as Ax and Ay decrease higher spatial frequencies can be
used to provide higher resolution since wax,+ myAy decreases
with Ax, Ay.

In the alignment program the thresholds. are stored in a
table DELTA (L). At the beginning of least sguares estimation
L is set to 1, After a correction is computed, if
|ax| + |ay| <DELTA (L) L is incremented by 1. The parameter L
also keeps track of which regions are to be used oﬂ the next
iteration. DELTA (3) is the final threshold. Once the computed
correction is reduced below this threshold the' program assumes
that the images are aligned and returns control to the super-
visor. For further detail, refer to the flow diagram Figure 10.

The search scheme developed in this section has been shown
to satisfy all four criteria listed above. In addition, it
makes efficient use of computation time and has worked well
during tests. For further detail, refer to Figure 7.

C. Angular Alignment

Angular alignment occurs at three points in the algorithm
and software: 1) coarse angular alignment, 2) fine angular
alignment and 3) a fine angular correction or "dithering"
after each least squares estimate of Ax, Ay. In all three
cases the measure used to determine alignment is the cross-
correlation of the magnitudes of the Fourier transforms of
the reference and misaligned image sampled at the frequencies
chosen during spatial frequency selection. Let mr,i be the
magnitude of the reference transform at spatial frequency i
and let Wa,j be the magnitude of the misaligned transforg at
spatial frequency j. Then the Cauchy-Schwarz inequality
states that n n

n
B oz o

with equality if and only if m, 4 = Mo 4 for every i. Hence,
’ 1

2 p.L.Kreider, et al., An Introduction to Linear Analysis, Addison-Wesley,
1966, chap. 7.
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2
the measure (Z m. B i)

n (4)
X ma2:'L
i=1 '
achieves its maximum when moy =MLy for every i. From equation
’ ?

(1) this condition will occur when the two images are aligned in
angle. Angular alignment is achieved by trying various angles,
computing SUM and picking the angle where SUM is maximum. Three
different search schemes are used at the three sections in the
algorithm where there is an angular alignment,

The first alignment is coarse angular alignment. The mis-
aligned image is assumed to be misaligned in angle within some
maximum displacement. (In the software this displacement is *6
degrees and is stored in the variable CORSE.) During coarse
angular alignment the light table is first rotated cw 6 degrees
and SUM computed. The table is then rotated ccw in 2 degree steps
over a 12 degree sector. At each step SUM is computed and compared
with the previous largest value of SUM which is stored in the
variable MAX. If SUM > MAX then MAX is replaced by SUM and the
angular position saved in the variable STEPS. After the table
has been rotated over the 12 degree sector it is rotated back to
the position of maximum SUM. This ends the coarse angular align-
ment. For more detail, refer to the program flow diagram Fig. 8.

The next phase is fine angular alignment. At the beginning
of this phase the light table is at the position of maximum SUM
determined during coarse alignment. The variable MAX holds this
value of SUM. The angle step size is set initially to a value
stored in the variable FINE, (This value is 1.6 degrees in the
program.) Current step size is stored in the variable STEPS. The
light table is then rotated cw STEPS degrees and SUM is computed.
If SUM >MAX a flag is set and SUM replaces MAX. The light table
is then rotated ccw 2 x STEPS degrees and SUM is computed. If
SUM > MAX a flag is set and SUM replaces MAX. The light table is
then rotated to the position where SUM was maximum (either where

-32-




it was initially or :STEPS degrees from that position.) Then
STEPS is divided by 2. The above three-position search is
1 - repeated iteratively until STEPS has been reduced below 0.1
degree. This one-dimensional search technique converges quickly
to the maximum SUM to within 0.1 degrees. Since only two E
evaluations of SUM are required per iteration, a total of 10

evaluations are required during fine angular alignment. By
comparison, a brute force search over 4 degrees in 0.1 degree
steps would require 40 evaluations of SUM, Other search
techniques such as Fibonacci and golden section3 were investigated
during the development of the algorithm. However, because they
maximize a function of a continuous variable they were not
applicable since angle increments are discrete, 0.1 degree steps
in the image alignment system. Once STEPS has been reduced below
0.1 degree fine angular alignment is complete. For more detail,
refer to program flow diagram Figure 9,

As discussed in the Overview, since each sensor does not
see the exact same image because of misalignment, equations (1)
and (2) are only approximate during alignment. The coarse and
fine angular alignment must occur before estimation of Ax and ay.
This is because equation (2) requires that A0 = 0. However, since
Ax # 0, Ay # O during angle alignment, equation (1) is only approx-
imate and very likely the position of maximum SUM will not
correspond exactly with 40 = 0. Eence, a residual angle error
will generally exist after fine angular alignment. This residual
error will prevent Ax and Ay from being estimated exactly since
equation (2) will only approximately hold. However, if Ax and Ay
can at least be reduced then it should be possible to further
reduce AO0. This will, in turn, allow better estimates of Ax, Ay.
Hence, the algorithm was designed to be iterative. That is, after
fine angle search a series of iterations consisting of a least
squares estimation followed by a fine angle correction is carried
out, This approach has worked well in practice. Depending on
the test image, A0 can be as large or larger than 1.0 degree after
fine angular alignment, However, as Ax and Ay are reduced A0 will

3D. J. Luenberger, Introduction to Linear and Nonlinear Programming,

Addison-Wesley, 1973, chap. 7. 3
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be reduced to a few tenths of a degree.

Fine angle correction is very similar to a single iteration

during fine angular alignment. After Ax and Ay have been estimated -

and the light table moved to eliminate these estimated errors, SUM

is recomputed and stored in MAX. The light table is then rotated cw

0.1 degree and SUM is computed. If SUM > MAX a flag is set and MAX

k is replaced with SUM. The light table is then rotated ccw 0.2 degrees 3
and SUM is computed. If SUM > MAX a flag is set and MAX is replaced

with SUM. The light table is then rotated to the position where SUM

was maximum. Hence, up to +0.1 degree of correction can be applied

PRER - - A -

each iteration. For further detail refer to flow diagram Figure
10. Both fine angular alignment and fine angular correction is
accomplished in software in subroutine FINSCH,

D. Least Squares Estimation of AX and AY

Estimation of Ax and Ay is based on equation (2). This
equation states that if A0 = O then the difference in phase between
the reference and misaligned transform is a bilinear function of ax
and Ay. By measuring this phase difference at the previously chosen
set of spatial frequencies Ax and Ay can be estimated by fitting a

E plane to the data. A standard means of curve fitting is least
: squares estimation?.

To apply least squares estimation, the first step is to sample
the transforms at the pre-selected spatial frequencies using the DEFT

sensors and compute the phase from the real and imaginary parts of
the transform. This rectangular-to-polar conversion is accomplished
using the Cordic algorithm"“. Both the transform magnitude and phase
are computed. (In the software, this is implemented in subroutine
CORDIC.) The transform phase as provided by the DEFT sensor is of
the form °R(”x,”y)=°TR(”x,”y)+°E(”x,wy)+¢R0 (5)
for the reference image and

¢A(wx’wy)=0TA(wx’wy)+¢E(wx,my)+¢Ao (6)

for the misaligned image where 'R and ¢, are the total phases of the
reference and misaligned images, respectively. dra is the phase due

2 op. ecit.
“J.E.Volder, "The Cordic Trigonometric Computing Technique," IRE Trans. Comp.
Sept. 1959, pp. 330-334.
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- to the Fourier transform of the reference image. ¢ TA is the
phase due to the Fourier transform of the misaligned image. ¢ is

? phase due to the electronic detectors, filters and cables. $RrO and
t ¢AO are constant phase terms associated with the reference and
aligning sensor. ¢RO # QAO' This phase difference arises from
the non-equal length of cables connecting the sensor modules to
the computer cabinet as well as from sensor mismatch such as ]
acoustic wave velocity differences. ¢E is approximately equal for
both modules. Hence, if the images are perfectly aligned,

OR - °A = ¢RO - ¢A0‘ Hence the term ¢R0 - 40 must be subtracted
from the left side of equation (2) since it arises from the sensors
and electronics and has nothing to do with the Fourier transform,

The first step in least squares estimation then is to measure
¢RO - ¢AO‘ Recall that for any image which is an intensity
function

¢TR(0’0) = ¢TA(0’0) =0 (7)
i Hence

Hence, ¢R0 - $,0 Can be measured by sampling the two transforms
at zero spatial frequency, computing the phase and subtracting
the respective phases., Since the transform always has maximum
magnitude at zero spatial frequency, the signal-to-noise ratio
for this measurement will be good. The computed phase difference
%po - %a0 Must be adjusted to lie in the interval (=, - n]. In
the software, this adjustment is made in subroutine PHASDF.
Subroutine PHSSET measures the phase difference and stores the
result in the variable PHASE.

Once PHASE has been computed, the left side of equation (2)
can be evaluated. At each of the selected spatial frequencies

Wyi, Yyi the two transforms are sampled and the phase computed.
The difference

pi = OR (wxi’ uyi) - ¢A (in, wyi) - PHASE (9)
is formed and adjusted to lie in the interval (=, -r}. During

any given iteration, only those spatial frequencies lying in
the regions whose indices are less than or equal to L are
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evaluated. Then the following quantities are computed:

L
UU = (1/KS$G) ) S1u(i) (10)
i=1
L
W = (1/K$G) ] s1v(i) (11)
i=1
L
UV = (1/K$SG) .lemv(i) (12)
1=
L
UP = (1/KKKK)}] S1up(i) (13)
i=1
L
VP = (1/xxxx}{1s1vp(i) (14)

The variables UU through VP are computed in subroutine SUMPAR
from partial products S1U through S1VP which are computed in
subroutine MEASRE. K$G and KKKK are scale factors which scale

the corrections Ax and Ay. The variables S1U through S1VP are
defined as

S1lu(i) = &(cij)z (15)
3=k
L 2 (16)
SW(i) =} (£ )
j=k
%2
S1UvV(i) =j£; £ itys Q7
swecn) = fer 2. (18)
i=k
2
S1VP(i) = § cf P, (19)
jox Y33

where ij = mxj/21r, fYJ' = myj/Zn and c¢ is a constant used to scale
the fixed point frequency variables used by the program. The
limits x and 2 are defined by

k = BDRYCT(i-1) + 1 (20)

£ = BDRYCT(4i) (21)
BDRYCT is a table in software and the entry BDRYCT(i) is the
number of spatial frequencies in region 1 through region i.

BDRYCT(0) is defined to be zero, If k> then there are no
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points in region i and the S1 terms are defined to be zero for
that 1. Hence, the indices k and £ 1limit the partial products
51 to contain contributions from only those spatial frequencies
within region i. The terms UU through VP contain contributions
from spatial frequencies in regions 1 through region L.
With these definitions the least squares solution for
Ax and Ay is given by?
-1

el A e I (2
The gain constant 1/K equals 1 during the first 12 iterations.
After 12 iterations it equals 1/(i-11) on the ith iteration.
Hence, after 12 iterations, the computed correction is weighted
by a gain factor which decreases each succeeding iteration.
This has the effect of making the final alignment insensitive
to any noise in the phase differences Pi‘ This technique is

a variation of the Robbins-Monro procedure for finding the root
of a function in the presence of noise. A readable discussion

of this procedure is contained in 3. The harmonic sequence
of weights {1, &%, 1/3, %, ...} has the property that
Lim 1l/n = O (23)
nhe
while
) % = w (24)
n=1

That is, the computed corrections will always be reduced to
zero while the total corrective effort is potentially unlimited.
It is shown in ° that random experimental errors will be
cancelled out using this sequence of weights. However, another
important reason for using this sequence was to insure that
the program will satisfy its stopping condition after a

reasonable number of iterations. This stopping condition is that
| ax | +] 8y | < .04mm (25)

It was found through experimentation that reducing the right
hand side of this equation did not improve the accuracy of

5p.J.Wilde, Optimum Seeking Methods, Prentice-Hall Inc. 1964.
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algorithm but did increase its running time.

For additional detail refer to flow diagram Fig. 10. 1In
this figure the notation (KKKK + 2) means a variable stored in
RAM two bytes after the address of the label KKKK. The corrections
Ax and Ay are computed iteratively. On the first iteration L = 1.
L is incremented by one,if any one of the following conditions
holds:

1) |ax| + |ay| < DELTA (1) (26)
2) |ax| + |ay| > 2/7 " (27)
3) BDRYCT(L) < 2 (28)

Condition 1) means that a larger region is used as soon as the
correction is small enough so that there can be no phase ambi-
guity. DELTA (3) = .04mm and is the stopping condition since
NBDRY is set to 3. Condition 2) means that the computed
correction is too large. The correction is skipped and a

larger region is used on the next iteration. Condition 3) means
that in the present region there is at most one spatial frequency.
Since at least two spatial frequencies are required for the
least squares extimation of Ax and Ay, the region is enlarged in
hopes of increasing the number of spatial frequencies on the
next iteration.

The partial products S1U, S1V and S1UV depend only on the
chosen spatial frequencies. Hence, they are only computed once
during spatial frequency selection. The partial products S1UP
and S1VP depend on both the spatial frequencies and the trans-
form phase at those frequencies. Hence, they must be recomputed
each iteration,

During normal operation using both sensors, fresh magnitude
and phase data from both sensors is collected each iteration.
In addition, the origin phase difference is re-measured each
iteration. Hence, any zero mean noise in these measurements
will be averaged out over a number of iterations.
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E. Alignment Algorithm: Alternative Modes of Operation

To add flexibility to this experimental alignment system
the basic algorithm and software implementation has been
augmented with two alternative modes of operation.

In order to test the alignment capabilities of the system
for test images which are misaligned in translation only, the
software can function in a mode which skips all angular alignment
steps. That is;lcoarse angular alignment, fine angular alignment
and fine angular correction (or dithering) are all skipped. 1In
the program, the flag HOW is set to zero if these functions are
to be skipped and set to one if they are to be executed. Refer
to flow-diagrams Figures 6 through 10 for details, Angular
alignment can be skipped during both the normal two-sensor mode
of operation and also during the single sensor mode which will
be described next.

To this point the description of the alignment algorithm
has dealt exclusively with the normal two-sensor operation.
In this mode, one sensor views the fixed light table which
contains the reference image. The second sensor views the
movable light table which contains the misaligned image. 1In
the single sensor mode of operation, only the sensor which
views the movable light table is used. The image on this
table functions as both the reference and as the misaligned
image. This is accomplished as follows: During spatial fre-
quency selection the movable image is viewed and spatial
frequencies chosen from its transform. Both the magnitude and
phase of the transform at these frequencies are then sampled
and stored in a table. Magnitude samples are stored in table MS
while phase samples are stored in table PS., These samples will

not be updated until a new reference alignment is initiated.

The alignment program then returns control to the supervisor

so that the user can move the light table under manual control,
If the alignment program is re-entered, it will seek to re-align
the misaligned image to its position during reference alignment




using the tables MS and PS as a reference.

The structure of the alignment algorithm is identical for both
two-sensor and one-sensor operation with the following exceptions:

1) The flag SNFLAG = O for two-sensor operation and SNFLAG =1
for one-sensor operation.

2) Since the two DEFT sensors have slightly different origin
frequencies, near the beginning of single sensor reference alignment
the reference sensor origin frequency variables X0ZERO, YOZERO are
replaced with the origin frequency values contained in the aligning
sensor frequency variables X1ZERO, Y1ZERO.

The subroutine RDDEFT is used to sample the DEFT sensors and
average either one or sixteen samples at each spatial frequency.
(Single samples are taken only during the initial search for
prominent spatial frequencies.) When the flag SNFLAG = 1, RDDEFT
will always sample from the sensor which views the movable table
(aligning sensor). By also replacing the origin frequencies the
program operates normally but only receives data from the aligning
sensor.

3) Since only a single sensor is used, no sensor phase mismatch
exists. Hence, when subroutine PHSSET is entered the condition
SNFLAG = 1 causes an immediate return to the main alignment program
and no phase difference is required.

4) During the least squares estimation iterations, new
reference phase samples cannot be taken since the reference
orientation no longer exists. The flag SNFLAG causes this step to
be skipped. (See the flow diagram for subroutine MEASRE, Figure 11.
Phase samples are normally taken during MODE = 3.)

After a sequence of one-sensor alignments, the table of
variables used in the alignment program must be re-initialized
by pressing F followed by E. If this is not done and a correlation
is attempted, then SNFLAG = 1 and only one sensor will be used
crroneously. (That is, the movable image will be correlated
against itself.) If instead, a two-sensor alignment is initiated,
then SNFLAG will be reset to 0. However XOZERO and YOZERO will

-40-




not be restored to their proper values. This will lead to larger

than desired errors in alignment.

F. Algorithm Operation Count

compared with the operation count of an algorithm which aligns
two images using the image intensity functions. For this
development an operation is defined to be either a multipli-

cation or a division.

Consider first the Fourier transform-based algorithm.
Let ng be the number of spatial frequencies used in the algorithm.
The cross-correlation of two sequences of length n requires
2nS + 2 ops. An additional 2ns operations are required to form
the magnitude from the real and imaginary components of the
transform. (The Cordic algorithm takes about as long as a
multiply.) Let ng be the number of correlations required for
an alignment. (ne is typically 20 - 30.) The angle correlation
requires ne(4ns+2) ops. One iteration of least squares estimation
requires 7ns + 12 ops. This count includes Cordic, formation

of UU through VP and matrix inversion.

Let nyo be the number of iterations of least squares.
(Typically, n,. is less than 10.) An additional count of 2200
ops are required during the search for prominent spatial
frequencies. (These are all calls to CORDIC.) The total

number of operations is
ne(4ns+2) + nzs(7ns+12) + 2200 - (29)

For the typical values n, = 30, n, = 16, ng = 10 the first term

contributes 1980 ops, the second term contributes 1240 ops and
the total is 5420 ops.

Consider now the intensity function-based algorithm.
This algorithm works as follows: A three-dimensional grid of
possible Ax, Ay, and A8 values is searched. At each point in
the grid the misaligned image is translated and rotated to the
corresponding grid positions and the two images are correlated.
41~
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It may not be necessary to correlate every pixel. Let n, be
the number of pixels used. Then a single correlation requires
2np + 2 ops. Let n,, n, and n, be the number of increments of
Ax, 8y and A6to be tested. Then the number of operations for
alignment is

nxnyne(2qp+2) ops (30)

Additional operation would be required to choose the np pixels.
For simplicity these will be ignored. To arrive at a number
for comparison, assume that this algorithm searches a

5mm x 5 mm x 12 degree cube with grid spacing .05 mm in x and

y and .1 degree in 6. Then, n, = ny = 100 and ng, = 120.

Assume np = 16. Then 40.8 x 105 ops are required for alignment.

There are a number of multidimensional search techniques which
will reduce this count considerably. However, in all circum-
stances the Fourier transform-based algorithm is more efficient

since a multidimensional search is not required.
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IV, SYSTEM SOFTWARE

A. General Description

The Image Alignment and Correlation System has been
programmed to perform fourteen separate functions. The control
i programs for these functions are stored permanently in UV-
erasable read-only memories at addresses AQ@@y - BFFFy. (All
address references are given here in hexadecimal notation.)

: The software is organized as a supervisor or main program and a
master subroutine for each of the three major system functions,

YR i YR U

which are display generation, image alignment, and image cross-
correlation. The master subroutines use a number of smaller
i subroutines, many of which are shared.

In addition to the 8K of software written in the perfor-
mance of this contract, the system includes a library of
mathematical functions which resides at 8@@@y - 83FFy and a
slightly modified version of the FANTOM-II monitor, located at
3 FCPQp - FFFFy. Both of these items were purchased from Wintek
Corp.

The system software uses RAM at 170@y - 1FFFp and ECQQy -
EDFFp for temporary storage of data and parameters. The remainder

of RAM is available for future expansion or software experiments.

The following sections will describe the supervisor and
the three master subroutines. The smaller subroutines, except

for those which are self-explanatory from their listings, are
described in Appendix A. Complete program listings for all of
the Deft-written software, as generated by the Wintek assembler,
are found in Appendix B. The math library and the FANTOM-II
monitor are documented with the Commercial Data.

B. Supervisor Program (A91Cyg - AASDy)

e T S prp—

“hen power to the system is turned on,a delay circuit on

wror-. o

the auxiliary card (next to the DAS card) holds the microprocessor

subsystem's reset line near ground until the power supply voltages
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and the clock frequency have stabilized. The small button on
the auxiliary card also grounds the reset line. When the reset
line goes high, the processor reads the contents of memory at
hex addresses FFFEy and FFFFy, and loads them into the program
counter. Execution begins from that point.

As supplied by Wintek the reset vector is FE@7y, which is
the reset entry point of the FANTOM-II monitor. For the Image
Alignment and Correlation System the reset vector in the FANTOM-II
EPROM was changed to A91Cp, and FE@7, was used instead as the
vector for non-maskable interrupts (NMI) which is stored at
FFFCp - FFFDy. This change allows the other small button behind
the door, which grounds the NMI line, to stop execution and
transfer control to the FANTOM-II monitor. Except for these
four bytes, the monitor in the system is identical to FANTOM-II
as documented with the Commercial Data.

When execution begins at A91Cy following a system reset,
the first instructions set up the peripheral interfaces and
initialize certain parameters in read/write, or random access
menory (RAM). The supervisor then enters a wait loop at AQBQH
with dashes displayed on the front-panel LED readout. The
dashes indicated that the system is ready to accept commands
from the keypad directly below the readout.

Pressing a key at this point will result in the display of
the corresponding program number, with two exceptions, They
are "A", which is reserved for ABORT, and "E'", which is used
for EXECUTE. After entering a valid program number, pressing "E"
will cause execution of that program to begin. Any time before
"E" is pressed, entering a new program number will override the
preceding entry. Pressing "E" initially will have no effect.
Entering "A" at any time will cause a return to the supervisor,
and the execution of any program in progress will be terminated.
Decoding of the "A" key and updating of the LED display is done
in the interrupt service routine.

Near the end of the wait loop a test is made (at AAQ7y)
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to see 1f the system is in a calibrated state for allignment,

I1f so, another test is made to sense whether any of the stepper
motors is being actuated manually. If the clock pulse which
moves a motor is detected, further tests are done to identify
the motor. "Error" is displayed if the motor cannot be
identified, and if this should occur it would indicate a hard-
ware failure. After the stage in motion is identified a sub-
routine (POSDIS) is called which updates the counters which
keep track of the positions of the translation and rotation
stages when the system is calibrated. This subroutine also
displays these positions. On returning from the subroutine the
program checks for the end of the stepper motor pulse so that
one pulse is not counted as two.

The entry addresses of the master subroutines are stored
in a table at A8(Q@y . When the "E" key is pressed with a valid
program number in place, the program number is used to point
to the corresponding entry address, and a jump-to-subroutine
(JSR) at that address is executed. Upon returning, the program
number is examined and the display is either left unaltered or
cleared and filled again with dashes,

C. Plotter and CRT Display Routine (ABC@y - ADEZH)

Entry to this program at AC47y first initializes a number
of parameters and clears a 256-byte area in RAM where the largest
current vertical deflection values will be stored. It then tests
the program number to determine which image is to be displayed,
and sets the analog multiplexer in the DAS accordingly. A
heading is written on the CRT display, showing the starting
points for the frequency scan and identifying the image whose
transform is being displayed.

The action of the program from this point depends on whether
the x-y plotter or the CRT display is being executed, and this
distinction is coded in the least-significant bit (LSB) of the
program number, In the case of the plotter the pen is retraced
to the lower left corner and dropped to the writing position. 1In
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the case of the CRT display, which is vector driven, a dark
vector is written to the lower left corner. The synchronous
detector subroutine then samples the analog outputs from the
appropriate synchronous detector circuit card and converts them
to a complex digital representation of the sensor output. The
detector subroutine returns the sums of sixteen consecutive
samples for both the real and imaginary parts,

At this point the x-axis synthesizer frequency is increased
by 40 kHz to allow the subsequent processing time for frequency
stabilization. An extra time delay is inserted if the synthe-
sizer crosses the boundary of 40 MHz, but this will not occur
unless the starting frequencies or increments are changed. The
absolute magnitude of the complex signal value is then computed
by the CORDIC subroutine and a scaling or gain adjustment is
made by shifting the result to the left,

The signal magnitude then is added to the raster height
and compared to the prebious value at the same horizontal
position. TFor the first line of the raster the '"previous"
values are all zero. If the new value exceeds the old value,
the new value is storeq and either the pen is moved accordingly
or a vector is drawn on the CRT display. If the old value is
greater, the pen is lifted, or a character denoting a dark
vector is sent to the CRT display, so that raster lines behind

peaks are hidden,

This sequence is repeated 192 times for each line of the
raster. At the end of each line the y-axis synthesizer frequency
is incremented by 120 kHz and the x-axis frequency is returned
to its starting point, The position of the raster line is moved
up by a count of 2 for the CRT display or 3 for the plotter.

The number of the raster line becomes the initial x-coordinate
to tilt the raster, and either the pen is lifted and retraced
to that point or a dark vector is written to retrace the CRT

display.

Sixty-four lines are drawn in this manner., At the end of
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the last line the pen is lifted and moved to the lower right
corner if the x-y plotter is being driven, so that the paper

can be removed easily. Then a bell code is sent to the terminal,
followed by a return to the supervisor.

D. Alignment Program and Its Subroutine

The alignment program is written in the form of a main sub-
routine which is called by the supervisor program under control
of the matrix key pad. Additional subroutines are called by
the alignment program. The logical flow of the program is
complex and is best understood by study of the assembly language
listing in Appendix B, Flow diagrams are provided here which
show the functional flow of the program., These diagrams can be
used to relate the algorithm to its assembly language implemen-
tation. |

Refer to the overall flow diagram, Figure 6. More detailed
flow diagrams are shown in subsequent figures. The alignment
program operation is controlled by three variables SNFLAG, HOW
and CALIBR. These variables are set either before entry or
upon entry to the alignment program and remain constant during
each call to that program. For the various modes of operation,
their values are indicated in Table 4. As shown, CALIBR indicates
whether an alignment is to be a reference or a subsequent
alignment. SNFLAG indicates whether one sensor or two sensors
are to be used. HOW indicates whether the alignment is to
include rotation.

The functional flow of the alignment program closely follows
the description of the algorithm given in Section III,

The main subroutine which is called by the alignment
program is MEASRE, This subroutine has a number of functions
controlled by variables MODE, SNFLAG, SFLAG and ADRSW, The
flow diagram of MEASRE is shown in Figure 11. When MODE = 1,
MEASRE is used in spatial frequency selection. When MODE + 2
MEASRE is used in angular alignment. When MODE = 3 MEASRE is
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Modes of Operation

Initial alignment/two sensors
Initial alignment/one sensor

Subsequent alignment/two sensors/
rotation

Subsequent alignment/two sensors/
no rotation

Subsequent alignment/one sensor/
rotation

Subsequent alignment/one sensor/
no rotation

P -49._
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Flags

CALIBR SNFLAG HOW
o 0 1
0] 1 1
1 0 1
1 0 0)
1 1 1
1 1 (0]
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is used in least squares estimation,

Consider first MODE = 1 operation., MEASRE is called twice. £
During the first call SFLAG = 0, The transform is searched and - 9
a table characterizing the transform is set up using subroutine §
UPDATE. (See section on alignment algorithm for a discussion.) j

During the second Call SFLAG = 1, The transform is again
searched and the prominent spatial frequencies are selected.

-

In addition, during this second call the variables S1U(i),
S1V(i) and S1UV(i) are computed and stored since their values
depend only on the spatial frequencies and do not change until

P

F there is another initial alignment.

ML O SR

Consider now MODE = 2 operation. During the first call
to MEASRE, ADRSW = -1, This causes the frequency addresses of 4
the prominent spatial frequencies to be computed and stored in
Table BCDAR. In addition, the magnitudes of the reference
transform at these frequencies are stored in Table MS.

Subsequent calls to MEASRE are used to compute SUM as
defined by equation 4. Hence, MEASRE computes the function
"correlate transforms"™ shown in Figures 8, 9 and 10. 1In all
cases ADRSW = 1 so that fresh data from the misaligned sensor
will be taken and correlated against reference data which has
been stored in the Table MS.

Finally consider MODE = 3 operation, The variables
S1UP(i) and S1VP(i) are computed for least squares estimation.
If SNFLAG = o then fresh data from both sensors is used to
compute these variables. 1f, instead, SNFLAG = 1 then fresh
data from the misaligned sensor is used along with stored phase
data from Table PS to compute these variables.

The remainder of this section consists of a brief descrip-
tion of the major subroutines and variables used by the
alignment program. The notation (VAR1l, VAR2) is used to indicate
a two-byte variable consisting of the one-byte word VAR1l which
is followed in memory immediately by the one-byte word VAR2,

TR T e e et T
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Subroutine FINSCH is called during fine angular alignment
and fine angular correction (dither angle). It computes SUM
at the present position and at +FINE degrees from it. It then
moves the light table to the position of maximum correlation.

P YA 9

5P e 1

7%

Subroutine SUMPAR computes UU, UV, VV, UP and VP from the
partial products S1U, S1V, S1UV, S1UP and S1VP. The variable
L is used to set the summation limits in the defining equations 4
(10) through (14).

Subroutine CORDIC computes the Cordic algorithm with 16
iterations., The algorithm has two functions. First, if variables
COR9 = COR10 = O upon entry then the two byte rectangular
coordinates (COR1, COR2), (COR3, COR4) will be converted to
polar form with (COR1, COR2) = .41169 x magnitude and (COR9, COR10)
= phase (radians/n). If the two-byte variable (COR9, COR10) # O
then the rectangular coordinates (COR1, COR2), (COR3, COR4) are
rotated through the angle (COR9, COR10) and suffer a gain change
of .41169.

Iy RRIRIOTR 172 Sar, g RN I DL W RO ey

Subroutines ADDRES computes the BCD frequency variables
UI1, UI12, VJ1, VJ2 from the binary frequency variables I, J.
In addition, under control of variable ADRSW the BCD variables
can be either stored in Table BCDAR after computation or read
from that table in lieu of computation.

Subroutine READ is used to read data from the reference
sensor and store the magnitude and phase in MP and PS respec-
tively.

Subroutine BI$BCD computes a BCD number from a binary
number,

The PUSH and PULL subroutines are used to push or pull
four-byte numbers on or off the stack for use with the MATH chip. %

The MATH chip contains software which implements fixed E
point and floating point arithmetic operations. The use of :
this software is described in the manual from Wintek Corp.
supplied in the Commercial Data.
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Subroutine RDDEFT takes a number of samples from one of
the Deft sensors, averages them and returns the average value
in (real) (COR1, COR2) and (imag.) (COR3, COR4). If SENSOR = -1
then NS samples of the reference transform are averaged. If
SENSOR = 0 then one sample of the reference transform is taken.
If SENSOR = 1 then NS samples of the misaligned transform are
averaged.,

Subroutine INDEX1 computes the next coarse grid point from
the previous grid point during transform search.

Subroutine GSRCH performs a fine grid search around a
coarse grid point. The fine grid increment is 30 kHz and an
area of 180 x 180 kHz is searched.

Subroutine UPDATE updates a table during the initial
transform search during spatial frequency selection. When
completed, the n-th entry in this table is the number of samples
for which the magnitude of the sample is greater than n x THR2
where THR2Z is a small constant.

Using the table constructed by UPDATE, subroutine THRSET
sets the threshold THR1 so that THR1 = n x THR2 where the n-th
entry in the table is less than or equal to NPT and the n-1st
entry is greater than NPT. NPT is the desired number of spatial
frequencies.

Subroutine PHASDF computes the difference of two phase
samples and adjusts the difference to lie in the interval

(m, -'n‘].

Subroutine PHSSET measures the phase difference at the dc
peak of the two sensors and stores the result in variable PHASE.
If alignment is with one sensor only then there is no phase
difference. 1In that case, (SNFLAG = 1), the subroutine immediately
returns to the calling program,

Subroutine INIZE is used to initialize a table in RAM with
program constants which are stored in ROM. The area in RAM

consists of the block from1808H tolFFFH and the b10ck1812ﬂ
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to 1891H‘ Most of the memory in the first block is simply
cleared to zero. These memory blocks are reinitialized whenever
the key pad key F is pressed. It is then possible to modify

any parameter in RAM prior to alignment by using the monitor
program. To enter the monitor, open the front panel and press
the right-most button. An asterisk should appear on the CRT
terminal. To modify RAM, refer to the monitor reference manual
supplied in the Commercial Data. After memory has been modified,
press together the control key and P on the terminal. Then
enter A99B and carriage return, Follow this by G, carriage
return. There should now be dashes on the LED display and
control has been returned to the supervisor. Caution: Memory
modification should only be attempted if the user has intimate
knowledge of the alignment program, assembly language and hexi-
decimal notation, The program has been designed so that memory
modification is not necessary during normal operation. In
particular, the software adjusts automatically to the test

image presented to it. That is, the program automatically
characterizes the transform and determines which spatial fre-

quencies it will use.

The remaining subroutines used in alignment are adequately
explained in the assembly language listing. The remainder of
this section consists of a description of the important variables
used in the alignment program. Memory locations 1800H - 1809H
hold temporary variables which will not be discussed.

PHASE holds the difference in the phase of the two trans-
forms provided by the two Deft sensors measured at the dc peaks.

X@PZERO and Y@PZERO are the coordinates of the dc peak of
the reference sensor. X1ZERO and Y1ZERO are the coordinates
of the dc peak of the aligning sensor. (MHz/10)

COR1, COR2, COR3, COR4, COR9, COR10 are used to store the
two-byte variables input to and output from the CORDIC sub-
routine, (See description of CORDIC,)
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I and J hold binary numbers which address spatial frequencies.
I =J = 0 addresses the dc peak of either sensor. In general,
to convert from these normalized addresses to the actual electri-
cal frequencies use the formulas:

fx = 30 KkHz x I + dc peak x-coordinate (37)

fy = 30 KHz x J + dc peak y-coordinate (38)

ID and JD are the normalized frequencies of the previous
grid point.

UI1l and VJi are the x and y frequencies of the reference
sensor expressed as BCD numbers. UI2 and VJ2 are the same for
the aligning sensor. They are all computed from I and J using
subroutine ADDRES.

MODE controls the function of subroutine MEASRE. (See
description of MEASRE.)

DTIME is a parameter which controls the delay provided by
subroutine DELAY1.

JSTART is the initial value of J during the search of the
transform. It is set large enough to avoid the low-frequency
region of the transforms.

BDRY indicates which region of the transform the variables
I and J presently address. BDRYD is the same for ID and JD.

NBDRY gives the total number of regions that the transform
is divided into. This number is 3,

BDRYPT is a pointer used to index the S1 variables.

FIRST is a flag used in subroutine MEASRE to tell whether
the current point is the first point.

SENSOR tells whether the reference or aligning sensor is
to be used.

NSAMP is the number of samples to be averaged in subroutine
RDDEFT, LOGS = logzNSAMP.

BCDPTR is a pointer used to index array BCDAR.
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L is the present, outermost region. It is used during
least squares estimation.

LIMIT is the largest allowable value of I which limits
the search area to the sensor bandwidths.

X is the number of spatial frequencies chosen by the
program,

Y is used to index data stored in MS and PS.
ZERO is not used.

X1INC and Y1INC are the fine grid increments scaled by 10.
Their value is 30 kHz/10.

NPT is the desired number of spatial frequencies (16).

STACK1, STACK2, PUSHST are temporary variables used by the
PUSH and PULL subroutines.

(THR11, THR12) is the magnitude threshold set by the program
to pass approximately NPT points.

(THR21, THR22) = 8 is a small constant used to quantize the
available range of magnitude values.

HOW is a flag indicating rotation or no rotation during
alignment,.

IJPTR and IJPTR1 are pointers which index array 1J.

ADRSW is a flag which controls the operation of subroutine
ADDRES.

SETUP is not used,

FINE = 16 is the initial fine angle increment.

K$G is a gain constant used to scale UU, VV, and UV,
KKKK is a gain constant used to scale UP and VP,

CORSE = 60 is the angle which the light table moves prior
to the coarse angular alignment,

ST is a variable used to keep track of angular position.
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SAVESP is not used.

MAX is the largest correlation to date during angle align-
ment.

SUM is the current correlation value.

XTRAN and YTRAN hold the x and y translations for the
stepper motor subroutine.

DELX and DELY are four-byte variables which are the
computed translations for the stepper motor. The lower two
bytes are then stored in XTRAN and YTRAN,

VP, UP, UV, and UU are the computed least squares variables
which are defined in Section III.

STEPS holds the angle where maximum correlation occurred.
ANGLE holds the angle used by the stepper motor subroutine.
SMAG holds the denominator of equation (4).

SAVEZ, SAVEY, DIRECT, DTHR11l, DTHR12, DTHR21 and DTHR22
are not used,

MPLX stores the current multiplexer address.

SIGNI and SIGNQ are used to hold sign bits to sign-extend
the real and imaginary sample respectively.

SFLAG is a flag which indicates first or second pass
through MEASRE when MODE = 1,

SNFLAG is a flag which indicates two-sensor or single-
sensor alignment.

CFLAG is a flag which indicates real or complex correlation
in the correlation program.

CCFLAG is a flag which indicates whether or not the scan
of the transforms is complete in the correlation program,

Some of the above variables are also occasionally used for
temporary storage. The alignment program also uses a block of
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memory for table or array storage. These tables are listed
below,

DELTA is a table holding threshold values used to determine
if L should be incremented or the alignment considered complete.

BCDAR is an array which is filled with the BCD values of
the spatial frequencies chosen by the program,

BDRYLF is a table which holds the boundary values of J
used to determine which region of the transform a grid point
is in,

BDRYCT is an array which is filled during the second call
to MEASRE, MODE = 1, The i-th entry in this table is the value

of the index y for the last spatial frequency chosen in region i.

S1Yp, S1UP, S1UV, S1U and S1V are arrays which hold the
partial products used in least squares extimation. The notation
S1VP1M means that the table points to the first word in the
table and the MSB of the word.

1J is an array which holds the normalized fregquency
variables I and J for each spatial frequency chosen.

PS and MS are arrays which hold the phase and magnitude of
the reference transform at the chosen spatial frequencies.

ARRAY is an array used in the correlation program to hold
the partial products during scanning of the transforms.

E. Calculation of Image Transform Cross-Correlation Function

To compute a cross-correlation in the spatial frequency
domain, first that domain is restricted to the bandwidth of the
Deft sensors. The area used is a square extending from the
location of the dc peak along the fx-axis 6 MHz and along the
fy-axis +3 MHz. This area is quantized to a grid with spacing
100 kHz in both fx and fy. Let ry be the aligning Deft sensor
transform component evaluated at grid point i. Let ay be the
aligning Deft sensor transform component evaluated at grid
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point i. 1In general ry and a; are complex numbers. The
standard formula for cross-correlation of these samples is

n
Z(ri =) (ay -m)®
r = i=1

(31)
n n
’ izl(ri - mt) (ri - mr)*\/CEI(ai -m) (ai - ma)*
where
] 1n
m_o=n] rj (32)
¢ i=1
ln
m, =n )) a; (33)
i=1

The symbol (*) means complex conjugate. Equation.(31) can be
found in the references defined in the context of random
variables® or the Cauchy-Schwarz inequality’.

This formula is evaluated by the correlation routine and
the result displayed on the LED display and on the computer
display terminal if it is connected. 1In general, r will be a
complex number, It is displayed in polar form.

In some cases it is more desirable to compute the cross-
correlation between the magnitude of the transforms. The |
corresponding formula is

n
Ly el =mpepdagh -mpp
r =
!
n n i
2 2
121(|ri| B m|r|) izl(lail - mlal) (34) |
‘ |
} where (| | ) means absolute value and |
‘ ln
{ —
1 m =0 |r| ‘ (35)
| lel = Tyoy e
1ln
Mg =D )) la, | (36)
; im] ?
6A.Papoulis, Probability, Random Variables and Stochastic Processes,
McGraw-Hill, 1965, chap. /.
7D.G.Luenbcrqer, Optimization by Vector Space Methods, John Wiley & Sons, 1969,
chap. 2, -64- <
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This cross-correlation can also be computed by the routine.
This is accomplished by finding the magnitude of each ry and a
sample using CORDIC. Then the real part of ri or a; is replaced
by the corresponding magnitude and the imaginary part is set to
zero. The subsequent computations are identical for both real
and complex cross-correlation. However, for real correlation
the computed phase should be zero or near zero and only
represents roundoff errors in the calculations. Hence, it is

to be ignored.

For additional details refer to the flow diagram Figure 12,
Most of the time required for correlation is spent in the loop
which samples the sensors, increments frequencies and computes
partial products for r. Since the origin frequencies of the
two sensors are slightly different, it is necessary to retune
tke synthesizers between sampling ry and ay for the same grid
point i. Once the loop is exited the remaining computation
requires only about one second.

F. Major Shared Subroutines

1. Subroutine to Move Stepper Motors (A82¢H-A8DDH) -~ This
subroutine moves each stepper motor by a specific amount which

depends on the contents of three 2-byte memory locations labeled
XTRAN,YTRAN, and ANGLE. Before the subroutine is called these
locations are filled with 2's complement numbers. In the cases
of XTRAN and YTRAN they are equal to the desired displacements
of the x- and y-translation stages, respectively, in hundredths
of a millimeter. 1In the case of ANGLE the number specifies

the desired rotation in tenths of a degree.

The subroutine always operates the three motors one at a
time in the order given above. Upon entry certain parameters
are set up which are peculiar to the motor being operated. Then
the program number is checked because Program D, whose function
is to update the position display without moving the motors,
has the same entry point. Next the desired number of steps
is changed from 2's complement to sign-magnitude form. If the
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Figure 12 - Flow Diagram for Correlation Coefficient Subroutine
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number is equal to zero the program goes directly on to the
next motor,

Before the motor is operated a bit is either set or cleared
in the PIA which establishes the direction of motion. The
program operates by applying a given number (contained in
Accumulator B) of clock pulses to the motor control and then
decrementing the desired number of steps. Since the translation
tables have a step size of .002 mm, the number of pulses is 5
for horizontal and vertical motion. For rotation it is 3
since the step size for the rotating stage is 1/30 degree.

After each pulse which steps the motor the position display is
updated, but only if the system is in a calibrated state,

When the desired number of increments has been counted
down to zero, the subroutine returns to take care of the
next motor, The last return is to the calling program.

2. Position Display Subroutine (AADEH-ABQSH) - This part
of the code is responsible for keeping track of the motion of
the translation and rotation stages and updating the front-
panel LED display accordingly. It is called by the stepper
motor subroutine in the case of automated operation, or by the
supervisor if the stepper motors are actuated manually. Entry
is made with Accumulator A containing a mask which identifies
the clock bit in the stepper motor control interface. The
next bit to the left is the motor direction. In order to make
up, right, and clockwise be the positive directions it was
necessary to invert the direction bit for horizontal or
rotational motion.,

A total of five bytes is reserved in RAM for the position
of each stage. Three bytes keep the step count in BCD form
for the display, and two bytes keep it in 2's complement binary
form. In the case of translation, the least significant BCD
byte is incremented or decremented by 20 for each clock pulse,
since the program step size is 5 times as great as the step
size of the stage. For rotation the increment or decrement is
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33. To prevent roundoff error from accumulating, 99 is rounded
up to 100 and 1 is rounded down to zero,

The two most significant BCD bytes are changed from 9's
complement to sign-magnitude form, converted to the 7-segment
display code, and stored in the appropriate part of the display
buffer. The display is refreshed by the interrupt service
routine, located at AAASH.

This subroutine has another entry point at AB3DH which is
used by the image correlation routine to display the result of
the computation. Entry here is made with a two-byte 9's
complement BCD number in the A and B accumulators. This number
is changed to sign-magnitude form and displayed.

3. Synchronous Sampler Subroutine (AEZAH-AEBDH) - This
part of the program operates the DAS to sample the signals from
the detector circuit boards in synchronism with the bias
frequency and the 60 Hz line frequency. Single-bit inputs on
the PIA's which control the synthesizers are configured to set
flags internal to the PIA's when the 60 Hz line and the bias

signal undergo positive- or negative-going zero-crossings. These

functions are independent from the synthesizer control functions
even though the same PIA's are used.

After clearing the memory locations where the signal
values will be accumulated, the subroutine sets the interrupt
mask so the time required for interrupt service will not disturb
the synchronism of the sampling. It then waits for a transition
of the 60 Hz line, which marks the beginning of a group of 16
consecutive signal samples taken at the positive and negative
peaks of the signal, At the bias frequency of 1440 Hz, the
positive and negative peaks are separated by 347 us, so the 16
consecutive samples take 5.5 ms, which is somewhat less than a
half-cycle at 60 Hz, After the next 60 Hz transition another
16 samples are taken. This method distributes the samples
evenly over a full cycle of the line frequency so that cyclic
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variations of the image brightness do not affect the data.

The interrupt mask is cleared between groups of samples so the
interrupt service routine can refresh the front-panel LED
display.

A software time delay between the bias reference transitions
and the sample commands was adjusted experimentally to make
the samples coincide with the signal peaks. The pair of signals
which represent the output from each sensor are in phase,
although their voltages represent two orthogonal vectors which
describe the signal's phase as well as its amplitude. Two
samples are taken from one of the signal pair at positive and
negative peaks, followed by two samples from the other one of
the pair, and so on. Alternate sampling of the two orthogonal
signal components minimizes phase errors caused by short-term
signal fluctuations. Sampling positive and negative peak
values and accumulating their difference eliminates any dc
offset associated with the signal and provides some additional
narrowband filtering around the bias frequency.

Exit from the subroutine occurs with the two orthogonal
signal vectors accumulated separately in four consecutive
memory locations pointed to by the x register. The accumulation
scales the 12-bit signal voltage samples up by a factor of 16
so that they each fill two bytes.
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V. OPERATING INSTRUCTIONS

A. Operating Functions

The Image Alignment and Correlation System has been
programmed to perform fourteen separate functions. The control
programs for these functions are stored permanently in UV-
erasable read-only memories in the microprocessor subsystem.
The software is organized as a supervisor or main program and
a master subroutine for each system function.

When power is first turned on, the supervisor enters a
wait loop with dashes displayed on the front-panel LED readout.
The dashes indicate that the system is ready to accept commands
from the keypad directly below the readout.

Pressing a key at this point will result in the display of
the corresponding program number, with two exceptions. They
are "A", which is reserved for ABORT, and "E", which is used
for EXECUTE. After entering a valid program number, pressing
"E" will cause execution of that program to begin, Any time
before "E'" is pressed, entering a new program number will over-
ride the preceding entry. Pressing "E" initially will have no
effect. Entering "A" at any time will cause a return to the
supervisor, and the execution of any program in progress will
be terminated.

Next is a tabulation of the fourteen program functiomns,
followed by a description and instructions for each one,
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TABLE 5
Pre-programmed System Functions
Identifier Description
0 Graphic x-y plot (hard copy) of

spatial frequency content of test
image (i.e., the image to be aligned).

1 Graphic CRT display of spatial
frequency content of test image.

,g 2 Graphic x-y plot of spatial frequency
3 content of reference (fixed) image.

: 3 Graphic CRT display of spatial
; frequency content of reference image.

4 Initial alignment and calibration
using both sensors.

5 Calibration for re-alignment using
test image only (s=ingle sensor).

6 Alignment after calibration using
both sensors, including rotation.

. 7 Alignment after calibration using
‘ both sensors, without rotation.
% 8 Alignment after calibration using
test image only, including rotation.
9 Alignment after calibration using
test image only, without rotation. j
A Abort execution and return to ;
supervisor. :
B Compute real image correlation

coefficient using magnitude of
spatial frequency data.

C Compute complex correlation
coefficient using complex spatial
frequency data.

D Display position of test image on
LED readout (only after calibration).

E Execute displayed program number,

F Re-initialize parameters.
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0 - X-Y Plot from Test Image - This program operates the

accessory x-y plotter, making it draw on paper a pseudo three-
dimensional graphic representation of the spatial frequency
content of the test image. (The test image is the one on the
left, viewed from the sensor modules.) Before executing this
program for the first time, the instruction manual for the
plotter (Hewlett-Packard model 8015B) should be read and under-
stood. 1In addition, the following steps must be taken prior

to execution:

a. Connect the power cord on the x-y plotter to the
115V ac supply.

b. Connect the interfacing cable from the x-y plotter
to the system's electronics cabinet.

c. Position a clean sheet of paper on the plotter. The
use of paper furnished by the plotter manufacturer
is recommended.

d. Set up the plotter controls as follows:

Line - On
V/In - 1 for both x and y

Cal/Vernier - Cal for x; vernier for y
Chart - Hold after paper is in place
Servo - On (Note: Pen may move quickly.)

Pen - Lift
Reset /Sweep - Reset
X Inputs/X Time Base - X Inputs

e. Place a pen of the desired color in the holder.

f. Depress Zero Check for the y axis and adjust Zero so
that the pen is directly over the lowest line on the
chart grid. Repeat for the X Asix, placing the pen
over the left-hand end of the grid. (Note: The pen
may move quickly to the zero locations when the Zero
Check button is pressed. Be sure its movement is not
obstructed.)

g. Last, remove the cap on the pen and lower the pen holder,

The program may now be executed. A complete plot takes about
14 minutes.
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Replacing the pen cap after each plot will prevent drying
of the felt tip and will prolong pen life. It is also a good
P ’ idea to keep the plastic cover on the plotter when it is not A
in use. However, be sure the power to the plotter is off F7
before replacing the cover.

Periodically the recorder's y-axis vernier gain adjustment
should be checked, although it affects only the vertical size
of the graph. The procedure is as follows: 3

1. Perform steps a. through f. above.

2. Turn on the graphics terminal.

3. Open the door of the electronics cabinet and press
the right-hand one of the two small white buttons.

An asterisk will appear on the CRT.

4. Using the terminal's keyboard, enter MEE8@ and press
the RETURN key. The terminal will respond by printing
EE8¢ followed by a space and two hexadecimal digits.

5. Now enter FF and RETURN. The pen on the recorder
should move quickly to the top of the paper.

6. Do not disturb the Zero knob, but adjust the Vernier
knob to position the pen directly over the top line
on the paper.

7. While holding the CTRL and SHIFT keys down together,
enter K. The terminal will respond with an asterisk.

8. Either press the BREAK key on the terminal or the
small white button on the left inside the door of
the cabinet. The pen should move quickly to the
bottom line of the paper and dashes should return Tl
to tne “ront panel LED display. This completes the
adjustment. |

1 - Graphic CRT Display from Test Image - This program produces

the same display as Program O, but it appears on the accessory
graphics terminal instead of the plotter. In this case, be
sure that the interfacing cable from the terminal is connected
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to the electronics cabinet, and that power is applied to the
terminal. The terminal's ac power switch is located at the
rear, on the right side as viewed from the front. Also check
that both the transmit and receive baud rate switches on the
rear of the terminal are set to 4800. Execution can then be
started.

When program execution begins, the display, which is a
storage CRT, will be erased. The program then labels the top
of the display to show the x and y transducer frequencies at
the starting point, which is the lower left-hand corner. The
label also identifies the image being examined. The display
covers a span of 7.6 MHz along each axis. A complete plot takes
about 9 minutes. The terminal will sound an audible "beep"
when the display is completed.

Except for the PAGE and BREAK keys, entries at the keyboard
have no effect on this program. Pressing the PAGE key will
erase the display. Execution will continue, but the terminal
will print characters instead of drawing vectors. The only
recourse is to abort execution and restart it.

Depressing the BREAK key causes a hardware reset which
terminates any execution in progress and re-initializes the
entire system. This applies to all of the fourteen available
program functions as long as the terminal is connected and
turned on.

The terminal should be turned on for a warm-up of several
minutes before use. After prolonged periods of inactivity, the
manufacturer recommends a 20-minute warm-up.

2 - X-Y Plot from Reference Image - All of the comments under

Program O apply, except that the data is taken from the module
which examines the reference image.

3 - Graphic CRT Display from Reference Image - All of the
comments under Program 1 apply, except that the data is from

the reference image.
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4- Initial Alignment and Calibration, Both Sensors - In

demonstrating alignment of the Test Image with the Reference

Image, it is first necessary for

the system to align the Test

Image to a position which is defined as zero error, Program 4

performs this function., It begins by searching the spatial

frequency domain of the reference image to select a set of up

to 16 points which are associated with prominent componehts

of the image's spatial frequency
the locations of these points in
and uses them first to achieve a
angle. It searches over a range
original orientation of the Test
correlation coefficient based on

spectrum. The system retains
the spatial frequency domain,
preliminary alignment in

of t6 degrees from the

Image, and computes a cross-
the magnitudes of these

sample points, After finding the angle where the correlation

is greatest, the system uses the phase information from the

same data points to align the Test Image laterally and vertically.
It then alternately performs fine angular and translational
adjustments, until the next computed translational correction
falls below a preset threshold. At that point the system sets

an internal flag which designates the calibrated state, and
control returns to the supervisor,

Neither the CRT terminal or the x-y plotter are required
for this program. The light boxes must be turned on with
suitable patterns in place before execution is started. 1In
addition, the two push-button switches on the electronics
cabinet marked MAN/AUTO must be in the AUTO position. Best
alignment performance is obtained after a period of at least
30 minutes to allow for thermal stabilization of the sensors.
One of the plotter programs should be executed after the system
is first turned on, to initiate the stabilization.

It is good practice to execute Program F immediately before
starting this function, to insure proper initialization.

5 - Calibration for Re-alignment, Single Sensor - This program
is similar to the preceding one, except that only the Test Image
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is involved. The system may be calibrated with the Test Image
in any position, and subsequent alignments will return it to
that position. The selection of a set of data points in the
spatial frequency domain proceeds as in Program 4, but in this
case the magnitude and phase values at these points are simply
stored in memory, and no rotation or translation of the image

takes place.

The last two paragraphs under Program 4 above apply here
also.
sensitive to thermal drift, so calibration should be done
immediately prior to subsequent re-alignments using Programs
8 or 9.

However, the single-sensor mode of operation is more

6 - Alignment with Both Sensors, Including Rotation - Before

executing this program the system must be aligned for calibration
using Program 4. Any attempt to run either Program 6 or 7

before calibration, or immediately after a system reset, will
cause a return to the supervisor with the word "Error" shown

on the front-panel LED display.

After the system has been aligned for calibration using
Program 4, the Test Image can be displaced and rotated manually
before this program is run to demonstrate re-alignment. Manual
control of the stepper motors is-effected with the two front-
panel buttons labeled MAN/AUTO in the "out' (MAN) position.

The step, direction, and slew buttons, and the x/y button in
the case of rotation, can then be used to move the Test Image
to the desired starting point.
be shown on the LED display as each stepper motor is activated.

The angular misalignment should not be made more than 6 degrees,

The position on each axis will

so as not to exceed the search range of the alignment program.
The allowable translational misalignment depends on the image,
but displacements up to +5 mm have worked well in our tests,

As with any of the alignment programs (4, 6, 7, 8, or 9),
the MAN/AUTO switches must be returned to AUTO before this
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program is executed. Failure to do so will result in a
program halt with "Error'" displayed. The program may be
restarted by pressing the "E" key after resetting the stepper
motor controls to AUTO,.

While the program is running, the LED display will show
the position of the Test Image. When no further correction
is indicated, execution will stop and dashes will return to
the display. The final errors may be examined by pressing '"D"
followed by "E" on the front-panel keypad. (See section on "D.")

If the accessory CRT terminal is connected and turned on
in advance, it will show a graphic display of the translation
of the Test Image as alignment progresses. Initially the
display will have the x and y axes with a very small square
at their intersection. This square represents translational
error bounds of 0.1 mm (100 u). The display encompasses an
area in xy-space of about 24 mm by 18 mm. When the translational
errors have been reduced to less than 1 mm in x and 0.5 mm in vy,
the display will be erased and replaced by a new one which is
magnified 16x. The display does not give any information as
to the angular position of the image.

7- Alignment with Both Sensors, Without Rotation - This program
is similar to the preceding one except that the Test Image is
re-aligned only in translation. Omitting the angular correction
decreases the running time, and this mode also can be used to
study the effects of constant angular errors on the translational

corrections.

Except for those which refer specifically to rotation, all
of the comments under Program 6 apply here also. The most
accurate translational re-alignment will take place when no
angular offset is introduced after calibration.

8 - Alignment with Single Sensor, Including Rotation - This
function is again similar to Program 6, except that only the

Test Image is used. Program 5 must be run before this program
is executed. Otherwise, the "Error' message will be displayed
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and control will return to the supervisor. The most accurate
results will be obtained when re-alignment immediately follows
calibration.

Except for the difference in program numbers, the discussion
under Program 6 applies here also,

9 - Alignment with Single Sensor, Without Rotation - This program
is the only remaining permutation of the alignment functions,

It must be preceded by Program 5 for calibration. Except for

the lack of rotation, it is the same as Program 8.

A - Abort - Pressing this key at any time will stop the execution
of any program which is in progress. The front-panel LED display
will fill with dashes, showing that control has returned to the
supervisor. In general, it is good practice to run Program F
following an abort.

B - Correlation of Magnitudes - This program computes a normalized
cross-correlation coefficient from the magnitudes of a large set

of samples in the spatial frequency domain of both sensors. The
samples are taken on a square grid at intervals of 100 kHz, over an
area 6 MHz square in the transducer frequency domain, The corres-
ponding area in the spatial frequency domain is 20 cycles square,
and is somewhat smaller than the area covered by the plotter
programs,

Mathematically, the correlation coefficient can be expressed
as Equation 34 (page 63).

In order for the correlation program to give the correct
result, the most recent calibration program executed must have
been Program 4 (i.e., the one involving both sensors). Normally
this would be done anyway, to insure that the degree of correlation
is being measured between two images which are properly aligned.
If the effect of misalignment is to be studied, the Test Image can
be displaced manually after the initial alignment has been
completed,

This program takes about 14 minutes to execute. At its
completion the correlation coefficient will appear on the LED
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display, and on the CRT terminal if it is connected. The terminal
will also sound a '"beep'" to alert the user. The first number
displayed is the result. The second number, labeled ''Phase" on
the CRT, should be very small and has no meaning in this case
since a real number is computed.

C - Complex Correlation - In this case a complex normalized

cross-correlation coefficient is calculated, using the same
data grid as in Program B. Here the expression is the same
as Equation 31 (page 63). The result is in polar form, with the
phase given in degrees.

Running time is about 14 minutes, and a "beep" will sound
from the terminal upon completion.

Both of the correlation computations reflect the response
of the sensors as well as the content of the images. The complex
computation takes the phase of the samples into account, and the
sensors are not matched as well in. phase as they are in magnitude.
Therefore, the complex correlatibn value tends to be smaller than
the value computed from the magnitudes alone, for a given pair
of images.

D - Position Display - This function uses the LED readout to

display the position of the Test Image relative to its calibrated
position. The first two numbers are the lateral and vertical
translations in millimeters, respectively, and the third number
is the angular position in degrees.

The displayed positions will always be zero upon initial
turn-on of the system. In addition, Programs 4, 5, or F will
clear the position counters, returning the displayed values to
zero. When the system is in an uncalibrated state (i.e., neither
4 nor 5 has been run after initialization) manual operation of
the stepper motors will not affect the position counters or the
display. In the calibrated state, the position counters and the
display will track any manual or programmed movement of the Test
Image,

E - Execute - Any time a program number shows at the left-hand
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end of the LED display, pressing the "E" key will start execution
of that program. Pressing "E'" when the dashes are displayed
has no effect.

F - Re-Initialize Parameters - When the system is first powered
up, a hardware reset vectors the processor to a sequence of
instructions which, among other things, sets a number of program
parameters in read-write memory. An example is the counters
which keep track of the translation and rotation stages. These

counters are set to zero initially, but can be changed during
operation of the system.

Program F returns all of these parameters to their initial
values. It was included to allow for the possibility that
parameter values could be changed selectively by using the
processor's internal monitor through the CRT display keyboard.
Such changes are not recommended unless the user understands
both the software which implements the alignment algorithm and
the processor's internal FANTOM-II monitor. The monitor is
documented in the Commercial Data, and the software listings
appear in Appendix B.

Although the system has received many hours of testing,
the possibility still exists that the software has some '"bugs"
that have not been identified. For this reason it is a good
practice to use Program F immediately prior to the execution
of any other program except those which follow a calibration.
In other words, do not precede Programs 6 through 9 by Program
F,
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VI. REVIEW OF THE SYSTEM'S DEVELOPMENT

E
i
}

Our technical proposal, on which this contract award was
based, reveals that the final form of the system as it was
delivered to ETL is remarkable similar to that originally
envisioned, in spite of a number of significant technical
problems which were encountered subsequently. The block
diagram in the proposal is nearly identical to the current one
in Section 1II, It was clear at the outset that the
system should have microprocessor control. An image alignment
algorithm which used the magnitude of the Fourier transform to
achieve angular alignment was also seen as very probable,
since the magnitude of the transform theoretically is insensi-
tive to image translation. We knew that the phase of transform
components would be the key to translational alignment, but
the relationships involved turned out to be less clear than
anticipated.

The first work undertaken on this program was the

selection of a suitable microprocessor subsystem. Originally
it had been planned to concentrate first on the DEFT sensors
and their surrounding circuitry. However, at that time a
design for a new, higher=resolution DEFT sensor operating near
100 MHz was about to be tried, and we wanted to use it in this '
system if it could be proven in time. Therefore, the sensor

work was exchanged in the schedule for work with the micro-
processor., This effort involved the circuit design of inter- :
faces between the processor and the stepper motors, the freqguency ,
synthesizers, the data acquisition system, the x-y plotter, the

CRT display, and the front-panel LED display and keypad along

with programming to support each of these interfaces, All of

this was accomplished with relative ease.

E Over a period of time, one of the frequency synthesizers
' malfunctioned intermittently, and the cause was traced to
defective plated-through holes on its circuit board. It was L
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finally replaced by the manufacturer. Unfortunately, we know
of no other source for a similar product. However, the problem
has not recurred.

Two major factors which were not well established until
later in the program were the format of the images and their
means of illumination., The original discussions on this matter
ranged from back-lighted 35 mm transparencies to opaque photo-
graphic prints.

When it was decided to use front-lighted opaque images in
the system, the design of the alignment fixture could be
finalized, and it was fabricated. At about the same time it
became clear that the 100 MHz sensor could not be perfected in
time for inclusion in the system, so sensor modules were built
with the 35 MHz sensor with which we had accumulated a fair
amount of experience., In the meantime, the first version of
the alignment algorithm had been programmed, so it became possible
to try the image alignment function of the system. These first
tests were encouraging, but they did not show the degree of
alignment accuracy we were seeking.

As program debugging and system testing proceeded we
became aware of a number of previously unknown factors which
bore on the performance of the alignment algorithm. For example,
the phase of the sensor output is approximately a linear function |
of the difference between the two SAW frequencies, with a
proportionality constant of about 1 degree per kHz. This
phase function is in addition to the phase which the image im-
parts to the transform. A phase change of 1 degree at a point
3 MHz away from the origin in the frequency domain corresponds
to an image displacement of only 3.5 u at the sensor, or 70 u
at the image with 20x demagnification. Therefore, much greater
significance became attached to the relatively small differences
in the SAVW frequencies which identify the spatial frequency
origins of the two sensors. It became necessary to measure
these frequencies accurately so the alignment program could use
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them to measure the phase of each sensor at its transform
origin, These phases were then applied as corrections to the ;
phases measured at other points in the spatial frequency |
domain, since theoretically the phase of the transform at the 1
origin should be zero for any real image.

Even after these refinements were incorporated into the
software, the alignment accuracy was not satisfying. Errors i
in translation were typically 0.2 mm and rotational errors

were typically 0.3 degree. Although the delivery date specified
in the contract was very close, we felt that better performance
could and should be obtained. Therefore we decided to ask for

a 90-day extension to the contract at no additional cost to

the government.

In this request for an extension we proposed changes in
the wording of the work statement so that the required alignment
accuracy would be quantified. In addition, we suggested that

image correlation be computed from the respective transforms
rather than presented subjectively by means of the plotter or
graphics display. The contract extension and the changes in 1
wording were granted subsequently. X

In the intervening time several changes were made in order
to increase the signal-to-noise ratio from the sensors and to
reduce or eliminate any suspected source of error, One factor
which had been disturbing was the lack of contrast obtained
with front-lighted opaque images. Several methods of making

image patterns were tried, and even the most seemingly non-

reflective surface tended to scatter back enough light to

result in signals that were less than satisfactory. Therefore

we decided to modify the alignment fixture to include light

boxes so that transparencies could be used. é

In order to get the highest brightness consistent with
reasonable power and heat dissipation levels, fluorescent
lamps were used in the light boxes. Unfortunately, the light

—— e
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output of a fluroescent lamp varies considerably over the
power line cycle, and this variation modulates the sensor
output. This modulation would have introduced a significant
source of error in the data. In order to avoid this error it
became necessary to phase-lock the sensor bias voltage to the
power line frequency and to synchronize the sampling of the
signals with the line frequency also. This procedure averages
a number of samples over a complete cycle of the power line
frequency so that each data point is sampled with the same
apparent light level.

As additional steps to increase the available signal-to-
noise ratio, the f/1.4 lenses originally used on the sensor
modules were replaced by £/0.85 lenses, and the sensor bias
voltage was increased by a factor of 5. Typical signal-to-
noise ratios at that point were of the order of 55 dB for
prominent spatial frequencies.

Further improvements included a re-design of the layout
of the rf distribution circuit board for better isolation and
shielding, and a change in the synchronous sampling subroutine
to interleave the ''real" and "imaginary" samples. Both of
these steps improved the accuracy of the data, particularly
in regard to its phase.

With these improvements the alignment accuracy of the
system exceeded the specification in the contract as modified,
and it was delivered to ETL on schedule.

In order to compensate in some way for the extra time
required to complete the system, a feature was added to the
graphics display which portrays the motion of the test image
as alignment progresses.

There is little to present in the way of study results on
this contract since most of the work has dealt with hardware
design and its practical problems. The exception to this is
the development of the alignment algorithm, which is presented
in Section III.
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VII. CONCLUSIONS

The Image Alignment and Correlation System has demonstrated
the application of DEFT technology to the problem of aligning
two identical images in translation and rotation. The system
uses a highly developed image-adaptive algorithm which exploits
the spatial frequency analysis capability of the DEFT sensor.
The alignment accuracy of the system is image dependent, but
with high contrast images having prominent spatial frequency
features, the accuracy approaches the resolution of the trans-
lation and rotation stages. The accuracy is limited by the
signal-to-noise ratio of the image's spatial frequency components
and by mismatch between the two sensors. However, the alignment
algorithm makes corrections for these differences wherever
possible,

In the course of developing this system, new information
has been obtained regarding the use of an ac bias with the DEFT
sensor, and on circuitry for processing the sensor's output
signal coherently, This information has advanced the state
of the art in DEFT applications, and will be of value to any
related future development.

The alignment algorithm, its implementation in software,
and particularly its refinement to suit the characteristics of
the sensor, also represent a significant achievement in the
application of DEFT technology. Especially noteworthy are the
image-adaptive properties of that part of the program which
selects the most useful spatial frequency data from the image.

The use of the method of least squares to provide translation
offset estimates is sufficiently general so that alignment of
rather arbitrary images should be possible when more sensitive
DEFT sensors become available,

This system has shown that the spatial frequency information
provided by the DEFT sensor can be used to actually perform a
function, as well as being made available for interpretation
and analysis.
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VIII. RECOMMENDATIONS

The Image Alignment and Correlation System is most in need
of improvement in the areas of operating speed and image
dependence. Speed of execution was not a primary consideration
in the design of the system, and it would have been impossible
to assess this factor accurately prior to the development of
the alignment algorithm. However, now that the system is complete
and some experience has been gained with it, a reduction in
execution times clearly would be a desirable improvement.

Speed of execution is limited primarily by the phase-locked
loop frequency synthesiZzers in the system, which require about
30 ms for settling after a frequency change in commanded.
Modifying the synthesizers to reduce their settling time by a
factor of 10 would make a significant improvement in the operating
speed of the system. There are probably areas of software which
could be improved in regard to execution times. However, in the
absense of a dc-powered light source, the need for data sampling
which is synchronous with the ac line frequency puts a lower
limit of about 16 ms on the time required for each signal sample.
This factor alone accounts for 13% of the execution time for
the image correlation function, for example.

The dependence of the system on particular types of images
is based on the sensitivity of the DEFT sensors. Higher sensor
output would allow operation with images having lower contrast
or less prominent spatial frequency features. When improved
sensors become available, they could be considered for retrofit
into the system, and modifications to reduce execution times

could be made concurrently.




AD=A091 840 DEFT LABS INC EAST SYRACUSE NY
IMAGE ALIGNMENT AND CORRELATION SYSTEM. (U}
JUL 80 S E CRALG» A L MOY
UNCLASS!FIED OIOI'AOOZ ETL=-0237

F/6 9/2
DAAK70-78-C-0217




L
-

i B2s
s 1
T
i

Mlh

EEE

-
il=

B

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




IX. REFERENCES

1, J. W. Goodman, Introduction to Fourier Optics, McGraw-Hill
1968, chap. 2.

2. D. L. Kreider, et al., An Introduction to Linear Analysis,
Addison-Wesley, 1966, chap. 7.

3. D. J. Luenberger, Introduction to Linear and Nonlinear
Programming, Addison-Wesley, 1973, chap. 7.

4, J. E. Volder, "The Cordic Trigonometric Computing Technique,"
IRE Trans. Comp. Sept. 1959, pp. 330-334,

5. D. J. Wilde, Optimum Seeking Methods, Prentice-Hall Inc.
1964,

6. A. Papoulis, Probability, Random Variables and Stochastic
Processes, McGraw-Hill, 1965, chap. 7.

7. D. G. Luenberger, Optimization by Vector Space Methods,
John Wiley and Sons Inc., 1969, chap. 2.




X. BIBLIOGRAPHY

1. Kowel, S.T. et al, DEFT: Advanced Structures and
Agglications, Report No. TR-79-12, Dept. of Electrical

an omputer Engineering, Syracuse University, Syracuse,

N.Y., Prepared for US Army Night Vision Laboratory, Fort

Belvoir, VA 22060, Grant No. DAAG53-76-C-0162, 30 June 1979.

2. Kowel, S.T. et al, Two-Dimensional Direct Electronic
Fourier Transform (DEFT) Devices - Analysis, Fabrication
and Evaluation, Report No. TR-77-5, Dept. of Electrical

and Computer Engineering, Syracuse University, Syracuse,
N.Y., June 1977.

3. Kornreich, P.G. et al, "DEFT: Direct Electronic Fourier
Transforms of Optical Images", Proc. IEEE, Vol. 62, August
1974, pp. 1072-1087.

-88-




APPENDIX A

This section shows schematic diagrams for the various
units described in Section II.

Unit Page
RF Distribution PC Board A=-2
DEFT Sensor Module A-4
Bias Generator PC Board A-6
Synchronous Detector PC Board A-8
RTI-1220 Buffer Board A-9
System Wiring Diagram A-10
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: APPENDIX B

This section contains listings of all of the software
furnished with the Image Alignment and Correlation System
except for that purchased from Wintek Corp. All addresses and
opcodes are hexadecimal. In the operand column of the state-
ments, the following symbols are used:

Hexadecimal Prefix
Binary Prefix
Hexadecimal Postfix
Decimal Postfix
Binary Postfix

3 W O X R &

Denotes Immediate Addressing Mode

R o TR, PP O e T




CORRELATION COEFFICIENT
e T T T T T T T T T T SUBROUTINE "CORRELATION COEFFICIENT
- x SCANS TRANSFORMS AND COMFUTES THEIR
o X COMPLEX CORRELATION COEFFICIENT
1800 ST T T T oR6TTTT $1800 l )
1800 TEMF1 RME 1
1801 TEMF2 RMR 1
1802 TEMF3  RMB 1
1803 TEMFP4  RMR 1
3 1804 TEMPS  RME 1
‘ 1805 T T TYEMFS T RNE T Y T T T m -
1806 RCD1 RMR 1
. 1807 ECD2 RMR 1
v " 1808 ‘ CTR  RME 1
« 1809 CTR1 RMEB 1
b, 1824 = ORG %1824
! 1824 COR1 RMB 1
| 1825 COR2 RMR 1
L1826 COR3 RMB 1 IMAG o
- i827 COR4 RMB 3 T
182A COR® RMB 1 THETA
| 182B _____COR10  RMB | o S
182C b1 RMR 1
182D J RMR 1
182k ~  ID  RMB 1
: 182F Jn RME 1
1830 uI1 RMR 1
. 183  UI2 ~ RMB 1 - _
1832 vl RME i
1833 vJ2 RME 1
1834 MODE RMB 1
] 1835 ‘ " DTIME RMR 1
1 1836 JSTART RMR 1
1837 BDRY RMB 1 e
1638 BORYD ~ RMB™ 1T T T T
1839 NBORY  RMB 1
183A RDRYFT RMR 1
1838 7 TUTFIRST RMB 1
183C SENSOR RMR 1
183D NSAMP RME 1 i
T183E T T T T T LO6B8T T RME 1 - o
187A ORG $187A
187A VF RMR 4 .
1876 777 TTuP”T T RMBT T 47 Tt o T T m T
1882 uv RMB 4
18864 w RMB 4 i L
18647 " T WU T RMB T 40 7 Tmmm i
1856 CFLAG EQU $1856
1857 CCFLAG EQU $1857
1E40° ~~ ~7 ARRAY EQU $1E40
BR4B PULLA EQU $BR48
BRSE PUSH44 EQU $RESBE R
KRB4 T FUSHA1 EQU™ $ERR4™ T T 77T
BED1 PUSH42 EQU $RED1
B9AO DELAY1 EQU $R9A0
BR17 T T T BISBCD EQU $RB17
BEF 4 TUNE EQuU $REF4
___BCOD RDDEFT EQU $BCOD
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CURKELATION COEFFICIENT

8000 MATH EQU $8000
RODG CORDIC EQU $EDDG
- EDOO . _ LEDBFR _EQU  _SEDOO
ED2F DISFTR EQU $SED2F
AR6S FIXSGN EQU $AKR6S
AEF7 CORCRT EQU $AEF7
X
A000 ORG $A000
A000 86 01  CORMAG LDAA  #1 = MAGNITUDE CORRELATION
A002 B7 18 56 STAA CFLAG
A0OS 20 03 RRA CR1
A0O07 7F 18 56 CORCOM CLR CFLAG COMFLEX CORRELATION
B AOOA CE 00 00 CR1 LDX $0
AOOD' RF 18 00 STS TEMF1
_____A010 BE 1E 6F LDS #ARRAY+47D L
A013 aF CLRA Tormr e e o -
A014 36 CR2 PSHA
TTTTTTTAGIS T 08 T T INX o
AO146 8C 00 30 CPX $48D
_A019 26 F? BNE CR2 o L
AO1R RE 18 00 LDS TEMF1
AOLIE 7F 18 57 CLR CCFLAG
A021 CE 39 26 DX $$3926
A024 FF 18 30 - 8TX T U1y T
A027 CE 30 52 LDX #$3052
_ __A02A FF 18 32 STX vJ1 o
T T AO2D RD BB F4 TTTIJSR TUNE
A030 CE 01 00 LDX $$0100
____A033 FF 18 3@ STX NSAMP
A034 86 0A LDAA #3A -
A038 R7 18 35 STAA DTIME
___AO3R_ BD B9 A0 JSR DELAY1 , L
AO3E 86 FF CR3 LDAA #$FF T oo
A040 BRB7 18 3C STAA SENSOR
A043 RD RC OD JSR RDODEFT REF
i T A044 TFETI8 24T TTTTTLODX T UTEeORLTTTT T T B
A049 FF 18 8A STX uu
A04C  FE 18 26 LDX COR3
AO4F FF 18 8C STX uu¥2 - o
A0S2 BD BC OD JSR RDDEFT REF AGAIN
A0OS55 CE 18 30 LDX #UI1L
N T A0S8 T A6 01 LDAA 1eX7 OFFSET FREQ -
A0OS5A B8R 91 ADDA #$91
~___A0SC_ 19 DAA
A0SH a7 01~ T TTTTTTTSTRATT 1y T —— o 4o om0 o
AOSF A& 00 LDAA 0rX
__AD61 B89 99 ADCA #$99
AO4T 19— T S TURAR -
A064 A7 00 STAA 0sX
. A0L6 A6 03 LDAA 3 X
7T TTTADEE T BR 95 0 ADDA™ #4995 ) T
AOLA 19 DAA
_.A0sB A7 03 __8TAA  3IyXx )
AO4D Aé 02 LDAA 22X :
1
AOGF 89 99 ADCA 4899
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(.ORRELATION COEFFICIENT

" A071 19 T DAA
A072 A7 02 STAA 29X
A074 BD BB F4 JSR ~ TUNE e
A077 7D 18 Sé TST CFLAG
AO7A 27 03 FEQ CR4
AO7C BD AS 64E JSR CRDIC
AO7F FE 18 24 CR4 LDX COR1
A0B82 FF 18 86 STX W
AOBS FE 1826 =~ LDX  COR3 e
A0B8 FF 18 88 TTETXT T UV42
AOBB SF CLRB
AOBC 4F CLRA
AOBD FO 18 27 SUBR ~ COR4
A0%0 K2 18 26 SRCA COR3
A093 B7 18 26 STAA COR3 B o
A096 F7 18 27 STAR COR4
A099 BD A4 2D JSR CMULT
AOSC CE 18 24 LDX #COR1 e
AO9F 7F 18 00 CLR  ~~TEMPY T
AOA2 BD A3 Fé JSR ACCUM REF
AOAS CE 18 86 LDX WV L
A0AB 86 20 - LDAA ¥32D
AOAA FE7 18 00 STAA TEMP1
AOAD BD AS 3aA JSR ACCUMI REF MEAN
T TAORO 84 01 LDAA %y o/
AOR2 BR7 18 3C STAA SENSOR
AOBS 86 04 LDAA 4
TTTTTAOR7  BR7 18 35 S5TAA OTIME
AOBA ED B9 A0 JSR DELAY1
AOBD ED BC OD JSR RDDEFT ALIGN B
TAOCOT FE 1824 7 7T T DX " COR1 o n
AOC3 FF 18 8A STX uu
AOCé FE 18 26 LDX COR3 o
“"AOC9 FF 18 8C STX Uu+2 -
AOCC BD BC OD JSR RDDEFT ALIGN MEAN
AOCF BD A4 Dé JSR INDEX2 NEW FREQ
"AOD2 BD BR F4 ~ T T TYSRTTTTTTUNE T T - T T T
AODS 7D 18 56 TST CFLAG
AOD8 27 03 BEQ CRS
" AOI'A “BU AS &E JSKR CRDIC -
AORD FE 18 24 CRS LDX COR1
AOEO0 FF 18 82 STX uv
AOE3 " 'SF “CLRB T T
AOE4 4F CLRA
AOES FO 18 27 SUBB COR4
T AOES TBZT18 286 T T SRCA  TOR3 T
AOER B7 18 26 STAA COR3
AOEE F7 18 27 STAB COR4A
AOF1 R7718 84 STAA uv+2
AOF4 F7 18 85 STAB UV+3
AOF7 BD A4 2D JSR CMULT ~
" AOFA" "CE™18B™ 23 LDX ¥COR1 ~
AOFD 86 08 LDAA 8
AOFF B7 18 00 STAA TEMPY i
"A10Z BD A3 F& T T T T T USRT T ACCUM ALIGN ~ °
A10S CE 18 82 LDX suV
A108 86 28 LDAA #40D
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CORRELATION COEFFICIENT g
‘ ;
" A10A B7 18 00 STAA TEMP1 i
A10D BD AS 3A JSR ACCUM1 ALIGN AGAIN 4
) _..A110 FE 1882 = LDX ULV E
A113 FF 18 24 STX COR1 3
A116 FE 18 84 LDX uv+2 i
A119 FF 18 26 STX COR3 8
A11C FE 18 86 LDX w s
A11F FF 18 €A STX uu 1
. - A122 FE 18 88 LDX _ VV+2 L . . E
1 Al25 FF 18 8C STX uu+2
? A128 BD A4 2D JSR CMULT
A12R CE 18 24 LDX #COR1 ¢
A12E 86 10 ’ LDAA #16D .
A130 B7 18 00 STAA TEMP1 ¢
A133 BD A3 Fé JSR ACCUM CROSS: REAL B
Al13s CE 18 8A LDX #UU Tt T
A139 86 18 LDAA 424D i
______A13B B7 18 00 STAA TEMP1 S r
“AI3E FD A3 Fé6 JSR ACCUM CROSS: IMAG T ;
Al141 7D 18 57 TST CCFLAG £
o A144 26 03 BNE CRé i
A146 7E A0 3E JMFP CR3 4
A149 CE 1E 44 CRé LDX #ARRAY+4 FINISHED SCANNING g
A14C 4F V  CLRA o i
ATAD ED BR SE ° JSR T T PUSHA44 N 1
A150 86 0S5 LDAA 5 £
A152 B7 18 35 STAA DTIME
A1SS CE 10 04 DX $$1004 T
A158 FF 18 3D STX NSAMP :
A1SBE CE 1E 40 LDX $ARRAY t
TUTTAISE T4F T T 7T T T CLRA ’ §
A1S5F BD BR 8E JSR PUSH44 i
A162 7F 18 00 CLR TEMPL _ - i
A145 BD A5 9C JSR MEAN T Tty T !
A168 CE 1E 4C LDX $ARRAY+12D
A16B AF CLRA
T U TTAT4CT TBD BRBE ‘ JSR ™ T UPUSHA4” T T T T T T
A16F CE 1E 48 LDX #ARRAY 48
A172 4F CLRA L
A173 BO RR BE JOR “TPUSH44 T “ )
A176 86 08 LDAA +8
A178 R7 18 00 STAA TEMP1
T TAI7B BDAS 9C T T T T T TUSRT ‘MEAN o T
A17E 86 01 LDAA 1
A180 BRD 80 00 JSR MATH DENOMINATOR SQUARED
; TTTA183 T CETIB AT T T T T U RVPT T T T TTTUFINDT SQUARETROOT T T T
| A186 4F CLRA
- A187 ED BR 68 JSR PULLA
= " TA1B8A "CE 18 7€ L Lbx SUP
| A18D 4F CLRA
A18E BD ER 48 JSR PULLA VP,UP=DEN SQ L
CTTTTALRITT O FETIE AT TTTUTTTEDXR T TR T T T T COPY o ;
A194 FF 18 82 STX uv
A197 FE 18 7C LDX VP42
T TTTAISATRRIR 8 T TSI T TTUve2 0 o T o mmm e e
A19D FE 18 7E LDX up :
A1A0 FF 18 86 STX w !
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CORRELATION COEFFICIENT !
’
“A1A3 T FET187807 "LDX 1] :
AlA4 FF 18 88 STX VU+2 :
A1A9 Bé 18 89 LDAA  VV+3 EXP :
TALIACT 37 ASRA- T T e ;
, A1AD B7 18 89 CR7 STAA  UVU4+3 UVsUU=INITIAL ITERATE )
‘ A1BO 86 OA LDAA  #10D .
""A1R2 B? 18 00 STAA  TEMP1 i
ALBS CE 18 7E CRS LDX sUP ITERATE .
; A1B8 4F CLRA
"T"TA1B9 "BD BE BE JSR FUSHA4 o
' AIRC CE 18 74 LDX #Up
ALBF 4F CLRA
AICO BD BE BE ~  ~ TJUSR PUSHA4 - ) ,
| AIC3 CE 18 86 LDX Y :
1l ALCS  4F CLRA o ‘
! A1C7 ED BE BE JSR FUSHA4 :
‘ A1CA CE 18 82 LDX Y »
. ALICD 4F CLRA | o y
" TAICE BD BF 8E JSR FUSHAA T :
A1D1 86 02 LDAA &2 '
' A1D3  BD 80 00 JSR MATH X=(DEN $@)/ITERATE L ;
$ A1D6 CE 18 86 LDX #V {
ALD9  4F CLRA f
. A1DA BRD BR SE JSR PUSHA44 ;
T TTAIDD T CETI87827 T T LDX T MUY T oo Tt e §
r ALIEO 4F CLRA g
| ALIE1 BD BB BE JSR PUSH44
| AlE4 B6 06 LDAA 96 !
: ALE6 BD 80 00 JSR MATH X=X+ITERATE
| AE9 30 . TSX _ o o
ALEA "8A 07 T DECT T 7sX X=0.5X 3
ALEC CE 18 82 LDX UV g
ALEF _4F CLRA K
AIFO BD BE &8 JSR FULLA4 [
ALF3 CE 18 86 LDX vy o
ALFé  4F CLRA o {
T UAIF7 B BB &8 T TTUSR T PULLA T T TUVYVWU=NEW ITERATE ;
AIFA 7A 18 00 DEC TEMP1 !
ALFD 26 Bé BNE CRS g
TALFF T CETIETSH LOX $ARRAYF 20D SQUARE ROOT DONE ™~ j
A202 4AF CLRA :
A203 BD BB BE JSR FUSHA4 S
7 T A206 CE 1E'SO DX  ~ #ARRAYH#IED T T ' :
A209 4F CLRA
A20A BD BB BE JSR PUSHA4 CROSS: REAL
T TAZ0D AF CLRA i
A20E BD BB B4 JSR PUSHA1
A211 CE 1E 60 LDX #ARRAY+32D !
A214 4F T T CLRA T T T T “ :
A215 BD BB BE JSR PUSHA4 A .
| A218 86 07 LDAA 47 L
[ " "AZIAT BD 80 00 JSR “MATH T ! g
A21D 4F CLRA Eooy
A21E  BD BB B4 JSR PUSHA1 v
L A22T CET1E 48 T T T LDX T T #ARRAY+40D T !
* A224 4F CLRA
{ __A225 BD BB GE JSR PUSH44 __c
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CORRELATION COEFFICIENT

A228 86 07 LDAA 7
A22A BD 80 00 JSR MATH
. ..A22D 86 01 _ __ LDAA  #1 e
A22F BRD 80 00 JSR MATH AC
A232 4F CLRA
'A233 KD BR B4 JSR PUSHA41
A236 CE 1E 644 LDX #ARRAY+34D
A239 4F CLRA
... . A23A BD BB BE = JSR FUSH44 === B ) o
A23D 86 07 LDAA $7 T
A23F ED 80 00 JSR MATH
_ A242 4F CLRA
"A243 ED BE B4 " JSR T PUSHA1 ) i
A246 CE 1E 6C LDX #ARRAY+44D
A249 4F L CLRA ‘
AZ24A BD BB BE JSR FUSH44 D
A24D 86 07 LDAA . ¥4
~ A24F BD 80 00 JSR MATH o
A252 86 01 LDAA #1
A254 BD 80 00 JSR MATH BD
N A257 86 05 LDpAA $5
A259 FD 80 00 JSR MATH AC-RD
A25C 86 05 LDAA 35
A2SE BD 80 00 JSR MATH )
" A261 CEi8 86 LDX g T oo
A264 4F CLRA
A265 BD BB BE _____JsR PUSHA44
A268 CE 18 82 LDX FUU
A26B  AF CLRA
N A26C BD BB 8E JSR FUSHA44
A26F 86 02 T LDAA  #2 ' T o
A271 BD 80 00 JSR MATH REAL/DEN
A274 CE 18 7A LDX $VP
AZ77 4F CLRA
A278 BD BB 48 JSR FULLA4
~ _A27BR CE 18 7E LDX $UP o . L
A27€E 4F CLRA
A27F BD BB 648 JSR PULLA4 VPyUF=REAL FPN
_A282 CE 1E SC LDX #ARRAY+28D
A285 4F CLRA
A286 BD BB BE JSR PUSH44
__ __A289 CE 1E 58 LOX  #ARRAY+24D o
TA28CT AF T 7T T TTCLRA Tt T T
A28D BD RB 8E JSR PUSH44 CROSS: IMAG
_ A290 4F CLRA
"A291 BD PR B4 JSR FUSHA1L
A294 CE 1E 40 LDX #ARRAY+32D |
A297 4AF CLRA '
" A298 BD BB BE T JSR PUSH44 A
3 A29R 86 07 LDAA 7 i
! _A29D BD 80 00 JSR MATH {3
: “TAZA0 TAF CCRA— ™ o T
A2A1 BD BR R4 JSR PUSHAL Col
A2A4 CE 1E 6C_- LDX _ #ARRAY+4aD _
A2A7 4F CLRA Lo
A2A8 BD BB BE JSR PUSH44 D ¢
__A2AB 86 07 __LDAA 47 o
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CURRELATION COEFFICIENT
1 T
£ A2AD BD 80 00 JSR MATH
a A2BO 86 01 LDAA #1
'l A2B2 BD 80 00 JSR MATH AD o )
A2BS aF CLRA
A2Bé BD BR B4 JSR PUSH41
__A2B9 CE 1E 64 . LDX $ARRAY+34D
A2BC 4F ~ T CLRA
A2BD BD BP SE JSR PUSH44 B
A2C0 84 07 LDAA *7
» A2C2 BD 80 00 JSR MATH )
E A2CS 4F CLRA
| _ A2C6 BD BB B4 JSR PUSH41
"7 A2C9 CET1E 48 LDX” ~ #ARRAY+40D -
A2CC 4F CLRA
A2CD BD BB SE JSR PUSH44 c B
A200 86 07 LDAA 57
A2D2 BD 80 00 JSR MATH
1 A2D5 86 01 LDAA 21 e
A207 BD 80 00 JSR MATH BC '
A2DA 86 06 LDAA 26
B A2DC BD 80 00 JSR MATH AD+BC ) o
A2DF 86 05 LDAA 5
A2E1 RD 80 00 JSR MATH
A2E4 CE 18 86 LDX UV
- napr— AR OLRE — e e
A2E8 BD BB BE JSR PUSH44
: A2EB CE 18 82 LDX $#UV
T TA2EE T AF CLRA
1 A2EF BD BB BE JSR PUSH44
A2F2 86 02 LDAA $2
[ @a2Fa BD 8000~ T TTTUSK MATH T IMAG/DEN 7
A2F7 CE 18 82 LDX UV
A2FA 4F CLRA
ASFE BD BB 68 JSK FULLA
: A2FE CE 18 86 LDX VY
[ A301 4F CLRA -
TTTA302 BD BB 88 JSK PULL# UVFVVEINAG FPN™ — 7
: A305 Fé 18 81 LDAB UP+3 FLOAT TO FIX REAL
; A308 50 NEGB
i~ A309 CE 18 7A LDYX #UF
? A30C SD CR? TSTB
A30D 27 OD BEQ CR10
8~ T A3OF A& 00 LDAA —0sX - T
A311 47 ASRA
A312 A7 00 STAA 0rX
T ASTA A& 01 LDAA X T
A316 46 RORA
A317 A7 o1 STAA 19X
CAZ19TSAT T T TpgepT T T T T T
A31A 20 FO BRA CR®
A31C Fé 18 89 CR10 LDAB W43 FLOAT TO FIX IMAG
TTTTTA3ZIF TS50 NEGE — T
A320 CE 18 82 LDX UV |
A323 SD CR11 TSTB g
""" A323 37 0D TTTBEGT TTCR12T T T T T T
A326 Aé 00 LDAA 0rX
A328 47 ASRA L




~ORRELATION COEFFICIENT

A329 A7 00 STAA 0y X
A32B A6 01 LDAA 1sX
__A32D 46 i RORA L
A32E A7 O1 STAA 1sX
A330 SA DECR
A331 20 FO _ _BRA CR11
A333 FE 18 74 CR12 LDX VP b
A336 FF 18 24 STX COR1 2
. _A339 FE 18 B2 LDX w _ _
A33C FF 18 26 STX COR3 1
; A33F 7F 18 24 CLR COR?9 "
i ... . A342 7F 18 2B CLR__ COR10 :
: A345 'BD BD Dé JSR CORDIC L
A348 FE 18 24 LDX COR1 i
____A34B_FF 18 00 STX TEMF1 {
‘ A332E 7F 18 02 CLR TEMF3 :
1 A351 7F 18 03 CLR TEMP4 7
A354 CE 18 00 LDX $TEMP1 .
A357 4F CLRA J
A358 RD BR BE JSR FPUSHA44 :
~ A3SB 86 SA LDAA £$5A o 4
A3SD 364 PSHA !
A3SE 86 59 LDAA 2459
A360 36 . _ PSHA
i A361 86 Oi LDAA 21
A363 36 FSHA :
__A364 4A DECA o
A365 38 FPSHA SF=.41169%65536%32768/10000
A366 86 09 LDAA 29
__A368 BD B0 00  JUSR MATH o SCALE MAG ~
A36R CE 18 00 LDX $TEMP1
A36E 4F CLRA
E A36F BD BB 68 JSR PULLA e
4372 BD BB 17 JSR BISECD :
A37S FE 18 06 LDX BCD1 ?
A378 FF 18 24 STX COR1 MAG IN BCD
T TTTA37B TFE 18°2A LDX " "COR9 T T i
\ A37E FF 18 00 STX TEMP1 1
] A381 7F 18 02 CLR TEMP3 i
TUUA384 T2F 18 03 CLR TEMPA T
A387 CE 18 00 LDX $TEMP1 a
A38A AF CLRA .
T A3BE RD BB BE T T USR T T TPUSH4A T 0 T 0 T T e mee 4
A3BE B& 56 LDAA #9$56
A390 36 PSHA
T ABSL BE T34 LUAA #8634 T T T -
A393 36 FSHA s
A394 86 12 LDAA $$12
T TTA3SE T3S T T T T U PSHA T -
A397 4F CLRA
A398 36 PSHA SF=32768%65536/1800 :
[T T A399 B4 09 e LDAATT R T T T - :
1 A39B BD 80 00 JSR MATH SCALE FHASE L
1 A39E CE 18 00 LDX ¢TEMP1 R
Q“'”“"uzﬁr“”4r - CLRA™ ™~ -~ T mmem s s = t'
) A3A2 BD BB 48 JSR PULLA
A3AS B6 18 00 LDAA TEMP1

. B-9




CORRELATION COEFFICIENT L ‘
k
"TA3A8 B7 18 2A STAA ~ CORY
A3AB 2A OE RPL CR13
A3AD 4F CLRA ;
A3AE SF CLRB
A3AF FO 18 03 SURE TEMF4 E
A3B2 ER2 18 02 SECA TEMP3
A3RS B7 18 02 STAA TEMFP3 ' g
AZR8 F7 18 03 STAR TEMPA
A3RB BRD BR 17 CR13 JSR RISBCD
T A3RE CFE 18 64 T T TLpxXT T U TrEnd T Ty e
A3C1 FF 18 26 STX COR3 FHASE IN ECD (DEG)
A3C4 7D 18 2A TST COR9
A3C7 2A 01 BPL " CORIDSP
A3C9 OD SEC
______A3cA 07 CORDSP TFPA N N L .
A3CR 36 FSHA SAVE SIGN ;
A3CC 86 0A LDAA $10 5
A3CE B7 ED 30 STAA DISFTR+1 L v
A3D1 CE 18 24 DX #COR1+2 T T ¥
A3D4 86 10 LDAA #¢$10 i
_ A3D6 8D 16 BSR CORDS1 FOR ANGLE ] 3
A3D8 86 03 LDAA #3 ]
A3DA R7 ED 30 STAA DISFTR+1
A3DD CE 18 24 LDX #COR1
A3E0 86 FF LDAA $S$FF o T T T e e
A3E2 8D 0A RSR CORDS1 FOR MAGNITUDE
A3E4 86 O1 LDAA #1 TO MAKE "0.°
A3E4A B7 ED 03 T 8TAA LEDRFR+3 )
A3E9 32 FULA
A3EA 06 TAP
v A3SER  7E AE F7 ~ 7 77 "UMP~  CORCRT WRITE TO CRT — —~ — — 7 °
A3EE 36 CORDS1 FSHA
______A3ZEF A& 00 LDAA 0rX o
A3F1T Eé o1 LDAFR 17X
A3F3 7E AB 46 G1 JMP FIXSGN
x
_ — — e
% SUBROUTINE ACCUM
) X ACCUMULATES PARTIAL FRODUCTS
TA3F6 T AF ACCUM  CLRA T
A3F? BRD BR R4 JSR PUSHAL
A3FA 4F CLRA
) " A3FB T BD BR BE TTTTUSKT T PUSHA4 e T mTerrT o
A3FE 86 07 LDAA 47
A400 BD 80 00 JSR MATH NFPN
T T A403T CETIE A3 LY “#ARRAY+4 .
A406 B6 18 00 LDAA TEMPL !
; A409 BD BB SE JSR PUSH44
- A40C  CE 1E 40 TLDXT T #ARRAY T T
, A40F Bé 18 00 LDAA TEMP1
[ _ _h412 BD BB SE JSR PUSHA 4 N
| A41S 84 04 LHAA 73
“W A417? BED 80 00 JSR MATH ADD
3 A41A CE 1E 40 LDX  #ARRAY
is A41D Bé 18 00 LDAA TEMP1 - ;
g | A420 BD BB 48 JSR PULLA
. ___A423 CE 1E 44 LDX #ARRAY +4
B-10




! CORRELATION COEFFICIENT

| TTA426 "B 18 00 LDAA ~ TEMF1
A429 BD BB 68 JSR PULLA
. _A42C 39 _ RTS e
X
X
L X _ SUBROUTINE CMULT
* DOES COMPLEX MULTIPLY
X (COR1»COR2+JCOR3» CORA) % (UU» UUH1+JUU+2 1 UU+3)
. ___ ... % RETURNS REAL IN COR1 TO COR47 INAG IN UU_TO UU+3
A420 TF4 18725 CMULT LDAB  COR2
A430 Bé 18 24 LDAA  COR1 A
A433 EBD BB D1 JSR PUSH42
A436 F6 18 27 "LDAB  COR4
A439 Bé 18 26 LDAA  COR3 B
A43C__ED BB DI JSR __ FUSHA2
AA3F 84 OC LDAA #1200
A441 ED B8O 00 JSR MATH A-K
_ A444 F6 18 BE LDAB  UU+1
A447 B6 18 BA LOAA  UU C
A44A BD BB D1 JSR PUSH42
) A44D F6 18 8D LDAB _ UU+3
A450 B6 18 BC LOAA  UU+2 I
A453 BD ER D1 JSR FUSH42
A456 B OB LDAA  #11L
"A458 BD B0 60 ° JSR T MATH T 4D
ASSE 86 OA LDAA  #10D
_ AASD__BD 80 00 JSR MATH (A-B) X (CHD)
A360  F6 18 25 LOAE  COR2
A463 B6 18 24 LbAA  COR1
A466 BD BE D1 JSR FUSHA2
A469 F6 188D LDAB T UU43 T
A46C B6 18 8C LDAA  UU+2
A46F BD BB D1 JSR PUSHA42 _
A472 86 OA LDAA  #100
A474 BD 80 00 JSR MATH AD
__A477 CE 18 74 LDX $UF
O TA47ATAF CLRA T T
A47B BD BB 68 JSR PULL4
___AA7E_Fé 18 27 LDAE ___ CORA
"A4B1 THE 18725 LOAA  COR3
A484 BD BB D1 JSR PUSHA2
__ _A4B7 F6 18 BB LDAE  UU+1
A4BA" 'B6 18'8A4 T~ LDAA LU
A48D KD BB Di JSR PUSHA2
] A490 86 OA LDAA _ #10D
- A492 “BD 80 00 JSK MATH TUTECTTTTTT T -
A495 CE 18 7E LDX $UP
A498  AF CLRA
" T A499 BD BB 887 JSR~  PULL4
A49C CE 18 7E LDX sUP
| AA9F  4aF CLRA
T A4A0 BD BE BE ISR T FUSHAA T — T
} A4A3 CE 18 7A LDX $UP
A4AS6  4F CLRA
T TTTABAY TBD BETEE T USR T T PUSHA4 T
A4AA 86 OB LDAA  #11D
___A4AC _BD 80 00 JSR MATH ___ IMAG=AD4BC
. B-11

AR I

o AR

TR "
EARSL U A e



CORRELATION COEFFICIENT

"TTA4AFT CET1878A” LDX 11,1 R - -
A4B2 4F CLRA
A4B3 EBD BE 68 JSR FULL4
T T AqBE BETIBTE T TTTUUTLNXTTTTC BUP T T -
A4B9 4F CLRA
A4BA BD BB BE JSR PUSHA44
A4BD CE 18 7A LDX VP
A4CO 4F CLRA
- A4C1 BD BB SE JSR PUSHA44
T TARCA T8 0C — T TLIAA T #1200 -
5 A4C6 ED 80 00 JSR MATH EC-AD
‘ A4C® B84 OR LIAA $11D
- "AACR BD 80 00 ~~  ~ JSR MATH REAL=(A-B)X(C+D) + (RC~-AL)
; A4ACE CE 18 24 LDX $COR1
A4D1 4F CLRA -
T T T AAbY RO BE 88 J5K FULCLA
A4D5 39 RTS
X
X _ .
x SUBROUTINE INDEX2
X INCREMENTS FREQUENCIES
I A4Dé CE 18 30 INOEXZ LDX FUTT OFFSET FREQ —
A4D® A6 01 LDAA 15X
A4DR B8R 09 ADDA $9
 TTTTAQDD AT T T T T pAAT T T T T T e
AADE A7 O1 STAA 15X
A4E0 Aé 00 LDAA 0rX
T AAER T THY 00 ALCA €0
A4E4 19 DAA
A4ES A7 00 STAA 0rX
TRAAETTAS 03T T T TULHAA T 3eX - - T
A4E9 8B 05 ADDA $5
AJER 19 DAA
TTTRAET T A7 03 STAA I X -
A4EE Aé 02 LDAA 2, X
A4FO 89 00 ADCA $0
T AAF2TT19 DAR R
A4AF3 A7 02 STAA 2¢X
A4AF5 A6 01 LDAA 1,X INC UI 100 KH
"A4AF7 "BR 90 ALLIA E 134 -
A4AF9 19 DAA
A4FA A7 01 STAA 15X
A4AFC AS 00 LDAA QX T T T T e e
A4FE 89 99 ADCA $$99
AS00 19 DAA
© " ASOT A7 00 STAA o7 X —
AS03 A6 01 LDAA 1,X
ASOS 8B 74 ADDA $$74
- AS07 T L9 T o pAE Tt e =o - -
AS08 Aé 00 LDAA 0rX
ASOA B9 66 ADCA $366
T AS0C T 19 DAR T
ASOD 81 99 CMPA #3899
ASOF 27 01 BEQ 1IEX1
“"ASL1 T 39 RY§~ T T o
AS12 CE 39 26 I1EX1 LDX 33926 RESTORE UI
AS1S FF 18 30 STX UI L
B-12




CORRELATION COEFFICIENT

T TTASS9? B&T18°00 T

TTLDAAT T TEMP1T T

AS18 CE 18 30 LDX *UI1
ASIE Aé 03 LD'AA 3eX INC VJ 100 KHZ
. AS1D 8B 10 i ADDA $$10
‘ ASIF 19 [AA
AS520 A7 03 STAA 3, X
AS22 Aé 02 LDIAA 29X
AS24 B89 00 ADCA $0
AS26 19 DAA
A527 A7 02  STAA  2»X - . L _
AS29 A6 03 LDAA 3 X T T
AS2?R B8R 38 ADDA $$38
AS2D 19 [AA
) AS2E A6 02 LDAA 29X .
AS30 89 43 ALICA 2863
i __AS32 19 [IAA L
r AS33 27 01 REQ IEX2
AS3S 39 RTS
AS36 7C 18 57 IEX2 INC  CCFLAG B
, AS39 39 RTS
; X
o X
f AS3A FF 18 01 ACCUMI STX TEMF2
AS3L 8D 10 ESR ACCUM2
AS3F Ré 18 00 LDIAA TEMF1
AS42 8B 04 " ADDA  #4
AS44 E7 18 00 STAA TEMF1
AS47 FE 18 01 LDX TEMP2
ST T TTTAS44 08 TTTTTTTTTTINX
AS4B 08 INX
: ___AS4C 8D 01 RSR ACCUM2
- ‘AS4E 39 T C " T RTS
X
. AS4F Eé 01 ACCUM2 LDAE 19X
: ASS1 A& 00 LDAA 07X
AS5S3 BDO BE Di JSR FUSH42
AS56 CE 1€ 40 LDX #ARRAY

ASSC BD BE SE JSR PUSH44
ASSF 86 OB LDAA  #11D
“AS61T B 80 00 T JSK T MATH -
AS64 CE 1E 40 LDX $ARRAY
AS67 Bé 18 00 LDAA  TEMP1
TAS6A BDBRE8 T T T JSR PULLA
AS6D 39 RTS
X
e e e e
AS6E 7F 18 2A CRDIC  CLR CORY
AS71 7F 18 2B CLR COR10
" T"AS74 BD BD DS JSR CORDIC
AS77 FE 13 8C LDX uu+2
AS7A  FF 18 26 STX COR3
TTUTTASZDT FE18 247077 TTLDX T CORY T
A580 FF 18 00 STX TEMF1
AS83 FE 18 8A LDX vy
TTTTTTASBS T FFTI8T24 T T T STX T T COR1 T
AS89 FE 18 00 LDX TEMF1
ASEC FF 18 BA STX uu

ACCUM




CORRELATION COEFFICIENT

T ASBF TCET00T00 T TTTTTTTTLDX T T 00 T T T T T
AS92 FF 18 8C STX UU+2
__AS95 FF 18 24 STX COR9
AS98 ED BD D6 =~ JSR  CORDIC B
AS9B 39 RTS
b 4
e e e ) -
AS9C 86 01 MEAN  LDAA  #1
ASPE _B7 18 04 STAA  TEMFS ~
T T ASAL 32 FUCA -
ASA2 B?7 18 02 STAA  TEMF3
ASAS 32 PULA
L T TASAS TB7718°03 T T " STAA" 7 TEMF4 Co
ASA9  4F M1 CLRA
: ASAA BD BB B4 JSR PUSH41 L
ASAD CE 1E 60 LDX FARRAYF32D
ASBO Bé 18 00 LDAA  TEMPI1
ASB3 BD BB BE JSR FUSH44 i i
ASB& 86 07 LDAA &7 ) =
ASE8 BD 80 00 JSR MATH
__ASBB__7A 18 04 DEC TEMPS _
ASFE 2A E9 FFL M1
ASCO 86 01 LDAA 41
) _ASC2  E7 18 04 STAA _ TEMFS _
~"ASCS” BO 80 00 JSR T TMATH REAL SQ
ASC8 4F M2 CLRA
N ASCS BD BB B4 JSR PUSHA41 ) o
ASCC CE 1E 64 LDX FARRAY+36D
ASCF Bé 18 00 LDAA  TEMF1
) ASD2 BD BB BE  JSR  FPUSH44_ o ) ~
ASDS 86 07 (7. S ¥4
ASD7 BD 80 00 JSR MATH
ASDA 74 18 04 DEC TEMFS o
ASDD 2A E9 BFL N2
ASDF 86 01 LDAR  #1
ASE1 BD 80 00 JSR MATH IMAG SQ
TTTTTASER 6608 LUAA — #& T s e
ASE6 BD 80 00 JSR MATH REAL S@ + IM SQ
ASE? 84 05 LDAA 35 B
ASEE BD 80 00 JSR MATH
ASEE B6 18 03 LDAA  TEMF4
ASF1 36 FSHA ' )
T ASF2  Bé 18 02 LhAA "~ TEMPI T T T T T
ASFS 36 PSHA
ASFé 39 RTS
T T TASE7 END o

JTATEMENTS =731

13 " FREE BYTES =389

__NO ERRORS DETECTED
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MORE MEASURE SURROUTINES

1800 "ORG ~ $1800~
1800 TEMP1 RMB 1
1801 TEMF2  RMB 1

18027 7 77 'TEMF3  RME 1
1803 TEMFA4 RME 1
1804 TEMFS  RMB 1

" 1805 TEMP4  RME 1
1806 RCD1 RMR 1
1807 RCD2 RME 1

e V-7 - Y o ¥ S = F - S R

1809 CTR1 RME 1
1812 ORG $1812
1812 - "7 PHASE RMB 2 -
1814 XO0ZERD RME 4
1818 YOZERO RME ‘4

TT181C "TTX1ZERO RME I -7
1820 Y1ZERO RMR 4
1824 COR1 RMB 1 REAL

T TTITIges T T - COR2 RMR™ — 1T T~ T T

1826 COR3 RMB 1 IMAG

1827 COR4 RMB 3
182A COR® RMB 1 THETA T
182K COR10 RMB 1
182C 1 RME 1
i82np J RME 1
182E ID RMBR 1
182F Jn RME 1

1830 T T TTUTTTuIl T TRMERT T 1T T
1831 uIiz2 RMB 1
1832 vJ1 RMR 1
1833 77 T yJ2  TRMB 1 -
1834 MODE RMB 1
1835 DTIME RMB 1

TTTTTT1836 JSTART RME 1 - - -

1837 BDRY RMR 1
1838 EDRYI' RMB 1

1839 7 7 T 'NBRDRY  RMB 1 T - i T h )
183A BDRYPT RMB 1
183K FIRST RMB 1
183C ~ 7 77 T 'SENSOR™ RME 1 -
183D NSAMF  RME 1
183E LOGNS RME 1

" 183F 77 TUTT RCDPTR  RMB T2 - -
1841 L RMR 1
1842 LIMIT RMK 1

1843 T X TTRMBT T 1 - - - -
1844 Y RMB 1
1845 ZERO RME 4

© 7 1849 T T T X1INC  RMB 20" oot -

184ER Y1INC RMB 2
184D NPT RMB 1
184E 7T TTTTTTTTTETACKY T RME i - -
184F STACK2 RME 1
1850 PUSHST RME 1
1851 7T THR11t RMB 1
1852 THR12 RMB 1

1853 THR21 RMRB 1
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MORE MEASURE SUBROUTINES
1854 THR22 RMB 1
1855 HOW RMB 1
1856 _ __IJPTR. RMBR 1 L _ e
1857 IJFTR1 RMB 1
1858 ADRSW RMB 1
- 185% SETUF  RME 1
% 185A FINE RME 1
i 185B K$G RMB 1
_..1.sc 0 KKKK  RME 4 — — L
1840 " CORSE RMB 2
1862 ST RME 2
1844 SAVESF RMB 2
1846 MAX RME 4
184A SUM RME 4
L 1B4E XTRAN RMB 2 e L
1870 YTRAN  RME 2
1872 DELX RME 4
1876 DELY RME 4 e
T187A VP RME 3 -
187 up RME 4
1882 uv RMB 4 L
1886 VY] RME 4
188A uu RMB 4
188E STEFS RMB 2
1890 " ANGLE = RME 2
1892 SMAG RMB 4
1896 SAVEX  RMB 2 . e
TTOTTA8Y8 T T T T T TBAVEY T RMER T 2 T T T T
189A DIRECT RMB 1
1898 DTHR11 RMB 1
T 189C i " DTHR12 RMB 1
189D DTHR21 RMB 1
189E DTHR22 RMB 1 _ L o
T 189F MPLX RME 27 -
18A1 SIGNI RMB 1
18A2 SIGNQ RMB 1 e
T 1843 TSFLAG T RMB 1 T o oo o
18A4 SNFLAG RMB 1
1808 ORG $18D8 L
T Ti8pg T T TTTDELTA  RMB 100
18E2 BCDAR  RMB 5120
1AE2 BDRYLF RMB 5
"1AE7 " BDRYCT RMB S
1AEC S1VF1M RMBR 20D
1B0O S1UPIM RMB 200 o o
1RI4 T 7T U sStuviM RMET T 26p T T o T T
1828 S1ViM  RMR 20D
1B3C S1UIM  RMB 20D
TIBSOT T 7T 107 T RMBT 400D
1CEO PSIMS RMB 400D
1E70 MSIMS RMB 400D o
7T TB000 MATH —EQU $8000 - T
BDD6 CORDIC EQU $BDD6
AE2A SYNDET EQU $AE2A o
EBDT PUSH4Z  EQU ~ T eBRBDI .
BBRéS PULLA EQU $BBR&B
_BCCF _ INDEX EQU sBCCF L
B-16 i




MORE MEASURE SUBROUTINES

.

R9Ré4 "ADDRES  EQU "$E9Bs
RRFA4 TUNE EQU $BEF 4
_B9AO ___DBELAY1 EQU $E9A0 e
RCOD RDDEFT EQU $BCOD T - 0 7
ASF7 ORG $ASF 7
x
ASF7? RD BDn D6 CORD JSR CORDIC
ASFA FE 18 2A LDX COR®
__ASFD _FF 18 00 STX TEMP1
AL00 FE 18 12 LDX FHASE — Tt T
A6L03 FF 18 02 STX TEMF3
AL06 CE 18 00 LDX $TEMP1
" AbL0%  RD A7 4C T USSR T PHASDF
A4OC EE 00 LOX 0sX
___A6OE FF 18 2A STX CTOR9 L
Ab11L 3% RTS -
X
Ab612 08 IXST INX
A613 08 INX T, T - -
Ab14 08 INX
A615 FF 18 3F STX RCDFTR
AG18 39 RTS i
*
A619 Ré6 18 9F CALSDI LDAA MPLX
T A61CT B7 DF F9 T T T STAA T TSDFF9 ]
AS81F CE 18 00 LDX $TEMP2
A422 BD AE 24 JSR SYNDET
TTTTAG2Y 70 18 00 16T TENFT
A428 8D OC BSK SGNSET
A424 B7 18 Al STAA SIGNI
TTAGZD D 18702 T T T TTYIST T TEMPI T - - o
A630 8D 04 BSR SGNSET
A632 B7 18 A2 STAA SIGNQ
A&35 39 RTS
X
A636 24 03 SGNSET BPFL SETPOS
TTTTTTAG38 T 86 FF T T TTTLDAA T #$FFTTT T - -
Ab3A 39 RTS
AL3R 4F SETPOS CLRA
A43C 39 T RTS T
x SUBROUTINE IDEX
x INDEXES ARRAYS

"A&3D FF 18700 "IDEX T OSTXT T T TEMFLITT T

A440 B7 18 02 STAA TEMF3
A643 F7 18 03 STAB TEMF4
TA%3& TB& 18 00 T T T TTLLAAT T TEMPT T T T T B
A649 Fé6 18 01 LDAR TEMF2
A44C FB 18 03 ADDR TEMP4
"TASAF T B? 18702 T T 7T TADCA T TEMP3I T
A452 B7 18 00 STAA TEMP1
A6SS F7 18 01 STAB TEMP2
A458 FE 18 00 Lox TENMF1 - -
A65B 39 RTS
X SUBROUTINE INDEX1
T oTTTT o U 7T 7 TEXTENDS SEARCH OUT WX-AXIS
A65C BD BC CF INDEX1 JSR INDEX
A6SF B6 18 2D LDAA J

B-17
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| MORE MEASURE SUEROUTINES
Aéd2 81 77 CMPA #1i9D
AbLY . 2FE 06 HGT IND1
Abs66 40 NEGA
AbL7 81 77 CMPA #119D
Abs9 2E OC EGT IND2
AbLSLE 39 RTS
AGLC B& 77 IND1 LDAA #119D
AGGE B7 18 2D STAA J
_R671 8B 07 _ADDA  $7 . _ e R
i A4673 BR7? 18 2C STAA 1
Ab76 39 RTS
Ab77 B84 77 IND2 LDAA #1190
A679 R7 18 2D STAA J
L A47C B6 18 2C LDAA 1
... A67?2F 8B O7 ~ ADDA %7 B
A481 R7 18 2C¢ STAA i
A684 39 RTS
- X SUBROUTINE UFDATE e
b 4
A4685 CE 00 00 UFDATE LDX 40
__Ahé8B8 FF 18 51 = STX THR21 = . — -
AGBE FF 18 43 STX X
AGBE F6 18 25 UF1 LDAF COR2
A691 B6 18 24 LDAA COR1
Ab%4 FO 18 S2 SUBR THR12
A497 B2 18 51 SRCA THR11
__A6%A 2D 34 __ BLTY UP2
- A69C CE 1R S0 LDX $1J MAG>THR (X)
A69F Fé6 18 44 LDAR Y
~ _A6A2 B6 18 43 LDAA X
" "A6AS BD Aé 3D JSR IDEX
AbGA8 E& 00 LDAB 0sX
__AbAA A6 01 LDAA Iy x o
ASAC CB 01 ADDR #1
AGAE 89 00 ADCA 40
AGBO E7 00 STAB OsX ]
TA6B2 A7 01T T TTTTTTTTTSTAA T T TLex T B )
A4B4 Fé 18 52 LDAR THR12
A6B7 Ré 18 51 LDAA THR2L -
" A6BA FBR 18 524 T ADDB U THR22T
A6BD B9 18 53 ADCA THR21
AGCO F7 18 S2 STAR THR12
""" " A4C3 B7 18 S1 "STAA  THR1i ™~
A4C6 FE 18 43 LDX X
A4C? 08 INX o
- Y-{ o7 S 1~ J e { X )
A6CR FF 18 43 STX X
A4CE 20 EE ERA uP1
AGLO 39 UFr2 "RTS  THR>MAG
X SURROUTINE THRSET
‘ X SETS THRESHOLD
T T TTASDT T 7F 18743 THRSEY CTLR X T
: AbDA 7F 18 44 CLR Y
A4D7 CE 7F FF LDX $S7FFF
T TTASDATRFTI8786T T T TSI T MAX T
' ASDD CE 1R SO TH1 LDX *1J
_ _AGED Fé6 18 44 LDAB Y .
B-18
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MORE MEASURE SURROUTINES
T T TALEI T RS 18 43 T UTLDAR T T X T T T T
AGES6 BD Aé 3D JSR IDEX
___AGE? E6 00 LDAB 09X L _ )
- ""AGEB Aé 01 LDAA 1y X Tt
AGED SD TSTB
AGEE 26 03 ENE TH2
"A6FO0 4D TSTA
A6F1 27 32 REQ THé
A6F3 FO 18 4D TH2 SUBE NPT N>O
T 7T TA6FS T 8200 T SERCA #0
A4F8 2C 07 RGE TH4
AGFA S0 NEGB
- AGFB 25 03 T"RCS T T TH3 T ) B
AGFD 40 NEGA
AGFE 20 01 BRA TH4 .
A700 43 TH3 COMA
A701 F7 18 49 TH4 STAE MAX+3 ARS(N-NFT)
A704 B7 18 68 STAA MAX+2
TTTTTTTTTA707 T FO 18 47 SUBRB  MAX+#1 T /oo oomemmeT/ T
A70A B2 18 66 SBCA MAX
A70D 2C OC BGE THS
T 7 7T A70F FE 18 48 LDX MAX+2
A712 FF 18 66 STX MAX
A715 FE 18 43 LDX X
- TA718 FF I8 84 STX ™ ~TTuu T T i ) oo
A71B FE 18 43 THS LDX X
. _A71E 08 INX
- A71F 08 INX
A720 FF 18 43 STX X
A723 20 BB ERA _ TH1 ) i o
TTTTTA725  F6 18 8B TH6 T LDAE T T UU+l T "7 N=0
A728 Bé 18 8A LDAA uu
A72B 47 ASRA
A72C 56 RORB
A72D EBD BB D1 JSR FUSH42
A730 F6 18 54 LDAB THR22
TTTTTTTA733 B4 18753 LDhAA THR21 -0 mmer /e T
‘A736 BD BRR D1 JSR PUSH42
A739 86 OA LDAA #10D
TTTTTT R73BE T B 80 00 TTJSR  MATH XETHRZ
A73E CE 18 8A LDX #UU ’
A741 4F CLRA o
T T A742 T RLBR 48 JSR T TPuLLY T~ o T
A745 FE 18 8C LDX vu+2
A748 FF 18 51 STX THR11 THRESHOLD SET L
o A74R 39 RTS o ‘
X SURROUTINE FHASDF
4 COMPUTES FHASE1-PHASE2
T T TR T T TTENTER WITH FHASE1,PHASE2 IN ADJACENT MEMORY
3 X POINTS TO PHASE1
X PHASE DIFF RETURNED IN PLACE OF FHASE1
CTTTTTTTTA7AC T TAE 000 FHASDE LDAA 0, X ) -
. A74E Eé6 01 LDAB 1,X
A750 EO 03 SUBB 3rX Pi1-F2
A TTA7S2 A2 027 7T T T T SBCA T 29X T
A754 28 24 BVC PDF2
A756 A6 00 LDAA 0»X ____OVERFLOW

¢
!
H
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:XHORE MEASURE SUBROUTINES

A758 Eé 01 LDAB 19X
A7S5A CB FF ADDB $SFF F14FHI
... .A75C_ 89 7F _ADCA _ 8S87F
A7SE 29 OA BVS PDF1
A760 EO 03 SUBB 3¢ X
A762 A2 02 SECA  2¢X
A744 CB FF ADDE $S$FF FD=(F1+PHI)~-(F2-PHI)
A766 89 7F ADCA $$7F
... A768 20 10 BRA FOF2 e 3
A78A A6 00 PDF1 LDAA 0rX F1FFHISPHI
A76C E6 01 LDAR 19X
A76E CO FF SUBBR *S$FF
TA770 82 7ZF T 77 T 7 SBCA #$7F
A772 EO 03 SUBE 39X
A774 A2 02 SRCA 2+ X
A776 CO FF SUBB #S$FF FO=(F1-PHI)-(F24FHD)
A778 82 7F SRCA #$7F
, A77A A7 00 PDF2 STAA 0rX FD ) o
b A77C E7 01 "STABR 17X T -
A77E 39 RTS
o L x ___SUBROUTINE FHSSET ) o
i X MEASURES FHASE DIFF AT ORIGINS ANDl STORES IN FHASE
A77F 70 18 A4 PHSSET TST SNFLAG
A782 2E 65 EGT PSS
‘A784 7F 18 S8 " 7 CLR ~ ADRSW )
A787 7F 18 2C CLR ¢
| A78A 7F 18 2D CLR J
T A78D 7F 18 3C CLR SENSOR
g A790 BD B9 Bé JSR ALDRES
: A793 BRD BR F4 JSR TUNE
TTA796 7A 1858 T T DEC ADRSW
A799 7A 18 3C DEC SENSOR
A79C BD B9 AO JSR DELAY1 o
A79F BD BC o0 JSR RODEFT
A7A2 7F 18 2A CLR COR®
; A7AS 7F 18 2R CLR COR10 o o
E T TTTA7A8 BD BD D& T T USR T CORDICT T ' ‘ T o
| A7AB FE 18 2A LDX COR®
; A7AE FF 18 12 STX PHASE i
.. A7BT 7€ 18 3€C INC SENSOR
' A7R4 7C 18 3C INC SENSOR
, A7B7 CE 1C Dé LDX $PS1MS—-10D )
o CAZEA FF 18 3F T T T eTX T TTTRCDPYR T T T T T e
A7RD  BD B9 Bé JSR ADDRES
A7CO BD BB F4 JSR TUNE . -
A7C3 TBD R¥ AD JSR DELAY1 T T )
A7C4 BD BC OD JSR RIDEFT
A7C? 7F 18 2A CLR COR®
TA7CCT 7F 18 280 T 7 T T CLRT T COR10
A7CF BD BD Dé JSR CORDIC
| A7D2 FE 18 12 LDX PHASE
ITT T AZBST FF 1800 8TX . TEWPI T T
A7D8 FE 18 2A LDX COR®
i A7DB FF 18 02 STX TEMP3
TTTTAYDE CE 18 00 T T T LBXT T T ATEMFL -
; A7E1 BD A7 4C JSR PHASDF PS(REF)-PS(ALIGN) -
- _ _A7E4 _EE 00 LDX 0rX L L
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MORE MEASURE SUBROUTINES

"8TX T PHASE
RTS

_.END

A7E6 FFT18 12 77
A7E9 39 PSS
~ATEA e -

T TSTATEMENTS 3343 T
_ FREE BYTES =4319 - ]
NO ERRORS DETECTED
P —
;
) e s ———— e trs - [, - - e - ;




SUBROUTINE TOQ MOVE STEFFER MOTORS

|

K SUBROUTINE TO MOVE STEFFER MOTORS
X USES ALL REGISTERS
te "7 7 %7 T THARDWARE DEFINITION
L EF02 TABLE EQU $EF02
| X EXTERNAL REFERENCE %
, AF88 GRAFH2 EQU $AF88 2
: CT T TR T T RAM DECLARATIONS 0 T T T o K
j 184E XTRAN  EQGU $186E
1870 YTRAN EQU $1870
1890 ' ANGLE  EQU $1890 . §
ED1E ORG $ED1E ; L
EDLE _ XCOUNT RME 5 4
ED23 "~ YCOUNT ~RME S - . M
EN28 RCOUNT RME 5 %
Ep2n CTRFTR RMB 2 =
ED2F NISFTR RME 2 d
ED31 STEFNR RMRB 1 4
. ED32 TEMF1 RMB_ 2 :
X FARAMETERS i
0002 XMASK  EQU 700000010 Y
4 0005 ' XCYCLE EQU 5 :
i 0008 YMASK  EQU %00001000 :
0005 ~ YCYCLE EQU 5 ;
0020 RMASK = EQU ~~ %00100000 )
0003 RCYCLE EQU 3
AB20 ' ORG $AB820
AB20 86 20 XSTEF LDA A  #$20 )
AB22 B7 ED 16 STA A INCRMT
AB2S CE ED1E ~~ 7 LDX = #XCOUNT
AB28 FF ED 2D STX CTRFTR 3
AB2B 7F ED 30 CLR DNISFTR+1 :
' AB2E  CE 18 &E Lox " #XTRAN
£ AB31 86 02 LDA A  #XMASK ‘
, AB33 Cé 05 LDA B #XCYCLE !
1 "AB35 BD'35 ' 7T RSR T MVSRST i
AB37 CE ED 23 YSTEF  LDX $YCOUNT ‘
AB3A FF ED 2D STX CTRFTR
AB3D 86 05 = LA A 5
AB3F B7 ED 30 STA A DISFTR+1
AB42 CE 18 70 LDX $YTRAN
AB4AS 86 08 © T TLDATA T #YMASK 3
AB47 Cé 05 LDA B #YCYCLE :
AB49 8D 21 ESR MUSRST '
AB4R B6 33 ROTATE LDA A  $#$33
ABAD E7 ED 16 STA A INCRMT
ABSO CE ED 28 LDX #RCOUNT
T ABST TFFED 2D T T TTT8TX 0 CTRRTR T T T o TT
. ABS6 86 OA LA A #10
A858 B7 ED 30 STA A DISFTR+1
ABSE CE 18 90 LDX $ANGLE
5 ABSE 86 20 LDA A #RMASK
. AB6O C6 03 LhA B #RCYCLE

1 .
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SUERROUTINE TO MOVE STEFFER MOTORS
"AB62 8D 0B ESR MVSRST
5 AB44 7D ED 15 TST CALIER
T ... AB&7 27 74 . _BEQ_  RETRNI =
AB&9 7E AF 88 JMP GRAFH2
AB4C 37 MUSRST FSH B
ABsD Fé ED 17 LDA B FROGNR 4
A870 C1 OD CMP R t13( DISPLAY ONLY? ]
AB72 33 FUL B
AB73 26 OC } ~ ENE MOVE E
A875 44 "~ LSR A MAKE IT CLOCK MASK
AB76 36 FSH A
AB877 FE ED 2D ' LDX CTRFTR
AB7A A6 00 LDA A 0 X
A87C Eé 01 LDhA K 19X 2 é
_ AB7E 7E AB 3D JMF SNMG10 TO RESTORE DISFLAY ;
ABB1 F7 EDO 31 MOVE STA k STEFNR &
' AB84 346 FSH A 5
g A885 Eé 01 LDA E 19X GET NUMBER OF STEFS ?
£ " TABB7 A6 00 T 7 "LDA A 00X T E
: ABBY 8D 53 BSR SINMAG 2
; . ABBE 37 . _PFSHB _PUT BACK IN X :
; ABBC 36 FPSH A
‘ A88IN 30 TSX -
ABBE EE 00 LDX 0sX :
AB90 31 INS
A891 31 INS
_AB92 32 FUL A
AB93 27 48 " BEQ RETRN3 ~ NO MOTION REQUIRED
AB95 14 TAR DIRECTION MASK
AB%6 25 06 ECS REVERS
' A898 53 FORWRD COM K
AB99 F4 EF 02 AND E TARLE MAKE IT ZERO
AB9C 20 03 ERA DIRECT
) "AB9E FA EF 02 REVERS ORA E TARLE MAKE IT 1
ABA1 F7 EF 02 DIRECT STA R TAELE
ABA4 44 LSR A CHANGE MASK TO CLOCK
i ABAS Fé ED 31 CYCLE LDA R STEFNR
} ABA8 FF ED 32 STX TEMF1
1 ABAE 37 CYCLE1 FSH R ,
S ABAC CE EF 02 COUTTEDX T $TARLE oo e j
ABAF 14 TAE CLOCK MASK TO (k) f
- ABEO0 53 COM R
b ABE1 E4 00 AND E 0eX
& ABE3 E7 00 STA Rk OrX FULSE MOTOR
A8B5 16 TAR :
ASBKS6 E4 01 AND K 19X CONFIRM FULSE = |
] ASEB 36 FSH A ;
ABE9 AA 00 ORA A 0y X :
ASBBR A7 00 STA A 09X REMOVE FULSE
ASRD 32 FUL A
J ABRE SD TST K
; ABRF 26 28 ENE LIMIT NO CONFIRMATION
; ABCLI Cé FO LDA B $$FO
ABC3 7D ED 15 TST CALIEBR
. ABCS6 27 OB REQ SPEED
ABCB FE ED 2D LDX CTRFPTR
ABCE RD AA DE JSR FOSDIS TO UFDATE DISFLAY

} . .
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SUEBROUTINE TO MOVE STEFFER MOTORS
ABCE C&°CO . "LDAB s#sCO0 'EQUALIZE DELAY
ABDO BD AA 75 SFEED  JSR DELAY1 SET STEFFING RATE
ABD3 33 FUL B
ABD4 SA " DEC B
ABDS 26 D4 ENE CYCLE1
A8D? FE ED 32 LI TEMF1 1
ABDA 09 DEX ?
ASDR 26 C8 ENE CYCLE !
ABDD 39 RETRN3 RTS 5
ABDE oOC SINMAG CLC :
ABDF 24 07 EPL PLUS s
ABEL 43 coM A :
ABE2 53 COM B ¥ £
ABE3 CBR 01 ADD B #1 FOR 2’'S COMP.
ABES B89 00 T T TTaAamt A ®0 T T ¢ o oTm T T b
ABEZ OD SEC :
ABEB 39 = FLUS  RTS _ g

;
g,
ABE? BE EC FF LIMIT LDS $USRSTK 3
ABEC 7E AA 3A T T uMF ERROR2 E
*k CALLING ROUTINE FOR INITIAL ALIGNMENT
L RF470 INALGN EQU $E470 E
" ABEF CE A9 9B ALIGN  LDX #SUFRVR

ABF2 FF ED 1IC STX ABTVEC
ASFS 7F ED 15 CLR CALIER

: ABF8 BD R4 70 JSR INALGN

5 ASBFR 7C EDl' 15 INC CALIRR SO IT’S NON-ZERO

| ABFE 20 10 ERA CLEAR

e T




©  INITIALIZATION AND SUFERVISOR ROUTINES ' !
F XX SETS UF FIA’S FOR SYNTHESIZERS & FLOTTER
... ... ._ X _FOLLOWS HARDWARE_ RESET e
X HARDWARE DEFINITIONS f
EE00 FIA EQU $EE00 5
EEA40 CONSOLE EQU $EEA0 2
EEA40 KEYFAD EQU $EE40 e
1 X MONITOR REFERENCES
ECFF USRSTK EQU $ECFF
E EDF7 UIRQ EQU $EDF7 ; :
' h x ""OTHER REFERENCES 7 T §
F
ACOO0 _ CORMAG EQU  sA000 S g
T A007 ) "CORCOM EQU  $A007
AC47 KSFLOT EQU $ACA7 i
_ B4a7E . _DOUBLE EQU  $B47E L .
E487 SINGLE ~EQU $E487
E88C INIZE EQU $ES8C
X RAM DECLARATIONS ;
___EDOO _ ORG  $EBOO o 1
EnOO LEDRFR RME ~~ 1S
EDOF BUFEND EQU X ]
~ EDOF BUFFNT RME 2 i g
ED11 KEYVAL RME 2 »
ED13 LEDFTR RMB 2
ED15 CALIER RMB 1 o B
TEDLS T T T T T TINCRMT O ORME 1 e T/
EN17 FROGNR RMB 1
EDp1s FRGJMP RME 2
EDiA TEMP  RME = T2~ -
EDiC ABTVEC RMB 2 ,
EDas GAIN  EQU $ED4S e i
EDN4S ASGAIN EQU ~ SED4A? - - ]
» EN4A R$GAIN EQU $EN4A g
;) EL4E SETDEL EQU $EDAR ;
X PROGRAM TABLE {
I
AB00 ‘ORG $A800 T
X ENTRY ADDRESS FROGRAM NUMEER AND FUNCTION
“AB00 AC 47 FRGTBL FDR = KSFLOT 0s X-Y PLOT FROM TEST IMAGE |
ABO2 AC 47 FDE KSPLOT 1» CRT DISFLAY FROM TEST IM¢
ABO4 AC 47 FOE KSFLOT 2, X-Y FLOT FROM REF. IMAGE
"""ABO& AC 47 """~ - FDB - KSPLOT - ~ -~ ~ 3% CRT TISPLAY FROM REF. IM¢
AB08 A8 EF FDE ALIGN 4, INITIAL ALIGNMENT» 2 SENS
, ABOA A8 EF FDR AL IGN S, INITIAL ALIGNMENT» 1 SENS
i ABOC B4 7€ FDE ~ DOURLE 6y TEST ALIGNMENT, 2 SENSORS
t ABOE B4 7E FDR NOUELE 7» TEST ALIGNMENT» 2 SENS.»
AB10 F4 87 FOR_ SINGLE 8y TEST ALIGNMENT, 1 SENSOR
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INITIALIZATION AND SUFERVISOR ROUTINES

AB12 R4 B7 FOB~~ SINGLE 9, TEST ALIGNMENT, 1 SENSOR,
AB14 RME 2 RESERVED FOR ARORT
AB16 A0 00 FDB CORMAG E» MAGNITUDE CORRELATION
AB18 A0 07 FOR CORCOM Cr COMFLEX CORRELATION
AB1A AB 20 FDB XSTEP Iy DISFLAY TAELE FOSITION
ABIC RME 2 RESERVED FOR EXECUTE
ABIE A9 6A FOR INITLZ Fy RE-INITIALIZE FARAMETERS
X SEGMENT TAKLE

A900 OKG $A900

A00 81 CF 92 LEDTEL FCR $81,$CFy$92,$84,$CC»$A4,$A0, $8F

A908 80 8C 88 FCR $80,$8C,$88,$E0,$E1,$C2s $EO s $ES

<
e ... %% SETS FOSITION COUNTERS TO ZERO o
A910 CE ED 1E CLEAR  LDX $XCOUNT
_ A913 &6F 00 CLEAR1 CLR 0rX

A915 08 T T INX N h

A916 8C ED 2D CFX $£XCOUNT+15

A919 26 F8 ___ _BNE  CLEAR1 _

A91IR 39 "~ RTS T

Xk MARDIWARE RESET VECTORS HERE

A?1C 01 ARESET NOF
AP CE EE 07 LDX $F1A+7

A%20 EF 00 STX  0sX T T

A922 09 ARSET1 DEX

A923 26 FI ENE ARSET1

A925 CE EE 00 LDX $F1A .

A928 35 TXS '

A929 B4 41 LDA A  #$41 7+E+2+1/16+RTS FALSE
A92B A7 0B T T STA A  ByX ’ " o
A92L: 86 FF LDA A #SFF

A92F A7 10 STA A  $10,X ALL OUTFUTS

A931 " A7 11 TUSTATA T $11,X

A?33 A7 20 STA A $20,X

A935 A7 21 STA A $21,X

A937 A7 41 STA A $41,x o e e

A939 A7 80 STA A $80sX

A93B A7 81 STA A $81,X

A93D 86 36 LDA A $700110110 TO SENSE FOSITIVE EIAS TRANS
A93F A7 12 STA A $12,X THRU CA1

A941 A7 13 STA A $13,X LINE TRANSITION THRU CE1
A943 B4 04 LDA A $%00000100 TO SENSE NEG. TRANSITION
AP4S A7 22 STA A $22,X

A947 A7 82 STA A $82,X

A949 86 34 LDA A  $200110100 CE2 AS LOW OUTFUT

AP4R A7 23 STA A  $23,X

A94L A7 83 STA A $83,X

APAF A7 QT T T TUSTATAT TU$42yX T ‘CAZ HERE

AP51 86 2D LDA A  $200101101

A9S3 A7 43 STA A $43,X PULSE MODE» INTERRUFTS ON
A955 CE EF 00 DX $PIA+$100

A958 86 CF LDA A  #$FF-$30

A9S5A A7 00 STA A 0sX TURN ARGUND LS245°S

B-26

T T P R T Y i




i INITIALIZATION AND SUFERVISOR ROUTINES
A9SC &F 02 CLR 29X AND THEN FIA DDR
ASSE 86 CE LDA A  $#$FF-$34 g |
_A%60 A7 00 . STA A O0sX. A A o ;
L A962 86 C3 LDA A  $#$FF-$3C :
A964 A7 01 STA A 1,X A-SIDE REMAINS INFUTS K
A966 B6 FF LDA A  #S$FF E-SIDE QUTFUTS LOW R
A968 A7 02 STA A 29X V
A96A 86 ED INITLZ LDA A  #LEDBFR/256 |
A96C B7 ED 2F  STA A DISFTR o E
A94F 86 A9 LDA'A $#LEDTEL/2S6 :
A971 E7 El 13 STA A LELDFTR %
A974 86 7E LM A $$7E JMF INSTRUCTION é
A976 E7 ED F7 STA A UIRQ - ‘ ' ’
A979 CE AA AS LDX $INTSRV SET INTERRUFT VECTOR 4
A97C FF ED FB8 _~ ~ STX  UIRG+1 ' ' o £
A97F 8D 8F ) ESR ~  CLEAR S il
A981 B& AB LDA A #FRGTEL/256 5
A983 E7 ED 18 STA A  FRGJMP g
TA®86 7F ED 15 7 TELR T T CALIER [
A989 CE 00 01 LDX $1 £
A98C FF ED 4E STX SETHEL i
"A98F 8603 " LbpAA 3 2 —/rromoemmeTmmom o/ ;
A991 E7 ED 49 STA A  ASGAIN
A994 44 DEC A B
A995 E7 ED 4A STA A R$GAIN - ' K
A998 BD B8 8C JSR INIZE '
A99E CE ED 00 SUFRVR LIX $LEDEFR N ) i
A®9E FF EDN OF STX ~ TBUFFNT T T oo o o T o L
A9A1 86 FE LDA A  #S$FE |
ASA3 A7 00 DASH STA A 0sX DISFLAY DIASHES :
A%AS 08 INX
A9A6 8C EDl OF CPX $EUFEND !
_A?A9 26 FB ... _. EBNE DASH - v
APAE 86 FF T LDA A  #3FF - 1
A9AL ER7 ED 17 STA A FROGNR i
A9RO BE EC FF LS #USRSTK %
"A9E3 CE A9 9B~ T LDX  #SUPRVR ' |
A9RS FF ED 1C STX ABTVEC ;
|
Tk 7T T WAIT FOR REYFAD INFUT & FROCESS COMMAND —~ ~~ = 1
A9E9 01 WAITLP NOF '
A9RA OE T oLl
APER 01 NOF
A9BC K& EE 40 LDA A  KEYFAD !
APEF 43 o CTcoM A N ' ‘ ‘ !
A9CO 27 45 REQ MANDSF NO KEY FRESSED
A9PC2 CE ED 11 LDX $KEYVAL
A9CS BD AA 7B JSR KEYIN
A9C8 E&6 00 LDA B 0sX
A9CA 2R 3E BMI MANIDISP INVALID KEY VALUE
A9CC C1 0A ’ TCMPTR #8A T ARORTKEY? ~
A9CE 27 37 EREQ MANLISF
ASDO C1 OE CMP B 4#$E EXECUTE?
T A9DZ 2619 © 7 BNE FPRGLISP
A9D4 BRé ED 17 LDA A PROGNR
APD7? 2B EO _  BMI_ WAITLP 'NO FROGRAM NUMEER .
B-27 q
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INITIALIZATION AND SUPERVISOR ROUTINES 3
¥
TTARDY 48 0 T T OTUUTAGLTATTT T TTITTIT O T OURLE ITTC 3
A9DA B7 ED 19 STA A  FRGJIMF+1 :
_A9DD FE ED 18 LDX FRGJMP i
APE0 EE 00 ~ T TLDX T T 0wx” T T FROGRAM VECTOR ~ b
AE2 AD 00 JSR 0rX TO EXECUTE : L
A9E4 FRé ED 17 LDA A FROGNR ¥
ASE7 81 OB CMP A  #$E 3
ASE9 24 CE ECC WAITLP £
APER 20 AE ERA SUFRVR o
A9EDN’ F7 EL 14 FRGOSF STA B LEDFTR+1 ~~ 7~ “DISFLAY FROGRAM NUMEER
A9F0 FE ED 13 LOX LEDFTR g
A9F3 Ab6 00 LA A OsX 4
A9FS CE ED 00 ‘ LDX #$LEDEFR L ;
A9F8 a7 00 STA A 0sX ¥
A9FA F7 ED 17 STA E PROGNR '
"A9FD 86 FF T T T T TTTTLDA A T #$FF T T T
A9FF 08 CLEAR2 INX
AAOOD A7 00 STA A OsX
T AAO02  TBCTED OE T T TTTTTTERX T T T #RUFENLI=L T T T e e
. AAOS 26 F8 ENE CLEAR2
_ AAO7 7D ED 15 MANDSP TST CALIER INITIAL ALIGNMENT DONE?
AROA 27 AD TTTREQ T WAITLF T ¢ o T ormo T mmmimTen ot
AAOC 86 15 LA A  #%00010101 MASK FOR ANY CLOCK
AAOE E4 EF 03 ANI' A  TABLE+1 :
" AA11 88 15 EOR A $#700010101
AAL3 27 A4 REQ WAITLP NO FULSE ﬁ
~___AA15 C6 05 LDA E  #5
""AA17 8I SE ' " BSRT T T DELAYR2 T T T T T oo T
AAL1Y 16 TAR
AA1A F4 EF 03 AND KB TABLE+1 CONFIRM IT
AALD 26 9A ENE TWAITLF ; ‘
AALF 36 FSH A
AA20 Cé 03 LDA B 23 3
T AA22 TEEED IET T T TTTTTERX T UUTURXCOUNT T T T T T T e T ]
AA2S 44 IDENT LSR A FIND OUT WHICH AXIS
] AA26 25 28 ECS INCSET )
AA28 44 T TSR A T T T
AA29 08 INX
AA2A 08 INX
AARR 0B T TTTTTTTTINXT T T T T o T
AA2C 08 INX
AA2DT 08 INX
AA2E SA o TpECR T T T T
AA2F 26 Fa BNE IDENT
AA31 C6 02 ERROR LDA E #2
AA33 F7 ED 30 ~ 7 TSTATR T DISFTRYT T T T
AA36 20 02 ERA ERROR2
AA38 8D 24 ERROR1 ESR SETUP
AA3A FE ED 2F ERROR2 LDX DISFTR
AA3D Cé RO LDA B #$EO ‘g*
__AA3F E7 00 STAR O0rX )
‘AA41 C6 FA ~ TTTTTLDATB T #$FAT T T T TTTTLOWER CASE R
AA43 E7 01 STA B 1,X
AA4S E7 02 STA R 2+X
AA47 EZ7 04 7T STATB T A»x
: AA49 Cé E2 LDA B $$E2 ‘0
k- AR4B E7 03 =~~~ STA R 39X o e .
| . .
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INITIALIZATION AND SUFERVISOR ROUTINES E
1
AA4AD 7E A9 E9 WAITEX JMP WAITLF i :
AAS0 8D OC INCSET KSR SETUF
AAS2 32 _ _ FUL_A_ _ __ . ______ __RETRIEVE_CLOCK MASK L
AAS3 ED AA [E JSR FOSDIS
AASS6 16 CLNLOW TAE
AAS7 F4 EF 03 AND B TABRLE+1 WAIT FOR END OF PULSE i
AASA 27 FA KEQ CLKLOW F
AASC 20 EF ERA WAITEX
AASE S0 SETUF NEG B T e
AASF CE 03 ALD B #3
AAG61 86 20 LDA A  #$20 S STEFS/COUNT FOR X OR Y
AA63 C1 02 CMF R #2 Lo 0T
AALS 2k 02 EMI STEFST s
AAL7 86 33  LDA A $#$33 3 STEPS/COUNT FOR R
AA69 E7 ED 16 STEFST STA A  INCRMT
AAGC 17 TEA MULTIFLY BRY S
_ _AA6D 48 ASL A ) .
AAGE 48 ASL A ooy e
AAGF 1R AHA
AA70 E7 ED 30 STA A DISFTR+1 LED RUFFER OFFSET
AA73 39 RTS
X% DELAY SURROUTINES
AA74 SF DELAYO CLR B
AA75 8D 00 LELAY1 ESR DELAY2
‘AA77 SA DELAY2 DEC E T - Tt/ T T
AA78 26 FD ENE DELAY2
_ AA7A 39 RTS
XX [DEROUNCE/DECODE ROUTINE
" T AA7BR 86 FF "KEYIN LDA A~ #$FF T
AA7D A7 00 STA A 0sX DEFAULT VALUE
AA7F B8 EE 40 EOR A KEYFAD TO INVERT
AAB2 27 20 ’ BEQ RETURN NO KEY PRESSED
AAS4 8D EE ESR DELAYO FOR DEROUNCE
AABS6 B6& EE 40 LDA A KEYFAD
AAS9 8D E9 © 77 BSR T DELAYO T T T o mm T
AABE 16 TAR
AABC F8 EE 40 EOR B KEYFAD SAME KEY?
AASF 26 13 ENE RETURN READ ERROR
AAS1 36 FSH A
AAS2 Cé 04 LDA E  #4
AAT4 SA COLUMN DEC E i} - -
AASS 48 ASL A
AA®6 25 FC KCS COLUMN
T AAY8 32 } FUL A
AASS 47 ROW ASR A
AAPA 24 06 RCC [IONE
T "AA9C CR04 T T AID B #4 T T e
AAPE 25 04 RCS RETURN DECODE ERROR
AAAO 20 F7 ERA ROW
"AAA2 E7 00 LIONE STA R O0rX
AAA4 39 RETURN RTS




INITIALIZATION AND SUFERVISOR ROUTINES

*k INTERRUFT SERVICE ROUTINE
AAPAS FE ED OF INTSRV LDX BUFFNT
""AAABT 8C ED OF = 7 CPX ' “$#BUFEND
AAAB 26 OD ENE CHAN1 NOT FAST LAST DIGIT
AAAD CE ED 00 LDX $LEDBFR
""AABO 86 3C LDA A #%00111100 RESET DISPLAY COUNT
AAB2 B7 EE 42 STA A CONSOLE+2
AARS 86 34 _ LDA A $%00110100

AAB? K7 EE 42 "STA A CONSOLE+2

AARA A6 00 CHANL LDA A  OrX
AARC K7 EE 41 STA A  CONSOLE+1 QUTFUT NEW DIGIT
AABF 08 INX ) '
AACO FF ED OF STX RUFFNT STORE NEW FOINTER
__ _AAC3 7D EE 41 ~ TST ~_ CONSOLE+1 - CLEAR INTERRUFT_ REQUEST
AACé BR6& EE 40 LDA A KEYPAD I
AAC? 81 ER CMP A  #$ER IS "A® FRESSED?
___AACE 26 10 __ ENE _ RETRN1 NO
AACD CE ED 12 T LDX T T sKEYVWAL+L T T
AAI0O 8D A% ESR KEYIN BE SURE IT’S "A°
_ _.__AAD2 A6 00 [ LDA A 05X e L
AADZ 81 0A | CHF A~ T 3%A ST T e
AADS 26 05 ENE RETRN1 FALSE ALARM
AADS FE EI 1C LDX AETVEC GET ARORT VECTOR
AADE  6E 00 JHP 0sX
AADD 3B RETRN1 RTI
) AADE  FOSDIS EQU X
AB3D T 77T SNMG10 EQU O x+$5F T T e
AADE END
i_ STATEMENTS =466 )
| FRCE BYTES =1263
- {
" NO ERRORS DETECTED ~~ 7 7777 TTTUTITTIUTTUc s o s s

~$19$ASSEMBLE ___ S .
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- | -
STEFFER MOTOR POSITION DISPLAY
FOR IMAGE ALIGNMENT SYSTEM
X "EXTERNAL REFERENCES
- EF02 TABLE EQU $EF02
El3 LEDPTR EQU $EDN13
EDté INCRMT EQU $SED16
ED1A TEMP EQU SED1A
ED2F DISFTR EQU $SED2F
AALE 'ORG SAADE
AADE 36 FOSDIS FSH A © T 7 7777 " STORE CLOCK MASK
AALF 48 ASL A
AAEO0 16 TAR
AAE1 FE4 EF 03 " AND A  TABLE+#1 " WHICH DIRECTION?
AAE4 C5 08 EIT E  #%00001000 4
_AAES 26 06 ____BNE_ Y ,
T TAAE8T F7ED 1A T STA R TEMF T T T T oo oTm o mmmmT T
AAER E8 ED 1A EOR A TEMFP S0 DISPLAY AGREES WITH DIREC
_AAEE 4D Y TST A . _
AAEF 27 oC EEQ INCR1
AAF1 86 FF DECR LOA A #S$FF REVERSE
AAF3 36 . _PBSH A
AAF4 36 FSH A T T
AAFS 86 99 LDA A #399 FOR EKCL' UFDATE
AAF7 RO ED 16 SUER A INCRNMT
AAFA OD SEC '
AAFR 20 09 EBRA ADD1
_ AAFD  4F INCR1 CLR A FORWARD
AAFE 36 I FSH A T T o s T T T
AAFF 86 01 LDA A #1
"ABO1 34 FSH A
ARO2 Eé ED 16 LDA A INCRMT
AROS SF CLR R
ARO6 A9 02 =~ ADDLI =~ ADC A - 2+X — RCD UFDATE
ABOS 19 DAA
ARO%? 25 0OA BCS TEST1 TAKE CARE OF ROUNDOFF ERROR
AROB 81 %9 CMP A #399
AROD OC cLe T
AROE 26 OR ENE STORE
_AE10 8E 01 __ADD A #1 ~ ROUND UFP TO 100
AR12 19 DAA
AR13 20 06 ERA STORE
_AR15 81 ot TEST1 CMP A #1
AR17 26 01 RNE SETCRY
AE19 4AF CLR A ROUND' IOWN TO ©
ABR1A OD SETCRY SEC
‘AR1E A7 027 T STORE STA A 29X )
ARID 86 00 LA A  #0 ASSUME FORWARD
ABIF C4 FF AND B #$FF
AR21 27 02 BEQ  ADD2
AB23 86 99 LDA A  £399 NO» REVERSE
ABR2S 16 ADD2 TAR
TTARIE T A9 01T TADCTA 15X - T T T
AR28 19 DAA
AE29 A7 01  STA A 1,X
AB2E 17~ T " TRA
AB2C A% 00 ADC A O»X
AB2E 19 . DAA
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STEFFER MOTOR FOSITION DISFLAY
FOR IMAGE AL IGNMENT SYSTEM

AE2F TA7 00 STA'A = 0sX
AE31 33 FUL B UFDATE EINARY COUNT ;
AE32 EB 04 CADD B 4rX "
AE34 E7 04 STA B 4,X :
ABR36 33 FUL B £
AR37 E9 03 ADC B 39X :
" AB39 E7 03 STA B 3sX i
AR3B E6 01 LOA B 1,X ECD COUNT NOW IN (AE) 3
AR3D FF EDI' 1A SNMG10 STX TEMF CONVERT TO SIGN/MAGNITULE
AE40 EE 00~ B N S TS S o
AR42 8C 50 00 CFX $$5000
AR45 OC cLC _
AR46 2E 1E EMI FIXSGN IT’S FOSITIVE ;
AE48 FE ED 1A MINUS1 LDX TEMP IT’S NEGATIVE :
AB4R 86 99 LDA A $$99 B ‘
" TARAD 14 T T B Y
AB4E EO 01 SUR B 1,X
ABS0 F7 ED 1F STA B TEMF+1
ABS3 A0T00 T T 7 TSUR A 0sX
AESS B7 EI STA A TEMF
ABS8 4F CLR A
“ARS59 oD  SEC T ) S T
AESA K9 ED ADC A TEMF+1
AESD 19 [IAA
ARSE 16 TAR
AESF 86 00 LDA A #0
AB61 B9 ED 1A ADC A TEMF
" ARG4 19 R 2T
AB6S OD SEC TO MARK SIGN
AB6S 36 FIXSGN FSH A FIX SIGN ON DISFLAY 1
" AB67 86 00 LDA A %0 o ) ;
AB6? 49 ROL A GET CARRY EBIT
AB6A 43 CoM A CARRY SET MAKES MINUS
T TTARSB TFE ED2F 7T T UTLBX T DISFYR T T T 7 LEFTMOST DIGIT T T T
ABGE A7 00 STA A 0sX
AB70 32 PUL A M. S. DIGITS
AB71 37 T 77 7 T"PSH B R
AE72 8D 20 BSK LOOKUF
AE74 FE ED 2F LDX DISFTR
A - H e ¢
AE78 8D 32 ESR DISFLA
AE7A 32 FUL A L. S. DIGITS
AE7B 8D17 ~ "7 T ESR 7 LOOKUF T T T
AE?D FE ED 2F LDX DISPTR
AB80 08 INX
AEB1 08 S ) S ) -
AEB2 08 INX
ARE3 8D 27 ESR DISFLA
AESS 32 PUL A
AEBS 81 10 CMF A #%00010000 IS IT ANGLE?
ARS8 27 03 FEQ ANGLFT
AEBA ~ 2207 7 ° 77 T BHIT T RETRN2 T~ 7 7 1T’S CORRELATION COEFFICIENI
ABBC 09 DEX FOSITION D, F.
ABBD E6 00 ANGLFT LDA B OsX
ABBF C4 7F AND B #$7F TO ADD D, F.
| AE91 E7 00 STA B 0sX
| AB93 39 _RETRN2 RTS
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STEFFER MOTOR FOSITION DISFLAY
FOR IMAGE ALIGNMENT SYSTEM

AB94 16 LOOKUF TAR
(AB9S 44

AE9E 44

AR97 44

ARS8 44 , 4
AB99 E7 STA
AE9C FE LDX
AB9F A6 00  LDA
AEA1  C4 OF AND
AEA3 F7 ED STA
ABA6 FE ED 1 LDX
ABA? E6 00 ' LDA

LEDFTR+1 FIRST DIGIT
LEDFTR

Qx GET SEGMENT CODE
T #$O0F " SECOND DIGIT
LEDFTR+1

LEDFTR

0rX

m WwmD> DDDD

ABAB 39 . KTS s

" ABAC 48 DISPLA ASL A
ABAD 48 00 ASL SAVE D, F. IN
ABAF STA X

TTUTABELI T 46700 TRORT 0 RESTORE D. P
ABE3 ASL

~_ABE4 68 0 e ASL
ABRG E7 STA
ABB8 66 ROR
ABEA 39 RTS

RERIPLT o (LN ROy

ABER END

_ ... STATEMENTS =142

FREE EYTES =7297

NO'ERRORS‘DETECTEH

aps

~+17$ASSEMBLE
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FOR

: ED1A
Q, ED17
| ED1C
A99B

3003

1700
1700
1824
EN34
En34
EN3s

ED39
ED3R

ED3D

ED3E

: En42
) EDna3
3 ED47

ED49
ED4A
EDA4R

‘ DFFO
A EEOB
‘ EEOO
EESO
FEB1
EE10
; EE20

FD7A
FDO7E
FD80
FUFF
FDA?
FD8BF
FpocC

ABCO
ABCO
ABDO

ED37

‘ED3C

EDag

=Y FPLOTTER/CRT DISFLAY FROGRAM
IMAGE ALIGNMENT SYSTEM

20 33 54

XK SUFERVISOR REFERENCES
TEMF EQU $ED1A
FROGNR EQU $SED17
ARTVEC EQU $EDIC
SUFRVR EQU $A99H
CORDIC EQU  S$BDDé ~
XX RAM DECLARATIONS
ORG $1700 .
UMAX RMB 256 <
COR1  EQu  s1824 '
ORG $EN34
VMXFTR RMB 1
XCOORD RME 2
YCOORD RME 2 '
SLOW RMB 2
XNMEBR __RMB
YNMER  RMB 1
YFOSN RMR 1
XMSG RMB 4
CTR RMB 1
FREQ RME 4
SIGN RMB 1
GAIN ~ RME 1 -
ASGAIN RMR 1
R$GAIN RME 1
SETREL RMR 2
X% HARDWARE DEFINITIONS
DAS EQU $DFFO
ACIASR EQU $EEO08
FIA EQU $SEEO00
VERT EQU PIA+$80
HORIZ EQU VERT+1
"XFREQ TEQU T PIAfsiO T T
YFRE@ EQU FPIA+$20
" %%k T FANTOM-11 REFERENCES
OUT4HS EQU $FD7A
TTTOUTSP T CEQUT T $FLZE T - )
OUTCH EQU $FD8O
OUTSTR EQU $SFLFF
CRLF1 EQU $FDAY
THE EQu $FD8F
THRY EOQU $FD9C
XX ASCI1 MESSAGE DATA
‘ ORG $ABCO
STMSG FCC * STARTING FREQ’’’+’S’4+$80
MHZMSG FCC * MHz’y’ ’48$80

20 4D 48

B-34
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X-Y FLOTTER/CRT DISFLAY FROGRAM
FOR IMAGE ALIGNMENT SYSTEM

" ARDS  OD OA 1R ESCS$FF FCC " $0Ny$0A»$1E»$OC+$80
ARD9? 5S4 45 S3 TSTMSG FCC ‘TEST IMAG’s»‘E’+$80
 ABE3 52 45 46 REFMSG FCC _ ‘REFERENCE IMAG’/‘E’+$80
AKF2 IF 87 SIGNAL FCC $1F»7+$80
, ABF4 CE AR IS FAGE LOX $ESCSFF SEND CR» LFs» AND ESC/FF
; ARF7 BRD FD FF JSR OUTSTR
i ARFA CE 00 00 LDX #0 S
j ARFD ED AD 7A JSR DELAY 1 SECOND TO ERASE CRT
i ACO0 7E AD 7A JMF DELAY RETURNS VIA RTS IN DELAY
ACO3 8D EF =~ 'OUTFRQ ESR  PAGE R
ACOS CE AR CO LDX #STMSG v
. _ACO8 BD FIL FF _JSR___OUTSTR
ACOR 86 34 ~ TTTTLhA A # ' - T Tt
ACOD RD FD 80 JSR OUTCH
AC10 CE 20 46 LIX $ F’
"AC13 FF En 3 STX - XMSG )
AC16 CE 78 RD LDX #/5='+$80
~_AC19 FF ED 40 . STX ~ XMSG+2 )
ACIC BR&6 ED 46 LA A FREQ+3 T T T
AC1F 8D 1A RSKR SHUFL
AC21 08 INX
AC22 08 ' TINX
AC23 8D 08 ESR OUTFR1
AC25 7C ED 40 INC XMSG+2 CHANGE TO Y
AC28 K& EI 44 ~ LA A FREGQ+r B T T T
AC2R 80 OF RSR SHUFL
AC2IT 86 2E OUTFR1 LA A #/.°
AC2F BRD FID 80 JSR OUTCH
AC32 BERD FD 8F JSR THE
AC35 CE AR DO LDX  #MHZMSG )
- TAC38 ZE FD FF JMP = T DUTSTR T
AC3R B7 ED 42 SHUFL STA A XMSG+4 (USE °*CTR* TEMFORARILY)
AC3E CE ED 3E LDX #XMSG '
AC41 RD FD FF JSR OUTSTR
N _AC44 7E FD 8F _ JMF  THE el
X% MAIN PROGRAM
! AC47 CE AD 01 KSPLOT LDX $PARORT LOAD ARORT VECTOR
; ACAA FF ED 1C° "8TX ' ABTVEC ‘ ‘ ST
ACAD CE 58 29 LDX $$5829 LOADI STARTING FREQ‘S.
ACS0 FF ED 43 STX FREQ
ACS3 CE 26 32 " LDX $$2632
AC56 FF ED 45 STX FREQ+2
ACS59 FE ED 43 LDX FREQ
ACS5C” FF'EE 20 ~ =~ ~8BTX YFREQ ) T T
ACSF FE ED 45 LOX FREQ+2
AC42 FF EE 10 STX XFREQ
""AC4S 8Dh 9C " RSR QUTFRQ
AC47 CE 17 00 LI S$UMAX
AC6A FF ED 34 STX VMXPTR ,

B-35
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X-Y PLOTTER/CRT DISPLAY FROGRAM
FOR IMAGE ALIGNMENT SYSTEM

AC4D  6F 00 = ZERO™ T CLR TOsX
ACS&F 0B INX
AC70 BC 18 00 CPFX  $UMAX4256
AC73 26 F8 BNE ZERO
AC75 CE ED 35 LDX #XCOORD
AC78 6&F 00 ZERO1  CLR 0rX
AC7A 08 INX
AC7B 8C ED 3E CPX £XMSG
AC7E 26 F8 BNE ZERO1
AC80 7F EEB0° ~ ~ TTTCLRT T VERT
AC83 CE AR D9 LDX $TSTHSG
AC86 B6 ED 49 LDA A  ASGAIN
AC89 K7 ED 48 STA A GAIN
ACBC R6 ED 17 LDA A  PROGNR
ACSBF 84 02 AND A $7200000010
"TAC9ITTBZDF F9T T T U STATA T TmAStY T
AC94 27 09 REQ IDENT
AC96 CE AB E3 LI $REFMSG
TACY9 B&ED4A T 7 TLDA'A  R$GAIN
ACSC B? ED 48 STA A GAIN
ACSF €6 0C IDENT LDA B #12
ACAI ~ RO AF 3A T USR T SFSTRT T T
ACA4  4F CLR A
ACAS B7 EI 35 RETRCE STA A XCOORD
ACAB BD AD 60 ~ ~  JSR  FROGTST
ACAB 27 &E EEQ HFOSN
ACAD BD AE 25 JSR DARK
ACEO 'CE 20700 ~~77 7T LDX T T#$20006°
ACB3 BD AD 7A JSR DELAY
ACBS 20 &F ERA CONVRT
ACEB ~7C ED 3B XCHECK INC XNMER
ACBB F6é ED 3R LDA B XNMER
_ _ACBE_ C1 CO CMP B #192
“ACEOT T26765 TENE T CONVRT T
ACC2, FE ED 45 LDX FREQ+2
ACCS FF EE 10 STX XFREQ
ACC8 7F ED 3B CLR ~ ~XNMBR
ACCE CE EE 20 LDX $YFREQ
ACCE 86 12 LDA A #812
ACDO 80 34~ " UBSR T TDECADD T T
ACD2 7C ED 3C INC YNMBR
ACDS BD AD 66 JSR LFTPEN
"ACD8 B3 ED'3D T T LDATATTYFOSN T T
ACDE 8B 02 ADD A 2
ACDD ED AD 60 JSR FROGTST
ACEO 24 02— ~~ =7 T ENE YCMFR
ACE2 8B 01 ADD A #1
ACEA B7 ED 30 YCMPR STA A YFOSN
ACE? B? EE 80 STA A  VERT
ACEA Bé ED 3C LDA A  YNMBR
ACED 81 40 CMP A #64
ACEF 26 B4~ T T TRNET TTTRETRCE T T
ACF1 8D 73 DONE  ESR LFTPEN
ACF3 7F EE 80 CLR VERT
ACF& 86 FF LDA A  #$FF
ACF8 B? EE 81 STA A  HORIZ
ACFB CE AB F2 . oLDx $SIGNAL
B-36
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"SELECT DAS INFUT

END OF LINE?

H
VAT IR, 5 ———— .
ST ey By . »
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X-Y PLOTTER/CRT DISFLAY FROGRAM
FOR IMAGE ALIGNMENT SYSTEM

ACFE 7E FD' FF JMP OUTSTR
ADO1 8P EE PABORT ESR IONE
ADO3  7E A7 9B JMP SUFRVR
ADOS6 AB 00 DECADD ADD A OsX
ADOB 19 DAA
ADO? A7 00 STA A 0rX
ALOR A& 01 LDA A 1sX
ADOD 89 00 _ADC A 20
ADOF 19 IAA
AD10 A7 01 STA A 1sX
ADL2 39 RTS
AD13 7A EE 81 FLOTRT DEC HORIZ
Al6 CE 02 92 LDX $$292
A9 8D SF T 77T 77 T'RSR DELAY
Al1R Bl EE 81 HFOSN CMF A  HORIZ
ADIE 26 F3 ENE PLOTRT
AI20 CE 80 00 LDX $$8000
AD23 8D S5 ESR DELAY
AD25 8D 4K BSR DROPEN
"AD27 CE 18 24 CONVRT LDX — #COR1 ™~
AD2A BD AE 2A JSR SYNDET
Al2DL CE EE 10 LDX $XFREQ
AD30 86 04 LDA A 4804
AD32 Eé 01 LDA B 1sX
ADZ4 CO 30 SUB B #$30
A3 8D CE BSR™ " DECALD
AlZ8 EA 01 ORA B 1+X
AL3A C4 30 ANI B #$30

" AD3C 26 05 BNE DISPLY
AL3E CE FF FF LDX $$FFFF
AD41 8D 37 ESR DELAY

" ADA3 T FE EN 4K THISPLLTLDX T T USETDEL
AD46 8D 32 ESR DELAY
AD48 CE 18 24 LOX $COR1
ADAB  6F 06 CLR ™ 69X
ADAD  &F 07 CLR 7»X
AD4F BD ED D6 JSR CORDIC
AlS2 Fé ED 48 T
ASS 78 18 25 FOOST  ASL COR1+1
AlSE 79 18 24 ROL COR1

TTADSE SATTT DEC'R <

ALSC 26 F7 BNE BOOST
ADSE 20 1E BRA MASK
ADGO Fé ED 17 FROGTST LDA B FROGNR
A3 CS5 01 BITEB #1

T ADSS 39 - RTS
AD66 CE 80 00 LFTPEN LDX £$8000
ADG9 8D OF ~ ~ "7 T 'SR DELAY
ADGE 86 34 LDA A $334
ADSD B7 EE 83 STA A  VERT+3
AD70 20 05 BRA DELAY1
AD72 Cé 3C DROFEN LIA B #83C
AD74 F7 EE 83 _ STA B VERT+3

B-37

" RETURNS VIA RTS

CHECK X FREQ CHANGE

39 TO 40 OR 79 TO 80

OFTIONAL DELAY

FOR SYNTH. SETTLING

LMABR T GAINTT T T T

LIFT FEN
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¥
! %-Y FLOTTER/CRT DISFLAY FROGRAM
! +OR IMAGE ALIGNMENT SYSTEM

"AD7?
AD7A
b AD7B
: AD7D

. ADZE
L ADB1
i Al'S4
ADB7
AliBA
ADSC
ADNBE
AD?1
AD93
AR%4

% Ang7
AL?9

AD?D
ALIAO
ADlA2
ADAA
) AllAS

ADA7

Alla9
._AUAB

ADAD

ADEO

ALR2

ADR4

ADR7

ADBY
" . ADERC

ADERF
' ADC1
E ’ ADC3
b ADnCa
4 ADC?
’ " ALCY
anCaA
AUCH
ALCC
ADCE
Al
ADDA
ALIDS
ADD9
ADDC
ADDF
apnEl

Pt
A

F}I‘
o
e
3
4

ADGS

AL9B

o

A
A

A

B
B

A
A

>

CE 10 00 DELAY1

09 pELAY  DEX
26 FI ENE
39 RTS
Bé 18 24 MASK LA
F6 18 25 LDA
F7? ED 38 STA
BRR ED 3D ADD
24 02 RCC
86 FF LDA
FE EN 34 NOTSAT LDX
E6& 00 LOA
11 CRA
24 11 RCC
37 T FSH
8n .7 RSR
26 48 ENE
‘8408 LDA
BS EE 83 EKIT
27 02 BEQ
8n c2 RSR
32 KEEFE  PUL
20 12 ERA
snh k7 RIGR ESK
26 09 ENE
Cé 08 LhA
FS EE B3 RIT
26 02 ENE
8p BE RSR
FE ED 34 C#TNUE LIX
A7 00 i STA
B7 ED 37 SMALR STA
'7C'ED“35’”“”W“’"”TNC””
8n 9F , RSR
26 1C / ENE
16 ' SLWADJ TAE
FO EE 80 SUR
24 01 ECC
50 T NEG
58 FOS ASL
58 ASL
CB 08 ) ADTD
F7 ED 39 STA
FE EIL 39 Lox
8N A4 KSR
g7 EE 80 sSTA
7C EE 81 INC
7E. AC BB XCHJMF JMFP
8D 11 WRITE  ESR
20 F9

_BRA

wowwE 7

#41000

DELAY

COR1
COR1+1
YCOORD+1
YFOSN
NOTSAT
$$FF
UMXFTR
00X

BIGR ..

PROGTST
RLANK
$700001000
VERT+3
KEEFH
LFTFEN

SMALR
FROGTST
CNTNUE
$700001000
VERT+3
CNTNUE
DRDFEN
UMXFTR

0 X

YCOORD

“XCOORD ~ ~

FROGTST
WRITE

VERT

Fos .

48
sSLOW
sLOowW
DELAY
VERT
HOR1Z
XCHECK
VECTOR
XCHJIMF

VERTICAL CHANGE

UMXFTR+1=XCOORD

<
NEW IS HIGHER

" CHECK FEN

UF ALREADY
KEEF OLD ELEV.

CHECK FEN

DOWN ALREADY

GET VERT CHANGE

MULTIFLY BY 4

MINIMUM PLDT DELAY

1 35 VR A

RO, W5




k
g X~Y PLOTTER/CRT DISFLAY FROGRAM F
; FOR IMAGE ALIGNMENT SYSTEM ﬁ
j T "7 77T %% FORMAT DATA FOR OUTFUT TO TEK 4006-1 :
b ADE3 31 BLANK  INS A
: ADE4 A6 00 LDA A 0sX 3
IR ARE6 K7 ED 37 STA A YCOORD )
; ADE9 7C ED 35 INC XCOORD j
' ADEC 8D 02 KSR DRKVCT %
j ADEE 20 EC ERA XCHJMP I
1}
ADFO 8L 33 DRKVCT ESK DARK T ?
AF? CE Ei 1S5 VECTOR LDX $XCOORD r
ADFS 8D 1F ESR LORYTE !
ALF7 BR CO ADD A $#$40+$80 MARK END OF STRING :
ADF9 36 FSH A LAST WQRD OUT 4
AFA 8D 21 ESR HIBYTE N - g
ADFC 36 FSH A E
ADFD CE ED 37 LOY LDX $YCOORD i
__AEOO 8D 10 = ESKR LORYTE o -
AEO2 ~8R 60 ADD A #3640 ALD TAG ;
AEO4 36 FSH A {
. AEOS 8D 16 ~ ~ BSR HIBYTE
AEO7 4C INC A MOVE RASTER UF 32 LINES
AEOB 36 PSH A FIRST WORD OUT
AEOS 30 TSX :
AEOA ERD FD FF JSR QUTSTR " SEND VECTORS TO DISFLAY -
AEOD 31 INS RESTORE S.F.
AEOE 31 INS
"AEOF 3t T~ INS T T T T T T T T
AE10 31 INS
_AE11 39 RTS
AE12 A6 00 LOBYTE LDA A OsX
_AE14 E6 01 _LDhA B 1,X e
AE16 S8 0 T T ASL B~ 7
AEL7 49 ROL A
AE18 S8 ASL B
AE19 49 ROL A
AE1A 84 1F AND A  #%00011111
AEIC 39 _ RTS
AELID A6 00 HIBRYTE .LDA A  0OsX
AEIF 44 LSR A
AE20 44 LSR A
AE21 44 LSR A
AE22 B8R 20 AD A #$20 ADD' TAG ) ]
AE24 39 <~ 7 7 RYS” T
AE2S 86 1D DARK LDA A #$10
AE27 7E FD 80 JMP OUTCH
B-39 !
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S 'NCHRONOUS DETECTOR
FOR IMAGE ALIGNER/FLOTTER

J
'
?
B ¢ 3 THIS VERSION INTERLEAVES I & Q SAMFLES E
X ENTRY: MUX ALDRESS ($DFF®) SET TO DESIRED MODULE g
X EXIT? VALUES FROM EVEN MUX ADDRESS IN [(0,X)(1,X)] ¥
x . VALUE FROM OODN MUX ADDRESS IN C(2+,X)(3+X)] h
!
EE12 FOSTRAN EQU FIA+$12 ﬂ
EE22 NEGTRAN EQU FIA+$22 H
e
AE2A &F 00 SYNDET CLR 0rX w
AE2C 6F 01 " CLR 14X - i !
AE2E 6F 02 CLR 2¢X )
AE30 &F 03 CLR 3rX i
AE32 Cé 02 LDA E 2 i i
AE34 37 LOOF60 FSH B 4 :
AE3S5 7D EE 11 TST _ FOSTRAN-1 CLEAR CRE-7
‘AE38 7L EE 31 T T UTSTT “NEGTRAN-1
AE3R OF SEI
AE3C Eé EE 13 SYNDTY LDA A FOSTRAN+1
" 'AE3F BA EE 23 " ORA A  NEGTRAN+1
AE42 2A F8 EFL SYNDT1 WAIT FOR 60HZ CYCLE k
AE44 C6 04 LDA E 4 ]
AEB& 37 SYNmT2 FSH B ST T E
AE4A7 Cé 02 RIGLOOF LDA E 2
AE4A9 37 SIGNTST FSH E
AE4A 7D EE 10 TST FOSTRAN-2
AE4DIN 7D EE 20 TST NEGTRAN-2
AES0 7D ED 47 TST SIGN TAKE OTHER HALF CYCLE
- TAES3 27 0A "BREQ@ - NEGTST oo T
AESS E6 EE 12 FPOSTST LDA A FOSTRAN
AES8 2A FR RFL FOSTST
AESA 7F ED 47 CLR SIGN |
AESD 20 0A ERA SAMFLE - 4
AESF K6 EE 22 NEGTST LDA A NEGTRAN L
AELD SAFR T T 7 T mFL " NEGTST ’ cToTTTm o oo T T ;3
AEb44 86 FF LA A $$FF i
AE66 K7 ED 47 STA A SIGN {3
AE69 Cé6 14 ~ SAMFLE LDA F $20 )
AELE  SA DELAY2 DEC B
AESC 26 FI ENE DELAY?2 SIGNAL FHASE COMFENSATION (
AEGE K? BF FA' ~ ~ STA A [1AS+$A CONVERT COMMAND = ]
AE71 Eé DF FB WAIT LDA A DAS+$E FOR EOC
AE74 2A FR BFL WAIT
AE76 B& DF FD' '~ 7 LDA A DAS+SD GET HI ERYTE -f
AZ79 Fé DF FC LDA B DAS+s$C GET LD RYTE }
AE7C 7D ELI 47 TST SIGN :
AE7F 26 05 " BNE = SUBTR
AEB81 43 coM A RE-INVERT y
AE8B2 53 COM E l
AEB3 oOC cLC
AES84 20 01 ERA ADDATA I
AEBS6 OD SUBTR SEC pATA IS ALREADY INVERTED f
AEB7 E9 01 ~ AODATA ALDC B ~ 1.X ) :
AEB® A9 00 ALC A 0sX :
AEBE 28 OD BYC STORE NO OVERFLOW
AEBD 2A 08 BFL MINUS FILL FILTER WITH MAX., VALUE
AEBF Cé& FF LDA B $$FF ‘
AE?1 86 7F LDA A $$7F i
B-40 .
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SYNCHRONOUS DETECTOR
FOR IMAGE ALIGNER/FLOTTER

AE?3 20 05 " "BRA ~ ~ STORE
AEPS 20 9D LOOF61 BRA LOOP&0O ERANCH EXTENSION
AE97 SF  MINUS CLR E
AE98 86 80 LA A #$80
AE9A E7 01 STORE STA B  1sX
AE9C A7 00 STA A 0s¢X
AEFE 33 FUL B
AE9F 5A DEC B o
AEAD 26 A7 ~ BNE SIGNTST NEXT HALF-CYCLE ¥
AEA2 R& DF F9 LDA A  DAS+9 I
AEAS 44 LSk A ;
AEAS 25 07 ECS (s} ( !
AEA8  7C DF F9 INC DAS+9 OTHER _CHANNEL ﬁ
AEAR 08 INX ; :
AEAC 08 INX i
‘AEAD 20 987 T 77 BRA ~  ERIGLOOF T T Ty :
AEAF 7A DF F9 ODD DEC DAS+9 FIRST CHANNEL k
_AEB2 09 _DEX . ‘ i
AEB3 7 09 DEX ¢
AEB4 33 FUL K k
AEES SA ... _DEC B S .
AEBRé 26 BE ENE SYNDT2 TAKE ANOTHER CYCLE -
AER8 33 FUL R i
AEE® OF CLI i
AEBA SA DIEC E H
AEER 26 I8 ENE LOOFé&1 5
AEED 39 RTS o i
|
O |
i

BRSO LD Wi, 5.



FOR IMAGE Al IGNER/FLOTTER
X WRITES CORRELATION COEFFICIENT ON CRT
% ' "TEXT FOR HEADINGS
AERE 43 4F S2 HEADG1 FCC CORRELATION COEF’
"AECE 46 49 43 " FCC ‘FICIENT s$I1y$Ar$Ar$A+$80
AED9 4D 41 47 HEADG2 FCC *MAGNITUDRE FHAS’
AEE® 45 20 28 FCC ‘E (Ded)‘s$Ny$A1$A 274480 =
AEF4 20 30 AE DATA™ ~FCC =~ 770’y’.’+4880 -~ ~ — - T oo
AEF7 07 CORCRT TPA b
" AEF8 36 ‘ PSH A -
AEF? RD AR F4a JSR FAGE ;
AEFC Cé OF LDA B #15 '
AEFE RD FIr A9 LCINE ™ ISR CRLF1I T T T T
AFO1 SA DEC E
AF02 246 FA BNE LINE MOVE LOWN 15 LINES
T TAF04T CETAE BES T LDX T TT#HEARGY T T o Tt
AF0? 8D 2F ESR SFSTR 1ST LINE OF TEXT
AFO0%? 8Dh 2D BSR SFSTR 2NII LINE
TAFOR T 80 2B 7 BSR SPSTR TTTTTTTZROCLINE T T T
AFOD CE 18 24 LI #COR1
AF10 ED FD 7A JSR OUT4HS FRINT MAGNITUDE
AF13 €6 05 '~ T LDATB #5 D ' '
AF15 8D 28 KSR SFACE
AF17 32 FUL A GET SIGN OF ANGLE
""AF18 84 01 T T T ANDA S o T T N
AF1A 48 ASL A
AF1E B8R 2R ADD A  #$2R
AF1D ERD FD 80 JSR OUTCH
AF20 ED FD 8F JSK THE N
AF23 A6 00 CRT1 LA A O0sX
TTTTAF2S 36 T - TTTPSH A T T B - o/
AF26 44 LSR A
AF27 44 LSR A
AF28 "44 77T TTT T T LSBKR A
AF29 44 LSR A
AF2A BD FD 9C JSR THB1
AF2D” ~88 2E TOA A #7777 77T TTANGLE THAS FORM XXX X
AF2F BRD FD 80 JSR QUTCH
AF32 32 FUL A
CTUAF33TBATOF T T T ANDCA 0 #$F T
AF3S 7E FD 9C JMF THR1 RETURNS VIA RTS
AF38 Cé 17 ~~ SFSTR LDA'B ~ #23 ~ - -~~~ =~ T
AF3A 8D 03 SFSTR1 BSR SFACE TO CENTER TEXT ON CRT
AF3C 7E FI FF JMP OUTSTR
AF3F BD FD 7E SFACE JSR ouUTSP SFACE (R) TIMES
AF42 5SA DEC B
AFA3 26 FA = T T TTTTRNETT T SPACET T T TooTTrTmmon s

AF45 39 RTS




"RAFHIC ALIGNMENT DISFLAY
FOR IMAGE ALIGNER/FLOTTER
X EXTERNAL REFERENCES
ED1S CALIER EQU $ED1S
' EDIE XCOUNT EQU $SEDIE

EN23 YCOUNT EQU $EN23

AB20 XSTEP EQU $A820

EDAD MAG EQU $EDAD

EDAE ~ MAG1 EQU  $EDME

X VECTORS FOR TEK 4006-1

AF46 1D 2C 66 AXES FCE $1Dy/»f @/»/FfP_"9s$1Dy’ ‘0R’»’81’y‘@’'+$80

AFS6 1D 2C 63 SMALSQ FCE $10s 9/’ 9713’y i0C’s2cC’s’c/1’ »$111+$80

AF66 1D 2A 74 MAGSQ  FCE ~ $1Ds "XL.N‘»’-xN’»‘x1IR‘s‘XtR’

AF74 74 2E 4E FCR ‘"t . N‘»$10+$80 o

_AF78 ED AK F4 CROSS JSR  FPAGE i

AF7R CE AF 46 7777 LDX ™ $AXES

AF7E 7€ Fh FF SQUARE JMF OUTSTR :
AF81 7F ED 4E GRAFH1 CLR MAG1 A
AF84 8D F2 RSR CROSS FAINT TARGET _
AF86 8D Fé KSR SQUARE g
AF88 E& ED 17 GRAFH2 LDA A PROGNR i
AF8R 81 OD CMF A ' 231 ¥
AF8D 26 01 ENE GO

AFBF 39 o RTS =~ ° T SPURIOUS ENTRY FROM *DI* COMi

AF90 7F ED 4D GO CLR MAG

AF93 FE ED 21 LOX XCOUNT+3

AF94 8C 20 00 CFX #512%16 10 BRITS MAX. FOR CRT

AF99 2R 03 BMI TEST2

AF9B CE 20 00 LIDX $£512%16

AF9E 8C E0 00 "TESTZ ~CFPX  ~ #=g1%2 - T

AFA1 2A 03 EPL STORE1

AFA3 CE EO 00 LDX $-8192

AFAé FF ED 35 "STORE1 STX  'XCOORD

AFA9? 8C 02 00 CPX $512 TOO RIG AFTER 16X MAG?

AFAC 2A 08 BFL Y

AFAE 8C FE 00 T CPFX T T#-s512 o

AFR1 2B 03 EMI Y

AFE3 7C ED 4D INC MAG 0.K. SO FAR

AFRé FE ED 26 Y LDX YCOUNT+3

AFE® 8C 1E 00 CFPX $512%16-512 CRT VERTICAL IS SMALLER

AFBC 2B 03 EMI TEST3

AFBE CE 1E 00 77  LbX ~ #S512%16-512"

AFC1 8C IF 00 TEST3 CPX 4-8192-256

AFC4 2A 03 RFL STORE2

AFCé CE DF 00 LDX $-8192-256

AFC9 FF ED 37 STORE2 STX YCOORD

AFCC 7D ED AE TST MAG1

AFCF 26 2R~~~ 77 ° EBNE ~ CENTER HAVE MAGNIFIED' TARGET ALREA

AFD1 8C 01 00 CFX $256

AFD4 2A 16 : EFL SCALE

" AFDé 8C FF 00 ’ CPX $-256

AFD9 2R 11 , EMI SCALE

AFDBR 7D ED 4D TST MAG WAS X 0.K.?
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“OR IMAGE

AFDE
AFEO
AFE2

AFE?7
AFEA
AFEC
AFEF
AFF1
AFF3
AFFS
AFF7
AFF 9
AFFA
AFFC
AFFF
BOO1
E003
BOOS
BOO7
K008
EOO?
EOOR
ROON
EROOF
BO11
K013

RO16
BO17
RO18B
EO19
BO1A
RO1E
FO1D
KO1IF

BO20

AFES

FREE BRYTES

STATEMENTS =574

0 ERRORS DETECTED

iRFHIC ALIGNMENT DISFLAY

ALIGNER/FLOTTER
27 0OC BE@  SCALE
8D 96 MAG16X BSK CROSS
CE AF 66 LDX $MAGSQ
8p 97 7 BSR SQUARE
7C ED 4E INC MAG1
20 10 ERA CENTER
CE ED 35 SCALE LDX #XCOORD
Cé6 04 LDA B 44
&7 00 LOOP ASR O X
66 01 7 T ROR 12X
67 02 ASK 29X
466 03 ROR 3¢ X
7= DEC E
26 FS ENE LOOF
CE EIr 35 CENTER LDX $#XCOORD
A6 00 T T TLDA A 0sX o
8RB 02 ADD A $512/256
E6 01 LDA B 1»X
sn oF 7 "RSR -~ EXCHNG
08 INX
08 INX )
‘E6 01 B LDA B  1:X
Aé 00 LDA A O X
CR 66 AlD E $390-32-256
8% 01 ADC A $390-32/256
sl 03 BSR EXCHNG
7E AD F2 JMF VECTDR
47 EXCHNG ASR A
56 ROR R
46 "ROR A
56 ROR B
44 ROR A
A7 01 T UTTSTATAT T 1.X T
E7 00 STA B OsX
39 RETRN4 RTS

END

=19
B-44

FAINT MAGNIFIED TARGET

REDUCE COORDINATES TO 1/16

-,

)
4

SHIFT TO HORIZ. CENTEKR

SHIFT TO VERTICAL CENTER
*VECTOR" ADIS BACK 32

7 7 (AY NOW HAS L.S., 2°0F 10 RIT
(B) HAS M.S5. 8 OF 10 RITS




i e 2o

MEASURE
X SUEROUTINE MEASURE o
X MEASURES LEFT DEVICE OUTFUTS ANDN COMPUTES
4 N X _ .. VARIABLES FOR CORRELATION AND LEAST SQUARES ESTIMATI
{ X MODE=1 FOR REFERENCE
5 X MODE=2 FOR CORRELATE
; X MODE=3 FOR LEAST SQUARES
! X 1>=L>=NEDRY SETS FREQUENCY FLANE EOUNDARY FOR
X LEAST SQUARES
1800 __.___ .. _.ORG _ s1800
1800 TEMF1  RME 1
1801 TEMP2  RME 1
1802 TEMF3  RME 1
1803 TEMF4  RME 1
1804 TEMFS  RME 1
1805 TEMPé  RME 1 o
1806 BRCD1 RME 1
1807 BCD2 RME 1
1808 CTR RMB 1
1809 CTR1 ‘RME- 1 ) T
1814 ORG $1814
1814 XOZERO RMR 4
ig8is YOZERO RME 7
181C X1ZERO RME 4
1820 Y1ZERO RMKE 4
T 1824 COR1 ~~"RMB ~ ~1° TREAL T T T
1825 COR2 RMB 1
1826 COR3 RMB 1 IMAG
Y1827 T T TCOR4 T RME 3T
1824 COR® RME 1 THETA
182R COR10 RMB 1
. " 7is2c I RMB 1
182D J RMB 1
182E i RMR 1
TTT182F JD RMB 1 - T o
1830 UIt RMB 1
1831 urz2 RME 1
183277 T T UTTVYIL T ORMR T 1
1833 VvJ2 RME 1
1834 MODE RMR 1
. 193§ DTINE  RMB
1836 JSTART RME 1
1837 - BDRY RMB 1
- T 1838 T BDRYD T RMETT 1T T - T T e
1839 NBDRY RMB 1
183A BDRYFT RMR 1
TTTT 1838 TTFIRST RMB T 1T T o -
: 183C SENSOR RME 1
. 183D NSAMF  RME 1
i° T 183K 7T "7 TLOGNS  RMRE 1
! 183F BCDFTR RME 2
1841 L RME 1
16372 TLIMIT O RMER T T T -
1843 X RMB 1
1844 Y RMB 1
T T TT184% 7T 77T T'ZERO RMB "4
1849 X1INC RME 2
___184B_ YIINC RME 2
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| MEASURE

b

1840 ©~ 7 NFT ‘RME 1
184E STACK1 RME 1
184F STACK2 RMB 1 =~
1850 FUSHST RME 1
1851 THR11 RME 1
1852 THR12  RME 1
1853 THR21 RMR 1
1854 THR22 RME 1
1855 HOW  RME 1 o ] ) )
1856 i T TIJFTRT ORMB 1
1857 IJFTR1 RME 1
1858 ADRSW  RMB 1
1859 ‘ SETUF RME 1
185A FINE RMB 1
185B B K$G RME "1 o
185C KKKK RME 4
1860 CORSE RMR 2
1862 ST _ RMB 2
T TU1B&4TTTT T T  SAVESFT RME 2
1866 MAX RMR 4
. . 1864 SuM  RMB = 4 . - S
186E XTRAN ~ RME 2
1870 YTRAN RMB 2
1872 DELX RME 4
1876 DELY  RMB 4
187A vp RME 4
187E _ ~UP __RMB 4 . B o
1882 7 U6 T T RME T 4 T T
1886 wW RMR 4
188A B uu RMR 4
188 " STEPS RMB 2
1890 ANGLE  KME 2
1892 SMAG RMB 4 S
1896 T "7 T TSAVEX RMB 27 - T e
1898 SAVEY RME 2
189A DIRECT RMR 1
1898 DTHR11 RMB 1
189C DTHR12 KMB 1
189D DTHR21 RME 1 o
189E =~ 7 TDTHR22 RME T T T T T e e
189F MPLX RME 2
18A1 SIGNI RMR 1
18A2 777 T 7 "SIGNQ T RMB T 1 - )
18A3 SFLAG RMB 1
18A4 SNFLAG RMBR 1 o
} 18p8 — T TTTTTTDRGT T Tsismg 0 7 T ot o
1808 DELTA  RMR 100
18E2 BCDAR RMB 5120
1AE2 7 777 BDRYLF RMB 5 ‘ i
1AE7 EDRYCT RME ]
1AEC S1VFIM RMB 20D L
, 1BOO T TTTTTTBIUPIM RMRE T ZODN T T T T T
] 1F14 S1UVIM RME 20D
| 1B28 S1VIM RMB 20D
| 1R3C ~ 777777 S1UIM T T RMBT 200 ‘ o
3 1RS50 I1J RME 400D

1CE0 FSIMS  RMB 400D

e




MEASURE
TIE70° T T T TTT TTNSIMS T RMEBT T 400D T -
BR&S FULL4A EQU $RB4B
__ _ _BBBE PUSH44 EQU  $BESE o L _
BRKA4 PUSH41 EQU $KEB4
BRED1 PUSH42 EQU $RERD1
_____ _B%A0 DELAY1 EQU $E9A0
EB17 RISBECD EQU $EK17
BRBF4 TUNE EQU $EBEF4
'y . _ __BA®2  READ EQU s$BA92 ) i —
3 BCOD " 'RDDEFT ~ EQU $kCOD T mmTm T
: R9ES ADDRES EQU $E9RS
. 8000 MATH EQU $8000
¢ BDDS CORDIC EQU $KD[é
BD28 GSRCH EQU $RN28
_ _A6SC INDEX1 EQU $A65C _
A&8S UFDATE EQU $A485 T
A63D IDEX EQU $A63D
- A74C PHASDF EQU sA74c o
x
RO40 ORG $B040
o BO40 7F 18 3R MEASRE CLR FIRST
B0O43 BRé 18 34 LDAA MODE WHICH MODE?
BO46 4A DECA
B047 27 05 REQ LM1 :
"BO4? 44 7 T T " "peea 0 T T oo T T
BO4A 27 2b REQ LM4 :
___BO4C 20 3C RRA LMS ﬁ
T BO4E T 7F 18 2C LM1 CtR 1 MODE 1?7 INITIALIZE -
BOS1 86 01 LDAA #01
ROS3 E7 18 43 STAA X ;
T TTTTBOS6” R7 18 37 T T STAA  RDRY ' ' :
- BOS® Ré 18 36 LDAA JSTART , :
) BOSC B7 18 2D STAA J o .
BOSF CE 00 00 LDX $0
BO62 BF 18 00 STS TEMF1
__BO&5 BE 1R 4F LDS $1J-1 S1U(S) LS
TTBO&8 AaF T T T U COLRA T T o o T me T
RO69 36 LM2 PSHA CLEAR S1 VARIARLES
_ . BO6A 08 o INX
BO&B 8C 00 3C CFX #6001
BOGE 26 F9 BNE LM2
__BO070 BE 18 00 LM3 LS TEMF1
TTBO73 7F 18 3¢ T TUCLRT T T USENSOR T 7T O=REFERENCE SENSOR ™~
BO76 7E B1 28 JMFP LM8 TO ADDRES
BO79 CE 00 00 LM4 LDX $0 MODE 2: INITIALIZE
" TROVCT FF 18 A STYX ~TOsUM T T T T T T
BO7F FF 18 6C STX SUM+$2
; RO82 FF 18 92 STX SMAG
i T T T BOBS  FF 18 94 STX SMAG+2
- BOB8 20 11 ERA LM7
BOBA 86 01 LMS LDAA &1 MODE 3: INITIALIZE
TTROBC T BV I8 37 T T T STAA TTRDRY T T T T T T
BOBF CE 1A EC LDx #S1VFIM
BO92 4F CLRA J
TTUTTTTBOST TA7700 T T LMA T T STAA 0rX ~~ CLEAR S1UF AND S1VP
. B09S5 08 INX
BO%6 8C 1R 14 CPX #S1UVINM
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Mk ASURE
§
BO99 26 F8 " "7 T BENE' ~ LMé
BOYE 86 01 LM7 LDAA $1 MODES 2 AND 3¢ INITIALIZE
BEO9D FE7 18 44 STAA Y \
BOAO "CE'18'DE° =~~~ LDX " #ECDAR-4
1 FOA3 FF 18 3F STX BCDFTR
BOA6 CE 1F 50 LDX $1J
EOA9 FF 18 56 STX IJPTR
] KOAC A6 00 LDAA 0rX
BOAE R7 18 2D STAA J FASS IU(1)»JV(1) TO ADDRES
] EOE1 CE 1C'1B ~ 7~ 7TTLDX T T #IJ42000 T ) T T
EOEA  Aé 00 LDAA 0rX
BOR6 E7 18 2C STAA I
EOR? 86 01 ' LDAA #1
EOBE B7 18 3C STAA SENSOR 1=ALIGNING SENSOR
FOEE 7E K1 28 JMF ‘LM8 TO TUNE
TTEROCT FE 18 2C LMY LLX 1 SAVE OLL VALUES } ;
BOC4 FF 18 2E STX 1n :
EOC7 Bé 18 34 LDAA MOLE WHICH MODE? .
" BOCA 4A "DECAT T T B T T g
EOCE 27 0A BEQ LM10 1
BROCD 4A DECA
" BROCE 27734 BEG  LMI31 T
"BODO 7D 18 A4 TST SNFLAG
FON3 27 34 FEQ LM14 :
'BODS 20 28" T BRAT T LM130 F
EOD7 Eé& 18 37 LM10 LDAA EDRY MODE 1! SET UF
BODA E7 18 38 STAA BORYD o
T Ronn ED A& SC JSK INGEX1L T T T o
EOEO 70 18 2C TST I
FOE3 26 18 ENE LM13
EOES B& 18 2D T LDAA T U
EOE8 CE 1A E2 LDX #EDRYLF TAELE OF NORMALIZED BOUNDARI -
BOEB SF CLRE
T LOEC A1 00 LMid CHFA 0rX o o
ROEE 27 09 EEQ LM12
ROFO  SC INCE
oF1 OB T T UINK S e e e e -
KOF2 F1 18 39 CMPE NBDRY
BO S 27 06 FEQ LM13 IF ZERO» IN OLD REGION
pOF7 20 F37 T T T "BRATT TTLMIT T
ECF9  SC LM12 INCE IN NEW REGION
“OFA  F7 18 37 STAF EDRY
RCCDN 207267 TLMI3  BRA LM1sT T
*GFF RN BC O LM130  JSR RDDEFT
1102 20 08 ERA LM141 o
£104 7D 18 S8 LM131  TST  ADRSW ~ T T ;
k107 2E Fé EGT LM130 ;
%1% BD BA 92 LM14 JSR REAL MODE 2 AND 3: SET UF f
Flor FE 18 56 LM141  LDX IJPTR ’ ;
R10OF 08 INX
B110 FF 18 56 STX 1JFTR
"T13 A6 00T LDAR ™~ 0sX ~ T T T
B115 B7 18 2D : STAA J J=IJ(IJFTR)
B118 4F CLRA
K119 €C6 C8 7 7 7 LDAB $200D
E11R BD Aé 3D JSR IDEX
R11E A6 00 _LDAA 0 X
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~ § MEASURE i
’ k
B120 B7 18 2C STAA 1 I=1JC(IJFTR+200)
B123 20 03 BRA LM8
B125_BD EC OD LM15S _JSR___ _RDDEFT .
B128 BD E9 Eé LM8B JSR ADDRES ALL MODES
B12B BD BR F4 LM1é JSK TUNE
B12E 7D 18 3B __ _TST_ _ FIRST. _
B131 26 09 ENE LM1?7 -
B133 RD R9 A0 JSR DELAY1 FIRST ITERATION 3
B136 7C 18 3B _INC _ FIRST )
B139 7E BO Ci JMF LMY g
B13C 7F 18 2A LM17 CLR CORS CORDIC VECTOR MODE 4
B13F 7F 18 2R CLR COR10
B142 BD BD Dé JSR CORLIIC CORDIC
B145 Ré 18 34 LDAA MODE ¢
_B148  4A DECA : ~ 2
R139 27 09 BEQ LM18 MODE 1 :
B14B 4A DECA 3
E14C 27 03 REQ LM171 MODE 2 .
" TB14E 7E B3 1A JMPT T TLM22 " MODE 3 o ¢
B15% 7E B2 12 LM171  JMP LM29 Y
__B154 7D 18 A3 LM18 _ TST SFLAG MODE 1! SEARCH TRANSFORM £
BIS7 2E 06 T RGT LM180
B159 BD Aé 85 JSK UFDATE SFLAG=0
B15C 7E R2 94 JMP LM20 >
BiSF BRé 18 24 LM180  LDAA ~ CORY =~ 'SFLAG=1 T e §
B162 Fé 18 25 LDAR COR2 4
R165 FO 18 S2 SURR THR12
YT T UB168 B2 18517 T SKCA THRI1
R16B 2C 03 EGE LM19
B16D 7E B2 94 JMFP LM20 REJECT: INSIGNIFICANT MAG
B170 "Bé 18 2C LM19 LDAA I o T T
F173 B7 18 8B STAA Uu+1 1
B176 ERé 18 2D LDAA J o ;
T B179 R7 18 87 STAA VU+1 :
B17C 7F 18 66 CLR MAX
B17F 7F 18 47 CLR MAX+1 ) - B
'B182 86 02 2 TLDAAT T #2 — o oo omommmomrme oo
B184 B7 18 62 STAA ST \
B187 BRD ED 28 JSR GSRCH o ]
"B18AT 7A 18 82 T DEC 8T '
p18D BD ED 28 JSR GSRCH .
B190 BRé 18 8B LDAA UU+1 , o
TTTUB193 T B7Z 1826 T TTTUSTAA Y T T ) N C
B196 Bé6 18 87 LDAA VU411
B199 B7 18 2D STAA J B
3 B19C RD B9 R USRS T TADDRES T T o o
! Bi9F BD BB F4 JSKR TUNE
' B1A2 Bé6 18 66 LDAA MAX
" BiAS F6 18 47 - " LDAB MAX+1 T
B1A8 FO 18 52 SUBK THR12
R1AB B2 18 51 SRCA THR11
T UBLIAETT 2C 0% BOE LM190 .
{ B1RO 7E B2 94 JMP LM20 REJECT
B1B3 FE 18 66 LM190 _ LDX ~  MAX -
]} - "~ TBiB6 FF 18 24 T 8TX COR1
4 - BiB9 FE 18 48 LDX MAX+2
_ _BIBC FF_18 2A STX COR® L L
. B-49 LB

e e e e e A Rrer i o ¢

PN AT Ry




——

-“SURE

'B1BF

FiC2
 BICS

EK1C8

E1CB
E1CE
B1DO
E1D3
BR1D6

S :3 8 (1

" RIES

R10C
R1DE
R1E1
E1E3
R1ES

R1EB

"R1F1
E1iF3
_K1Fé
BR1F7
E1F8
BiFA
E1FD
R200
R201
k204
B207
B208
B20K
E20D
B210

S B212

k215
E218
B21B
B21E
B220
F223
B226
B229
B22C
B22F
E232

BE23%

E238
B23A
E23D
E240
E243
E244
B248
B24B
R24E
B251

R1EE

‘CE 1C 17 LDX $MSIMS-601D
FF 18 00 STX TEMP1
_B6 18 00 LDAA _ TEMPL
Fé 18 01 LOAB ~ TEMP2
FBE 18 43 ADDB X
89 00 AIICA  $0
B7 18 00 STAA  TEMF1
F7 18 01 STAB  TEMP2
FE 18 00 LDX TEMF1
‘B6 18 2E T LDAA IR - T
A7 00 STAA  0sX IJ(X+200)=1ID
Bé6 18 00 LDAA  TEMP1
Co C8 SUBB  #200D -
82 00 SECA 0
B7 18 00 STAA  TEMPL =~
F7 18 01 STAE  TEMF2 :
FE 18 00 LDX TEMP1
B6 18 2F LbAA  JD ) o
A7700 STAA T 0sX IJ(X)=JD T T
Fé 18 38 LDAB  BDRYD UFDATE S1 VARIABLES
58 B ASLE - 3
58 ASLE
Co 03 SURE  #3
F7 18 3A STAE  EDRYPT FOINTS TO MS BYTE
F6 18 2E LDAE  ID S1U(BDRYD)=S1U(RDRYD)+IDKID
aF CLRA
ED BB D1 JSR PUSH42
F6 18 26 T LDAE T ID - o T
aF CLRA
B0 EE D1 JSR PUSH42
86 0A T T LDAA #10D0 i )
BD 80 00 JSR MATH
20 03 ERA LM28
T7ETR2TAE LMZY  JWF LM21
CE 1F 3B LM28  LDX #S1U1M-1
B6 18 3A LDAA  EDRYPT
BD BR BE~ JSKR FUSH44 T T e
86 OB LDAA  #11D
BD 80 00 JSR MATH
‘CE 1R 3Kk TnX #S1UIM-1" T T
B6 18 3A LDAA  EDRYPT
BD BE 68 JSR FULL4
B6°18 2F " " LDAA TTJUD T T T S1V(EDRYD)=S1V(BIRYD) + JIKJD
BD BB B4 JSR FUSHA41
Bé 18 2F LDAA  JD
BICBR B4~ 7777 JSR T FUSH4AL - ;
86 OA LDAA  #10D
ED 80 00 JSR MATH
CE 1B 27 " LDX $S1V1IN-1
B6 18 3A LDAA  EDRYFT
BD BR BE JSR PUSH44
86 OF LIAA #1110 -
Bl 80 00 JSR MATH
CE 1B 27 LDX $S1V1M-1
" R&T1B 3AT “LDAA” BDRYPT T T e
BD BB 68 JSR PULLA4
Fé 18 2E LDAR 1D S1UV (BDRYD)=S1UV (BDRYD) +IDXJ
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MEASURE

B257 &F CLRA
B258 BD BB D1 JSK FUSH42
B235B_B6é 18 2F = LDAA  JD -
F2SE ED BE B4 JSK FUSH41
B261 86 0A LDAA $100
B263 BD 80 00 . . . SR MATH
B266 CE 1B 13 LDX $S1UVIN-1
! B269 B6 18 3A LDAA BDRYPT
B26C BD BB BE JSR PUSH44 e ——
R24F 84 OR LDAA $#11D
E271 BD 80 00 JSR MATH
B274 CE 1R 13 LDX $S1UV1IN-1
B277 B6 18 3A LDAA BDRYFT
R27A BD BR 48 JSR PULL4
) B27D CE 1A Eé LDX $BDRYCT-1 BDRYCT(BDRYD) =X B
B380 F6 18 38 LDAE BORYD
283 4F CLRA
L R284 BD A6 3D JSR  IDEX S
} B287 B6 18 43 LoAA X T e -
! B28A A7 00 STAA 0rX
P B28C  BO 18 4D SUBA NPT ) L
: B28F 2C 14 BGE LM201 GOT NFT SIGNIFICANT FOINTS
B291 7C 18 43 INC X X=X+1
i PB294 F6 18 2C LM20  LDAB I ) B L
{ B297 4F o CLRA
3 B298 FO 18 42 SUBR LIMIT
.. B29B 82 00 SBCA $0 e
- B290 2C 03 BGE LM202
3 B29F 7E B3 CF JMF LM26 DO ANOTHER FOINT
- __ _.__B2A2 7A 18 43 LM202  DEC X
i B2AS 39 LM201  RTS
' B2Aé6 CE 1E 4E LM21 LDX $MS1MS-2 MODE 2: CORRELATION
 _B2A% FF 18 00 STX  TEMP1 o . L
B2AC B& 18 00 LDAA TEMPI i
B2AF F6 18 01 LDAE TEMF2
B2B2 FB 18 44 ADDE Y
TB2BS 89 00 T T ‘ADCA K 2+ 2
B2B7? FB 18 44 ADDB Y
_ BR2BA_89 00 B ADCA $0 )
B2RE B7 18 00 STAA TENF1
E2BF F7 18 01 STAB TEMP2
B2C2 FE 18 00 LDX TEMP1
T B2CY A8°00 T T T LDAA T 0sXx GET MS(Y) -
: R2C7? Eé 01 LDAB 1,X
j B2C9 BD BB D1 JSR PUSH42
L.  B2CC B4 1824 T T LpAA T CORY /o T/ T T/ o )
B2CF Fé6 18 25 LDAR COR2
B2D2 BD BB D1 JSR PUSH42
TR2DS  BEOA T T 777 T LDAA #10D oo
B2D? BD 80 00 JSR MATH MS(Y)XMAG
B2DA CE 18 6A LDX #$SUM
“R2ID AF TLRA - _
: B2DE BD BB BE JSR PUSH44
: B2E1 86 OB LDAA 11D
] . ~ B2E3T BD 80 00 ISR~ TTTMATH SUM=SUM+MAGXMS(Y)
i B2E6 CE 18 6A LDX #SUM
? B2E9 4F CLRA
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.ASURE S
B2EA BD BB 68 ~~° ° ~ JUSR™ T TPULLA ~ T oot oo
K2ED Bé 18 24 LDAA COR1
B2FC Fé 18 25 LDAB COR2
B2F3 BD BE D1 " JSR FUSH42
E2F6 Bé 18 24 LDAA COR1
B2F9 Fé6 18 25 .LDAB COR2
B2FC ED BR Di JSR PUSH42 s
K2FF 86 OA LDAA #10D ~
E301 ED 80 00 JSR MATH MAGXMAG
A K304 CE 18 92 ~ T UTTLEX #SMAG - A
3 K307 4F CLRA
' R308 EI' KR 8E JSR FUSH44
E30R 86 OF " LDAA #1100 . - ' {
BR30D EBD 80 00 JSR MATH SMAG=SMAG+MAGXMAG ;
___B310 CE 18 92 LDX ' #SMAG - B o y
E313 a4F CLRA 1
R314 ED ER 48 JSR FULLA F
BR317 7E E3 Dé JMP LM30 i
T R31A TCE 1A E6 T LM22 T LDX T T #BDRYCT-1 T 7 T MODE 3% LEAST SQUARE .
B31D Fé 18 37 LDAK EDRY §
R320 4F CLRA 3 B 3
TTR321 EBD A& 3D 3SR TDEX
E324 Aé 00 LDAA 0sX
8326 KO 18 44 SURA Y
B329 2C 05 BRGE T LM23
B32R 7C 18 37 INC BLRY
B32E 20 EA ERA LM22
" R330 Ré 18 A7 LM23  LDAA RORY -
B333 EO 18 41 SURA L
B336 2F 04 BRLE LM24
B338 7A 18 44 DEC Y ”
B33R 39 RTS EDRY>L
____B33C Fé 18 37 LM24 LDAR EDRY _
B33F 58 T TASLE
E340 S8 ASLE
E341 CO 03 SUBK 3
T R343 F7718 3A T T TSTAR T RDRYFT T T~ o T
E346 CE 1C DE LDX $PS1MS-2
B349 Fé 18 44 LDAB Y
T RB34C 4F T 7T CLRA
k34D S8 ASLE N
E34E 49 ROLA !
B34F BRD A6 30 TJUSR T T IDEX T oo T T :
E352 20 03 ERA LM243 |
B354 7E B3 C4 LM240 JMF LM25 i
R3s7? EE 00 | M243 DX —OX —1H11#/WFWwme—o o —7J7—rr7T~ h f
B359 FF 18 02 STX TEMF3 l
B35C FE 18 2A LDX COR® ‘
E3SF FF 18 00 STX =~ TEMFPL T i
B362 CE 18 00 LDX $TEMP1
B345 BD A7 4C JSR PHASDF
T kK368 EE 00 ThX 0V X ~
B346A FF 18 2A STX COR®
B34D Fé6 18 2E LDAB ID S1UF (BDRY)=S1UP(RDRY) + IDXFD
K370 4F T 0 T UELRAT T T T T T o e .
; E371 BD BB D1 JSR PUSH42
LDAA COR9

1 ~ B374 PR6 18 2A o
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B377 Fé6 18 2B LDAB COR10
B37A BD RB D1 JSR FUSHA2
‘B37D 86 OA - LDAA $10D
K37F ED 80 00 JSR MATH
B382 CE 1A FF LDX #S1UF1M-1
B38S5 B6 18 3A LDAA BORYPT
k388 BD BB BE JSR PUSH44
E38B 86 OB LDAA #11D
R38D RD 80 00 JSR MATH _
"B390 CE 1A FF T TTLDX T #Si1uFriM-1 T T
R393 R6 18 3A LDAA RDRYPT
E394 BRD RR 48 JSR PULLA
E399 Bé& 18 2F LDAA Jo S1VP(RORY)=S1VFP (EDRY ) +JUXFD
B39C RD BB B4 JSR FUSHA1L
~ _B39F Bé6 18 24 __LDAA ‘COR® } _
B3A2Z F6 18 2R LOAR COR10
B3AS RD RB D1 JSR PUSHA2
B3A8 86 0A LDAA #100 o e
“"B3AA RD 80 00 TUSRT T MATH
B3AD CE 1A EB LDX $S1VFP1M-1
__R3BO Bé& 18 3A LDAA BDRYPT o
R3B3 RD RR BE JSR FUSH44
E3Bé 86 OR LDAA #11D
B3R8 BD 80 00 JSR MATH
E3RE CE 1A EBR TLDXT T T #S1VFRIM-1 T
B3BE BRé 18 3A LI'AA RDRYFT
BE3C1 BRD BR 648 JSR PULLA4 L
T"R3C4 7C718 44 LM25  INC Y ~ MODES 2 AND 3
B3C7 ERé 18 43 LDAA X
B3CA BO 18 44 SURA Y
T UB3EDT 2D 06 "BLT LM27 NO MORE SIGNIFICANT FOINTS
’ B3CF BD BY A0 LM2é JSR DELAY1
B3D2 7E RO C1i JMF LM9 NEXT FOINT o
TTTR3IDS 39 LMZ7 RTS TTTTTTTTTT0 MAIN ALTGNMENT FROGRAM
B3D46 7C 18 44 LM30 INC Y MODE 2
B3D9 Bé 18 43 LDAA X i
‘B3DC RO 18 44 T "sUuBA Y — T 7 ST
B3DF 2C EE RGE LM26
B3E1 CE 18 7E LM31 LDX $VF+4 o
" "R3E4 AF T T T N CLRA T
BE3ES RD BB BE JSR PUSHA44
_ _K3E8 CE 18 7A LDX VP ) o
B3EB 4F 77 TTCLRA T T
B3EC BD RB SE JSR PUSH44 MAX NFFN
~ B3EF_ 4F CLRA S o
B3FO RD BR F4 T U8R U PUSHAL T
B3F3 CE 18 4A LDX #SUM
B3F6 4F CLRA
" T "B3F7 BD BB BE JSR PUSH44 )
B3FA 84 07 LDAA 7
B3FC BD 80 00 JSR MATH SUM NFFN
TTTB3FF 4F CLRA - -
R400 BD BB B4 JSR FUSHKA1
B403 CE 18 4A LDX #SUM
T BA0E AR T CLRA — 77 - )
B407 BD BB BE JSR PUSH44
__ _B40A 86 07 B LDAA &2 . L ~
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E ASURE vﬂ]
E40C BD 80 00 ) T JSR MATH SUM NFPN i
B40OF 86 01 LDAA $1 .

B4a11  BD 80 00 JSK MATH  SUMXSUM (FF)
E414  AF CLRA i
K415 BD BE BA JSK PUSHA41 !
B418 CE 18 92 LIX #SMAG !
BA1B AF CLRA '
E41C ERD RE BE JSR FUSHA44 ‘
B41F 86 07 LDAA $7 ’
B421 RD 80 00 7 T JSK TTTMATH T T T SMAG NFPN } i
B424 B84 02 LDAA 2 ;
B426 EI 80 00 JSR MATH SUM=SUMXSUM/SMAG
E429 CE 18 82 LDX $UV
R42C AF CLRA b
BA2D RD BB 68 JSR ‘FULLA ¢

TRr430 CE 18 86 T ULmDX T suufa B T ) o S :
B433 4F CLRA
F434 ERD BB 68 JSK PULLA4 UV=SUM

T OTTTTBA37 CCETI8 86T T UTTTTTLDX T U Tsuv4d T 0 T T T T T e

BA3A AF CLRA
E43B BD BR 8E JSR PUSH44
BA3E CE 18 82 ~ T Lbx ~ #uv ) B i
K441 4F CLRA g
R442 ED EE SE JSR PUSHA44 | ]
B445 86 02 LDAA 42
B447 ED 80 00 JSR MATH MAX/SUM
B44A CE 18 6A LD $SUM

T B44n 4 o T T T6RAT T/ o T oTmTmmm e o '
K44E BD BB 68 JSR FULLA
E451 CE 18 6A LDX FSUM |
B4AS54  4AF N CLRA ' S '
B455 BRI ER 48 JSR FULLA IF SUM+3<0 THEN SUM>MAX ;
B458 39 RTS

T THAS9 T TUTENDTTTT T T T e B

STATEMENTS =548

FREE BYTES =1023 ~ ~~ —

NO ERRORS DETECTED

B-54




ALIGN

T aeraanke St 108 e

1800 ORG $1800
1800 TEMP1 RMB 1
1801 TEMF2  RME 1
1802 TEMF3 RME 1
1803 TEMPA4 RME 1
1804 TEMFS  RMB 1 p
1805 TEMP6  RMB 1 v
1806 RCD1 RME 1 k
1807 BCD2  RMB 1 . o
1808 CTR RME 1 T
1809 CTR1 RMB 1
1812 ORG $1812
1812 FHASE RME 2
1814 XOZERO RME 4
1818 ____YOZERO RME 4 3
181C X1ZERO RMR 4 B
1820 Y1ZERO RME 4 g
1824 COR1T RMB 1 __REAL L ]
1825 COR2 RMR 1 |
1826 COR3 RMB 1 IMAG F
1827 ___ _COR4 RME 3 -
182A COR9 RME 1 THETA
182K COR10  RME 1
182C I RMR 1
- 182D J RME 1
182E ID RME 1
.. 182F <40 RMB 1 _ 3
1830 UI1 RME 1 )
1831 Uiz RMB 1
1832 vJ1 RMR 1
) 1833 vJ2 RMB 1
1834 MODE RME 1
i 1835 DTIME RMB 1 . )
1834 JSTART RMR i
1837 RDRY RME 1
1838 EDRYD  RMB 1
© 1839 TTUNBDRY T CRMBTT 1 T - oo orTmr e e o
183A RODRYFT RMEB 1
_ 183B FIRST RMB 1
183C T SENSOK~ RME 1 T
183D NSAMF  RMB 1
183E LOGS RME 1
T 183F 7T RCODPTRT O RMB 2 B B T T
1841 L RMB 1
1842 LIMIT RMR 1
1843 X CTTRMETT 1 - T T h
1844 Y RME 1
1845 ZERO RME 4
T 1849 T TTTT TTTTXLINC T RMB 2
184B Y1INC RMR 2
184D NPT RME 1
TTTTT184E STACK1I " RME 1~~~ Tt T
184F STACK2 RMB 1
1850 FUSHST RMB 1
¥ : 13 R "THR11 " RMB ™ "1 - -
* 1852 THR12 RMB 1
1853  THR21 RMB 1 . _
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ALIGN
1854 THR22 RMB 1
1855 HOW RMB 1
1856 1JFTR RMB 1
TTTTT1887 T T UTUTTTIOPTRYI RME 1 T T T T Tt T
1858 AIIRSW RME 1
1859 SETUP RMR 1
185A FINE RME 1
185R K$G RME 1
185C KKKK RMB 4
' B 1840 T T T T T T TEORSE T RMET T 2 T T oo
3 1862 ST RME 2
1844 SAVESF RME 2
18646 MAX " RME 4
186A SUM RMR 4
__ 1B&E XTRAN  RME 2
1870 YTRAN RME =2 0 0
1872 DELX RME 4
1876 DELY RME 4
TTTTTTTIB7A UP RMB 4 Tttt T T
187E UP RME 4
) 1882 uv RMB 4
1886 (V) RME 4 —“
188A vu RMB 4
188E STEFS RME 2
1890 ANGLE RME 2
1892 SMAG RMR 4
B 1896 SAVEX RMB 2
1898 SAVEY RME 2 -
189A DIRECT RME 1
B 189K DTHR11 RME 1
189C " DTHR12 RME 1 .
189D DTHR21 RMEB 1
189E OTHR22 RME 1
189F MPLX RME 2 ‘”" T
18A1 SIGNI RMR 1
_18A2 , SIGNQ RME 1
T18A3 T 7T T SFLAG T RMBTTT T T - T
18A4 SNFLAG RME 1
18D8 ORG $1808
““““““ i8pg T T TDELTA T RMBT fom ~ T T T R
1862 ECDAR  RME 5120
1AE2 EDRYLF RME 5
"1AE7 T T 7 TTRDRYCT  RME s -
1AEC S1VF1M RMR 20D
1k00 S1UPIM RMB 20D
TIR14 T 7T T 7T 81UVIM CRME 200 - ) T T
1628 S1V1IM RME 200
1B3C S1UIM  RME 200
T T1BRSOT 714 T T RMETT T 400D T
1CEO PS1MS RMR 400D
1E70 MS1MS  RMR 400D
7T BRéES o FULL4 EQU $HEEES -
EBSE PUSH44 EQU $REBE
} BEB4 PUSH41 EQU $BRR4 !
EBD1 FUSH42 EQU $RRD1
ALD1 THRSET EQU $A6D1
SUPRVR EQU $APA1
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g ALIGN
£
8000 MATH EQU $8000 Ty e
B040 MEASRE EQU $E040
A77F _PHSSET EQU = $A77F o e
FE2D FANTOM EQU $SFE2D
AB820 STFMTR EQU $A820
ED1S CALIBR EQU $SEDLS
AA31 ERROR EQU $AA31
AFB1 GRAPH1 EQU $AF81
EM7 FROGNR EQU  $ED17
T X T TTTSUBROUTINE T T T T ALTIGN -
| X MAIN ALIGNMENT FROGRAM
B470 ORG $R470
E470 7F 18 A4 INALGN CLR SNFLAG
E473 Ré6 ED 17 LDAA FROGNR
____BA76 46 RORA -
B477 24 33 RCC LAZ
R479 7C 18 A4 INC SNFLAG
___B4A7C 20 2E BRRA LA2 -
"TR47E 7D 18 A4 DOUBLE TST =~ SNFLAG oo T i
E481 2E 20 BGT H3
__B483 8n OR BSR HOWSET
"B48S 20 SC RRA LAZ21
F487 7D 18 A4 SINGLE TST SNFLAG
E48A 27 17 EREQ H3
B48C 8D 02 EHSR HOWSET
B4BE 20 49 BRA LA23
B490 7F 18 55 HOWSET CLR HOW
TLTTTTTR493 T RBS ED 17T 7T T LDAAT T TRPROGNR T T
B496 46 RORA
B497 25 03 BCS H1
.7 T 77 B499 7C 18 55 INC HOW
B49C 7D ED 15 H1 TST CALIRK
B49F 26 07 BNE H2 o
B4A1 31 INS
B4A2 31 INS
R4A3 31 H3 INS
- T B3A4T 31 o TUINSTT T T T o ToTTTTTTTTTT T
B4AS 7E AA 31 JMP ERROR
B4A8 BRD AF 81 H2 JSR GRAFH1 L
E4AR 39 T T T TURYS B “' )
F4AC 86 01 LAZ2 LD'AA #1 INITIAL ALIGNMENT
F4AE E7 18 34 STAA MODE
"TBAR1I T R7718° 55 77T 7 STAA THOW h
F4B4 7F 18 S8 CLR ALRSW
BAB7 7F 18 A3 CLR SFLAG
" "HARA 70118 A4 TSt T T UBNFLAG i o
R4RD 27 18 BEQ LA20
BAKF FE 18 1C LDX X1ZERO
T RAC2 FF 18 14 STX X0ZERO
BACS FE 18 1E LDX X1ZERO+2
B4C8 FF 18 16 STX XO0ZERO+2
"7 BACE FE 18 20 LOX  ~~ YizZERO T T
BACE FF 18 18 STX YOZERO
BAD1 FE 18 22 LDX Y1ZERO+2
T, 7TTH4DA TFFT1871AT T T T 8TXTT TYOZERO+#2 o T
BAD7? RD BO 40 LA20 JSR MEASRE CHARACTERIZE TRANSFORM
__B4DA_ BD A6 D1 JSR THRSET SET THRESHOLD
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ALIGN

R4DD
E4EQ
B4E3
RA4ES
BAES8
BAEA
B4ED
HAFO
B4F 3
B4AFS
EB4F8
E4F @
B4FC
RAFE
E501

RS04

K507
ES0A
"ES0D
ES10
RS13
ES14
1519
ES1A
Eu1R
BSIFE
| R
K524
R527
B A
BS2D
K530
B532

T BS35

| R4
KES3A
ES3D
k540
RS42
k543
k548
ES4E
BS4E
BSS
BSS

B556

N

KS5H
BS35

ES61
B563
ES585
R567
B569
BS6C
BRS6F

BS72

7C
kD
86
B7

B7
ED

27
7C
39
70
2€
7€
CE
FF
FF
FF
FF
FF
CE
FF
4¢
SF
FO
R2
F7
R7
F7
R7
RD

E7
86
B7
BD
70
2€
BD

FE
FF
Fé
CB
F7
Bé
89
K7
FO
B2
co
82
2C
86
B7
7F

7E

18
EBO
02
18
FF
18
HO
i8
04
EDl

18
03
ES
00

18

18
18
18
18
00
18

18
18
18
18
18
18
A8

18

02

18
kO
is
09
E8
i8
18
18
14
18
18
00
18
18
18

00
OE
14
18
18
AB

BS

A3 "INC SFLAG
40 JSK MEASRE REFERENCE
LA21 LDAA $2 ENTER TO READ SAME REF
34 STAA MODE
LDAA $$FF
58 STAA ADRSW
40 JSR MEASRE STORE RCD AIDRESSES
A4 TST SNFLAG
BEQ LA23
15 ° 77 TTINGT 7T CALCIER Tt T T o T T
RTS
55 LA23 TST HOW
RGT LA24
9F JMP LASS
00 LA24 LDX #0 ENTER TO SKIF REF
E T T TTTEIRT T URTRAN T T T
70 STX YTRAN
74 STX VF
7¢ TTTTETX T T wp42 T
7E STX VF+4
80 LDX #40080
£0 TTTTSTXYX VUF¥é FFZERO — T
CLRA
CLRB
61 SURR CORSE+1
60 SRCA CORSE
91 STAR ANGLE+1
90 T T8TAA ANGLE T TTem T
63 STAR ST+1
62 STAA ST
20 JSR ‘STPMTR ~CORSE
LIIAA #1
58 STAA ADRSW
LDAA 32 T T T - )
34 STAA MODE
40 LA3 JSKR MEASRE CORRELATE: CORSE LOOF
60 T T TST SUM+3 -
EGT LA4
1D LA32 JSR MAXSUM SUM»MAX
423 T TTITTTTLOY ST T )
8E STX STEFS STEFS=ST
63 LAA4 LDAR ST+1 ST=ST+2 DEG
T T UT"ADDBT C #¢14° T T : ST
63 STAR ST+1
62 LDAA ST
" TADCAT T80 T T T T T T T e e e
62 STAA ST
61 SUBR CORSE+1 ST-CORSE-0.1 DEG
60 SRCA CORSE - T
SURE #1
SBCA 0
T T UTRGETTT LA T T T T
LDIAA 4814
91 STAA ANGLE+1
90 CLR ~ ANGLE ANGLE=2 DEG
20 JSR STPMTR
3A JMP LA3 TO MEASRE
B-58

PR Rre SC IS e n s e A e




T T

ALIGN
BS575 ERé 18 BE LAS LDAA STEFPS ST>CORSE
BS578 Fé 18 BF LDAB STEPS+1
_.B37B FO 18 43 SUBB ST+1
, BS7E B2 18 62 SKCA ST
; RS81 CB 14 ADDE ¢$14
! ES83 89 00 ALICA #0
‘ BS85 ER7 18 90 STAA ANGLE ANGLE=STEFS-ST+2 DEG
BRS88 F7 18 91 STAB ANGLE +1
ES8B BD AB 20 JSR  STFMTR ___ROTATE ERACK o
RS8E Eé 18 SA LDAA FINE
ES91 BR7 18 8F STAA STEFS+1
BS94 7F 18 S8E CLR STEFS
ES®7 ED B7 K2 LAé JSR FINSCH
; ES9A 77 18 8F ASR STEFS+1
' B59D 26 F8 ENE ‘LAS L ~ o
; "BS9F 86 03 LABS LDAA 3 TTENTER TO SKIF REFs ROTATION
i BSA1 K7 18 34 STAA MOLE
ESA4 86 01 LDAA 2 U o 4
BSA6 R7 18 a1 STAA L
BSA9 B7 18 S8 STAA ADRSW
___BSAC__B7 18 SF STAA STEPS+1 L .
BSAF  7F 18 8E CLR STEFPS
BESR2 86 F5 LDAA $$FS
BSB4 BR7 18 SE STAA KKKK+2
BSR7 ERD A7 7F LAY JSR FHSSET MEASURE PHASE DIFF
ESRA 86 01 LDAA #1
‘}_«__“_g§nc R7 18 S8 STAA AIIRSW o o L
, ESEF BD HO 40 “JSR MEASRE T T LEAST SQUARES
BSC2 7C 18 SE INC KKKK+2
BSCS Ké 18 44 LDAA Y
T T BSCE T AATTTT T DECA
BSC9? 2E 03 BGT LASO
. _BSCB_7E B7 %E JMP - LA12
""RSCE Bé& 18 5F LA90 LDAA KKRKK+3
BSD1 BR7 18 SC STAA KKKK
BSD4 CE 1A EB LDX #S1VF1IM-1
3 BSD?  FF 18 00 "~ 7T "sTX T " 'TEMPLI -
BSDA CE 18 7A LDX $VUP
8 _BSDD FF 18 02 STX TEMP3 ~
BSEO” "BD B8 4% J5R SUMFAR
BSE3 CE 1A FF LDX #S1UPLIM-1
. RSE& FF 18 00 STX TEMF1
- ESE® "CE 18 7E B U 1) SR 1] - B
‘ BSEC FF 18 02 STX TEMP3
BSEF BD B8 49 JSR SUMFAR
%‘“ T BSF2 Eé 18 'SE T T LDAATTTT 1Y 1 c oo T TT
' BSFS BR7 18 SC STAA KKKK
BSF8 CE 1B 13 LDX $S1UVIM-1
BSFR FF 18 00 STX TEMP1
ESFE CE 18 82 LDX $UV
B4601 FF 18 02 STX TEMP3 N

T R604T " BD BB 49 — T JUSR ~  SUMFAR

B407 CE 1B 27 LDX #S1V1IN-1
‘ B6OA FF 18 00 STX TEMP1
TUTTBAOD CE 18786 T T T LDX sy T
| - B610 FF 18 02 STX TEMP3
E613 BD B8 49 JSR SUMPAR
B-59 4




k416 CE 1B 3B Lox - $S1UIM-1

F419 FF 18 00 STX TEMF1
E&1C CE 18 B8A LDX $UU
B61F FF 18 02 STX TEMF3
B622 EBD K8 49 JSKR SUMFAR
B625 CE 18 86 LDX $VV
B628 4F CLRA
B629 BD ERE 8E JSR FUSH44
R62C CE 18 8A LDX $UU
TRO2F T aFT T T UUTTRLRATT T v e T
k430 ED BRE SE JSR FUSH44
k633 864 OA LDAA #1000 ]
R635 ED 80 00 JSR MATH © UUXWY
E638 CE 18 82 LDX $UV
. _B63R 4F CLRA ) .
E63C ED RR BE JSR FUSH44
B43F CE 18 82 LIx UV
- ___Bb642  4F CLRA B L
R643 ERD RR 8E B JSR FUSH44 - - - -
R646 86 0A LDIAA #10D
~_ B648 ED 80 00 JSR MATH UVkUuv O
B&44K 86 oC LDAA $120 ) !
E64LT EDI 80 00 JSR MATH DET=UUXVV-UVXUV .
E4650 70 18 5 TST KKKK+2 ;
R653 2F OF ) ELE TLA92 ‘ ' ‘ ' ¥
R655 K6 18 SE LIAA  KKKK+2 i
_ k658 ED BE R4 __JSR FUSH41 . N
E6S5E 86 0a T T LoAA ~ #10D i .
E&65SD ED 80 00 JSKR MATH DET=DETX (KKKK+2) ) i
 RB660 CE 18 00 LA92 LOX $TEMF1 ;
E&663 aF . " CLRA ’ S R T \
F664 ED EE 48 JSK FULLA4 : :
____ _EB647 CE 18 7A LI $+VF
T TR&GA T4F ) CiLRA T T
E66E BN RE SE JSR FUSH44
E66E CE 18 82 LIX UV
. CR&71 T4F T T T OUUTELRA T T T - i T
E472 ED ER 8E JSR PUSH44
K475 846 0A LDAA $100
"E677 RLI 80 00 7 TTIBK MATH UVXVF T T
E67A4 CE 18 86 LIX FUV
E67DN 4F CLRA
E67E TED EER SE 7 T USSR TPUSH44 T T T
E681 CE 18 7E LIX $UF
B684  4F CLRA
E&468%  ED RE 8L B 1= 2 o < 7 7 A
E488 £4 0N LIIAA $10D
E68A  ED 80 00 JSK MATH VVUXUF
B6BD T 85 OC ‘ LIIAA $120° - i ‘ .
E68F  ED 80 00 JSK MATH UVXVF-UVXUF
K692 CE 18 00 LDX #TEMP1
TOURGSL AT T T T T OUUTTBRLRA T T T
k696 EDI EE BE JSR PUSHA4
B699 86 09 LDAA 19
B469B RD 80 00 JSR MATH DELX=(UVXVP-VUXUF) /DET
B49E 24 03 RCC LA91

B6A0 7E E7 9E JMP LA12
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ALIGN
B6A3 CE 18 72 LA%1 LDX $DELX T )
| § R6AS6 4AF CLRA
B B6A7 KD BR 68 = JSR . FULLA N L
1 B4AA CE 18 BA LDX $UU
: B4AD 4F CLRA
{ R46AE BD EE BE JSK PUSH44
| B6K1 CE 18 7A LDX $UF ,
! R6KA 4F CLRA -
. _B6RS BD BR BE =~ JSR_~ FPUSH44 } e
B6RB 84 OA LDAA $10D
B6BRA ED 80 00 JSR MATH UUXVF
E4RD CE 18 82 LDX $UV
B4CO 4AF " CLRA 2
B46C1 BRD ER BE JSK FUSH44 }
___ _BéC4 CE 1B 7E LDX $UP 5
B6C7 4F CLRA ) g
E4C8 RD KE BE JSR FUSHA44 ;
B6CE 86 0A LDIAA #100 i
T TTRSCD TRD T8O 00 T USSR T UMATH T T T T TTuuxue T T T T o ) %
BE6DO 86 OC LDAA #12D )
~___B&D2 BD 80 00 ~_JSR MATH UUXVF-UVXUFP _ J
BR6DS CE 18 00 = LOX $TEMP1 -
E6D8  AF CLRA
E4D9 RO BR BE JSK FUSH44 {
E4DC 86 09 " LDAA $9 i i
E4DE ERD 80 00 JSR MATH DELY=(UUXVFP-UVXUFP)/DET
) _B&E1 CE 18 76 LDX  #DELY B )
) K6E4 4F 7 T ¢CRA T T/ T
E6ES BRD EB 68 JSKR FULL4
B4EB FE 18 74 LDX DELX+2
" "RGEB FF 18 6E ’ - 8TX " XTRAN
B6EE FE 18 78 LDX DELY42
____ ____B&6F1 FF 18 70 STX YTRAN L i
B&6F4 7F 18 90 CLR ANGLE
B6F7 7F 18 91 CLR ANGLE+1
___B6FA 7D 18 72 18T DELX B
B&FD 2C 06 BGE TLA10T T T T oeTTm e
B4FF CE 18 72 LDX $DELX
. _B702 ED B8 36 JSK cCoMP L f
B705 7D 18 76 LA10 TST DELY 5
B708 2C 06 EGE LA11
~_B70A CE 18 76 LDX #DELY , o
TB70D BD B8 36 T USSR T TTTcoMP T Tt oTmomTmm T
B710 CE 18 72 LA11 LDX $DELX
B713 4AF CLRA o
"B714 BO BR BE T OSSR T TPUSH4ea T 0 T T ) b
B717 CE 18 76 LIDX #$DELY :
B71A AF CLRA ,
TTTR7187BD BR BE T JSR ' FUSH44
B71E 86 OB LDAA $11D
; B720 BD 80 00 JSR MATH A(DELX)+A(DELY)
S - ¥ &~ S > - B 4 LOX —  “speELX T T T T
; R726 4&F CLRA
, B727 BD RB 68 JSR FULLA ]
"B72A CET18 737" TTLDX T T T4DELX
. B72D 4F CLRA
_B72E _BD BB BE JSR  PUSH44
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ALIGN

3
P TB731 CET18'D6 7 LDX ™ #DELTA-2
B734 FF 18 00 STX TEMF1
_B737 Bé 18 00 _ _LDAA _ TEMPL
B73A Fé6 18 01 LDAE "TEMF2 T
B73D FB 18 41 ALDB L
B740 89 00 ALICA #0
. B742 FB 18 41 ADDB L :
B745 89 00 ALICA $0 }
E747 R7 18 00 STAA TEMF1 =
T 7T U R74A F7 18 017 T T T TBTAE TEMFZ2 *" Tttt T T - :
B74D1 FE 18 00 LDX TEMF1
B7S50 A6 00 LDAA OrX 5
B752 E&é 01 7 TTLDAR T T 1sX~ T 77 A ;
B754 BRI BB D1 JSR FUSHA42
R B757 86 OC LDAA ‘#1200
T 77 TB75%9° RL 80 00 JSK MATH ADELXYFACTECYY-LELTA
R75C CE 18 76 LDX $DELY
B7SF 4F CLRA
TTTTTTTTUR760 BOCBR TG TJSKRT T TTPULLY ) T
B763 7D 18 76 TST DELY
B766 2R 36 BMI LA12
TR768 CE 18 727 LCIX $OELX TTT Tt
R76R  4F CLRA
R76C EI RE SE JSR FUSH44
T B76F T 84 1C T ' LDAA ~  #$1C
R771 Cé 10 LDAE #$10
B773 BD BE D1 JSR FUSHA42
T U B776 B&OCT T T T TLDAA ¥13D -
B778 ED 80 00 JSR MATH A(DELX)+A(DELY)-7184D :
B77E  CE 18 76 LDX #DELY g
R : ¥ 2 J J Y - o N 7 - J T T T T ‘
B77F BIi KR 48 JSR PULLA 1
B782 7D 18 76 TST DELY 3
K785 24 17 “FFC [AT? ‘ I 1
E787 ED A8 20 JSR STFMTR TRANSLATE DELXsDELY
E78A 7D 18 55 TST HOW
TOTTTRZBLTT27°°0CTT T T U T EREQT UULA14TTT - ’
B78F 7A 18 34 DEC MODE
B792 7F 18 3K CLR FIRST :
- T B79Y T BD B7 RZ B -1 3 FINSCH DITHER ANGLE ]
B798 7C 18 34 INC. MODE f
B79R 7E EBS E7 LA14 JMP LAY TO MEASRE: SAME REGION
T TBR79E 2018 41 LAI2 CINCT L T TUTTTT O o s
R7A1 Bé6 18 39 LDAA NEDRY
____B7A4 BO 18 41 SUEA L
CUTRZA7 2003 T T T TTRLY T LAY T T T T T T T T T o
B7A® 7E ES k7 JMP LA? TO MEASRE: NEW REGION
) B7AC 86 01 LAL3 LDAA #1
T "B7AE R7 ED 15 = STAA ~ CALIBR
B7EK1 39 RTS
e X SURROUTINE FINSCH
I X FINE ANGLE SEARCH 7~ ' T
B7B2 CE FF 01 FINSCH LIDX $$FFO1
_ B7BS FF 18 62 STX ST
‘B7B8 CE 00 00 LDox ~ 40
B7BB FF 18 64E STX XTRAN :
___B7BE__FF 18 70 _8TX YTRAN o
B-62 : é :
.,
V'_ oW : ' .."""’7"94 .e*-*-——-u-—o-\ ah)

s i . ,‘\




1
3
ALIGN i
k
e e e e e e e e e+ e+ e o —— e - ¥
B7C1 7D 18 3B TST FIRST i
B7C4 2E 06 EGT FS1 g
E7C6 BD BO 40 JSR._ _MEASRE .
B7C9? EI B8 1D JSR MAXSUM
B7CC FE 18 BE FS1 LDX STEFS
E7CF FF 18 %0 STX ANGLE
B7D2 70 18 91 NEG ANGLE+1
B7DS 73 18 90 COM ANGLE
B7D8 BD AB 20  JSR ____STPMIR == -STEPS_ -
B7DE  EL BO 40 FS2 JSR MEASRE
R70E 7D 18 64D TST SUM+3
R7E1 2E 0% EGT FS3
B7E3 ED B8 1D JSR MAXSUM
s B7Eé6 BRé& 18 63 LDAA ST+1
! __ B7E9 B7 18 62 STAA ST L
. B7EC 7A 18 43 FS3 DEC ST+1
E B7EF 2B OE EMI FS4
i  B7F1 FE 18 8E LDX STEFS L
B7F4 FF 18 90 STX ANGLE T
B7F7 78 18 91 ASL ANGLE+1
. BR7FA RD AB 20 JSR STFMTR 2XSTEFS
B7FD0 20 ©LiC ERA FS2
B7FF FE 18 S8E FS4 LI STEFS
B802 FF 18 90 STX ANGLE
EB80S 70 18 9?1 "NEGT  ANGLE+1 T T o
RB08 73 18 90 coM ANGLE -STEPS
__BBOR 7D 18 62 TST ST
X BBOE 2E 03 T T TTRGT FS5
EB10 2R 07 EMI FSé
B812 39 RTS
B T BB1%3 78718 91  FS5 = ASL  ANGLE+1 o
BB816 79 18 90 ROL ANGLE -2%XSTEFS
BB819 BD A8 20 FSé JSR STPMTR
TTRBIC 39 RTS - T
X SUBROUTINE MAXSUM
x MAX=SUM .
- B81D  FE 18782 MAXSUM LDX Oy T T T T ommTmommmommm e o o
B820 FF 18 7A STX VP
_ BB23 ‘FE 18 B4 LDX uv+2
B826 FF 18 7C STX UFP¥2
, R829 FE 18 86 LDX uv+4
» BE82C FF 18 7E STX VF+4
T OTTTTURB2F FE is 88 T 7T TTLERX T ULveé Ty s e
: B832 FF 18 80 STX VP44
B835 39 RTS
| T T T TR T T TTSUBROUTINE COME T T T T T T
! x COMPS 4 RYTE NUMEER
; BB34 60 03 COMP NEG 3rX
; "7 BB38 846 03 T 777 LDAA 43
; RB3A 25 04 c1 RCS c2
, B83C 60 02 NEG 29X
T T TRB3ET 20002 ~BRA T3 -
RBAO0 463 02 c2 coM 29X
B8A2 4a c3 DECA
T TTBeA3 27703 T U TTTRE@ T T c4 T
. B84S 09 DEX
B846 20 F2 BRA c1 L L
[d B“63




.. . it

o aar, K.

3
AL IGN }
1 " BB48 39 c4 RTS
x SUBROUTINE SUMFAR ' {
kS SUMS FARTIAL FRODUCTS FOR UFsVUF, UV UV , %
X ENTER WITH Ls» TEMF1_TEMFA
; EB49 86 O1 SUMFAR LIAA #1
i EBAE B7 18 37 STAA EDRY
' BB4E B7 18 3A STAA BORYFT
R8S1 AF CLRA
R “, R852 ERI' BE B4 = JSR ~ FUSH41 = I
3 : B85S FE 18 00 LSMi LDX TEMF1
RBS8 Bé 18 3A LDAA EORYFT .
R8SE BRI KE SE JSR FUSH44
E8SE 8& OR " LDAA #11D
E860 EDI 80 00 JSR MATH S=S5+51 (EDRYFT)
. _B863 7C 18 37 INC BORY - d
BB8&s Ré 18 41 LTAA L ;
EB49 ER1 18 37 CMFA EDRY ’
__ _BRB&C 2D OR BLT LSM2 o o ;
T BBSE  ES 18 3A LDAA TBORYFT ' R g
E871 8E 04 ADDA $4 ;
) 'BB73 B7 18 3A STAA BORYFT L o i
E876 7E E8 55 JNF LSM1 ¥
§E879 K& 18 5C  LSM2 LDAA KKKK
E87C ED EE B4 JSR FUSHA41
R87F 86 09 " LDAA 9 i
R881 RD 80 00 JSR MATH E
B884 FE 18 02 LI TEMF3
T TreB7 T AF T “CLRA T T o
K888 ED KB 68 JSR PULLA4
EB8R 39 RTS
T T T Tk T T SUBROUTINE INIZE T T 3
X INITIALIZES RAM VARIABLES
B8SC EBF 18 01 INIZE  STS TEMF2 i
B88F CE 18 E2 LIN2 LDOX #RCDAR
B892 4F CLRA
B893° A7 00 LIN3 STAA OsX ZERO LOWER RAM
T T mg9s o8 T T UUTTTIINXTT T O T ’ R -
© RB896 8C 20 00 CFX #MS1MS+400D
B899 26 F8 ENE LIN3
" "BB9E BE 1A E6 7 T LDST  TE#EDRYLF+4 T T T o
E89E CE B9 34 LDX $TARLE+94D :
BBA1 A& 00 LINI LDIAA 0sX ‘
BBA3 36 N 13- o T ' -
BEBA4 09 DEX
BESBAS BC B9 2F CPX $TARLE+89D
"TBBA8 26 F7 BNE T LING T T T T
BEBAA SBE 18 E1 LIN4 LDS $0ELTA+9
F8AD CE E9 2F LDX $TABLE+8%D
BSRO A6 00 LINS LDAA ~ OsxX =~ 77
B8B2 36 FSHA
EBR3 09 DEX
T " K8E4 8C B9 25 CTTTCRY T T U STARLER VS9N -
EBE7 26 F7 ENE LINS
\BBB9 BE 18 61 LING LDS #CORSE+1
BSBC A4 00  LIN7  LDAA 0»x
BBBE 34 PSHA .
B8BF 09 DEX




i ALIGN
r L
. b
g R8CO 8C K8 DS CcPX $TABLE-1
P BBC3 26 F7 ENE LIN?
' .. B8CS 4F ____ LIN8 __ CLRA e i
- B8Cé SF CLRE ]
e - BBC7 CE 18 62 LDX $ST ;
. BBCA A7 00  LIN? STAA 0sX A CLEAR UFFER RAM §
t BRBCC 08 INX 3
BECD SC INCE i
o _B8BCE C1 31 =~ CMPB _ #49D B e ]
BBDO ~ 24 F8 ENE LINS i
B8I2 BE 18 01 LIN10O LIS TEMF2 3
b "BBDS 39 RTS 3
R8D6 TARLE EQU X .
B8D6 00 00 FCR 0,0 FHASE ]
__R8D8 00 3B E7 FCB " $0y$3KHs$EV X0ZERO=3926 L 3
E8DB FO FCE $FO ;
B8DC 00 33 25 FCH $0,$33,$25 YOZERO=3352 ?
- ESDF CO FCE $CO S . 4
BBEO 00 3B C4 FCB $0,$3B,$C4 X1ZERO=3%917 §
BSE3 C8 FCR sC8 §
L BB8E4 00 33 12 FCR $0r$33,$12 Y1ZERO=3347 .
RBE7 C8 FCE sCs8 1
RBES 00 00 00 FCB 0:050 COR1 TO EDRYD §
BBER 00 00 00 FCR 05050
" BBEE 00 00 00 TFCE T T 08000 T T ]
BSF1 00 00 00 FCE 0+0+0
o BBF4 00 00 00 o FCR 0+0,0 s .
. B8F7 00 00 05 FCE 0,0+5 DTIME
B8FA 31 00 00 FCR 490,050 JSTART
_____ ___BSFD__03 00 00 _ FCB 3,050 NEDRY
- B900 00 i0 04 " "FCB 0+s$10,4 NSAMF ¢ LOGS
B903 00 00 00 FCR 05050
B906 C8 00 00 FCE $C8,0+0 LIMIT o
B909 00 00 FCE 0y0
! B9OB 00 00 FCE 0+0
: __B9oD F4 48 =~ = FCB_ =~ S$F4,%48 = X1INC=-30
B90F 0B B8 FCB $0B,$EB Y1INC=30
1 B911 10 00 00 FCB $1050,0 NPT
B914 00 00 00 FCB 0+0,0 PUSHSTy THR11yTHR12
. "B®17 00 08 01 - FCB 0y8,1 THRZ1y THR2Z2yHOW ‘
B91A 00 00 00 FCR 010,00 IJFTR i
B?10 00 10 40 N FCB_ 0,810,840 FINE,K$G .
B920 00 00 00 T TTTFCHET T Oy0,0 T T T TTPTLOOT .
B923 10 FCR $10 KKKK
: B924 00 3C FCB 0s$3C CORSE .
4 T B926 27 OB 27 o FCB ~~ "$27.8E,$27 T DELTA T T T i
: B929 OB 00 04 FCE $B»0r4 :
' B92C 00 00 00 FCE 0+090 :
CTTTTRO2F 00T T T " FCE 0 ) :
B930 31 46 SB FCB 490, 70D 91D BDRYLF
B933 SB SB FCB 91Dy 91D
e geyE . END Rt ke

% *  STATEMENTS =623 B-65 i1

.




MEASURE SUERROUTINES

1800
1800
1801
1802
1803
1804
1803
1806
1807
1808
1809
1812
1812
1814
1818

i81C

1820
1824
71825
1826
1827
1824
1828
182C
1820
182E
182F

- 1830

1831
1832

11833

1834
1835

T 1836

1837
1838

1839

1834
183R

183C

183D
183E

183F

1841
1842

1843

1844
1845
1849
1848
184D

184E

184F
1850
1851
1852
1853

T X1ZERO RME 4

ORG $1800
TEMFP1 RMB b
TEMF2 RME 1
" TEMF3 ~RME 1 i
TEMF4 RMB 1
TEMFS RME 1
TEMF6 RMB 1
BCD1 RME 1
RCD2 RMB 1
- CTR T RMEB 1
CTR1 RME 1
ORG $1812
PHASE RME 2
XO0ZERO RME 4
YOZERO RME 4

Y1ZERO RME 4
COR1 _ RME 1 REAL
TUUUUTCORZ TTURMBT YT T T
COR3  RMB 1 IMAG
COR4  RMB 3
TTTCORY T RME 1 THETA
COR10  RME 1
I RME 1
J RME r ] T
ID RME 1
JD RME 1
I 1 ) & S . | - s A
uI2 RME 1
vJ1 RME 1
TTTT yJ2  RME 1
MODE  RME 1
DTIME  RME 1
TTTJSTART RME Y T T T T e
BORY  RMB 1
BDRYD  RME 1
'NBDRY " RMB 17 -
BORYFT RME 1
FIRST _ RME 1
" TSENSOR ~RME T 1T -
NSAMP  RMB 1
LOGNS  RME 1
"BCDPTR RMB ~ 727 7 T
L RMB 1
LIMIT  RMB 1
S AL LI - . - S
Y RME 1
ZERO  RMB 4
X1INC  RMB 2
YLINC  RME 2
NPT RMB 1
© T U STACKS TRMBTT 1 T T T T - i
STACK2 RMB 1
FUSHST RMB 1
THR11  RMB 1
THR12  RME 1
THR21 _ RMB 1 L e
B-66




™~
MEASURE SUKROUTINES
1854 THR22 RMB 1
£ 1855 HOW RMB 1
2 - 1856 IJPTR,_RMB_ e
: 1857 1JFTR1 RMB 1
P 1858 ADRSW  RMB 1
¢ 1859 SETUP  RMB 1
1854 FINE RMB 1
185B K$G RMB 1
. 185C ~  _KKRKK  RMB 4 _ I
1840 CORSE ~RMB 2
1862 ST RME 2
1844 SAVESF RME 2
1846 MAX RMEB 4
184A SUM RMB 4
___1B6E XTRAN RMB 2 ]
1870 YTRAN  RMB 2
1872 DELX RMR 4
1876 DELY RMB 4
1874 VF RME 4 —
187E ur RME 4
1882 uv RMR 4 ~
1884 W RMR 4
1884 uu RME 4
188E STEFS RMB 2
T 1890 T 777 "ANGLE O RME T 2 -
1892 SMAG RMB 4
1896 SAVEX RMB 2
1898 T SAVEY RME 2 T
1894 DIRECT RMB 1
189B DTHR11 RME 1
T UTTTiBeC 7 DTHR12 RMB 1
189D DTHR21 RMB 1
189E DTHR22 RMB 1
‘‘‘‘ 18%F MPLX RMB 2 T T Tt T T T T
18a1 SIGNI  RMB 1
18A2 SIGNQ RME 1
T UTIBA3 T T T SFLAG T RMBTT T 1 T T . - -
18A4 SNFLAG RMF 1
18018 ORG 41808
1808~ T T T UDELTA TRMRT T o T }
18€2 BCDAR RMB 512D
1AE2 BDRYLF RMB 5
T TT{AE7 BDRYCT ~ RMB ™ 5 -
1AEC S1VPIM RME 20n
1B00O S1UPIM RMR 20D
TTTIBI3 TTTTSiUVIM RMEBTT 20D 0 T Tt T -
1B28 S1VIM  RME 20n
1K3C S1UiIM  RMB 20D
TTTYURSO T T UTTIIg RMB 400D
1CEO PSIMS RMB 400D
1E70 MS1IMS RMB 400D ,
- 8000 MATR ™ TEQU T $8000 T T T
BDDS CORDIC EQU $KDD6 ;
DFFO DAS EQU $DFFO {
- ASF7 - CORD ~~ EQU  “~S$ASF7 §
A612 IXST EQU $A612 !
_A619 CALSDI EQU _sA619 S




AEASURE SUBROUTINES

BY-Y-X 7 S SGNSET EQU =~ $A834
A63D IDEX EQU $A63D
E9A0 ORG $E9A0
_ e OrRG &
X SUBROUTINE DELAY1
: X GIVES 9.996MSXLTIME DELAY
- B9A0 Bé 18 35 DELAY1 LIAA DTIME
§ B9A3 4D D1 TSTA
E E9A4 27 06 BEQ o2
- "'B9AS TED B® AL JSR LECAY T T TT o T T
B9A%? 4A LECA
i B9AA 20 F7 BRA o1
i " B9AC 39 T op2° TURTS T T T )
: X
X . i
o e x SURROUTINE DELAY = T T T T
1 X 9.996 MS DELAY
1_*"~"m_pyap_.ps 02 CA DELAY  LDX #2CAH ) - -
i B9BO T 0% Loyl BEX
: EPK1 27 02 BEQ LOY2
| _B9R3 20 FB BRA LDY1 ﬁ
E9KS 39 nyz2 RTS T

L
X SURROUTINE ADDRES

X ENTRY USES I»J»SENSOR

X " REFERENCE SENSOR ORIGIN IN (MS TO LS)

X (X0ZERO TO XOQZERO+3)»(YOZERO TO YOZERO+3)
* ALIGNING SENSOR ORGIN IN (MS TO LS)
X

x

X

A

(X1ZERO TO XI1ZERO+3)»(Y1ZERO TO Yi1ZERO+3) :
BCD RESULT WILL BE RETURNED IN (MS TO LS) !
(UI1,UI2)y (VJ1,VI2) :

R9Bé Bé 18 3C ADIRES LIOAA  SENSOR =
B9B? 2E 03 BGT LADDO |

R9BB  7E BA BA JHP LADD |
T T R9BE 7D 1858 LADDO  TST ADRSW T T T |
B?C1 2C 03 HGE LADDOO
B9C3 7E BA 81 JMP LADDY
T B9C6 “FE 18 3F 'LADDOO LDX BCDPTR ADRSW>=0 GET BCD FROM ARRA®
B9C? 08 INX
B9CA BD A6 12 JSR IXST
E9CDh ™ A6 00 TDAA — 0»X - -
B9CF E7 18 30 STAA U1l
B?D2 A6 01 LDAA 19X :
T - B9D4 TB7 16731 T T T STAA- U2 — 7 S ;
B9D7 A6 02 LDAA 2sX -k
E9D9 B7 18 32 STAA vJ1
R 1) (T oJN- Y- « S ¥ 7.7 I I S T T S
B9LE B7 18 33 STAA VJ2
BPE1 39 RTS
2 BYE2 " Fé6 18 2C LADD3 LDAR 1
BPES 4F CLRA
B?ES4 BD BB D1 JSR FUSHA2
- T B9E9 T B& 1849 T T T TLDAATT T X1INC T T 7 7T TRUE VALUEX T ITYRICALY
: BPEC Fé 18 4A LDAR X1INC+1
BYEF BD BB D1 JSR PUSHA2
B9F2 86 OA ‘ LDAA #10D
B9F4 BD 80 00 JSR MATH IXX1INC ) \
B9F7 FE 18 43 LDX ZERO TRUE VALUEX.1 |

3 B-68 :




MFASURE SUBROUTINES

E9FA 4F "TCLRA
B9FB BRD BR 8E JSR PUSHA44
_B9FE_86 OB LDAA_ #11D .
BAOO BI 80 00 \SK MATH ZERO4+IXINC | )
BAO3 86 03 L 1AA 3
"BAOS C6 EB o LUAB $$E8
EAO7 BD BE D1 JSR FUSHA42
BAOA 86 09 LDAA 9
BAOC RD 80 00 JSR MATH DIVIDE EY 1000
BAOF CE 18 00 77 LELX ~~ TSTEMFL T -
BA12 4F CLRA
RA13 RD BRR 48 JSKR FULLA4
EA146 BD BRR 17 JSR BI$KECD EINARY TO BCD
RA19 FE 18 06 LDX BCD1
. BAIC FF 18 30 _STX_ uI1
BAIF B& 18 2D - LDAA J -
BA22 RD EE R4 JSR FUSHA41
BA25 BRé 18 4k LDAA Y1INC
TTTTRAZ28 Fé 18 a4C TLOAB T Y1INC+1 T T/ T )
BA2R BD BR D1 JSR PUSH42
___BA2E 86 0A LDAA $10D .
BA30 BRD 80 00 JSR MATH JXY1INC
BA33 FE 18 45 LDX ZERO
BA36 08 INX
BA37 08 o OINX T ) i
BA38 08 INX
BA39 08 INX
TTTRA3A CAF T CLRA ‘““
HA3ZE BRD BE BE JSR FUSH44
___ BA3E 86 OB LDAA £11D
BA40 BD 80 00 = 7 TJUSR = MATH i
BA43 86 03 LOAA 3
BA45 Cé E8 LDAE $$E8
BA47 RD EBR D1 JSR FUSH42 -
BA4A 86 09 LDAA 9
BA4C BD 80 00 JSR MATH
" "BA4F CE 18 00 LDX  ~ #TEMPI T T T T T
BAS2 AF CLRA
EAS3 BI BR 48 JSR PULLA4
"F.36 BDBE 17~ T JSK BISECD
EAS® FE 18 06 LDX RCD1
BASC FF 18 32 STX vJ1
RASF 7D18' 58 0 TST  ADRSW < 7 T
BA42 2D 01 BLT LADD2
BA64 39 RTS ADRSW=0
T 7 BA4S FE 18 3F T LADD2 T LDX BEDOPTR T TTTTADRSW==-1 STORE BCLT IN ARRAY
BA48 08 INX
BA49 ED A6 12 JSR IXST
BA4C Bé6 18 30 o LDAA uri
BAGF A7 00 STAA 09X
BA71 BRé 18 31 LDAA T) ¢~
TTTTTTBA7?R A7 01 ‘ TTTTBTAA X — T
BA76 Bé 18 32 LDAA vJ1
BA79 A7 02 STAA 29X
"T"BA7B B6 18 33 T LDAAT Va2 o e e mmm e
. BA7E A7 03 STAA 3y X

__BABO 39 RTS




AEASURE SUBROUTINES

" BAB1 "CET1871C LADDL TTLDY™ T C#xizERO T T - -
BAS4 FF 18 45 STX ZERO
BAB7 7E B9 E2 LADDA  JMP LADD3
"BABA CE 18 14 LADD ~ LDX  #XO0ZErRO ~ ~ ~° ) R
BASD FF 18 45 STX ZEROD
BA90 20 FS ERA LADDA
x
X SUBROUTINE READ
x READS»STORES REFERENCE DATA
T T BA92 TBI BC O TREAN ISR ROLEFT -
h BA9S FE 18 24 LDX COR1
BA98 FF 18 6E STX XTRAN
EASB FE 18 26 LDX COR3
| BAE FF 18 70 STX YTRAN
? BAAL 7F 18 3C CLR SENSOR
- kAA47C 18758 INC ALRSW - -
BAA7 BD' B9 Bé JSR ADDRES
BAAA 7A 18 S8 IEC ADRSY
~—"—BAAD "BD BE F4 JSR TURE ™~ T -
BARO BD BS AD JSR DELAY1
BAB3 7A 18 3C DEC SENSOR
~ -~ —"BAB& “BI EC 0D JSR RLLEFT
BAB? 86 O1 LDAA  #1
BAEE B7 18 3C STAA  SENSOR
-~ BABE “7F 18 24 CLR— "CORY ™~~~ T T T o s
BAC1I 7F 18 2B CLR COR10
- BAC4 BD A5 F7 JSR CORD
—TTTTUEAC? TCE TETSET T T T UOX T #NSIMSTZ
BACA FF 18 00 STX TEMP1 .
BACD B6 18 00 LDAA  TEMP1
— T BADOT F6718 01 " ~ TLDAE~  TEMPZ - -
BAD3 FPB 18 44 ADDE Y -
_ BADS 89 00 ADCA  #0
——— "PALS FP 18 4% ADDE Y — -
BADE 89 00 ADCA %0
FADD B7 18 00 STAA  TEMP1
~ —— BAEO ~F7 18701 """ —STAB— -~ TEMP2Z — """~ e e
BAEZ FE 18 00 LDX TEMP1
BAE4 B6 18 24 LDAA  COR1
" " BAE9 A7 00 “STAA 07X HSTYY=HAG
BAER B6 18 25 LIAA  COR2
BAEE A7 O1 STAA  1.X
7 BAFO TB6 1B C” T TLDAA —TEMF1 —
BAF3 CO 90 SUBB  #$90
BAFS 82 O1 SBCA  #1
— — “TBAF7 B7 15 00 STAA —TEWFT
BAFA F7 18 01 STAB  TEMP2
BAFD FE 18 00 LDX TENP1
BPOO ~ B& 1824 "~ LDAA™ " COR9 | -
BBO3 A7 00 STAA  OsX PS(Y)=FHASE
BBOS Bé 18 2B LDAA  COR10
BBOB A7 U1 —BTAA —T7X —
BBOA FE 18 6E LDX XTRAN
P90D FF 18 24 STX COR1
$010 FE 18 70 T LDX T YTRAN T T T e -
9813 FF 18 26 STX COR3 .
”016 39 RTS

B-70

e e




B-71

MEASURE SUBROUTINES
L T T TTTTTTTX T TSUBROUTINE ~ 7 BISBCD @
X EINARY TO ECD
e X BINARY IN (MS TO LS) (TEMF3,TEMF4) o
X ECD IN ECO1,ECD2
o X EINARY NUMBER MUST BE FOSITIVE
, EB17 7F 18 06 RISBCD CLR RCD1
& BE1A 7F 18 07 CLR BCD2
i ER1D 86 10 LDAA $#16D
a5 _BBIF B7 18 09 ___STAA  CTR1 .
: BE22 BRF 18 04 T 8TS TENPS )
: EH25 BE 18 01 LDS $TEMF3-1
= BR28 86 08 LEIR1 LDAA $8D
R BR2A R7 18 08 STAA CTR
X RE2D 33 PULB GET ANOTHER BYTE
. BB2E S8 LRIB2 ASLR o TEST RIGHT MOST RIT
"BB2F 23 12 ECC LETES
; EE31 86 01 LDAA $01 ADD 1
- EBE33 BR 18 07 ADDA RCD2
. BB3& 19 DAA -
: BRB37 B7 18 07 STAA RCD2
2 BR3A Bé6 18 06 LDAA ECD1 .
EB3D 89 00 ALICA 0
BB3F 19 DAA
BR40 BR7 18 06 STAA ECD1
- " BB43 7A 18 09 LRIB3 DEC CTR1 SKIF DOURLE IF LAST
BB4é 27 1C REQ LRIR4
BR48 Bé6 18 07 LDAA BCD2 DOUERLE
- BB4AB BB 18 07 ADDA BCOZ T
BE4E 19 DAA
BB4F B7 18 07 STAA BCD2
T BRS2 Bé 18 06 LDAA ECD1 ‘ - T i
BBSS5 B9 18 06 ADCA ECD1
BBS8 19 DAA B
BBS9 K7 18 04 STAA RCI1 o
BBSC 7A 18 08 DEC CTR
. BRSF 27 C7 BEQ LBIRL NEW RYTE
T TTTTTTBBA1T T 7E BR 28 JMP LBIBY T T SAME RYTE -
BB44 BE 18 04 LBIB4 LDS TEMPS RESTORE STACK
: BBé7 39 RTS
¢ T x SURROUTINE “FULLA T
‘ X FULLS 4 BYTES OFF STACK
X STORES 1ST (MS) BYTE IN ADDRESS X REG4+A REG ...
o T TR TTTTTTTT STORES ATH (LS) BYTE IN ADDRESS X REG+A REG+3
BR48 33 PULL4  PULB
EB69? F7 18 4E STAB STACK1
B :} :- oI & SR FUCE - B
BB4D F7 18 4F STAR STACK2
BB70 4D TSTA
TTTBR7L 272087 T 7T 77T BE@T TULPA2
BB73 08 LP41 INX
, RB74 4A DECA
& O TRER7S 2702 T T T RE@  LF4a? T - }
BR77 20 FA BRA LF41
BB79 32 LP42 PULA i )
ST EBYA T A7700 - BTAA TTOWX T T T oottt
: BRB7C 32 PULA
BR7D A7 01 STAA 19X




- . . G Qi itiesgi oo T Y ~.1
MEASURE SUBROUTINES
BE7F 327 ° - TPULA -
BBBO A7 02 STAA 2+X
'BE82 32 PULA
"EEB3I T A7 03 T - STAA  3eX i
BBBS Fé 18 4F LDAB STACK2
BEBS 37 FSHB
T BEB8Y F6 18 4E LDAR STACK1 1
BR8C 37 FSHR
BESBD 39 RTS i
_ ... _ BEBD 39 — . — f
X
X
o X SUBROUTINE PUSHA44
x PUSHES 4 BYTE NUMBER ONTO STACK
B X ADDRESS OF LS BYTE IS X REG + A REG + 3 :
T T U TEBBET 33 FUSH44 FULE T - i
BESBF F7 18 4E STAR STACK1 i
BE92 33 PULR 2
BB93 F7 18 4F =~ STAB  STACK2 T T 4
BB96 4D TSTA F
N BEB97 27 06 BEQ LP442 !
© BB9Y 08 LF4a41L  INX T T o 3
BEB9A 4A DECA
BREPR 27 02 BEQ LP442
BBYD ~ 20 FA~ BRA" ~ LPaal T
EE9F A6 03 LF442  LDAA 3sX
o BRAL 36 FSHA ,
T BEA2 A6 02 T TTLDAA T 29X - -
BBA4 36 FSHA
ERAS A6 01 LDAA 19X
" BBA7 36 " 'PSHA T T }
BBAB A6 00 LDAA 0rX ;
BBAA 34 PSHA
''''' T BBAR F6 18 4F LDAE STACKZ B o
BBAE 37 FSHE
BBAF Fé 18 4E LDAR STACK1
T T BBB2 37 T T T TTTUUTUUPsHB T T 7 - N o
BBR3 39 RTS
x
e . . |
X ;
X SUBROUTINE PUSHAL |
CTTTTTITTTITT T T T PUSHES 4 BYTE NUMBERTONTO STACK T T T T
x 3 MS BYTES ARE SIGN BITS
X ENTER WITH LS BRYTE IN A REG
T TTUBBB4 33 7T 7T PUSHAT TFULE .
BBRS F7 18 4E STAR STACK1 :
BBB8 33 PULE !
~" BBR? F7 18 4F " STAB™ ~ STACK2 ~ "~ i
BBBC 36 FSHA '
BBBD 48 ASLA
T T"BRBE 24 047 “TTTTRCC CFaIT T
BBCO 86 FF LDAA $$FF NEGATIVE
BBC2 20 01 BRA LP412
" BBCA AF 7 LP411 CLRA T POSITIVE °
BBCS 36 LF412  PSHA
BBCS 36 PSHA




1 MEASURE SUERROUTINES

BBC7? 36 "PSHA
BBCB Fé6 18 4F LDAB STACK2
_BRCB 37 ... FSHE , .
BRCC Fé 18 4E LDAB STACK1
- EBRCF 37 PSHB
EBDO 39 RTS
% SURROUTINE PUSHA2
X FUSHES 4 RYTE NUMEBER ONTO STACK
X 2 MS BYTES ARE SIGN RITES
X ENTER WITH LS EYTE IN K REG» NEXT LS RYTE IN A REG
RRD1 F7 18 S0 FPUSHA2 STAR FUSHST
BEKD4 33 PULE
BBDS F7 18 4E STAE STACK1
EBD8 33 FULR
_ _BBD9 F7 18 4F STAB STACK2
“BREDC  F6 18 50 LDAB PUSHST )
BRDF 37 FSHE
BREO 36 FPSHA
“BEET 48 ASCA R
BBE2 24 04 RCC LP421
_____BBE4 86 FF LDAA #$FF NEGATIVE o
RRE4 20 01 ERA LFr422
EREB 4AF LFP421 CLRA POSITIVE
BBE? 36 LP422  FSHA
BEBEA 36 ' T 77 PSHA
RBEB Fé 18 4F LDAE STACK2
. BBEE 37 = _ FSHE _
. BEBEF Fé 18 aE LDAE STACK1
BRF2 37 FSHB
_ BBF3 39 o RTS ) , ]
X ¢
S X SUBROUT INE TUNE
. x TUNES SIGNAL GENERATORS
! BBF4 Bé& 18 30 TUNE LDAA T} §1
! BBF7 B7 EE 11 STAA OEE11H 5
___BBFA Bé 18 31 LDAA uI2 i
" BBFP B7 EE 10 “STAA OEEiOHW — —~— T T/ T
ECOO B6 18 32 LDAA vJ1
BCO3 B7 EE 21 STAA OEE21H .
i "BC0&6 BR& 1833 LDAA VJ2 T |
ECO® B7 EE 20 STAA OEE20H
BCOC 39 RTS
T T T T g T " SURROUTINE RDODEFT )
X STORES RESULTS AS
X REAL?! COR1,COR2 IMAG: COR3yCOR4
i~ BCOD Pé 18 3D RDDEFT LDAA NSAMF T ‘*”‘
: BC10 B7 18 08 STAA CTR
BC13 7D 18 3C TST SENSOR
TOTT TRC16 T 2BTO07 T T 7 7T BMYITT T U RDDD ‘ ' S T T T
BC18 26 10 BNE RDD2
BC1A 86 01 LDAA #1 REF»1 SAMPLE (SENSOR=0)
" "BCiC B7 {5 0B 5TAA CTR ™~ o -
BC1F CE 02 03 RDD1 LDX #$0203 REF»NS SAMPLES (SENSOR=-1) i
BC22 FF 18 9F STX MPLX :
TTTBC2% 7D 18 A4 T T TST T TTTBNFLAG oo T :
. BC28 27 06 BEQ RDDOO
" BC2A CE 00 01 RDD2 LDX $$0001 ALIGN'NS SAMPLES (SENSOR=1)
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t
MEASURE SUBROUTINES &
THC2DTFFTI8 9F T T TTBTIXT TTTUUMBLXYT T T T o T e
BC30 CE 00 00 RDDOO  LDX $0
BC33 FF 18 24 STX COR1
BC36 TFF 18 26 T TTTTTETX COR3 T B
BC39 FF 18 28 STX COR4+1
BC3C 7D 18 08 RID3 TST CTR
BC3IF 27 3E ‘ BEQ ROD4
BC41 BD Aé 19 JSR CALSDI
EC44 B6 18 26 LDAA COR3
T TBCA7 RE 16 01 ATDA TENFI+1 S &
EC4A B7 18 26 STAA COR3 =
BCAl Bé6 18 25 LDAA COR2
BCSO B 18 00 ADCA™  TEMP1 4
k EC53 B7 18 25 STAA  COR2 ¢
* BCS6 E6 18 24 LDAA COR1 o H
BEC59 E? 18 Al ALICA SIGNI 2
ECSC E7 18 24 STAA COR1 4
ECSF Ré6 18 29 LDAA COR4+2 ;
TTTTTTTTRCSZ T BE 18 03 ADDA ~ TTENFI¥LT T T T T ;
BC6S5 K7 18 29 STAA CORA+2 :
RC68 B6 18 28 LDAA COR4+1 E
""BC&B R9 18 02 ADNCA TEMF3
BC4E B7 18 28 STAA COR4+1 ﬁ
EC71 Bé6 18 27 LDAA COR4
BC74 B9 1842 =~ ADCA  SIGNG T T - -
BC77 B7 18 27 STAA CORA4
BC7A 7A 18 08 DEC CTR .
RSN TTROCRIT T T ERA RIDZ — =
BC7F 7D 18 3C RDD4 TST SENSOR
EC82 27 3A REQ RDDS
" KCB4 B6 18 3E T ° T LDAA T LOGNS - - Tt T
BC87 B7 18 08 STAA CTR
BCBA 7D 18 08 RDDé TST CTR
EC8D 27 oF BEQ RDDS -
BCBF Bé 18 24 LDAA COR1
BC92 47 ASRA
T OUTURCO3I TR 18 24T T CTTSTAAT TCORLTT Tt o T T o
BC96 B6 18 25 LDAA COR2
BC99 46 RORA
T REvAT RIS 25 STAA CORZ - ;
ECSD Bé 18 26 LDAA COR3 :
BCAO 46 RORA
=T U "TRCAL B7 18 267 T TTUSTAAT TTQORZ T T T T T s mem e e
BCA4 Bé6 18 27 LDAA CORA 1
o BCA7 47 ASRA . §
T UTTTTHBEAS TBY 18 27T T TSTAA COK4 o F
ECAB BRé6 18 28 LDAA CORA+1
BCAE 46 RORA
T BCAF TB7 1828 T USTAA T COR4A#LT T
BCB2 B& 18 29 LDAA COR4+2
BCBS 46 RORA .
T T T BCBE B7 1829 BTAA COR4A+2 T 1‘
BCB® 7A 18 08 DEC CTR :
PCBC 20 CC BRA RDD& ]
t T 77 T"BCBETFE 18 25 RDDS T LDX~  COR2 T T . ﬁ
= BCC1 FF 18 24 STX COR1 ]
. __BCCA__FE 18 28 LDX COR4+1 :
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MFASURE SUBROUTINES

BCC7 FF 18 26~ sTX COR3
. BCCA 39 RTS
___ BCCF B ORG $RCCF o
X SUKROUTINE INDEX
. X INCREMENTS NORMALIZED ADDRESS IN FREQUENCY
i i . % FLANE FOR REFERENCE SEARCH
X ADDRESS 1S (I»J) (REALyIMAG)
X RETURNS INCREMENTED I,J
) o X USES AB
RCCF " B& 18 2C INDEX LDAA } - T
ECD2 4D TSTA
RCD3 27 03 EEQ IN2
BCI'S 7E RC E7 JMP IN3
BCD8 F&6 18 2D IN2 LDAB J 1=0
BCDR SD TSTH *
TTTTTTBEDE 2E 09 EGT IN3
BCDE 86 07 LDAA $7 J<=0
BCEO RO 18 2D SUEBA J
BCE3 B7 18 2D STAA J
BCE6 39 RTS
RCE7 Fé6 18 2D IN3 LDAE J I=0 AND J»0 OR I NOT=0
T TTTRCEA T RD ARG 36 JSK SGNSET
BCELNF FO 18 2C SURR
BCFO 82 00 SKCA $0
BCF2 2D 05 ‘ BLT ™ IN7?
BCF4 2E 17 BGT INS
BCF6 SD TSTE
TTTUTTBCF7 T 26 14 ENE ING
) BCF? Fé 18 20 IN7 LDAB J J-1<=0
BCFC BD A6 36 JSR SGNSET !
TTTUBCFF FR I8 26 T ADDE I T T B ,
BDO2 89 00 ADCA 20
BDO4 2D 19 RLT IN1O
" R(0& 2E OF BGT ING -
BDO8 SD TSTH
BIO9 26 OB EBNE IN9
T BDOB T 20712 BRA " IN10O - ThotTTm
RDOD 86 07 INS LDAA *7 J-1>0
BDOF BB 18 2C ADDA I
TBD12 R7T1872C STAA I -
BI1S 39 RTS
ED16 B6 18 2D IN9 LDAA J : 1+J>0
T BD19 78007 T~ SUBA %7 T
BD1B B7 18 2D STAA J
BDIE 39 RTS
CUTTBDAF RS 1872C TINIO T LDAAT T I T T T TIRIT=0T e
BD22 80 07 SUBA 7
BD24 B7 18 2C STAA 1
TTRO27 39 T T RTST T o ] T
x SUBROUTINE GSRCH -
X SEARCHES 180 KHZ SQUARE IN 30 KHZ INCREMENTS H
TTTTTBD28 T B& 18 2E GSRSH  LDAA ID T : B ¥
BU2K 27 03 BEQ GSO 3
; BD2D BO 18 62 SuBA ST k
;""‘—EBS‘G”“F?’TG‘QC 680 8TAA TTUU+Z2TT o e e o 4
¢ . BD33 Bé 18 2F LDAA Jn A
. __BD36 BO 18 62 SUBA ST _ i
. B-75 3
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MEAGURE SUBROUTINES

ED39 "E7718 88 T STAA T Vv
BO3C 7F 18 82 CLR uv
_ _BD3F 7F 18 83 CLR UV+1 - L o
T BD42 T7F 18 B4 " CLR uv+2 B
BDAS 7F 18 85 CLR UV+3
BD48 E6 18 8C GS1 LDAA  UU42
BM4E EE 18 84 ' AIDA  UV42
BIME B7 18 2C STAA 1
EDS1  Bé6 18 88 LDAA  WV42 , i
T 7 RDS4 TBB18 85 ADDA ~ UV¥3 -
BIS7 B7 18 2D STAA  J
EDSA RO K9 Eé JSR ADDRES
" BDSD BDBE F4 C 7 USRT  TUNE
BD6O BD E9 A0 JSR DELAY1
ED63 BD BC OD JSR RDDEFT o
TTTTTRDEE T JF 18 2A CLR COR9 T
ED69 7F 18 2B CLK COR10
BIGC BD BD Dé JSR _ CORDIC o o L
BD4F P& 16 24 LBAA  ~ CORL 7 T T -
BD72 F6 18 25 LDAB  COR2
__BD7S FO 18 &7 SUBB  MAX+1 .
F076 B2 18 66 SECA  MAX
ED7B  2C 02 BGE 652
ED7D 20 12 ERA GS3
" TRD7F TFE 18724 GS2 LDX "COR1 T MAG>=MAX
BIB2 FF 18 66 STX MAX
BD8S B6 18 2C LDAA {
— BD8E B/ 18 BA T TsTAA U
EDSR K6 18 2D LDAA
BDSE B7 18 86 STAA WV
T RDST TYCTIB B2 ES3TINGT T WV T
BD94 B6 18 82 LDAA WY -
BL97 81 03 CMFA 83
BD99 27 02 FE@ G534 w -
BO9B 20 2B ERA GS?7
ED9D 7F 18 82 GS4 CLR wv
T T UBDADT ZF R§ B4T T T TCLRT T UW4R T C T T T e oo
BDA3 7C 18 83 INC UV+1
BIA6 B6 18 83 LDAA  UV+1
T TCBDAY TBL O3 T T TTTCNPA T T #3 T -
BDAE 27 02 BEQ GSS
BIAD 20 OD BRA 6S6é
T 77 TRDAF K6 18°8A TGSS T T LDAA  wu T T
BDB2 BR7 18 2E STAA  ID
BDBS B6 18 86 LDAA W
ST TRDEBTTR7 18 2F T TTTTTTBTAATTTTID T T T
BDBR 39 RTS
BDEC B6 18 85 GSé LIMA  UV+3
""" BDBF BB 18 62 ' ADDA ST
BDC2 B7 18 85 STAA  UV+3
BDCS5 7E BD 48 JMP 651
T BDCE TB& 187 B4 GS7 T TLDAA TTUV#2T T T T s
BDCB BB 18 62 ADDA ST
BDCE B7 18 84 STAA  UV+2
TT T BDDf T7E BD 48 JMP T BS1
BDD4 END .
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FfORDIC

L X TREAL IN COR1,COR2 (MSHsLSH)

iy X IMAG IN COR3,COR4 (MSHrLSH)

e X PHASE IN COR9yCOR10 (MSHsLSH) (RADIANS/PI) o
i X IF FPHASE=0 RETURNS o
. - X +41169MAG IN COR1,COR2

X ) PHASE IN COR9s,COR10 (RADIANS/PI)
% IF PHASE NOT=0 RETURNS
x +41169(REALCOSTHETA-IMAGSINTHETA) IN COR1,COR2
x +41169(REALSINTHETA+IMAGCOSTHETA) IN COR3,COR4
YT T T T g ST T USES T CORDIC TALGORITHMY 146 ITERATIONS T
1824 ORG $1824
1824 COR1 RME 1 REAL OR MAG
i 1825 T COR2  RMB 1 '
1826 COR3 RME 1 IMAG OR ANGLE
1827 COR4 RME ~1
1828 ONUF1I  RME 1 TOWN UF Tt
1829 DNUF2  RME 1
1824 COR® RMB 1 THETA
T 1828 " CORI0 RMB I o
1800 ORG $1800
1800 CORS RMB 1 RESCALE FACTOR
1801 CORé RME 1 T
1802 COR7 RMB 1 TEMPORARY X
1803 CORS RME 1
1804 T 7T T COR1L T RMBTT 17 ~ LOOF CTR e T
1805 COR12 RMB 1
1806 COR13 RMB 1 ALPHA ADDRESS
N 1807 COR14 RMF ] .
1808 COR1S5 RMR 1 TEMFORARY Y
1809 COR16 RME 1
180A° 7 77 T COR17 T RMB "1 . TEMPORARY THETA MSH
180B COR18 RMB 1 ZERO

_ __1soC CFLAG RMB 1 VECTORING OR ROTATION MODE

BDDE ™ ORG $EDD6 -
BDDé 86 01 CORDIC LDAA #01
BDD8 FE 18 2A LDX COR9
BDDE 8C 00 00 CFX #0 - T T/ T
BODE 27 02 BEQ LCORO
BOEO 86 80 LDAA $80H ROTATION MODE
" BEDEZ B7 18°0C LCORO STAA CFLAG - o .

EDES Bé 18 2A LDAA COR9

_ BDE8 B7 18 0A _ STAA  COR17
BDER" 7F 18 OB~~~ CLR ~~ T CORigs NEED A ZERO T
RDEE Ré6 18 24 LDAA COR1
EDF1 Fé 18 25 LDAB COR2

" BDFRT RD BF S50 JSR 8CALE ™ T T T T REAL SCALE FACTOR ~

BDF7 FF 18 00 STX CORS
BOFA Bé 18 264 LDAA COR3

T BBFD T Fé18 277 T T " LDAB COR4
BEOO BD BF 50 JSR SCALE IMAG SCALE FACTOR
BEO3Z FF 18 02 STX COR?7

TTTTTTEREGS 7D 18 01 T8T COR6 —~ 77 ° T
BEO® 26 06 ENE LCOR1
: KEOB 7D 18 03 TST CORS
TTUTTTBEOE 26 01 T T "7 BNETT " TLCOR1 T
* BE1O0 39 RTS REAL=IMAG=0

BE11 B6 18 01 LCOR:  LDAA CORéS




cenplc

FE14 RO 1803 T SUBAT T COR8 T T T T }
EE17 2F 03 ELE LCOR2
BE19 7E BE 22 JMP LCOR3
BEIC FE 18702 LCOR2 ~LpX "~ COR? '~~~ =7
EELF FF 18 00 STX CORS
RE22 B4 18 01 LCOR3 LDAA CORé&
BE2S5 E7 18 01 STAA CORé RESCALE FACTOR
RE28 CE 00 00 LDX $0
EE2R FF 18 02 STX COR?7
T BE2E FF 1808 T T USTX T TCoOrR1ls T - -
EE31 FF 18 28 STX DNUP1
RE34 Ré 18 01 LDAA CORé
RE37 4C 7 INCA PREVENTS OVERFLOW
BE38 4C INCA ;
RE39 4C INCA FIXES IST ITERATION &
T REIA T EK7 18 29 STAA DNUP2 T ¢
BE3D BRé6 18 24 LDAA COR1 g
RE40 Fé 18 25 LDAR COR?2 =
TTTTREA3 T RD BF BAT T T TJSRTT T URT T T T T SCALE REALTUP T ;
BE44 R7 18 24 STAA COR1 d
BE49 F7 18 25 STAR COR2 §
"REAC B6 18 01 LDAA CORé& T TGET RESCALE FACTOR — 4
REAF 4AC INCA PREVENTS OVERFLOW E
BESO 4C INCA
BES1 4AC~ INCA FIXES 1ST ITERATION :
BES2 R7 18 29 STAA DNUP2 f
BES5S B6 18 26 LDAA COR3 ;
BRES8 Fé 18 27 7 7 T LDAFK CORA4 T
RESR ERD RF 8A JSR urF SCALE IMAG UF -
BESE E7 18 26 STAA COR3
RE&1 F7 18 27 ) STAB COR4 o o T
RE64 7F 18 04 CLR COR11 -
ocb7 86 10 LDAA $16D
T "BE&® R7 18 05 STAA ~~COR12 — ~ ~TTTTTTINITIALIZE -
EE4C CE BF 3F LDX $LAGMSH+15
BESGF FF 18 06 STX COR13 ALFHA ADDRESS
"RBE?Z2 FE 18704 LCOR4A ™ LDX~ ~COR13 “"MAIN LOOF -
BE75 Aé 00 LDAA OrX LOOK UF ALFHA
BE77 E& 10 LDAR 165X :
BE79 BD BF EA T~ J5R T TSTCFL SIGN OF Y(I=1)Y DR THETA(I-1) '
EE7C 2C 03 BGE LCORS ;
BE7E BD RF 6R JSR COoMP ~ALFHA
BESB1 FB 18 2B LCORS ADDR  COR1O -~~~ ~—7~ 70—
BEES84 B9 18 2A ADCA COR®
BES7 BRD BF 7B JSR OFLCK
T BEBA B7 18 2A° T T 7T "S8TAA T TCORY T - o -
BEBDI F7 18 2R STAE COR10 THETA DONE
BE90 B6 18 0S LDAA COR12
BES3 B7 18 29 STAA DIINUF2
BE?6 Bé6 18 26 LDAA COR3
BE9?9 Fé 18 27 LDAR CORA4
" BRESC BRD ERF EA T T JSR T T TSTCFL T T
BESF 2C 03 BGE LLCORG
BEA1 BD BF 4R JSR COMP
REA4 BD BF BA LCORé  JSR DOWN
BEA? FB 18 03 ADDR CORS8 .
BEAA B9 18 02 ADCA COR7 :
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SV

{ CORDIC 3
[
- @ BEAD "B7 18 02 STAA COR?7 T S i o f
L N REBO F7 18 03 STAER COR8 X DONE
. ___BEB3 Bé 18 05 LDAA COR12 S
f REB6S B7 18 29 STAA DNUF2
E . BEB? Ré6 18 24 LDAA COR1
B BEBC Fé 18 25 __ LDAB  COR2
b - REBF BD BF EA JSR TSTCFL
BEC2 2D 03 BLT LCOR?7
_BEC4 _BD BF éB JSR COMP  SGNY(I-1)X(I-1) B
BEC7 BRD RF ERA LCOR7 JSR DOWN o !
BRECA FB 18 09 ADDB COR16
EECD ER9 18 08 ADCA COR15
BEDO B7 18 26 ’ STAA COR3 A
BED3 F7 18 27 STAB COR4 Y DONE 3
BEDS Bé 18 02 LDAA __ COR7 o 4
BED? Fé6 18 03 LDAB CORS8 ;
REDC ER7 18 24 STAA COR1 ?
BEDF _F7 18 25 STAE  COR2 ) X
BEE2 Bé 18 26 LDAA COR3 T {
REES Fé6 18 27 L DAB COR4 %
___BEEB B7 18 08 STAA  COR15 B ,
BEEBR F7 18 09 STAB COR16 3
REEE BR6 18 2A LDAA COR® ﬁ
___BEF1 B7 18 0A __ STAA __ COR17 :
REF4 7A 18 05 - 7 "nEC cor12 T ?
BEF7? 7A 18 07 DEC COR14 &
. BEFA FE 18 04 LDX COR11 1
BREFD 8C 00 00 CFX $#0 -
BFOO 27 03 BEQ LCORS
_ __BFO2 7E BE 72 _  JMP_ LCOR4
, BFOS B6 18 01 LCORS LDAA COR6 C T ¥
BF0O8 R7 18 29 STAA DNUP2 £
BFOR BR6 18 24 LDAA COR1 ]
BFOE Fé6 18 25 LDAR COR2 ) )
BF11 BD BF BA JSR DOWN
___ BF14 B7 18 24 STAA__ COR1
BF17 “F7718°25 " STAB  COR2 S -
BF1A Bé6 18 01 LDAA COR6
BF1D B7 18 29 STAA DNUFP2
T TRF20 B iB 267 LDAA COR3 o
EF23 Fé6 18 27 LDAR CORA
BF24 BD BF BA JSR DOWN
- T TBF29 B7 18 26 T T STAAT CCOR3 T o o T ommmmmommmmoew
BF2C F7 18 27 STAE COR4
B BF2F 39 RTS
~ BF30 . CAGMSH EQU F 3 T T T e T -
BF30 00 FCH 0
BF31 00 00 00 FCR 0+0,0
"BF34 0000 00 T T TFCH T 02000
KF37 00 00 01 FCB 0s0r1
; BF3A 02 05 09 FCB 2¢599
25 BF3L 12720 40 FCB T2H»20Hy40H ) T T ]
BF 40 LAGLSH EQU X 2
BF40 013 FCB 01 ;
- PF41 01 03 0% " FCB 01,03,0S i 3
* BF44 OA 14 29 FCE OAH? 14H» 29H 3

I B s - - e ———— - ———

BF47 51 A3 46 FCB S1H»0A3H» 46H L
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CORLIC
“TBF4A BB 11 FBT ' T FCB " 8BH»11H,OFBH
BFAD E4 00 00 FCB OE4H» 07,0
X SUBROUTINE SCALE
T T ¥ A=MSH, B=LSH T T 77
X RETURNS RESCALE FACTOR IN X
BFSO CE 00 00 SCALE  LDX 20
" BFS3 4D o TSTA
BFS4 2C 03 EGE LsC1
EFS6 BD BF 6B JSR coMP CHANGE SIGN
- BFS9 4D LsC1 TSTA
BFSA 27 06 BEQ Lsc2
BFSC 47 ASRA
" BFSD S& 7 """ RORR T T e
EFSE 08 INX
___BFSF_7E BF 59 JMP LSC1 .
KF62  SD LSC2 ~ TSTR
BF63 27 05 BEQ Lsc3
__BF65 54 LSRR
KFé6 08 TINX T T T
BF67 7E BF 62 JuP Lsc2
.. BFéA 39 LsC3 RTS
X SUBROUTINE COMFLEMENT
X A=MSH, B=LSH
B X RETURNS 2‘S COMFLEMENT IN AsE
BF6B SO comF T TSTR T T ' T
BFSC 26 06 ENE LCP1
____ __ BF6E_ 81 80 ___ _CMPA ___ #BOH o
EF70 26 02 BNE LCF1
BF72 Cé O1 LDAB  #01 8000H TO 8001H
. BF74 43  LCF1__ COMA ] A
BF75 53 T TTcomB T .
BF76 CE 01 ADDE %01
__BF78_ 89 00 ADCA  #00 o
BF7A 39 RTS
* SUBROUTINE OVERFLOW CHECK
* OVERFLOW BY LIMITING
T * A=MSH, B=LSH -
BF7B 28 OC OFLCK  BVC LOF2
BF7D 4D TSTA
BF7E 2C 05 T TTRBET T LOFYT T T
BFB0 Cé 07 LDAR  $#7H SHOULD BE FLUS
BF82 C6 FF LDAE  #OFFH
UBFB4T 39T - T -
EF8S 86 80 LOF1 LDAA  #8OH SHOULD EE MINUS
BEF87 Cé 01 LDAE  #01 DON’T LIKE 80OOH
BFB? 39 T LOF2  RTS
X SUEROUTINE UF
X A=MSH» B=LSH» DNUP2=RESCALE FACTOR

T T X TTTTTTRETURNS AR SCALED UP 1S5-DNUF2TPLACES T T T

Rt T St A2

et

BFBA FE 18 28 UP LDX DNUP1
KFBD B7 18 28 STAA DNUF1
" ""BF90 B&6 18729 T T TLDAA T DNUF2 s -
BF93 80 OF SUBA $#0015D :
_ BF95 B7 18 29 STAA pnoP2.
B-80 . X
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CORDIC #
3 -
T TTBFOB T BS 18 28T T T LDAA DNUP1 T Ty T T T mem }
. BF9B 7F 18 28 CLR DNUF1 }
____BF9E__7D 18 29 TST DNUP2 j
RFA1 2E OB BGT LUP2 T i
L BFA3 27 14 LUP1 BEQ LUP3 y
—...... BFAS 58 . ._ASLB R ) . :
EFAE 49 ROLA :
BFA7? 08 INX f
_____ _BFAB_8C 00 OF cPX $015D !
BFABR 7E BF A3 JNP LUF1 A
BFAE 27 09 LUP2 BEQ LUP3 g
. EFBO 47 ASRA
BFBT S 77T 777 RORB ) B - T )
BFB2 09 DEX :
BFB3 8C 00 OF CPX - $015D :
BFB& ~7E BF AE JNP LUOF2 .
RFR9 39 LUP3 RTS :
X SUEROUTINE DOWN ¥
X A=MSH» B=LSH, DNUF2SRESCALE FACTOR ) T :
X RETURNS AsB SCALED DOWN 15-DNUP2 FLACES
BFBA FE 18 28 DOWN LDX DNUF 1
BFBD E7 18 28 STAA DNUF1
BFCO R& 18 29 LDAA DNUF2
BFC3 80 OF _SUBA __ #001S5D
TTBFCS R7 18 29 T T 8TAAT DNUP2TT T T . T
BFC8 Ré6 18 28 LDAA DNUP1
RFCB 7F 18 28 CLR DNUP1
RFCE 7D 18 29 TST DNUP2
. BFD1 2E OB RGT LDN2
BFD3 27 14 LDN1  BEQ _ LDN3
BFDS 47 TTOTTTTTTT U AGRA T T T
J BFD6 S6 RORB
BFD7? 08 INX
BFD8 8C 00 OF CPX #0150
BFDB 7E BF D3 JNP LDN1
~__ _WFDE_ 27 09 LDN2  BE@  LDN3 .
BFEO 58 AsSLy T ——— T o
BFE1 49 ROLA
_._.__BFE2 09 DEX
BFE3 ™ 8C 00 OF CPX #0150
BFE6 7E BF DE JMP LDN2
] BFE? 39 LDN3 RTS [
- x SUBROUTINE TSTCFL
x IF CFLAG=1 TESTS SIGN OF Y(I~-1) (VECTORING MODE) !
X _IF CFLAG=80 TESTS SIGN OF THETA(I-1) (ROTATION MODE. |
K " " RETURNS CONDITION CODE REGISTER STATE™ =~~~
BFEA 7D 18 OC TSTCFL TST CFLAG i
BFED 2E OD BGT LTSTC2 g
T BFEF 70 18 DA YST  CORIY R
BFF2 2C 04 BGE LTSTC1
- BFF4 7D 18 OB TST __ COR18 _ ) B
; BEF7 39 =3 1
L, BFF8 7D 18 OC LTSTC1 TST CFLAG
{A BFFB 39 RTS

Pare can oo

B-81




CORDIC

BFFF 39
C000

RTS
END

"7 TBFFCT 7D18726 LTSTCZTTST T

“CORZ ™ " "~ ot

T STATEMENTS =285 - —— . -
FREE BYTES =4864
NO ERRORS DETECTED
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GLOSSARY OF ACRONYMS

. ACIA - Asynchronous Communications Interface Adapter
ADC - Analog-to-digital converter
A/D - Analog-to-digital
BCD - Binary-coded decimal
CCTV -~ Closed-~circuit television
CRT - Cathode~ray tube
DAS - Data Acquisition Subsystem
DEFT © - Direct Electronic Fourier Transform

EPROM - Erasable Programmable Read-Only Memory

LED - Light-Emitting Diode
LSB - Least Significant Bit
MSB - Most Significant Bit
NMI - Non-Maskable Interrupt
PIA - Peripheral Interface Adapter
RAM - Random-Access Memory (read/write)
ROM - Read-Only Memory
) SAW - Surface Acoustic Wave
uv - Ultraviolet
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IMAGE ALIGNMENT AND CORRELATION SYSTEM,(U)
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