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Q . ABSTRACT

Research was carried out on an electro-optical bound document
scanner using a charge-coupled device (CCD) as a sensing element.
The goal was to develop a means whereby the voltage threshold level
of the video analog-to-digital converter could be set automatically
to provide optimum hard-copy output over a range of 1lighting
conditions and document background colors and qualities. To
determine an acceptable component of the analog video signal as a
thresholding reference, an extensive stud; of the signal behavior
was conducted over a variety of conditions.

An Automatic Threshold Control (ATC) was designed that
exploited the modulation transfer function of the CCD's analog
signal. A CALIBRATION PATTERN is superimposed at the 1left-hand
margin of the page being scanned. This pattern contains various
discrete spatial frequencies. The threshold voltage is varied
automatically until the number of black/white (zero/one)
transitions is maximized for the CALIBRATION PATTERN, The
threshold voltage producing this maximum number of transitions is
equivalent to the threshold required to produce optimum resolution
in the scanner hard-copy output. This threshold value is then
locked in for the duration of the page being scanned.

—

System performance using this ATC scheme 1is excellent. The /
scanner selects a threshold voltage on a per-page basis that yields
acceptable copies. The ATC is able to automatically ¢ompensate for ~-—
various types of paper and changes in lighting conditions due to .
fluorescent tube deterioration. Slightly less than optimum @/
thresholding may occur about 10 to 15 percent of the time, but this [
is due to data uncertainty and other shortcomings in the scanner ]
rather than in the ATC scheme. (Page count: 224) ——
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Research was carried out on an electro-optical bound document
scanner using a charge-coupled device (CCD) as a sensing element.
The goal was to develop a means whereby the voltage threshold level
of the video analog-to-digital converter could be set automatically
to provide optimum hard-copy output over a range of 1lighting
conditions and document background colors and qualities. To
determine an acceptable component of the analog video signal as a
thresholding reference, an extensive study of the signal behavior
was conducted over a variety of conditions.

An Automatic Threshold Control (ATC) was designed that
exploited the modulation transfer function of the CCD's analog
signal. A CALIBRATION PATTERN is superimposed at the left-hand
margin of the page being scanned. This pattern contains various
discrete spatial frequencies. The threshold voltage is varied
automatically until the number of black/white (zero/one)
transitions is maximized for the CALIBRATION PATTERN. The
threshold voltage producing this maximum number of transitions is
equivalent to the threshold required to produce optimum resolution
in the scanner hard-copy output. This threshold value is then
locked in for the duration of the page being scanned.

System performance using this ATC scheme is excellent. The
scanner selects a threshold voltage on a per-page basis that yields
acceptable copies. The ATC is able to automatically compensate for
various types of paper and changes in lighting conditions due to
fluorescent tube deterioration. Slightly less than optimum
thresholding may occur about 10 to 15 percent of the time, but this
is due to data uncertainty and other shortcomings in the scanner
rather than in the ATC scheme. (Page count: 224)
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Pel Swing

R N VPP S Vhate N

Alternating Current
Automatic Threshold Control

Series of black and white line-pairs
of varying thicknesses used to
generate a specific analog video
waveform for threshold-setting
purposes

Charge Coupled Device
Direct Current
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Electro-Optical Page Scanner; also the
mnemonic used to describe the complete
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Image Sensing Element
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Ch 1

CHAPTER 1

INTRODUCTION

A. PROBLEM STATEMENT

The goal of this research was to refine an existing
electro-optical bound document scanner under development in the
Laboratory for Information and Decision Systems by reducing the
need for manual adjustments. Specifically this involved
designing and incorporating a means of automatically setting the
voltage threshold level of the video one-bit analog-to-digital
converter at a value that would provide optimum quality in the
reproduced copy. The subsystem accoﬁplishing this task will be
referred to as an Automatic Threshold Control, or ATC in this
report. A further objective of the ATC was to provide the
scanner with the capacity for automatically compensating for
paper color and/or quality and for variations in illumination.
B. PROJECT BACKGROUND

The immediate thrust behind the development of a bound
document scanner at the Laboratory for Information and Decision
Systems is to improve the interlibrary resource sharing process
wvhich now works on a "lending-borrowing"™ principle. The
requirement to physically move either originals or copies from
one geographic 1location to another can take up to two to four
veeks from the initial request. On the other hand, the ability
to electronically move hard copy material economically would
essentially reduce turn-around time to only that required to

process the request, locate the document, and transmit the

page 13
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Ch 1

specified pages. Conceivably, turn-around time could be reduced
to less than a day, and in many cases less than one hour. 1In
addition, the follow-on applications of such a system in
commercial, industrial, and military areas could result in
significant increases in efficiency of information management.

The principle of the bound document scanner to which the ATC
will be applied is to convert the information content of an 8.5 x
11 inch printed page into 3.6 megabits of digital information
;: through line-by-line scanning. The digital signal can then be
compressed for transmission on a 56 kilobit/second data line,
such a line representing a tradeoff between transmission cost and
per-page transmission time. Copy is produced at the destination
by an electrostatic printer.

In the laboratory, scanning is accomplished by a system that
uses a Fairchild Charge Coupled Device (CCD) to convert light to
analog electrical signals. The CCD consists of a linear array of
2048 image sensing elements (ISEs). The output of each element
is proportional to the intensity of light and integration time
allowed. One "line" of information is obtained in parallel form
and then shifted out of the CCD serially for subsequent
processing. The CCD, light source, and focusing lens are mounted
on a common structure and physically moved in the second
dimension by a phase-locked 1loop DC motor to provide a raster
scan of the entire page.

Several theses have been written concerning the bound

document scanner either directly or indirectly. They are listed
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in Chapter 7, but they also deserve mentioning now for those
interested in more extensive background review. Aghamohammadi
conducted the original design and fabrication of the bound
document scanner. If a working knowledge of the scanner is
required, his thesis should be read and thoroughly understood
before proceeding. Keverian, while primarily concerned with a
parallel project on microfiche scanning, developed hardware
interfaces with the F8  microprocessor available in the
laboratory. These interfaces are used in the bound document
scanner system. Agudelo worked on a document cradle, light
non-uniformity, and other problems associated with the existing
scanner. Medley accomplished extensive software and hardware
modifications to the F8 microprocessor independent of any other
projects supported by the F8. His thesis should be reviewed
when information concerning current operation of the F8 is
required. Vinciguerra studied the feasibilitx of various data
compression schemes for application to document transmission, and
Dishop followed this work with further evaluation and design.
C. RESEARCH PLAN

The first phase of this research consisted of analyzing the
analog video signal behavior with respect to various light
conditions, paper reflectivities, and spatial frequency
excitation. The objective was to pinpoint critical variables
that would be suitable for obtaining a proper threshold relation.
In the second phase, a subsystem was designed and built that

would sense the video signal variable and control the voltage
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threshold lével according to the performance of this variable.
Finally, the system was evaluated with different 1lighting
conditions, paper colors, and spatial frequency patterns to
determine its feasibility.
D. SUMMARY OF RESULTS

An ATC was designed that exploited the modulation transfer
function of the CCD as a means for selecting an optimum voltage
threshold level. A CALIBRATION PATTERN consisting of several
sets of parallel lines is superimposed at the left-hand margin
of the page being scanned. This pattern contains various
discrete spatial frequencies. The threshold voltage is varied

automatically until the number of black/white transitions is

maximized for the CALIBRATION PATTERN. The threshold voltage
producing this maximum number of transitions is then locked in
for the duration of the page being scanned.

System performance using this ATC scheme has been excellent.
The scanner now selects a threshold voltage on a per-page basis
that yields acceptable copies. The ATC is able to automatically
compensate for various types of paper and changes in 1lighting
conditions due to fluorescent tube deterioration. Thresholding
errors occur about 10 to 15 percent of the time, but they are due
to other shortcomings in the scanner rather than in the ATC
scheme., When threshold errors do not occur, the threshold chosen

is the best that can be obtained.
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E. PREVIEW OF DISCUSSION

Chapter 2 presents an analysis of the analog video waveforms
that are derived from the CCD under operational conditions. The
results of this analysis are used to develop a conceptual
approach to automatic threshold control. Chapter 3 discusses the
evaluation of various experimental CALIBRATION PATTERNS to
determine the characteristics necessary to produce the desired
analog video waveform for thresholding purposes. A practical
implementation of tne ATC is developed in Chapter 4, together
with considerations that led to the implementation. Chapter 5
contains the development of sampling algorithms that allow the
thresholding process to be accomplished in minimum time along
with the incorporation of these algorithms into the existing
scanner software. Finally the results, conclusions, and

recommendations for further research are detailed in Chapter 6.
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| CHAPTER 2
| ANALOG VIDEO SIGNAL ANALYSIS

A. OBJECTIVE

e R ]
» .

A thorough analysis of the analog video signal cferived from

the CCD during the line-scanning process was conducted to

HPARMEARE
LI

classify its components and learn its behavior under different

T

conditions. The purpose was to develop a sound basis for

selecting a parameter of this signal for use in controlling the

! _',';T‘ﬁ:,.t

1

') «J""

voltage threshold level of the A-to-D converter. Ultimately, the

'-

‘oly

analog video signal is dependent on the amount of light reaching
the individual image sensing elements (ISEs) of the CCD. Many
factors affect the amount of light that the CCD sees, but the
relevant factors are those that normally occur in a "user
environment", rather than abnormal conditions that could be
induced in a "laboratory environment". The factors researched
vere:
1. Intensity of the light source (1)

2., Color content of the document
3. Spatial-frequency content of the document

B. FINDINGS

The general configuration of the analog video signal will
I first be described with reference to Figure 2.1 and the CCD142
E data in Appendix A, One period of the signal is equivalent to

(1) Note that the distance between the document and the CCD also
. affects the amount of light reaching the ISEs. This fact, due to
E. the optics and the geometry of the scanner, gives rise to a light
¢ non-uniformity issue which was addressed by Agudelo. Additional
information on this subject is included in Chapter 6.

R e
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" one line of video information. 1In turn, the period is controlled

by the signal, EXTERNAL EXPOSURE (1) which initiates the dump of
data from the CCD. The CCD analog data stream for one line is
in the following order: black reference level, valid video,
black reference 1level, and vwhite reference level. Once the CCD
data dump is complete, there are almost 900 microseconds of idle
time to allow for microprocessor command functions. In terms of
magnitude, the video information is contained in an AC component
obtained by subtracting the instantaneous total analog voltage
from a fixed DC component of 5.6 volts., The maximum voltage of
5.6 volts represents absolute black, and negative departures from
this maximum result from various light levels absorbed by the CCD
ISEs. The CCD typically saturates at 1400 millivolts below
absolute black, and the fluorescent 1lights used '~ as the
illumination source provide ample output to drive the CCD to
saturation. But in the current design, the focusing lens f-stop
is set at 5.6 for depth-of-field considerations. This resulted
in the largest white levels observed being 200 to 300 millivolts
below black, depending on the condition of the lights. In other
words, the existing combination of illumination source and f-stop
setting drives the CCD at 14 to 21 percent of its capacity.
Valid video information therefore was found in the extreme to
reside in the range 5.3 to 5.6 volts and more commonly in the

range 5.4 to 5.6 volts. The major issue of setting the proper

(1) Reference Aghamohammadi, Chapter 6 and TIMING AND PROCESSING
circuit, Appendix E.
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threshold level is finding the value of voltage that is LESS THAN

- ..
, TaTee 0
5 et
’ . - .
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all black voltage values and GREATER THAN all white voltage

values. For this purpose, it is important to understand how the
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black and white video levels react to the factors 1listed above.
First, however, it will be convenient to introduce the term "pel
swing," defined as the magnitude of the DIFFERENCE between black
and white voltage 1levels in the video signal. Pel swing is
normally measured in millivolts and provides a convenient
quantity for expressing the analog signal behavior.

That light intensity has a predictable effect on pel swing
was easily demonstrated by varying the f-stop of the focusing
lens. A blank piece of white paper was scanned with soft white
fluorescent lights providing illumination. Pel swing was
measured from absolute black (5.6 volts) to the maximum deviation
from absolute black. The results are illustrated in Figure 2.2.

Note that f-stops of 2.8 and below saturate the CCD.

The background color of the document being scanned 1is also

an important parameter because in a user environment the scanner

T
ot

will certainly encounter different qualities and textures of

b OO
S

white paper and, less commonly, a variety of paper colors. CCD

"

response to paper color and texture at a fixed f-stop of 5.6 was
measured experimentally by scanning a blank piece of construction

paper of a uniform color and recording the pel swing from

"'.W'TI 81: '.:.'."'."’.‘,'.

absolute black to the maximum deviation. Again, soft white

e

gf fluorescents were used. These results are shown in Figure 2.3.
E! In a predictable fashion, white and black paper yield the two
9
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extremes in the range of pel swings. But from a more critical
standpoint, one would expect the resulting analog signal from
scanning black paper to be very close to absolute black, that is,
to yield a very small pel swing. However, this exjperiment
revealed considerable pel swing with black paper. The cause was
traced to stray light "leaking" to the CCD ISEs due to a design
deficiescy in the scanner's optical path. This problem is
covered in Chapter 6.

The behavior of the video signal with respect to spatial-
frequency content of the information contained on a page is a
more complicated issue. As stated above, pel swing has been
measured between absolute black and the maximum white level
generated by the CCD under blank, monochromatic paper conditions
(zero spatial frequency). But with increases 1in spatial
frequency information on the page resulting from alternating
black and white lines, signals corresponding to the black level
migrate downward away from absolute black, while signals
corresponding to the white level migrate upward although not at
the same rate. Figure 2.4 illustrates this behavior by showing
the CCD response to a series of black lines and white spaces that
represent increasing spatial frequency. This phenomenon is due to
"crosstalk"™ between ISEs in the form of hole-electron spillovers.
In other words, when one ISE is excited while an adjacent ISE is
not excited, there tends to be a certain amount of charge
transfer between the two ISEs. The result is less signal output

from the principal ISE and a small signal output from adjacent
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ISEs, and this is exhibited in the modulation transfer function
discussed in Appendix A. For the CCD142 in this particular
application, a spatial frequency of 100, equivalent to a
resolution of 200 lines on the scanned document, will produce the
Nyquist rate at the face of the CCD. The Nyquist rate is defined
as the spatial frequency that will excite every other ISE in the
CCD's 1linear array. Hence, it is the maximum spatial frequency
the CCD 1is physically capable of resolving. Experimental
measurements of pel swing versus spatial frequency are displayed
in Figure 2.5, The measurements of black and white 1level
migrations as a function of spatial frequency are presented in
Figure 2.6. It is important to understand the relationship among
Figures 2.4 to 2.6. First observe the fact that the curves in
Figure 2.6 exactly form the envelope of the waveform of Figure
2.4. (1) Also note in Figure 2.6 that the vertical distance
between the two curves at a particular spatial frequency is
precisely the pel swing generated by that spatial frequency as
pictured in Figure 2.5,

The results presented thus far are correct in showing the
general trend of analog signal behavior, but the data have
limited accuracy for a number of reasons. One reason already
cited is the stray light leakage which has the effect of inducing
unwvanted bias signals. Another reason is the fact that the

analog signal contains 30 to 50 millivolts of clocking noise

(1) The apparent curving envelope in Figure 2.4 1s due to a
scaling factor in the computer generation of the waveform.

Page 26




b AN T T R T D
Ch 2
PEL SWING
(MILLIVOLTS)
200

150 -

EETTTE O RERLE A A liar 4 P

100 <

- 50 o
o
5 SPATIAL FREQUENCY

G (LINE-PAIRS/INCH)

0 25 50 75 100
FIGURE 2.5 FEL SWING VERSUS SFATIAL
FREQUENCY
VOLTS
5.6 3
_ YIDEO BLACK LEVEL
(SLOPE = -0,43 MV/CYCLE)
—
—
: ——
s =
-.: i \ -
:“ )
. 5.6 . PEL SKING
o { -~
' 4 v :
<% _ VIDEO WHITE LEVEL
: _ -~ (SLOPE = 0.8 MV/CYCLE)
3 - SPATIAL FREQUENCY
sy : : . r—s  (LINE-PAIRS/INCH)
‘A 25 50 75 100
X FIGURE 2.6 ELACK AND WHITE ANALOG VIDED
¥ LEVELS VERSUS SFATIAL
FREQUENCY

3 Page 27
v




" T o Zunu Shae mees Ban Ssw. LAl Sl g T

Ch 2

wvhich makes precise measurements extremely difficult to obtain. A
third reason stems from the deterioration of fluorescent lights
with time, causing slightly different light levels from day to
day. Despite these uncertainties, however, adequate information
had been obtained at this point to proceed with the ATC design.
C. CHOICE OF PARAMETER FOR THRESHOLD CONTROL

Recall from Chapter 1 that the threshold value being sought
is that which will enable the scanner to give the highest quality
output possible. Output quality can be measured by "resolution"
or the ability to resolve a set of alternating black and white
lines of equal width., The more lines/unit length of the ensemble
the scanner can resolve, the better will be the quality of the
output. Resolution, in turn, is directly related to spatial
frequency. Therefore, it can be said that the desired threshold
level 1is one that will digitize all spatial frequencies
represented in the analog video signal thereby producing the
highest resolution in the output. With the goal now defined as
preserving all spatial frequencies as the video signal is
digitized, it is logical to exploit the analog video-signal
behavior with respect to spatial frequency as the parameter for
controlling the threshold. The concept is more easily undersiood
by the following example.

Referring back to Figure 2.4, if one were required to select
a threshold voltage that would permit proper digitization of all
alternations between black and white, one should choose

voltage-level Q as the correct value, Other threshold levels
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such as P or R would cause loss of the higher spatial-frequency
information in the A-to-D conversion process. This leads to a
simple algorithm for selecting the optimum threshold, using the
particular analog signal of Figure 2.4:

1. Vary the A-to-D threshold voltage through an appropriate
range of discrete values.

2. Count the number of zero/one (black/white) transitions
at each discrete threshold value.

3. Select the threshold value that resulted in the maximum
number of black/white transitions.

:éz It is important to highlight the fact that, for threshold-setting
~i1 purposes, use of an analog video signal containing 1linearly
t! increasing spatial frequencies is fundamental to the success of
the algorithm. A signal such as this must be obtained by scanning
a CALIBRATION PATTERN such as that shown in Figure 2.4(A).
P Issues concerning choice of a CALIBRATION PATTERN will be
: discussed in Chapter 3.

D. PARAMETERS REJECTED FOR THRESHOLD CONTROL

Other options that were considered but not chosen for
threshold control include:

1. Video white and black levels

2. CCD reference white and black levels

3. Combinations of the above
Use of one of the above parameters would have been in the context
of a real-time threshold control scheme; that is, one that would

have continuously modified the threshold level based on incoming

video information. 1In general, controlling the threshold level

by direct reference to a particular voltage value of the

time-varying video signal was explored but rejected due to the
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complexity involvea in extracting the required information from
the video signal. The clocking noise in the video signal,
relatively long durations of white signal, and the migration of
the white and black signal levels toward each other as the
spatial frequency of the textual patterns increases, all
complicate the task of pinpointing a particular level of video
signal. Further complexities arise in selecting a video level or
combination of video levels that would provide a stable reference
for selecting an optimum threshold value. A relatively simple
method of detecting both peak white and black levels of the
time-varying video signals and then averaging the two for a
correct threshold 1level was also deemed unfeasible due to the
different migration rates (1) of the black and white levels, and
due to the video signal normally containing substantially more
vhite information than black information. Finally, using the CCD
reference white and black 1levels was eliminated from
consideration because these levels contained no information about

light intensity, paper reflectivity, or spatial frequency content

of the document.

(1) Note the absolute values of the slopes of the two curves 1in
Figure 2.6 are different.
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CHAPTER 3
CALIBRATION PATTERN EVALUATION

As implied in Chapter 2, the term CALIBRATION PATTERN will
be used in this thesis to denote a series of parallel black and
white lines for forcing the CCD to produce a specific analog
video signal for threshold-setting purposes. The design of the
ATC calls for the CALIBRATION PATTERN to be 1located in the
left-hand margin of the document being scanned. During a normal
scanning sequence, the first lines that the scanner sees would be

those of the CALIBRATION PATTERN. Transmission of video

% information to the printer would be inhibited until the

- threshold-setting sequence is complete.

A Optimally, the CALIBRATION PATTERN should consist of black
P lines on a transparent surface, thereby allowing the margin of
ﬁ the document being scanned to provide the background. This would
ﬁ permit the analog video signal to be indicative of the

characteristics of the paper being scanned, and in this way the
threshold setting could be based on the reflectivity and/or

color of the paper. On the other hand, using the left margin of

T

the document as the background for the CALIBRATION PATTERN
implies that a certain portion of the margin will be unavailable
for information content. This was not considered to be a problem
since it is highly unlikely there will be a need to transmit a

document having no margins., A more critical question, however,

is just how much of the margin will be required to support the

CALIBRATION PATTERN, or eqQuivalently, how many lines will the ATC
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require to properly select an optimum threshold level. This

! issue is addressed Chapter 5.
8 A. PERFORMANCE REQUIREMENTS

In the selection of a CALIBRATION PATTERN, certain criteria
should be followed. First and foremost, the pattern should
allow the ATC to select the optimum threshold level, that is, the
level that produces the highest resolution in the output.
Secondly, the pattern should allow the ATC to produce consistent
results; that is, with all inputs constant, the ATC should
generate the same threshold level again and again. Thirdly, the
pattern characteristics should be invariant to light and/or paper
characteristics. And finally, the pattern should be of the
proper dimensions in order to fit in the margin of the document.
B. PATTERN COMPOSITION

The discussion thus far has been directed toward the fact
that the CALIBRATION PATTERN would consist of a series of

parallel lines, and it is easy to see why this would be a logical

choice., At the very low spatial frequencies, a series of black

lines separated by white spaces of equal width (called

o DICR S0 J00 U A i s
‘x TSI ERE
. et PN

line-pairs) produces a square wave in the analog video signal.
As the line-pairs become thinner, thus causing the spatial
frequency to increase, the black and white analog levels migrate

together, and the resulting analog video signal becomes very

NS 9 ARG

nearly sinusoidal and extremely predictable. The relationship,

illustrated before in Figure 2.4, is re-oriented in Figure 3.1(A)
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and (B). (1) So given that the CALIBRATION PATTERN will consist
of line-pairs, the real question therefore is what spatial
frequency or frequencies will be represented by the line-pairs.
As mentioned in Chapter 2, the theoretical best choice would be a
pattern that equally represented all spatial frequencies up to
the CCD Nyquist rate of 100 line-pairs/inch. However it might
also be possible that a pattern containing only the Nyquist
frequency would be the best choice. It turns out that the very
small pel swing generated by the Nyquist rate would be a
significant disadvantage to the development of an efficient
sampling algorithm. This point is covered in Chapter 5. The
object of this phase of research vas to ascertain the proper
CALIBRATION PATTERN composition by direct evaluation of various
candidate patterns. Unfortunately, within the scope of the
project, there were relatively few sample patterns available for
evaluation. Still much insight was gained with the patterns at
hand, and a workable facsimile for a CALIBRATION PATTERN was
obtained.

Another important question in CALIBRATION PATTERN
composition is, in physical terms: How far along the left margin
should the pattern extend? Or in other words, how much of one
line of analog video does it take to successfully select the
optimum threshold level? The answer, while not simple, can be

illustrated fairly easily. Figure 3.2(A) shows the analog video

(1) Disregard Figure 3.1(C) for the present time.
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signal resulting from scanning a blank white page with perfectly
compensated illumination. Under these conditions, the
CALIBRATION PATTERN that is superimposed on the white page would
only need to be 1long enough to contain the necessary spatial
frequencies, and could be located anywhere along the 1length of
the margin. Figures 3.2(B), (C), and (D) show the analog signal
that would result for pattern length of about an inch and
placement in the bottom, middle, and top of the margin
respectively. Now, for some reason, let us assume the
illumination is not uniform over the length of the page, as
illustrated in 3.2(E). The threshold level is now sensitive to
pattern placement along the 1length of the margin as shown in
3.2(F) and (G). However, two patterns placed as in 3.2(H) would
result in a threshold being chosen somewhere between the levels
of 3.2(F) and (G). Realizing that this is indeed a compromise
necessitated by 1less than optimum illumination, it is still a
better choice than either extreme. Extrapolating to the 1limit,
it would be necessary to use an entire line of video to get the
best average over a line for non-uniform 1lighting c¢onditions.
This 1line corresponds to the entire left margin and should be
filled with repeated CALIBRATION PATTERNs as in 3.2(I).
C. EVALUATION RESULTS

CALIBRATION PATTERN evaluation consisted of two stages:
plotting the digital video transition count (VTC) versus
threshold level value (N) for all possible threshold values; and

running actual copies with the threshold value that yielded the
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maximum video transition count (MTC). The experimental
CALIBRATION PATTERNs (ECPs) evaluated were obtained from the IEEE
std 167A-1975 Facsimile Test Chart whose data are contained in
Appendix A. To simplify documentation, the ECPs that wvere
examined are labeled A through F in Figure 3.3. Referring to
this figure, ECP A (IEEE Facsimile Test Pattern 9) consists of
repetitions of 12 discrete spatial frequencies ranging from 30.5
to 203 line-pairs/inch. ECPs B, C, and D (IEEE Facsimile Test
Patterns 5, 4, and 3) are single-frequency patterns containing
48, 25, and 5 1line-pairs/inch respectively. ECP E (IEEE
Facsimile Test Pattern 19) contains 0.01-inch lines spaced 0.10
inch apart. ECP F is a vertical strip of pseudo-random text
taken from the IEEE Facsimile Test Chart and chosen so as to fall
in the 50-to-100 line-pairs/inch region of Test Pattern 12. While
none of the ECPs precisely satisfy the theoretical criterion of
containing all spatial frequencies up to the Nyquist value, it
can be predicted that ECP A will exhibit the best performance due
to its controlled distribution of discrete spatial irequencies,
ECP F was included in the testing to get an idea of the behavior
of the VTC curve when scanning a relatively uncontrolled variety
of spatial frequencies.

A general plot of a VIC-versus-N curve 1is illustrated in
Figure 3.4. To fully appreciate the information presented on
this and similar plots to follow, a few details deserve
highlighting. Recall first that the x and y scales represent

integers; each unit increase in N corresponds to a decrease of
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one millivolt in the threshold level, and the dependent variable,
VTC, is an accumulation of black/white transitions along one line
of video for a given value of N. Although the full range of N is
depicted, only a relatively small span contains pertinent
information. Therefore, subsequent plots will constrain the
N-axis to the span of significant VIC information. It should
also become apparent that the span of N containing significant
VTC information (subsequently called RV) is directly correlated
to pel swing; larger pel swings will result in larger spans of
RV, as illustrated by the relationship between parts (B) and (C)
of Figure 3.1, This feature will be especially useful when
comparing various plots. As for the vertical axis, VTC, it is
emphasized that the absolute value, while interesting, 1is not
nearly so significant as where along the horizontal axis the
PEAK of VTC occurs. As an example, it is easy to see that ECP B
in Figure 3.3 will have a much larger overall VTC than ECP D
simply because it provides more black/white transitions per video
line. This however does not mean that the peak of ECP B will be
easier to detect. Since the idea is to work with digital
information, the ATC will be equally capable of detecting a peak
with a value of 800 or a peak with a value of 200. The absolute
value of the peak is arbitrary. The important information is the
value of N that causes the peak, because it is that value of N
that the ATC should choose for its optimum threshold. One final
property of these plots can best be described by referring to

Figure 3.1. When N eguals zero, the threshold level is at 6.16
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volts, or well above the video signal. As N increases, the
voltage threshold level decreases, eventually passing through the
span of the analog video signal. On the basis that any portion
of the analog video signal below the threshold level is decoded
as wvhite, and any portion of the analog signal above the
threshold level is decoded as black, it can be seen that, when
the threshold voltage lies between 6.16 volts and point Q, a
portion of the video transitions to black are being lost. In
other words, the digitized video signal contains less black
information than it should, Conversely, when the threshold
voltage 1is between point Q and 5.14 volts, the digitized video
signal contains less white information than it should. So, when
this information is applied to the VTC-versus-N plot in Figure
3.4, the values of N to the 1left of the VTC peak egquate to
thresholds that give lighter-than-optimum copy, and values of N
to the right of the VTC peak equate to thresholds giving
darker-than-optimum copy. This, of course, assumes that the VTC
peak is indeed AT the optimum threshold N value. Figure 3.5
illustrates this point by showing scanner reproductions of IEEE
Facsimile Test Pattern 12 for incremental increases of N. Note
the 1lack of black information with the smaller values of N
followed by lack of white information as N increases beyond
optimum,

We are nov in a position to intelligently analyze the
VTC-versus-N plots for the various ECPs to see if an optimum

threshold value is indeed pinpointed by the peak of the VTC
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curve, Figures 3.6 to 3.12 contain individual plots of the
various ECPs. In Figure 3.6(A) ECP A was found to exhibit the
desired characteristics required for the ATC. The peak of VTC
was well defined and indeed occurred at a value of N that
produced optimum hard copy as in Figure 3.6(B). Note that even
in the copy in this report, (1) the capital 1letters in the
4-point type are legible.

When scanning a single discrete spatial frequency, the
analog signal will be very nearly sinusoidal with constant
amplitude. For this reason the number of black/white transitions
will be constant in the span of significant video information.
Accordingly, constant-frequency ECPs B, C, and D in Figure 3.3
produced predictable plateau-type curves. These curves are shown
in Figures 3.7 to 3.9. The peaks for some undetermined reason
occurred at either end of the plateau region, but intuitively it
:E can be concluded that these peaks were not precipitated by valid
LI video transitions. When hard copy was produced by thresholds
based on these peaks, the results were as anticipated: either
too 1light 1in the cases of ECPs B and C, or too dark in the case
of ECP D. A comparison of the VIC plots of these three ECPs in

Figure 3,10 provides an interesting manifestation of the

(1) Subsequent scanner outputs 1in this thesis will be xerox
reproductions which fail to do complete justice to the actual
scanner hard-copy output. Therefore in some cases, scanner
output will only be described rather than included for viewing.
. Also the reader should be aware that the scanner system digitizes
- to only one binary level. Hence, gray tones in the IEEE Test
:i Chart are not reproduced as such. The photograph, for example,
. (IEEE Test Pattern 15) 1is substantially degraded from the
original,. '
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reduction in RV spans with increasing spatial freguency due to
smaller pel swings. And with increases in spatial frequency, the
VIC curves naturally are higher due to more black/white
transitions. The trend exhibited by these curves provides the
probable conclusion that if an ECP were available containing the
Nyquist frequency of 100 line-pairs/inch, it would most likely
produce an impulse-like VTC curve centered around the value of N
providing the optimum threshold level.

ECP E in Figure 3.3, due to its constant frequency nature,
also yielded a plateau-shaped curve. See Figure 3.11. 1Its
utility was no better than the other discrete-frequency ECPs. On
the other hand, ECP F had a definable peak because of the variety
of spatial frequencies present (Figure 3.12), but its usefulness
was marginal since the actual peak information was occluded by
the uncertainty in the data. Therefore, ECP A is obviously the
best choice as a CALIBRATION PATTERN for the ATC. Figure 3.13
presents a comparison of all ECP plots as a convenience to the
reader.

When the behavior of ECP A plots is analyzed with respect to
other variables, further insight is gained to the robustness of
its ability to select the optimum threshold value based on the
VTC peak. For example, Figure 3.14 shows the behavior of the VTC
curve with the loss of one fluorescent light. As expected, less
light causes a smaller pel swing which is evidenced by comparing
the spans of N in the two curves. Looking more closely, one can

see that while the curves begin to rise at almost the same value
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of N on the left, they return to zero at much different N-values
on the right. The interpretation is thus: 1In the analog video
signal, different amounts of light cause small shifts in the
black signal level but large shifts in the white signal level. It
can also be seen that of the two curves, the curve resulting from
one lamp has the steeper slopes on both sides. This means that
an increase in light causes a more dramatic increase in pel swing
at the lower spatial frequencies versus the higher spatial
frequencies. But by far the most important result is that both
curves display an obvious peak; one that will '2 chosen by the
ATC algorithm. The threshold level defined by the two peaks were
clearly optimum for the available light, as judged by the quality
of hard copy output. (1)

Figure 3.15 1illustrates similar effects with different
colors of paper. Here the diminishing pel swing and increasing
slopes are even more dramatic with the darker colors. As in
Figure 3.14, there is a definite shift of the optimum threshold
value, but the ATC design will inherently compensate for these
shifts and continue to select the threshold providing the best
resolution. (2) Figure 3.16 consists of plots using fluorescent
lights with various spectral contents. The conclusion is that
among the colors examined -- green, cool white, and warm white --

there was not a significant difference in performance, although

oW e T T Ly . DO

(1) Hard-copy samples resulting from single-lamp 1llumination are
contained in Chapter 6.

(2) Scanner output of the IEEE Test Chart on red background is
contained in Chapter 6.
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the warm white bulbs did appear to generate a slightly larger pel
;! swing. On the other hand, Figure 3.17 demonstrates that
" fluorescent lights experience a certain amount of degradation

over their lifetime. Once again the ATC will compensate for this
ﬂ. effect. It should be noted that fluorescent lights deteriorate
in a non-uniform manner over the length of the tube. Deposits on
the inner walls near the filaments at either end cause excessive

degradations in 1light emission at the ends, resulting in

precisely the analog waveform illustrated in Fiqure 3.2(E).
As one final point, note that the curves contain a small

degree of uncertainty rather than being smooth. It is

o . v w-w-w
Vet v AT
PR LT

Sl P

hypothesized that the jitter is caused at least in part by the
clocking noise in the scanner circuitry. Another cause could be
power supply fluctuations producing minor deviations in the
output of the circuitry generating the threshold voltage. The
important conclusion is that while the general shape of the VTC
curve is stable, individual plots will differ by some small
amount as illustrated in Figure 3.18, which shows several runs

taken under identical conditions. 1In this instance, extreme care

was taken to insure all inputs remained constant, and yet there

was still a small degree of inconsistency in the plots taken.

P.' -—
4
b
3
:

The wuncertainty that is present is by no means a barrier to the
proper operation of the ATC, but the reader must be aware that
the DEGREE of uncertainty in the VTC curve will have an effect on
ATC performance especially with respect to the VIC sampling

activities detailed in Chapter 5.
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CHAPTER 4

AUTOMATIC THRESHOLD CONTROL (ATC) DESIGN

A, ATC BLOCK DESCRIPTION

In terms of Chapter 3, the goal is now to design the
necessary hardware to expeditiously pinpoint the threshold value,
N, that generates the maximum number of black/white transitions.
With the CALIBRATION PATTERN producing the desired analog
signal, the THRESHOLD CONTROL UNIT (Figure 4.1) commands the
THRESHOLD LEVEL GENERATOR to set a series of tentative threshold
values for the A-to-D CONVERTER. The number of black/white
transitions produced by each threshold value 1is summed by the
VIDEO COUNTERS, and the sum, VTC, is correlated by the THRESHOLD
CONTROL UNIT. Once all threshold values in the series have been
tested, the THRESHOLD CONTROL UNIT locks in the threshold value
that produced the maximum number of black/white transitions.
B. CHOICES FOR IMPLEMENTATION

Because of its availability and inclusion in the existing
scanner, it was a logical decision to use the F8 microprocessor
as the THRESHOLD CONTROL UNIT and to design a digital-to-analog
circuit as the THRESHOLD LEVEL GENERATOR. The VIDEO COUNTERS
provided a natural interface to the F8, but modifications in the
video A-to-D section were required to upgrade the digital video
signal to the quality required for accurate counting. The actual

design details are covered in the next section.
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C. CIRCUIT MODIFICATIONS

1. DIGITAL THRESHOLD LEVEL GENERATOR (TLG)

The existing scanner used a potentiometer buffered by a
unity-gain 741 operational amplifier for manually setting the
threshold level. See Figure 4.2. This circuit, which included an
LM311 comparator as the A-to-D converter, was located on the
TIMING & PROCESSING circuit board. It was removed entirely and is
documented in Appendix E. A primary theme in the design of the
new TLG was flexibility. That is, the circuit was constructed in
such a way to allow for future alterations in voltage ranges and
sensitivity for experimental purposes. The first consideration
was the voltage range of the threshold level. 1In Chapter 2, it
was found that the video information was within a span of 5.3 to
5.6 volts. Changes in the video signal were of the order of 10
to 300 millivolts. Therefore, the TLG had to be able to resolve

millivolts in the 5.3 to 5.6-volt range. A 10-bit (1024-step)

D-to-A converter was selected which would give a sensitivity of

Eﬁ less than a millivolt/digital step over a range of one volt.

¢ Additional circuitry had to be added to the D-to-A converter to
] provide the necessary DC offset. Refer to Figure 4.3. The TLG
{ consists of Ul through U6 with U4 providing the threshold output
i- voltage, VO. Ul is an AD7533 D-to-A converter using an R-2R
f ladder network described 1in Appendix A, and U2 is a 741
E operational amplifier used as a unity-gain buffer. The output of
Ei U2 is given as:

: V2 = -Vref(N/1024) (1)
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where N is the decimal equivalent of the 10-bit binary input from
the F8 to Ul through pins 4 through 13, and Vref is controlled by
R10 and buffered with unity-gain op amp U3. Since op amp U4 is
also a unity-gain buffer, V0 can be expressed as a function of
the voltage division between Vref and V2:

VO = (R3 x V2) + (R2 x Vref) (2)
(R2 + R3)

Eliminating V2, we have:

ve = Vref[ﬁﬁ (R2+R3) (1024H )

Therefore, resistors R2, R3, and R10 control the width and
placement of the range of the TLG. From Equation (3), a
particular range (VOmin to VOmax) for the TLG can be established

with the following procedure:

1. Determine values of VOmin and VOmax.

2. Arbitrarily select a nominal value for R2 in the range 1K to
10K ohms.

3. Calculate R3 for the R2-R3 voltage divider by:
R3 = R2(1 - (VOmin/VOmax))

4, Calculate Vref by: Vref = (2 x VOmax) - VOmin

5. Set Vref by adjusting R10.

As an alternative, the graphs implementing Eguation (3) in
Figures 4.4 and 4.5 can be used as an aid to the calculations.
The voltage range of the TLG used for this report was 5.14 to
6.16 volts giving a sensitivity of 1 millivolt/digital step.

This choice is realistic and makes the results of the other
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chapters particularly simple to interpret.

2. VIDEO A-TO-D DESIGN

Referring again to the scanner's original video A-to-D
circuit in Figure 4.2, the response of this circuit to the
highest spatial frequencies was found to be rather slow (3.03
microseconds) due to the size of the pull-up resistor, Rp. While
this was adequate for the existing design and in fact helped
prevent clock noise feed-through, it was found that the
performance was inadequate as a clocking input to the VIDEO
COUNTERS. Therefore in the re-design of the video A-to-D
circuit, Rp was changed to 560 Ohms giving a rise time of 332
nanoseconds, This allowed the circuit to more faithfully
digitize the spatial frequencies up to the Nyquist rate. This
feature was essential so the VIDEO COUNTERS could record the
black/white transitions of all the spatial frequencies.
Unfortunately with the smaller Rp, unwanted clock noise was now
passing through the one-stage comparator circuit, which would
have been disastrous for the VIDEO COUNTERS. Therefore a second
LM311 with a constant threshold of 2.5 volts was cascaded with
the first LM311 to effectively bar the clock noise from
triggering spurious counts in the VIDEO COUNTERS. The revised
video A-to-D circuit consists of comparators U7 and Ull in Figure
4.3,

3. DIGITAL VIDEO COUNTER STAGES

The VIDEO COUNTERS, consisting of U8 and U9 in Figure 4.3,

were rather simple to implement once the digital video signal had
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been upgraded. Dual, 4-bit, binary, asynchronous counters served
the purpose adequately, making 16 bits available with minimal
hardware. As a precaution, the digital video is gated to the
counters by the signal PRINTLINE to insure only valid video
transitions are recorded.

4, F8 HARDWARE INTERFACE REQUIREMENTS

To use the F8 as the THRESHOLD CONTROL UNIT, I/O ports had
to be made available for data transfer. The existing ports (4,
5, 8, and 9) were already being used for scanner coordination
with the hard and soft copy printing devices. (1) The threshold
control requirements could have been implemented through these
ports, but it would have taken considerable multiplexing and
hardware design. Fortunately the research completed by Medley
(2) included the addition of four new I/0 ports (10, 11, 12, and
13) to the F8 system. So the only requirement to make these 1I1/0

ports available for use was to complete the wiring to a

compatible connector. Details are contained in Appendix E.

= 5. COMBINED THEORY OF OPERATION

5? During the period that the optimum threshold 1is being
Eg sought, the circuitry of Figure 4.3 operates in the following

manner. A value of N generated by the THRESHOLD CONTROL UNIT
(F8) 1is applied to pins 4 through 13 of Ul. The voltage

g threshold value V0 is obtained from the division between Vref and
3 V2 by resistors R2 and R3., The voltage threshold level, with the
-

P‘ (1) See Aghamohammadi, Chapter 7.

g

(2) Reference Chapter 7.
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degree of hysteresis controlled by R11, is applied to the
;: non-inverting input of U7 while the analog video signal from the
! CCD is applied to the inverting input. The digitized video is

then fed through a non-inverting comparator stage provided by Ul1l
!! with threshold fixed at 2.5 volts to help remove digitized clock
L noise. The clean digital video is then gated by PRINTLINE
3 through U10 into cascaded counters U9 and U8. For a given line
]l of video, the number of black/white transitions in the digital
video signal can be read from the counters to ports 10 and 11 of
the F8. Once the optimum threshold has been found, the value is
loaded to ports 12 and 13 and valid digitized video passes off
the board via pin C for synchronization and hard-copy printing.
The outputs of U8B and U9 are now ignored.

6. SCANNER CIRCUIT BOARD RELOCATIONS

A.Y...,..v. __,Vv,,,‘
- T T T :
AJAS

During the course ©of this project, inter-circuit
interference due to clocking noise and physical separation of
several critical circuit boards degraded system performance to

the extent that several circuit boards had to be moved in order

to shorten the connections containing critical signals. These

relocations are documented in Appendix E.
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CHAPTER 5
SAMPLING ALGORITHMS

In this chapter, the procedures for finding the VTC peak are
discussed in detail. The purpose of this phase of research was
to design a method whereby the THRESHOLD CONTROL UNIT could, in
the most efficient manner possible, search the entire range of
possible threshold values, [N = 0 to N = 1024], and find that
value of N corresponding to the peak of the video transition
count, VTC. The major constraint on this design was to keep the
algoritnm simple enough to be easily implemented on the F&§
microprocessor. At one extreme, the algorithm could entail
stepping through every value of N and doing a simple comparison
of the present value of VIC and the maximum preceding value of
VTC (called MTC) to find the VTC peak. 1In fact this method was
used in gathering the data for Chapter 3. The obvious drawback,
however, in implementing this procedure in an operational scanner
system is the fact that, since each sample requires one scan line
of video, a total of 1024 video lines would have to be dedicated
to thresholding. With the scanner on the move, that means the
CALIBRATION PATTERN would need to be over five inches wide! One
can immediately see a way to decrease the number of video lines
by recognizing that only a certain span of N (labeled RV in

Chapter 3) contains significant VIC information worth sampling.

(1) Recall from Figure 3.1 that when N = 0, the voltage threshold
level is greater than the analog video signal which prevents any
digital encoding of the video information. VIC therefore is zero
until the threshold encounters the span of significant analog
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(1) Since the analog video information generally covers a span
of 200 to 300 millivolts, and each incremental change in N
equates to a one-millivolt shift in the threshold 1level, the

total number of video lines required could be reduced to around

200 to 300. The width of the CALIBRATION PATTERN now must be 1
f: to 1.5 inches which 1is still unacceptably large. At the same
time the range of N sampled is dangerously small, which would
! limit the ATC's ability to adapt to drastic changes. So the
research centered on finding a feasible algorithm that could

“1 cover the largest range of N in the least number of samples. The
i’ algorithm explored for implementation with the ATC is detailed
b

below.
A. SUCCESSIVE APPROXIMATION

Under the assumption that the VTC-versus-N curve to be

sampled 1is relatively smooth and has the general shape of Figure
3.1(C), a fairly straightforward approach can be used to pinpoint
the VTC peak. When the automatic thresholding sequence is
initiated, the idea is to start with a large step size

(increments) for N and take a small number of VTC samples over

the entire range of N, [0 to 1024). This will be called the first

pass. Since keeping the step size a binary multiple greatly

simplifies programming, the initial step size, S1, was chosen as

128. Referring to Figure 5.1, we see that this divides the range

PIITIVY e

[0 to 1024] into eight segments. For reasons that will soon

signal, VTC will again be zero once the threshold level 1s less
than the smallest value of the analog signal.
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become apparent, the end points, N = 0 and N = 1024, are ignored,
3! and seven samples of VTC are taken beginning at N = 128. For
o those samples, the value of N giving the maximum VTC, called Np,
becomes the middle of a new range, R, to be sampled with the end
!. points defined as (Np-S1) and (Np+S1), as shown in Figure 5.2.
Note that R = 2 x S1. The new range R is now divided into eight

segments by using a new step size, S2, which turns out to be

R

equal to S1/4. Again end points are ignored and seven samples

are taken at the points shown in Figure 5.2. (1) Repeating the

b
4

b
r-.‘
s
y .
Vo
»

procedure to the limit, it can be seen from Figures 5.3 and 5.4
that a total of four passes or 28 video lines are required to
pinpoint the VTC peak within one millivolt. With each video line
being 0.05 inch wide, the procedure requires 0.14 inch of
CALIBRATION PATTERN to find the optimum threshold value. This
width is considered to be acceptable in the context of the amount
of margin of the original document required for threshold-setting
purposes.

The complete algorithm summarizing the above procedure is
flowcharted in Figure 5.5. Block 1 initializes the necessary
registers for the overall algorithm, and Block 2 initializes the

video 1line counter for each new pass of 7 video lines. Blocks 3

(1) Notice that in this case, the end points were sampled in the
first pass and therefore do not need to be re-sampled in the
second pass. Although the discarded endpoints of the second pass
(N = 256 and N = 512) do not provide an exact analogy to the
discarded endpoints of the first pass (N = 0 and N = 1024), it is
still easy to see that excluding N = 0 and N = 1024 does not
preclude the segments [0 to 128] or ([896 to 1024]) from being
sampled in a subsequent pass if necessary. In this manner, each
pass consists of identical procedures.
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through 7 are executed for every line of video. 1In Block 3 the
VIDEO COUNTERS of Figure 4.1 are set to zero, and in Block 4, N
is incremented by the existing step size. When PRINTLINE goes
active signifying valid video is being transmitted, the digital
black/white transitions are counted in Block 5. (1) At the end
of the video line, the number of black/white transitions obtained
is subtracted from the previous maximum number of transitions.
If the result is negative, this means that the VTC just obtained
is greater than any VTC previously obtained. Therefore this
value of VTC is retained in MTC as the new maximum transition
count encountered thus far, and the value of N producing this
maximum VTC is also saved. Block 7 counts the number of video
lines taken 1in a particular pass, and the flow is transferred
back to Block 3 wuntil the 7 1lines of one pass have been
completed., For each new pass, Block 8 adjusts the starting value
of N for the new range to be sampled, alters the step size, and
keeps track of the number of passes executed. At the end of the
fourth pass, Block 9 loads the N value that produced the overall
maximum VTC into the Threshold Level Generator. This threshold
value 1is wused for the entirety of the page being scanned. The
algorithm as presented is called QSET1, and computer simulations

of QSET1 on actual VTC curves are detailed in Appendix C.

{1) It 1s important 1in understanding the sequencing and timing of
the algorithm that Block 5 is the only block that 1is executed
during the transmission of valid video information as depicted in
F.qure 2.1(B). All remaining blocks are executed 1in the
-e.atively short time gap between successive video lines.
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B. SAMPLING CONSIDERATIONS

Of prime importance in utilizing a sampling technique such
as QSET1 1is proper consideration of the initial step size, S1.
Specifically, if the range of valid VIC information, RV, is less
than S1, then it 1is possible for all valid VTC information to
reside between samples of the first pass as in Figure 5.6. The
only instances where the range RV was found to be less than 128
using ECP A were with one-lamp illumination and with the darker
paper colors: orange, red, green, brown, and blue. (Remember
that f-stop = 5.6 was used throughout the research.) Still, in
these cases, the algorithm has the potential of breaking down in
its search for the VIC maximum. (1)

The three alternatives to solving the problem of dealing
with a small span of VTC information are to either change the
voltage range of the TLG, implement a different sampling
algorithm, or modify the parameters of the QSET1 algorithm. To
maintain a basis for reference throughout this research, the TLG
voltage range was not altered although in practice this might be
the most reasonable solution., Different sampling algorithms were
also considered but rejected due to the additional programming
complexity involved. Therefore due to the simplicity of

implementation with a microprocessor, the latter alternative was

(1) It should now be clear why a single-frequency CALIBRATION
PATTERN at the Nygquist rate is not a good choice as implied in
Chapter 3. The resultant impulse-like VTC curve having a very
small RV would require a prohibitively small initial step size,
S1, to detect.
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preferred for rectifying the problem. Working within the
3 framework of QSET1, the challenge becomes one of decreasing the
initial step size, S1, with minimal penalties. Of all
- experimental observations using ECP A, the smallest span of N
h over which all VTC values were generated was RV = 67, resulting
from navy blue paper. So one possibility is to choose S1 = 64,
dividing the range [0 to 1024] into 16 segments, and collecting
: 15 samples on the first pass. Maintaining 15 samples on

subsequent passes results in three passes required in all, or 45

; lines of video to set the optimum threshold. Subsegquent step
&! sizes would be obtained by dividing by 8:
.
g S2 = S1/8 = 8
S3 = 52/8 = 1
Another possibility is to choose S1 = 64 but only collect 7

samples per pass as QSET1 prescribes. This requires the initial
sampling range to be cut from 1024 to 512 samples. Maintaining 7
samples per pass results in four passes, or a total of 28 wvideo

lines required. Subsequent step sizes are obtained as in QSET1:

$2 = S1/4 = 16
S3 = S2/4 = 4
S¢ = S3/4 = 1

In an effort to preserve the small number of video lines used by
;. QSET1, the latter option was chosen. The major compromise was
2 the halving of the overall range of N to be sampled. The impact

of this compromise was minimized by using the knowledge of the

behavior of the analog video signal to select the starting and

ending values of the sampling range as N = 128 and N = 640.
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Implemented in the algorithm, QSET2, these choices produced
robust performance throughout the range of abnormal paper colors
and lighting conditions. The flowchart for QSET2 1is identical

to that of QSET1 in Figure 5.5 except for Block 1 which becomes:

MTC <« 0

N « 128

STEP <« 64
MAINCOUNT < 0

Another sampling consideration deals with the performance of
the QSET algorithm with VIC curves having peaks that are less

well-defined. The primary factor that can cause an obscuration

of the actual VTC peak is the uncertainty discussed in Chapter 3
- and depicted 1in Figure 3,18, As 1long as the degree of
i' uncertainty is relatively small, as is the case with ECP A in
!‘ Figure 3.6(A), the algorithm is quite successful in locating the
- peak. But if the uncertainty is a significant component of the
VIC curve as in Figure 3.12, the results of the algorithm search
are not as consistent; the final N value produced by the

algorithm becomes more a function of how the samples fall along

the VIC curve. These effects are covered more extensively in
;! Appendix C.

» C. INCORPORATION WITH SCANNER PRINT SEQUENCE

E Once the QSET algorithm was perfected, the next step
:! consisted of adding the necessary software to the F8 program,
B EOPS (electro-optical page scanner). Since all pertinent F8
source codes are contained in Appendix B, the discussion here

’ will be restricted to the block 1level. Figure 5.7 is a
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simplified flowchart of the existing scanner algorithm. As
stated in Chapter 3, placement of the CALIBRATION PATTERN in the
left-most margin allows the first lines of video to provide the
necessary information for threshold-setting purposes. Therefore
it was necessary for the ATC sequence to be located between
Blocks 4 and 5 of Figure 5.7 in order to catch the first lines of
valid video. This confiquration also turned out to be the most
advantageous in terms of software modifications required. With
Block 4a included in the flow, the sequence of scanning a

document now becomes:

1. After positioning the document, the operator pushes the
scanner start button.

2. A start-up delay of just over 1.5 seconds is initiated which
allows the fluorescent lights to preheat and the phase-locked
loop motor control to stabilize. This delay is accomplished
by counting a preset number of pulses generated by the
phase-locked 1loop rate-feedback wheel. Video information is
ignored during this time because of the status of the signal
PRINTLINE.

3. At the termination of the start-up delay, PRINTLINE goes
active, signalling that valid video is now available.

4. The automatic threshold-setting sequence begins and uses 28
video lines to establish the optimum threshold level.

5. Once the optimum threshold is 1locked in, the VIDEO LINE
COUNTERS are set to 1700, giving a page width of 8.5 inches
(200 lines/inch).

6. As the video lines are shot, they are printed in real time
with the F8 providing the necessary pacing for the printer.

7. When 1700 lines have been read, the printer is shut down
automatically, and the F8 software resets. The scanner
mechanical assembly is retracted to its starting point upon
activation of a limit switch beyond the right-most margin.

For future research purposes, two new versions of EOPS were
produced. EOPS1, containing QSET1, provides ATC that samples the
entire range of N, [0 to 1024). EOPS2, containing QSETZ2,

provides ATC that samples the range of N, [128 to 640].
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Additional user-oriented features added to EOPS1 and EOPS2 are

detailed in Appendix B.
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CHAPTER 6
CONCLUSIONS AND RECOMMENDATIONS

A. GENERAL RESULTS

The performance of the scanner with automatic threshold
control was considered to be excellent, especially in the context
of proving the validity of the ATC concept that was developed.
Xerox copies of scanner printouts are contained in this chapter,
and if degradation due to xeroxing is ignored, the results are
very good. Figures 6.1 to 6.5 represent consecutive scanner
outputs of the same image with the automatically-chosen threshold
value noted. Due to the uncertainty discmussed in Chapter 3, each
threshold value 1is somewhat different. Still, it can be seen
that every copy possesses a high degree of quality, thereby
demonstrating the consistency of the ATC. Observe, for example,
the legibility of the 6-point type at the 1lower left of each
reproduction of the IEEE Test Chart. Microscopic inspection of
these scanner outputs revealed resolutions very close to 200
lines/inch.

Figures 6.6 to 6.8 were produced with EOPS2 and only one
fluorescent light providing illumination, Even under the
degraded lignting conditions, the ATC was able to select the
optimum threshold and produce a very acceptable output. Again
note the 6-point type in Figure 6.7 is quite readable.

Figure 6.9 is the result of scanning a transparency of the
IEEE Facsimile Test Chart with red paper as a background. Again

the threshold level chosen was considered the best possible under
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these conditions. This was by far the most demanding test of the

ATC because total pel swing of the analog signal was less than 80
millivolts and the threshold 1level obtained still produced-
legible copy.

Figures 6.10 to 6.13 represent other document selections for
evaluating the Automatic Threshold Control from a subjective
standpoint. Figure 6.10 needs no comment, but Figures 6.11 and
6.12 represent fairly difficult text for scanner reproduction.
Notice the excellent scanner performance with these documents.
The original used to produce Figure 6.13 was a magazine
advertisement with a very dark brown background and white print.
Although the graphics cannot be interpreted, a majority of the
print is legible.

A few points should be discussed concerning the actual
limitations of the scanner/printer combination when evaluating
the scanner's output. The first point concerns the observed
resolution capability of the system. Although the scanner can
detect resolutions up to 200 lines/inch, (1) the electrostatic
printer used to produce hard copy will not faithfully reproduce
this resolution due to the overlapping stylii. As illustrated in
Pigure 6.14, a resolution of 200 lines/inch will actually have
more black than white resulting in a small amount of degradation

in the output. Patterns approaching 200 lines/inch will appear

(1) Recall that resolution 1s measured 1in lines/inch while
spatial frequency is measured in line-pairs/inch. This means
there is a 2-to-1 correlation between resolution and spatial
frequency. Therefore the CCD Nyquist rate theoretically can
produce a resolution of 200 lines/inch.
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Ch 6

The PFederal Reserve Board ocould, if it chose, somewhat ease
sote business failuzes by flooding the financial system with money.
believe that they will choose this course. The nation has come a
winding down inflationary expectations and the Fed is unlikely to gi
tight now. We believe they understand that a critical weapon in
against inflation is the reintroduction of "risk® into the' economic :sysitem.
Excessive monetary growth and assured corporate bail-outs do not encourage
prudent business planning. Rather, it fosters the immoderate use of bormowed
funds and the belief that, in the long run, the ability to raise prices mill
subsequently justify buying extra inventory or paying excessive wage demmmds.
1f the Fed sticks to its guns, business will have to learn how to opersate mith
e totally different philosophy. For some, the lesson will be learned too late.

what else can we look for? Certainly, capital spending plass Wwill
continue to be pared back. The latest McGraw-Hill survey of capital gpending
plans for 19682 pointed to a 3.9% dollar increase, representing a ¢ /2%
decline in actual physical outlays. Six months ago, spending plans called for
a 1982 advance of 9.6%. Commerce Department surveys have also suggested &
scaling back of capital spending intentions. We think the process still has
further to go. We expect capital - spending to be the weakest sector of the
economy until well into 1983 and perhaps for even longer if the iecomomy
»triple dips® in early 1983 as we think possible.

Operating expenses also get cut back when profits are under psesmure.
The unemployment rate may not have topped out yet although we suspect it
doesn't have too much further to go. Wage “givebacks® have characteriize®
labor negotiations in the depressed cyclical industries. Over the next few
months we expect the business media to be rife with stories about white cdllar
layoffs and executive salery cuts. Goodrich, for example, recently amnounced
that its top management would take a 15% salary cut while other executives and
salaried employees making more than $20,000 a year would take reductiions
ranging from S% to 108.

We also look for a continuation in the surge of dividend cuts as
corporations scramble to retain cash. According to Standard & Poor's, !through
the first ¢ months of 1982, 158 companies decreased or omitted their divillen&
payments, more than twice the number of companies who took similar action Rast
year. In recent months, dividend casualties included such companies as
Inland and Republic Stesl, Reynolds Metals, Sun Electric, Chaspiom
International, Harnischfeger and Manville. Another source of corporate mask
is the sale of assets. Dome Petroleum and Inco, among others, bave secemtly
announced such plans. Chrysler and International Harvester, of courss, have
sold off large and profitable divisions. MNore such moves will follow.

¥We have painted a rather grim picture of the financial strains on the
economy. The reliquefication prtocess is far from complete, a factor shick
will serve to slow the recovery process. Thus, for this and other seamsons,
our investment posture with zegazd to equities has been selective and
oppoctunistic within a generally cautious framework. Companies with siound
balance sheets and well-assuzed prospects of unit growth ocould do surprisingly
well in a restrictive economic environment. Moreover, during uncertain times,
some stocks get down to extraordinarily attractive prices in terms of their

(COOL WHITE FLUORESCENTS)
THRESHOLD AUTOMATICALLY SET AT N = 392
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...........
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Ch 6

to have less white content than they should. This characteristic
;! should be kept in mind when evaluating the resolution of the

scanner output with the IEEE Facsimile Test Chart.

;ﬁ; The next point deals with the hysteresis included in the
video A-to-D converter as an additional measure to prevent clock
noise feed-through. The hysteresis was experimentally set at a
level that allows all spatial frequencies to be digitized under
normal lighting conditions and pastel paper colors. However when
abnormal conditions reduce the magnitude of the analog video
signal, the pel swing from the highest spatial frequencies are
too small to overcome the hysteresis barrier. This effect can be
most easily seen with IEEE Test Pattern 12 in Figures 6.6 to 6.9.
Distortion due to hysteresis is characterized by a "streaked" or
"filled-in" appearance at the affected spatial frequencies.

The last point pertains to the effect of non-uniform
illumination. As established in Chapter 3, the ATC will average
any light irregularities and select the threshold level giving
the highest resolution over the 1largest portion of the page.
This feature of the ATC can be viewed in Figures 6.11 and 6.12,
These two copies were produced with fluorescent tubes that had
become blackened on the ends due to wear and tear. The ATC still
reproduces a majority of the page faithfully with only the bottom
of Figure 6.11 and top of Figure 6.12 being degraded because of

insufficient light.
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B. CONCLUSIONS

In summary, the method produced from this research for
automatically selecting the voltage threshold level proved to be
successful. The advantages of the ATC are many. First,
substantial savings in time, energy, and resources are realized
over manual threshold control. Second, the threshold 1level
produced by the ATC is more accurate than one selected by
subjective evaluation. Third, the scanner with ATC requires less
skills of the user. Fourth, the scanner can automatically
respond to a large variety of paper reflectivities and colors.
Fifth, 1light non-uniformities due to deterioration of the
fluorescent lamps are automatically compensated. And last, the
scanner is able to continue operating automatically with the
failure of one fluorescent lamp. On the other hand, a minor
disadvantage observed was that the operator must take greater
care in placing a document into scanning position to insure the
left margin provides background for the CALIBRATION PATTERN.

There are a few critical issues to the proper operation of
the ATC that merit discussion. First, it is crucial that the
scanner is able to start transmitting video at the same precise
physical point for every page. Before ATC incorporation, minor
deviations in start position would have hardly been noticeable.
But with the need to "see" a narrow CALIBRATION PATTERN in the
first few lines, it is now mandatory that the scanner starts
reading lines in exactly the same place every time.

Inconsistency in the starting position can be offset to a certain
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extent by widening the CALIBRATION PATTERN, and this measure was
taken by using ECP A which is 0.219 inch wide whereas only 0.140
inch is actually needed. Still a small measure of inaccuracy was
observed during research that sporadically caused the CALIBRATION
PATTERN to be missed either partially or completely. This
resulted in either thresholding errors or a portion of the
CALIBRATION PATTERN being printed in the output (called pattern
feed-through). This issue will be covered in more detail in the
next section.

While established in Chapter 3, another critical issue that
deserves repeating is the importance of the design of the
CALIBRATION PATTERN itself. The pattern must produce a VTC curve
spanning a reasonable amount of N values and producing a clearly
definable peak that occurs at the value of N resulting in
detection of the highest spatial frequencies, Additionally the
CALIBRATION PATTERN should cover the length of the page and have
each spatial frequency evenly distributed along its length so
that light non-uniformity effects can be minimized.

The other issue that needs review is that of the sampling
algorithm design. Not only is it important to maintain a simple
scheme due to limitations of the FB microprocessor, but it is
also fundamental to remember that there are 1less than 900
microseconds available for threshold data processing between
video 1lines. (1) In other words, any algorithm chosen must be

able to execute on the F8 in less than 900 microseconds per video

(1) See Figure 2.1.
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line. The other point is that as long as the threshold sequence
is executed with the scanner in motion, the number of video lines
used must be kept to a minimum to preclude the CALIBRATION
PATTERN from taking excessive margin space.
C. AREAS FOR FURTHER RESEARCH

1. PHYSICAL POSITIONING ACCURACY

As mentioned earlier, the first line of video in a scan
sequence is not necessarily taken from the same physical point
each time. It is believed that this was a major cause of
thresholding errors encountered during evaluation. To understand
the problem, the mechanical sequence must first be studied in
Figure 6.15. Once the start button is pushed, the first line of
valid video will be transmitted after a preset number of pulses
from the phase-locked loop rate-feedback wheel have been counted.
Theoretically this should define a very precise distance since
the wheel 1is physically mounted on the lead screw and generates
100 pulses per revolution. It is suspected that errors are being
introduced by one or both of the following: either the counters
in Block 7, Figure 6.15 are being misloaded by spurious noise, or
the mechanical assembly is not coming to rest in exactly the same
place each time in Block 8 due to tolerance of the left-most
limit switch. This issue should be explored with the purpose of
eliminating thresholding errors.

2. CALIBRATION PATTERN

Since this research was conducted with a limited number of

available ECPs, a specially designed CALIBRATION PATTERN should

Page 108




W Y
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BUTTON PUSHED

3

FRESET NUMBER OF
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2 | LOCKED LOOP RATE-
FEEDBACK WHEEL
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- FRINTLINE ACTIVATES

;‘ SIGNIFYING THE ANALOG
3  |vIDEO SIGNAL CONTAINS

- VALID DATA
28 VIDEO LINES USED FOR
4 }AUTOMATIC THRESHOLD

!

S5 F1700 VIDEO LINES PRINTED

y

MOVING ASSEMELY CONTINUES
4 | TO RIGHT-MOST LIMIT SWITCH

J

LIMIT SWITCH REVERSES MOTOR
7 | DIRECTION AND RELOADS P.L.L.
"RATE-FEEDBACK COUNTERS
MOVING ASSEMBLY STOPS

s WHEN LEFT-MOST LIMIT
SWITCH 1S ACTIVATED

FIGURE 6.1 SCANNER MECHANICAL MOVEMENT
SEQUENCE
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now be fabricated for use with an operational scanner. Although
ECP A works, each frequency burst has only seven discrete spatial
frequencies that the CCD can detect; the other five spatial
frequencies are above the Nyquist rate and therefore contribute
nothing. Additionally, 50% of ECP A has no spatial frequency
content whatsoever. In view of this, I suggest designing a
CALIBRATION PATTERN specially tailored to the needs of the ATC.
Two possible frequency-burst designs are: one with more discrete
frequencies, and one containing a 1linearly increasing set of
spatial frequencies. Each burst should be about one inch long
and repeated along the length of the page. This effort will not
improve the ATC's choice of threshold level since the optimum has
already been achieved, but on the other hand, it could further
enhance the ATC's robustness under abnormal conditions. Once the
operational CALIBRATION PATTERN design has been completed, the
pattern itself should be permanently etched into the glass face
of the scanner. For expediency in this research, a transparency
of ECP A was taped into position to serve the purpose of a
CALIBRATION PATTERN,

3. ADJUSTABLE DARKNESS CONTROL

The ATC is designed to select the threshold that will give
the most black/white transitions which in turn produces an output
that gives equal priority to black and white information. During
evaluation however, it was found that, from a subjective
standpoint, copies were sometimes more pleasing if the threshold

vas shifted to slightly blacker than optimum. In this way,
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portions of fine print (smaller than 6 point) having spatial
frequencies above Nyquist tended to be more readable. The
compromise involved the loss of some white information in the
form of black fill-in, but this was not a major detraction.

Therefore I suggest adding a control whereby the user could bias

the threshold to lighter or darker than optimum, depending on the
specific need. This could most easily be accomplished by using a
multi-position multi-wafer switch configured to feed various
8-bit binary numbers to an FB 1/0 part. At the end of the
threshold-setting sequence, the F8 would alter the optimum
threshold level by the value selected by the user.

4. INK COLOR

Due to time constraints, this research focused only on
documents having black print. It is predictable that on a white
background, colors of ink other than black will produce a smaller
pel swing, but it is unclear what colors of print will not be
detected with the threshold 1level set by the ATC. Future
experimentation in this area will better define the capabilities
and limitations of the scanner system.

S. SCANNER ILLUMINATION DESIGN

A number of issues concerning the scanner's 1light source
were encountered during the course of this research. (1) First
of all, a problem was noted with the light start-up at the

beginning of the page-scanning sequence. Either one or both

(1) The reader should refer to Aghamohammadi and Agudelo as
necessary for background concerning the existing design.
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lights failed to illuminate approximately 30 to 40 percent of the
time. Start-up failures were more prevalent with:

a. newvw tubes

b. very old tubes

c. green tubes in general
Secondly, a fairly rapid deterioration at the end of the tubes
(1) caused significant non-uniform illumination to occur over the
lifetime of the tube. The results of this were seen in Figures
6.11 and 6.12, Thirdly, a significant amount of 1light leakage
(2) into the CCD shifted the analog black level away from -
absolute black and thereby reduced the effective contrast of the
document being scanned.

In view of these difficulties, I suggest that a thorough
re-evaluation of the existing illumination design be conducted.
This is not necessarily a suggestion to abandon fluorescent tubes
for some other type of lamp. On the contrary, there are many
advantages of fluorescent lighting to warrant further
investigation on obtaining the desired performance with them.
One possible source of aggravation for the fluorescent tubes
could be the DC drive currently used. While the original idea
was to avoid "flicker" problems, it may be a reason for the rapid
deterioration and inconsistent start-ups. One alternative is to
evaluate the feasibility of using a high-frequency AC drive and

incorporating a quarter-wave phase shift between the two tubes.

(1) As discussed in Chapter 3,
(2) As discussed in Chapter 1.
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The problem concerning the light leakage can bev eliminated by
{b adding a 1light-proof shroud between the face of the CCD and the
5 focusing lens.
6. SCANNER START BUTTON
Throughout this project, it was noted that the scanner start
button was not adequately resistant to various forms of
interference. This problem was commonly manifested by the scanner
{h going through one or more uncommanded page-scanning cycles
' immediately upon completion of a wuser-initiated page-scanning
cycle. Additionally, the scanner would cycle through at least
L one page-scanning sequence when power was first applied to the
: system. Although this is not a disabling problem, it is a
nuisance that should be corrected before the scanner is placed in

L a user environment for operational evaluation.
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APPENDIX A
MANUFACTURER'S TECHNICAL DATA

This appendix contains technical data
extracts of pertinent items and components
used during the course of this research.
This material is included for convenience as
reference to support the discussion in the
body of this report, and is not meant in any
way to serve as a complete set of dcta.
Readers desiring more information should
refer to the manufacturers' publications. "W
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CCD122/142

1728/2048-ELEMENT LINEAR IMAGE SENSOR
FAIRCHILD CHARGE COUPLED DEVICE

GENERAL DESCRIPTION-—The CCD122 and CCD142
e monolithic 1728 and 2048-element line image sen-
3005, [aspectively. The devices are designed for page
scanning applications including facsimile, oplical
characier recuganition and other imaging appiications
which require high resolution and high sensitivity.

The 1728 sensing slements of the CCD122 provide 3
2004ine per inch resolution across an §-1/2 inch pege
adopted as an international fecsimile standard. The
2048 sensing siements of the CCO142 provide an &-line
per miltimeter resolution across a 256 millimeter page
sdopted as the Japanese facsimite standard.

The CCD122 and the CCD142 have overail improved per-
formance compared with the CCO121H including higher
sensitivity, an enhanced biue response and 8 lower
dark signal. The devices also incorporate on-chip clock
driver circuitry.

The photoslement size is 13 x (0.5t mils) by 13 x 0.5t
mils) on 13 4 10.51 mils) conters. The devices are manu-
fectured using Fairchild advanced charge-coupled
davice nchannel isoplanar buried-channel technology.
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PIN NAMES
Vo Photogate
o Transfer Clock
o ENNANCED SPRCTRAL RESPONSE (PARTICULARLY or Transpont Clock
W THE BLUR AEGION VIDEOowr  Output Amplitier Source
* LOW DARK SIGNAL Voo Qutput Amplifier Drain
A iy Reset Clock
* ON-CNI® CLOCK DIVERS on 0
« DYNAMNIC RANGE TYPICAL: 2508:1 Veo Clock Driver Orain
» OVER 1V PEAK-TO-PEAK ONTPUT Vo Electrical input Bias
o DARK ANO WHITE REFERENCES CONTAINED IN A vr Analog Transport Shift Register
SAMPLED-AND-HELD OUTPYT OC Electrode .
* SINGLE POWER SUPPLY EOSour End-ot-Scan Output
C ) Sample-and-Hold Clock
Ve Substrate {(GND)
NC No Connection (Do not Ground)
CCD122/142 V3. CCDI1214 COMPARISON
PARAMETER CCD122/142 CCO2M
Spectrat Aesponse — Bive 4:1 impraovement -
Oversll 21 improvement -
Oark Signal 1 Improvement -~
Respongivity 21 iImprovement -
On-Chip Clock Drivers Yes No
Dark and White References Yes No
Single Power Supply Yes No
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CCD1221142
CONNECTION DIAGRAM
OIP (TOP VIEW)
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ccman cCo142
FUNCTIONAL DESCMPTION—The CCD122/142 consists of the following fu ! o ts

illustrated in the Biock Diagram:

imege Senser Elements — A line of 1728:2048 image sensor elements separated by dittused
channel stops and covered by a silicon dioxide surface passivation layer. image photons pass
theough the transparent silicon dioxide layer and are absorbed in the single crystal silicon
creating hole-siectron pairs. The photon generated electrons are accumulated in the
photosites. The amount of charge accumuiated in sach photosite is a linesr function of the inci-
dent iflumination intensity and the integration period. The output signal will vary in an analog
manner from a thermally generated noise background st zero illumination to 8 maximum at
saturation under bright iliumination,

Transter Gate — Gate structure adjacent to the ling of image sensor slements. The charge-
packets accumuisted in the image iements are ferred out vis the transfer gate to
the transport registers whensver the transier gate voitage goss HIGH. Alternate charge-
packets are transferred to the analog transport shilt registers. The transfer gate siso controis
the exposure time for the sensing slements and permits entry of chergs to the End-Of-Scan
(EOS) shitt registers creating the end-of.scan wavetorm,

Fouwr §79/1030-Bit Analog Shift Registers — Two on each side of the line of image sensor
slements and separated from it by the transfer gate. The two inside resisters, calied the
transport shift registers, are used to move the image generated charge-packets delivered by the
transfer gate serially 10 the charge-detsctoriamplifier. The comptamentary phase relationship
of the last elements of the two transport shift registers provides for alternate delivery of

32
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charge-packets to sstablish the original serial sequence of the line of video in the output cir-
cuit. The outer two registers serve to deliver the end-of-scan wavelorm and reduce peripheral
electron noise in the inner shift registers.

Gated Charge-DetectoriAmpliter — Charge-packets are transported {0 a precharged diode
whose potential changes linearly in response to the quantity of the signal charge delivered.
This potentiat is applied to the gate of an n.channet MOS transistor producing a signal which
passes through the sampie-and-hoid gate to the output at VIDEQour. The sampig-and-hold gate
is & switching MOS transistor in the output amplifier that allows the output to de deliversd as a
sampied-and-heid form, A reset is driven by the Reset Clock (oa) and recharges
the charge-detector diode capacitance before the arrival of each new signal charge-packet
from the transport registers.

Clock Driver Clrcuitry — Allows the CCD122/142 10 be operated using only three external
clocks, (1) a Reset Clock signal which controls the integrated output signat amplifier, (2) a
square wave Transport Clock which operates at hait the reset clock freguency and controis the
readout rate of video data from the sensor, and (3) a Transfer Clock puise which controls
exposure tims of the sensor. The external clocks should be able to supply TTL level power.

Oark and White Reference Clrcuitry — Four additional sensing elements at both snds of the
1728/2048 array are covered by opaque maetalization. They provide a dark (no illumination)
signal reference which is delivered at bom ends of the line of video ouptut representing the
illuminated 1728/2048 ted “D" in the block diagram). Also included at one
ond of the 1728/2048 sense elemnent array i3 & white signal reference ievel generator which
tikewise provides a refersnce in the output signal (labelled “W" in the block diagram). These
reference levals are useful as inputs to external OC and/or aut ic gain
circuitry.

DEFINITION OF TERMS:

Charge-Coupled Device — A charge-coupled device is a semiconductor device in which finite
isolated charge-packets are transported from one position in the semiconductor to an adjacent
ragition by sequential clocking of an array of gates. The charge-packets are minority carriers
w:th respect to the semiconductor substrate.

Transfer Clock ox — The voltage waveform applied t0 the transfer gate to move the ac.
cumulated charge from the image sensor etements to the CCD transport shift registers.

Transport Clock ot — The clock applied to the gates of the CCD transport shift registers to
move the charge-packets received from the image sensor slements to the gated charge.
detectoriamplifier.

Gated Charge-DetectoriAmplitier — Tha output circuit of the CCD122/142 which receives the
charge-packets from the CCD transport shift registers and provides a signal voltage propor-
tional to the size of sach charge-packet received. Before each new charge-packet is sensed, a
reset clock returns the charge-detector voitage to a fixed base level.

Reset Clock en — The voitage wavetorm required to reset the volilgo on the charge-detector.

Ssmpie-and-Hold Clock asu — An internaily suppiied voitage waveform applied to the sample-
and-hold gate in the ampiifier to create a continuous sampled video signal at the output. The
sample-and-hold featurs can be defeated by connecting ¢sn to Voo,

Dark Reforence — Video output fevel generated from sensing elements covered with opaque
metalization providing a reference voitage equivalent to device operation in the dark. Permits
use of external dc restoration circuitry.

White Reference — Video output level generated by on-chip circuitry providing a reference
voltage permitting external automatic gain control circuitry 10 be used. The reference voitage is
produced by charge-injection under the control of the electrical input bias voitage (Ve The
amplitude of the reference is typically 70% of the saturation output voltage.

Isolation Coll — A site on-chip producing an element in the video output that serves as a buffer
between valid video data and dark and white reference signais. The output from an isolation
cell contains no valid video information and should be ignored.

Dynamic Range — The saturation exposure divided by the pesk-to-peak noise equivalent ex.
posure. (This does not take Into account any dark signal components.) Dynamic range is
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sometimes defined in terms of rms noise. To compare the two definitions a tactor of four to six
is generally appropriaie in inal peak-t0-peak noise is approximately equal to four to six times
rms noise.

Poak-to-Peak Noise Equivalent Exposure — The exposure level which gives an output signal
equal to the peak-to-psak noise level at the output in the dark.

Saturation Exposure — The minimum exposure fevel that wili produce a saturated oulput
signal. Exposure is equal to the light intensity times the photosite integration time.

Charge Transfer Efficiency — Percentage of valid charge information that is transterred
between each ive stage of the transport registers.

Spectral Response Rangs — The spectral band in which the response per unit of radiant power
is more than 10% of the peak response.

Responsivily — The output signal voltage per unit exposure for a specified spectral type of
radiation. Responsivity equais output voltage divided by exposure level.

Dark Signal — The output signal in the dark caused by thermally generated electrons whichisa
linear function of integration time and highly sensitive to temp (See panying
photos for details of defintion.)

Total Photoresponse Noa-Unifermity — The differencs of the response levels between the most
and least sensitive elements under uniform illumination. (See accompanying photos tor details
of definition.)

Saturation Output Voitage — The maximum usable signal output voitage, measured from the
zero reference levei. (See timing diagram.) Any photoelement whose video output < saturation
output voitage has an in-spec charge transter efticiency (CTE). CTE will be below the specifica-
tion if the video output = saturation output voitage.

integration Time — The time interval between the falling edges of any two successive transfer
pulses ox as shown in the timing diagram. The integration time is the time atlowed for the
photosites to collect charge. R

Pixel — Picture element (photosite).

TEST LOAD CONFIQURATION PHOTOELEMENT DIMENSIONS

PHOTOGATE

onav .12V U 7
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| meaetn
o _— “;%" N
- [ AT )
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CCD122/142

ABSOLUTE MAXIMUM RATINGS (Above which useful life may be impaired)

Storage Temperature
Operating Temperature (See Curves)

CCD122:

CCD142:

Pins 1,4,9, 10, 11,13, 14, 16,22, 23
Pins 5,12, 17,24

Pins 2,3,6,7.8, 15, 18, 19, 20, 21
Pins 2,5, 10, 11, 12, 16, 17,19, 25, 26
Pins 6, 13, 14,15, 20, 27, 28

Pins 1,3,4,7,8,9,18,21,22,23,24

-25°Cto +125°C
-25°Cto +70°C
-03Vto1SV

oV

NC

=03Vto15V

ov

NC

CAUTION NOTE: These devices hax  Himited Duilt-in gate protection. It 18 recommended that SIatic isCharge be controlled
and minumized. Care must be take . 10 avoid shorting pins VIDEOCUT and EOSOUT to VSS or VDD during operation of the
devices. Shorting thase pins temporasi’ 10 VSS or VDO may destroy the output amplitiers. )

OC CHARACTERISTICS: Te = 25°C (Nots 1)

syMBoL CMARACTERISTIC RANGE UNITS | CONDITIONS
MIN TYP MAX
veo Clock Driver Drain Sugnlz Vo"_l_g. 12.0 13.0 14.0 v
Ico Clock Driver Drain Supply Current 8.9 12.5 mA
Voo Qutput Amplitier Drain Supply Voltage 12.0 13.0 140 v
100 Qutput Amplifier Drain Supply Current 6.9 12.5 mA
vea Photogate 8las Voitage [X] 7.0 1.5 v
vr OC Electroce Bias Boitage 4.8 5.0 5.5 v Note 2
Ve Electrical input Bias Voltage 114 v Note J
Vs Substrate (Ground) 0.0 v
AC CHARACTERISTICS: (Note 1)
Te = 25°C, for = 0.5 MHZ, tnt = 10 ms, light source = 2834°K + 1.0 mm thick Corning 1.75 IR-ab ing fiiter. All op! ]
[+ lied values,
sYmBoL CHARAGTERISTIC RANGE units | conoimons
MIN TYP MAX
OR Dynamic Range
(relative t0 peak-t0-peak noise) 250:1 500:1 Note 9
(relative to rms noise) 1250:1 2500:1
TNEE RMS Noise Equ Exposure 00002 aycma Note 10
SE S ion Exp 0.4 piicm? Note 11
CTE Charge Transfer Etticiency 0.99999% Note 12
Vo Output OC Level 3.0 5.8 10.0 v
Z Output ) 1.4 3.0 xQ
P On-Chip Power Dissipation
Clock Drivers 90 150 mw
Amplifiers 90 150 mw
N Peak-to-Peak Noise 20 mv
[]
hnesme
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FAIRCHILD
]

A Schiumberger Company
CCD122/142
CLOCK CHARACTERISTICS: Tr = 28°C (Note 1)
RANGE

. SYMBOL CHARACTERISTIC UNITS CONDITIONS
3 MIN Tve MAX
F - Ven Transport Clock LOW 00 03 05 v | Notess.S
- Veorn Transport Clock HIGH 9.75 10.0 10.5 v Note 5

- Venr Transter Clock LOW 0.0 0.3 0.5 .V Notes 4,6
" Yoxn Transfer Clock HIGH 9.78 10.0 10.5 v Nots 6
h (7 Reset Clock LOW 00 03 05 v Note 7
f‘ Vomn Resat Clock HIGH %75 100 0.5 v Note 7

a ton Maximum Reset Clock Frequency - 1.9 20 MH2 Note 8

(Output Data Rate)

PERFORMANCE CHARACTERISTICS: (Note 1)
Te = 25°C, ten = 0.2 MMZ, line » 10 ms, fight Source » 2854°X + 3.0 mm thick Cormning 1-75 IR ing filter. All op 0
voitages nominal specitied vaiuss.

o |
SYMBOL CHARACTERISTIC RANGE units | conomioNs
& MIN TP MAX
. PRANU® h Non-uniformity
- Peak-to-Peak 160 210 mv Note 16
- M Peak-10-Peak without Single-Pixel Positive 100 mv Note 16
and Negative Pulses
Single-pixel Positive Pulses 8s mv Note 16
Slnglo-pixoﬂ Negative Puises 10 mv Note 18
{"Odd™rEven™) 20 mv Note 18
0s Dlrk Signal :
OC Component s 15 mv Notes 13, 14
Low Freq Ci 5 10 mv Notes 13, 14
SPOSNU Single-pixet DS Non- umfonmly 20 40 mv Notes 13, 15
Voits per
R Responsivity 20 35 5.0 el Note 17
Vear Saturation Qutput Voltage 800 1400 1800 mv Note 18

*AN PRNU Measurements taken at a 700 mV output evet using an 1°2.8 lens and excluded the outputs from the first and tast elements of the arvray. The
‘meummuumalmm|h|Imlo(ho-myd.v-dnaytmammdmmw A3 the | number increases, (he resulting

more highty columnated Hght causes the Qe window abersat to and PANU. A lower f number results in less columnated
no g device to the PANU
NOTES: .

1. Teis defined as the packags temperatwre.
2. VT should be equal 10 (1/2) VeTh.
3 VEris used 10 generate the end-0-5can oulput and the wi:te reference output. These two signals can de eliminated by connecting VEi to &
voltage level equal to Veurn + S V.
Negative transients on any clock pin going below 0.0 V may cause charge-injection which resuits in an increase of apparent DS.

4,
3 CotsT00pF
. 8. Cox = 200pF
7. Cema SpFf
.8 M clock y i limited by 10 gark s.gm
9. Dynamic range is Gefined as P ] v noise.
10.  1.4em? = 0.02 fes at 2654°K, 1 fcs -sa.w-ninz!s‘ <

. 11 SE for 2034°K for Hight without 3.0 mm thick Corming 175 :3-a0s0ring Hilter is typically 0.8 sycm2.
. 12 CTE is the messurement for & one-stage teansier.
os

13 pholograpl

4. Dark signel for every $°C inTe.
1. mmwumvnlmmbswmnoﬁuol'oomdmom The SPOSNU approuimately doudies for every §°C in-
cresse in TP,

18.  See - for PANU
7 Responstvity for 2084°K Light source withaut 3.0 mm thck Corning 1-78 IR-abeorbing fitter [s typically 2 V per siiem.

18.  See test load configurations.

., w, -
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A Schiumperger Company ‘
CCD1221142
TYPICAL PERFORMANCE CURVES
DC AND LOW-FREQUENCY
DARK SIGNAL
TYPICAL SPECTRAL RESPONSE VERSUS INTEGRATION TIME
D i ) e I
stz 1 TN ' —]
- e A g ;
5 1-7 T"‘ : ‘\ ' /r”
4 s /1 3 T IL_[
£ 10—+ 1) 3 ——
] t nno' s W -y
§ [X} — .
1 1 A : ;
02 *_ ( § + -.
L3 . -l \\ 8 | ' i [ :
wg 40 [ 1008 o 7] 1] o
WAVELENGTH — am toe = INTEGRATION HME — e
MOOULATION TRANSFER
FUNCTIONS FOR NARROW BAND QUTPUT SIGNAL LEVEL
ILLUMINATION SOURCES VERSUS INTEGRATION TIME
SPATIAL FREOUENCY — CYCLESimm 2854°X TUNGSTEN SOURCE
° ’? 1.4 89 N8 us WiTH CORNING 1-78 FILTER
\X'J 00 —— vr
g WAVELENGTH iy HENY.EN
§ N " _ ! $60. Wicm?
HEL\VEAN i '
g FELRN kN - 4 150 Wiem?
HUNT S < i f 1T
z %‘q“ﬁ ; - § 3 ' T %
3 \ w00 - 2 |
2 o l § - e
é AR ~ ; g )
§ oals 000 | T 3 AV 123, Wism?
! ! : vos oo 1am s 25 e
e
g .1 0 | | o )
) 02 ) O " . [N s - (D)
NOAMALIZED SPATIAL FREQUENCY ¥y = INTEGRATION Tl — me
MODULATION TRANSFER
FUNCTIONS FOR TWO BAOADBAND
sia "Sl‘tﬂ':..g;:’l'ﬁlig::f“!s ILLUMINATION SOURCES
" SPATIAL PREQUENCY — CYLESAnm
VE{I'SUQ INTEGRATION TIME ' e e e e NS
! . .
2054°K TURGSTEN
i 7 PN T T
g » 4 4 Y4 . N !
[} | il 8 r - ! | i
t 10 > 4.“' f H 4
i A, EERER N
() ; .
23 7T o ! — e e
= v H B
; &1, LA M T
32 N RN - — .
g i 7[ - e a (7] ‘
-z s - ]
MNP AV.4 21 |
W2 i t,
[ Y] .0 " 108 2 [ Y] [ 1) (1} 10
Loe == INTEGRATION TIME — e NORMALIZED SPATIAL PREQGUENCY
The Corning 1:78 fiter Ras the 9 typrcat
>83% at <800 nm, 80% at 700 nm, 30% &t 800 nm, 5% at 900 " and < 2% at > 1000 nm.
42
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Pattern Descriptions

The pattern aumber given in the following
description may be identified from Figure 1.
Thhehnbd-iadbmaiuuuﬁ.
direction, horisontally acress the page.

IEEE Std 167-1968. Test Procedure for Fac-
simile was uummum
IEEE Test Chart.

Patterns 1 and 2. 96 lines por inch (3.78 lines
per millimetar) consisting of 48 dark and 48
light lines, .substantially equal in width. In
pattern 1, the black correspends approzimste-
ly to step 2 and gray to step 7 of pattern 8. In
pattern 2, white represents paper white and
gray to approximately step 11. These patterns
are intended for genersting low-modulation
high-frequency signals st both ends of the
density scale— useful for testing modulation
characteristics at edges of bend in a frequency
shift system.

Pattarns 3, 4, and 8. Vertical bar patierns at
10, 50, and 96 lines per inch (0.394, 1.97, and
3.78 lines per millimeter) of substantially
equal width — useful for square-wave testing
st several keying frequencies.

Pattern 6. A continuous density wedge de-
nudnthtntoqulinurnholdm
acroes the page, the variation in reflectance
will be roughly equally perceptible to the eye.
Reading left-to-right across the page. the rels-
tive reflection density values at the heavy dots
are approxzimately as shown in Table 1. Pat-
tern 6 is useful for cases where intermediate
reflection densities are nesded between the
steps in Patterns 7 and 8.

Table 1
Pastera € Deasity Values
Det 1 32 3 4 ] e 7
Deneity 196 176 1.28 0.78 0.38 0.1¢ 0.08

Patterns 7 and 8. Reversed step tablets of 16
steps with reflection densities corresponding
the approximately equal perceptibility modi-
fied to provide smaller low demsity in-
crements. Consistent with conventional prac-
tice. paper white is understood to be equal to
0.00 in density (spprozimately 0.07 on an sb-
solute scale). For patterns 7 and 8 the relative
reflection densities are shewn in Tables 2 and
3 respectively.

These patterns will assist in sppraising
gradient and abeolute scale. They are useful
for checking half-tone characteristics. Rever-
sed sequences are used since the dynamic half-
tone charscteristics may differ for s rising
density or a falling density scale.

Pastera 9. Nationsl Buresu of Standards
(NBS) type repesting tri-bar resolution test
pattern. Twelve complete sets of three-line
patterns are repested acrom the sheet. Alter-
nate groupe are of different line spacing. Den-
sity values are shown in Table 4. This pattern
is useful for checking definition.

Patters 10. Rectangle with 45° diagonal
marks at sach corner — useful for checking in-
dex of cooperstion. skew, and paper-feed er-
ror.

Patterns 11 and 17. White wedge on black
background and black wedge on white beck-
ground, 0.07 in (1.78 mm) to aero — ueeful for
checking single-line definition.

Pattern 12. W. and L. E. Gurley type Pestre-
cov Star pattern. Outer cirele 50, second circle
100, and third circle 200 lines per inch (1.97,
3.94, and 7.87 lines per millimeter).

IEEE Std 167A-1980
Facsimile Test Chart

g

|

O ¥
. J I'Illﬁlﬂ':".ou.'
. »
|
Figl
Pattera Arrangement

Pattern 13. Truncated fan-type multiple-line
test pattern.Calibrated in lines per inch—use-
ful for checking multiple-line definition along
scanning line, envelope defsy distortion, and

Patterns 14A and 14B. NBS type Microcopy
Resolution test pattern. Numerals indicate
the number of cycles (one black plus one white
line) per millimeter (that ia, line pairs)—useful
in checking high definition systems.

Pstters 18. Photograph with detail in high-
light and shadow. The limiting densities of
the photograph spproximate thoss of test pat-
terne 7 and 8.

Pattorn 16. Vertical gray stepe with relative
reflection densities of approxzimately 0.95 and
0.27 — useful in testing rising and falling tran-
sient characteristics and level variations.

Pattern 18. Horizsontal V™ pattern with 0.13
in (3.3 mm) opening. Number of scanning line
crossings of both lines, multiplied by 7.7 will
equal number of lines per inch (multiply by
0.3 for number of lines per millimeter).

Pattarn 10. “Fence” pattern with 0.0 in
(0.254 mm) lines 0.10 in (2.54 mm)
apart~—useful for checking jitter and messur-
ing available line length.

Pattorns 30 and 21. Halftone dot screens. Re-
produced in approximately 10, 50 and 90 per-
cent black, left to right and at 68 dots per inch
(2.56 dots per millimeter) at a 45° angle for
pattern 20, and 120 dots per inch (4.72 dots
per millimeter) for pattern 21.

Pattera 22. Title and credit boz. Three sizes
of Times Roman type font.

Patterns 23 and 34. Fiducial dote forminga 3,
4, 5 right triangle—useful for indicating the
presence of skew by comparing the hypote-
nuse of the two patterns.

Patters 28. Type faces as indicated—ueseful
for checking readability.

Pattern 28, Extension lines to permit mea-
surement of available line and useful length of
copy.

Table 2
Pattarn 7 Density Tost

Siep 1 2 3 4 L] L]

] 9 10 1 12 13 14 18

Denaity 001 003 013 025 041 086 070 084 094 105 117 132 149 le8 1.80

Table 3
Pattern 8 Density Values

Step 1 2 3 4 L] L]

] L] 10 1 12 13 14 18

Denslty 1.70 185 139 128 116 106 094 084 070 056 043 037 015 005 001

Table 4
Patera 9 Density Values
Growp A Grewp B
1 ] s 4 [} 1 T 3 4 [ (]
Lines por Inch 1.0 864 132 173 244 M5 406 284 203 142 102 711

Lines per Millianeter 3.40

340 480 681 960 136

160 112 799 5859 402 280

NOTER: Group A has esaree lines starting ot the loft. Group B has coarse lines starting ot the right.

Ine.

Copyright 1980 Institute of Deetrieal and E} i En
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CMOS

Low Cost 10-Bit Multiplying DAC

AD7533

}w&-‘v' AR S0 MOV TP N = BV YT OIS ac ¢ ?“m I
, Page

FEATURES

Lewest Cost 10-8it DAC

Low Cost AD7520 Replacement

Linserity: 1/2, 1 or 2LSB

Low Power Dissipation

Full Four-Quadrant Multiplying DAC
CMOS/TTL Direct Interface

Latwch Free (Prowction Schottky not Required)
End-Point Linesrity :

APPLICATIONS

Digitaily Controlled Attenuators
Programemable Gain Amplifiers
Function Generstion

Linear Automastic Gain Control

GENERAL DESCRIPTION

The AD7533 is a low cost 10-bit 4-quadrant multiplying DAC
manufactured using an advanced thin-film-on-monolithic-CMOS
wafer fabrication process.

Pin and function equivalent to the industry standard AD7520,
the AD7537 is recommended as 2 lower cost sltenative for old
AD7520 sockets or new 10-bit DAC designs.

AD7533 application flexibility is dergonstrated by its ability
to interface to TTL or CMOS, operate u™~ sV to +15V pow~
er, and provide proper binary scaling for reference inputs of
¢ither positive or negative polarity.

PACKAGE IDENTIFICATION!
Suffix D: Ceramic DIP — (D16B)
Suffix N: Plastic DIP — (N16B)

! See Section 20 for package outline informatioa.

AD7533 FUNCTIONAL BLOCK DIAGRAM

) ';": - ;:é' '
RS0 S

ORDERING INFORMATION
Temperaturs Range
C % dusariel Military
010 +70°C -25°C e +85°C -33°C w0 +225°C
10.2% ADT$33)N AD7533AD AD7533SD
AD7333AD/8838" AD7333SD/8838'
20.1% AD7$3IKN AD73338D ADT333TD
AD73338D/s83" AD7333TD/8838’
£0.05% AD7$3ILN AD?$33CD AD7$33UD
AD7533C0/8838" AD7533UD/8838"

! 100% ecreened to MIL-STO-88), method 5004,
purs. J.1.1 through 5.1.12 for Class B deviey.

PIN CONFIGURATION

DIGITAL-TOANALOG CONVERTERS VOL. 1, 10-151

e, e
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g
oyt
SHIEE S CATIO
SRR PECIFICATIONS vog-+15v: vour1~ voura - 0v; e = 410V uriess otherwise nted
\ ﬂ : 1t PARAMETER Tp = 25°C T = Operating Range! Test Conditions
A P STATIC ACCURACY
Cil i Resolution _ 10 Bits 10 Bits
o 1 4+ Relative Accuracy??
S 3 4 i AD7$33)N, AD, SD £0.2% FSR max £0.2% FSR max
' < I AD7$33KN, BD, TD £0.1% FSR max $0.1% FSR max
' 1o AD7S33LN, CD, UD $0.05% FSR max  20.05% FSR max ,
I Gain Error? 44 £1.4% FS max £1.5% FS max Digital Inputs = Viny
i .o Supply Rejection®
i P ' AGain/AVpp 0.005%/% 0.008%/% Digital Inputs = Vyny: Vpp = +14V 1o ;
¢ ; : “ . . Outpur Lezkage Current .
‘ : o lout: (pin 1) £50nA max £200nA max Digital Inputs = Viny ; VREF = £10V
o four2 (pin 2) 150nA max £200nA max ) Digital Inputs = Viny: Vegr = $10V
. [ DYNAMIC ACCURACY
LIR I b Output Current Setding Time . 600ns max”’ soons* To 0.05% FSR; Ryoap = 1009; Digital
i v 4 Lo " Inputs = Vpyy to Vg or Ving 10 Vi
[} !, : @) .
iy ; y ¢ a0 ¢ Digital Inputs = Vi ; VRer = £10V,
! 3 i Feedthrough Error $0.05% FSR max %0.1% FSR max 100kHz sinewave.
P - REFERENCE INPUT o
st E ooy Input Resistance (pin 13) SkQ min, 20k max Sk min, 20k max*
SR T B S ANALOG OUTPUTS '
LR IS Py Output Capacitance . .
P Cour: (pin 1) 100pF max® - 100pF max } " Digital Inputs = V
3 . Cout (pin 2) 35pF max® 35pF max! sl Tnpass = Tine
H i ' :u ! < CouT (pin 1) 35pF max 3SpF max Diyital 1 aV,
R ) Cour (pin 2 100pF max® 100pF max® e
. b DIGITAL INPUTS
. e Input Hi'h Voltage
e A Vovu 2.4V min 2.4V min
R Sl Iaput Low Voltage
S T 0.8V max 0.8V max
P Input Leakage Currernit '
o 3 21uA max £1uA max Vin *= OV and Vpp
Input Capacitance
3 . SpF max® SpF max*
: o POWER REQUIREMENTS
: L Voo +15V £10% +15V £10% Rared Accuracy
i | Von Range* +5V to +16V a3V to +16V Functionality with degraded performance
' | Ibp 2mA max 2mA max Digical lnputs = Vinp. or Vi
i ' X .
o b NOTES:
n T . "Piastic (JN, KN, LN versions): 0 to +70°C
- Commercial Ceramic (AD, BD, CD versions): ~25°C to +85°C
A Military Ceramic (SD, TD, UD versions): -55°C to +123°C
: l " $4FSR” is Full Scale Rangs.
[ P ?Final clectrical tests are: Relative Accuracy, Gsin Error, Output Leakage Curvent,
: R VINH. VINL. iy end Ipp 8L +23°C and +125°C (SD, TD, UD versions) or
+25°C and <85°C (AD, BD, CD versions).
o 1023
_ Pull Scale (FS) = -(vm)(m
i P . SMax gain changs from T = +25°C 0 Tryy OF Ty i8 20.1% FSR.
. i - :Gmnu«l.mcmd. haio a
: P AC perameter, sample tested 10 easure specification compliance.
o ! ¢ Absolute cemperature coefficient is spproximately -300ppm/°C.
; ' Specifications subject to change without notics.
i i
; i
E
b
I
‘ j : VOL. I, 10-182 DIGITAL-TO-ANALOG CONVERTERS
' Y . ] B PR A Tee YD 1T e S M il :'.u‘,".";ﬁ‘ = WEN oy AVIR & o - R
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ABSOLUTE MAXIMUM RATINGS
{Ta = +25°C unless otherwise noted)
WptOGND . ........... Cedeesieeaan 0.3V, +17v
p@GND ... ...l ceenaes Ceraeans 225V
Re!OGND. ... 125V
ygital input ValcageRange . ............ ~0.3V w0 Vpp
wtput Voltage (pin 1, pin2) ............ ~0.3V to Vpp
ower Dissipation (Package)
plastic (Suffix N)
. TosT0°C............ e 670mwW
| Derates above +70°Chby. ... 8.3mW/°C

Ceramic (Suffix D)
To+?0°C.......... e, 450mw
Derates above +78°Cby................ émw/'C
Operating Temperature Range
Commercial (JN, KN, LN versions). . . ... ... 0to +70°C
Industrial (AD, BD, CD versions) . . .. ... -25°Cto +85°C
Milicasy (SD, TD, UD versions) ....... ~$5°C to +125°C
Storage Temperature . . .. ............ -65°C to +150°C
Lead Temperature (Soldering, 10 seconds). . . . .. .. +300°C

1. ESD sensitive device. The digital control inputs are Zener protected; however, permanent damage may occur
on uncoanected devices subjected to high energy electrostatic fields. Unused devices must be stored in con-

r CAUTION:
1
g

ductive foam or shunts.

2. Do not apply voltages lower than ground or higher than Vpp to any pin except Vrer (pin 15) snd Rpp (pin 16).

ERMINOLOGY

ELATIVE ACCURACY: Relative accuracy or end-point
nonlinearity is a measure of the maximum deviation from
a straight line passing through the endpoints of the DAC
transfer function. It is measured after adjusting for ideal
rcro and full scale and is expressed in % or ppm of full-
scale range or (sub) multiples of 1LSB.

SOLUTION: Value of the LSB. For example, a unipolar
koaverter with n bits has a resolution of (2-7) (Vpgp). A
Epolar converter of n bits has a resolution of [2—(r—1)]
IVREr] - Resolution in no way implies linearity.

TTLING TIME: Time required for the output function of
ke DAC to settle to within 1/2 LSB for a given digital
nput stimulus, i.e., 0 to Full Scale.

GAIN ERROR: Gain error or full-scale error is s measure
of the output error between an ideal DAC and the
actual device output.

FEEDTHROUGH ERROR: Error caused by capacitive
coupling from Vg g to output with all switches OFF.

OUTPUT CAPACITANCE: Capacity from lgypy and
loyTz terminals to ground.

OUTPUT LEAKAGE CURRENT: Current which appears on
loyry terminal with all digital inputs LOW or on lpyt2
terminal when all inputs are HIGH.

DIGITAL-TO-ANALOG CONVERTERS VOL. I, 10-153
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H
IR CIRCUIT DESCRIPTION
11 GENERAL CIRCUIT INFORMATION SRaa
| : i1 The AD7533, a 10-bit multiplying D/A converter, consists of
1 IBRI N a highly stable thin film R-2R ladder and ten CMOS current , T O
+ i1 switches on a monolithic chip. Most applications require the nren [ Taer
. 1] L 0 addition of only an output operational amplifier and a voltage ~ &
1 or curvent reference. —a— : o~
R The simplified D/A circuit is shown in Figure 1. An invereed IT-C T
1 ’ : in R-2R ladder structure is used — that is, the binarily weighted
RS O P currents are switched between the loyrs and lgyyz bus lines,
S | ; I l . thus maintaining a constant current in each ladder leg inde N
. ! i 4 b l B pendent of the switch state. Figure 3 AD7533 Equivalent Circuit — All Digital Inputs Lc.
UREC £ BT A 31 B
MR l“ z ~— EQUIVALENT CIRCUIT ANALYSIS
2R ERES i » im im The equivalent circuits for al} digital inputs high and all dign;
pN 2 L 0 3 s ’ inputs low are shown in Figures 3 and 4. In Figure 3 with
- % i ‘:; ! o - all digital inputs low, the reference current is switched to
SR & H ~Olamn Lour2- The current source ILEAKAGE is composed of surface
& ‘: '3 ) | i"""":r Lo and junction leakages to the substrate while the - currer:
R RE | - JRN - . source represents a constant 1-bit current drain through the
f'.g t. CIOITAL TS (DTL/TTLACMOS COMPATIOLS) termination resistor on the R-2R ladder. The “ON" capacitne
2 } Posjad . ;:fmewthcnh;nm!switchisIOOpF.nxhownonthe
t3 t g RS . ouT2 terminal. “OFF" switch capacitance is 3SpF, as
| we b _ Figure 1. AD7533 Functional Diagram shown on the oyt terminal. Analysis of the circuit ?or alt
i i - ‘ j i One of the CMOS current switches is shown in Figure 2. The digital inputs high, as shown in Figure 4, is similar to Figure 1.
- i i [, geometries of devices 1, 2 and 3 are optimized to make the however, the “ON" switches are now on terminal loy: .
=g E L digital control inputs DTL/TTL/CMOS compatible over the hence the 100pF at that rerminal.
gl 8 *: y " i full military temperature range. The input stage drives two
iE 13 . i inverters (devices 4, S, 6 and 7) which in turn drive the two P 4 ONevaccr
S-SR T - output N-channels. The “ON"™ resistances of the switches "
- - are binarily sealed so the voltage drop across each switch is ©
b L the same. For example, switch 1 of Figure 2 was designed

for an “ON" resistance of 20 ohms, switch 2 for 40 ohms and
so on. For a 10V reference input, the current through switch
1 is 0.5mA, the current through switch 2 is 0.25mA, and so

2.
e "@""" ;g\.-- é..
{

i l on, thus maintaining a constant 10mV drop across each

\ n switch. It is essential that cach switch voltage drop be equal
i if the binarily weighted current division property of the
| ladder i % be matntained. property o Figure 4. AD7533 Equivalent Circuit ~ All Digital Inputs High
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! ,3 TYPES SN54390, SN541LS390, SN54393, SN541L8393,
“ R m SN74390, SN74LS390, SN74393, SN74LS393
K 4 8 DUAL 4-BIT DECADE AND BINARY COUNTERS
N i BULLETIN NO. OL-S 7612099, OCTOBER 1976
g ¢ . . SN54390, SNSALSI90 . .. S OR W PACKAGE
) ;i o Dual Varsions of the Popular "3GA, LS90 SN74390, SN74L5390 . .. J OR N PACKAGE
! A and '93A, 'LS93 (TP View)
a s ‘390, ‘L.S390. . .Individual Clocks for A and B 1 et ouTRUTS
" Flip-Flops Provide Dusl +2 and +5 Counters Ve A CLEAM 204 2 ‘708 20c 200"
o a ) Jwl [l Ta)l fe]lin] ju)ljs
e '393, ‘LS393. . .Dual 4-Bit Binary Counter | =
with Individual Clocks LJ o
: & All Hava Direct Clear for Each cLgan
'! 4-Bit Countar - 9
o o Dual 4-Bit Versions Can Significantly Improve —
g System Densities by Reducing Counter Packsge Y g
Count by 50% I“&:" ¢ og @ oo
' * Typical Maximum Count Frequency . . . 35 MHz wwﬁ_
3 * Buffered Outputs Reduce Possibility of Collector | ™% ¢ fyovr ™ \BZ5_T00/ &0
Commutation oumruTs
positive logic: High input to clsar resets all four
outputs low
description

Each of these monolithic circuits contsins eight
master-siave flip-flops and additional gating to imple-
ment two individusl four-bit counters in a single
packsge. The ‘390 and ‘LS380 incorporste dual
divide-by-two and divide-by-five counters, which can
be used to implement cycle lengths equsl to any
whole and/or cumulative muitipies of 2 and/or § up
to divide-by-100. When connected 3s a bi-Quinary
counter, the seperate divide-by-two circuit can be
used t0 provide symmetry (2 square wave) at the final
output stage. The ‘393 and ‘LS393 esch comprise
. two independent four-bit binary counters each having
a clesr and a clock input. N-bit binsry counters can
be implemented with each package providing the
capability of divide-by-256. The 390, ‘LS390, *393,
and *LS393 have parallel outputs from each counter
stage so that any submultiple of the input count
frequency is availabla for systam-timing signals,
Series 54 and Series 54LS circuits are charaCterized
far operation over the full military temperaturs range
of =55°C 10 125°C; Series 74 and Series 74LS
circuits ate characterized for operstion from 0°C
10 70°C.

-

T e v
PANE I AN

el
«

Y

et 2
-

B
i

SNS4383, SN34LSIN3 ... JOR WPACKAGE
SN74383, SNS4ALS39) ... J OR N PACKAGE

{TOP VIEW)
ouTrUTS
2 N .3
vec 2o cLeam 7204 208 20¢c 200
) 13 12 " v ] ]
1 g 1 A
E Qa Qs oc Qo
cLEan A

|CLEAR
I Los__c o oo

1 2 3 4 5 ] 7

1A k) 104 k] 1 1 GNO
CLEAR \ —
OUTIPYTS
Sesitive logic: High input to clesr resets oit four
outputs low

TEXAS. INSTRUMENTS

NCORPORAT
POST OFFICE BON 3012 ¢ DALLAY. TERAS 73222
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TYPES SN54390, SN54LS390, SN54393, SN54LS393,

SN74390, SN74LS390, SN74393, SN74LS393
DUAL 4-BIT DECADE AND BINARY COUNTERS

FUNCTION TABLES
‘390, ‘LEIN ‘300, ‘L5390
BCO COUNT SEQUENCE SLAUINARY {8-2) ‘303, LS
(EACH COUNTER) (EACH COUNTER) COUNT SEQUENCE
{Ses Note A} {Ses Nots 8} {BACN COUNTER)
e ———
COUNT OUTPUT counT ouTPUT COUNT ouTPUT
Gp Q¢ O Ga Qa Qp Q¢ Qp QGp Qc Qg 0,
0 L L L ¢t 0 L L L ¢ [ L L L T
1 L Lt L M 1 L L L ~N 1t L v v w
2 [t L WL 2 v v oW 2 |L v oH o
3 jL L HAH 3 L L WK 3L L H u
4 L WL L 4 |L ¥ v oL 4 L W oL
s |L wouUw s |H L L oL 8 L H L H
[ ] L H H L [ ] H L L H [ ] L H M
? L HHH 7 M L H L 7 (L H BN
s |JH Lt Lo 8 |H L HH 8 v L oL !
9 |H L L 9 M H L L ? |n Lot owi
NOTES: A. Owtput O, h connected to input B for BCO sount. 10 oL Rt
8. Output Qg is connected te input A for bl-quinary " H L H M
c. ::"r:'pm.l.-mmu. 12 |H WL
13 | v L ow
M {H H KL
1% H M H H,
functional biock diagrams
3,13) oLUTIUT
woura 222 T N
o‘,‘,t_i'_"wwur
LE?‘-A Mﬂa&”——q.r Oa
B oumur ﬂ“‘
“ O o
eyt v
&- a llﬂ:ﬁﬂ"
v

CLEAR

-

a,

1430
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TYPES SN54390, SN54LS390, SN54393, SN54LS393,

y i
i SN74390, SN74LS390, SN74393, SN74LS393
*i DUAL 4-BIT DECADE AND BINARY COUNTERS
ELanatiu of inputs and outputs
3
r
k. 200,293
i EQUIVALENT OF EACH INPUT| TYPICAL OF ALL OUTPUTS
vee -—
. - v
) ;‘ e 100 7 NOM

i eyt - -
-
I
o ouTPUY
£ ] -
E— INPUT Reqg NOM
ot A (390 ...... 3kn
& 7 8 (390)...... 15kn
b A (303 ...... 3nn
Ay Anyclesr...... sk
2
1
¢
e L5390, ‘L$393
: EQUIVALENT OF EACH EQUIVALENT OF EACH
: A AND B INPUT CLEAR INPUT TYPICAL OF ALL OUTPUTS
r Vee - Vee — - ———— VOO
o Req 18 k2 NOM 120 2 NOM
E J INPUT - INPUT - -

4
e outeuT
:
1 .
. INPUT Req NOM
f A CLSIOO)......... a3k
4 8 CLS3%0N......... 27%a
- ACLSI......... a3ka
¢
13
-
% <
L' E
=
' '

-t

TEXAS INSTRUMENTS
INCORPORATED
POBT OFMICE BOX 3012 » DALLAS. TERAS 75122
ecomaill..

a
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APPENDIX B
F8 MICROPROCESSOR SOFTWARE

This appendix contains the source codes
for the F8 developed in conjunction with the
design of the Automatic Threshold Control for
the scanner. Assembly listings and 1linking
information for each software module are
included. The floppy disc  HELP file
describing the software package is also
included to serve as an overview,
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*HlS 3 THE ”AIN LESECRIPTIR FILZ 7R THIS LIz,
IT LESCRIIES THE PROGRAMS 38 [T AND 42%W T2 Usz THIU.

L L R R L L R R L L b L L X T T R R PRI P

amEmx U322 LIFORMATION sexmn
THZ F9 FRQVILES THREZSHOLC Ale PRINTER CONTR0L FIR THZI ILEZCTAO-3BTICAL
PAGZ SCANNER (Z0PS). THE SOFTWARZ IS IN A TAALEZTY OF 73RS CiSIGNATIL

3Y THE FILEZ ATT2IBUTZ:

‘00° IS A TEXT FILE SUCH AS THIS JINE )R ONIZ COMTAINING UNA3SZMELEL
30URCE CoCl=.

‘10 1S AN OBGJECT COZE FILZ THAT CAN 3% LOALES AML/D2 LINKEZIC,
SIPENCING QN THE NATURE JF THZ SQFTWARE.

*36° IS A CJRE IMAGEZ FlLE THAT ("HZIN LOCATES oM JI8x 272 O
I3 LOACZED AMDL ENZCUTEL AS A SVETLM-LIVIL CJQUUIANL VHIN THa

FILZNANE IS ENTZIRELD.

FOR FACILITATING YARIQUS FILZI OFZRATICONS.

&
o

13 AN EZXECUTIVE FIL

THE FILES Z0PS51,30:1 AND E0PS2,30:1 mRi COMPLATE SCFTVARE PACKAGES.

ICPS1 AND Z0PS2 ARZE DISTINGUISHEL 3Y THIIR THRBISHILS 3AMPLING aLSIRITHAS,
20731 HaS AN INITIAL STEP 3122 (S1) 3JF 128 ANL SAMPLEIS TiHI ENTIRZ RANGE §
Not0 T3 1024). EJFS2 HAS AN INITIAL STIF S122 J7 64 AND SAMPLIS THEZ 2ANE
9F N €128 TQ 540). TI USET ZITHER OF THESE PmlXAGiS, FIRST [NEUR3:2 THE
»Z3IRZC PACKAGE I3 LUALES CUTD LISH LAIYE 0. YOU HaY TALT TI fnlla - 3BV
ST GNE JF THESE FILES JN LRAIVE O 3Y IMECUTING A CIMIAND SUCE A3:

COPY FILE 20251,30:1

TO PUT THE 73 INTG THZ ZOPS MOTZ, CALL THaz APPRIPRIATE 3IIFTWARE PRCZAGE
3vY TYPING ITS MNAME:s

£0PS1

ONCZ THI SOFTWARE I3 LOALED AND 3AUNNINSG, USER GOHTROL 15 FRO"IZel
THRQUGH THE 'SINSE' SWITCHE3 3 THI FROUT ®wNEL OF THE Fi. THZ
FUNCTIINS ARE

SENSZ o ZouN ve

E LR R R R R A R e R R L L I T I T I I ™™
= 4 SRMAL JIEZEATICH RITUAN TO L3S .
= 3 LOZJAL PRGE FINITE LiNE =
) AUTSHATI S THREESHOLL = = -
- 7 ICFT lomv AnRL CIPV -
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3INST 53 1S uAL.J=n .;.
- . - .
TH . 7
2 = HI L.
3ITN3E 5 IS = THR TUrELe L
U7 o By TAd {A361
ofe TZ37T =L THL IPTIATM
THRESHOLD FJ7 £YISTING ISNOITIONS. THE JALU= JF TH: 3ilacTio
THRESHILS IS5 J1SPLAYEDL Qi THEz SCREZY (i HEY. N TARLSAOLS
FREEZE MOLES, THE LA3T THRE3ZAOQLY 327 3Y T"' ISFTYWARL 13 RE-
TAINEL mlic ZI5PLAYEL XN THE aLn;LN- NOTZ 17 THE THRISACLS
{S ALTZREL =34 THE 720NT 9Aﬂ;L IR 3Y JTHZA LI3UGGING MEZAN3,
THE MESSAGE 79 THE SCREZN WILL MOT REFLICT THZ ALTERATICN.

7 SELF EXPLAUATCRY.

TIPS 13 IW TUAN COMPOSED 2F 3HMALLZR LINKABLE 337 TWARL PACHAGZ3. THEIS:Z
“I0CSULESS ARE LESCRISEZIT 3ZLI%v:

ALNG ceeeae MAIN CALLIIG PROGRAM, JIR3IICN <

THLS AMQOCLE CONTAINS THE [IAINLINZ 2CUTINES JF 2085 alle THEIREIFIRE 4UST o2
AT THZ SEIINNING LINK. 7 SONTAINS ALL INITIALIZATIONS, 35Zui33 3WVITCH
CONTACLS, LINZ SIOUMNTERS, COMMANL TRANSMISSIONS, CAT SCREZEN PRQMPTS, AID
ATC CALLS. IT ALSC INITIALIZES THZ SAMPLINI AlJoRlITHM, AQ3ET, THIRESY
CONTROLLING :mlPL MG ZANGE AND INITIAL aTEP S22 (312,

FETWN =eee- FIRA3T LINE

THIS SUBROUTILE POLLS THE SIGMAL CallZID 'PRINTLINZ'
HICH 1S PREZENT QUi INPUT PORT 4 1M THL LZAaST 3ICUIF!
3[T PJSITIGN. THE P8JE82mk1 I3 ZESIGNED TC ZJETICT N 21I3C
TRANSITISN 2F THE IN3UT 3IGlAL.  TUHIS l~ AaGCIIILISHLL 4y LioPliG
*TMTIL THE SIGHAL IS Faliz ado ".-i:'l LOGRING UNTIL 1T [5 TR,

WHEM THIS S2CGRAM FZTUANS, THI TRANSITION WILL HAVE JUST JCOUREEL.
THE SCFTWARE IS ZESISNED TO xn”' NTO ACCOUNT TEI [NVZIRSIJN THAT
TAKZS PLACI THROUGH THZI F9 [/2 223T. THIRIFORE THIS MOLULE ACTUALLY
SZNSES A COWMYWARL TRALSITION SF THZ SIGHAL 'PRAINTLINZ® [N THEZ SCAllNEZR.
THE GCAL IS TO0 CATCH THIS CSOWNWARD TRANSITION WAICH SIGHNALS THZ g
OF A LINE JF WITE0 INFORMATION.

ZNILN ~==== END OF LINLZ

THAIS SUSROUTINZ IS A SLIGHTLY MORZ CQOMPLEIX JERSLJN JF FSTLI.

[T AL3J SETICTI A FallLING TRANSITION JF °*PEINTLINE'

HZ0WEVEIR, I"' I: VESIGNEL TQ VALIT FIR "".Ia Qﬂ.-ala""n F32 ¢ 1S

THIS FIZATURE A3 [noLla: SOFTWARL MOSETTING

HUNG K2 Ao OUT 27 3L ’ .’. .1\.' Lo 2ITHIA 3702 IN 1lePAGE
<R PROCUCE A FAL3E 3TART « T [ ~T "HIS SUSRUUTINE MUST
“AIT MORE THAN 1Q M3, [T 3ZTS THE LINE l-CL'NT ) wn3T

LINE 30 .HAT WHIN THI WTUVRLN T3 THS HAlu ‘=P0.:-m." :)w"=s,
‘HE LAST LINZ CONUITICH ~ill 3E lUHVIXKED ANL A
| $ 9 PE:..L o SHOULL 1T 22 NECL3ISARY T) HaVEZ THZ
Z‘J MIDPAGZ AMD STILL HAJZ THI SIFTVARZ JPLRaTin
1TH THEZ ICANNER (FIR ALISIMEINT ITC.), 3ZNSE 3V

-
v
ERSMVEBINVAN S g
~
<

A § ZHJILLL sE USil.
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XMITS ===== TEANSMIT COiMAls

THIS IS THE SIMPLZIST QF ALL THIZ SUSROUTILES. IT [3 THZI ks

WAICH ACTUALLY 3S&aNES THE COMMANLS TO THZ PRLUTIR IR THI TIZKTEIIICS
SISPLAY. [T ZMPICTS THE COMIUANL CHANNIL [N THE [LTZRFACE

S0ARD T3 HAVI AL2ZSALY 322N JPENEL AND THI COMIARNL FJ8 TRAWS4ISS10u

TQ0 3E STOREL [ REGISTER 9.

RSET e==== QUICK THRESHOLD SAMPLING ALGTRITHHM

THIS HODULE SAXPLES THE RANGE IF THRESHILD TALLZS 3v USIUCE SROGRISSIVEL
SMALLZP D SMALLER STEP 52 ZACH TINE ASET I3 Callil, TAS ZISTING
3TEIP SI7E WILL 32 “3EL FO0R S SANPLES Ao WILL THEN 32 SIvVILIC 3V
FOUR 3EFQRAE CIONTROL IS RETLT TS THE Malls Call.iNG SACGFMI. WITHE

ZACH YALUE OF s UTC IS CI%PARID TO TUE ®RLVIIUS lavilty UTC

CATC)e  THE 2aLUZ OF N PROZUCING THE JVIBALL MAXINTH "ALTZ OF

*TC IS STORED FOR ETITHER THZ UIXT IXNVICATION JF RSEIT 38 FIR THZ “nlil
CALLI™S SROGRAM TI LJAS INTO PORTS 12 AlML 13 AS THI JFTIILM
THRIESHIOLL ALYVZ 738 THE PAGZ TO 32 3CANXNZL.

P R R R L R R R R R L L PR P Y PR PR RS R

ARsESEAmmSERsSEsSRsSSsSSS XY AMPLES TR NS AE T NSRS ERAERARRN
SHOULL IT EZ NECESSARY TO RATASSIMILE ANG SalINK Tkl 20%S§ 347TUARE
FACHAGZ, THE FOLLOWINUG 32GUZNCL QF <QIUIANLS WILL PRILUC: THIS
REISULT:

A3 TTATLALG0l TI MAINGLINI) NulisT
A3 FSTLNSCO:! TQ F3TLNL1G8) o lLisT
AZM INILNL,DO:} TS ZNZLlL1C:)
ASH CMITILAC:D TS CUTSL10
ASYM TIZT LO00:l TS SSET L18:1

L L ) b

l et 3SG 0 AAlH4s1C:
1 TLNL IO
LIdw 1 EMILN,I1C21
I v41TS,10:1
I S3ET SiC:e!

THED SOFTUARE (S QW Ldakil I RAM AND REZALY FIR IXICUTIOM ZITHEN
FPQM THE FRONT PANZIL JR 3Y USING THE F9 CJE3UG SJIFTWARZ. .
SAQULD IT 3E NECESSAPY 70 CREAT: A FILZ FROM THZ ABCVE MOLULZIS
THAT CAN 3E LOALEL “ITH A SINGLE COMMANL, THE FOLLIWING SJMMANLS
CAll 3E USED:

33 20 VOISKH FILENAME.I1C:1

LLP 0CCC-C2%5
THIS PACKAGEZ wILL 35 STORED OGN JISHK, AMD Cav 3B Limlil 1NTD RRA
AT ANY TIME 3v THE COMMANC:

JAL FTILEINAIELIC:
*

L H 1
TC EVECUTEI THEI PRIGRAM LJACEL [N THIS UYAunEP, U'SZ THZ 73 71T

PANEL ¢

H2al7T
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LIA? LISFLAY
LL ALIRESS
2uN
L 3 I WRICH LImlS AND ALSS
AUTSMATICALLY ZYECUTIS FROM THI SYSTIM LiI3K, [N LAl JF THZ
A30VE IXANMPLI, THEISZ FILLOWING COMMANIS CaN 32 ZXECUTZEL:

I[F THE T3E® WISHES TO AaVI A FIL
HE

CC! FILENAME.JC:! CCOO-02SS
CIey FILZ FILINAME,3C:!

THIS LAST COMMANL PLACES A C0OPY JF THEI CORZ IMAGZ ON T¢
SYSTEM J1SX% “THEIRE (S WILL 3E FOUND 3Y THZ QPZAATING 5V
¥ RESPONEE TQ THE USER TVPING "FILINAME', 3INCE THE 3¢

LICKE FOR LOAD~AML~-EYECUTE FILES QN CJRIVE O WHERZ THE
SIS¥ 'SUALLvY ATSISES.

1T MUST 3E NOTED THAT THESEZ COMMANLS TO CREZATZ MNEJ COPLE3 JF TH:
SPERATING PRIOGRAMS MUST 3E IXECUTEL IMMELIATILY FOLLIOWING THE
LINKING JPERATICN 3INCE SOME JF THE QTHEA FLOS PRCGRAMS (LIxE
THZ ASSEIMBLER ANL THE ESITCH) OSSCURE THE LJIWER ACLRESSES UF

THE MEMORY WHERE THZ 3CANNER PRIGRAMS ~ARE LCAJED.

IN THIS CISK THE FILZS ZIPS1,30:1 AND Z3PS2,30:1 ARE AUTI
LOAD-AND-EXEZCUTE FILSS “MICH CaN 38 CIPlal T3 -~ LI3# 24 o
FI% [MMIDIATE 'JSE.

FOR FURTHZR INFQRMATION CONCZANING THEZ JPERATIOIN JF THI 73
ITE JPERATING 5YST=ZM FOOS, SONSULT THE Usiaz R

FITH THE 3YSTIM,
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YAIN CALLING PR0GRAM-JZIRSY
ERAS  LJC Q34ECT AR Llile

coce Ceo!
0002
0003
CCG4
000S
000s
ooc?
0008
0003
0c10
ool
o012
co13
0014
g01s
0016
0017
o012
0019
coz20
go2!1
0022
2330 6023
0006 0024
C3ha4 QO02S
€024
027
G028
3000 0cC29
G020 0030
0040 0031
co32
ce33
0034
G001 0035
0008 0036
0037
0038
0039
20ce? 904C
0C4l
Q042
0043
0044
€003 004S
0000 Q046
0003 3047
Q00F 0048
0037 0049
€006 02050
0003 00S!
3001 Q052
€0c2 0053
20C4 0Ct4
00ss
rres
nee7r
cige
coss
0040
¢osl

4

SATACT STATLHINT

LR T2
HMAllia 208G 2
TITLE 'MAIN JALLING 22032AM-JERSN «°

WAITTIN 3Y¥ CAPT 3. J. STANTIN, 21 JUNM 22
ESITES 21 JULY %2.

THIS IS THE Al CALLING PROGAAM FIR THI
ELZCTRO-JFTICAL PAGE S5CANNER. [T MUST 32
LINKED FIARST WHIN 3UILIING THE SQFTVARZ
PACKAGE 'EZCFS~* :

THE USZ OF THE FS FRONT PANEL SENSE SUTCAS:

% ER SR ARE DN

. o'W ve
LI PR R PR R R R L YRR R REER R LR R R R R N A N a & 2 N J
* 4 NORMAL OPERATION AETURY TO 0S4

= & NOPMAL PAGE INFINITE LINES

» 6  AUTOMATIC THRESHOLC  THARESAGLC FREZZE
= 7  SOFT COPV 4ARC CIPY

LR TR XYY FEYEEERERE LY EREREELEELEELELERLELELELAELEER]
-

-

£os4 AU A'2230°
LINEU U s
LINZL EQU 164

-

« CODES FOR DPORT 3

-

=NCiT QU H'co’
aNeccs QU H'20°

LINE SNT2 HIGH 3YTE
LINE CNTR LJIW 3YTE

COCE 70R CML CHANNEL
oCoO CHANNEL CMS

ENSZENS QU H*'40* CINN INP ST TI PRT4
: CEVICE ADLRESSES (FOR PORT 8)

;EHARD EQU H'O0l” ADLCRESS JF PBINTER
ACSQFT Z%Uu H£°'08° ABLLR OF TEX. C1I37L
: COTES FOR RP0R2T 9

:;ﬂDDR L 4'¢2° ALEl LIAL S0z

-

= DEVICE COMMANDS SENT THAU PIRT 9, ANC
e CONTRILLED 3Y PORT 9
-

LEIFT MARG JUSTIFY
FILL,PRT LINE BUFF
ADVANCZ JINZ LINZ

CUT PAPER

SAUT JFF 2TR (PUUPSH
SNBLE SOFTCIPY LISFL
CS3L SOFTCOPY LISFL
ZAASE SYFTCCPY LISPL

HARSLMJ EQU H5'08°
HARCFIL EJU d°00°
2ARDALY EJU H'ed*
HARGCUT ENU q1°CF°
{ARDOFF ZQU 437
SOFTEN 18 H'06"
SOFTA53 &AQU 403"
SOFTERS :=aQU H'OL"®
SeFTRsY U H'0Z’
IFTINY QU H'Ca!
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MALN SALLING TEGIIMM-TERSN 4
993 LIC 334ICT ASD? LINE SUTCI ITATINELT
ot 1A rrg2 Lt t3AcLI INTA2TUOTS
cIr1 T nag2 L3t ~IZIT NTIZFAGL
cnce 39 2084 SUTs 9
Ane3 70 anss o]
G0Na 39 cCse LTS 9
b €2Cs 20cQ 387 JUER Ll TNCAT 3gT FIT IuL evIT
' cose =
3 8067 mececcecececmcacoascs=l TA CHANNEL CLISEC
007¢ =
Jc07T 3% coT1 dUTS S
0072 =
‘ 0008 2040 0073 3EGIN Ll ENSENS ENASLI SCANNZR [uPUT
1 €00A 3% 0074 VTS S
0008 70 0075 cuLn LOSFE TILL
co00C 34 0076 LTS 4 [NIT = O
0CCC A4 0077 tNS 4
GC0E 2102 ocTs it 1'02° INIT s 31T 2
0010 9aF7 0008 0C79 382  3EGIN
0080 =
n0i2 70 8081 3EGIN2 w3 TEST I8 QUIT 3:3
00t3 30 £cs2 LTS 0 3N T3 SEINSE 4
0014 A0 5083 INS O -
001s 2110 0034 Nt £'10°
3017 3404 0CIC 008S 3z SKIPM
0019 292330 2330 0086 JMP  CTOS4 AZTUAN TS T3S
0087 =
go1C 70 ©C88 3KIPM CLR LI0P TILL
001C 34 coes SUTS <« INIT = |
001Z A4 0090 INS 4
00LF 2102 0031 3] ®'o2’ INIT = 31T 2
0021 84FQ 0012 0092 3z 3EGIN2
G033 =
€094 s=ae=lEILAY LIOPwsss=
€C3E =
€023 70 0096 CLR HALT 2.3 S
0024 IF 00%7 CL! INC
0025 4FE 0024 0098 aNz  oL!
0099 =
Q10C sasssEND CELAYeuwsus
o101 =
0027 710 gic2 cLR CHECK START AGAIN
0023 34 0103 LTS 4
0029 A4 ClGa IS &
C02A 2102 910s NI H'c2’
002C S4ES 0012 01C6 37 3Z5In2
0107 =
0062E 76 o108 CLf 3LT 72 SENSE 7
002F 30 6109 arTs o FOR HARC/3QFT CUTEUT
0C3C AO o110 M3 0
0031 2180 ottt N1 H'e0"
0033 S8 0112 L2 3,A
0113 =
v 0034 48 otla L As3 38 REGS FOR HLR/SFT
e 0038 230C 01158 <t 5'00°"
£ - 0037 341} 0049 01156 FY4 3977
b o117 =
b 003% 2601 0112  HARD e ALHARS SETUS FIR BAINTER
b 0038 38 0119 JUTS 3
}i €03c 20023 o120 Ll LiACER 3TORE DRINTIR AR
003E 39 a121 LT 3
0037 70 c122 sur
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YAIN CALLING PROGRAM-JERSH
SRRS LJC OSVEST ALDR LIz

0C40 59 0123
0041 2003 0124
0043 S7 c12s

0044 23000C 0000 C125
G047 3C1S G0Ss 0127

o123
0049 2008 c129
0045 38 g130
004C 2008 0131
004E 39 c132
QO04F 70 0133
0050 39 0134
00S1 2002 2138
€053 S9 ot3s
0084 220000 Q0OCC 011317
5087 2¢0t €133
cos9 =9 3139
00%A 28CC00 CO0C 0Ot4C
0tyl
G142
n14l
00SS 20FA Olua
Q0SF %2 [T H]
£0%0 2CC3 Clae
0062 53 0147
c0s3 33 0148
0064 S4FE 0063 Gla9
0066 J2 (2 §-1]
0067 94F%9 0C60 0151
o182
01s3
01%4
0C69 23C0CC QCOC 015%
cl1%6
G187
0158
0csC 7¢C el 359
0csD 30 c16C
0C8Z AD 0151
COSF 2140 0162
0071 9455 Q0C7 0143
0l54
oles
0166
o167
0C73 70 0168
0074 %6 c163
0078 $§7 0170
o171
c172
a7l
0174
0178
Q175
o177
oL72
c179
ot90
c1al
3132
6133

SQURCZ STATZMENT

3CTS 9
ol HARLLAG START PUMPS [N PRTR
L YA
21 v4ITS
3R SKIPI
-
SOFT Ll ALSQFT SZTUP FJR TIX-LISPL
LTS 8
Lt LSACLR 3TIR2 TEX aLl=
JLTs 9
CLs
QuUTsS 9
Ll SGFTRSY INITIALIZE TIX-TISPL
LR ?sA ’
°l LTS
LI SSFTERS SRASZ sCRezl
LR Ik
=1 vMlITS
L]
sxmseELAY Lo0PSasussasmsnssassrsxs
-
5#¥IPY LI J°280° SELAY FOR LIPS 392
La 2.4 3IUFPIEl IRASC
L3P 194 ctzCo’
9% 3an
LooPt o8 3
BNZ LIOPL
oS 2
3NZ LCOP)
-
sunmszIND 35;5?-:--:----:-.,--
n
21 FSTLN TALT FOR FIRST LINE
]

= CHECX FOR AUTO THRESHILL LISASLE-e=sve=ecas-
=

CLR
QUTS O
148 n
Nt 440"
SN2 FR2
=
SmEns

= 3EGIN AUTOMATIC THREZSHAOLL 3ETTING SEZQUENCE

Ry -

cLR 1AX CIGITAL VIJEZ0
L2 LYY C1TC) INITIALLIZ2ED
LR Tea 79 ZERQ

=
=  INITIALI?E FOR THARZSHOLD SAUPLINGe==~ecce~e

(XYY Y EY Y X NOTE!!! XXX XYY XYY YY)
-

*« AS IT STANDS MO, SET [3 INITIALI?ELD <O

=  SAMPLE THZ RANGE 1292 T3 440 JITH Al

w INITIAL STZIP S122 JF &4 A3 COCUMINTES FIR

® THIZ SCFTVARE PaClmGI, '237S2'.

-

= T2 SAMFLZI THE ZNTIZE 9ANGE CF N (L T2 1C26)
s 3CRATCH 2zGISTER & 4UST 3Z LIRCES WITH “EIR0
= AND SCRATCH ZEZGISTIR 3 UST 33X LIALED WITH
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MAIN CALLING PROGRAM-YEASH 4«

MRS LIC ISJECT ASOR LlUE SOUACT STATZNZHT
0134 = 12%.
Ci3s =
0186 CPOPIIVIPOROIPOVPPPIPORO TP ROPPOIVOOOIPRPIIPIIIVPIS
0187 =
B o138 =
¥ 0076 S4 0139 LR aA THRESHOLS SET T0
. 0077 2080 0190 Ll 128 START AT 123
L 0077 S8 0191 LR €. A
) 007A 2040 0192 Ll 64 STEZP SIZE ILITIALIZE
- 007C 53 0193 L Py < T) 64
f‘ Cl9a =
2 0195 = TAKE FOUR PASSES (AT 7 LINES SER PASS)ee~=-
- 0196 =
087D 280000 Q000 0137 =1 ASET
0080 280000 000C C198 21 RSET
0083 280000 0000 0199 PI GSET
0086 280000 00CO 0200 21 QASET
0201 =
0202 + LOALD JIPTIMUM THRESHOLIw<ece-eccecsccccccan~
0203 =
0089 C2 0204 - A.QU
008a 2713 020% QUT 413
goac 03 0206 LA A 3L
ocso 2712 0207 QuUT H'12°
0208 =
0209 = DISPLAY SPTIMUM THRESHOLG=ee=v=eccsccscscca-
0210 =
QO08F 2A017E O17E 0211 SHOW <Gl MSS1+2!
9c92 2¢ o212 “<LC
0093 2A0137 C197 0213 oCt 1§G2+22
0096 C2 G214 LR AL QU
0097 2430 0218 Al 4°30°
onN9s 2%3% £215 o4 He39°
£¢?3 3103 go3F Q217 ar 31
009C 2407 0218 Al H'07
00SF 17 0219 S5HI ST
00A0 2C 0220 xLC
00Al 17 c22! 5T
00A2 03 0222 La A.QL
00A3 14 Q223 SR I
00A4 2430 0224 Al H4°3G°
00A6 2539 0228 c: 439"
00Ag 3103 00AC 0226 3p sSH2
00AA 2407 0227 Al H'0T*
0CAC 17 0228 SH2 37T
00AD 2C 0229 XCGC
Q0AE 17 0230 ST
00AF 03 0231 “R AsL
0030 2107 0232 Nt i'0F°
0032 2430 G233 Al 430
0034 2539 0234 Cl 439
0c36 2102 CCza £22 3" 343
0032 2407 0234 Al 507
Chaa 17 223~ zun 3T
0Nz 20 r232 RgoH
Teac 17 239 e
neulC =
008D 2A016% 2149 024l boh R
cnee 7t f24a2 L3 1
cccy 30 2242 e “sa
00C2 2334%3 3633 CZus B 23483




b SRR

09227
00CA

2A0181 01t3}
71

g0C3 30

foce

Jocr
005!
2002
00Ca

oGLs
Q007
00Ds
o0ce

20Ccs
oocd

COCF
QGED

00Z3
00ES
0QES

als} %]
Q0EA
00E3
GOEE
QCro
oCF1

oorl
00F 4

oor7
QOF>3
Q0FA

QoFC
2¢rs

COFF

283453 3682

2005
$0
20A4
S1

2000

33

48

2%00

3422 CIiCA
2003

59
23C000 JC00

20FE

S4FE 00ES

290000 Q0CQO
2000

as

2000

23
230000 0000

20r0
J4FE COF9

2003
9
280000 0CO00

3266
0267
D263
c259
0270
ca7
2272
0273
c274
027S
0276
0277
0278
0279
nzen
0281

0222
0233
02%4
023s
028%
0287
0288
0239
Q290
0291

0292
0291
0294
C29%
0296
0297
029%
0299
¢300
0301

Q302
0303
G304«
3308

37 SJA
I TIIT
® IND AUTCMATIC THERISHILS SITTING II2UINCE
nnmmm
-
FRz oC? 14852
=15 1
LR oA
et H*36853"
-
BuA | 994 LINEU {NITIALIZE LINE CTR
LR 0,”A 30 15 HIGH 3vTE
L LINEL
LR 1,A S1 15 LOW BYTE
-
LI aNeMe QPEN UP CM4D CHANNEL
QuTs 3
NEWLN L] A.8
cl H€'¢co’
-
3z NLSOFT
-
NLHARD Ll HARTLMJ SEND LU
LR Py
Pl ¥MITS
=

samalZl AYowsnmsw

LI 254 “AlT 18 LS
oLl | &1
3NZ oLl

-
mewnENS JELAYme=
=

oI ENCCD IPEN DATA CHAN
MeescescencoasanaaeTATA CHANNEL OFEN

TS 8
-

.33 ENDLY WAIT FOR UL OF LINZ
-

Ll ZHCHUT JPEN CML .CHANNEL
meeselATA CHANNEL CLISEL =<=cececcccemcece-en

QUTS S
-

Lt HARDFIL  SENT FILL CMO

LR Y

21 TS

-
sseuynElL AYssusans
=

LI 240 WAIT l4a US
LL2 tNC
3Nz cL2

-
wemwmINS SELAYwwmmn
-

LR 3.A
H XMITS
=
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;',
=
1
4
B:\
> YALN CALLING PROGRAX-YZIR3N 4
En ERARS LAC QJ3JECT AZLAR LIME SOUPCE STATIMENT
. €306 suwnulZl AVenssnans
Q307 =
0102 20F= 0308 LI 254 VAILT 1§ US
0104 1IF 0303 CL2 iNC
Q105 47= 01l4 0210 3N2Z oL3
031} =
3 0312 sws=ss=END DZILAY#wssuna
] Q13 = .
- 01Q7 290132 0132 0314 JMP ENLCCHX . CHECK FJ2 LAST LINEZ
C31s =
09316 =
3 6317 =
T 01CA 2006 0318 NL3QFT Ll SOFTEN EMABLE TEX DISPLAY
T 01QC s9 0313 LR 3.0
?' 010D 2300C0 0QQ0 G320 4 MITS
"; 0321 =
o 0322 sxsnsCClLAY Rensnnss
€23 =
p . 29110 20F= 0324 Ll 254 WAIT 18 S
L 112 IF 2328 L4 N
Cl13 9473 0112 CJ2% anNz R
. 0327 =
- 0323 es==mZlNl CILAV™aw=
" 0329 =
o118 2020 233¢ LI el JIPEN CATA CTHAN
€331 Remmosavavavsannvens AT CUHANNEL P
Q117 2% Q332 3VTE 3
) 0333 =
S 0113 286000 00C0 3334 =t INLLS TAIT FOR EJL 816G
0335 =
. o118 2cny 0338 i INCHD JIPTH OMU CaaNlEL
0337 secwsecsccocscsanw«-LATA CHANNEL CLOSZL
. Q11C 3% 0338 guTs §
033% =
0112 20C3 0340 wl SQFTLS3 LISABLE TEK-DISPLAY
- 0120 9 0241 L2 3,4
- 012t 28CCCC 0COO0 Gl«2 21 YMITS
[ 0343 =
'{ 0124 20C4 Qa4 Ll SOFTINY SENL INCREMENT v Cui
b cl12s s9 0348 L2 .4
}j 0127 280CC0 CGCO 0346 Pl ¥M1Ts
-4 0347 =
= Q348 smsseCELAYresunansn
= 0349 =
- 0t2A 20FZ 0350 Ll 2%4
:Q gl12C IF 0351 DLS NG WAlT 18 1S
- Q12L 34FE 012C 03s%2 32 TLS
. C353 =
9 D354 wm==xZIlil CELAVeas
] 0355 =
- QlaF 290132 0132 @286 JUP EnDCHK
037 AN N AR AN AR AN NSNS NN SEANESS
0132 70 0358 :INDCHK cLR 1F F3 33USE %
Q133 =¢ 0359 ILTS 9 =] THEN LIOF
0134 AQ 2336C s q UNTIL F3 3EN3ZE
0138 212¢ 23451 N1 #4'2¢C" =C
- 0137 2500 0362 Sl 1°0C
{ €139 3407 014t 0363 37 USRMONT
0133 2001 0364 LI x'Cr!
013C St 0358 LR oA
Q13 200¢ 0366 «l €00
b
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(o e T

T2

Banad) AN Be St Jan o o 4

T

RS A SBB 4

MALH
ZRRS LOC
0140
olal
Q142
Clag
0las
0147
0149
0148
014C
014D
3150
0151
01953

018s
o187
0158

[= Ko 1
-
(LY L]
o o

01690
C142
0163

0166

0143
0163
0178
0181
n123
Clia

Q0 ERRS

CALLING PROGRA!{=VERSN

0BJECT ALOR LiINE

50
41
2400
9407
4¢
24C0
3406
30
31
290008
43
2300
2412

200F
39
280000

2076
1§ 4
J4FE

2017
9
290000

290008

0016
544882
S44F20
0017
$44282
418420

0t4C

0150

ooDs

0166

0000

015D

oaco

0cos

0367
0368
0369
0370
037
372
0373
0374
037S
037%
0377
037%
0379
sk 1-1o]
0381
gle2
03832
0384
038s
0386
0387
03428
ol -1
0390
0391
0392
8393
2394
039S
0396
0397
Q98
0399
0400
0401
0402
0403
0404
0408
0406
0407
Cul3
0409
0410
Qall
04i2

&

SOURCE STATEMENT

o2 Con
NOBMCNT LR Asl
Al o] CHICK FOR LAST LI
aNZ 0«
L2 A,0
Al 0
3z oonNE
oS 0
K 28 i
JUp NEVLN
S0NE LR A,3
ct H4°'00°

-}4 SKIPSOF

=PRINTER FINAL

SZCTIOIN-ececccccevcnccacan

Lt AARCCUT S&NL CUT Q4D
LR 9,A
3 M1 T3

-

sssnansnlELAY

-
Ll 246

coL IMC WaiT FOR QUT/
3NZ coL

-

sesnawnsgtll DELAY

[ ]
-l HARCOFF SZNC PIRINTER JIFF
L.’! QAA
=t ™ITs

-

-

-

SKIPSQF Jw?P QUER RUN PROGRAM AGAIN

-

-

sG1 oc Hi.2'001%°
oC C*'THRESHOLD RE3ET °*
e C'TO oo’

MSG2 cc HL2°'CC17°
cc S'THREZIHCLS FRy7z ¢
cc C'AT ore’

L ]

L ]
END
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FSTLN

SPRS LJC 0S8JECT ALSE LINE

SOURCE STATEMENT

Q0000 0C0! FSTLN BIRG 0
coo2 TITLZ 'FITLN
0003 =
004 = WRITTIN 3Y RALPH L. TINCICUZIRRA 12/%90
00CS =
0005 = THIS IS A SUBR WHICH VAITS FCR THz
2007 = SIGNAL CALLZT PRINTLINE TO MAKI A
C008 & RLSING TRANSITION SIGNALLING THE
0009 = END 3F A 3CAN LINE, ANE T2 T2
COlD = SEND COMMANDS.
colt = DUE TO AN [WUVERSIJUL (N THE
NOl12 = INTEZRFACS THZ ACTUAL Lllle [ TidHe
NO13 = 3CALNIR Muil3 A FTALLIMNG TRANZITIO.
NClqg =
0015 =
3040 0015 ZUSENS zav 4'40°
0017 =
cR18 =
Q0CC 2C42 e - N3ILs ZUNASLI 3EN3ZT unvT
£ln2 3% 2222 LIS ScRE
alo}-% B
cne3 o £322 LP1 LT L0 TLTIL FRLEZ
nCNnyg Ja 223 UTs
CNCS mna nGZa 1s 4
0005 2101 c02S Wl {'cr1e
Q002 A4FA 0C03 2c2% SN2 PR
ceen 75 nfc27  LP2 CLR “JS? WNTIL TRUE
0CC3 3« 3323 AICTS 4
000C A& Q027 [4s 4
000D 219! 2030 NI 1'01°
OCOF 34FaA 0C0A 002! 52 LP2
o011 1€ 0032 0p
€033 R Y]
cO ERRS
%
b
7
=
S
S
\
L
|
b
2




‘2 s -
ot

T

-

MR e & i it 2 g amtar) Afhee R0

]

L A B IRt B Mo vt e i erere

eNCLN

E23s  L3C JAYECT ALLR |

0000 2C40
0002 3%

00C3 20FF
0ogs 39

0006 70
0007 34
0008 A4
0099 2101
00CcE 2406
600D 33
0COE 3410
£N1C0 30F8

C012 2CFF
9014 59
0015 70
0016 24
0017 A4
0018 2101
3CIA 7408
G011 39
001D %477
0017 2000
0c21 so
0022 51
0023 1I¢C

€0 ZRaS

0c00

0040

0012

00IF
0CCs

0023

0015

hd R y— o as N T— T —————

2NDLY 23 0
TITL

S °*ENDLN®
WRITTEN 3Y RALPH L.

THIS 15 A SUBR WHICH
SIGNAL CALLED PRINTL
RISING TRANSITION St
END J3F A SCAN LINEZ,
SEND CCMMANLS.

DUE T3 AN INVZIRSION

THI3 3U3R ALSO WwWILL
A30UT I1CMS FOR THE

TRANSITION 70 OCCLR.
TAYES MORE THE LINZ
THE THE ZND JOF THE @
MAIN PRIGRAM CONCLUD
ENSZENS ZGU ®*40°

|55+ ZNSENS
LT3 s
-
| 994 -'25S’
=2 EFY)
=
L?1 o3 %
auTs &
INE ]
NI H*'01"*
32 ROV
31 9
3Z CUMFOUT
3R Pl
-
RDY LI Drass’
L] S,A
L2 CLR
JUTS 4
INS 4
R 3 ®eQl
3NZ 30
c 3
3N2Z LF2
cimMpouT Ll o'no’
LR CLA
-2 Y
GO 299
ZNT
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B T WCIUIS St SR SUNENDIE S Y

JINCIGUERRA 12/30
WAITS FOR THE
INE T) MAKE A

GHALLING THE

AND TIiiZ TI

Il THE

INTERFACZ THE ACTUAL LINEZ !4 THEZ
SCANNZR MARES A FALLING TRANSITION.

gNLY WYALT
IF THI TRANSITION
CotNTI? 5 CJIT
AGZ ANC THZ
E3.

ENASLE 3ENSE (NPUTS

INITIALIZZ CUT REGC

WOP LNTIL FALSE

L3GP “NTIL TRUE




N
e
1 TS
IN3S LOC IBJECT ACCDZ2 LINZ SOURCE STATZIMELT
0000 0001 XMITS 20R3 2
cco2 =
ooca TITLE "XMIT3°
3004
- 2005 YRITTEN 3Y 3ALPH L. VINCIGUERRA 12/%0
- 0006
A G007
008 THIS 3U3R IS USEL T3 3END THZ COMMANLS

TC THE PRINTER )R THE TER CISPLAY.
IT SXPECTS THAT THE CJMUMANL CHANNZL
HAS ALREALY 3EEN OPENZIZ THAU P93T 35,

o
[~
o
0
[ N B B BN BRI B B N B ]

co12 AND THAT THE COMMAND T3 3E SENT IS
co13 WAITING I REGISTZR 9 TC 32 528T T2
oCla 2CRT 3.
ca1s
gocc 49 CCls LR a3 2UT D JN PIRT 2
) goct 33 oct? JUTS %
F! coez 2010 Qotz Ll £*1C* LIAD QD 1NTD LJGIC
[~ ¢nna 39 2019 SUTS 9
. coes 70 J020 SLA
- ones 33 co21 quTs 3
- 3C07 2002 0022 LI i'ce’ SEND SYNC PrLS:Z
- occe 39 9023 vrs 3
o Goca 70 €C24 cLR
- accs 39 9C28 QUTs 9
2026 =
Gcaoc 1C oe2? 207 20fF RAZT ALLCH
acas NG
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v e TL.w. A T = DRt nah Bact et and gy 0 w

.
1
1

g Tr—
-

SUICK THRESHOLD SAMPLZIR.VS
. IMRS  LIC C3GECT ACLR LINE 39°I3CE STATIMENT
: CCCO ©COl 4RS&ET AT26 0
oco2 TITLE 'RUICK THRESHOLS 3AIPLIR, VS
0003 =
00C4 = THIS IS THE NEXT GENERATISN I9F 423ET
000 = MOLIFIZL 70 3E A 2ELICATASLE MOSVLE.
0006 =
CCO7 = [NMTENCELC T3 3E LIMKED VITH THE MAIU
€CO0G8 = CALLING SROGRAM JF THE ZLECTR0-JPTICAL
0009 = PAGE SCANNER. .
oc10 =
0011 = [NITIALIZING 13 ACCOMPLISHED IN THZ
0012 * :MAlY CALLING PROGRAM. STARTING VALUE
G013 = OF N AND STIP SIZE (351) ARE JETERAMINZC
0014 = AT THAT TIME.
0015 =
0016 =
0017 = WRITTEN 3Y CAPT 3.4. STANTGN, 7 JUN 32
0018 = GZ3UGGES FROM QSET3, 21 JuUn 32
0019 = GZDITID FROM QSETE., 21 JULY 32
cc2c =
0021 =
0080 G022 VCRSET AU H'=0° 2iG YICES CNT 3IESET
3602 0023 Nt _/U 2 SAMPLE BGH COUNTER
3003 0024 STE? U 3 HRESHOLC 3TIP S$1z%
0004 0025 U oL LU TARZSHOLL HIG# 3YTZ
c00S 0025 NL 1 LA "ARZISHOLLS LaW 3vTI
5006 0027 MTCU F4o13 B MAX DIG VIZED H! 5vT
2007 0028 ¥TCL QU 7 MAY DIS VIDED L& 3YT
000A 0C29 MINU AL 19 AINUENC HIGH 3vT2
00CB 0N30  MIuL R 11 AINUIND LI% ovTE
QC40 PC31 ENSENS  ZQU  H'4C!
0032 =
0033 =
0034 % eeccceceve=SUSWUTINE SAMPLIs-cccmmcscacan
0035 =
0035 = THIS SUBROUTINE HAS PRIVISIINS FOP A VAR-
G037 + !A3LE THRESHOLS STEP 3I?Z LJOALED i =
0038 = (STE®). IT ZXPECTS THE STARATING THEISHAILD
0039 = VALUE TO 3E LOADEL IN 24,28 (N1, NL)
0040 =
0000 77 004l LIS 7 INITIALIZE
ooot 32 0042 La CuTsA COUNTER
0C43 =
coo2 20%¢ ° ot4a RYC Ll ‘JCRSET 2ES:T
3604 2713 043 JUT  H'13° Ttasl
2008 70 coas LT CYNTIES
acnNT 2712 neat e Hvp2
.‘\f_\."ﬁ -
NCCTY WS naue LT EPIS N FOTIRCT ot thedn
CnNm C3 nesn a3 cTiE ~4%2350LL U
: 003 St £esi i Nish TALTE IN:
A 0CCC 2712 nr32 1T qhree
' """Z & (‘QSJ L= LY N 3—:..=
GOCE 13 1034 FIREN
; APIA Fa anes L3 Lt
; 5011 2713 LOE4 PR
4 (237 =
k f%35 = TRIT FLT e JF SILITLlNLesesccscecocsesoas
d 2535 -
- CC13 2falL “Aeg wl! 2.120L3
b co1E =3 2041 UTe =

,-v.»-
g
o]
™
[}
H
&
~J

.

e e




o a2
!ll o2
U e
n o

LA i i SRR R T T —— - np——

X THRESHJLL SAMNPLZIRL7S
~JdC 3J3JECT ALSLR2 LIlE 3JTRCE STATEINEZNT
oots 70 ags2  PLl CL= LISP UNTIL FTAL3Z
217 34 00&3 2UTS 4
2013 A4 C064 1ns 4
col9 2101 00s8S Nt d*'C1*
0013 J4FA 0016 00456 SNZ sLl
actic 70 00467 L2 cL LI3P UNTIL TRUE
00LlE 34 [e]e LY. 3UTS 4
QCLIF A4 0063 NS 4
onz2o 210! c070 Nl H'C1°
0022 34FA 001C 0C71 3z 2L2
cecr2 =
0073 = STORE NZIW VTC IN SUBTRAHZIND (X)seeeccoccce-
0074 =
0024 70 0075 cLa
0025 2711 C078 orT d'11°
0027 2611 ce?7 N £°11°
co29 1% oc™s 0
002A 04 co73 LP AUsA
2023 70 €080 CLR
002C 2710 cos1 [s10 3 d°10°
£e2z 251C c09%2 3 i°10°
€030 18 coa3 oM
5031 0S 2024 LR “LosnA
COBS = .
0026 = LJAD MIWUEND WITH IaY JTC ((1T0)seecceccaccass
cc27 =
2032 46 Gras L2 AL ATCU
G033 3A cGCR3 LR MINLLA
2034 47 c0%0 L ALMTCL
9035 S8 0091 LR MINLLA
GC32 =
0093 = SU3TRACT FOR SIGN JF 2ESULTe~ccccccccccase-
0094 =
0636 0! 009S LA AsKL LO&AD 3UBLIW AND
c037 18 00936 coM COMPLZHMENT
0033 CB 0C97 A3 MINL SUSLIW + AINLOW
0039 &3 0¢94a LR M1NLs A STORZ IN MINLIW
003A 4A 00%9 LR ATINT CAREY TO
3838 19 c100 LK MINAL
CC3C SaA G110t LR MINU, A
203C 4B cice LR A,MINL ASL 1 TZ MAKE
CO3Z IF 01403 NG 2°'3 COMPLZIMENT
CO3F 4A 0104 ps 4 A, INU CARRY T3
0C40 19 2108 Lo MINKEL
204l Sa 2106 L2 MLNLL,A
co42 00 0107 LR AsKU LJAZ SUBH! NG
GC43 13 o1c8 CO CCMPLIMENT
QC44 CA 0109 AS MINU SUSHI + MINAI
J110 =
0111 = IND IJF SUBTRACT FOR S5IGNewsecccccocccrcnca-
o112 =
004S 3209 004F C113 aC SKIP
0047 0C Olld LR AsnlU RIPLACI 4TS
co4l %6 otts L2 MTCU,A HITH NEV MAYIALH
0049 21 LIRE] L2 A AL Vad
CCuh S7 Q117 L= MTCL. A
Cliz =
C0u3d 44 cl13 L3 ns Il
G04C 06 0129 ] DAPEY TALUE
CCui 45 o121 [ Astil TC
S04z C7 cie2 = Bes
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L 004F 232 3124 SKIP o5 oNT
£0S0 3431 0002 0125 87 =UC
*!! 0126 =
g 0127 = ENS OF SUBROUTINE 5AMPLI~~e<~vecscccacmccces
. c128 =
. 8129 = DITERAINE STARTIHG YaLUE 3F NEV RANGI IF
. 0130 = 3 T 3E SA4FLIL
1 G131 =
= 0132 = SUSROUTINE SUSTRALT-==-s=vecccccccca-
§-‘ C133 = LJADS:
X c13a & AINUZND t.4 R1C, C.3)
. G135 = SUSTRAAZND [ 312, 313 (&)
A 0136 » RE3CLT I 210, G
g Q137 =
§ 0132 = FINST LOAL ALUES==ecc=emeccccoccconns
£ 139 =
i n6s2 02 a140 L2 A, QU LOAS
0053 SA 0lal L? MINUL A Nz
0C=4 02 0142 LR As L 3y
coss 53 Clal Lz MINLL A MINUEND
Qlaa =
2084 42 ctas LR As3TZ? LOAD 3TIZ
0Cs? €S 0146 L3 L. i
aces 73 claT CLR SUBTRAHENLD
009 Ca n142 LE XUsA
) 0149 =
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00SA 01 o182 - s KL LOAL 3UBLOY AND
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ocsc ¢ 0154 AS 1 SUSLOW « 4IdLIW
L 00SD %3 0188 Ls 11.A STOZE Il MINLOW
§ 00SE 9204 063 01%6 3MC  SBI IF CASRY THEN
0060 4a 6157 LR As10 [HCREMENT
0061 IF 0153 1Ne ALNKL
0052 sa Q159 L2 16.A
0180 = .
0063 4B 2181 331 LR Asll ASC 1 TO MAKE
0064 |IF 6182 tNC 2°S CIXPLEXENT
0065 5B n1s3 L2 11sa
0066 9204 GCA3 0164 3NC  sB2 IF CAR3V 4y
T:i aces 4a 9155 L] As 10 INCRENEUT
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LINKING INFORMATION FOR
FIPMULAT.® LOALER

SYMa30L ALLUR

LAIN4G 00CGC

NiEXT ACDR: COl19A 0CCC

UNLDZF SYM:

ENDLNM FSTLN XMITS

FORMULATOR LOADER
S7MB0L ADDR
FSTLN 01%9A

NEXT ACCR: OlAC 0©cCO0O

~NLEF SYM:

ENDLN XMITS QOSET

FOEMULATOR LOADER
SYMBOL ADDR
ENDLN O01AC

WEXT ACDR: 01DO 0000

UNLCEF SVM:
XMITS ASET
FOSMULATOR LOJOADER
SYMBOL ADLCR
XMITS 01LCO0
NEXT ADDR: 0100 0000

UNCEF SYM:
ASET

FORMULATOR LOADER
SY:MBOL ADL?
n3ET CI1CD
NEXT ADDF: €255 CCOCOQ
UNDEF TYM:
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APPENDIX C

COMPUTER SIMULATIONS

These simulations use the APL programs QSET1 and QSET2 on
the following page to emulate the flowchart of Figure 5.5. The
VTC data used in the simulations were taken with the scanner and
F8 under operational conditions as noted in Table C.1. Therefore
the simulated performance accurately represents the actual
behavior of QSET when implemented with the F8 and incorporated
with the normal page-scanning segquence.

A few details deserve special attention as one examines
these simulations. First, the smallest step size of QSET1 is S4¢
= 2 whereas the smallest step size of QSET2 is S4 = 1. In other
words, QSET1 1is fundamentally 1limited to only being able to
pinpoint Np (the value of N producing the peak of the VIC curve,
MTC) within an error of one millivolt. For this reason, errors
of one millivolt with QSET1 are ignored when comparing QSET1 to
QSET2 in Table C.3. Next, errors in the value of N are signed.
I1f QSET produced an N-value less than the actual value of Np,
then the error is negative (#), and if the QSET result is greater
than the actual value of Np, then the error is positive.
However, it is more significant to ignore the sign and evaluate
the MAGNITUDE of the QSET error since this will reveal
information on how far QSET "misses" the actual VTC peak, or
equivalently, how far from optimum the threshold will be set due
to sampling error. Finally it is important to understand that

the QSET algorithm was designed to find the peak of a relatively
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smooth discrete curve with only one obvious maximum, But some of

the data sets used in the simulations have much different
characteristics, and it 1is instructive to note the behavior of
the QSET algorithm in these situations.
The VTC data sets can be grouped into three general
categories: (I) data sets using ECP A under normal conditions;
(II) data sets using ECP A under abnormal conditions; and (III)
data sets using other ECPs under normal conditions. Table C.2
lists the data sets belonging to each group, and Table C.3
summarizes the results of the simulation data. Although the data
base is relatively small due to time constraints in this
research, a few significant trends can still be identified.
Notice first that the performance of both QSET1 and QSET2 are
identical for Category I data sets. Looking at the individual
simulations reveals that the same errors occurred mainly due to
similar multiples in the samples taken. Also, the largest error
occurred with data set A6232 which had an abnormal shape. Aand in
?ﬁ general, it is important to realize that sampling errors are a
. product of the uncertainty in the VTC curve itself.
t The performance with Category II data is a perfect example
0of the problem discussed in Chapter 5 concerning the occasion
when the range of significant VIC information (RV) is smaller

than the initial step size (S1). By examining the QSET1

simulations with data sets A606A and A606D, it can be seen that
the algorithm will "freeze" on the initial sample because no

significant VTC data is ever encountered. Recall however that
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QSET2 was designed to overcome this specific problem, and as
noted in the simulation results, its performance is excellent.
QSET evaluations with Category III1 data sets are more for
example of the dependence of the algorithm on a properly shaped
VTC curve. As discussed in Chapter 3, the CALIBRATION PATTERN
must produce a VTC curve whose peak is at the value of N giving
the optimum resolution 1in the scanner's output. While both
algorithms faithfully locate the peaks in data sets B6062, C6062,
and@ D6062, remember that these data sets are generated from
constant-frequency ECPs that give erroneous VTC maximums. The
large sampling errors occurring with data sets E6062 and F6062
are due to the significant ambiguities present in these VTC
curves. Therefore it can be seen that ATC performance in general
will be extremely unpredictable when scanning anything other than

the proper CALIBRATION PATTERN.,
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DATA CODE KEY:

First character:
Second character:

Fifth character:

— P A g et b GO
B SaC SRR

DATA CODE

TABLE C.1

VIDEO TRANSITION COUNT

DATA SETS

Third and fourth character:

Indicates ECP used
Indicates month data taken
Indicates day data taken
Indicates run on given day

REMARKS

A5261
A6061
A6062
B6062
C6062
D6062
E6062
F6062
A6063
A6064
A6066

L P
L i—; e ot

A606A
A606D

A6071
A6072

A6073
A6074

A6075

A6231
A6232
A6233

0ld green fluorescents used

014 soft
01d cool
014 cool
014 cool
01d cool
01ld cool
01d cool
0ld warm
Only one
0ld cool

Red paper used as background

white
white
white
white
white
white
white
vhite

warm white fluorescent used

fluorescents
fluorescents
fluorescents
fluorescents
fluorescents
fluorescents
fluorescents
fluorescents

used
used
used
used
used
used
used
used

white fluorescents used;
Yellow paper used as background
01d cool white fluorescents used;

0ld cool white fluorescents used;

Navy blue paper used as background

01d cool white fluorescents used
Same conditions as A6071;

5 minutes later
Same conditions
5 minutes later
Same conditions
5 minutes later
Same conditions
5 minutes later

as A6072;
as A6073;
as A6074:;

New green fluorescents used
New cool white fluorescents used
New warm white fluorescents used
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TABLE C.2
DATA SET GROUPINGS

Category 1I Category 1I1I Category III
A5261 A6064 B6062
A6061 A6066 C6062
, A6062 A606A D6062
[ A6063 A606D E6062
P;i A6071 F6062
= A6072
; A6073
.[‘ A6074
- A6075
L. A6231
- A6232
E; A6233
- TABLE C.3
§  STATISTICAL SUMMARY OF QSET PERFORMANCE

CAT I CAT I1 CAT I11I

Occurrences of Errors

with QSET1 (> 1 millivolt) 25% 50% 40%
Occurrences of Errors

with QSET2 (> 0 millivolt) 25% 0% 40%
Expected Value of Error

with QSET1 (mV) 3.25 92.0 24.4
Standard Deviation of

Error with QSET1 (mV) 7.62 106.3 35.3
Expected Value of Error

with QSET2 (mV) 3.25 0.0 22.2
Standard Deviation of

Error with QSET2 (mV) 7.62 0.0 35.7
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radr i 2, S
o D

aaaaan L
@

128
286
384
S12
640
748
894

te

258
320
3sz
384
41¢
qap
480

328
334
344
352
360
368
376

N

340
348
350
352
%4
356
358

ACCORDING TO QSET1, THE

THRESHOLD VALUE FRODUCING

THE PEAK OF THE VUTC CURVE IS N = 354
ACTUAL VTC PEAK OCCURRED AT N = 3%4

ERROR FROM CORRECT N IS¢

QSET1 AS261

-~--FASS 3
uTe

169
210

222

253
244

226

4

2195

----FASS 4

<
e
[y’

AW

S HAAN L

-

PR

0

---------- PASS 1
N vTC
192 1
256 1
320 126
3gs 190
448 3
912 0
S76 0
---------- FASS 2
N vTe
336 210
352 253
363 226
384 190
400 121
416 71
432 29
—————————— FASS 3
N vTC
346 214
344 222
348 241
352 253
356 246
360 244
364 228
—————————— FASS 4
N vTC
349 247
350 254
351 242
sz 253
353 243
3%4 255
355 247

ACCORDING TO QSET2. THE
THRESHOLD VALUF FRODUCTNG
THE FEAK OF THE VUTC CURVE IS N = 35S

ACTUAL VTC FEAK OCTURRED AT N = 254

ERROR FROM CORRECT N IS5: 0
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444

421

397

-
|
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374
AS261
Page 1540

y o '
n i
r 3 :
/ 6 i
N ]
o :
. " .w
s (1] {
] ™ i
w + ] I\ - o\ ,

1773 [~ ] 11 o n

s ) N - -

X .
. . ) '
f _. . — u .. B ] - . .. .. . - . . v
, RS s | - | . : e . e v . » .
hie o o o s doe s o W VOWLY T ¥ LWL L FU A W UL . e . Bt nd il ol - et adthidin bl e b op B A d A Al P RS W Aod Ak o et At e




GSET1 A&061

---------- PASS 1
N VTC
128 1
256 1
384 113
s12 121
640 0
7¢8 0
895 0
—————————— FASS 2
N TG
316 157
448 176
380 149
12 121
s44 47
S74 39
A08 0
----------- FASS 3
N uTC
aza 189
432 187
2490 1433
448 176
456 172
454 161
272 154
eme=—--=-FASS 4
N ouTe
426 178
a28 179
430 200
422 187
439 180
436 177
438 181

ACCORDING TO QSET1, THE
THRESHOLD VALUE FRODUCING

THE PEAK OF THE VUTC CURVE IS N
ACTUAL VTC PEAK QOCCURRED AT N

ERROR FROM CORRECT N IS:

QSETZ Aas061

---------- FASS 1
N vTe
192 1
256 1
320 s
384 112
448 176
S12 121
76 39
—————————— FASS 2
N uTe
400 140
416 157
432 187
442 174
462 161
48Cc 147
494 144
—————————— TASG T
N T
420 168
424 188
428 179
432 187
436 177
440 183
444 18T
——————————— FASS 4
N vTC
429 184
430 200
431 185
432 187
433 185
434 180
435 181

ACCORDING TO QSETI, THE

THRESHOLD VALUE FRODUCING

THE FEAK OF THE VT( CURVE I5 N = 430
ACTUAL VTC PEAK OCCURRED AT N = 20

ERROR FROM CORFECT N IS! O
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160

120

40

%

1§ 351 388 424 461 497 533 570
AG061
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QREET1 A6062

---------- PASS 1
N VTC
128 1
256 1
384 130
12 117
640 0
748 0
R4 0
—————————— PASS 2
N uTC
238 1
320 24
3s2 2
324 170
414 197
asR 192
age 13
----------- FASS 3
MoouTe
392 139
450 152
408 184
416 197
424 197
432 185
440 181
------------ PASS 4
NoouTEe
410 187
412 198
414 194
416 197
413 204
420 207
422 204

ACCORDING TO QSET1,
THRESHOLD VALUE PRODUCINMNG
THE FEAK OQF THE VUTC CURVE IS N = 4290
ACTUAL VUTC PEAK OCCURRED AT N =

ERROR FROM CORRECT N IS

THE

1

419

Page 163

---------- FASS 1

N VTC

192 1

256 1

320 24

384 130

448 182

S12 117

576 2
—————————— FASS ©

N VTC

400 152

416 197

432 18S

448 187

464 142

ag0 150

496 132
---------- FASS 2

N VTC

404 160

408 184

412 19¢

416 197

a2e 207

424 197

47e 192
---------- FaSS 4

N TG

a17 197

418 206

419 208

420 207

421 205

422 204

423 197
ACCORDING TO GSET2, THE

THRESHOLD VALUE FRODUCING
THE FEAK O

F THE VTC CURVE IS N = 419

ACTUAL VTC FEAK OCCURSED AT N = 319

ERROR FROM CCRRECT N IS: 0
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.
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128

288
320
382
384
414
443
430

GSET1 A6063

----------- FASS 4

N

4072
404
406
408
410
412
414

uTC

204
202
197
205
200
207

188

ACCORDING TO QSET1, THE
THRESHOLD VALUE PRODUCING

THE PEAK

OF THE VTC CURVE IS N =

ACTUAL VTC FEAK OCCURRED AT N =

ERROR FROM CORRECT N IS: S

e A ~ %% < % - v =

QSETZ A6043

—————————— PASS 1
N VTC
192 1
256 1
320 A4S
384 148
448 153
512 53
576 0
—————————— FASS 2
N uTC
326 8%
352 109
363 131
384 148
400 192
416 104
432 186
----------- FATS 3
N uTC
asn 178
392 193
394 202
4g0 192
404 202
408 205
412 207
---------- PASS 4
N VTC
409 198
410 200
411 189
417 207
413 189
414 188
415 183

ACCORDING TO QSET2, THE
THRESHOLD VALUE FRODUCIMGC

412 THE FEAK OF THE VTC CURVE IS N = aiy

407 ACTUAL VTC FPEAK OUCCURRED AT N = 407

ERROR FROM CORRECT N I8! S
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QSETL A4064

---------- PASS 1
N VTC
128 1
2%6 1
384 3%
512 0
640 0
768 0
896 0
---------- PASS 2 .
N uTE
- 288 1
b 320 157
{ 352 144
= 324 35
‘ﬁ. 416 0
348 0
- 7 429 0
e PASS 3
- N uTE
328 174
336 706
244 189
352 164
360 137
348 110
ar ae
—————————— PASS 4
N uTE
330 186
332 179
334 198
336 206
338 211
340 202
342 193

ACCORDING TO QSET1, THE

THRESHOLD VALUE FRODUCING

THE FPEAK OF THE VTC CURVE IS N = 338
ACTUAL VTC PEAK OCCURRED AT N = 338

ERROR FROM CORRECT N IS: 0

QSETZ As&064

---------- PASS 1
N vTC
192 1
2%56 1
320 157
384 3s
448 0
S12 0
S74 0
---------- PASS 2
N UTC
272 1
288 1
304 74
320 157
3346 208
32 144
3468 110
----------- ®ASE 3
N vyTC
324 149
228 174
322 179
338 204
240 202
344 189
348 175
---------- FASE 4
N vTC
333 192
334 198
335 192
336 204
337 198
338 211
339 203

ACCORDING TO QSET2, THE

THRESHOLD VALUE FRODUCING

THE PEAK OF THE VUTC CURVE I5 N = 330
ACTUAL VTC FEAK OCCURRED AT N = 338

ERROR FROM CORRECT N IS: O
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347
AG064

I
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318

303

211
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QSET2 Ab4ués

QSET1 AL066

---------- Fa
—————————— PASS 1 S8 1
N vTC
N VTC
192 1
123 1 256 1
256 1 320 43
383 133 384 154
s12 1 448 87
440 0 12 1
758 0 =76 0
896 0 ¥
---------- FASS 2
—————————— PASS 2 . ss
N vTC
N uTC
336 135
288 1 352 1|.7'=’J
320 &3 368 164
3s2 179 324 154
389 159 200 147
e 119 416 119
428 87 427  10%
480 16
___________ FA s -
---------- PASS 3 As
>
N uTC NooVT
59
0 137
324 135 248 174
244 175 350 179
3%z 179 ass 172
360 177
368 164 360 177
374 162 364 169
__________ - .
—————————— PASS 4 ASS +
N YT NooVTC
b
- 346 167 g;z i;;
[ 348 174 391 166
3
- 330 177 352 179
) 35z 179 353 185
s 354 180 Z
4 354 180
- 396 173 355 179
' 358 172

| g
.
b
'
s
'
N
4
P
¥
i
H
¥
i
¥

ACCORDING TO QSET1,
. THRESHOLD VALUE
- THE PEAX OF THE

PRODUCING
VUTC CURVE IS N = 354

1

5‘ ACTUAL VTC FEAK OQCCURRED AT
ERROR FROM CORRECT N IS

p

b

b‘

:

e

ACCORDING TO QSET2, THE
THRESHOLD VALUE FRODUCING
THE PEAK OF THE VTC CURVE IS N = 353

ACTUAL VTC PEAK OCCURRED AT N = 393

N = 353

ERROR FROM CORRECT N I5: 0
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37
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QSET1 AL06A

32 1
64 1
96 1
128 1
148 1
192 1
224 1

136
144
152

122
124
126
128
130
132
134

e b b b b e

ACCORDING TO QSET1, THE
THRESHOLD VALUE PRODUCING

THE FPEAK OF THE VTC CURVE IS N = 128

34g
512
576

316
320
324
328
332

N

313
314
315
316
317
318
319

QSET2 Ab060

<4
188
131
S8

vTC

109
171
194
188
183
147

152
----FASS 4
vTC

192
198
193
194
194
199
192

ACCORDING TO QSET2, THE

THRESHOLD VALUE FRODUCINC

THE FEAK OF THE VTC CURVE IS N : 318

ACTUAL VTC PEAK OCCURRED AT N = 318

ERROR FROM CORRECT N IS: ~190

ACTUAL VTC PEAK OCCURRED AT N - 216

ERROR FRQOM CORRECT N IS? O
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WSET1 A606D

128 1
256 1
384 0
512 0
640 0
748 o}
894 0

140
192

224

1
1
1
128 1
1
1
1

104 1
112 1
120 1
128 1
136 1
144 1

1

152

122
124
126
129
130
132
134

-t bt g b s A

ACCORDING TO QSET1, THE
THRESHOLD VALUE PRODUCING

THE FEAK OF THE VTC CURVE IS N = 128

ACTUAL VTC PEAK OCCURRED AT N
ERROR ~FROM CORRECT N IS: ~178

————

192
256
320
384
448
512
576

-

292
294
300
304
308
312
316

301
302
. 303
304
305
306
307

QSET2 A606D

vTC

OO0 MNre

yTe

)

M oB

(=N U R I o

vTC

146
190
185
218
198
231
217

ACCORDING TO QSET2, THE
THRESHOLD VALUE FRODUCING

= 306

THE FEAK OF THE VTC CURVE IS N = 304

ACTUAL VTC FEAK OCCURRED AT N = 306

ERROR FROM CORRECT N IS: 0
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128
256
384
S12
640
7468
896

392
400
408
416
42

432
440

410
412
414
416
418
420

422

GSET1 A4071

144

193
199
190
176
163

vTC

204
204
208
199
204
200
187

ACCORDING TO QSET1,
THRESHOLD VALUE FRODUCING

THE FEAK OF THE VTC CURVE IS N
ACTUAL VTC FEAK LCCURRED AT N = 414

ERKOR FROM CORRECT N IS:

P

N

192
256
320
284
448
S12

976

432
448
464
480
496

404
408
412
416
420
424
428

409
410
411
. 412
413
414
415

ACCORDING TO QSETZ,
THRESHOLD VALUE FRODUCING
THE FEAK OF THE
ACTUAL VTC FEAK

ERROR FROM CORRECT N 1IS:

Page 175

QSETZ Aé071

----FASS 1

vTC

PN

vUTC

179
199
176
157
132
101

[
-

vTC

120
193
204
199
200
190
182

vTC

202
204
206
204
203
208
198

VTC CURVE IS

OCCURRED AT N




208
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166

125
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42
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339

366

394 422 449 477 S04 S$32
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128
236
384
S12
640
763
896

288
320
352
384
414
449
480

392
400
408
416
424
432
4490

407
404
406
408
410
412
414

ACCORDING TO QSET1,
THRESHOLD VALUE PRODUCING

THE PEAK OF THE VTC CURVE IS N
ACTUAL VUTC PEAK OCCURRED AT N

ERROR FROM CORRECT N IS:

QSET1 A&072

vTC

188
190
199
191
180
169
156

= FASS 4

vt

200
196
201
199
192
186
190

192
254

320

448
S12

S76

336
352
368
384
400
414
432

404
408
412
416
920
424
428

405
406
407
408
409
410
411

ACCORDING TO QSETZ, THE
Y06 THRESHOLD VALUE FRODUCING
THE FEAK OF THE UTC CURVE IS N = 404

398

ACTUAL VTC FEAY OCCURRED AT N = 398

ERROR FROM CORFECT N IS: R
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QSET

150
199

149

1764

VTC

198
201
198
199
19%
192
191

FASS 1

2 Ac072
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QSETL A6073

---------- FASS 1
N vTC
128 1
256 1
384 169
512 7
640 0
748 0
896 1}
---------- PASS 2
N vYC
288 2
320 6
35z 87
384 169
416 185
448 1430
486 75
—————————— FASS 3
N vTC
392 1946
400 197
408 197
416 185
424 170
432 154
440 149
—————————— FASS 4
N vTC
394 192
396 195
398 189
400 197
402 196
404 194
406 192

ACCORDING TO QSET1, THE
THRESHOLD VALUE PRODUCING

THE FEAK OF THE YTC CURVE IS N = 400
ACTUAL VTC FPEAK OCCURRED AT N = 401

ERROR FROM. CORRECT N IS:

Al

QSET2 A4073°

---------- PASS 1
N VTC
192 1
256 1
320 6
384 149
448 140
512 7
576 0
---------- FASS 2
N VTC
336 48
352 87
348 123
384 149
400 197
416 185
432 154
---------- FASS 3
N uTC
383 193
392 196
396 195
400 197
404 194
408 197
412 194
----------- 4
N vTC
397 194
398 189
399 192
400 197
401 199
402 196
493 196

ACCORDING TO RSET2, THE
THRESHOLD VALUE FRODUCING
THE FEAK OF THE VTC CURVE IS N

ACTUAL VTC FEAK OCCURRED AT N =

ERROR FROM CORRECT N IS: 0
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e
RSET1 A&074
:G GSETZ A4074
e PASS 1 -
N uTC PASS 1
. " N VTC
€8 1
. 384 163 192 1
512 3 236 1
- 640 0 320 8
768 0 384 163
) 896 0 448 138
X 512 3
---------- PASS 2 576 0 : |
i N VTG mmmmme——ee FASS 2
:]I
: 288 1 N VTC
320 8
352 103 336 &3
384 1643 35z 103
416 184 348 120
448 138 384 163
H! 48¢ &5 400 199
- 416 184
e Tt T FASS 3 432 162
N [V o S £ S FASS 3
y 392 201 N VTC
- 400 199
Vq 308 185 383 185
- 416 184 392 201
424 158 396 194
432 142 400 199
440 143 404 189
408 185
__________ FASS 4 412 139
N yrTe  memse—ee—e FASS 4
386 167 N VvTC
388 185
390 18BS 389 196
392 201 390 18%
399 193 - 391 193
396 194 392 201
398 192 393 192
394 193
395 198

ACCORDING TO QGSET1, THE
THRESHOLD VALUE PRODUCING

b THE FPEAK OF THE VTC CURVE IS N = 392 ACCORDING TO QSET2, THE
THRESHOLD VALUE FRODUCING

ACTUAL VTC FEAK OCCURRED AT N = 392 THE FEAK OF THE WTC CURVE IS N = 3972
’ ERROR FROM CORRECT N IS: 0 ACTUAL VTC FEAK DCCURRED AT N == 392
ERROR FROM CORRECT N IS: O
q
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QSET1 A6075

........ --PASS 1
N VTC
N
128 1
256 1 ros
384 147 238
s12 4t 334
640 0 298
7468 ] :48
896 0 ore
576
.......... PASS 2 e
N VTC
N
288 3
288 3 336
35z Bt 352
384 147 368
416 190 a9
448 146 200
480 101 ad
a3z
__________ PASS 3
N VTC
N
392 182
au0 190 ?agg
208 191 396
414 190 396
424 177 a0n
432 173 ans
44p 153 ars
412
e ——— PASS 4 _———
N uTC
N
402 202
404 204 202
406 197 02
408 191 e
410 203 ave
a12 202 a0e
414 196 and
407

ACCORDING TO QSET1i, THE
THRESHOLD VALUE FRODUCING

QSET2 A607S

63

115
147
190
190
173

V1l

1461
182
190
190
204
191

202

197
202
208
204
194
197
195

ACCORDING TO QSET2, THE

THE FEAK OF THE UTC CURVE IS N = 404 THRESHOLD VALUE FRODUCING
THE FEAK OF THE UTC CURVE IS N = 403

ACTUAL VTC PEAK OCCURRED AT N = 403

ACTUAL VTC FEAK OCCURRED AT N = 4073

ERROR FROM CORRECT N IS: 1

ERROR FROM CORRECT N 1IS: 0
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QSET1 Bé062

QSET2 B6042

---------- PASS 1 ——————————f'ASS 1
N VTC N VTC
128 1 192 1
256 1 256 1
384 400 320 151
512 3 384 400
640 0 448 366
748 0 512 3
896 0 576 0
---------- PASS 2 —————————-FASS 7
N VTC N VTC
288 1 336 428
320 131 352 416
352 416 368 405
384 409 384 400
416 334 400 400
443 366 416 384
480 81 432 387
---------- PASS 3 ———e—=———-FASS 3
N vTC N VvTC
323 260 324 213
336 428 328 260
344 437 332 340
352 416 336 428
360 404 340 437
348 405 344 437
376 395 348 424
---------- PASS 4 ——me——w-—-FASS 4
N VTE N VTC
338 438 337 430
340 437 338 438
347 452 339 453
344 437 340 437
346 432 341 491
348 424 342 452
350 420 343 4%6

ACCORDING TO QSET1, THE
THRESHOLD VALUE PRODUCING
THE FPEAK OF THE VTC CURVE IS N = 342

ACTUAL VTC FPEAK OCCURRED AT N = 343

ACCORDING TO QSET2,

THE

THRESHOLD VALUE FRODUCING
THE PEAK OF THE VTC CURVE

IS N =

243

ACTUAL VTC FEAK OCCURRED AT N = 343

ERROR FROM CORRECT N IS¢

~

PR R U S
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ERROR FROM CORRECT N IS? 0
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QSET2 C6062°
QSET1 C6062

---------- PASS 1
---------- PASS 1
N vTC
N VTC
192 1
128 1 2%4 1
2356 1 320 255
384 210 384 210
512 58 348 213
640 0 512 s3
768 0 576 0
896 0
---------- FASS .2
S et FASS 2
1. N VTC
a N VTC
272 1
288 1 288 1
320 255 304 97
3sz 212 320 255
284 210 336 220
416 205 352 212
e aag 213 368 213
: 480 194
—————————— FASS 3
—————————— FASS 3
e N vTC
: N uTC
- 308 144
*q 296 12 312 219
- Na L 316 261
& 2 2 320 255
g 320 255 324 243
5 328 242 328 242
a 336 220 332 234
- 344 223
T S S S Lt FASS 4
p ----------- FASS 4
N VuTC
: N uTC
A 313 226
. 314 231 314 231
5 316 261 315 240
- 318 259 316 261
b 320 255 317 255
F @ 322 253 318 259
S 324 243 319 245
326 237
- ACCORDING TO GSET2, THE
: ACCORDING TO QSET1, THE THRESHOLD VALUE FRODUCING
THRESHOLD VALUE FRODUCING THE FEAK OF THE UTC CURVE IS N = 116
f THE FEAK OF THE VUTC CURVE IS N = 316
¢ ACTUAL UTC FEAK OCCURRED AT N = 316
1 ACTUAL VTC PEAK OCCURRED AT N = 316
- ERROR FROM CORRECT N ISt 0
A ERROR FROM CORRECT N IS: 0
4
¢
-
L
=
3
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- — e

256
384
512
640
768

896

- —

416
448
ag0

€ Bad
[= P e

544
s7é
608

N

482
494
S04
S12
520
528

536

S14
S16
518
520
S22
524
526

QSET1 D6062

58

----PASS 4

ACCORDING TO QSET1, THE
THRESHOLD VALUE PRODUCING
THE PEAK OF THE VTC CURVE IS

ACTUAL VTC PEAK

OCCURRED AT N

ERROR FROM CORRECT N ISt ¢

N = 524

524

QSETZ D6062

---------- FASS 1
N vTC
192 1
256 1
320 o]
384 43
442 46
S172 S8
976 0
—————————— FASS T
N yTC
464 =8
480 49
494 S
912 S8
528 46
544 0
S60 n
—————————— FASS 2
N VT(
500 44
304 S
508 91
312 S8
16 S7
520 60
524 80
—————————— FASS 4
N vuTC
521 65
522 72
523 75
524 80
S2S S5
526 33
927 49

ACCORDING TO QSETD2, THE

THRESHOLD VALUE FRODUCING

THE FEAM OF THE VUTE CURVE IS N = 524
ACTUAL VTC FEAK OCCURRED AT N = 524

ERROR FROM CORRECT N IS: 0
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128
256
384
512
640
748
896

N

416
448
480
512
544
576
608

488
496
S04
512
S20
528
336

506
S08
510
512
S14
516
S18

GSET1 E6062
———eeeeeePASS 1

vTC

1
1
83
94
0
0
0

vTC

86
9?0
86
94
79
28

vTC

?1
86
83
94
82
84
90

vTC

95
87
8é
94
8%

84

83 .

——eeeee-e-PASS 2

ACCORDING TO QSET1,
THRESHOLD VALUE FRODUCING

QSET2 E6062
~—==—e===-PASS 1

N vTC
192 1
256 1
320 17
384 83
448 9?0
512 94
576 28

——————————PASS" 2

N VTC
44 86
480 86
496 86
512 94
s28 84
S44 79
S60 83

---------- PASS 3

N VTC
500 90
504 83
508 87
512 94
516 84
20 82
524 79

—————————— FASS 4

N VTC
509 88
510 86
s11 97
S12 94
513 68
s14 85

515 87

ACCORDING TO GSET2, THE
THRESHOLD VALUE FRODUCING

?{ THE PEAK OF THE VTC CURVE IS N = 506 THE PEAK OF THE VUTC CURVE IS N = 511

ERROR FROM CORRECT N IS: 77

ACTUAL VTC PEAK OCCURRED AT N = 429  acTUAL UTC FEAK OCCURRED AT N = 429

ERROR FROM CORRECT N IS: 82
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GSET1 F4042
~mm—=—eaa-PASS 1

N VTC
128 1
236 1
384 39
512 SO
640 S
768 0
896 0

~=e—=e-——-PASS 2

N vTC
416 56
448 S8
4890 57
512 S50
S44 41
576 31
408 17

——=mem-—=-PASS 3

N vTC
424 62
432 S8
440 62
448 58
456 S5
464 1)
472 62

~eeeceee--PASS 4

N  VTC
418 S8
420 62
422 61
424 62
426 39
428 36
430 58

ACCORDING TO QSET1, THE
THRESHOLD VALUE PRODUCING

QSET2 F6062

23
39
S8
S50
3l

—emmmmema=PASS 2

484
468
492
496
500
S04
S08

vTC

47
56
58
358
56
S7

S9

vTC

S5
o4
S4
59
61
Sé
S3

——e—e—ee-PASS 4

497
498
499
500
501
502
$03

ACCORDING TO QSETZ,

vTC

57
63
61
61
S7
I8
1)

THE

THRESHOLD VALUE FPRODUCING
THE PEAK OF THE VTC CURVE IS N = 498

THE PEAK OF THE VTC CURVE IS N = 424
ACTUAL VTC PEAK OCCURRED AT N = 449

ERROR FROM CORRECT N IS: 2435

ACTUAL VTC PEAK OCCURRED AT N = 449

ERROR FROM CORRECT N IS¢
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GSET1 A6231
~——=e-——=-PASS 1

N VTC

128 1

256 1

384 1SS
¥ 512 129
¥ 640 ()
.. 768 0
3 896 (]
|

————eeeee-PASS 2

@
P W

N VTC

289 1
320 S2
352 102
384 155
416 193
448 170
480 146

N vTC

392
400
408
416
424
432
440

169
186
193
195
19S5
186
178

mmmeeeeea-PASS 4
N VTC

410
412
414
416
418
429
422

190
189
191
195
197
198
194

ACCORDING TO QGSET1, THE

THRESHOLD VALUE PRODUCING

THE PEAK OF THE VTC CURVE IS N = 420
ACTUAL VTC PEAK OCCURRED AT N = 420

ERROR FROM CORRECT N ISS 0

. et te M T e T T e T e
PP Y W . W . LY.

GSET2 A6231

Bttt PASS 1
N vTC
192 1
256 1
320 52
384 1355
448 170
512 129
576 4

———cm—eme—PASS 2
N VTC

400
4146
432
448
464
480
494

186
195
186
170
1563
146
151

N vTC
192

189
195
198
195
193

------- ---PASS 4
N VTC

417
418
419
420
421
422
423

192
197
195
198
195
194
194

ACCORDING TO QSET2, THE

THRESHOLD VALUE PRODUCING

THE PEAK OF THE VUTC CURVE IS N = 420
ACTUAL VTC PEAK OCCURRED AT N = 420

ERROR FROM CORRECT N IS: 0
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QSET1 A6232 AGSET2 A6232
( ceceeemaa-PASS 1 —eeeeeee==PASS 1
2 N vt N VT
- 129 1 192 1
- 236 1 236 1
. 384 153 320 46
S12 101 384 133
640 o 448 149
5 768 s S12 101
- 896 e s76 9 '
3} cecccnccauPAlS 2 ———————— PASS 2
' N VTC N. VTC '
\ 288 1 400 166
. 320 46 416 178
X 3%2 9 432 17%
- 384 153 448 169
& 416 178 : a%8 173
< 448 149 480 153
-, 480 153 498 123
4 —emmmmmmm=PASS 3 S —— L
N VTC N VTC
- 392 157 a04 149 )
R 400 146 408 177
408 177 412 179
t 416 178 415 178
- 424 181 420 173
- 432 175 424 181
- 440 167 428 177
A —— PASS 4 cemmceeee-PASS 4
2 N VTC N VvTC
A 418 174 421 180
. 420 173 , 422 178
o 422 178 423 179
N 424 181 424 181
o 426 182 - 42% 179
- 428 177 o : ' 426 182
¥ 430 174 o 427 180
= ACCORDING TO QSET1, THE : ACCORDING TO GSET2, THE
. THRESHOLD VALUE PRODUCING THRESHOLD VALUE PRODUCING
- THE PEAK OF THE VUTC CURVE IS N = 426 THE PEAK OF THE VUTC CURVE IS N = 426
. ACTUAL VTC PEAK OCCURRED AT N = 452 ACTUAL VTC PEAK OCCURRED AT N = 452
ERROR FROM CORRECT N IS¢ 226 ERROR FROM CORRECT N IS: ~26
1
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QSET1 A6233 QSET2 A6233

——rmeeeeePASS 1 cmmer: .= PASS 1

N vyTC N $TC
128 1 192 1
254 1 256 1
384 114 320 19
512 136 384 114
640 0 448 178
768 ] S12 136
a9s (] 576 49

————— PASS 2 mmeeeme-PaSS 2

N vTC N vTC
416 182 400 49
448 178 416 :az
480 1%6 432 190
%12 136 : 448 178
544 105 444 172
576 49 480 156
508 2 496 149

———mree=eaPASS 3 ————————— PASS 23

N uyTC N vTC
392 139 420 186
400 149 424 200
408 1%6 428 191
416 182 432 190
424 200 436 193
432 190 440 188
440 188 444 184

-mmm———a—PASS 4 ——e———-—-PASS 4

N vTC N VTC
418 184
aue 184 421 189
422 193
422 183 _ 2
423 202
424 200 )
424 200
426 192 : . ,
425 194
428 191 : '
426 192
430 196 : 427 192
ACCORDING TO QSET1, THE " ACCORDING TO QSET2, THE
THRESHOLD VALUE PRODUCING THRESHOLD VALUE PRODUCING

THE PEAK OF THE VTC CURVE IS N = 42% 1ue"orak OF THE UTC CURVE IS N = 423
ACTUAL VTC PEAK OCCURRED AT N = 423  ,crial ure PEAK OCCURRED AT N = 423
ERROR FROM CORRECT N IS: 1 ERROR FROM CORRECT N IS: 0
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APPENDIX D

DATA SET TRANSFER AND PLOTTING

The purpose of this appendix is to document the procedure

for gathering VTC-versus-N data and transferring it to the

jhS BTN

Multics Computing System for analysis. Included are the source
codes and explanations for the software used with the F8
# microprocessor and with the Multics Graphics System.

To analyze the VTC curve for a particular set of conditions,

the first step is to prepare the scanner for gathering a data set

by loading and running the software package PLOT4 with Sense
Switches 4, 5, and 6 in the DOWN position. (The Sense Switches
are located on the front panel of the F8). With the Experimental
Calibration Pattern (ECP) ready, the scanner start button should
be pressed to initiate the page-scanning sequence. Once the
moving assembly is approximately mid-page, the scanner should be
frozen in position with the Crossfeed-Motor Pause Switch. Now,
by referencing the shape of the analog video signal with an
oscilloscope, the ECP to be scanned can be placed into position.

VTC data are taken and stored in the F8 RAM memory when Sense 5

is placed to the UP position., Since PLOT¢ gathers VTC data for
every value of N from N = 0 to N = 768, it will take about three
seconds from the time Sense 5 is activated until all data have
been stored. The status of the lights on the front panel of the
F8 will indicate when data transfer is complete. (Note that it

is a simple software modification to alter the sampling range of
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N if necessary.) At this point, if one 1is satisfied with the
conditions under which the data was taken, Sense 4 can be placed
UP which will terminate the PLOT4 routine. Otherwise PLOT4 can
be recycled by first placing Sense 5 DOWN and then momentarily
placing Sense 6 UP and then DOWN.

By resetting PLOT4, this enables the user to overwrite the
original set of data with new data.

The next step is to enter the F8 DEBUG program to gain
access to the data set that is now stored in RAM. The data
buffer begins at memory location 0100(HEX), but significant data
normally starts between 0500(HEX) and 0600(HEX). The data can be
examined in BYTE form by using the DIM (display memory) command
described in the F8 manuals. Values of N and VIC each require two
bytes, and N-VIC data pairs are stored consecutively. As an
example, data displayed by the command, DIM 0910-0A7F are shown
in Figure D.1. To minimize the amount of storage and Multics
computer time required, the bounds of significant VIC data should
be ascertained before transferring any information out of RAM.

With the bounds of the data determined, the next step is to
write the data into an F8 disk file for permanent storage and
ease of manipulation. While still in the DEBUG program, the
following sequence of commands will accomplish this:

MON
ASS CR WDISK <filename>,00:1

DEBUG

DIM <starting RAM address>-<ending RAM address>
MON
ASS CR ZTO
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The data set is now in the form of an ASCII file on disk. To
transfer the data to the Multics System, the following commands
must be added to the file by the XEDIT editor. Before the data,
include these lines:

&version 2

&trace off

&attach

apl -ttp ASCII

input2
After the data, include these lines:

stop

&detach

&quit
The disk file should now appear like the example in Figure D.2.

The F8 program, MULTX, is used to transfer the disk file to

a Multics storage segment via dial-up link. Since the data set
is now set up as an exec file, the Multics segment name must have
the .ec suffix, e.g. filename.ec. With the data in a segment,
any of a number of options can be employed to convert the data
from its ASCII format to a usable decimal equivalent. However,
this author used APL 1language for data manipulations. The
procedure therefore continues as such: An APL workspace named
CONTINUE must be already established and contain as a minimum the
functions INPUT2 and CONVERT whose listings and explanations are
included in this appendix. With these prerequisites met, execute
the data set segment with the Multics command,

ec filename

A terminal prompt message will indicate when data transfer is

complete. Multics is now in the APL ASCII mode and the proper
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conventions must be followed. To complete the data conversion,

select an appropriate variable name for the data set and invoke
the function, CONVERT:

VARIABLENAME <- CONVERT
VARIABLENAME becomes a two-dimensional array with each row
representing an X-Y (or N-VTC) data pair. The various APL
functions described in the remainder of this appendix can now be
used to operate on the data as necessary. One note of caution
concerning the plotting functions should be observed. ALWAYS
link and wunlink the Multics Graphics 1/0 at the Multics Command
level, NEVER while within the APL mode. The commands to do this
are,

setup_graphics (sqg)

remove_graphics (rg)
The syntax associated with these commands should be reviewed in

the Multics Users Manuals as necessary.
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MO910
MO918
M0920
M0928
MO930
M0938
M0940
M0948
M09S0
M0958
M0960
M09 68
M09 70
M09 78
M0980
MO988
M0990
M0998
MO9A0
MO9AS8
M09B0
M09B8
MO9CO
MO9CS8
MO9DO
MO9D8
MO9SEOQ
MO9ES
MO9FO
MO9F8
MOAOO
MOAO8
MOAIO
MOALS8
MOA20
MOA28
MOA30
MOA38
MOA40
MOA48
MOASO
MOASS
MOA60
MOA68
MOA70
MOA78

FIGURE D.1 SAMFLE LISTING OF THE F8 DEEUG

FROGRAM USING "DISFLAY MEMORY"

02
02

02
02
02
02
02
02
02
02

02
02
02
02
02
02
02

02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
o2
02
02
02

05

07
09
oB
ob
OF
1t
13
15
17
19
I1B
1D
IF
21

25
27
29
2B
2D
eF
31

33
35
37
39
3B
3D
3F
41

43
45
47
49
4B
4D
4F
S1

53
$S
S7
S9
SB
SD
SF

01
0!
01
01
01
01
01
01
01
01
01
01
01
01
00
00
00
00
00
00
00

30
2C
25
24
19
1D
1C
19
14
11

0D
ocC
(¢}]

08

FD
FD
F9
F4
FO
ED
EC

00 _EQ

00
00
00
00
o Jo)
00
00
00
00
00
00
00
00
00
oo

00

00
(+]o]
00
00

00

00

00
00

DD
E4
D8
Dl

cC
co
CsS
co
8C
BC
BC
AC
A8
A4
98
8D
8D
8D
80
84
7D
79
74

02
o2

02
02
02
02
02
02
02
o2
N2
02
o2
02
02
02
02
02
02
02
02
02
02
02
o2
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
o2
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06
o8
07
ocC
OE
10
12
14
16
18
1A
1C
l1E
20
22
24
26
28
2A
ac
2E
30
32
34
36
38
3A
3C
3E
40
42
44
46
48
4A
4cC
4E
SO
S2
S4
56
58
5A
SC
SE
60

30
2D
24
25
19
19
1C
15

oD
0D
10
08
FD
FD
F9
F8
EC
EC
ED
El
E4
DD
DC

D1
DO
cD
cs8

.Cl

co

Cl
BO
AD
AS
98
94
8C
8s
85
89
84
7D
78
15
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ﬁ Sversion 2 R0790 = 01 A5 00 BC DI A6 00 BB
. Strace off #0798 = 01 A7 00 BB O1 A8 00 BE
tattach MOTAO = 01 A9 00 C1 O1 AA 00 BA
$ apl -ttp ASCI| MO7A8 = 01 AB 00 BB 01 AC 00 86
" input2 : MO7B0 = O1 AD OO0 B2 0! AE 00 B4
MO508 = 01 37 00 01 O1 38 00 01 MO788 = O1 AF 00 B4 O1 BO 00 BO
e MOSEO0 = 01 39 00 01 01 3A 00 03 MO7CO = 01 81 00 B3 01 B2 00 Bl
MOSES = 01 38 00 1B O1 3C 00 16 MO7C8 = O1 B3 00 81 01 B4 00 AE
) MOSFO = 01 3D 00 07 Ot 3E 00 Ok RO700 = 01 85 00 AD 01 B6 00 AC
" MOSF8 = 01 3F 00 05 01 4O 00 OL M0708 = 01 87 G0 A5 O1 B8 00 A3
. MOE00 = 01 41 00 06 O1 42 00 03 MO7E0 = 01 B9 00 AO 01 BA 00 9D
MOGOS = 01 43 00 02 01 4k 00 02 MO7E8 = O1 BB 00 A5 0! BC 00 9F
MOG10 = 01 45 00 01 01 46 00 02 MO7FO = 01 80 00 A2 01 BE 00 9F
M0618 = 01 47 00 02 01 L8 00 02 MO7F8 = 01 BF 00 9t 01 CO 00 9D
M0620 = 01 A9 00 Ok O1 4A 00 02 10800 = 01 C1 00 9E 01 C2 00 98
n0G28 = 01 4B 00 02 01 4C 00 O4 MOBO8 = 0% C3 00 9D 01 Ck 00 95
MO630 = 01 LD 00 05 01 4LE 00 05 M0810 = 01 C5 00 93 01 C6 00 92
Mn0638 = 01 4LF 00 06 01 50 00 OA MOB818 = 01 C7 00 95 O1 C8 00 98
MOELO = 01 51 00 OA 01 52 00 OF MOB820 = 01 C9 00 91 01 CA 00 9L
MO6L8 = 01 53 00 11 O1 54 00 14 10828 = 01 €B 00 92 01 CC 00 8A
MOE50 = 01 55 00 13 01 56 00 15 M0830 = 03 CD 00 85 01 CE 00 85
M0658 = 01 57 00 18 01 58 00 1F MnoB838 = 01 CF 00 82 01 0O 00 84
MOG60 = 01 59 00 24 01 SA 00 2A MO84LO = 01 D1 00 85 01 D2 00 85
10668 = 03 58 00 2F O1 5C 00 3t MOBA8 = 01 D3 00 8D 03 D4k 00 83
M0670 = 01 5D 00 3D O3 5E 00 3F M0B850 = 01 D5 00 83 01 Dg 00 7D
MOE78 = 03 SF 00 46 O1 €0 00 43 MO858 = 01 D7 00 83 01 D8 00 7C
MOG80 = 01 61 00 LD O 62 00 4D MOB60 = 01 D9 00 73 O1 DA 00 78
no688 = 01 63 00 51 01 6k 00 52 MOB68 = 01 DB 00 7€ O1 OC 00 75
N0G90 = 01 65 00 SA 01 66 00 56 MO870 = 01 DD 00 73 O1 DE 00 6E
n0698 = 01 67 00 52 01 €8 00 53 nO878 = 01 DF 00 6B 01 EO 00 65
ROGAO = 01 69 00 &F 01 §A 00 58 MOBBO = 01 E1 00 7A 01 E2 00 6D
MOGAS = O1 68 00 57 01 6C 00 58 MOBB8 = 01 E3 00 69 O! E4 00 69
MOGBO = 03 60 00 §3 01 §E 00 5A M0B90 = 01 E5 00 61 O1 €6 00 58
noGB8 = 01 6F 00 58 01 70 00 64 MO898 = 01 E7 00 5A 01 EB 00 5C
MOECO = 03 71 00 50 01 72 00 62 MOBAQ = 01 E9 00 57 O1 EA 00 56
MnOGC8 = 01 73 00 65 01 74 00 6C MOBAB8 = O1 €B 00 54 01 EC 00 56
MnOgoo = 01 75 00 6C 01 76 00 73 MOBBO = 01 ED 00 55 01 EE 00 50
ROGD8 = 01 77 00 70 O1 78 00 6¢ MOBB8 = 01 EF 00 4A O1 FO 00 4B
MOGED = 01 79 00 70 O 7A 00 6E MOBCO = 01 F1 00 47 01 F2 00 &5
MOGES = 03 78 00 76 O1 7C 00 7¢ MOBCS = 01 F3 00 48 01 Fi 00 3E
MOEFO = 05 7D 00 81 01 7€ 00 77 MOBD0 = 01 F5 00 40 O1 FS 00 3F
MOGF8 = 01 7F 0C 70 O1 80 00 78 MOSDS = 01 F7 00 34 O1 FB 00 42
M0700 = 01 81 00 70 01 82 00 81 MOBED = 01 F9 00 31 O1 FA 00 38
n0708 = 01 83 00 82 O1 84 00 8¢ MOBEB = O1 FB 00 37 01 FC 00 38
0710 = 01 85 00 8C O1 86 00 8C MOBFO = 01 FD 00 30 01 FE 00 2F
10718 = 01 87 00 88 O1 88 00 90 MOBFS = Ol FF 00 32 02 00 00 29
M0720 = 01 89 00 91 01 8A 00 9 MO900 = 02 O 00 22 02 02 00 1Ff
n0728 = 03 88 00 9D O1 8C 00 92 M0908 = 02 03 00 1C 02 O4 00 20
NO0730 = 01 8D 00 A4 O1 8E 00 A9 M0910 = 02 05 00 1C 02 06 00 13
M0738 = 01 8F 00 AA O1 90 00 83 M0918 = 02 07 00 13 02 08 00 12
MO740 = 01 91 00 BA O1 92 00 OF N0920 = 02 09 00 OC 02 OA 00 00
MO748 = 01 93 00 BA O3 94 00 BE 10928 = 02 OB 00 OA 02 OC 00 09
M0750 = 01 95 00 Ch O1 96 00 CO 10930 = 02 0D 00 07 02 OE 00 06
n0758 = 01 97 00 €3 O1 98 00 C1 10938 = 02 OF 00 05 02 10 00 03
MN0760 = 01 99 00 CA 01 9A 00 CC MO940 = 02 11 00 01 02 12 00 0O
MO7¢8 = 01 98 00 CE 01 9C 00 CC nO948 = 02 13 00 00 02 14 00 00
M0770 = 01 90 00 CB O1 9E 00 DO stop
n0778 = 01 9F 00 C6 01 AO 00 C7 tdetach
M0780 = 01 A1 00 C5 01 A2 00 CC Squit
N0788 = O1 A3 00 CA O1 A4 00 C8

.2 DATA FILE AS IT SHOULD AFFEAF
FIGURE D2 rrone TRANSFERRING T0 MULTTR™
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DORSASREA * O MO - R B N A e i e i IS
-
al -,
- SATA BLOT TATA GENZRATIR, V4
b WS LIC GIJECT AOCP LINE SCRCZ STATEMANT
b " 0000 0001 L3274 8¢ o0
- c0C2 =
- 2603 TITLE 'OATA PLIT TATA GEZNZRATIE, V4’
004 =
h 000S = THIS IS THE FOLLOW-OM 337TVARE T3 =LTT2
- . 0006 = FOR GINERATING ¥-v PAIFS TO EYVALUATE
p . 0007 = TEST PATTERNS TO 3% USEL 3Y THE AUTO-
- C008 = MATIC THRESHILL SEAUENC&.
" 2009 =
COLC *= APPROXIMATE MM LICATIINS ARE SISPLAYED
00t1 = ON THE SCREZETN VHERE SIGNIFICANT CATA
0012 =« STaRTS.
0013 =
COl4 s« SRITTEN 8Y CAPT 3.J. STANTON, 22 JUN 22.
m 091S =
- 0018 = 3ENSE SWITCH FUNCTIONS:
’ Q017 =
X 0018 = ¢ Cow TP .
N 0019 ®Seececccccccccccccnnccaccanccccvavesesccccs
0020 = 4  NORMAL JPERATION  2ITU2N TO LdS54
0021 = 3  HOLLC AT BEGINNING TAKE CATA
0022 = 6 HOLZ AT &N23 SITURN TO 3EGINNING
0023 weccvccceccccvccccsccccccccncacsncsccemaancea
cC24 =
CC25 =
A%CS A0S THARSINL ItU H'eoe THPASHCLL LIV IulT.
COCC ~NRT  THASINR 33 H'ace THUL IS LS KD LiT.
003C £022 JCBSAT EAU H'eC’ S1G VILEY oNT RESET
GOC3 0029 THRMAX 28U  H°83° AAY THRESHOLL VALLZ
2100 6C3C ZATSUF 24T H'ione 13% 121397 LICATIIN
ARC4 0031 FI L3 LI
n602 n022 F2 AU 2
€003 fC33 =2 A2
608S €034 L3 3 B
1015 6Cas  SLv T 4
Ar25 =
0037 =
£10C 2AN100 CION aNYe  NIT 28I LaTaUF TAITIALI®E LaTa BUF
f003 2000 ceca9 L THRSINL INITIALITE THIZIEOLS
0008 =0 oC6l L 2.4 CIUNTIARS
2006 2000 cCal L THESINH 20 1S LIV 3VvTE
acns sy t0a2 LR lsa 2 15 4l sves
0099 70 €Gald CLA ‘
000A Sa 00aa LR Fl.A
00ca s2 004s LA F2.A
- €C0C %3 0046 L2 Fl.a
° €00C 201E 0Ca? 1384 3¢
: COOF 4 0043 LR CLY,a
'_' 0049 -
N €610 70 0080 3TARTER cCLZ HILS
g 0011 30 00%1 TS5 O UNTIL SENSE ¢
y | 0012 A0 ocs2 INS 0 IS 2LaCzZs UP.
- ccla 2120 00%3 o K5'20°
- 001S 84aFA 0010 0S4 32 $TARTEI®
N 008S
. 00S6 = CALL 3USROUTINI FETLN, 12/20 3v 2.L.'.
N 0CS?7 = T3 TEST FON FALLING ICSE IF SBINTLINE.
b NCER =
3 £01? 220082 CO0B2 7029 21 FeTLl
¢ 001A 208¢C 0060 3VC 3 vCR3ET MEIZIT TISED COUNT ]
- 001C 2713 cos1 LT H1S
.
b,
b.-
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oy

CATA PLIT DATA GENERATIR.V4

b *.
[; TaNS  LOC IBJECT ALDR LINE S3URCI STATINENT
. o1z 7¢ £6eg )
i 001F 2713 £ees3 Ut H013
CCés =
0021 40 GC%S INCTHR LR A,0 INCREMENT LOWER
ccz22 1IF 0066 NG THRESHOLD 3YTE
0023 SO cos7 L2 0,a
0024 920C 0031 0068 3NC  OUTTHR
0028 4l 00%9 L2 asl INCAREMENT “FPER
0027 IF ¢c70 INC THEESHOLS avTe
g028 Si gom L2 l.A -W1TH CARRY
0029 2503 0072 ct THAMAX TIST FOR 1AX
0023 9405 0031 0073 3NZ?  JUTTHR THRESHOLS ALUE
co2c 70 0074 it} (GIVES MIN THRES-
c02e £t ccrs LR 1.A HOLD JOLTAGE)
002F 90%E  009E 0076 ar 2ESZIT
0077 =
0031 a0 0078 QJUTTHR LR A0 UPCATE THRESAOLD
0032 2712 0079 YT  H'12' VALUE THROUGH
0034 a4l 0080 LR Asl FORTS 12 AND 13
003s 2712 coat JUT  H'13°
0037 220032 0062 0032 a1 FSTLY TEST F3R ENL JF
0083 = PAINTLINE
003A 4l 003a L? Asl STORE THRESHOLZC
0033 17 ocss 3T UPPER 3YTE
£03C a0 cess L A,0 STORE THRLSHOLS
0035 17 coa? ST LOWER 3YTZ
CO3E 70 0088 cLa
003F 2711 0089 UT HU1L STORE LIGITAL VIZZED
004l 2611 0cso ] H€11° UPPER 3YTE
0043 13 0091 cax
COua 17 0co2 3T
n0as 70 0093 cLa
0046 2710 094 LT H'10° STO2Z LIGITAL JIDEO
0048 2610 ce9s 1] H'10° LOWER BYTE
C0aA (R €096 co
G048 17 0097 T
064C $5 0093 LR UL3sA AL3S STOR: 1L 38
004l 44 0099 LR AsF1
904 2400 o160 Al ] TEST FLAG 1
00S0 34l 00&F 0101 3Nz al
€082 45 cl1e62 &2 AL YLD
0083 2102 c103 Nl i'02° TEST FOR CHAIGE 1IN
CCSS 24C4  001aA 5104 az aVC TILE0 COUNT
0087 71 ci0s Lis 1
oS3 S« c12% LA Flon CHALGE FLAG ! TU I
00S9 2C 0107 v¥C
CNSA 2AC1C0 ClOC C1C8 Lol tie21
00SD 2800C4 30C4 0169 21 SHCY
£P60 ZAGOE3 1CE3 G110 pofol4 R4
8653 40 ciit w Al
0054 57 o112 L2 707
coss 71 ottl L1s 1
£Ces SO olita LE CaA
0067 293653 3653 0118 ] H*3453° LISPLAY 2C1TINE
CCsA 2C c11e ¢
0043 47 o117 L2 ne 7 ILITORE CSoUNT
006 ¢ LIRE L2 2.7
0C6C ICAC  NCla CLID 37 g
fL20 =
0067 w2 0121 ol ) ANF2 TLST FLAG 2
007¢ 240¢C 2122 Al 0
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DI l.'
b

.

P
[ [
e

. ams
n
.

1

PSR S A ARk
. R R

Ty we—
P

3

vy
-

b Sl 2N AN 2

-

LATA PLOT
RS  L3C

0072
0074
JC7?S
0077
c079
GC7A
¢e7C
[e] ey 41
CO7F
ocso
o081
0Ccga
ooe?
008a
0cea
008C
00853
008z
co91t
0092
0093
3094

ac9s
0097
0C%>
c09a
0098

CO%LE
009F
00AQ
Q0AlL
00Ad
Q0AS
00AS8
COA9
00AA
00A3
COAD
QQAF

nrag
NP3
0083

CATA GEHERATO2,74
IBJECT ALLR LIz

3423 0C96 G123

@3 Cl24
2400 0128
442 0Cla Q125
48 0127
240¢C G128
349D 001A 0129
71 c130
53 0131
2c 0132

2aC113 0113 0133
2%00Ca 00C4 0134
2AG103 0103 0138

40 0136
57 Q137
71 c133
S0 0139
283653 3653 0140
2C Glal
47 0142
S0 01&3
3088 00ta Glua

0148
36 ataé
482 001A 9147
71 0148
$2 Q149
29001A 001lA 03150

0181

0182

0153
70 0184
80 0188
AQ 0156
2140 0137

8404 00A3 0183
290000 0000 0139

70 0160
80 o161
AOQ 0162
2110 GL&3

84F0 OO9E Oléa
292330 2330 0155
0166

0167

c153

0169

0170

0171

0172

0173

0174

0178

0176

ot?7?

o178

€040 0179

f1zo

2040 c131
3s 9182
70 G183

SJUVACE STATEMENT

32 32
o ALF3 TEST FLAG 3
Al o}
3NZ ]YC
LR ALTL3
al [« CHECK "wILEQ CJUNT
anNz RYC ZVAL TC 7220
Lis 1
LR Fl.a 3ET FLAG 3 T3 |
XCLC .
£Ct M2e16
ot SHOW
0C1t 12
LR A0
LR 7,7 SAVE THRESHOLL COUNT
LIS 1
L [\ FY:
Pl H$°3683°
XoC
LR ne 7
LR [+ YN
3P awe

=

32 o] oLy
anNz AVe
Lis 1
LR F.h S3T FLAG 2 T0 )
JMP .1V~

L
RESET CLR

H0LD UNTIL

urs o SEN3SZ 8§ 1S PLACEL uP
NS 0
NI K'4a0*
E14 ase
wMP tN:T
RS2 cLR
LTS o CHECK FOR 3ZNSZ 4
INs Q UJp TQ RETURN TO
NI H£°10° 20Sa
az RESET
JMP H'2330°
-
* SUBROUTINE FSTLN
L J
= YRITTEN 3Y R.L. VINCIGUERRA., 12/30.
-
= THIS SUSROLTINE WALTS FI2 THE 3SIGUAL ®PRANT-
s LINE T0 MAKE A FALLING TFANSITION 31GUaALLIG
= THE ZNL OF A LINE JF JIDEQ IUFGRMATIOH.
= JUE TO AN [NJERSION [N THZ F3 1/0 203TS.
® THIS PROGRAM IS SESIGHES TO CATCH A 213146
= TRANSITIOW.
-
=
ENSENS o X'a0*
-
FETLL - LS4 Zilasla 3EN3E LNPUTS
JUTs 2
LP1 oL LOV® UNTIL FALSE
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SATA PLAOT CATA GENERATOR, V4

IS LOC 03JZCT ALDZR LINZ S9UACE STATIENT
0086 34 Ql34 oLrTs «
CC37 A4 0138% INS 4
0038 21¢1 G195 NE 3ol
0034 4Fa Qeas 9187 3N2 L2
Q08¢ 70 c133 LP2 CL? 32 UNTIL TRUE
003D 34 o189 QuUTS 4
0C3E A4 ci190  §34:3 4
co3F 2101 . Q191 ne d'Cl1’
00C1 34FA 003C Q132 3z Lre
00C3 1IC 0193 20P
c194 = .
2195 = ZN0 JF SUSROUTINZ FSTLleececrceccsancaccnce
31356 =
£197 = SUSRQUTINE 70 (oN7eRT HEY T ASCllecencas
nf13a e
neca 2¢ N)199d  3HY Yoo
QeCs 1y C2co LR 4. LC
eeCs eC J2GC1 : X&C
00C7 4A L20z @l A G
00CA 2)\0F nN263 il H'CF®
onCa 2430 L2064 Al 4020
ceCe 2837 racs b4 K Sdcic A
00CE 31t1¢3 f0CL2 2205 z® 2Kl
CESC 2407 n2207 AL ARl A
foge 17 ~2sa 3HY 3T
ONLY 4«3 N2C9 L3 mell
oftLa ta ne 38 &
CO0S 2430 nett At H£3ne
COLT 2537 c212 [*34 {29
2009 2103 CCLC Q23 32 3K2
CCL3 2407 Q214 Al H4°'C7°
eoLs 17 02158 sH2 sT
CCDE 43 c2ts L Asll
QODF 21iCF £217 Nt A'Qr*
00El 243C n2is Al H°'30°
00E3 2539 0219 s34 4°39°
O0OES 8103 0029 0220 3P SH
00E7 2407 cazai Al 107
0CE9 17 0222 SHJ ST
00EA IC 0223 Mp
0224 =
022% = EINL SUBROUTINE SHOWeweemeecccsccoe
Q226 = .
GOE3 0016 0227 EC £L2°'0016°
OQELD 4441%4 c228 £c S'DATA STARTS ARQUND °*
0100 232323 0229 wC Cloee’
o103 401! G230 12 =€ HL2°'0Ci11"
0108 444i%4 0231 &C C'oRTA STOPS AT ree
0232 =
0233 =
Nzla ENC
CO Ears
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APPENDIX E
MODIFIED SCANNER CIRCUITS

This Appendix contains the documentation
for all changes made to the scanner circuitry
along with the pin connections for the new F8
I1/0 ports 10 through 13 (hex). The THRESHOLD
LEVEL GENERATOR (TLG), Video A-to-D
Converter, and VIDEO COUNTERS are located on
the VIDEO DETECTION AND THRESHOLDING board.
The o0ld Video A-to-D Converter and manual
threshold circuit were removed from the
TIMING AND PROCESSING board.

Although no additional circuits were
changed, it 1is also noted here that during
the course of this project, severe clocking
interference necessitated the relocation of
several circuit boards that use the
high-frequency clock signal generated on the
CCD board. Specifically, the following
boards were mounted on the top of the
mechanical moving assembly of the scanner to
minimize the 1lengths of the leads carrying
clocking signals:

. SYNCHRONIZED LINE-FREQUENCY GENERATOR
. F8 INTERFACE BOARD NUMBER 4

» TIMING AND PROCESSING

. VIDEO DETECTION AND THRESHOLDING

> wn
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Mastar Speed © Sampling Tirne
Control Delay
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FIGURE E.2  TININ AND PROCESSING CIRCUIT BOARD LAYOUT
Revision 2, Jme 1982
. {US and U9 RM)

Page 220




- A C1 = 0.01 Microfarads
€2 = 0,01 Microfarads
c2 €3 =47 Micrafarads
C4 = 3,01 Microfarads
ne 01 = 13-Volt Zener
o—ANA—p 02 = HPS82-2811

D1 nio

r
1
I

un

.V R’S
U0 e& ce ve m= .
2 ' R’=36thls

vs
e d Ul = AD7333

ve ue vz U2 = 781

us us u1
us

U9 = 75373
ULo = 74500
Uit = L1

FIGURE E.3 VD0 0ETECTION AD THRESHILOING
CIRCULT BOARD LAYOUT
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VIDEO DETECTION AND THRESHOLDING BOARD
PIN CONNECTIONS

A | +15 Volts 1 N Value Bit 1
B | PRINTLINE In 2 N Value Bit 2
C | Digital Video Out 3 | N value Bit 3
D 4 N Value Bit 4
) 4 5 N Value Bit 5
| 6 N Value Bit 6
H 7 N Value Bit 7
J 8 N Value Bit 8
K 9 N Value Bit 9
L] +5 Volts N Value Bit 10
M | MTC Clear VTC Bit 1
N | VTC Bit 16 VTC Bit 2
P | VIC Bit 15 VTC Bit 3
R | VIC Bit 14 VTC Bit 4
S | VIC Bit 13 VTC Bit 5
T | Analog Video In VTC Bit 6
U VTC Bit 7
V | -15 Volts VTC Bit 8
W VTC Bit 9
X VvTC Bit 10
Y VTC Bit 11
Z | Master Ground VTC Bit 12




.............................................

TIMING AND PROCESSING BOARD
- PIN CONNECTIONS

+5 Volts
Ground

+5 Volts
Ground

Digital Vvideo In
cp

EXPOSURE OUT

WONOWNEWN -

DATA RATE CLOCK 11 | DIGITAL DATA
DIGITAL DATA 12
13 | FPLL

20 | Test Point

NKMESCINIUZIODORLIIEBOOT >

22 | EXTERNAL EXPOSURE
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NEW F8 1/0 PORT PIN ASSIGNMENTS

Port Address

Pin Connections (LSB to MSB)

10
11
12
i3

1 2 3 ¢4 5 6 7 8
10 11 12 13 14 15 16 17
Z Y X WV U T S
P NMUL K J HPF
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