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Degree of Master of Science in

Electrical Engineering

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 lighting
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 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..y..__-

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 D1
is due to data uncertainty and other shortcomings in the scanner L

* rather than in the ATC scheme. (Page count: 224)

* Thesis Supervisor: Dr. J. F. Reintjes ---
Title: Professor Emeritus, Electrical Engineering
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SYMBOLS AND ABBREVIATIONS

AC Alternating Current

ATC Automatic Threshold Control

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

CCD Charge Coupled Device

DC Direct Current

ECP Experimental Calibration Pattern

EOPS Electro-Optical Page Scanner; also the
mnemonic used to describe the complete
F8 software package for the scanner

F8 Designation of the microprocessor used
with the scanner for various control
functions; complete nomenclature is:
Fairchild F8 Formulator

ISE Image Sensing Element

MTC Maximum value of VTC obtained from
scanning a particular Calibration
Pattern

N Decimal equivalent of the value
supplied by the F8 to the Threshold
Level Generator to produce a specific
threshold voltage

Np Value of N generating the maximum
value of VTC in a given series of
samples

Pass The act of taking seven samples of VTC
at N-values that are separated by a
fixed step size

Pel Swing Positive difference between the black
and white voltage levels in the
analog video signal
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Symbols and Abbreviations

QSET Mnemonic used for the algorithm that
picks the optimum threshold value by
taking four sets of seven samples per
set with each set using a progressively
smaller sampling increment of N

R Reduced range of N-values that have
been defined from the results of the
previous pass of the algorithm QSET;
the reduced range R is that range
sampled on the next pass of QSET

RV Span of values of N producing
significant VTC values (where
significant is defined as VTC > 1)

S1 Step size used to increment the value
of N while taking VTC samples in the
first pass of the algorithm QSET;
subsequent passes use step sizes
labeled in sequence: S2, S3, S4

TLG Threshold Level Generator

Vref Output of op amp U3 of the Threshold
Level Generator; used as the reference
voltage for the 10-bit D-to-A
converter

V2 Output of op amp U2 of the Threshold
Level Generator; represents the
inverted fraction of V2 as determined
by the quotient (N/1024)

V0 Voltage output of the Threshold Level
Generator

VTC Video Transition Count: the sum of
digitized video black/white
transitions encountered in one scan
line for a given threshold value
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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 accomplishing 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

which now works on a "lending-borrowing" principle. The

requirement to physically move either originals or copies from

one geographic location to another can take up to two to four

weeks 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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specified pages. Conceivably, turn-around time could be reduced

to less than a day, and in many cases less than one hour. In

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 loop 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

Page 14
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Ch 1

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

P 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 feasibility 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 level according to the performance of this variable.

Finally, the system was evaluated with different lighting

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 lighting

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

UANALOG VIDEO SIGNAL ANALYSIS

p" A. OBJECTIVE

A thorough analysis of the analog video signal Oerived from

the CCD during the line-scanning process was conducted to

classify its components and learn its behavior under different

conditions. The purpose was to develop a sound basis for

selecting a parameter of this signal for use in controlling the

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

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

were:

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

first be described with reference to Figure 2.1 and the CCD142

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
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.
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one line of video information. In 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 level, and white 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 lights 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

Uall black voltage values and GREATER THAN all white voltage

values. For this purpose, it is important to understand how the

black and white video levels react to the factors listed 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 levels 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 is also

an important parameter because in a user environment the scanner

will certainly encounter different qualities and textures of

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

absolute black to the maximum deviation. Again, soft white

fluorescents were used. These results are shown in Figure 2.3.

* In a predictable fashion, white and black paper yield the two
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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 experiment

revealed considerable pal swing with black paper. The cause was

traced to stray light "leaking" to the CCD ISEs due to a design

deficiev.cy 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 in 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 linear array. Hence, it is the maximum spatial frequency

the CCD is physically capable of resolving. Experimental

measurements of pel swing versus spatial frequency are displayed

in Figure 2.5. The measurements of black and white level

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

-. unwanted 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 is due to a
scaling factor in the computer generation of the waveform.
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which 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 is 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 m~ners.ood

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.

It is important to highlight the fact that, for threshold-setting

purposes, use of an analog video signal containing linearly

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).

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. In 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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K. complexity involved 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 level 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

white information than black information. Finally, using the CCD

reference white and black levels was eliminated from

consideration because these levels contained no information about

light intensity, paper reflectivity, or spatial frequency content

of the document.

-7

(1) Note the absolute values of the slopes of the two curves in

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 located 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.

Optimally, the CALIBRATION PATTERN should consist of black

lines on a transparent surface, thereby allowing the margin of

the document being scanned to provide the background. This would

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

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 equivalently, how many lines will the ATC
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require to properly select an optimum threshold level. This

Uissue is addressed Chapter 5.
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

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

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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uand (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 was 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 the4
optimum threshold level? The answer, while not simple, can be

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

4
(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 long enough to contain the necessary spatial

frequencies, and could be located anywhere along the length 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 length 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 less than optimum illumination, it is still a

better choice than either extreme. Extrapolating to the limit,

it would be necessary to use an entire line of video to get the

best average over a line for non-uniform lighting conditions.

This line 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 were

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 line-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 requencies.

ECP F was included in the Lesting to get an idea of the behavior

*e of the VTC curve when scanning a relatively uncontrolled variety

of spatial frequencies.

A general plot of a VTC-versus-N curve is 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,

UVTC, 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

Pinformation. Therefore, subsequent plots will constrain the

N-axis to the span of significant VTC 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, is 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

K_ 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

o Figure 3.1. When N equals 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 white, 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 is 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 left of the VTC peak equate 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 lack of black information with the smaller values of N

followed by lack of white information as N increases beyond

optimum.

We are now 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 letters 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

can be concluded that these peaks were not precipitated by valid

video transitions. When hard copy was produced by thresholds

based on these peaks, the results were as anticipated: either

too light in the cases of ECPs B and C, or too dark in the case

of ECP D. A comparison of the VTC plots of these three ECPs in

r Figure 3.10 provides an interesting manifestation of the

(1) Subsequent scanner outputs in 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
Chart are not reproduced as such. The photograph, for example,
(IEEE Test Pattern 15) is substantially degraded from the
original.
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reduction in RV spans with increasing spatial frequency due to

smaller pel swings. And with increases in spatial frequency, the

VTC 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. Its

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

Ion the right. The interpretation is thus: In 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

P 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

K 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 e 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 illustrates 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

(1) Hard-copy samples resulting from single-lamp illumination are
contained in Chapter 6.
(2) Scanner output of the IEEE Test Chart on red background is
contained in Chapter 6.

Page 57



Ch 3

NAVY BLUE
PAPER

225

RED WHITE
VIC ~PAPER e"AE

YELLOW.
'PAPER .

Is I

Ac -

'V /,,v

75 34 .0s )3 Soo

I,

FICUr -1 3.15'EFFECT OF DIFFERENT PAPER
COLORS ON ECP A

Page 58it



Ch 3

VTZ

135

*1 COOL WHITE

COOL WHITEC W

• WARM WHITE

4 -GREEK
45 -

,-- " WARM WHITE

a. I

275 345 415 485 555 $25

FIGUI E 3.16 EFFECT OF FLUORESCENT LAMPS
OF DIFFERENT SPECTRAL
CONTENT ON ECP A

Page 59



Ch 3

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

N 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 light emission at the ends, resulting in

precisely the analog waveform illustrated in Figure 3.2(E).

As one final point, note that the curves contain a small

degree of uncertainty rather than being smooth. It is

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. In 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.

The uncertainty 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 VTC sampling

activities detailed in Chapter 5.
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CHAPTER 4

IAUTOMATIC 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 is 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.

P
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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. In 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

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

voltage, VO. Ul is an AD7533 D-to-A converter using an R-2R

ladder network described in Appendix A, and U2 is a 741

operational amplifier used as a unity-gain buffer. The output of

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

athe F8 to U1 through pins 4 through 13, and Vref is controlled by

RI0 and buffered with unity-gain op amp U3. Since op amp U4 is

also a unity-gain buffer, VO 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:

VO= Vref R2- R3)( D (3)

Therefore, resistors R2, R3, and RI0 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 Equation (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.

U 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

U 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 revisedp:.*

video A-to-D circuit consists of comparators U7 and U11 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. 0ortunately the research completed by Medley

(2) included the addition of four new I/O ports (10, 11, 12, and

13) to the F8 system. So the only requirement to make these I/O
ports available for use was to complete the wiring to a

compatible connector. Details are contained in Appendix E.

5. COMBINED THEORY OF OPERATION

During the period that the optimum threshold is being

sought, the circuitry of Figure 4.3 operates in the following

manner. A value of N generated by the THRESHOLD CONTROL UNIT

(F8) is applied to pins 4 through 13 of U1. The voltage

threshold value VO is obtained from the division between Vref and

V2 by resistors R2 and R3. The voltage threshold level, with the

(1) See Aghamohammadi, Chapter 7.

(2) Reference Chapter 7.
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degree of hysteresis controlled by R11, is applied to the

Unon-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 U11

with threshold fixed at 2.5 volts to help remove digitized clock

noise. The clean digital video is then gated by PRINTLINE

through U10 into cascaded counters U9 and U8. For a given line

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 U8 and U9 are now ignored.

6. SCANNER CIRCUIT BOARD RELOCATIONS

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

algorithm simple enough to be easily implemented on the FS

microprocessor. At one extreme, the algorithm could entail

stepping through every value of N and doing a simple comparison

of the present value of VTC and the maximum preceding value of

VTC (called MTC) to find the VTC peak. In 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 VTC 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. VTC 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 level, 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

to 1.5 inches which is 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

cover the largest range of N in the least number of samples. The

algorithm explored for implementation with the ATC is detailed

below.

A. SUCCESSIVE APPROXIMATION

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

sampled is 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

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

signal. VTC will again be zero once the threshold level is 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,

and seven samples of VTC are taken beginning at N = 128. For

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

I points defined as (Np-Sl) and (Np+Sl), as shown in Figure 5.2.

Note that R = 2 x SI. The new range R is now divided into eight

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

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

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

4" registers for the overall algorithm, and Block 2 initializes the

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

(1) Notice that in this case, the end points were sampled in the
4 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. In 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 in a particular pass, and the flow is transferred

back to Block 3 until the 7 lines 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

4 value is used 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.
4

(1) It is important in understanding the sequencing and timing of
the algorithm that Block 5 is the only block that is executed
iring the transmission of valid video information as depicted in
Fire 2.1(B). All remaining blocks are executed in the
-..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 is proper consideration of the initial step size, S1.

- .Specifically, if the range of valid VTC information, RV, is less

than S1, then it is 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 VTC 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 Nyquist 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,
Si, to detect.
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preferred for rectifying the problem. Working within the

framework of QSET1, the challenge becomes one of decreasing the

initial step size, Si, with minimal penalties. Of all

experimental observations using ECP A, the smallest span of N

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. Subsequent step

sizes would be obtained by dividing by 8:

S2 = S1/8 = 8
S3 = S2/8 = 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 video

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

S2 = S1/4 = 16
S3 = S2/4 - 4
S4 = S3/4 = 1

In an effort to preserve the small number of video lines used by

QSETI, the latter option was chosen. The major compromise was

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 a 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 is 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 VTC 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 in Figure 3.18. As long as the degree of

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

VTC 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 VTC curve. These effects are covered more extensively in

Appendix C.

C. INCORPORATION WITH SCANNER PRINT SEQUENCE

Once the QSET algorithm was perfected, the next step

consisted of adding the necessary software to the F8 program,

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 level. 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 configuration 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 loop 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 locked 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 QSETI, provides ATC that samples the

entire range of N, [0 to 1024]. EOPS2, containing QSET2,

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.

P

4

4

p -; Page 88



Ch 6

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 discussed in Chapter 3, each

threshold value is 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 lower 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 anO only one

fluorescent light providing illumination. Even under the

degraded lighting 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 level 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

Figure 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 is measured in 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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The Fderal assetVe Board could, if it chos, somewhat ease the vain ot

more business failures by flooding the financial system with money. We do nc*
believe that they will choose this ecere. The nation Mes come a long wa Ils
winding down Inflationary ex-pectations and the Fed is unlikely to givi ump the

a fight now. We believe they understand that a critical weapon in the bdttl*
against inf lation in the z eintroductton of 0r LAO into the -economic :sydkem.

a Duoceaaive monetary growth and assured corporate bail-outs do not oeacrag*
prudent business planning. Rather, It fosters the Immoerate use of bocsowe

a funds and the belief that, in the Long tun, the ability to raise prices wilL
subsequently Justify buying extra inventory or paying excessive wage demands.
if the Fed stick@ to Its guns, business will have to learn bow to operate with
& totally different philosophy. For wo.., the lesson will be learned toe 10.

Ohat else can we look for? Certainly, capital spending plans WIL
continue to be pared back. The latest momraw-B ll survey Of capital pelIn

* plans for 1902 pointed to a 3.*90 dollar iacrease, representing a 4 13/2%
decin in actual physical outlays. Six months ago, spending plans called for

a 182 dvaceof 9.60. Commerce Department surveys have also suggmatpd a
*scaling back of capital spending intentions. We think the process sdill has

further to go. we expect capital -spending to be the weakest sector of the
economy until well Into 1963 and perhaps for even longer if the iscamomy
Otriple dipso in early 2903 as we think possible.

Operating expenses also get out back when profits are under pesmare.
The unemployment rate my not have topped out yet although we suspect it:
doesn't have too mach further to go. Wage givsbacksO have char st"Asne
labor negotiations in the depressed cyclical industries. Over the next few
mnth* we expect the business media to be rife with stories about white cc~lar:
layoffs and executive salary cuts. Goodrich, for example, recently annotpmce4

that its top management would take a 150 salary cut while other executives anAL
salaried employees making more than *20,000 a year would take reductlons

* ranging from So to 10%.

We also look for a continuation In the surge of dividend cuts as
* corpoirations scramble to retain cash. According to Standard A Poor *st OthrgI.

the first 4 months of 1982, 15N companies decreased or omitted their divlfent
* paymente, more than twice the nmber of companies who took similar action Mas$-

year. in recent months, dividend casualties included such compasies as
Island and Republic Stoel, Reynolds Ntals, Sun Zlectic, MRhaMic
International, Barniscbfoger and Mnville. Another source of corporate bask
is the s of assets. Co, Petroleum and inco. among others, hae mectly
announced such plans. Chrysler and Xnternaticnal Rarvester, of course, have
sold off large and profitable divisions. mo such moves will follow.

we have painted a rather grin picture of the financial strains on the
eofomq. The reiiqueicatiom peocess Is far from complete, a fator whic
will set"e to Slow the recovery process. Thus, for this and other sesmones,
aur investment Vonture with regard to equities has been selective ar~

opruIstic within a generally cautious framework. Companies with A~rnE
balance meets and well-assured prospects of unit growth could do surpisfglr
well in a restrictive economic environment. xoreovr during uncertain time,

soestocks get dma to extraodinarly attractive prices In term of teir

F XC3YRE3 6.1JL0
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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.

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 largest 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
AD 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 level

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, light 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 F8 microprocessor, but it is

also fundamental to remember that there are less than 900

microseconds available for threshold data processing between

video lines. (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

4the 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 is 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
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'"" SCANNER START
.- BUTTON PUSHED

PRESET NUMBER OF
PULSES FROM PHASE-L2 P LOCKED LOOP RATE-
FEEDBACK WHEEL
COUNTED

PRINTLINE ACTIVATES
3 SIGNIFYING THE ARALOG0

VIDEO SIGNAL CONTAINS
VALID DATA

4 AUTOMATIC THRESHOLD

5 1700 VIDEO LINES. PlNTED

MOVING ASSEMBLY CONTS
6, TO RIGHT-MOST LIMIT SWITCH

LIMIT SWITCH REVERSES MOTOR
7 DIRECTION AND RELOADS P.LL.

RAT-FEDBCKCOUNTERS

MOVING ASSEMBLY STOPS
WHE LEFT-MOST LIMIT
SWITCH IS ACTIVATED

,FIQaUI3E 615 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 linearly 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

Uthat 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

was 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 F8 I/O 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 level set by the ATC. Future

experimentation in this area will better define the capabilities

and limitations of the scanner system.

5. SCANNER ILLUMINATION DESIGN

A number of issues concerning the scanner's light 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

4 (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. new 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 light 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 be eliminated by

adding a light-proof shroud between the face of the CCD and the

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

going through one or more uncommanded page-scanning cycles

immediately upon completion of a user-initiated page-scanning

cycle. Additionally, the scanner would cycle through at least

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

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 &ta.
Readers desiring more information should
refer to the manufacturers' publications.
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A SdilumbeigrCoXmaY 13ll
CCD22tI42

1728/2048-ELEMENT UNEAR IMAGE SENSOR
FAIRCHILD CHARGE COUPLED DEMiCE

61UN111M1f OCNIPTION-Tfe CCID122 and CCO142 III;
emooihec 1726 and 20464oi~mntM line Image aen

W46e respectively. Th. devAce amre signed for MWage
sca"n applications incluing facaiml cotea
Character recogniion and other imaging applIcations
which requir, high resolution end high seneilifiity.

The 173 sensing elements of the CC122 provide a d-

20dain Der inch resolution across an 8.112 Inch pegw r
adopted as en international facsimile stainderd. The
2046 sensing elements ofthe CWDISIprovi s enm
We millimeter resolution across a 256 millimeter popge

atd as the Japanese facsimile standard.

The CC0i22 and the CCD142 have owell Imprsove per-
forenam. compered with the COCl21H i ncluding higher
sensitvity, en enhanced blue response and a lower
drk signal. The devices also incorporate WKOnc Clock

-rw crklr. s

The photoolement sfe Is 13 x.5 ~l l by 13 p 0 31
mole) on 13, p5L1 mIle) centers. The devices are OPIUM
factured usin Fairchild advanced chatge&couled
device n"hennel leoplanar burled-channl technology.

Pon NAMES
Vi. Photogete
or Transfer Clock

" SINO SPICINAL 10111001111 PASIICUARLY or Transport Clock
IN "I INUlt *11 VIDEOcut Output Amplifier Source

" LOW msOA vm Vo. Output Amplifier Drain
lo au-cm.aeis am.~~so Rest Clock
* N-uC earCu bii g V Clock Driver Drain
*OMN TV PEAK-TO-PIAM OUTPUT Val electrical input 8isa
D ANK AND 110111711 NPINCES CONTAINED IN A yr Analog Transport Shift Register
SAI5P.EOAII"ON OUTIPUT DC Electrode

0 am" POWE SUPPLY EO9cur Ents-of-Scan Output
usia Sapleesn-40d Clock

VIS Substrate (ONO)
NC No Connection (Do not Ground)

CC1011211142 VS. OC012114 COMPARISON

SpcrlPARAMETER 0=O221142 CCO12114
SpresoNseN - vue 4.1 Improvement -

Overall 2:1 Improvement -

Dai* signal 2:1 Improvement -

Rs$Ponalvty 2:1 Imp"rmnt -
On-Chip Clock Drivers Y46 No
Dark and White References yes No
Single Power Supply Yell No

30

Page i6



A Sriiiumorgfr Company

CCD1221142

CONNrECTION DIAGNAIII
DIP TOP VIE")

"c M V.,
-S -4 - - - - - - . -1 -V - - - .

24 v-

me 3 a Wc

V 4 of wmaa. W10 3 1150"

Kca am c 7 ' a c

is I s W
W. W. #I fc I t o ifmc

V., It is W6, is .

FUWCTINAL DSCRIPT1N-The CCD1221142 consists of thle following functional elentenle
illustrated in the Block Diagram:

troops Sleasior Eleets A Ofe of 172&2048 image soeso elements $oearated by diffused
Channel Stops, and cow0e by a silicon dioxide surf ace pasalvation layer. Image photons pass
through tne transparent silicon dioxide layer and are absorbed In fthe sirgle crystal silicon
crealling holi~ifectmun palirs. The photon generated electrons are accumulated in the
phtoltes. The amo1unt Of charg acumulated In each phtotoelto Is a linear function of the inci-
dent Illumination Intensity and the Integration period. The output ailgnal will vary in an analog
manner from a thermally generated noise background at zero ilumination to a maximum at
saturation undeir bright Illumination.

Transfe Gals - Gat structure adjacent to the line of image seso elements. The charge.
Pockes accumulated In the 0mage"ewo elements ame transfrre out vle thetras~fer gala to
tihe tranaport registers w-hensee the transfer gate voltage goes HIGH. Alternate charge.
packets we transferred to the, anaog transport shift registers. The transfer gate also controls
the exposuIl tme for tie "ensing elements and permits entry of charge to the End-Of-Scan
(105) shift registers creating the end-of scan waveflorm.
Foer SMflUS-Si Analog Shift Registers - Two on each side of the line of image sensor
elements and separated from It by tnc transfer gate. The two Inside resistors. Called the
transport shift registers, are used to move the images generated charge-packets delivered by the
transfer gae Serially to the charge-,detectoriamplifier. The complementary Phase relationahip
of the lost elements of the two transport shift registers provides for alternate delivery of

32
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CCD122/142

Charge-pAS to establish the original serial sequence of the line of video in the output cir-
cult. The outer two registers serve to deliver the end-of-scan waveform and reduce peripheral
electron noise in the inner shift registers.

Gated Chmrge-OestctAfAmplifor - Charge-packets are transported to a precharged diode
whose potential changes linearly In response to the quantity of the signal charge delivrd.
This potential is applied to the gate of an n-channel MOS transistor producing a signal which
passes through the sample-and-hold gate to the output at VIDEOour. The sampi-and-hold gate
is a switching MOS transistor in the output amplifier that allows the output to be delivered as a
sampled-and-held waveform. A reset transistor Is driven by the Reset Clock (be) and recharges

the charge-detector diode capacitance before the arrival of each new signal charge-packet

from the transport registers.

Cloak Driver Circuitry - Allows the CCO1221142 to be operated using only three external
Clocks, () a Reet Clock signl which controls the Integrated utput signal amplifier, (2)square wave Transport Clock which operates at hall the reset clock frequency and controls the
readout rate of video data from the sensor, and (3) a Transfer Clock pulse which controls
exposure time of the sensor. The external clocks should e able to supply aL level power.

Dark and Cirt Rfernce CirwItry - Four additional sensing elements at both ends of the
1724W array are covered by opaque metalization. They provide a dark (no illumination)

signal reference which is delivered at both ends of the line of video uptut representing the
illuminated 172012048 sensor elements (labelled -0" in the block diagram). Also included at one
end of the 1728/2048 sense element array is a white signal reference level generator which
likewise provides a reference in the output signal (labelled "W" in the block diagram). These
reference levels are useful as inputs to external DC restoration andlor automatic gain control
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
r"sition by sequential clocking of an array of gates. The charge-packets are minority carea
r.th respect to the semiconductor substrate.

Transfer Clock ox - The voltage waveform applied to the transfer gate to move the ac.
cumulated charge from the image sensor elements to the CCO transport shift registers.

Traons Clock er - The clock applied to the gates of the CCO transport shift registers to
move the charge-packets received from the Image sensor elements to the gated charge

detectofamplifie.

Gated Charge-DetectodAnmpller - The output circuit of the CC01221142 which receives the
chargepackets from the CCD transport shift registers and provides a signal voltage propor-
tional to the se of each charge-packet received. Before each new charge-packet is sensed, a
reset clock returns the charge-detector voltage to a fixed bess level.

Reset Clock n - The voltage waveform required to reset the voltage on the charge-detector.

Sampledld-Hold Clock , - An internally supplied voltage waveform applied to the sample.
and-hold gate In the amplifier to create a continuous sampled video signal at the output. The
sample-and-hold feature can be defeated by connecting 64 to Voo.

Dark Referene - Video output level generated from sensing elements covered with opaque
metalization providing a reference voltage equivalent to device operation In the dark. Permits
use of external dc restoration circuitry.

WhItoe R1ene. - Video output level generated by on-chip circuitry providing a reference
voltage penitting external automatic gain control cIrcuitry to be used. The reference voltage is
produced by charge-injection under the control of the electrical input bias voltage (VII). The

amplitude of the reference Is typically 70% of the saturation output voltage.

I olltlm C - A site on-chip producing an element in the video output that serves as a buffer
between valid video data ard dark and white reference signals. The output from an isolation
call contains no valid video Information and should be ignored.

D--- o, Range - The saturation exposure divided by the peek-to-pek noise equivalent ex-
OSue (This don not take Into account any dark signal Components.) Dynamic range is

;" 33
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CCD122142

sometimes defined in terms of rms noise. To compare the two definitions a factor of lour to six
is generally appropriate in that peak-to-peak noise is approximately equal to four to six times
rms noise.

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

Saturation Exposure - The minimum exposure level that will produce a saturated output
signal. Exposure is equal to the light intensity times the photosite integration time.

Charge Transfer Efficiency - Percentage of valid charge Information that is transferred
between each successive stage of the transport registers.

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

Responsivity - The output signal voltage per unit exposure for a specified spectral type of
radiation. Responsivity equals output voltage divided by exposure level.

Dark Signal - The output signal in the dark caused by thermally generated electrons which is a
linear function of integration time and highly sensitive to temperature. (See accompanying
photos for details of defintion.)

Total Photoresponse Non-Unit ennlty - The difference of the response levels between the most
and least sensitive elements under uniform illumination. (See accompanying photos for details
of definition.)

Saturation Output Voltage - The maximum usable signal output voltage, measured from the
zero reference level. (See timing diagram.) Any photoelement whose video output < saturation
output voltage has an in-spec charge transfer efficiency (CTE). CTE will be below the specifica-
tion if the video output a saturation output voltage.

fntegralion Time - The time Interval between the failing edges of any two successive transfer
pulses ox as shown In the timing diagram. The integration time Is the time allowed for the
photosites to collect charge.

Pixel - Picture element (photosltt).

TEST LOAD CONFIGURATION PHOTOELEMENT DIMENSIONS

*,Iv .iv

wmm

ccIaass n /
3A
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ASOLUTE MAXIMUM RATINGS (Above which Useful life may bO impaired)

Storage Temperature -25"C to +125 C
0O0perating; Temperature (See curves) -25"C to + 701C
CCOi22: Pins 1, 4,9,10,11,13,14,15,22,23 -0.3 Vto 15V s

Pins 5, 12. 17.24 a V
Pins 2. 3. 6.7. 8.15,18,.19.20.21 NC

CCD 142: Pins 2.S. 10,11,12.16,17.,1g.25.26 -0.3 Vto 15 V
Pins8, 13,14.15,20.27,28 0 V
Pins 1, 3. 4.7,8.9.18,21. 22,.23. 24 NC

CAUTION NOTE. Thessedevsicaelini*ltd baitln gate fereCtion. Itso reconiuidsd MtSeat tle isc.h"be controlled
and8 minao&e.Cam must betqt .1 , avi'shorting pings V1OEOOsT and E03OUT to VI or VtoodurinviOperstii'o ofte
86.1061.Sliog thes Inatenporan to VSa of VOtO May destroy the Output an WLpaa

DC CHARACTERISTICS! t, 25*C (No.0 1)

RANGE ____
SYMBOL CHARACTERISTIC - -UNITS CONDITIONS

MIN TYP MAX
yea, Clock Driver Drain Supply Votoe- 12.0 13.0 14.0 V ________

coO Clockt Driver Drain Supply Current ____ .9 12.5 mA ________

Vote Output Amhplifier Drain Supply voltage 12.0 13.0 14.0 V

too Output Amplifier Drain Supply Currant 60 12.5 mna _______

Visa Ptio tot aa Vottae 6.5 7.0 7.5
VT DC Electrode Sias foeltage 4.5 !.0 5.5 V Nt
Vie Electrical input Biaes Voae - 1.4 - V NoteS
Vs substrate (Ground) 0.0 V

AC CHARACTERISTICS: (NsOte 1)
To - 251C. lost - 0.5 MHz. lvi se 10 ma. light source =2115"K + 3.0mmn thick Corning 1.75 IA14absorbing fte. All operating
voltagese nominal specified valies.

SYMBOL CHARACSTERISTIC RNEUNITS CONDITIONS
MIN TYP MAX

OR Dynamic Range
(relative to peaktlo-peak nolee) 2%.1 0.1 Note 0

_________ relative to rma noise) 1250.1 2500.1 ______

NEE RMS Noise Equivalent Exposure 0.0002 ovctti Notel 10
SE Saturation Exposure 0.4 gAftin Note 11
CTE Charge Transfer Efficiency 0.99095 Note 12 l

Vo Output DID Level 3.0 5.5 10.0 V ______

Z Output Impedance I.4 3.0 kQl _______

P On-Chip Posier Dissipation
Clock Drivers 00 150 niW

_________Amplifiers; 90 15 ___________
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CCD1221142

CLOCK CHARACTEISTICS1 Tv 25C (Note 1J____________

RANGE
SYMBOL CHARACTERISTIC UNITS CONDITONS

MIN TYP MAX
Voni Transport Clock LOW 0.0 0.3 0.5 V Notes 4.,5
Vol" Transport Clock HIGH 9.75 10.0 10.5 V Note5
Veast Transfer Clock LOW 0.0 0.3 0.5 .V Notes 4. 6

Vexm" Transfer Clock HIGH 915 10.0 10.5 V Note 6
V01. Reset Clock LOW 0.0 0.3 0.5 V Note?7
vw Reset Clock HIGH 9.75 10.0 10l.5 V Note 7

to Maximum Reset Clock Feqxuency 1.0 2.0 MHz Note S
____ (output Oats Rata) I__ _____

PERFORMANCE CHARACTERISTICS: (Note 1t
TO is 25C. We . Mt~ MHZ Lmn w, 10 Ma. light somae a2954*9 + 3.0 mDm thick Corning 1-75 IN-1absorbing filter. Alt operating
voltages nomilnal specifiled values. ________

SYMBOL CHARACTERISTIC RA-G - UNITS CONDITIONS
MIN TYP MAX

PNNU* Photoresponae Non-uniflotmity,10 20 m oe1

Peak-to-Peak wiltout Single-Pixel Positive 100 my Note 16
and Negative Pulses

Slngteplal Positive Pulses U mv Note 16
Single-pixel Negative Pulses 130 mNV Note IS

_____ Register Imbalance (rOeddrEven-, ____ 20 mY Note 16

OS Dr Sga C Component 5 15 mRV Notes 13. 14
______Low Frequency Component _ ___ 5 10 my Notes 13, 1Ia

SPDSNU Single-plxe OS Non-uniformity _ ___ 20 40 mY Notes 1I. 15

R Responelvlty 2.0 3.5 &0o Volt pa Note 17

VsAt Saturation output Voltage 1 800 1400 1lo0 mY Note 1S

'AN PNNU Measurement$ takent al a 700 meV output level using a- V2.5 lens and eucluded thle outputs Irom te firet endl lstalementsof the awtay. Tile
'f' number Is defined "thIe distance from the len to lthe arraly dividedl by the diameter of Ike, tens Sperture. AS the INu~e Inreasees. fte reultng
mere, hti" ooluMated Ilg0 calvsee the package window alerratona to dominrate and Increase PRNU. A tower I number iseulta in less columnatad
"9 cugo" devicepilotl bels to dominate tire PRNU

NOTE&
I. Wtfr N aesnd thle p"cae emperstura.
2. VT elteu be "ll t011lia VOTHt..41 Ia is usd to generate the iend".scan output and tile .4;-* reference, output. These two signalts can be elimunated by cornnectln Vai to a

film levlst to Veit + 5 V.
4. Nlegetlle btarlevil On ey clock pitn ging below 0.0 V may Cause chattlniectilln whc Meanls In an' Ofcrase0pparent 05&
& COTa e six
&. Cna 00pP
7. Cons a 5p
& Minimum Clock Irqnfalbiiy is limited by increase in dark natalI.
a. dynamic range s delifed as1 VSA?ipeelo.0all lIemOflp of irtATIrma nWS&e

10. 1 ,49ctn2 . 0.02 fe at 28ad*K. 1 fee- .y T at 295 *
1I. SE let 2111-f lt w1eithout 3.0mmn thck Coning 1.75 he-pstiong litter Is typically 0.A OGMn

2
.

12. CTr!i the1 masuremert lorea ontage transfer.

&1 seep- pfm tg lt PNNUdettlnlLe

17 Nleepensvlty, Ior 2W4K li sowrc without 3.0mm 011011 Corming 1-79 I111beorblng tlerw Is typically 2 V pet .jlcml.
Ill. i est toed configurimoes.
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A ScniumepCoan m
CCD122142

TYPICAL PERFORMANCE CURVES
DC AND LOW.FREOUENCY

DARK SIGNAL
TYPICAL SPECTRAL RESPONSE VERSUS INTEGRATION TIME

*A

@ AIW4i - AN- -6

MODULATION TRANSFER
FUNCTIONS FOR NARROW SAND OUTPUT SIGNAL LEVEL

ILLUMINATION SOURCES VERSUS INTEGRATION TIME
SUAIM. PRIMuimcy-CCSIMU 25S4 TUNGSTEN SOUR"E

" rJ 114 2&1 3" 311,1 WITH CORNING 1-75 FILTER

z .6

Igo Il -im

MODLAIO TRNSFE

@4~ ~ V!J. 1Z I

MMMATOON~ODLAIO TRAWi omt onSPERulc

44
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IEEE Std 167A.1980
* Facsimile Teat Chart

Patters Descriptis

The pattern anmber give. inadohe iowimi____________________
description am be identified froes Figure 1.___________________
This chart is designed far manlagn is aithr ________________

direction. bceiimft - the pows

1133 Sti 1674366. Tooat Peced., for Fae-
simile was boned n previos lems of the
1313 Test CharL
Patuas 1 ad 2 96 Usnes per lack (L76 lise
per millimter) censisting of 46 dark and 46
light lie.ebtnl syeual In width. In
pattern 1. the black ceepasapolae
ly to step 2 and Par to stop 7 of pattern L. In

*pattern 2. white repremen paper white end
gray to apprenimately, step 11. Theme patterns
are intended for generating low-modulation

* high-freuency signals at bath ends of the
density wse- use fl itSting modutio
characteristics at edges of bend in a frequency
shift Systms

Pastern 3.4. a"d L Vertical her patterns at
10. 50. and "6 line per lna (04. LU? and
3.73 lines per maillimeater) of substantilaly
equal width - usefor square-wave testing6
at several keying frequencies.
Patnam 6. A continuous density wedge de-PGO TWCA

signed me that at equal intervals of distance
scrams the page. the variaisem in reflectance
will he roughly squally perceptible to the eye.

* Reading lft-t-right acroew the pae. the rels- "6g1
tiereflection dniyvalues at teheavy date

are approuimastely so shown In Table 1. Pat.
tern 6 is useul hr caee where InterimedisaeM OS PI4UWtredaction densities are seeded between the Pate, I& Truncated fan-type multiple-ine Patn 10. "IF epttr wt 0.01 in
spein Patterns 7and L toot pattemn.Calbratedlinoe per lnch-uss- (0.264 mn) lines 0.10 in (2.64 mm)

ful Oar checking multiple-line defluinil along apart-useful hlr checking jltt and meesur-
Table 1scanning Ham. envelope delay disoton. and ing availal lie IMlegh

Pasteraf6DensftValues nesIIng.
Dol 1 2 a 4 56 9 Patr74 n 4. iu yeTsom PWatt s 20 and 21. Halftoe do& screens. Re-

0.14 Panm I an 14L NS tpe ~aeopy produced in approsately 10.50o and 90 per-
* Deds,1.0 1.5 LU0.7 0.6 014 mg Resoluion test Patters, Numeras indicate cent M"ck left to right and at 66 dote per inch
Pattema 7 and L Rovemed do 5ableft of is th number of cycle (ane black plus one white (25 dos er=M d) at a 46* angl hor
steps with reflection densities orep ouln - - b) pe udin (ta is HnpW-su patters 20. and 120 dote per inch (4.72 dot
the apprommately equa perceptibility =a&d in checking hig dfiin tsin per mimeter) hor petters 21.
fled to provdes smaller low denaity in- pasero Is. phatagpoh with deta in high.

*cremnts. Consistent with cvtonvadora -mw lght and Shadow. Tho IInting densities of Patter 21, Title end credit boa. Three elm
tics, paper white is understoed to be enua to the photogrpp approximate these of test pat- o0 Tm Roman type font.
0.00 in density (approximately 0.07 on an ob. 7 an L rmna3
solute scale). For patterns?7 and I the reltiv Patrs2__ 2 iuildftfemn
reflection densities awe -he. in Tables 2 and lena.SI I& Vertical payw steps with relative 4. 5 right tringle-usefu for indicating the

3 rspetivly.reflection deusitles of approximately 0.96 and presence af skew by comparing the hypoto-
3 ie5~ctlYb SM - usefu in testing ricing and falling Ua- nune of the two pattes

Theme patterns will essist in appraising skMee w wd chraeitc nd level Pate.25 Tp fcs nicte-seu
gradient and absolute, scals. They are usefulen2LTp aesa nialdudo
hr checking half-te characteristice. Rever- Patter 1& Horismeital *V" pattern with 0.13 for checking readability.
med sequences mue d sin the dynommic half- in (3.3 rmm) openims Number of scanning line
tone charceiti~m may differ hr a rising crossings at both lines multiplied by 7.7 will Pattes.. 36. tnsinn lines to permt mee-
density or a falling density sce. equal number of lines per inch (multiply by suremeant of available line and us* efu ncgth of

0.3 hor number of lines per millimeter). cOpw.
Pattern 9. National Bureau of Standards

* (NBSI type repeating wri-bar resolution test 2b
4patters. Twelve complete met of three-lineTal2

patterns are repeated eseos the sheet. After-P- 7Dnst *
nato grups earoldfferent line spaclngDon- Us" 1 2 a 4 5 5 7 1 9 10 11 12 18 14 is

olty values are shows in Tal 4. This pattern DeestV 0.01 0.02 0.13 0.25 0.41 0.54 0.70 0.84 04 1.05 1.17 1.2 1.49 1.66 1.30
is useful hor checking definiina.

Table 3
Patter. 10. Rectangle with 460 diagonal PsasS DentyVolble
marks at each ower - useful hor checking in-
do tcooperation. shw.and pprsed or- 564 1 2 a 4 5 6 7 a 9 10 11 12 12 14 is
remc. Deafte 1.70 1.55 1.28 1.25 1.16 1.06 0.94 0.84 0.70 0.56 0.42 0.27 0.15 0.05 0.01

Pattern 11 and 1?. White wedge on black
background and black wedge on white heck- Table 4
ground. 0.07 In (1.78-ni) In2we0- 65511 hor Petera 9 Density Values
checking single-line definiton. 09WA ls
Pattern12. W. and LO leytype Pmtr- 61 1 8 2 a 4

cov Star pattern. Outer cirule 0. second circle LAMlno5 610 8.4 122 173 244 245 406 284 23 142 102 71.1
*100. and third circle 200 lines per Inch(1*. LlanPwfMfibe 2.40 3.40 4.80 6.51 9.60 13.0 16.0 11.1 7.90 5.50 4.02 2.80

3.94. and 7.0? lines per smilimaerI. NOfMa Cso A Oe smI. iela k& Omt 8h l.. i w hsmeme setles et Shet ,

Coprfiolh 1880 leSitute of UeeI a"d~ w 21sjs. n ~nu. las.
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I ANALOG CMOs
DEVICESLow Cost 10-Bit Multiplying DAC
Li AD7533

FEATURESAD53FNTOABLCDIG M* I ~~~Lmssst Cat 10411t DACAD93UN IO LBOCDAG M
Low Colt AD7520 Replaeent

* Low Per DissipaintU -

* I Fen lFm.Oaadront Multipying DAC
CMOSITTL Direct Interface T? -I
Latcht Free (Pvoeln Sehofty not Required)

APPUCATIONdS Wowar of W0 af
S Digiti Controlled Atteanuaers Mum, 49IMJNNCw"

Prmonable Gain Arrpftflers
Punoa amrsi

* U~Lnear Austomnatic Ga Control

GENERAL DESCRIPTION ORDERING INFORMATION
The AD7333 is a low cost 10-bit "equadmnt multiplying DAC Tumpm. 3

P a fn man u urd hPi u s n co m n dad ncdn function e q i a l n to sth e t t y sta te u fo o d t d tz sandard A D7 S2 . 0 to * C- 5 W?1ISA D A cflIASiIJS*e

*AD752D sockets ot new 10-bit DAC designs tat% AD7SIJKN ADISSSSOD A07SJITO

AD7533 application flexibility is demoonstrated by it swe A0))013m A053DIa
to interface to TFL or CMOS, operate ur ,V to +15V pou- Mot AD7$13L AD7533CD AMINOSL
er. and provide proper binairy scaling for reference inputs of I D$ICMB AO751JWDISSIS'

left% ftwomm to MIL.51041. 1W,.d 0either positive or negative polarity. pm.1 1u 0m uS1. fftCho adeim.

PACKAGE IDENTIFICATION' P IN CONFIGURATION
Suffix D: Ceramic DIP - (D165)

* Suffix N.- plastic DIP - (NI6B)

$ae Section 20 for peckier outline informadoe. ft", a :1 .

Too VIEW

Wi SI :901

DIGITAL.TOA0NALOG CONVERrERS VOL. 10-15V
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j 1 SPECIFICATIONS fVuw+15V;VOUTI VOUTZpGV;VREF +10Vunleothwinmnoted)

PARAMETER TA -254C TA - Operatig Range' Test Condition

STATIC ACCURACY
R Resoluinon 10 sits 10 Bits
Relaove Accuracy2.3

AD73331N. AD. SD 10.2% FSR max i0.2% FSR max
AD7T33KN. BD,TD t0.1% FSR max ±0.1% FSR max
AD75 3LN. CD. UD ±:.OS% FSR max ±0.05% FSR maxi Gain Erroas ±1.4% FS max ±1.5% FS max Digital Inputs , VINH

Supply Rejection*
,Gain/AVDD 0.005%/% 0.008%/% Digital Inputs = VINH; VDD 14V to.:

Output Leakage Current
lOUir1 (pin 1) ±$OnA max ±20OnA max Digital Inputs - VINL; VREF - ±lOV

Io UT2 (pin 2) ±50nA max ±20OnA max Digital Inputs - VINH; VREF = ±IOV

DYNAMIC ACCURACY
SOutput Current Setding Time 600ns max' Boons$ To 0.05% FSR; RLOAD - 100'1; Digitl

Inputs - VINH tO VLIL or VLNL to V H

A-Feed hrEn, ±0.05% FSRmax ±0.1% FR max Digital Inputs VIKL;VREF *±IOV,
SEr0100kHz sinewave.

REFERENCE INPUT

Input Resistance (pin 15) Sk an. 20kn max Skfl min. 20kf max

I ANALOG OUTPUTS
I Output Capacitance

Cout (pin 1) 6OOpF max. 10OpF max Digital Inputs -
ICOUT2 (pin 1) 35PF max' 35pF max

i i CoUTI (pin 1) 3pF max 3F max Digital Inputs - VINL, O " 2 Ctr(Pin 2) lO0pF max' 100pF max*

I DIGITAL INPUTS
Input Hifh Voltage

+ : jV I 2.4V ain 2.4V ain
;V ,,.

Input Low Voltage
VMS2 O.8V max O.8V max

*Input Leakage Current
: 168 ±IA max tIpA max V*N OV and VDD

Input Capacitance
C. SpF max$ SpF max'

I POWER REQUIREMENTS
VDD +ISV ±10% +1SV ±10% Rated Accuracy

SVDr Ranges +5V to +16V +SV to +16V Functionality with degraded performanca

IIDD 2mA max 2mA max Digital Inputs = VI'L or VL 4

UPlade (JN. I. LH versioa): 0 to +70"C• I Cmmelchl[ muzlc (D. 0, CD vefim)t -2feC to *85*C
Miitary Ceraic (D. D. UD vrionsl -530C to + 12SC

S*a"FSR" Is FUC Sk Romer

'Fbrnal deatld teasa Relative Accumcy. Gala Eror. Output Lealta Currem.
V MI W V l b, u aM 3 at .25C sAd *1Z5 (SD, TD. UD wlm) ot
.5 C .ldS*C (AD, 3D. CD 'anio.).

1024'Pal Sealr (PS).--V X

$Max In dwla fmn TA - +25C to Tmb o Tom Is 
*0.14 FSR.

Guaramted. me ted.
'AC peamea. ample msed to enue specifictlaon complisne.
*AbAsoele tempautwe aaeffidet is appmiammly *00ppmC.

* ~Specileaoes vahbect to cheap wit ode.

'. .VOL. I, 70-152 DIGITAL.TO-ANALOO CONVERTERS
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ApISOLUTK MAXIMUM RATINGS
IT. z+5 " Cmis ethewie noted)

t'V to GND .........................- 0.3V. 17V Ceramic (Suffix D)

i to GND ............................. t2SV To +70C. ......................... 450mW

.'4EF to GND ............................. t25V Derates above .75*C by ................ 6mW/*C

)ltal Input Vol:se Range .............- O.3V W VDD Operating Temperature Rae

)utput Vo tge (pin 1. pin 2) .............- 0.3V to VDD Commercial (JN. KN. LN veuions) ......... O o+70C

ower Dissipation (Package) Industrial (AD. BD. CD versions) ....... -25*C to +8S*C

Plastic (Suffix N) Military (SD. TD. UD versions) ........- 556C to +I2S°C

To +.0C. ......................... 670ow Storage Temperature ................. -65C to +ISOC
. Dertes above .700C by ............... 8.3mW/C Lead Temperature (Soldering. 10 seconds) ........ +300C

CAUTION#

1. ESD sensitive device. The digital control inputs ae Zener protected; however. permanent damage may occur

on unconnected devices subjected to high energy electrostatic fields. Unused devices must be stored in con-
ductive foam or shunts.

2. Do not apply voltages lower than ground or higher ths VDD to any pin except Vpj~p (pin 15) and RIM (pin 16).

ERMINOLOGY 
I

LATIVE ACCURACYg Relative accuracy or end-point GAIN ERRORs Gain error or fullscale error is a measure

nonlineaity is a measure of the maximum deviatino from of the output error between an ideal DAC and the
,a straight line passing through the endpoints of the DAC actual device output.
transfer function. It is measured after adjusting for ideal

Lcto and full scale and is expressed in % or ppm of full-

scale range or (sub) multiples of 1LSB. coupling from V'REF to output with all switches OFF.

SOLUTION: Value of the LSB. For example, a unipolar

-. ivn'crrer with n bits has a resolution of (2-n) (VREF). A OUTPUT CAPACITANCEs Capacity from IOUTI and

np olar converter of n bits has a resolution of [2-(n-1l IOUT2 terminals to pround.

SEF]" Resolution in no way implies linearity.

+TLING TIME: Time required for the output function of OUTPUT LEAKAGE CURRENTZ Current which appears on ,

he DAC to settle to within 1/2 LSB for a given digital IOUTI terminal with all digital inputs LOW or on IOUT

,put stimulus. i.e.. 0 to Full Scale. terminal when all inputs are HIGH.

4,

t i4P

OIGITAL.TOANALOG CONVERTERS VOL. , 70-13
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IcRCUrT DESCRIIvrON

* 1 G IENERAL CRCUIT INFORMATION .,, .
* The AD7$33. a 1O-bit multiplying DiA converter, consists of

a highly stable thin film R-2R ladder and ten CMOS current
• a switches on a monolithic chip. Most applications require the U , , m

addition of only an output operational amplifier and a voltage
iJ or current referece. .

t The simplified D/A circuit is shown in Figure 1. An inverted %C .
R-2R ladder structure is used - that is. the binarily weighted
currents are switched between the 1Ow.1 and lOUT2 bus lines,I; •thus maintaiai a constant currn in each ladder leg inde-:!I. i 'pendent of the switch stae. F4AW* I. AD?5 75 Equivalet Circuit - All Digital inuts .

o-EUVLN ICI ANALYSIS
M urn The equivalent circuits for all digital inputs high and all dign1

I. .inputs low sme shown in Figures 3 and 4. In Figure 3 withJall digital inputs low. the reference current is switched to
mL

1ci.m The current source I G S is composed of surface
and junction leakages to the substrate while the .j-currt

on' I. o on% WT o N 13 source represents a constant 1-bit current drain through the
.2 ~termination resistor on the ft-ZR ladder. The "ON" capacitant-mof the output N channel switch is bO0pP, as shown on the

. T tFunctioel r lOUT2terminal. The "0FF" switch capacitance is 3SpF asa i Fshown on the IOtrrI terminal. Analysis of the circuit for all

' I One of the CMOS current switches is shown in Figure 2. The digital inputs high, as shown in Figure 4, is similar to Figurc.
*I geometries of devices 1, 2 and 3 are optimized to make the however, the "ON" switches are now on tominal IOUTI.

"" " i! digital control inputs DTLJTTL/CMOS compatible over the
* ; L " !i! fullmilitarytempenturerange. The input stage drives two

inverte (devices 4, 6 and 7) which in turn drive the two *,,,,
q output N-channels. The "ON" resistances of the switches-

I are binarily sealed so the voltage drop across each switch is -
the same. For example, switch I of Figure 2 was designed ,

S'i for an "ON" resistance of 20 ohms, switch 2 for 40 ohms and
so on. For a 1OV reference input, the current through switch
I is 0.SmA, the current through switch 2 is 0.2SmA, and so

- i. [on. thus maintaining a constant lOmV drop across each
- - . switch. It is essential that each switchv oltage drop be equal

... . P "' [ ' if the binuily weighted current division property of the
• K g I, ; g~ladder is to be maintained. Fgure4. AD 3EquiwlentCircuit-All Dgal npugh

* I-

Figr I CMOS Switch

I:

l VOL. I, 10-154 DIGITAL-TO-ANALOG CONVERTERS
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TYPES SN54390. SM54LS390, SN54393. SM54LS393.
TrL SN74390, SN74LS390. SN74393. SN74LS393

A DUAL 4-BIT DECADE AND BINARY COUNTERS
* i~.BULLETIN NO. OL-5 76120W. OCTOBER 1076

80015439.805S41.210 .. J OR W PACKAGE
* Dual Versions of fte Popular'00A, 'LS9O sN7oeaso SN7LSae .. J OR N PACKAGEar A I IVtW
* 290,LS3SO .. .Individual Clocks for A and 8 OUTPUTS

Flip-Flops Provide Dual +2 and -5 Counters vcc 2 CLEAN 0A 2

193, ISM .. .Dual 44Bit Binary Counter ~1 2 1 I I

* All Have Direct Clear for Each CJ~

4-Sit Counter

a Dual 4-81t Versions Con Significantly Improve
System Densities by Reducing Counter Packep
Count by 50%on a c o

* Typical Maximum Count Frequency .. 35 MHz I I

s uffered output& Reduce Possibility of Collector myEROTPT~as

Commutation OUT"ut

P@Wt1@0 la: High input to 11W mets ali four

description Otph ~
$1109430. 11.5393L5 ... JON W PACKAGE

Each 01 these monolithic circuits contains eight arNsaes. SuesLSM, ... JOR N PACKAGE
Mater-sane flip-flops and additional satns to imple- ITOP VEMu
ment two Individual four-bit counters in a single OUTPUTS
package. The '390 anld 'LS300 incorporate dua A

divide-by-two anld divide-by-five counters. which can VCC 2A CLEAR. M4 20 2 c 20C a
be uedto implement cclelength$sequal to any 14 12 12 11 1 1
whole and/or cumulative Multiples of 2 and/or 5 up
to dlvide-by-100. When connected as a bi-qulnaryGA 0

counter, the separate divide-by-two circuit can be H ~ t
used to provide symmetry (a square wave) at the final
output stae. The 1303 and 1S33 eech comparise
two independent four-bit binary counters each having
a clear and a clockc Input. N-bit binary counters can
be implemented with each package providing thCeA

capability of divide-by-256. The -M9. 'LS390. '393, 0
and 'LSM9 have parallel outputs from each counter
stage so that any submultiple of the input count 1 2 32 1 1r
frequency is availabla for WStm-timing signals. lA IL~ QO

Series S4 andl Series 54LS circuits are characterized OUTPUTS
for operation over the full Military temperature range stiesd lghpuboeareeslifr
of -55C to 1250C; Series 74 and Series 74LSouptlw
circuits aca characterized for operation from 0C uot

t70C.

TEXAS, INST~RUMENTS 10
PMST 0WC le- soupDCs. YI.lP S IR*
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TYPES SN54390. SN54LS390. SN54393, SN54LS393.
3N74390, SN74LS390. SN74393. SN74LS393
DUAL 4-BIT DECADE AND BINARY COUNTERS

PUNCTION TABLES

s LSM N. I.m;3o
SCO COUN? ouamClSt U-UARV 1-2 "393. LSM

|EACH COUJNTER) |9ACH COUNTER) COUNT SEQUENCI
flb.rm. * ls. Now wl tEACHC OUNTMR#

OUTPUT COUNT OUTUT COUNT0 OUTPUT
00 ac a OA 100 O as ao aa*

0 I. L L L 0 L L L L 0 L. LOA
I LL L H I L L L H I I. L L H

2 L L H L 2 L L H L 2 L L H L
3 L L H H 3 LL H H 3 IL L H H

4 L H L L 4 L L 4 L H L .

S LHLK H HL L L. 5 L H L H

L H H L 6 H L L H 6 L H H L

7 L H H H L H L H L 7 L H H H

a H L L L a H L H I H L L

* H L L H * H H LL H L L H

NOTES: A. Outpt CA M Co"sd 1. InPut 8 ft. BCD MWdtt. 10 H L H L

S. OuWuWA0 0tot o s i out Afobln qui V I I H L N H

.cmt 12 H H I. L
H ,,No level. Llow leL 13 H H L H

14 H H H L

1 H H UH

functional Mock diams

1. ts, OUTPUT
"' *Noh CA

9?1

NwOA O POtAA rA

Got oL iton I, OT ,kT IM lM

T

-.

IOUTPUT OUTPUT

La a__". .

'3 0 Now1 3 9. *jj3g3

* 1410 TEXAS INSTRUMENTS
I14CON POR A V K

p"? o."ax is 64"* AsA TSa^ 7553*
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TYPES SN54390. SN54LS390. SN54393, SN54LS393.
SN74390. SN74LS390. SN74393, SN74LS393

DUAL 4-BIT DECADE AND BINARY COUNTERS

15Matics ofnub WW-- t

SOUIVAI.#T OP EACH INPUT TYPICAL OF ALL OUTPUTS

INPU ~ .. -

OUTPUT

INPUT Req Nom

8 (-SO) ... .Sbkf
A J'3S31 ... 3hk

Any dew.... 6ki

COU) VALINT OP EACH EQUIVALENT OF EACH lpC.O L UPT
A AND SINPUT CLEAR INPUT

vce - VcC - VCC

OUTPUT

INPUT R,, NOM

A VL3 01 . . .. 4 3 hO 
1 0n N M

9 (LS3901....2.7 k

* TEXAS INSTRUMENTS 7-4011
I%COtpflft^TEOI

p"eT oneeC sOW "s * O".s TiCAs MR&f
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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 linking
information for each software module are
included. The floppy disc HELP file
describing the software package is also
included to serve as an overview.

1
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-HISRO&! isz~F:. AM_ iAM_~R! RTI

.j.,
CAP? 3. %i. STANT311i JUN~E 32.

USE7 I::FOZA!:O:;

n-IL TRV8 E TH7 hOL; ALSO PP1'Tii . Z0TROL FOR rr.7 O- O~
P'AGE SCANNER L-OPS- THE SOFTV~APZj IS IN A~ 7AR.ILY OF F o1,..:'S ;LSIGNATZ
BY THE FILE ATI3LBUT:

'00' 3 A ~LX~FILE SUCH AS THIS ONE L ONT CONTAINING 3~3i
SOVRCE COZ X.

.10. IS A14 OB.OECT COZZ FILL TH-AT CAN BE LOALZ; AN2C/OR LIZ1:;.
P ZENZING ON 714 , UR OF 7:3 - 5-4'R.

'30' IS A COPE tMAGZ FILL TaA7 (7XZN LOCATE; .;N Z!SX C)
::LOAZFC i~~r LXO1C'TE; AS A SSL-ZfL ~~L

FILZX;A:.!E is ENTELP..

S0 AN ZELCITIV 1. FOR~ FAC:L:TATING 7ARIOUS -- LL .- :OJ3

FEL FILES Z"CPSI.30:1 %N~ L OPS2o3O:1 AR CCML-J!' --CFT' AP. a.CA35
ZOpS! AND -OPS? ART DIT :USHii BY 7HI mHPTS:HOL SAN:PL:%G ~i~
ZOPS1 Hits AN :NIrAL STEP SIZTL (SI) 3?F 123 ANZ SACPLLVS TNZ L-NTR:P RAIN3Z 9
N; CO ?3 1024). ZOPS2 :4AS MZ' INITIAL STEP SIZE Or 54 ANZ SA:PL_S -HE ?N

OF '1 (12-8 70 50). 73 USE TLITHi. 1;7 ThESL_ .- TZ 71;1

OF :J OFThSLF!LES OF ZRIVE 0 By ZLcUTl ZNG A C!AIDSUCF1 AS:

COPY FILL ZLOPS1,3Os1

TPUT THE 23 INTO TLLOPS MOZL, CALL TH- APPPO PATE 1'FTVA=PL ?k~C?.AG
3V ?TfPING ITS NAME:

LOPS I

ONCE THE 'SOFrJAPE 13 L044L- iNr. ?tJN.j.' !E CO' .I
..RO!:GH THE 'SEISEL SIVICHE3 ON: 7MT FPo. ON EL CO ? ZF
FUCTION~S ARZL

SENS!T
----------------------------------------------------------------------------------

-4 :N3PM:AL LTZIl 2 LETT.:! ;O JS'
5 3 ;O7.*:AL, PAGEI:F:T ;..L -6 mtTO 'ATI 0 THFZESHOLO. 71S iOLL T-77!

* 7 SO~--FT ZC!2'-.. 0O'
------------------------------------------------------------------------------- ----------------------
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SENS E 5 1S "Sir FC! ::A,.4 .:.~...

z-V

eA3!- Z . . -

iAIN!:: ::- TEST AL Sk:: P - ~ -.:
TFRSHO.z FX:~ VeST''zIN Z3:NZxoI~ks- THE VAU- ;F TH. -

TESHOLZ IS .ASPLAYZDONo THEi scREZEN 1;1 A~v IN: TNS.z3HLL
FREEZE HOrES.. -H"7 i.AST THw3GLZ SET BY T*-*E _zF';R 13
TAINEZ NZ~ L!3PL~sYf!; )N -HE SCRZEN. NOTS: 1 ?T(E THLSCLL
IS ALTEFE r THE FR.ONT PANJEL OR B 3 F-L_'z002I4a MEANSO
TE :ESAGE TO TrHE SCREZ 3 'WILL 'NOT REFL.EZT -H-7 A7SC4.

3ENS 7 SELF EPLA:,ATCR..

EZP IS ::N TURN COMiPOSZ. OF* 3ALLV L:NA LE SOFT'.'AE TA _--S T.3S

7t~.1 ---- :IAIW CALZ?:G 2R0GRA!, VERSION .

". IS XOZ:LE CONTAINS 7!-.E :IAL~jLI.'_ ?GLTI.AJi3 OFF 7£: P AOL 7: 7O UST a,
AT THE BEGINNING LINK. 1T =XqTAINS ALL INITIALIZATIONS, SEJS SITC4

AiTC C AIS. : T AL.SO IN:7IAL::s THE SATL:I:'3 .Lj:jR.T ! '43F-74 RL
CO'NT.OLLING SAMPL.-IG 2ANGZ AHL INITIAL STEP SIZE (51).

7ST'- FIR.ST LINE

THIS SUBROUTINJE POLLS -.T SIGNAL CD.LLEGZ PRJTL.INE
,H{ICH IS PR.ESEN4T 31; INPUT FORT 4 1"! TH7. LEJST SEC"N:FTCAIT
BIT posION. THE 13~. 7C S:ZCZ TZCT

O)F THLiz~r 5I3:*AL. 7:,!5 IS CzLIi.. .o
'7ITIL THE SIGNAL ESS IL THEN LOOPIN~G "W! :7 IZTR~

~HEN THS OG'.A~ '~t.NSo Th TANSITION Y~ILL. iAlVE jUST CtR.,
THE SCFr*,APE ZS _nSlZ;tEZ TO TAXE V.'TO ACCOT TH W:.vERS:O!; THAT
TAX=S PLACE THROUGH TH 7? 1/'o T.'.. EFORL THIS *oi ACTL'AU.Y

SENSES A CONARD 7NSITIO% :-- THE SIGNA~L 'PP.INTLINEZ IN THE ER
THE GOALI70CTHTS gN'qRi rx ?'sIIO * HIC'i SIGN~ALS THE £iNC
'0? A LIIE OF llIZEO. INFORMATON-

THI1S SUBROUTIN*E IS A SLIGHTLY lOQRE' Cw0:IPLE-X *IE--Sl'.3 3F SL.
IT ALSO ZETETCTS A F"LLING T2AINSZjTl-N JIF 'PF.Z;TL.1Ni

HOEJRI 13 LS:jL T0 *jA T FOR THIS TRn.SISTO4F~i s
7.!IS F.AVCR! ',AS INL:L....-L TO C'.L'VLIT THE-- SOF. A. 77': 3LTT::c

.*NG T:? i OUT 3.7 3'f:C IF -4-E S-,:N- S~iCc:L Q17.ER S7 IN
R PROCXCZ A FALSE STRT :.' T- EV;k.::' THA~.T THIS CT; S

'-AZT MOPE THAN 10 XS. IT SETS THE LINE iCC-PNTERTO 7.0 L^S.
LIN:E SO0 THAT WHEN.% THE lFETl:R:; TO THE- AAO:J TPGm
THE LAST LINE QONiLIT!-OW *ILL BE INVOKE! ANI. 7:EE3F~~

?1L EST. S:HOULL :T BE ','FC -SAnP TO H..E7-E~..:E ~:
:N 'IOPAGE AtIZ STILL HAE HE:FT*,-A2i .P_ Ti SY:.CL:..tSL
*;?TH THE 3C.ANNER. (7?O AL:Z :-Z!EI:T Et*C *, SZ:SE ME' TO 7or:,. SL:o
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TW T ---- -' -- - __

T41S IS THE 51ZMP..ZST OF A.I r:-~ SUBROUT:;ES. 1T IS Th?. z.

SOAR' TO HAA'J AL7Z.ALY. 5=. 3 N AZ TH ;M:: FDRT~s4sz~
TO BE STORE:# IN 2.LGISTLER 9.

qS ET --- IZUIC*X THRESHOLD SAMPLINlG AL.GORITHM:

7XHIS MO:tLZ 5A.:PLZ.S THE RiAG 'OF -L!RSiOLO' *!AL:_s Y ':S!::G .: *'v

SIMAU..E tIJV SM.AULER sz:. Sl! :-iS EAC T:::- iSE 13 U.Z A7. Z3:
ST--P 31'E *,;!L-. 3Z *SID FOR ~.E iX:!LLS t:: ':L!. TH-T.: 3.. Z'I.
roI*R 35POIE CON~TRO IS R.ETURNED TO THL Ms~Z? CALL.Z:::4~CP~..wT
ZACF "ALUE OF Jo VTC IS ;3MP7AFZZ TO T:s "!LUzLS V TrC
('fTVC) - THE *IALV-i; OF Ni POOUCING THE O9V.jRuZA ) IV~'A~ F

.0IS STORED FOR EITHER THEi V'EXT zlibO~T:: JF '.STT OR.FPT{L:~~
CAL'1"'3 VP.OGRAfI TO LOAZ lIJTE PORTS 12 AzNL 13 AS 7XL PH£ U
-%.EHQ. !ALUS rOR THZ PAGE TO iE SCANXZlo.

T3%-IT -=- N-Z SRY T G -E3S!ZsLZ A O L *.N Z z-SOF

'ZAC:CA37- THE FJLLO.,QW'i:5 3EW:W-. OF ~~ ;~

LS* '..:1 T 0 5-TL.,,.10 1 .L! ST PS.-.

AS Z.ZL N:* 0 0I TO jLL .:I C 1 ::3 L:5
;sS:* YITS ,( CC: TO ITS. I ( I: 0 .L: ST -7?":
As* .00~O:1 TO rSLT *10-1I ~L13 T

~:( I J :G 0 i.AZ::4,I10*I

LI ll I F5TL:;, I CI

LI:4X I ILT , IC.:I

-h. -T'lA.PZ 15 :'; Ji- : R.AM AND REO FOR EXECION ZTHIR
F"204 THE FFOIIT PANEL IR BY USING THE Fl! ;EBUG 33FT*4APET.
SHOULDO IT 85 NECESS "P TO CREATE A FILL FROM H APiC71E %IOZUL--S

6 THAT CAN~ BE LOAZEL **iXA SINCLE COM'Le~. THE FOLL3*41NG ZOMiAt:LS
CANJ BE I.2SEzm

sSS '- *4OiSH FtLZNAi4E.IC:1
L:OCCO-C2!5

THIS PACXIAGE *:ILL 4Z STOPLO. OM ;tSK, n?.L %;A 6E:o.;a iT
AT ...~r TIM!E BY 7T O!A?:

LOAD :~A~EIz
TO E "ECVTZ TvHE POURA'f L3A-EzL 1.1 ThIS :XA;dNi?,5 1'5E T F! ~:

SrAL7
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LZ AZRLSS

IF T~iz 1 1L-2 1.ISHLS ~C.~EAFILE HIC AL A:, AL.S.3
AL'T- ATICALLY ECUTS FiOM TlHE SYSTZM LISKj 1:4 ?L....C 'F -E
ABOVE EXAM1PLE, TZSi 3LL.Ol: CQ:4MAX:S CA.N J- 7VECUTE.

CCI FILEIJAAI.30:1 CCOO-0255
COPY FTLZ FILZ.'AH.E3C:i

7HIS '.AST COMMANL PL.ACES A ZOPY OF THE COREL IMAGE ON h
SYST.E:4 ZIS- -,.-HE is BELL s'rOt7-.Z BY 7H-! OVZLj47::?O
:*J RESPONSEE TO T:-Z U~SER TYPING *FL- ' SIN~CE THE SYT
L.OCYS FOR LOAD-ANC-KXZCUTE FI.E N~ I h.~ H YT~
ZISK %SUA~v RESIZES.

IT M1UST 3E NOTED THAT THESE C;0M1ANLS TO CREATE ~EJCOPIES .IF 7H-Z
VEKRATING PROGRAMS M.UST BE V(ECUTZZ lM4E~oAT7lYf FOLL3";IN3 'H

LNWKING OPER.ATION SIN.CE SO:.- OF THE OTHER FLOS PROGRAMS CL:*::
THEr ASSEMB3LER ANZ THE .#TOR) OBSCURE THE L.3'.LR ACLRZSSES uF

7HE MEMORYV HERE THE- SCANNE R OGRAMS AREk LGA. E.

,A THIS ZISX THE TZILLS LOPS.3C:1 ANZ ZOPS2#30:1 %P. kRL 'iq~
LAD -ANZ- EX ECUZ FILES '-.41H~ CAN 3E C3PILL TO ^ -ISX :: " :.; C
"Oz IMM~EDIATE 'JSL.

FOR FUR.THER INFORNATIOu Z-;NCERPNI::G THE ER2.ITIO;N OF F3 AWLC
:TST OPERAT:NG SYS7Z:4 FZOSa CON:SUTt THE ',si.:! "AN1.ALS S!*P-.Z;
"ITH THEK SYSTEM.
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.AIN CAL.IN"G PPOGRAM-7".S:J
" .RS .3C 03JCT AO,R L..E SO.RC- STAT-:;T

COCn COOl :A V;4 . ORZ 0
0002 w
0003 TZTLZ '1AIN ALLI:G PO3AR-J:l4'/£PSN
CO04 a
0005 a V'RITT- 3Y CAPT 3. J. STANTON. 21 Jt'N !2
0006 e "EZTZ 21 JULY 12.
0007 w THIS IS TH" CaLL.NG .-.ROGRA.m FOR TH-

0008 w ELL.CTR0-OPTICA.L PAGZ SC."N... T :UST 3.
0009 * INKED FZRST "'&=, 31ILZ. ;G THE SOF.,iARE
001O0 P ACK(AGE 'ECPS-'
0011 *
0012 * THE USE OF THE FS FRONT PANEL SENSE S:'TCASt
0013 *
0014 * * O.N UP
0015 -

0016 a N.ORMAL OPERjTION RETURN TO Z0S4
0017 a 5 NOP.RMAL PAGE !::FINITE INES
0018 , 5 AUTOMATIC THRESOL- 'iRLSXG.; TREE'E
0019 • 7 SOFT. COPY .ARD COp
0020 w --------------------------------------------
0021 w
0022 *

2330 0023 034'. $U H2230"
0006 0024' LINZ£U EU 6 L::E C;TP HZGH SY!E
COA4 0025 LINZL 'QU 164 .INE CN"R LO' 3YTE

C02S *
0027 a CODES FOR PORT 3
0028 a

3000 0C29 EliC:D L'U :IO CODE FOR CM&- C-ANNILL
0020 0030 'CCZ TaU H'20' ZC, CHANNLL CMS5
0040 0031 --SNJS "LOU H'40* CONN £NP ST TO PRT4

0032 *
0033 * C-VICE ADQRESSZ3 (FOR PORT 8)
0034 *

0001 0035 ADHARD EQU xVOl ADDRESS OF PRINTER
0008 0036 ADSOFT VaU H'03' ADCR OF TEX. :13PL

0037 *
0038 * CODES FOR PORT 9
0039 *

CO C 004C L.ACR i."U H'IC! A,,C' .,AL .,O"
0041 a
0042 a DEVICE COMMANDS SENT THRU PORT S. AND

" 0043 * CONTROLLED 3Y PORT 9
0044 -

COOS 0045 HARDL,.4J EU VW03* LZTT MARG JUSTIFY
0000 0046 HARCFIL ZOU H00 FIL.,.'RT LINE BUFF
0003 0047 HARDAEV EU H'03 ADVANCZ ON- LINZ
OOOF 0046 HARDCUT VOU ..'C. CL'T PAPER
0037 0049 ;ARODOFF L-OU :I37 SHUT OFF PTR (PL'APS)
0006 0050 SOFTIN F.QL H106, -NBL- SOFTCOPY DISPL
0003 0051 SOFTOS3 E.U :.103 CSL SOFTCOPY iSL
0001 0052 SOFTERS EQU H'01 ERAS. SOFTCZPY ISPL
C002 0053 SOFTRSVr ZEt: kW't22 ?.ZS-7 Y CX'ER
C004 0CS 5 =FIY ZC H. C.

i~Z : ! 11 _- y' =: 77 ;N -" F 3 T L,. 175:l '. ,3 l "-

6 0059 a
0060 a
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I.AIM

cit:. 1, 71. 53
' i1 4LL2 3q 04 :.:TT$z~.z

C!C2 31 0064
Ot073 70C
0004 39 CCC6G i
CcCS aCCa 3C67 311E? Ell CZA JE ~z::

006!
1069------------------------- LT CAN1~. C3I
007C

OC07 35 0071 OUTS 5
0072 a

000! 2040 0073 BEGIN L. ENS ENS LA3L SCANNZR :;PtT
COO^ 35 0071 OUTS 5
000U 70 0075 CL:" -100F -1.1
COOC 34 0076 OUTS 4 1.131 a 0
0000 AA 0077 NS 4
o00 2102 007! 'it H'02 :NIT a 317 2
0010 9417 0006 0079 3NZ 3EG !

0080 a
0012 70 00!1 3EG112 CL.4 TEST TOP WIT z
0013 30 CC92 OUTS 0 7 1 9 SIS4L /
0014 AO 0083 INS 0
0015 2110 0034 NI H10
0017 3404 001C 0085 3! SKIP1
0019 292330 2330 C086 JP OS4 RETt.RN 7T zs

0087 a
0010 70 COSS SKXIP CL.R LOOP TILL
0010 a4 0089 OUTS 4 I:IT u I
001K A4 0090 INS /
001i 2102 00911 II '02 INIT a SIT 2
0021 84O0 0012 0092 3! BEGIN2

0093 a

C09a amoaaLELAY LOP*-=-=
C7

C123 T0 0096 CLR WAIT 2.3 ::S
0024 IF 0097 CLI INC
0025 94FE 0024 0098 3N! oLI

0099 a
0100 *aaa CELAYomm.
0101 "

0027 70 0102 CLR CMZL START AGAN
0029 34 0103 OUTS 4
0029 A4 0104 INS
002A 2102 01C5 %I H'02*
002C S4ES 0012 0106 3! 3ZGI:2

0107 "

002E 70 0108 CLR LT .-S SVSL 7
002F 30 0109 OUTS 0 FOR :4ARZ/307 CQt7VT
03C AO 0 0IC :Ns 0

0031 2190 0111 :4I i0
0033 58 0112 LP 3.A

0113
003K 48 0121 LR A, ALZ3 FOP HZA/3FT
0035 250C 0115 l H100'-0037 3411 0047 0 11 ;0Z SOFT

k'"0039 20C1 0113 HARD L: ALHAP: Z T!UP 7 0R 9 R X -ER
o "003k) Be 0119 OUTS 5

oo3E a9 0121 'UTS

.
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%AIN CALLIN~G PROGRAL4- t ERSN
ERPS L.3C 034ZZT ADO L.I!:Z SORCE STATEM1ENT

0040 59 0123 OUTS 9
0041 2003 0124 L I HARF.L.1%; START PUMPS IN PRT
0043 59 0125 L.R 9..A
0044 25000C 0000 0126 pt YMITS
0047 9015 005Z 0127 SR SXZPI

0049 2005 0129 SOFT fl AZSOFT 5~7TUP FOR ?Li-1SPL
0049 as 0130 3U.TS .5
004C 2008 0131 LI LZALDR STR 'rX 4L
0041 39 0132 OUTS 9
004F 70 0133 =LR
0050 39 0134 OUTS 9
0051 2002 0135 LI SO0?7-SY I:NITIAL.!E 7T.x-;ZISPI
0053 59 0136 LR ?,A
0054 290000 0000 0137 ?1 "IT~S

*0057 2C01 0139 LI SOFTE.S ---AST-~L:
0059 59 l139 L" R 7,
OC5A 280000 0000 0140 el 111MI-S

0141
- 0142 .sinms0ELAY LOPS~~wwm*nu--uw

11~43
005Z 20FA oi1'a sze:pl LI D1250, ;::.~ FOR. 71t:!PS L
O05? 52 01'a3 L?. 2.A 5PZ 8SE
C060 2cca C14* LJOPO L, :*2C0'

*0062 53 01047 L?. -1,i
C(063 33 014a8 LOOPI :S 3
0064 94?E 0063 0149 BNZ L30PI
0066 32 0150 zS 2
0067 94?! 0C60 0151 BNZ LCOPO

0152 a
0153 uin NZt4 ZE.A'aenwa
01S4

0069 250000 0000 0155 ?1 FSTLN 73R7 FO.IRST L:NE
0156 a
0157 0 CHECX FOR ATO T2HPESH3WL CISABLE-----------
0158 a

OC6C 70 0159 CLR

M 0E AO 0161 IN S 1
006F 2140 0162 N1I :(i''a
0071 945 0C7 0363 BN? FP?

0164
0165 wra
0166 a BEGINa AUTOMATIC ?MP.ESHOLZ SETTING szt13Lcz
0167 *a-**

OC73 70 0169 CLP :IAX DIGITAL IZO
0074 56 0169 L.. 6*A (M1TC) 1::zT.ALLZZZ
0075 57 0170 LR 7.A TO :ERO

0171 -
0172 a INITIAL1Z~ FOR r~iRESHOLO SAA1PLVIG ---------

* 0173
0174 UDl0DOeTeDE47!3! .e..e.e
0175
0176 v AS I7 STANZS 110'! ISE7 15 l"17lAL.!EZ T0
0177 0 SAMPLE THE RANGE 12! 73 6'a0 .41TH Afl

017R 0 NITIAL STEP SIZE OF 64 A3 ;OC-:ZN7Z: FOX
C170 *7ESO0T*JAF. PAC:AGZ, E13TS2.

C181 TO SAMPLE THE ENTIRE 54N3E OF N CC -0 3C20)
0182 SCRATCH ;REOISTES 5 4US SE L.)AZEZ ',*z'% 'LO
0153 A .::: SCP.wrCH -i GISTEP. 3 :-UST 3-1 L.3.AOE Z?
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MAIN CALLING 7ROGRA-'JZA$:
-AS . LC ]33ECT AZOR LIz:E SOURCE sTAr.,:EJT

0134a - 12e.

0166 *D3UoDUD*9De.o.eeoooow ee geoooooo9ooooooooC I
01!6 *
0197

0076 54 0159 LR AJA THR£SHOL SET TO
0077 2060 0190 LI 129 START AT 12!
0079 55 0191 L R 5JA
007A 2040 0192 Li 64 STEP SIZE INITIALIZ&

007C 53 0193 LR 3.A TO 64
0194 *
0195 a TAKE F0UR PASSES (AT 7 LINES DER PASS) -----
0196 *

0070 280000 0000 0197 Pt 2SET
0080 280000 0000 C198 PI lSET
0083 280000 0000 0199 Pt QSET
0086 280000 0000 0200 21 OSET

0201 -
0202 0 LOAD OPTIMUM THRESHOLZ ---------------------
0203 v

0089 02 0204 Lit AQLU
O08A 2713 0205 OUT H'1I3'
008C 03 0206 LA A,4L
0080 2712 0207 OUT H'12'

0208 a
0209 * DISPLAY OPTIM' THRLSHOLZ------------------
0210 *

008F 2A017E 017E 0211 SH0; zCI nS31-21
0C92 20 0212
0093 2A0197 0197 0213 zCI .1SG2*22
0096 02 0214 LA AQ?
0097 2430 0215 Al H'30'
OnqQ Mlo '216 C: H'39
CC93 i103 007F C217 3P SuI
009, 2407 0218 Al H.07 °

009F 17 0219 SHI ST
OOAO 2C 0220 xc
0OAl 17 0221 ST
00A2 03 0222 LR AjQL
00A3 14 0223 SR
00A4 2430 022- At H130'
00A6 2539 0225 CI H'39,
00AS 103 OOAC 0226 SP SH2
OOAA 2407 0227 Al H'07
OCAC 17 0228 SH2 ST
OOAD 2C 0229 xrc
OOAE 17 0230 ST
OCAF 03 0231 LA AL
030 210F 0232 41 H'0F
0052 2430 0233 A. V30'
0034 2539 0234 .z H '37
cOCB6 Ie3 ci C235 :2 3:13
0031 2QM7 0206 Al ,.07
CCOA 17 023" :

OO 2A0164 0169 0241 ;CI .1sci
COCO ? I C:u2 315 1
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P005 3ccl nfC7 (!?45 BF %;

0246•0247 CTC P~~0Z~~ ZL

0249 sae
0250

007 2A018! 0111 0251 FPZ :c. :,SG2
C0CA 71 0252 LIS I
00C3 50 0253 LR 0,A
00CC 283653 3653 0254 Pt H'3653'

0255 a
0CF 200 C256 54A LI LINEU INITIALZE LINE CT7
D00! 0 0257 LR 0,A SC is HIaH 3YTE

00D2 20A4 0258 LI LINEL
Coca 51 0259 LR IA SI :s LOW BYTE

0260 *
005 2000 0261 LI LVCXc OPEN UP C:MD CHANNEL
0007 35 0262 OUTS 5
00DS 48 0263 :!lV&L.N LR Ai8
0009 2500 0264 CI -P00'

0265 *
0O01 542 OGCA 0266 3Z %LSOFT

0267 *
0000 2003 0268 ULAD HARL4.J Nz..4
COOF 59 0269 LR .JA

E00D 28C000 OCQO 0270 PI Y IXTS
0271 *
C272 mAm.0iL4Aa~ww
0273 -

003 20FE 0274 L 1 254 VAZr Is us
00S IF 0275 ZLI 1:4C
00E6 94FE 00!5 0276 &N Z L

0277 a

0278 m-EWLJ . KLAua-
0279 *

10T 2 2020 02a LI TviCCz OPEN ZATA CHN
0281 - .------------------ TA CHANNEL OPEN

O.A 35 0292 OUTS S
0283 *

E003 280000 0000 0284 PI L D U3 WAIT F0R ZNL OF LJE
0285 a

-OE 2000 0286 LI EJCWI OPLI C1C CHANEL.
0287 *---- ATA CHANNLL C.;-------------------

0OF0 35 0288 OUTS S
0239 *

00F1 2000 0290 LI HARDFIL SENC FILL CM
00F 59 0291 LR 1aA
00F4 230000 0000 0292 1 "lI 3

0293 a

0 2 9 4 a 'a -0 E L y a -----u
0295

OOF7 20F0 0295 LI 240 vAlT 14& US
00F9 IF 0297 LL2 tNC
00FA 44FE 0F9 0298 3NZ 3L2

0299 a
0300 ---um7N ZELAY--=--
0301 -

OF 2003 0302 LI HAR;.Ac A'lANCZ PAPER

S30CFT 59 0303 L ;*A
F007 280000 0000 030- ;1 XMZTS

0305 *
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MAIN CALLI POGRA?-VERSU A
LAOS LOC 03%ECT AZER LINE SOURCE STATL:ET

0306 -- =--GZ..AYau*-*-m
0307 *

0102 20FZ 0308 LI 254 "AL? 1 uS
0104 IF 0309 CL3 :1C
0105 '4F 010* 0310 3NZ ZL3

0311 0
0312 .sm---Z ro.LAY'--ma

0313 *
0107 290132 0132 0314 imP zzocxcH CNECX FOP LAST L.IN;

1 0315 a

0316
0317

O.CA 2006 0315 NLSOFT LI S3FT= ENASLT TEX DISPLAY
O1CC 59 0319 LR ;0A
0100 230000 0000 0320 Pi 'IT S

0321
0322 a*aaaaDLAY*Oawamow
0323 *

0110 2QFT 0324 L! 254 WAIT 1 US
0112 IF 0325 ;L4 INC
C113 94TP 0112 0326 BNZ ZL4

0327 *
0323 am-maErNO ILAYa...

0329 a
01t5 2020 0330 LI ;CC3 3T:: 'ATA C41;

0331 a-------------------- T C;i,: L A PN
0117 B5 C232 UTS 5

0333 *
0115 2M000 0000 0334 7 1 LLZ ' AIT FO?2 "L St'G

0335 *
0118 ' AiIi 0336 LI LNCliO OPEi CMLo C-iouNLL

0337 - ------------------ CATA CHANNEL CL3SZO
011c 35 0338 OUTS 5

0339 a
C111 20C3 0340 LI SOTLS3 CISA.LL TEX-DISPLAY
0120 59 0341 L? 4 i
0121 290COC 0C00 0342 ?1 YmITs

0343 a
0124 2004 0344 LI SOFTINY SENC INCXLENT 1 C:14
C126 59 0345 Ln 91 A
0127 280CC0 000C 0346 Pi X:4ITS

0347 -
0348 a*awaaLLAY**am=aaa
0349 a

012A 20?F 0350 LI 254
012C IF 0351 DL5 N c ';AI 18 S
012D 4F7E 012C 0352 314 OLS

0353 a
0354 ---- JZ ELAv---
0355 *

012? 290132 0132 0356 Jl" EDH
0357 aaaaaauauaaammammmm - agm..aaaa

0132 70 0358 ENCHR CL? IF FS 3E:ISE 5
0133 Be 0359 OUTS 0 =1 THEN LJOP
0134 AC 036C INSS 0 UNTIL F3 3ENSE
0135 2120 1361 N1 HIZC' so
0137 2500 0362 cI 'oC,
0139 1407 0141 0363 B? "1R1C .T
0139 2001 036-& l 8101'
0130 51 0365 L1 IA
013E 2000 0366 LI vo0'
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MA I N CALLING PROGIRAA-VESN 4
VPRS L.QC aa4EC? ACDR LINZE SOURCE 7!W

0140 50 0367 L. CA
0141 41 0368 N 0P.%C.T L? A,
0142 2400 0369 Al 0 :HEC% T.R LAST LINE
014 9407 014C 0370 iNZ OX
0146 4C 0371 L? APO
0147 24GO 03?2 Al 0
0149 3406 0150 0373 3z Do N
0145 30 0374 IS 0
014C 31 0375 3K 3S I
0140 290008 0006 0376 JM!P NE UN
0150 4S 0377 DONE LA A&$
0151 2500 0376 cz X100'
0153 6412 0166 0379 st SKIPSOF

0390 0
0381 PRINTER FINAL. SECTION --------------------
0382 s

0155 2007 0383 LI HARCUT S4D CUT C4D
0157 59 0384 LA 9DA
01S 250000 0000 0385 P1 .ITS

0366 a
036 -
0395

015" 2076 0389 LI 246
02!0 IF 0390 CDL INC 7AIT FOR CUT/
OlS 94FE 015D 0391 3NZ CDL

0392 a
0393 -aaat-a-a. DELAY

0394 a
0160 2037 0395 LI HAP."OFF SZZJ. PlINTER 3FF C:
C162 59 0396 LR 9f,
0163 250000 0000 0397 Pt .IITS

0396 a

0399 a

0400
0166 290005 0005 0401 SKIPSOF imP OVER RiN PROGRAM AGAIN

0402 *
0403 w

0159 0016 0404 XSGI rC HL2'0016'
016a 544852 0405 zC COTHRISHOLD RE3ET
0173 54aF20 0*06 CC CITO Po'
0181 0017 0407 1SG2 Cc HL2'C017'
0123 544a!52 oftc! zC Z*THP.Z5-{ULC Z J'
C194 415420 0409 DC CAT too'

0410 a
011 a
0412 FyD

00 ERRS
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:MRS LOC OBJETCT AD LINE SOUR.CE STATEME.NT

0000 OCOI FSTL41 Ra
0002
0003 a
0000 * WRITEN BY RALPH L.. !NCICItE-RPA 12/90
ocs *
0006 a THIS3 IS A StUSP .4211CH VAITS FOR THE
0007 * SIGNAL CAL..E3 PRL.1NTL.ZNE TO '!AKE A
000a - RISING ?nANS1T1ON SIGN4ALLING THE
0009 * END OF A SCAN LINE. AUZ 71*:2 TO
Coto a SEND COMVANDS.
Colt * ZUE TO AN 111 LSI0N. THE.
0012 a 1:N7ERFAC-. THE ACTUM"L LINE I:; 7*

- 00 13 * 5C ? ~ . AL:. 3T:.
OCI-4a
0015 *

0040 00I-, £zzSENS EQY., A'.0
0017

0000 2C40 :..z -£:s: s X.L 3~:z:2'T
C~f2 iS 0:2 C

"C21
C003 7n L2:pf ~

0066 21C1 025 NJI :vc1,
000.A 14- OC03 0026 SM: L71

OC03 34 0025 OUTS 4
000c A4 002o14 4
0000 2101 0030 NI vo01
COOT 9'aTA 00CA 0031 az L?2
0011 IC 0032 Pop

C033 r,0
CO ERRS
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-I

EPSS !3C 33dECT ACR LI:- SCCF. ETA7E,1EN T

0000 0001 :1 DL:: 7073 0
0002 T!TLE 'EZLN
0003 0
0004 w VRITTEN 3Y RALPH L. VINCIGE..RA 12/30
0005 a
0006 * THIS I A SUSR 'HICH "AITS 701 7%Z
0007 . SIGNAL CALLED PRINTLINE T :.AXE A

0008 * RISIIG TRA:JSITION SIGNALLI:NG THE
0009 a END 3F A SCAN LINE. AND T!E T3
0010 a SEND C,^:I4AN.
0011 a DUE TO AN INVERSION I THE

0012 v INTERFACE THE ACTUAL LINE IN THE
0013 • SCANNER MAKES A FALLIZIG TRANSITIOW.
0014 =

cots a
001a w THIS SU3P ALSO VILL ONLY 'qAIT
001 m AaOUT ICMS -OR THE
0016 a T.ANSITION TO OCCLR. IF T1Z TRAN;SITIOJ
001; • TA2'.EZ MORE TMlE LI:4E CCt'TZ.- 13 -T
002. - THE THE -JD OF THE ANCE A:JC THE
0021 a MAIN PROGFA11 CONCLUDE3.

0040 0022 ENSENS E-. H401

CC23 =
0024 w

0000 2040 0025 L. ESENS ENA3LE .,... :%Pt:S
0002 35 0026 JUTS 5

0027 •
0003 20FF 0023 L: ;'255'

0005 59 0C29 :P. 9,A INITIALIZE CUT REG
0030 •

0006 70 0031 LPI CLR LOOP UNTIL FALSE
000' 34 0032 OUTS 4
0008 A4 0033 INS 4
0009 2101 0034. .I .101'

O00B e406 0012 0035 3Z .rOY

O00D 39 0036 ,S 9
OCO. qto0 O07 0037 3Z CUMPOUT

Colo ;0F5 0006 0038 3R LPI
0039 a

0012 20FF 0040 RDY LI Z'255'
0014 59 004.1 LR 9.A
00t5 70 0042 LP2 CLp LOOP :'7TL TRUE

0016 34 0043 JUTS
0017 A44 0044 !NS 'a

0018 2101 0045 :1! H101
3A 9408 0023 0046 BNZ 30

0010 39 0047 ZS 9
0010 94F7 0015 0048 3NZ LP2
OOIF 2000 0049 CTLP0 UT Li ,'C0'
0021 50 0050 '.R C,

0022 51 0051 L.? I.A
0023 IC 0052 GO POP

C053

cO ERRS
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.. . . .. * : -. .. - .

r-t

E-RS LCC OSqJECr ACR L: SO"CE SEAT-*:;T

0000 0001 'CZ TS ROR3 c
0002 v
OOCO TITLE ' XI3 '
1004 *
2005 a .,R1TTE Y RALPH :.. V:%C:, URRA 12/90
0006 *
0007a
O00a - T-:S 3U3. IS USE, TO S.', THE CO:.'IANZS
0009 - TO THE PRINTER 3R T:iE TL, ;LSPLAY,
0010 a IT EXP 'S --AT THE CO::I'AZC CHANN.E.L
0011 a HAS ALREAY 3Z-. OPENZ, THR P0RT 5,
0012 *A,%lD THAT THE COMMAND TO 3E.T IS
0013 a VAITING I:N R.GIST R 70 5Z 3ET 73
0014 * .ORT S.
0015 -

00CC 49 CCIS LR A,,9 .UT ::: N PORT 1
0O0! 3q OC17 O.1*S T
00C2 2010 00 1 LZ C' ' C'Z ::', LOG:C
c00 39 0019 ,UTS 9
COOS 70 0020 CLA
CrO6 39 0021 OUTS I
OC07 2002 0022 LI HIC2, SEND SYNC PULSE
0009 39 0C23 OUTS 9
COCA 70 CC24 CLR
0C03 39 0025 OUTS 9

0C26
oCOC 1C CC27 POP =OF RET ACR

0C23 5

"I
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CUICX 7H:-(OLZ --AMPLZR*,1I6
LPRS LOC *33ZEC LIVE S.R LINE T

0002 T ITLE 'rUzC, T:IRESHOL3 :i'
0003 a
0004 * THIS IS TH-E NJEXT GE.4E.RATI-N OF ISET
000.5 * MOCIFIT-i TO BE A P.ELCATASLZ :403"LZ.
0006 *

C07a INEZLTO BE LI:IKEZ *ZITH :i :lHE
C008 a CALL.ING PROGRAMI OF THE ZLCJ-CPTIZAL
0009 a PAGE SCANN~ZP.
0010 -
0011 a INITIALIZING IS ACC014PLISHEZ !N THE
0012 0 MAINi CALLIZNG PROGRA. STARTING 7ALUE
0013 a OF N ANZ STEP SLIZ (SI) AnE 3ETEFMINE-
0014 a AT THAT TIMIE.
0015 *
0016 *
0017 * 7PITTEN BY CAPT B... STA:NTC3I ;t. 52
0018 a DEBUGGEL 7R.0: ;~SZT3. 21 jU!. 32
0019 w EDITZ3 FRO0M ZSET!o 21 JULY 32
CC20C
0021 =

0030 0022 VCRSET Tfzt :~ H 0 Z1 G V I CEO CN T -SET
OC02 0023 Oil? z,.'U 2 SAM4PLE r-G:l 3 COUTT
0003 002'a T EP -zU u THRESHOLL 5T? S
0004 0025 N:U EIIL 4 THAZSH0LL B~~ YTE
0005 0026 NL F 'v S THRLSHOLL0' 3Y'_Z
0006 OC27 :MTCU EQU 6 IAX D10 vizza =V
0007 002S :4TCL E-oU 7 MAX 03 VIZOO~
OOOA 0C29 :411W EQU 10 M4IN4UEND HM1H BYvTE
OOOGf 0030 "I::'L tz tt 11 .AINUT':Z LX~ - "T
0C40 MC31 ENSE!5 EQu i40'

0032 *
0033 *

0034---------------- SUBROUTINJE SA:lPL -----------------
0035 *
0036 * THIS SUBROUTINE HAS PR'71S1015 FOP A VAR-
0037 * IAaLE THP.ESHOCLO STEP il!- L.2ACEZ IN3 .3
0038 * (STEzI. IT E:(PLCTS THE STARTING THRISHOLZ
0039 a VALUE TO BE LO~iDEL IN R4R (!~ .to.L)
0040 0

0000 77 0041 Lis 7 IIILZ
0001 52 0042 LA C wTo i CO'3UTZ.

0043 *
0002 205C 0044 RVC LI *CFPSBLT 4ESE-T
0C04 2713 C045 )UT ;313. *,iL
: 0C6 70 CC46 T*-
000( 7 2'13 1 0C,47

(rn'o, C3 00113 T - -i:.13N0L; :1
003 55 CCSI Z I., ~~
OCCC 2732 002 17-T :. I q.

4 el m.53 L

----------------------------------------------- -- L-------------
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S-. LC OjLCT A2nr L:,, 7O .C- -

0016 70 0062 PL1 CLR L',P tU:'TrL FAL$--
0017 34 0063 OUTS 4
0018 A4 C064 I:S 4
0019 2101 0065 : H1Z H°01,
0013 4 A 0016 0066 5NZ PLI
OCID '0 0067 PL2 CLR LOOP UNTIL TRUE
001E 34 0068 OUTS 4
00IF A4 0060 INS '

0020 2101 0070 N 1 HC10
0022 94FA 001L 0C71 3Z ?L2

CC?2 -
0073 - STORE "E'W VTC IN SUSTRAHZ';D (K) ------------
0074 *

0024 70 0075 CLR
0025 2711 C076 OCT vI 1'
0027 2611 0077 IN HII'
C029 19 OCq COM

002A 04 0079 LP X<UA
0023 70 0080 CLR
002C 2710 0081 OUT H210:
C02E 261C C092 'N HI10
0030 18 C083 ,0.M

0031 05 0094 LR KLA
0085 -
0056 - LOAD M.I:NUEND WITH :a (:!TC) ------------
CC '7

0032 46 Otqq LR A,.TCU
0033 4A CCS9 LR "VJU A

0034 47 0090 L.1 A,:*ITCL

0035 55 0091 LR MINL 1 A
0C92 =
0093 * SU3TRACT FOR SIGN OF RESULT ----------------
0094

0036 01 0095 LR AKL LOAD SUBLJL A4.,
0037 18 0096 COM COMPL MI EN T
0038 CB 0C97 AS MINL SUBL3!; * :11?NL301i
0039 53 009q LR MIN L A STOR- IN MINLOW
003A QA 0099 LA A-1 INU sARPR TO
0033 19 ClO L.4 K NA:1
003C 5A 0101 LR AINUo A

03D a CIC2 LR AMINL AL I T= MAO K
003E IF 0103 11;C 2'S CO'7L-'INT
003F 4A 0104 LR A,H4IN U CARRY T:
OC40 to 0105 LN KX .1N:
0041 SA 0106 L. :1NUA
C042 00 0107 LR A, U LOAZ SUM3'. AN:
0C43 13 0108 CO4 CC:4PL .4L'T
0044 CA 0109 AS I %iU SUSHZ -. INHI

3110 -
0311 * EN 3 SUBTRACT FOR SIGN -------------------

0112 a
004! !209 004F 0113 ac SXIP
0047 00 011,I LR A, jU A-PLACZ .IT

C04. 56 0i5 L? :TCU, A .I -
0049 01 01I6 LR etKL 'ITc
004A 57 0117 L. MTCL.A

C0-3 44 01 1; LR L., SL T-.

004C 06 0121 L.. L7 ., A" 'Oh0Z 'AL

0041 C7 C122 L=
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.UICK TRP.LS.-OLZ SA:.MPLL?. 1',
--=RS L3C OBJECT Azz;, :.::;E OzESAE-E:

C123 ,

004F 32 01204 SKIP ,S CNT
0050 4451 0002 0125 dJ., . .. C

0126 a
0127 * EN Z OF SU R0UTIN E 3A:PL- --------------------
0128 a
0129 a - STARTZJG ',LUE CF :*;,', RANG.
0130 - Ni TO iE ZA'FL:-A,
0131 =
0132 S SU3ROUTZ'L 54i TRAGT ....-- r......-----
C133 A L2OZSt
CIZ34 a ItULN 1.1 'IC2 C I. 1 (.i)
0135 a SUiT. AM.IJ M:: R .2 3 213
0136 R .ESULT I: -10 .11 C;;
0137 "
C139 FIRST LOAL !ALUES --------------------

0139 a
0052 02 0140 LP A*Qu, LOA,
0053 5A 0141 L? 'INU pA -1
OC54 03 0142 LR A,, L I.N
COS5 5B C143 L" :. INL, A I r 1:'.EN Z

0144
lc06 A3 CR45 LR Ao STEP L344, STZT.
CC57 G5 0146 LR AL, , ,:;
OCSS 73 c1R47 CLR SUBTRAHEN,
00!9 0 0141 L. KU, A

0149 a
0150 * T._EN SUBTRACT -------------------------
0151 U

COSA 01 0152 LR riKL LJAL SBL0"; ANZ
005 18 0153 Cam COMP L -ZNT
05C 3 0154 AS It SU3LQW * "41.aLOW
005D 5B 0155 LR l lA -TO. I: "INLOW
005E 9204 CC63 0156 ZNC SBI IF CARRY THEN'
0060 4A 0157 LR A, 10 INCREM.ENT
0061 IF 015 111C LI H
0C62 SA 0159 L IOA

0150 ,
0063 48 0161 331 L" AlI AC, I TO M.AKE
0064 IF 0162 INC 2'S C3:,nLE.":M:;T
0065 5B 0153 LR II0A
0066 q204 0C6B 0164 3 C 52 :F CAP!*Y 'EN

C006 4A 0165 LR AIC JCPa:::F.JT
0069 IF 0166 INC
OC6A SA 0157 LR 1o*A

C168"

006B 00 C154332 LP ,KU L3# S"BHI AN:
0060 13 0170 0O:1 ,. -LiNT
C06O CA T171 Ai 10 3,',3Hl * :11'HI
0C6. 5A 0172 LR 10, STORL N 'M.1HI

0173 a
0174 a FINALLY STORL NEW STARTING THRESHOLO -------
0175 *
0176 a

0C67 AA 0177 LR INU
0070 54 017' L. !NUA
C071 43 0179 L. , 'ltNL
0072 55 0130 '. *'L. A

40181 a
0132 * ALT0R TP 31Z -------------------------------
0133
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WI'CK THiRESHOLD SAM~PLZE..!6
XFRS L.3C OBJECT AZ. LINE SO -RCE ST;%.MENT

C073 '3 018Ia LR APSTEP EI'11IE iTEP-
0074 12 OIL'S SR I S!LZ BY? 4
0075 12 0186 SR I
0076 53 0137 L.A STEP&A
0077 IC 018800

c189
0190 - ENZL 3F SUBROUTINE SA .P------ ---

0191

co. ERRS

LZSTWNG OF EXzEC FILE *L:d<ZO* VHIxC: Lz*s roGE'r:---?

TH-E INLIVIDUAL SOFT*,ARi.- AOLLES THAT FORM, E'-3P*

IN I CLEAR ORG C %A11W4,1:il
LIZNK I FSTL.110 1
LI NK i Z&ONL 10 1
LIZNK I XM113,10:1
LINJK I QSET ,10-1

4ASS cI "-TI
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LINNX I NG I NF 0RlATI1ON FOP 0 F! P-
FZMULAT.:R LOALIR

'MBO L AL L

'.AIN4 o00

:IEXT ADDR: 019A OCCC

Y*NLEF SYM:
E~LN FSTLDJ Q IT ~ST

FORMIULATOR. LOADER

SYMBOL ADDR

FSTLN 019A

NEXT ADDR: OIAC 0000

x'LFSYM:
EN 7dLN XMITS QISET

FOR.MULATOR LOADER

SYMBOL ADDR

ENDLN OIAC

NETADDR: OIDO 0000

UNDEF SYM:
VIITS 0SET

FORMULATOR LOADER

SYMBOL ADDR

X14ITS 0 1 DO

NEXT ADDR: OILD 0000

4 TNDEF SYM:
OS ET

FORMULATOR LOADER

SYMBOL ADDr?

17 2ET 01D

NEYT ADD?.: 0255 0000
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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 sequence.

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 is fundamentally limited to only being able to

pinpoint Np (the value of N producing the peak of the VTC 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.

If QSET produced an N-value less than the actual value of Np,

then the error is negative (A), 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 is 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 constraint5 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. And in

general, it is important to realize that sampling errors are a

product of the uncertainty in the VTC curve itself.

0g The performance with Category II data is a perfect example

of the problem discussed in Chapter 5 concerning the occasion

when the range of significant VTC information (RV) is smaller

than the initial step size (Si). 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

Page 153

6



b - . - . , -- . . • - , .. - - - . • . . . . . . . .-' -

QSET2 was designed to overcome this specific problem, and as

noted in the simulation results, its performance is excellent.

QSET evaluations with Category III 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 in 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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TABLE C.1

VIDEO TRANSITION COUNT

DATA SETS

DATA CODE KEY:

First character: Indicates ECP used
Second character: Indicates month data taken
Third and fourth character: Indicates day data taken
Fifth character: Indicates run on given day

DATA CODE REMARKS

A5261 Old green fluorescents used
A6061 Old soft white fluorescents used
A6062 Old cool white fluorescents used
B6062 Old cool white fluorescents used
C6062 Old cool white fluorescents used
D6062 Old cool white fluorescents used
E6062 Old cool white fluorescents used
F6062 Old cool white fluorescents used
A6063 Old warm white fluorescents used
A6064 Only one warm white fluorescent used
A6066 Old cool white fluorescents used;

Yellow paper used as background
A606A Old cool white fluorescents used;

Red paper used as background
A606D Old cool white fluorescents used;

Navy blue paper used as background
A6071 Old cool white fluorescents used
A6072 Same conditions as A6071;

5 minutes later
A6073 Same conditions as A6072;

.- 5 minutes later
A6074 Same conditions as A6073;

5 minutes later
A6075 Same conditions as A6074;

5 minutes later
A6231 New green fluorescents used
A6232 New cool white fluorescents used
A6233 New warm white fluorescents used
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TABLE C.2

DATA SET GROUPINGS

Category I Category II Category III

A5261 A6064 B6062
A6061 A6066 C6062
A6062 A606A D6062
A6063 A606D E6062
A6071 F6062
A6072
A6073
A6074
A6075
A6231
A6232
A6233

TABLE C.3

STATISTICAL SUMMARY OF QSET PERFORMANCE

CAT I CAT II CAT III

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 (mY) 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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OSETI A5261

-PASS 1 QSET2 A5261

N VTC -PASS 1

128 1 N VTC
256 1
384 190 192 1
512 0 256 1
640 0 320 126
763 0 384 190
896 0 448 3

512 0
----.------ PASS 2 576 0

tj VT- PASS 2

2% 4 N VTC
320 126

352 253 336 210
384 190 352 253
416 71 368 226
44F 3 384 190
43 0 400 121

416 71.
-.------- PASS 3 432 20

N VTf- PASS 3

328 169 N VTC
336 210
344 222 340 216
352 253 34q 222
360 244 348 241
368 226 352 253
376 215 356 246

360 244
PASS 4 364 228

N VTC PASS 4

34o 226 N VTC
348 241
350 254 349 247
352 253 350 254
354 255 351 242
356 246 352 253
358 244 353 243

354 255

ACCORDINC TO OSET1, THE 35 247

THRESHOLD VALUE PRODUCING
THE PEAK OF THE VTC CURVE IS N 354 ACCORDING TO QSET?. THE

THRESHOLD VALUF PRODUCTNG
ACTUAL VTC PEAK OCCURRED AT N =3n THE PEAK OF THE VT(", tURVC IS N 435

ERROR FROM CORRECT N IS: 0 ACTUAL VTC PEAV OCrCURRED AT N = 154

ERROR FROM CORRECT N IS: 0
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204-

* 102 -

5 i -1 1__ ___ %

0279 303 326 350 34 97 21 4 4 4 N4a

AQ5261
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GSETi A6061 QSET2 A6061

-PASS I -- PASS 1

N VTC N VTC

128 1 192 1
256 1 256 1
3S4 113 320 6
512 121 384 113
640 0 449 176
768 0 512 121
896 0 576 39

----- --- PASS 2 -PAS 2.

N VTC N VTC

416 157 400 140
448 176 416 157
480 149 432 187
512 121 448 17x,
544 57 46" 161.
571 39 48C 14

a 0 496 144

3 ------ - -A- :;

N VTC N VTC

424 1S0 420 168
432 197 424 1SO
4O0 193 428 179
'44 176 432 187
456 172 436 177
4o4 161 440 183

154 444 15

----- PASS 4 ---------- PASS 4

N VTC N VTC

4?6 178 429 184
428 179 430 200
430 200 431 185
412 187 432 187
434 180 433 185
436 177 434 180
438 181 435 181

ACCORDTNG TO QSETI, THE ACCORDING TO O*ET2, THE
THRESHOLD VALUE PRODUCING THRESHOLD VALUE PRODUCING
THE PEAK OF THE VTC CURVE IS N = 430 THE PEAK OF THE VT1 CURVE IS N 430

ACTUAL VTC PEAK OCCURRED AT N = 430 ACTUAL VTC PEAK OCCURRED AT N = -430

ERROR FROM CORRECT N IS: 0 ERROR FROM CORPECI N IS' 0
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200

160 
IA

120

40

Ms 351 We0 424 461 -497 533 570 606

Page 162



4l

QSET1 A6062 QSET2 A606Z

-PASS 1 - PASS I

N VTC N VTC

128 1 192 1
256 1 256 1
384 130 320 24
5J2 117 384 130
640 0 448 182
7.1)8 0 512 117
R?6 0 .576 2

----- PASS 2 -PASS .

N VTC N VTC

298 1 400 152
320 24 416 197
352 82 432 185
3e4 110 448 182
416 197 464 167
448 12 480 150
ig0 1 0 q96 13E

3... .PASS 3 FASS 3

"i VTC N VrC

292 i39 404 t62
'4 0 152 408 184
40p 144 412 19C
416 117 416 197
424 197 420 207
432 185 424 197
440 181 426 192

.PASS 4 -'ASS q

N VTfl N VTC

410 1H9 417 197
412 198 418 206
41.4 194 419 208
416 197 420 207
41S 206 421 205

4 420 207 422 204
422 204 423 197

ACCORDING TO QSETi, THE ACCORDING TO OSET2, THE
THRESHOLD VALUE PRODUCING THRESHOLD VALUE PRODUCING
THE PEAK OF THE VTC CURVE IS N = 420 THE PEAK OF THE VTC CURU6 IS N = 419

ACTUAL VTC PEAK OCCURRED AT N = 419 ACTUAL VTC PEAK OCCURPED AT N = -419

ERROR FROM CORRECT N IS: I ERROR FROM CORRECT N IS: 0
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OSET1 A6063 QSETZ A6063

SPASS I PASS 1

N VTC N VTC

129 1 192 1
256 1 256 1
384 168 320 45
51z 53 384 168
640 0 448 153
768 0 512 53
896 0 576 0

SPASS 2 PASS 2

N VTC N vTC

288 1 336 85
320 45 352 109
352 109 368 131
384 168 384 169
416 184 400 192
448 153 416 134
480 117 432 166

---------- PASS 3 ----- ------ PA'3S 3

N VTC N VTC

392 193 383 170
400 192 3P2 193
408 205 396 202
416 184 400 192
424 168 404 202
432 166 408 205
440 161 412 2n7

----------- PASS 4 ----------- PASS 4

N VTC N VTC

402 204 409 198
404 202 410 200
406 197 411 189
408 205 

417 207

410 200 413 189
412 207 414 188
414 188 415 183

ACCORDTNG TO QSETI, THE ACCORDING TO QSET2, THE
THRESHOLD VALUE PRODUCING THRESHOLD VALUE PRODUCINC
THE PEAK OF THE VTC CURVE IS N = 412 THE PEAK OF THE VTC CURVE IS N 41Z

ACTUAL VTC PEAK OCCURRED AT N : 407 ACTUAL VTC PEAK OCCURRED AT N = 407

ERROR FROM CORRECT N IS: 5 ERROR FROM CORRECT N is: 5
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GSET2 A6064
OSET1 A6064-PS 1

-PAS---- PAS1

N VTC
N VTC

192 1
129 1 256 1
256 1 320 157
384 35 381 35
512 a 4148 0
640 0 512 0
768 0 576 0
896 0

-------------------------------------------- PASS 2
----- PASS 2

N VTr, N VTC

272 1
29 1288 1

320 157 304 74
352 164 320 157
3134 35 336 2fl6
416 0 3t2 164
1448 0 368 110

*1~4T.0 0
*-----------CIASS 3

----- PASS 3
N VTC

N VTC

324 149
328 t74 328 174
336 206 322 179
3i4 169 336 206
352 164 340 202

*360 137 344 18?
368 T10 348 175
376 98

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

T
N VTC

333 197
330 186 334 198
332 179 335 192
334 199 33A 206
336 206 337 196
338 211 338 211
340 202 339 203
342 193

ACCORDING TO -SET2, THE
ACCORDING TO QSET1, THE THRESHOLD VALUE PRODUCING
THRESHOLD VALUE PRODUCING THE PEAK OF THE VTC CURVE IS N 333
THE PEAK OF THE VTC CURVE IS N =330

*ACTUAL VTC PEAR, OCCURRED AT N 338
ACTUAL VTC PEAK OCCURRED AT N -338

ERROR FROM CORRECT H I5t 0
ERROR FROM CORRECT N IS: 0

[
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OSETZ A6066 QSET2 A6u6d

- - PASS - PASS 1

N VTC
N VTCr'"192 1

12S 1 256 1

256 1 320 63
384 154 384 154
512 1 448 87
640 0 512 1
748 0 576 0
896 0

"- PASS 2 ---------- PASS 2

N VTCN VTC

336 135
288 1 352 179
320 63 368 164
352 179 384 154
3sq 154 400 147
416 119 416 119
449 87 422 109
4S0 t6

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

N VTC N VTC
3403 19

328 103 340 175

336 135 348 175

341 175 352 179

352 179 352 173

360 177 360 177

36S 164 364 169
376 1.62

- PASS 4 PASS 4

N VTC N VTC

316 167 349 171
346 174 350 177
350 177 351 166
352 179 352 179

352 179353 185
354 180 354 180

356 173 355 179

358 172

D T S TACCORDING TO QSET2, THE' ~~~ACCOROINn TO QSETI, THE TRSODVLEFRDCN

THRESHOLD VALUE PRODUCING THRESHOLD VALUE PRODUCING

THE PEAK OF THE VTC CURVE IS N =35 THE PEAK OF THE VTC CURVE IS N 3

4 ACTUAL VTC PEAK OCCURRL:D AT N = 35.3

ACTUAL VTC PEAK OCCURRED AT N = 353

ERROR FROM CORRECT N is: a
ERROR FROM CORRECT N IS: 

1
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OSET1 A606A

QSET2 A606A
SPASS 1

NPASS 
N VTC

128 1
256 1 192 1
384 0 256 1
512 0 320 188
640 0 384 0
768 0 448 0
896 0 512 U

576 0
---- -- - PASS 2

-----------PASS 2
N VTC

N VTC32 1

64 1 272 1
96 1 288 1

128 1 304 54
1Ao 1 320 18P
192 1 336 131
224 t 352 58

368 1.
----------- PASS 3

- ---------- PASS 3
N VTC

N VTC
104 1
112 1 308 109
120 1 312 171
128 1 316 194
136 1 320 188
144 1 324 183
152 1 328 147

332 152
PASS A

N VTCPASS

N VTC
122 1

124 1 313 192
126 1 314 198
128 1 315 193
130 1 316 194
132 1 317 194
134 1 318 199

319 192

ACCORDING TO OSET1, THE
THRESHOLD VALUE PRODUCING ACCORDING TO OSET2, THE
THE PEAK OF THE VTC CURVE IS N - 128 THRESHOLD VALUE PRODLICINC
ACTUAL VTC PEAK OCCURRED AT N 318 THE PEAK OF THE VTC CURVE IS N 318

E ACTUAL VTC PEAK OCCURRED AT N "31

ERROR FROM CORRECT N is: A190

ERROR FROM CORRECT N IS: 0

Paze 171



119

00

40

230303.1 313.3 323.4 333.5 343.6 353.a 363.9 374.0
N

Paee 172



(SET1 A606D QSET2 A6OoD

-PASS1 - PASS 1

N VTC N VTC

128 1 192 1
256 1 256 1
384 0 320 145
51? a 384 0
640 0 448 0

S768 a 512 o

896 0 576 0

SPASS 2 FASS

N UTC N VTC

32 1 272 1
64 1 288 1
96 1 304 2,8

12s 1. 320 145
1.50 1 '336 -2 5
192 1 352 1
224 I 368 0

---------- PASS 3 FASS

N VTC N VTC

104 1 292 3
tiz 1 296 26
120 1 300 97
t28 1 304 218
136 1 308 200
144 1 312 155
152 1 316 182

SPASS 4 PASS

N VTC N VTC

122 1 301 146
124 1 302 190
126 1 303 185
128 1 304 ZIB
130 1 305 198
132 1 306 231
134 1 307 217

ACCORDING TO QSETI, THE ACCORDING TO QSET2, THE
THRESHOLD VALUE PRODUCING THRESHOLD VALUE PRODUCING
THE PEAK OF THE VTC CURVE IS N = 128 THE PEAK OF THE VTC CURVE IS N 306

ACTUAL VTC PEAK OCCURRED AT N = 306 ACTUAL VTC PEAK OCCURRED AT N = 306

ERROR FROM CORRECT N IS: A178 ERROR FROM CORRECT N IS: 0

Page 173



.. 9

18A 0

92 -

•46 . -

2%. 297.4 305.0 314.1 322.5 330.9 :339.3 347.6 356.0
HN

A606D

Pap-M 174



0

QSET1 A6071 QSET2 A6071

---------- PASS 1 - PASS I

N VTC N VTC

128 1 192 1
256 1 256 1
384 120 320 4
512 41 384 120
640 0 448 157
768 0 512 41
896 0 576 0

-- PASS 2 ---------- PASS 2

U N VTC N VTC

288 1 400 179
320 4 416 199
352 67 432 176
384 120 448 157
416 199 464 132
448 157 480 101
480 101 496 75

---------- PASS 3 FASS 3

N VTC N VTC

392 144 404 190
400 179 408 193
q08 193 412 204
416 199 416 199
424 190 420 200
432 176 424 190
440 163 428 182

--------- PASS 4 - pASS

N VTC N VTC

410 204 409 202
412 204 410 204
414 208 411 206
416 199 412 204
418 204 413 203

* 420 200 414 208
422 187 415 198

ACCORDING TO USETI, THE ACCORDING TO OSET2, THE
THRESHOLD VALUE PRODUCING THRESHOLD VALUE PRODUCING
THE PEAK OF THE VTC CURVE IS N = 414 THE PEAK OF THE VTC CURVE I N =

*ACTUAL VTC PEAF OCCURRED AT N = 414 ACTUAL VTC PEAK OCCURRED AT N

ERROR FROM CORRECT N IS: 0 ERROR FROM CORRECT N TS: n
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QSET1 A6072 USET

USETZ A6072
-PASS 1

--- --- --PAS': 1N VTC

N VTC
128 1
256 1 192 1
384 160 256 1
512 13 320 4
640 0 384 160
769 0 448 148
896 t 512 13

576 0
PASS 2

-- -- -- -PA S
N VTC

N VTC
288 5
320 4 336 46
352 85 352 85
384 160 362 113
416 191 384 160
44 148 400 190
480 P4 416 l9

432 16
---------- PASS 3

- - PASF 3
N VTC

N VTC
392 188
400 190 404 196
40S 199 409 199
416 191 412 186
424 180 41.6 191
432 169 420 179
440 156 424 180

428 176
------------ PASS

N VTC---------ASSI
N VTC

N VT[.
qO? 200
404 196 405 198
406 201 406 201
408 199 407 198
410 192 408 199
412 186 409 195
414 190 410 192

411 191

ACCORDING TO QSETI, THE
THRESHOLD VALUE PRODUCING ACCORDING TO USETZ, THE
THE PEAK OF THE VTC CURVE IS N = 406 THRESHOLD VALUE PRODUCING

THE PEAK OF THE VTO CURVE IS N =406
ACTUAL VTC PEAK OCCURRED AT N 398

ACTUAL VTC EAR OCCURRED AT N I398
ERROR FROM CORRECT N IS: 8

ERROR FROM CORFECT N S
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GSETI A6073 GSET2 A6073"

-PASS 1 -PASS 1

N VTC N VTC

128 1 192 1
256 1 256 1
384 169 320 6
512 7 384 169
640 0 448 140
768 0 512 7
896 0 576 0

-PASS 2 PASS2

N VTC N VTC

288 2 336 68
320 6 352 87
352 87 368 123
384 169 384 149
416 IS5 400 197
448 140 416 185
4B 75 432 154

-P PASS 3 PASS 3

N VTC N VTC

392 196 3813 193
400 197 392 196
408 197 396 195
416 185 400 197
424 170 404 194
432 154 408 197
440 149 412 194

-PASS 4 PASS 4

N VTC N V'TC

394 192 397 194
396 195 398 189
398 189 399 192
400 197 400 197
402 196 401 199
404 194 402 196
406 192 403 196

ACCORDING TO QSETI, THE ACCORDING TO nSET2, THE
THRESH13LD VALUE PRODUCING THRESHOLD VALUE FFODUCING
THE PEAK OF THE VTC CURVE IS N = 400 THE PEAK OF THE VTC CURVE TS N = 401

ACTUAL VTC PEAK OCCURRED AT N = 401 ACTUAL VTC PEAK OCCURRED AT N = 401

ERROR FROM-CORRECT N IS: Al ERROR FROM CORRECT N IS: 0
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0SET1 A6074

-PASS 1 GSET2 A6074

N VTC PASS 2

N VTC

381 163 192 1
512 3 256 1
640 0 320 S
768 a 384 163
896 a 448 138

513 3

SPASS 2 576 0

N VT- - PASS 7

288 1 N VTC
320 a
352 103 336 63
384 163 352 103
416 184 368 120
448 138 384 163
480 65 400 199

416 184
SPASS 3 432 162

N VTI ---------- PASS 3

392 201 N VTC

400 199
408 185 383 185

416 184 392 201
424 158 396 194
432 162 400 199

440 143 404 189
408 185

SPASS 4 412 139

N VTC PASS 4

386 167 N VTC
388 185
390 185 389 196
392 201 390 185
394 193 391 193
396 194 392 201
398 192 393 192

394 193
395 198

ACCORDING TO OSET1, THE
THRESHOLD VALUE PRODUCING
THE PEAK OF THE TC CURVE IS N = 392 ACCORDING TO OSET2, THE

THRESHOLD VALUE PRODUCING
ACTUAL VTC PEAK OCCURRED AT N = 392 THE PEAK OF THE IJTC CURVE IS N = 302

ERROR FROM CORRECT N IS: 0 ACTUAL VTC PEAK OCCURRED AT N 392

ERROR FROM CORRECT N IS: 0
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OSET1 A6075
OSET2 A6075

" PASS 1 --- -- -- PASS 1

N VTC

N VTC

128 1
256 1 192 1

384 147 256 1

512 41 320 7

640 0 384 147

768 0 448 146

896 0 512 41
576 0

-- PASS 2 2

N VTC
N VTC

288 3
320 7 336 63

352 81 352 81

384 147 368 115

416 190 384 147

448 146 400 190

480 101 416 190
332 173

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

N VTC
N VTC

392 192
400 190 388 161
i0 191 392 1.2

416 190 396 190

424 177 400 190

432 173 404 204

440 153 408 191
412 202

------- -PASS 4 -ASS 4

N VTC

N VTC

402 202
404 204 401 197

406 197 402 202

409 191 403 208
410 203 404 204

4 412 202 405 194

414 196 406 197
407 195

ACCORDING TO OSETI, THE
THRESHOLD VALUE PRODUCING ACCORDING TO QSETZ, THE
THE PEAK OF THE VTC CURVE IS N = 404 THRESHOLD VALUE PRODUCING

THE PEAK OF THE VTC CURVE IS N = 403

ACTUAL VTC PEAK OCCURRED AT N = 403- ACTUAL VTC PEAK OCCUJRRED AT N = 4u3

ERROR FROM CORRECT N IS: I
ERROR FROM CORRECT N IS: 0
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OSETI 86062 GSET2 86062

SPASS I -------- PASS 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
768 0 512 3
896 0 576 0

SPASS 2 -PASS 2

N VTC N VTC

288 1 336 428
320 151 352 416
352 416 368 405
384 400 384 400
416 384 400 400
443 366 416 384
480 81 432 387

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

N VTC N VTC

321 260 324 213
336 428 328 260
344 437 332 360
352 416 336 428
360 406 340 437
368 405 344 437
376 395 348 424

SPASS 4 PASS 4

N VTC N VTC

338 438 337 430
340 437 338 438
342 452 339 453
344 437 340 437
346 432 341 451348 124 342 452
350 420 343 456

ACCORQING TO OSETI, THE ACCORDING TO OSET2, THE
THRESHOLD VALUE PRODUCING THRESHOLD VALUE FRODUCINC
THE PEAK OF THE VTC CURVE IS N 342 THE PEAK OF THE VTC CURVE IS N = ?43

ACTUAL VTC PEAK OCCURRED AT N w 343 ACTUAL VTC PEAK OCCURRED AT N = 343

ERROR FROM CORRECT N IS: Al ERROR FROM CORRECT N IS: n

I-
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QSET2 C606ZOSET1 C6062 PS

-SPASS 

N VTC
N VTC

192 1
128 1 256 1
256 1 320 255
384 210 384 210
512 58 448 213
640 0 512 5a
768 0 576 0
896 0

--- 9- 0PASS .2

- PASS 2
N VTC

N VTC

272 1
288 1 288 1
320 255 304 97
352 212 320 255
394 210 336 220
416 205 352 212
448 213 368 213
490 194

- PASS 3
- PASS 3

N VTC
N VTC

308 144
296 12 312 219
304 97 316 261
312 219 320 255
320 255 324 243
328 242 328 242
336 220 332 234
344 223

--- PASS 4
----------- PASS 4

N VTC
N VTC

313 226
314 231 314 231
316 261 315 240
318 259 316 261
320 255 317 255
322 253 318 259
324 243 319 245
326 237

ACCORDING TO QSET2, THE
ACCORDING TO QSET1, THE THRESHOLD VALUE PRODUCING
THRESHOLD VALUE PRODUCING THE PEAK OF THE VTC CURVE IS N 116
THE PEAK OF THE VTC CURVE IS N 316~ACTUAL VTC F'EAI OCCURRED AT N = 316
ACTUAL VTC PEAK OCCURRED AT N = 316

ERROR FROM CORRECT N IS: 0
ERROR FROM CORRECT N IS: 0
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OSET1 D6062 QSET2 D6062

-PASS 1 - PASS 1

N VTC N VTC

128 1 192 1
256 1 256 1
384 43 32( 53
512 58 384 43
640 0 448 46
768 0 51? 58
896 0 576 0

-PASS 2 ---------- PASS

N VTC N VTC

416 46 464 58
448 46 480 49
480 49 496 50
512 58 512 58
544 0 528 46
576 0 544 0
608 0 56n 0

-PASS 3 PASS 3

N VrC N VTC

482 51 500 46
496 50 504 53
504 53 508 51
512 58 512 58
520 60 516 57
528 46 520 60
536 31 524 80

-PASS 4 PASS

N VTC N VTC

514 45 521 65516 57 522 72

518 71 523 75
520 60 524 80
522 72 525 55
524 80 526 53
526 53 527 49

ACCORDING TO OSETI, THE ACCORDING TO OSETT, THE
THRESHOLD VALUE PRODUCING THRESHOLD VAt UE F'FnDUCING
THE PEAK OF THE VTC CURVE IS N = 524 THE FEAK OF THE Q7C CURVE IS N = 524

ACTUAL VTC PEAK OCCURRED AT N = 524 ACTUAL VTC PEAK OCCURRED AT N = 524

ERROR FROM CORRECT N IS: 0 ERROR FROM CORRECT N IS: 0
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0SET1 E6062 QSETZ E6062

* -------- PASS I .PASS 1

N VTC N VTC

128 1 192 1
256 1 256 1
384 83 320 17
512 94 384 83
640 0 448 90
768 0 512 94
896 0 576 28

"- PASS 2 PASS-2

N VTC N VTC

416 86 464 86
448 90 480 86
480 96 496 86
512 94 512 94
544 79 528 84
576 28 544 79
608 0 560 83

SPASS 3 PASS 3

N VTC N VTC

488 91 500 90
496 96 504 93
504 93 508 87
512 94 512 94
520 82 516 84
528 84 itO 82
536 90 524 79

SPASS 4 PASS i

N VTC N VTC

506 95 509 88
509 87 510 86
510 86 511 97
512 94 512 94
514 85 513 88
516 84 514 85
518 83 515 87

ACCORDING TO QSET1, THE ACCORDING TO QSETZ, THE
THRESHOLD VALUE PRODUCING THRESHOLD VALUE PRODUCING
THE PEAK OF THE VTC CURVE IS N - 506 THE PEAK OF THE VTC CURVE IS N = 511

ACTUAL VTC PEAK OCCURRED AT N * 429 ACTUAL VTC PEAK OCCURRED AT N m 429

ERROR FROM CORRECT N IS : 77 ERROR FROM CORRECT N IS: 82

i
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] QSET2 F6062"

OSETI F6062
---- AS- ---PASS I-- ---- PASS I

N VTC
N VTC

192 1
129 1 256 1
256 1 320 23
384 39 384 39
512 50 448 58
640 5 512 50
768 0 576 31
896 0

--- PAss-2 PASS 2

N VTC
N VI1C

400 47
416 56 416 56
448 58 432 58
490 57 448 58
512 50 464 56
544 41 480 57
576 31 496 59
608 17

- - PASS 3
-N PASS 3

N VTCN VTC

484 55
424 62 498 54
432 58 492 54
440 62 496 59
448 58 500 61
456 55 504 56
464 56 508 53
472 62

"-------------------------------------PASS 4

---------- PASS 
4

N VTC
N VTC

497 57

418 59 498 63
420 62 499 61
422 61 500 61
424 62 501 57
426 59 502 58
428 56 503 56
430 58

- ACCORDING TO QSET2, THE
ACCORDING TO OSETi, THE THRESHOLD VALUE PRODUCING
THRESHOLD VALUE PRODUCING THE PEAK OF THE VTC CURVE IS N = 498
THE PEAK OF THE VTC CURVE IS N 4 424

ACTUAL VTC PEAK OCCURRED AT N 469
ACTUAL VTC PEAK OCCURRED AT N * 469

ERROR FROM CORRECT N IS: 29
ERROR FROM CORRECT N IS: A45
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OSET1 A6231 OSET2 A6231

--- -- PASS 1 ----- PASS I

N VTC N VTC

129 1 192 1
256 1 256 1
364 155 320 52

*512 129 394 155
646 0 449 170
768 0 512 129
696 0 576 14

----- PASS 2 ------ PASS .2

N VTC N VTC

299 1 400 186
320 52 416 195
352 102 432 186
394 155 449 170
416 195 464 163
449 170 490 146
496 146 496 151

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

N VTC N VTC

392 169 404 192
400 196 408 193
4S9 193 412 189
416 195 416 195
424 195 420 198
432 186 424 195
440 179 429 193

----- PASS 4 ------ PASS 4

N VTC N VIC

410 190 417 192
412 199 419 197
414 191 419 195
416 195 .420 199
419 197 421 195
420 199 422 194
422 194 423 194

ACCORDING TO OSETI, THE ACCORDING TO OSET2, THE
THRESHOLD VALUE PRODUCING THRESHOLD VALUE PRODUCING
THE PEAK OF THE VTC CURVE IS N q 20 THE PEAK OF THE VTC CURVE IS N -420

ACTUAL VTC PEAK OCCURRED AT N -420 ACTUAL VTC PEAK OCCURRED AT N s420

ERROR FROM CORRECT N I92 0 ERROR FROM CORRECT N IS: 0
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OET 1 A6232 OSET2 A6232

-----PAS P 1S -PASS I
'"N VTC N VI'C

123 1 192 I
256 1 256 1

8- 4 153 320 46
512 161 364 153
646 0 443 169
763 6 512 101
896 S 576 9

- --- --- PASS 2 ---------- PASS 2*

N VTC N. VTC

2US 1 460 166
320 46 416 178
352 91 432 175
384 153 446 169
416 178 464 173
448 169 460 153
460 153 496 123

- - PASS 3 -PASS 3

N VTC N VTC

392 157 404 169
400 166 408 177
408 177 412 179
416 179 416 178
424 181 420 173
432 175 424 181
440 167 428 177

"- PASS 4 -PASS 4

N VTC N VTC

418 174 421 190
420 173 422 178
422 178 423 179
424 181 424 181
426 182 425 179
428 177 426 182
430 174 427 180

ACCORDING TO QSETI, THE ACCORDING TO QSET2, THE
THRESHOLD VALUE PRODUCING THRESHOLD VALUE PRODUCING
THE PEAK OF THE VTC CURVE IS N - 426 THE PEAK OF THE VTC CURVE IS N - 426

ACTUAL VTC PEAK OCCURRED AT N 4 452 ACTUAL VTC PEAK OCCURRED AT N * 452

ERROR FROM CORRECT N ISS A26 ERROR FROM CORRECT N I9: ^26
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OSETI A6233 OSET2 A6233

--- PASS.I . --'?ASS 1

N VTC N VTC

128 1 192 1
256 1 256 1384 114 320 19
512 136 364 114
640 0 449 179
768 a 512 136
896 0 576 49

- - PASS 2 PASS 2

N VTC N TC

416 182 400 149
449 179 416 192
490 156 432 190
512 136 448 178
544 105 464 172
576 49 480 156
608 2 496 149

* PASS 3 -PASS 3

- VTC N VTC

392 139 420 186
400 149 424 200
408 156 428 191
416 182 432 190
424 200 436 193
432 190 440 18
440 189 444 184

SPASS 4 PASS 4

N VTC N VTC

419 194 421 189
420 186 422 183
422 193 423 202
424 200 424 200
426 192 425 194
428 191 426 192
430 196 427 192

ACCORDING TO OSETI, THE ACCORDING TO QSET2, THE
THRESHOLD VALUE PRODUCING THRESHOLD VALUE PRODUCGH
THE PEAK OF THE VTC CURVE IS N 424 THE PEAK OF THE VTC CURVE IS N - 423

ACTUAL VTC PEAK OCCURRED AT N - 423 ACTUAL VTC PEAK OCCURRED AT N - 423

ERROR PROM CORRECT N is: 1 ERROR FRO CORRECT N IS: I
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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

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 PLOT4 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 is 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 VTC each require two

bytes, and N-VTC data pairs are stored consecutively. As an

example, data displayed by the command, DIM 0910-OA7F are shown

in Figure D.1. To minimize the amount of storage and Multics

computer time required, the bounds of significant VTC 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:l
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 language 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 unlink the Multics Graphics I/0 at the Multics Command

level, NEVER while within the APL mode. The commands to do this

are,

setup graphics (sg)
removegraphics (rg)

The syntax associated with these commands should be reviewed in

the Multics Users Manuals as necessary.
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_ - . , • .. . • • . • ,. . " • • . . . . • , ° - . - • -. -' -

M0910 = 02 05 01 30 02 06 01 30
10918 a 02 07 01 2C 02 08 01 2D
M0920 a 02 09 01 25 02 OA 01 24
M0928 = 02 OB 01 24 02 0C 01 25
M0930 - 02 OD 01 19 02 OE 01 19
M0938 a 02 OF 01 1D 02 10 01 19
M'0940 a 02 11 01 iC 02 12 01 1C
M0948 - 02 13 01 19 02 14 01 15
10950 a 02 15 01 14 02 16 01 14
0958 - 02 17 01 11 02 IS 01 0D

M0960 m 02 19 01 0D 02 IA 01 0D
M0968 a 02 IB 01 OC 02 IC 01 10
M0970 - 02 ID 01 05 02 IE 01 08
M0978 - 02 IF 01 08 02 20 00 FO
M0980 - 02 21 00 FD 02 22 00 FD
M0988 - 02 23 00 FD 02 24 00 F9
10990 - 02 25 00 F9 02 26 00 F8
M0998 a 02 27 00 F4 02 28 00 EC
M09A0 u 02 29 00 FO 02 2A 00 EC
M09A8 = 02 2B 00 ED 02 2C 00 ED
M09B0 a 02 2D 00 EC 02 2E 00 El
M0998 a 02 2F 00 E0 02 30 00 E4
M09C0 - 02 31 00 "8 02 32 00 DD
M09C8 - 02 33 00 DD 02 34 00 DC
M09DO 02 35 00 E4 02 36 00 D9
M09D8 a 02 37 00 D8 02 38 00 DI
M09E0- 02 39 00 DI 02 3A 00 DO
M09E8 - 02 3B 00 CC 02 3C 00 CD
M09F0 a 02 3D 00 C9 02 3E 00 C8
M09F8 a 02 3F 00 C5 02 40 00 CI
-OA00 - 02 41 00 CO 02 42 00 CO
.OA08 - 02 43 00 BC 02 44 00 SC
MOAIO a 02 45 00 BC 02 46 00 Cl
MOAIS a 02 47 00 BC 02 48 00 B0

MOA20 a 02 49 00 AC 02 4A 00 AD
MOA28 - 02 4B 00 AS 02 4C 00 A5
MOA30 a 02 4D 00 A4 02 4E 00 98
MOA38 a 02 4F 00 98 02 50 00 94
MOA40 , 02 51 00 8D 02 52 00 8C
MOA48 - 02 53 00 8D 02 54 00 88
MOA50 a 02 55 00 8D 02 56 00 85
MOA58 a 02 57 00 80 02 58 00 89
MOA60 a 02 59 00 84 02 5A 00 84
MOA68 a 02 5B 00 7D 02 5C 00 7D
M OA70 a 02 5D 00 79 02 5E 00 78
MOA78 a 02 5F 00 74 02 60 00 75

* FTCGUrl7E- X:.1 SAMPLE LISTING OF THE F8 DEBUG
PROGRAM USING "DISPLAY MEMORY"
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&version 2 A0790 - 01 A5 00 IC 01 A6 00 go
Wtace of f 190798 w 01 A7 00339 01 AS 00 3f
&attach M07AO - 01 A9 00 Cl 01 AA 00 BA
api -ttp ASCII O7A8 01 AD 00 B0 01 AC 00 36
Input2 P07BO a 01 AD 00 32 01 AE 00 34

508 - Of 37 00 01 01 38 0001 7B8 01 AF 00 B4 01 80 00 DO

0510 - 01 39 00 0101 3A 0 03 A07CO 01 81 00 03 01 62 00 01
MO5E8 - 01 38 00 1301 3C 00 16 M7C8 -01 63 00 S1 01 34 00 AE
MOSFO - 01 30 00 07 01 31 00 04 A0700 01 5 00 AD 01 86 00 AC
A0SF - 01 3F 00 05O 40 00 04 M0708 - 017 00 A501 B8 00 A3
0 0- 01 41 00 06 01 42 00 03 07E0 01 09 00 AO 01 BA 00 90

A0608 01 43 00 02 01 44 00 02 O07[8 -01 00 00 A 01 BC 00 9F
10610 - 01 45 00 01 01 6 00 02 A07FO 01 00 O0 A2 01 OE O0 9F
" 0618 - 01 47 00 02 01 48 00 02 07F .01 F 00 9E 01 CO 0 9D
M620 a 01 49 0 04 01 4A 00 02 800 -01 C1 0 9 01 C2 00 98
0628 - 01 4 00 02 01 C 00 04 M080 01 C3 00 90 01 C4 0 95
630 - 01 4 00 05 01 41 00 05 A0810 -01 C5 0 93 01 C6 00 92

, 0638 01 4F 00 06 01 50 00 OA 1 01 C7 00 95 01 C8 00 98
060 - 01 51 00 A 01 52 00 OF O82 01 C9 00 91 01 CA O0 94

. 0648 = 01 53 00 11 01 54 00 14 M82 a 01 Ce 00 92 01 CC 00 8A
0650 01 55 00 13 01 56 00 15 A0830 - 01C 00 85 01 CE 00 85
658 - 01 57 00 18 01 58 00 IF A0838 01 CF 00 82 01 00 00 8

0660 - 01 59 00 24 01 SA 00 2A 80 01 01 00 85 1 02 00 85
1o068-01 51 00 2F 015C00 3E MOM8 01 03 00 80 011 0 00 83
o0670 - 01 0 00 30 01 SE 00 3F 10850 01 05 00 83 01 06 00 70

P0678 - 01 5F 00 46 01 60 00 43 P0858 01 07 00 8301 D8 00 7C
. 0680- 01 6100 40 01 62 00 40 0860 01 09 00 73 01 DA 00 78
-0688 - 01 63 00 51 01 61s 0 52 M0868 -01 0 0 7E 01 OC 00 75
-10690- 01 65 0 5A 01 "0056 5 0870 01 0 00 73 01 DE 00 6E
0698 01 67 00 52 01 68 00 53 A0878 - 0 00 6801 E0 0 65

M906AO- Of 69 00 4F 0 6A 00 5S 0880 01 1 00 7A 01 2 00 60
AO6SA80160 00 57 01 6C 00 5 R088 01 E3 00 69 01 E4 00 69
A0690 00160 00 53 01 6E 00 5A 08 a01 E5 00 61 01 E6 00 5B

0688 - 01 F 00 58 01 70 00 64 898 017 00 5A 01 8 00 5C
o06Co - 01 71 00 5 01 72 00 62 MO8o -0 E 00 57 O1 A 00 56

" C8"01 73 00 65 01 74 00 6C OSA8 01 ED 00 54 01 EC 00 56
o600 01 75 00 6C 0 76 00 73 P0oo l1[ o•5501[

-0608 - 01 77 00 70 01 78 00 6t M088 -01 EF 00 4A 01 FO 00 48
A090 m 01 79 00 70 01 7A 00 6E 08CO -01 F1 00 47 01 F2 00 45
O068 01 78 00 76 01 7C 00 76 nOCS -01 F3 00 48 01 Fh 00 3E
906FO - 01 70 00 81 01 7 00 77 MOO1 -01 F5 0 40 Ol F 00 3F
O6 - 01 7F 00 70 01 80 00 78 MOOS0 01 F7 00 34 01 FS 00 42

P0700 - 01 81 00 70 01 82 00 81 M08EO 01 F9 00 31 01 FA 00 38
R0708 - 01 83 00 82 01 84 00 86 088- 01 Fll 00 37 01 FC 00 38
A0710 - 01 85 00 8C 01 86 00 8C 8FO 01 FO 00 30 01 F 0 2F

0718 01 87 00 8 01 88 00 90 ROO8F 01 FF 00 32 02 00 00 29
90720 a 01 89 00 91 01 00 14 O09 02 01 00 22 02 02 00 F

A0728 - 01 8 00 90 01 8C 00 92 P0908 a0203 00 1C 02 04 00 20
A730 a O 80 00 A1 01 1 00 A9 A010 09 o0500 1C 02 06 00 13
'90738 - O1 8F O0 AA 01 90 00 0 3 o0918 02 07 00 13 02 08 00 12
-0740 - 01 91 00 4 01 92 00 IF 920 02 09 00C 02 OA 00 00
"078 a O01 3 00 A 01 94 00 "0928 -02 0 00 OA 02 OC 00 09
A0750 a 01 95 00 C4 01 96 0 CO A0930 02 0 00 07 02 O 00 06

S10758 - 01 97 00 C3 01 98 00 Cl A0938 02 OF 00 0502 10 00 03
0760 w O 99 00 CA 01 9A 00 CC 940 02 11 00 01 02 12 0000
0768 01 9 00 C 01 9C 00 CC 0948 02 13 00 00 02 14 00 00

.0770 a 01 90 00 Cl 01 91 00 00 stop
•0778 a 01 9F 00 C6 01 AO 00 C7 Ietach

07 0 a 01 A 00 C5 01 A2 00 CC &quit
107U w Of A3 00 CA 01 A4 00 CO

PjC3'Z4 T . M.2 DATA FILE AS IT SHOULD APPEA'
D:EFORE TRANSFERRINC, TO ML'I.-If"7

Page 206



:ATA PLOT ZATA 3ZENE- ArOY'4
MDA LOC GB4L0T AD0C? L.::E so"CE-R STAT.*1IVT

0000 0001 PLO -4 OR'G 0
00C2 a
OC03 TI TL.E 'DATAk PL.OT -A. A (.nO.
000'

0005 w TH{IS IS THL F0OV,-0N 337T*-AAE TO 2L.T-2
0006 a FOR GZNERATI::G X.'Y ?AIR$ -TO EVALUATE
0007 0 TZST PATThP.NS TO 3Z VSLL BY THE AUT3-
COOS a . %TIC THRESHOL.' SL~E:;C

001 rl I I'* PPROXIM:ATE 1,Q LJATION APB D13PLAYEZ
0011 w 0N THE SCR7EEN '.LERE SIGNIFICANT CATA
0012 s STARTS.
0013 a
0014 a .1, WL BY CAPT 3.,j- STANTON. 22 .JUN 82.
0015
0016 3 ENSE SWITCH F.UNCTIO:.:Ss
0017
0015 Ca 14 UP
0019 - - - - - - - - - - - - - - - - - - - - -
0020 a4 NORMAL OPERATION nTUR:1i TO LOSA
0021 a5 HOLD AT BGINNIN3 TAZdE CATA
0022 a6 H1OLZ AT a4Z FSJRN TO S&GINNJ1NG

-' 023 -- - - - - - - - - - - -

C024 a
C 025 w

003C. C021 *h;RS-ZT EmU H:i!C' ;:G JILL CNT RESLT
CIOC3 0029 7H~r-Ax E;(: X 0V31 :-!A~w IESHOL.. VA41.1
010 CI CZC ;AT3=UF 1: .1 1of) I ~ *~ L3,;A:Xj4
OC04 0031 rl Vt
0002 0032 F2 TOLW 2
no0n rC33 73 Vq!' 3
COS CP34 I.?L6 U
'10'6 OC35 :LY E'ZU 5

OtA37a

(.'IOC 2A0100 0 1 Mf 00.35 Z'Nl ZC4 L.Ti'F ZJ:IAL!TL.A aU
00C03 2000 CC39 LI 7HRS 1:L l7AL!? E A T SIMHO.
0005 !0 cc~c LR 0IA 3NTR
0006 20C0 C041 1-I THRSINH IS L-OV 3YTZ
0009!51S C042 LR [*A .1 13 .:1 SYT;
0009 70 C043 CLR
OOOA 54 0044 LR FI&A
000S352 0045 LR 72,A
COOC 53 0046 LIA ?30A
0000 201E OC4?7 L1 30
COOT 56 0041 LR CL'f.A

0049 a
Cola o 0050S STARTER CLR I L z
0011 s0 0051 OUTS 0 1::TIL ST*':SE s

40012 AO 0052 INS 0 is PALAG&L Up.
0013 2120 0053 N:I i'V20'
0015 94FA 0010 0054 3z STAITE2

0055 0
0056 0 CALL SUBROUITNE FST:NV 12/?C By n.L.".
GCC! a T3 TEST FOR ?ALING ZcaE OF pZ=lugi.

0017 2t0032 0022 0059 Pt 7S5?LJdOOIA 204C 0066 !VC L.' '1CPSET 7-E3ET *.?1L0 COUNT
001C 2713 C061 OUT ?C 13'
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"ATA PL3 DATA GL.,ERAT3RPV4
--RS LOC *a2ECT AZZR LINE ;*tcz 5 !

"  
:

MET! 70 
ZCIA2001F 2713 rC63 ,!;T .I3

C064
0021 40 QC6S Z1JCTHR L. AP0 LNCREAENT LO'ER
0C22 IF 0066 ZNC THRESHOLD 3YTE
0023 50 0067 L. 0A
0024 9200 0031 0068 3N C 0U'2H(R
0026 ,al 0069 LR .,! 1:CR.M.'4T APZ.*PR
0027 IF 0070 1 N C THRESHOLD
0028 51 0071 LR IPA -VJTH CARRY
0029 2503 0072 CI T:.'AX TEST FOR :lAX
0023 9405 0031 0073 BN? OUTTHiR THR.,SHOLL VALUE
002C 70 0074 CL. (GIVES MIN THRLS-
002E S1 0075 L.P IPA :OLD VOLTA .)
002F 90SE 009E 0076 3F. RES.T

0077 ,
0031 40 0078 aUTTHR L..R APO UPDATE THR.SHOLZ.,
0032 2712 0079 OUT H'12' VALUE THRO0UGH
0034 41 0080 U. As! FORTS 12 AMD 13
0035 2713 0081 UT :'13'
0037 280032 0062 0082 ?1 FSTL.,J TEST FIR L L OF

0083 a PRINTLIME
003A 41 0084 -,R A, STORE THRESHOL
0033 17 OCS! ST UPPER 3YTE
003C 40 001 6 LR AP0 STORE T)-R.SH"OL3
003Z 17 C087 ST LOWE. 3YT.
003E 70 0088 CLA
003F 2711 0089 3UT H-I'1 I STORE DIGITAL. ',,ZO
0041 2611 0C90 IN HII UPER BYTE.

.- 0043 Is 0091 C0,
C044 17 0C92 3T
0045 70 0093 C.R
00a6 2110 01394 OUT .410* STOR.. 131TAL *I E0
0048 2610 0095 IN H'IC' LO'-,'.R aYTE
C04A 14 0096 C0."1
0045 17 0097 3,
Oc4C 55 0099 LR "L.A ALSO STOR. !:j 5
004 , 44 0099 LP A FII
004. 2400 0100 Al 0 TSLG I
0050 941E 006F 0101 .NZ al
C052 45 C102 *- I.s.V.
0053 2102 c103 N; :'02, TZST FOR '1.%3. i':
C055 S4C4 OOIA 0104 "z RVC "I,.iO COUNT
0057 71 0105 LI3 I
Coss 5, CIC6 LA Flm.. CH-ANG, FLAC I TJ I
0059 20 0107 "0C
C,.5A 2A0!00 CIOC CiC, :*i'l2!
005, 2900C4 C04 0"'! HC Y
C--60 2..00P.3 IC-a 0110 ;C: '!I
0P53 40 CiI! A*^
006. 57 0112 LR 7,A
0065 71 0113 LIS3 I
0066 50 0114 L- OJA
0067 283653 3653 0115 H- '3153" LSLAY' oCU?:a
C.6A 2C C16"
0063 47 0117 L ,.,,*7 --. OR. CQ UN T
006C SC 0i. L? O,A
0 0 6, 4CAC n Cl1 0119 3

01;20

O06 4,2 0121 wi ,.p AF. ?.-T I. 2
0070 240C 0122 A 0
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,ATA PLOT r.ATA GOZjE.TOl'.4
LRRS LOG 034ECT ALLP LIN.E 3URCE STAT,&ILUT

0072 3423 0096 0123 3Z 32
0074 43 0124 ,? AP,3 TEST FLAG 3

.C 0C75 2400 0125 Al 0
0077 94A2 OCIA 0126 £NZ RIC
0079 45 0127 LP A,° L3
007A 2400 0128 AZ 0 CHECX 'VI.EO COUNT
007C 949D 0OIA 0129 NZ RVC E't.AL ?C ZRO
OCT 71 0130 L.ZS I
0077 53 0131 La 3,A SET FL,AG 3 T3 1
00S0 2C 0132 XC
0081 2A0113 0113 0133 CCI M2-16
0084 2OOC4 OOC4 0134 at SHOW
0087 2A0103 0103 0135 DCl :12
008A 40 0136 LR A*O
OC9a 57 0137 L 7,A SAVE ?T..REHOL, COUNT
008C 71 0138 LIS I
0080 50 0139 LR 0A
00- 283653 3653 0140 Pt 4*13653'

0091 2C 014 .D,
0092 4.7 0142 LR .*7
0093 50 0163 LA O..k
0094 4085 OOIA 0144. 3P RVC

014.5
0096 36 0146 32 DS ZLY
0097 942 OIA 0147 3N RVG
0099 71 014 LIS I
009A 52 01/49 L.- ?2&A STT FLAG 2 TO 1
0095 29001A O0IA 0150 iP RVG

0151 u
0152 -
0153

009E 70 0154 RESET CLR HOLZ .,NTIL
009F 30 0155 OUTS 0 SE14S. 5 IS PLAC&L t;P
O0A0 AO 0156 INS 0
O-AI 2140 0157 :41 M'40'
00A3 8404 00Aq 015 3T RS
OCA5 290000 0000 0159 4NP MNIT
oAS 70 0160 Rs2 CLA
OOA9 0 0161 OUTS 0 CZEC FOR SNSZ A
OOAA AO 0162 INS a UP TO RETURN TO
OOAa 2110 0163 .4Z H'10 o54
COAD 84.7o 009E 0164 az RESET
00A 292330 2330 0165 JP H'2330'

0166 o
0167 * SUBROUTINE FSTLN
0168
0169 , VRITTEN 3Y R.L. 7INCIGUEFRA, 12/90-
0170 -
0171 ' H$IS SUBROLT::IL "¢A1TS F3O THE 3IGNAL PRIN.
0172 • LIME TO MAXE A FALLZN1G ".7ASITION SIGJALL
0173 a TZ: MM OF A LINE 3F ":,£0 ":FOR.ATI,.
0174 a ZVE TO AN I I RSION IN THE FS 1/0 .0?RTS.
0175 a THIS PROGRA. IS OESIGNED 7O CATCH A .1313G:
0176 a TRANStTIOW.
0177 •
0179 •

CQ'.0 0179 FUN3 LN S -,U l

,..0r32 2 4P ci~ 1 .1 L-. 1- 1.

OP3 B5 OM8 OUTS
005 70 0183 LPI zLA LOOP lUT:L FALSE
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QATA PLOT ZATA GLUVRATOR,114
MRS LOG 03JECT ALDR 4.NE SOUCv STATZ::7

0086 34a 0134 OUTS 4
0037 A4 0185 INS 4

0036 2101 0196 N 1 :3v 0
00A 94FA 005 0187 3NZ LPI
OOSC 70 01?8 LP2 CLe LOOP UNTIL TRUE
O0SD 34 0189 OUTS 4
003Z A4 0190 ills 4
003 2101 0191 %I HI'0I
O0CI i4FA 003C 0192 37 L?2
00C3 IC 0193 POP

0194
0195 ENC 3F SUBROUTLIJL -ST* - -

0197 ~a .Ou7I:!L To ':H7P TO" ASII ------

004C4 20 1 I9 i ; V"

000 2C 0201 xzc
OOC7 4A C202 Ll A,10
•"0059 a1 IF )263 iCFI
CO fCA 2430 .^, 2 .4

COCE RIc.j 0ci2 OSC6 a T HI
"C 2407 1!207 A O 7'
,002 17 0215 S12 ST

OnCL 4a i21C

i'- COCA 10F M?1 I1 C'F

0005 243n '211 A1 H'301
0C07 2539 0212 CI H.39'
0OL5 8103 COLL 0212 37 SM2
0073 2407 0214 At XC7'
COCO 17 0215 52 ST6
MOE 43 0216 L.3 A011
00iV 21CF 0217 :11 HOP
OOEI 2430 0218 At H'30,
OME 2S39 0219 CI H'39'
O0E3 8103 O0E9 0220 ap S1h3
00K? 2407 0221 At -0
OCE9 17 0222 SH3 ST
COLA IC 0223 POP

0224 a
0225 w END SUBROUTI L SHGW ---------------
0226 *

00E3 0016 0227 ::1 cC :IL2'0016'
00 444154 0226 cC VDATA STARTS AROUND I
0100 232323 0229 QC C'Offe
0103 0011 0230 :!2 oc NL2'OCI]'
0105 444154 0231 zC C';.TA 5TOPS AT Pe.

0232 a
0233 a
0234 END

00 ERRS
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b- "..

. . r . 4w'# . .

1.- A.......C T .:)J iI.L ri: ~' K;::Il.A :i .:. .

AOtIE- Ot ENSUM G~Cli~.LOBALt. *~~ 4RI CHAR,

A23 4 LP( ~~W&.-

I' \ . I .!'j: .,'.2. s L '~w. pi

E11 2 STOP 4.: r * 10 .-T
42I. ] a: F El'.. T r.u(s: ;) U I. ;: CQ+t 1u

4'ONVaRCOVER

* J n THIS FUNlCTION :I TAILO:RED r ONVE :T 0 e V
E:3 A ' ROM THE F9 ' D0ISPLAY MEMORI' Oi:A:T T"O A.

5" 2 A TWO-DtMEHSIONL ARRAY O. ..- D A .OI'T".I, wJ"

. 43 A MUST -v& eEE. RE' INTO THE. WO KS&I FA4CE WTH 'FI-.t..

..- -,., .-:..

i [ 8 ]~r~ P.. (((:OIJNTi X j),.4) ." .P
rr73 4.RE 9 10 12 13 £5 16 18 19 21 22 24 25.r 27 2S 7 31si1
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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
I/O 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 old Video A-to-D Converter and manual
threshold circuit were removed from the
TIMING AND PROCESSING board.

Although no additional circuits were
changed, it is 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 lengths of the leads carrying
clocking signals:

1. SYNCHRONIZED LINE-FREQUENCY GENERATOR
2. F8 INTERFACE BOARD NUMBER 4
3. TIMING AND PROCESSING
4. VIDEO DETECTION AND THRESHOLDING

a
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Nestor Speed [[I Samp1in Tie
control L[j Del"~

11-1 U2 a 74LS193

LiL I = 74LS193
LR = 74LS123
U6= 74.S74

U7B : 74LS123

U7 Ull z 74LS14

.Fl Q :1 - E .02 TghTNG Aml PROCESSDIG CIRCUIT 80O LAYIT
Revision 2# Ju 1982
(U5 and Ij Remved)
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All CI = 0.01 Mficotarads
Ca z O.O1 hictao ads

: 0c2 C3 = 47 Hicrot aads
C4 = 0111 microdarads

-- 01 =13 l3 t Zener
02 =HI5I82-2Bl1

cr ,RI2 M Mm
C1 0 a,2 R13 x IK 1 m

0-0- 1 A R4 a 561 Owi

R6 = 751 Mmin
R7 a 36K MmEc 
RB 2 3.6K m

0 -- H Fu 4 R9 a 561' Oms
RIO 2 SC Ohm

lU3 RuI a 511( Mmn

U: us U2 741

DI'M a741jgU5 •74LS64

D2 U6- 7434

UD D a 74M.,,3
U1S a MOO 33

I-PaUFe M.*3 VU OEMM AND 1TNEDDIC
COWr BM LAYW
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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
E 5 N Value Bit 5
F 6 N Value Bit 6
H 7 N Value Bit 7
.8 N Value Bit 8
K 9 N Value Bit 9
L +5 Volts 10 N Value Bit 10
M MTC Clear 11 VTC Bit 1
N VTC Bit 16 12 VTC Bit 2
P VTC Bit 15 13 VTC Bit3
R VTC Sit 14 14 VTC Bit 4
S VTC Bit 13 15 VTC Bit 5
T Analog Video In 16 VTC Bit 6
U 17 VTC Bit?
V -15 Volts 18 VTC Bit 8
w 19 VTC Bit 9
X 20 VTC Bit 10
Y 21 VTC Bit 11
Z Master Ground 22 VTC Bit 12

4
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TIMING AND PROCESSING BOARD

PIN CONNECTIONS

A +5 Volts 1 +5 Volts
B Ground 2 Ground

* C 3
D 4
E 5 Digital Video In
F 6 CP
H 7
" 8 EXPOSURE OUT
K 9
L 10
M DATA RATE CLOCK 11 DIGITAL DATA
N DIGITAL DATA 12
P 13 FPLL
R 14
S 15
T 16
U 17
V 18
w 19
X 20 Test Point
Y 21
Z 22 EXTERNAL EXPOSURE
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NEW F8 I/O PORT PIN ASSIGNMENTS

Port Address Pin Connections (LSB to MSB)

10 1 23 45 67 8

11 10 1112 13 141516 17

12 ZY XW V UT S

13 P NM LK JH F
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