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Preface

This thesis is the restlt of an effort to provide rezl-time :‘achine
recognition of hand-sent Morse code through the use of a minjcomputer,
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camputers, the main contributicn of this study was to do it with a
relatively inexpensive general purpose minicamputer,
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Medical Research Laboratory, for his appreciated support of this project
as my laboratory sponsor, and to the Dayton Amateur Radio Association
for their assistance in obtaining Morse code transmissions for use in
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their sacrifices and patience while I spent my evenings conversing with

the computer,

Joel A. Guenther
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Abstract

The purpose of this investigation is to determine an optimum
decision algorithm for use in machine recognition of hand-sent Morse
code. An extensive analysis of hand-sent Morse code data is presented
together with a discuscz‘on on the relative merits of several v ecognition
algoritims., A recognition program is developed for use on the PDP-12
digital computer to test these algorithms, Test results are presented
for a time duration averaging algoritim which achieves less than a one

per cent recognition error rate for noise-free Morse code signals.
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MACHINE RECOGNITION OF
HAND-SENT MORSE CODE
USING THE PDP-12 COMPUTER

I. Introduction

The idea of machine recognition of Morse code is not a new one,

Much work has been done to develop equipment for the automatic reception
of Morse code signals in the last two decades. The first notable effort
was undertaken by Lincoln Laboratories at the Massachusetts Institute of
Technology in the late 1950s (Ref 4), The machine which resulted from
this project was actually a special purpose digital computer, called
MAUDE (Morse AUtomatic DEcoder). The recognition algorithm used in MAUDE
was based or its "knowledge" of Morse code linguistic properties and of
the relative time durations of marks (referred to as pulses throughout
this report) and spaces., MAUDE demonstrated a 90 to 95 per cent correct
decoding rate, although this rate was later improved by the addition of
an output error detection and correction scheme, The main disadvantage
of MAUDE, however, was its physical size and complexity,

The development of small, low-cost integrated circuits led to the
design and faurication of several Morse-to-teletype converters. Generally
speaking, much simpler code recognition algorithms,  as compared to those
used in MAUDE, were used in these converters to identify pulses and spaces.
One such converter, designed at the Naval Postgraduate School in 1968
(Ref 6), uses the .ime duration of the most recently received short
pulse (DOT) as a reference unit for pulse and space identification.
Multiples of this reference unit are used as decisidn thresholds to iden-

tify succeeding pulses and spaces, and to eliminate signal noise., Another
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example of this type of converter, called the Morse-A=Verter, uses a
variation of the previous recognition algorithm to make pulse-space
decisions (Ref 5). The time duration of the most recently processed
pulse, short or long, is used to determine the classification of the
succeeding pulse., Spaces are identified by comparison with the time
duration of tne most recent long pulse (DASH).

Morse code recognition machines perform five basic functions,
First, the pulse-modulated audio Morse signal is converted into a form
usable by the machine, usually dc pulses, while discriminating against
noise, Second, the time duration and identification of each pulse and
space is determined. Third, pulses and spaces are classified into one
of two pulse or three space categories according to their relative time
duration, Fourth, the categorized pulses and spaces are combined to
form Morse code characters. Finilly, a signal representing the identified
Morse code character is transmitted to an output device,

The third function, tlat of categorizing pulses and spaces, is the
most difficult to perform, This difficulty is mainly due to the inher-
ently non-uniform pulse and space time durations of hand-sent code,
Since these time durations form the basis for the recognition process, a
rigid set of decision algorithms, such as those used in commercial Morse
tel :graphy equipment, cannot be used. Instead, algorithms based on
traits common to all variations of hand-sent Morse code must be used to
achieve the highest possible degree of machine recognition accuracy.

The objective of this study is two folds first, to conduct a
thorough examination of hand-sent Morse code data and identify common
traits which may be used in a machine recognition process, and second, to

develop a Morse code recognition program, for use on the PDP-12 digital

~e




i

GE/EE/73A-9

computer, to test and refine decision algorithms based on these common
traits., Thus, the main concern here is optimization of the third function
performed by Morse code recognition machines, as previously defined. Of
course, all five functions must be considered in the development of the
PDP-12 computer program, The remaining four functions, however, are of
secondary concern to this project,

A discussion on the properties of hand-sent Morse tode, and on the
primary factors responsible for the vairlations preseat in hand-sent
Morse code, is presented in Chapter II. Chapter III describes the
procedure used to obtain and analyze Morse code data, and the common
traits discovered during and the decision algorithms derived from this
analysis procedure. A complete description of the resulting computer
recognition program is presented in Chapter IV, as well as a brief
description of the PDP-12 computer and peripheral devices used in this
project. The operational procedure used with the recugnition program
is described in Chapter V, Chapter VI presents an analysis of the results

obtained during the testing procedure. Conclusions and recommendations

are contained in Chapter VII,
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II. Properties of Hand-Sent Morse Code

This chapter presents a discussion on the characteristic properties
of hand-sent Morse code. This discussion includes a definition of
international Morse code, a description of common mechanical devices

i used to transmit Morse code, and the problems associated wich machine

recognition of hand-sent Morse code,

International Morse Code

Morse code is a rudimentary one-dimensional binary encodirg scheme
‘ = for language in whi‘ch each character is represented by a unique sequence
| of pulses and spaces. These characters represent letters, numbers,
punictuation signs, and special symbols. The international Morse code

alphabet is given in Appendix C.

{ Two types of pulses and three types of spaces, distinguished by
their relative time durations, are used to define Morse code characters.
In terms of time units, the accepted standard definitions for these '
pulses and spaces are: pulses- DOT = 1 and DASH = 3; spaces- SYMBOL =

! 1, CHARACTER = 3, and WORD = 5 to 7, Characters are defined by a

sequence of pulses separated by spaces. SYMBOL spaces sepcrate pulses

within a character, CHARACTER spaces separate characters within words,

¢ and WORD spaces separate words, -

Morse code transmission speed is measured in terms of words per
minute (wpm), with an average of 5 characters per word assumed as standard.
Transmission rates for hand-sent Morse code are normally in the 10 to
40 wpm range, although rates as high as 60 wpm are not uncommon. Morse

code machines are capable of operating at much faster rates, but generally

do not unless another machine is used to receive the transmitted message.
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Code S~nding’ Instruments

Morse code is transmitted by Keying an oscillator tuned to the
desired transmission frequency or subharmonic of this frequency., The
four standard instruments (keys) used to generate Morse code are, in
ascending order of sophistications 1) the simple hand key, 2) the semi-
autamatic key, or "bug", 3) the clectronic keyer, and 4) the fuliy
automatic Morse machine, A brief description of ea;h instrument is
presented in the following paragraphs.

The hand key, because of its simplicity and low cost, is most often
used. Pulses are transmitted by depressing a paddle key; spaces are
produced by lifting the key. The relative time duration ia either
position determines the type of pulse or space transmitted, The durations
of all pulses and spaces are controlled directly by the sender.

The semiautomatic key, or "bug", is more difficult to operate and
is generally used by the more experienced operator. Two paddle keys are
used, one for DOTs and one for DASHes. The DOT key is used to produce
a machinelike sequence of alternating DOTs and SYMBOL spaces for as long
as the key is depressed. The DASH ¥ .y produces DASHes in the same
manual fashion as is done on the hand key.

The electronic keyer produces regulated DOTs, DASHes, and SYMBOL
spaces. Two paddle keys are again used, one for DOTs and one for DASHes,
Either key generates a sequence of pulses and SYMBOL spaces for as long
as it is depressed, CHARACTER and WORD spaces, however, are still
controlled manually, The time durations of automatically generated pulses
and spaces can be adjusted to match the sending rate of the particular
transmission, .

Fully automatic Morse machines regulate the time durations of all
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pulses and spaces., Messages are prepared ahead of time on paper tape
or stored in a memory device for transmission by the machine, The
transmission and reception of completely automatic Morse code is not of

concern in this proje:st.

Characteristics of Hand-Sent Morse Code

The time durat.on standards for Morse code pulse and space relation-
ships presented earlier are no-. aiways realized in hand-sent transmissions,
Commonly encountered distortions include fluctuating pulse and space
time duration ratios and variations in sending speed. In hand-sent
Morse code, the time duratiors of pulse and space elerents vary substan=-
tially from their ﬁrescribed val.es, and recognition must be based on the
proportions of the time durations of these elements, These proportions
ge~erally vary non-trivially,

In a 1968 report on Morse code teachiig methods (Ref 8), it was
noted that the chief type of code reception error arises from the tendency
to hear code signals shorter than they really are., For example, five
DOTs are heard as four, four DOTs as three, etc, The tendency toward
"signal shrinkage" mainly involves the last element of a code character,
The report further states that this tendency to hear signals shorter
than they are may be responsible for the general tendency for all operators
to lengthen terminal DASHes, Also noted was the teﬁdency of operators
at all Jevels of skill to make pulse and space time duration ratios
large> than the theoretical 1:3:7 ratios. However, a better set of ratios
coul.l not be recommended since actual ratios varied widely between
individual operators,

Transmission rates generally tend to decrease d;er an extended

period of time., This is mainly due to physical as well as mental fatigue,
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Pulse and space ratios also tend to chang~ as the transmission rate

decreases, The amount of ratio change varies from sender to sender, and
is partly a function of the type of sending unit being used. When hand
keys are used, slower transmission rates generally result in longer
pulses and spaces, with spaces tending to lengthen proportionately more
*han pulses, The use of semiautomatic keys preventf the automatically
generated pulses and spaces from being cffected by speed variations,
Only those output functions controlled bv che operator are subject to
change. Thus, the degree of ratio change due to speed chang: may be
significantly different when semiautomatic keys are used than when hand
keys are used,

The recognition algorithms used in the machines discussed earlier
may not be optimal, The prospects for the useful application of
linguistic techniques directly to binarised hand-sent Morse code do not
appear to be good because of the non-trivial variation of element
proportions (Ref 7:254). Decisions made strictly on an element-to-
element basis may not be flexible enough to cope with the widely varying
proportions found in hand-sent transmissions.

These variations in hand-sent Morse code transmissions are the crux
of the machine recognition problem, Code recognition machine performance
ultimately depends on the algorithms used to identify individual pulse
and space characters. Many algoritms that work well with certain Morse
signals perform miserably with others., An algorithm is needed that can
correctly identify pulse and space characters for all possible hand-sent

Morse code variations.
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II1. Data Analvsis Procedure

Many possible decision algorithms may be used to recognize hand-sent
Morse code by machine., Indeed, each of the three recognition machines
discussed in Chapter I employs a different method to perform the recognition
process. Since there was no intuitively "best" method to use in performing
this process, a thorough data analysis procedure wa; undertaken in search
for an "optimal" decision algorithm, i.e., one that would yield the small~
est percentage of recognition <rrors for all types of Morse code transmis-
sions. The procedures used to obtain and analyze hand-sent Morse code

data and the decision algoritilms derived from this analysis are presented

in the following paragraphs.

Data Gathering

Three samples of Morse code transmissions were recorded for analysis.
These samples differ from each other in two ways: 1) the type of sending
unit used, and 2) the degree of operator proficiency. The first sample,
Recording Session 1, was transmitted with a "bug" at a rate of approximately
15 words per minute, Recording Session 2 was transmitted with a hand key
at a rats of approximately 10-12 words per minute. Recording Session 3
was transmitted with a "bug" at a rate of approximately 18-20 words per
minute, The three recording sessions were transmié&ed by scparate indi-
viduals at their normal speed. None of these individuals were, at the time
of the recordings, actively involved in cw (continuous wave) transmissions
as a hobby, although they were at some time in their past. Thus, the
recordings, are biased towards a low-proficiency level., As pointed out in

the next section, this resulted in a slightly erratic sending rate and a

wide spread of pulse and space time durations over a given time period.
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The recording sessions were conducted in the following manner, A

500-word text, taken from The Radio Amuteur's Handbock (Ref 1:7), was

prepared for use as the message to be transmitted. A copy of this
message, listed in Appendix D, was given to each of three individuals.
While one individual transinitted the message, the other two annotated
cbserved sending errors on their copy of the text, The Morse code
transmission was recoraed for use in the data analysis process. Only
one recording sejsion was held at a time to prevent mental fatigue from
adversely affecting both the sender and the receivers. Recording
sessions were held every other day until complete. The annotated copies
of the transmitted Morse code messages were saved for use in evaluating

recognition program performance, as explained in Chapter VI,

Data Categorizing

The recorded hand-sent Morse code transmissions were examined in
a three step process. First, the time durations of pulses and spaces
were obtained and stored on magnetic computer tape. Second, each pulse
and space was identified as belonging to one of twenty different categories
and again stored on magnetic tape. Finally, the categorized pulses and
spaces were plotted for visual examination. Each of these three steps
will now be discussed,

Analog-to-Digital Conversion. The time durati;n for each transmitted
pulse and space was obtained and stored through the use of the PDP-12
computer in the following manner. The recorded Morse code transmission
was connected to an A-D Converter external input channel and sampled

periodically, When a change was detected, i,e.,, pulse-to-space or space=

to-pulse, the time duration indicated on a real-time clock was recorded
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and stored. The clock was then reset and the process repeated,

Approximately the first 200 words of each 500-word Morse cede trans-
mission were processed in this manner. Upon completion of this process,
the stored time durations were visually examined and categorized, as
explained next,

Manual Identification. Pulses and spaces were classified into 10

separate categories each. Space categories were chosen to permit inves-
tigation of the pulse vs. following space interrelations known to exist in
hand-sent Morse code. For example, the time‘duration of a space, when
preceded by a DASH, is generally less than it is when preceded by a DOT.
Thus, space categories correspond directly to the category of the preceding
pulse. Pulses were separated into five DOT and five DASH categories
according to their relative position within a Morse code character. In
this way, time duration vs. positinn interrelationships, if any, would be

disclosed. The 20 pulse and space categories are listed in Table I,

TABLE I
Pulse and Space Categories

1, DOT (Only) 11. DASH (Only)

2. Space following 1. 12, Space following 11,
3. DOT (First) 13. DASH (First)

4, Space following 3. 14, Spa;é following 13.
5. DOT (Intermedizte) 15, DASH (Intermediate)
6. Space following 5. 16. Space following 15.
7. DOT (Last Character) 17. DASH (Last Cnaracter)
8. Space follow.ng 7. 18. Space following 17.
9. DOT (Last Word) 19. DASH (Last Word)
10. Space following 9. 20, Space following 19,

10

!
—
ST 1 -
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The Only category identifies a DOT or DASH that by itself signifies

a Morse code character (the characters E and T respectively). A pulse
is First if it is the first pulse of at least two pulses comprising a
character. Likewise, a pulse is Last if it appears as the last pulse

in the character. The Last Character and Last Word categories are deter-

mined by the type of space following the pulse, i.e:, CHARACTER space or
WORD space. An Intermediate pulse is one which is neither first nor
last in a multi-pulse string. 0Only category pulses which also appear as
the last pulse in a word are categorized as lLast Word.

The visual identification process was pecformed in the following
manner. Stored pulse and space time durations were displayed on the
PDP-12 CRT Display screen as a series of lines, proportionate in length
to the time duration represented, as depictad in Fig. 3-1. A cursor was
also displayed to indicate the particular pulse to be categorized. Note
that it is only necessary to identify pulses, since spaces are categorized
by the type of preceeding pulse., The pulse was then visually identified
by noting its relative length and position with respect to surrounding
pulses and spaces. The pulse and following space time durations were

then stored according to their respective categories by depressing one

Pulse

Cursor Space

Fig. 3-1. CRT Morse Code Display

11
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of 10 keys on a teletypewriter. Depression of the teletype key also
advanced the display to the next pulse to be identified. The process

was continued in this manner until all pulses and spaces were categorized
and stored,

Distribution Plots., Cluster-type distribution piots of the

~a

categorized pulses and spaces were obtained by plotting pulse time
duration versus following space time duration for the 10 categories.
Plots were made of each individual category as well as all categories
combined for the three recording sessions. The individual category plots
for Recording Session 1 and combined plots for 41l recording sessions

are contained in Aﬁpendix B, Figures B-1 through B-13,

Data Analysis

The individual and combined distribution cluster plots for the
three recording sessions were examined to identify any possible relation-
ships that might be used in the recognition program. Several such
relationships were found.

It was immediately obvious that some of the pulse and following
space categories are essentially identical and can be combined into one.
unique category. The First and Intermediate categories for both DOTs
and DASHes are identical, as are the Only and Last Character categories.

-

Thus, the 10 original categories can be reduced to 6 categories, 3 for

each type of pulse. These three categories correspond to the type of
following space, i.e., SYMBOL, CHARACTER, and WORD.

Another obvious trait disclosed by the data pldts was the large
variance of CHARACTER and WORD space time durations.‘ Since the plots

represent data obtained over an extended period of time (approximately

12
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10-15 minutes) i: was thought possible that the large variance was due
to a pradual change in transmission speed during the time interval, To
investigate this possibility, plots of pulse and space durations versus

their sending sequence in time were made for the DASH Intermediate, Last

Character, and Last Word categories. These plots, two of which are

included in Appendix B (Figures B-14 and B-15), indicate that the large
variance is not a function of a general speeding-up or slowing=-down
trend, but is, in fact, a characteristic of hand-sent Morse code.

Examination of the data plots for all categories combined indicates
that a large overlap exists between CHARACTER space and WORD space time
durations. The existance of this overlap prohibits correct identification
of CHARACTER spaces versus WORD spaces on a time duration threshold basis.
However, this distinction is not a critically important one, since both
types of spaces signify the end of a Morse code character. The combined
category data plots do, however, indicate a wide gap between SYMBOL space
and non-SYMBOL space clusters. These gaps lend themselves to the formation
of linear decision boundaries in two-dimensional pattern space quite
easily.,

Another obvious condition revealed by the cambined data plots is
the wide gap between DOT and DASH time durations. This again is conducive
to a linear decision technique, =

The combined data plots reveal two distinct correlations between
DASH time durations and the type of following space, The first, and
most obvious of the two is that DASH time durations are generally longer
when followed hy a CHARACTER or WCRD space than they are when followed by
a SYMBOL space. The second correlation is that SYMBOL space durations

tend to decrease as the time duration of the preceding DASH increases,

13
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and vice versa. Neither of these pulse-space correlations are evident
in the DOT-space categories,

As discussed earlier in Chapters I and III, several different types
of decision algorithms have been successfully used to recognize hand-sent
Morse code. Most notable among these are the use of a unique set of
linguistic rules and the comparison of the time duration of the previous
pulse with that of the next space and pulse on a threshold decision basis,
A different approach to the recognition problem was looked for in this
project; one that might prove more successful than those methods previously
tried,

Evaluation of all the observations made from the data distribution
plots led to the derivation of pulse and space linear decision algorithms,
based on time duration averages, for use in the recognition program. These
algorithms are discussed in the following paragraphs.

Pulse Alegorithms. Due to the wide separation between DOT and DASH

time durations, and the small variance of these durations, a linear decision
boundary can easilv be established as a function of DOT and DASH averages,
However, to allow for slowly changing transmission rates, and to suppress
temporarily large excursions from the mean, individual DOT and DASH

averages must be calculateu on a floating basis, That is, the averages

must be camputed for the last N DOTs and DASHes received, rather than on

all received since the start of Morse code processing. The optimum size

of N is that which both suppresses large excursions and permits the average
to follow slowly varying changes. A value of eight achieves these goals
and, as discussed beiuw, permits easy average coamputation on the PDP-12

camputer, ‘

14
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’ The DOT average is computed by the following equations
DOT AVG. = DOT AVG, + b0l _ DOLAYG. (3.1)

When a newly received pulse is identified as a DOT,;the DOT average is
recamputed to include the new time duration informatiom. The division
process is performed by shifting the 12-bit register, containing the
quantity to be divided, three places to the right. This is the equivalent

of dividing the quantity by 23 or 8. The use of this process eliminates

the time consuming task of adding 8 registers together and then dividing
by 8., The DASH average is computed in the same manner as the DOT average.
The pulse average is computed after each recomputation of either

5' the DOT average or the DASH average by the following equations

DOT AVG, DASH AVG.,

PULSE AVG, = 2 + 3 (3.2)

- The pulse average is used as the pulse time duration linear decision
boundary. Note that the pulse average is not the mean of the DOT and
DASH averages, but is instead, slightly closer to the DOT average. This
adjustment compensates for the difference between DOT and DASH time
duration variances., The resulting pulse decision boundary lies nearly
in the center of the gap between DOT and DASH time duration clusters,
If a new pulse has a time duration preater than the pulse average, it is
considered to be a DASH; otherwise it is a DOT. Recémputation of the

i; pulse average after receipt of each DOT and DASH permits the threshold

15
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to adjust to slowly varying changes as they occur,

The DOT and DASH averages are influenced most by the DOT-SYMBOL and
DASH-SYMBOL clusters shown on the data distribution plots. This is due
to the fact that there are proportionately more pulses followed by SYMBOL
spaces than followed by CHARACTER or WORD spaces. Since the DOT and DASH
time duration variance is smaller in these clusters, especially in the
DASH-SYMBOL cluster, the resulting pulse average, as determined by
equation (3,2), lies more near the center of the gap between the two
clusters, thereby providing a better linear decision boundary,

Space Algorithms, The wide variance of CHARACTER and WORD space

time durations prohibits use of the averaging technique used for the
pulse algorithms, The technique was tried, however, with less than
desirable results., A threshold was established as the mid-point between
the CHARACTER space average and the WORD space average. New spaces were
classified as CHARACTER spaces if their time duration was less than tﬁe
threshold, and as WORD spaces if their time duration was greater than
the threshold. Respective space averages were then computed in a manner
similar to that used in the pulse algorithm. In test runs of the
recognition program, the threshold point was consistently smaller than
the optimum value, resulting in many CHARACTER spaces being classified
as WORD spaces, -

This lower than desired threshold is due to two contributing factors.
The first, and most important, is the large overlap of the CHARACTER and
WORD space variances. The second factor is the difference in frequency
of occurrence of the two typés of spaces. CHARACTER spaces, for English
language text, occur approximately 4 times as often &s WORD spaces,

Those CHARACTER space time durations which are slightly greater than the

16
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threshold value force the WORD space average to be lower than it actually
is. This, in turn, lowers the threshold value, which is defined as the
mid-proint of the CHARACTER and WORD space averages. The lower threshold
causes more CHARACTER spaces to be defined as WORD spaces, thus lowering
the WORD space average even more and compounding the problem, The
threshold value settles near the true CIARACTER space average, much lower
than desired,

The space algorithm finally arrived at for use in the recognition
program is based on the average of all non-SYMBOL spaces which follow a

DOT. The CHARACTER-WORD space average is calculated as followss

C-W SPACE AVG. SPACE TIME

C-W SPACE AVG, = C-W SPACE AVG, -~ 8 + 3 (3.3)

Figures 3-2, 3-3, and 3-4 illustrate the linear decision boundaries,
as determined by the pulse and space algorithms, for Recording Sessions
1, 2, and 3, respectively, Individual pulse=-space clusters have been
circled on these figures to indicate the size and shape of each cluster
and the overlap regions between clusters. Table II lists the type of

cluster identified by the letters shown on the three figures.

-

TABLE 11

Cluster Identification for Figures 3-2, 3-3, and 3=4

Area Cluster :zge

DOT-WORD
DOT~-CHARACTER
DOT-SYMBOL '
DASH=-WORD
DASH-CHARACTER

A
B
c
D
E
F DASH-SYMBOL

17
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SPACE DURATION (SECONDS)

DOT & DASH (ALL)

RECORDING SESSION 1

(See Table II for cluster identification)
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Fige. 3-2, Linear Decision Boundaries for Recording Session 1,

18




GE/EE/73A-9

DOT & DASH (ALL)
RECORDING SESSION 2
(See Table II for cluster identification)
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Fig. 3-3. Linear Decision Boundaries for Recording Session 2,
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SPACE DURATION (SECONDS)

0.5

0.4

0.3

DOT & DASH (ALL)

RECORDING SESSIGN 3

(See Table II for .luster identification)
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Figs 3-4., Linear Decision Boundar.es for Recording Session 3,
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The pulge average lies in the gap between the DOT and DASH clusters
1’ on all three figures. This average value also lies in the gap between
the DOT-SYMBOL cluster and the DOT-CHARACTER cluster for Recording Sessions
1 and 2, but not for Recording Session 3. Notice that the DOT-SYMBOL
cluster in Fig. 3-4 has a much larger SYMBOL space variance than is
indicated on similar clusters shown in Figures 3-2 and 3-3. This large
) variance is due to a faulty DOT-SYMBOL space generator on the "bug" used
to transmit Gecosding Session 3., Therefore, it is assumed that the pulse
T average value also lies in the correct location for Recording Session 3.
The pulse average is therefore used as the linear decision boundary for
SYMBOL versus non-SYMBOL space decisions, when the space is preceded by
'a DOT, Also notice that the CHARACTER-WORD average, computed by equation
(3.3), lies in the DOT-CHARACTER and DOT-WORD cluster overlap reéion.

CHARACTER and WORD spaces, when preceded by a DASH, have shorter

time durations than those preceded by a DOT, Therefore, an adjusted
boundary value must be used when a space is preceded by a DASH. The
adjusted SYMBOL spéce boundary value is computed as a function of the

time duration of the preceding DASH as follows:

(DASH TIME - PULSE AVG.)

SYMBOL BOUNDARY = PULSE AVG, A

(3.4)

The adjusted CHARACTER-WORD space boundary value is computed in a

similar manner as followss

C-W BOUNDARY = C-W SPACE AvG, - (DASHTIME - C-W SPACE AVG.) , g

i; - 4

21




GE/EE/73A-9

o

The resultin/g linear decision boundaries are negatively sloping lines,
as shown on the accompanying figures. A maximum DASH time duration is
established as twice the current DASH average for use in the boundary
computations, thereby setting a lower limit to the threshold value,

To permit real-time adjustment of the C-W Boundary, a positive or

negative adjustment value, X, is added to the threshold as followsi
ADJUSTED C-w BOUNDARY = C-W BOUNDARY + X (3.6

By adding the appropriate adjustment value to suit a particular Morse
code t-ansmission, the operator can optimize the readability of the

printed output,
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I
IV. The Computer Recognition Program

This Chapter describes the operation of the computer recognition
program. The program consists of two distinct but interdependent parts:
1) the Signal Processor section, and 2) the Code Translation section.
Discussion of the routines contained within each setion is presented
in an crder indicative of the overall organization of the recognition
program and the sequence in which the routines are vxecuted. General
flow charts are included for each routine to supplement the associated
text.,

A discussion of the programning constraints due to the physical
limitations of the PDP-12 computer and the self-imposed operational
goals is presented at the beginning of this chapter. It is hoped that
knowledge of these limitations will enable the reader to better under=-
stand the rationale behind various operations performed within the program,

A complete program listing with comments is provided in Appendix A,

Program Constraints

Before ideas can be constructively transformed into computer programs,
the operational characteristics of the particular computer system to be
used must be defined. A list of operational goals and performance
objectives must also be defined to optimize the programming process.

PDP-12 Description. A brief overview of the characteristics of the

DEC (Digital Equipment Corporation) PDP-12 (Programmed Data Processor=-12)
computer is provided in this section. A more complefe description of the
PDP-12 may be obtained in the PDP~12 System Reference Manual (Ref 2),

The PDP-12 is a versatile digital computer which contains two distinct
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operating modes within its central processor, each with its own instruction
set, The central processor logic is fully parallel, using a basic word
length of 12 bits. The processor cycle time is 1,6 microseconds +20%,

Most instructions require from 1 to 3 cycles for execution, The PDP-12

operates in one mode as a LINC (Laboratory Instrument Computer) and in

e

the other mode as a PDP-8 computer., The computer itay be stopped and
started in either mode. Both operating modes have equal pricrity and
programs may be switched fram ons to the other at v* .. Computations in
one mode are immediately available to programs operating in the otber
mode because only one cet of processing registers is involved.

The principal unit of core memory is a module of 4096 (4K) 12-bit
words, Up to seven additional niodules may be added, providing a total
of 32,768 words, The logical organization within each module depends on
the operating mode. In LINC mode, each 4K module is divided into four
1024-word segments, Only two of these segments are active at any given
times 1) the Instruction Field, which contains the executable program
and directly addressed data, and 2) the Data Field, which contains only
indirectly accessed data., In 8 mode, each 4K module (memory field) is
divided into thirty-two 128-word pages, Data may be directly addressed ’
to the current page or to page 0 only. Indirect addressing, tkrough |
page 0, must be used to address data between pages.,~ Special instructions
must be used to change Instrucéion Field or Data Field segments in LINC
mode and to change memory fields in 8 mode,

Many of the peripheral devices available with the PDP=12 are
controllable only in LINC mode, Of these, the A-D Converter and the
C..T Display axe used in the recognition program listed in Appendi. A,

The CRT Display, however, is not essential to the program and its use
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will not be described in this report. The other peripheral devices used
in the program, the Programmable Real-Time Clock and the Teletype device,
may be controlled in either mode. A brief description of these devices
ard their use in the recognition program is given in the following
paragraphs.

The A-D Converter consists of eight external input channels and
eight internal input channels. The external input channels have an
acceptable input voltage rcuge of +1v, corresponding to a sample value
range of t7778. The internal input channels (control knobs) alsc have
a sample value range of t7778. One external input channel is used in
the recognition prdgram to sample the voltage level of the Morse code
signal., Three internal input channels are used to set the input signal
threshold level, the number of samples to be averaged, and the CHARACTER-
WORD boundary adjustment value.

The Programmable Real-Time Clock consists of a 400 kHz crystal clock,
a 12-bit counter register, and an overflow bit. The clock may be used
to synchrcnize the central processor to external events, count external
events, measure intervals of time between events, or provide program
interrupts at intervals from 2,5 microseconds to over 40 seconds. The
400 kHz crystal clock may be used to provide pulses to the counter
register at 100 Hz, 1 kHz, 10 kHz, 100 kHz, or 400 kHz rates; or an
external source may be used to drive the counter. The clock is used in
the recognition program to measure the time durations of pulses and spaces.
An external source is used to permit variable counter rates in the 1 kHz
to 10 kHz range.

The Teletype device is used to type in or print out information at

a rate of 'm to ten characters per second, Similar devices, such as the
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DECWRITER, operate at much fac.er "-tes., A DECWRITER was used during
this project to print the test messages shown iu Arpendix D.

Certain distinguishing features of the twr ~perating modes must be
considered when changing modes within a program. Une of these is the
addressing scheme, In LINC mode, Instruction Fields and Data Fields
consist of 1024-word segments, The addresses within each field range from
00008 to 17778’ regardless of the physical location in core memory. Thus,

location 01008 in Data Field 3 corresponds to physical location 6100, in

8
core memory. In 8 mode, address locations correspond exactly to physical
locations,

Another distinguishing feature between the two modes concerns
aritlmetic operations., LINC mode uses 1's complement addition for most
operations, whereas 2's complement addition is used in 8 mode. As an
example, 77778 is interpreted in LINC mode as -0 and in 8 mode as -1,
Also, 77778 + 00018 yields 00018 in LINC mode and 00008 in 8 mode,

Operational Goals. It goes without saying that the overall

operational goal is accuracy. The output of the computer recognition
progran should exactly reproduce the hand-sent Morse code transmission.
But by what measure should the accuracy of the program be evaluated?
Should the program output te compared with that which a human would
interpret as the transmitted message? Or should it -be based strictly on
the quality of the received code, as compared to the standards for Morse
code language? Both evaluation criteria merit consideration. Further
discussion of this topic is presented in Chapter VI, .

Three operational goals are specified for the computer recognition

program, These ares k
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1. The program must be able to process the received Morse
code transmission in real-time,

2. The final program must occupy less than 4K of memory
space,

3. The program should be designed to lend itself to
construction of a small, low-cost hardware realization.

i.e., a special purpcse minicomputer.

These goals are somewhat interrelated. If the recognition program
cannot process the received Morse code in real-time, a memory storage
unit is required to save the received signal until it can be processed,
thus requiring additional core space. In this case, the size of the
memory will determine the maximum length message that could be processed
at any one time, The real-time constraint eliminates this preblem,

The 4K memory limitation was chosen to permit implgmentation of the
program within one basic unit of memory. Thus, the recognition program
can be implemented on the basic PDP-12 or similar minicomputer,

Construction of a hardware realization of the recognition program
is of particular interest at the Air Force Institute of Technology. Aside
from obvious educational benefits, construction of a low cost, portable
Morse code recognition machine has many military and civilian applications,
Proper choice of computer instructions, along with compliance to the
aforementioned goals, will result in a minimum number of ccmponents

necessary to construct a hardware realization.

Program Description

The recognition program is segmented into two major parts: tae

Signal Processing section (Fig. 4-1), and the Code Translation section
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(Fig. 4-2). The Signal Processing section serves to transform the
received Morse code analog signal into pulse and space time duration
information for use in the Code Translation section. The Code Translation
section then uses these time durations tc identify transmitted Morse code
characters and print out the mersage. Detailed discussion of these two
sec ions and their associated routines is presented in subsequent
paragraphs,

Program operation in either section is controlled by an external
program interrupt. Acknowledgemert of a program interrupt is controlled
by the status of an interrupt bus, If the bus is enabled, a program
interrup’ will halt current computer execution and transfer operation to
absolute memory location 00018 in 8 mode or 00408 in LINC mode. If the
interrupt bus is disabled, a program interrupt has no effect on execution,
When a program interrupt is recognized and operation is transferred to the
appropriate location, the interrupt bus is automatically disabled. The
interrupt bus can only be enabled again by specific program instruction.

The interrupt bus is enabled during operation in the Code Translation
section only, When an interrupt occurs, execution in that section is
halted and the Service program (Fig. 4-3) is entered through locaiion
€001

or 00408, depending on the computer mode at the time of interrupt,

8
In either case, the current accumulator, link, and program counter register
values are saved for use in returniag to interrupted program. Signal
Processing section operation then begins and continues until complete,

at which time the Service program is reentered. Appropriate register
values are restored, the interrupt bus is turned on, and operation again

resumes in the Code Translation section at the pointr of interruption,

Operation continues in this sectior until the occurrence of another inter-
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Fig. 4~3. Service Program Flowchart,
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rupt, at which time the process is repeated,

Signal Processing Section

The Signal Processing section, as previously mentioned, serves to
transform the received analog Morse code signal into pulse and space time .
duration information for use in the Code Translation section. If the
received signal were completely clean and interference free, this trans-
formation would be relatively easy. However, the transformation becomes
rather difficult when the effects of noise and signal fading are considered,

The main purpose, then, of the Signal Processing section is to recognize

the Morse code transmission under realistic conditions of signal fading
and distinguish it from pulse interference and "white" noise, The
methods used to achieve these tasks will now be discussed,

The incoming pulse-modulated signal is first converted into dc
pulses, corresponding to the Morse code being received, by a full~wave
bridge rectifier and RC filter. The input signal voltage level is sampled
periodically (approximately once every 200 microseconds) and compared to
a threshold voltage level., If the input signal is less than the threshold
level, a -1 is stored; if the input signal is greater than the threshold
level, a +1 is stored, The effects of signal fading may be redvced by
proper settings of the input signal voltage and thé;shold level,

A low pass digital filter technique is employed to limit the effects
of noise on the input signal, Rather than base the pulse-space decision
on whether the input signal level is above or below the threshold level
for any one particular sample, the average of severil cf the samples must

be above or below the threshold before a pulse-to-space or space=to-pulse
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’ change is detected,
When an input signal level change is detected, it is checked again
to determine if the change is permanent, The checking process is similar

to the change detection process, except that twice as many samples are

averaged. If the checking process result confirms the input signal change,
then the signal is considered to have changed permanently. The time
duration of the just-ended pulse or space is then obtained from the real=-
time clock counter and the clock is reset to begin timing the next pulse

or space, If the result of the checking process conflicts with the change

detection process, then the input signal change was due to interference
) rather than a valid Morse code input. In this case, the change detection
; process is repeated, again looking for an input signal level change,
When a valid input signal change is detected, the pulse or space

time duration is stored in a 2008-word memory buffer. Previously stored

P

time durations are retrieved from the buffer as needed by the Code
Translation section for processing. The 2008-wora buffer permits the

T Code Translation section to temporarily lag behind the Signal Processing
? section without loss of Morse code signal information,

This method of storage and retrieval of Morse code time durations
presents an operational limit to the overall recognition program in that
it is possible to over-write previously stored time.durations before the
f Code Translation section processes them, If the interrupts occur too
frequently, not enough time will be available for the Code Translation
| section to keep up with the storage of new time durations, a function of
the Morse code transmission speed, Thus, the interrupt frequency upper
limit is determined by the execution time of the Code Translation section,

i Fortunately, this presents no real problem to the overall recognition
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program, since the upper limit is well above the minimum input signal
sample frequency needed to ensure proper detection of Morse code signal
changes.

The Signal Processing section is divided into two separate routines:
1) the Signal Sampling routine (Fig. 4-4), and 2) the Change Detection
routine (Fig. 4-5). The particular function of these routines is discussed
in the following paragraphs.

Signal Sampling Routine. The Signal Sampling routine performs the

actual sampling of the Morse code input signal. If the sampled input
voltage is greater than the threshold level, a +1 is stored. If the
sampled input voltage is less than the threshold level, a -1 is stored,
I1f N' samples have not been taken yet, program operation is returned to
the Code Translation section through the Service program. When the N'th
sample is taken, program operation continues in the Change Detection
routine,

Change Detection Routine. The Change Detection routine performs

the change detection and checking processes. After the N'th signal sample
has been taken, the N' +1s are added together to yield a positive or
negative result. A +1 is assigned for a positive result and a -1 is
assigned for a negative result. This value is then compared with the

+ or - 1 representing the current input signal level. If the comparison
indicates that a change has occurred, the checking process is initiated

to confirm or deny the change. If the comparison indicates that no change
has occurred, program operation is returned to the gode Translation
section through the Service program and the N' sampling process is

started again. .

As an example, assume that a Morse code pulse is being received.
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Fig. 4-4, Signal Sampling Routine Tlowchart.
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When the input signal changed from the previous space to the current
pulse, the time duration of the space was recorded and stored, and a
+1 was stored to indicate that a pulse is currently being received,
After every N' samples are averaged, the +1 is compared with the stored
+1 value. A change is indicated when the N' sample average is -1, The
checking process then begins, If the result of the checking process
also indicates a -1, then the input signal is considered to have
permanently changed to the succeeding space and the time duration of
the just completed pulse is read from the real-time clock and stored.
This time duration is then marked as a pulse by setting the least
significant tit (LSB) of the time duration to a 1. Likewise, the LSB
is set to a 0 for a space, In this way, the Code Translation section
can correctly identify pulses and spaces.

The real-time clock counter has a range of 00008 to 77778' If a
space or a pulse is long enough, the counter will count past 77778 and
restart at 00008' When this occurs, an overflow bit is set, Subsequent
overflows will not reset the overflow bit, When a permanent change is
detected the overflow bit is checked first before the clock counter is
reads If an overflow has occurred, a clock value of 77778 is automatically
assumed, The actual clock counter value is read only if an overflow has
not occurred, thereby preventing erroneous time du;gtions from being
used in the program.

The actual time duration of a pulse or space is determined by the
real-time clock frequency, This frequency is set to permit counter
readings for the longest pulse or space to be below the overflow condition,
Thus, overflows will normally only occur when there is a long pause

between Morse code transmissions,
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Code Translation Section

The Code Translation section converts the stored pulse and space
time duration information produced by the Signal Processing section into
a printed copy of the received Morse code message. This section is

composed of six routiness 1) the Initialization routine, 2) the Data

~a

Recognition routine, 3) the Interral Code Generation routine, 4) the
Character Identification routine, 5) the Word Space Correction routine,
and 6) the Error Correction routine,

Recognition program operation begins in the Code Translation section,

Pulses and spaces are identified by comparing the time duration of a

,) particular pulse or space to the average of past pulses and spaces.
;-'/ Before any decisions can be made in this manner, some a priori knowledge
F of the particular averages must be obtained, The Initialization routine
{ provides this knowlodge by examining the first 49 pulses received, in a
:1...

two-step process., The acquired knowledge is then used to start the

recognition process, commencing with the first pulse or space received.

As subsequent pulses and spaces are processed, the averaging information

is constantly updated to adjust to changes in Morse code sending rates,
Pulses retrieved from the 2008-word memorv buffer are compared with

the pulse average, If the time duration of the new pulse is greater than

this average, it is classified as a DASH, otherwise it is a DOT. The

receipt of a DASH is noted by storing a 1 in a word register, A O is

stored in the word register to indicate the receipt of a DOT. The

number of pulses received is recorded by incrementing a number register,
Spaces are classified in a two-step process. First, the time duration

of the space in question is compared with the SYMBOL space boundary value,

s

If the time duration is less than this boundary value, the new space is
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7/
classified as a SYMBOL space, If the time duration is greater than the

boundary value, the new space is either a CHARACTER or a WORD space,
The second step of the space classification process is then used to
make this distinction. Ths time duration of the new space is compared
with the CHARACTER-WORD space boundary value, If the time duration is
less than this value, the new space is classified ar a CHARACTER space;
otherwise it is classified as a WORD space.

When either a CHARACTER space or a WORD space is identified, the
contents of the word and number registers are combined to yield a unique
internal code word representing the received Morse code character, This
internal code word is then compared with a list of internal code words
stored in memory. The corresponding ASCII Teletype code is identified
and used to print the character. A list of internal code words is
presented in Appendix C.

When the internal code word cannot be identified as a valid code
word, an error correction process is initiated. This process, when
possible, corrects two types of errorst 1) the inclusion of an extra
pulse in the code word due to noise in the received Morse code signal, and
2) the joining of two Morse code characters caused by too small a space
separating the characters, In the first case, pulses having a time
duration less than one~half of the current DOT average are eliminated.
The internal code word is then recomputed and the valid character is
identified. If no pulses can be eliminated in this process, the second
case is considered. The largest SYMBOL space in the invalid code word
is reclassified as a CHARACTER space. Two new internal code words are
generated from the invalid code word and reprocessed, If either of the

corrected internal code words is still invalid, a special error symbol is
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printed to indicate receipt of an unidentifiable Morse code character,
Recognition of a WORD space causes the Teletypewriter to skip a

space, thereby forming words rather than an endless string of transmitted

characters. However, the overlap of CHARACTER and WORD space time
durations, as shown in Chapter III, causes some CHARACTER spaces to be
erroneously classified as WORD spacess In order to limit the number »f
erroneous classifications, a separate routine is used to re-evaluate

WORD spaces following the letters I, J, Q, U, V, and Z, The occurrence
of these letters as the last letter of an English language word is highly

unlikely, although not impossible. This routine compares the time duration

of the space in question with a slightly larger boundary value., If
the time duration is greater than this new boundary value, the space is
classified as a CHARACTEK space, The readability of the printed message
is greatly improved through the use of this technique.

Discussion of the particular functions performed by each of the
six routines contained in the Code Translation section is now presented
in the following paragraphs.

Initialization Routine, The Initialization routine (Fig. 4-6) is

entered from the Data Recognition routine, Operation begins by encbling
the interrupt bus, Then the first 49 pulses (98 stored pulse and space

time durations) are examined to establish initial average information,

This process is accomplished in two steps. First, the time durations of
the first 16 pulses are averaged to establish approximate DOT, DASH, and

pulse averages according to the following set of equations:

DOT AVG, , NEW DOT ‘
— 2 2

DOT AVG. 3 + (441)
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DASHZAVG. n NEHZDASH (4.2)

PULSE AVG., = DOTaAVG. + DASHZAVG. (4.3)

DASH AVG,

All averages are initially set at O, The first pulse is autamatically
classified as a DASH, regardless of its actual classification, because !
it is greater than the pulse average, The DASH and pulse averages are
then computed according to the above equations, The second pulse is then
compared with the pulse average anad classified as a DOT or a DASH and
the DOT average or DASH average is computed, as applicable, After
three or four of each type of pulse has been processed, the resulting
averages approach their true values, Note that the DOT and DASH averages
are heavily influenced by the time duration of each new pulse, This
permits the rapid establishment of initial averages; however, these
averages are too sensitive to extreme deviations from the mean and are
not desirable for long term use, Also note that the pulse average it
not the mean of the DOT and DASH averages, but is, instead, shifted
slightly towards the DOT average, As was shown in Chapter III, this
slight compensation positions the pulse linear decision boundary in the
center of the gap between DOT and DASH time duration clusters., Equation
(4,3) is used throughout the recognition progran to campute the pulse
average,

In the second step of the Initialization routine, an improved set of
DOT and DASH average equations, 1 ess senrsitive to temporary time duration
deviations from tne mean, are used to refine the DOT, DASH and pulse
averagest .

NEW DOT

DOT AVG. = DOT AVG. -~ %

+

L. (4.8)
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DASH AVG., = DASH AvG, - 2ASLATG. , NEUDASH (4.5)
The time durations of the remaining 33 pulses are averaged according
to these equations, The pulse average, as always, is recomputed after
each DOT or DASH average computation,
Upon completion of the initialization process, the DOT and vASH

averaging equations are again changed to the following for use throughout

the rest of the program:

DOT AVG. = -DOT AVG., - @J'BAVG‘ + NEWBDOT (4.6)
DASH AVG. = DASH AVG., -~ 9—‘15-*-*-516—' t EE—"-’E-%&& 4.7

The initial CHARACTER-WORD space average is also established during
the Initialization routine., After the first 16 pulser have been examined
and the preliminary pulse averages determined, the space averaging
process begins, The spac2 time duration is first compared with the pulse
average to determine whether it is a SYMBOL space or not, If it is not,
the CHARACTER-WORD space average is computed according to the followinz

equations

C-W SPACE AVG, NEW SPACE (4.8)

4 4

C-W SPACE AVG, = C-W SFACE AVG.

Upon completion of the initialization process, the CHARACTER-WORD
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space average computation is performed only for non-SYMBOL spaces

preceeded by a DOT according to the following equationi

C-W SPACE AVG. = C-W SPACE AVG, - <A SPQCE ME. "y KEH gmcs (4.9)

~a

These final averaging equations allow the program to adjust to
gradual changes without overly reacting to temporary fluctuations in
pulse and space durations,

Data Recognition Routine, The Data Recognition routine (Fig., 4~7)

begins after the initializing is complete, The first word is taken from
the 2008-word storage loop and identified as a pulse or space, If it is
a pulse, it is compared to the pulse average and identified as a DOT

or DASH by the following equations

X = PULSg AVG. _ NEW gULSE (4,10)

(X >0 =) DOT; X < 0 ==y DASH)

The respective averages are then recomputed to- include the new
input. A O or a1l is stored in the word register to indicate receipt
of the DOT or DASH, respectively, and the number register is incremented
to keep track of the number of pulses receiveC, The time duration or
the pulse or space is successively stored in a 308-word memory location

for use by the Error Correction process,

When a space is received, it is first catagorized by whether or not
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/

' it follows a DASH. This distinction is necessary to permit use of the

proper decision algorithms as specified in Chapter II1I, The next step
is to determine if it is a SYMBOL space or not. *“hen the space follows

a DOT, the following equation applies:

X = NEW gPACE - PULSE AVG, ; (4.11)

(X < 0 =) SYMBOL SPACE)

When the space follows a DASH, the equation iss

PULSE AVG, - [DASH - aPULSE Avc.]

X = NEW SPACE (4.12)

2

f (X < 0 ==) SYMBOL SPACE)

If the space is identified a; a SYMBOL space, the Data Recognition
routine is repeated by examining the next word. If the space is not a
SYMBOL space, then it must be identified as either a CHARACTER space or
a WORD space. Again, this decision depends on the type of preceding
pulse,

-

When the space follows a DOT, the following equation is used:

NEW SPACE _ C-W SPACE AVG.

= 3 (4.13)

X

(X < 0 =) CHARACTER SPACE; X > 0 == WORD SPACE)
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When the space follows a DASH, the equation iss

_[DASH - PULSE AVG.]
X = NEW SPACE - C~W SPACE AVG, [ 7 (4.1%)

2 2

Se

(X < 0 =) CHARACTER SPACE; X > 0 —=» WORD SPACE)

When the space is identified as a WORD space, the time duration is

stored in a special register (IWFLAG) for use by the WORD Space Correction
routine, Normally, the identification of a WORD space causes the Tele-
typewriter to skip.a space following the printed character.,

Internal Code Generation Routine. The identification of either a

CHARACTER space or a WORD space signals the end of a Morse code character,
The Internal Code Generation routine (Fig. 4-8) then forms the internal
code word by combining the contents of the word register with the number
register to yield a unique 12-bit code word (See Appendix C for a listing
of internal code words).

An example of this process is shown in Fig. 4-9. A "P" (DOT-DASH-
DASH-DOT) is received and correctly identified by the Data Recognition
Process. As each pulse is received, a 0 or a 1 is stored in the least
significant bit of the word register and the number register is incremented
by 1. Previously received 0's or 1's stored in the word register are
shifted left one position to allow room for the new pulse, When a
CHARACTER or WORD space is received, the content of -the word register is
shifted left 12-N positions (N = number register value), the content
of the number register is added, and the result is étored in the code

register,
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Internal Code Register (30048)

Fig. 4-9, Internal Code Word Generation

Because of the 12-bit register limitation on the PDP-12 computer,
this internal process can only recognize Morse Code characters having
eight or less pulse;. Since most Morse code characters are 6 or less
pulses long (error character has 8 pulses), this process is sufficientc
to handle the Morse code character set, The 12-bit register presents a
limitation, however, to the Error Correction process, as discussed later
in this chapter.

Character Identification Routine. The Character Identification

routine (Fig. 4-10) compares the internal code word with a stored alphabet
of 49 internal codes and selects the correct ASCII code for printer
output, The camparison process has been divided ihto four steps to
reduce computer execution time,

The first step determines which 4000, code subgroup (00008—-i 37778
or 40008-—9 77778) the internal code word falls in.. The second step
identifies the 10008 subgroup containing the interngl code. The third

step identifies which half of the 10008 subgroup the code word is in,
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, Step 3 is only used for those subgroups having five or more code words.
Finally, the fourth step identifies the correct internal code and

corresponding ASCII code.

The identified ASCII character is then printed on the Teletypewriter,
If a WORD space is identified, a blank is also printed., The printer
carriage is controlled to provide double-spaced, 60-character lines,

If an internal code word cannot be identified, the Error Correction
routine is entered, However, if the invalid code word is one which has
been produced by the Error Correction routine, an error symbol is printed,
Since it is possible for the Error Correction routine to generate two

‘> "corrected" code words, a network of flag checks is used to process each
} code word separately,

WORD Space Correction Routine, For the case of English language

{; clear text transmissions, the occurrence of certain letters of the alphabet
as the last character of a word is highly improbable, but not impossible,
Six such letters are I, J, Q, U, V, and Z, When any of these characters
is identified as the last character of a word, (i.e., followed by a
WORD space), the WORD Space Correction Process is entered (Fig, 4-11).
In this process, the word space is compared to a larger CHARACTER-WORD
Space average than previously used. The adjusted average is the sum of

} the current CHARACTER-WORD Space average and the Pulse average, as shown

v belows

C-W SPACE AVG. + PULSE AVG. WORD SPACE

b
2 - 2 (4.15/

(X < 0 =) WORD SPACE; X > 0 =) CHARACTER SPACE)
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This calcualtion is used regardless of the type of preceding pulse.

If the space duration is greater than this adjusted average, it
is still considered a WORD space. If, on the other hand, the space is
less than the adjusted average, it is reclassified as a CHARACTER space
instead of a WORD space,

The WORD Space Correction routine is applicable to English language
clear-text transmissions only. If coded transmissions are received,
this process may prove to be more of a hindrance than a help., The process
is designed to correct mistakes on the part of the human sender, thus
improving the readability of the rvcognition program output,

Error Correction Routine., The Error Correction routine (Fig. 4-12)

is designed to correct errors due to either operator mistakes or signal
noise, The Error Correction routine is entered only if the internal code
word resulting from either of these two errors is unrecognizable by

the Character Identification routine,

The Error Correction routine contains three successive parts,
ordered by their relative importance to the process. In the first part,
the number register is examined to determine if the maximum capability
of 8 pulses has been exceeded in the invalid code word. If it has been
exceeded, the Error Correction routine is exited and an error symbol is
printed. If the limit has not been exceeded, the pxrocess advances to
part 2.

The second part of the Error Correction routine is designed to
eliminate extremely small DOT's caused by noise in the received Morse
code signal. The pulses stored by the Data Recognition process are
compared to a rejection value equal to onc-half of the DOT average. The

actual computation iss

56




e

GE/EE/73A-9

Get Number
Register
, Yes Number
J' > 87
Character e
Identification .
Routine Compute Minimum

DOT Time (4.16)

]} Delete Nth
Pulse From
N=0 Word Register
> N
Subtract 1
N=N+1 From Number
l Register
Get Nth \L
Pulse Time

Last
Pulse?

Yes

Campute New
Code Word

L

Error Flag = 1

L

Character
Identification
Routine

(Sheet 1 of 2)

Fig. 4-12, Error Correction Routine Flowchart.,

57




’ GE/EE/73A-9 !

14
N=0
| I
MAX = 0 ,
Z ;
B
I < O,
, N=N+1
Get Nth
Split Word
Register At Jpscs e
S Jth Space '
‘ r L Time Yes
| Compute New > MAX? '
Code Words / \L
K ;I/ No MAX = Time
: Error Flag = 1 \E
\I/ J=N
Error Output
Flag = 1 <
r !
Last
Character Space?
..r Identification
b / Routine
!
y
‘(Sheet 2 of 2)
1 Fig. 4-12. Error Correction Routine Flowchart,

58




GE/EE/73A~-9

MINIMUM DOT TIME = D’;Tz-‘vﬁ (4.16)

If none of the pulses have a time duration less than the minimum value,
the process advances to part 3. If, however, one of the pulses is less
than the minimum value, a new internal code is generated by elimiiating
the erroneous DOT. The corrected code is then processed by the Character
Identification routine,

The third and final part of the Error Correction routine is designed
to separate two run-on characters caused by a short CHARACTER space,

This program operaées on the assumptions that the invalid character is
composed of two and only two run-on characters, and that the intended
CHARACTER space is the longest of the SYMBOL spaces contained in the
invalid character. Spaces stored by the Data Recognition process are
examined to determine the largest space within the invalid character,
Two new internal codes are then formed by separating the invalid character
at that point, These codes are then processed one at a time by the
Character Identification routine, In addition, if the space following
the invalid character was identified as a WORD space, a blank is printed
following the second new character, unless prohibited by the WORD Space
Correction routine. -

New code words generated by either part 2 or part 3 may not be
jdentifiable by the Character Identification routine., Sfince the stored
time durations for the original invalid character no longer apply to the
new code words, entrance into the Error Correction routine caused by
invalid new codes must be prohibited, This is done'by setting appropriate

flags for use in the Character Identification routine.
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V. Operational Procedure

This chapter describes the operational procedure used to initialize,
run, and reset the recognition program listed in Appendix A. This
procedure applies specifically to the particular PDP-12 computer and
associzted peripheral devices used in this project, as shown in Fig, 5-1;
however, the procedure will apply, in general, to other possible config-

urations utilizing the techniques presented in this report,

System Initialization

After the recognition program is loaded into the PDP-12 computer,
several steps must be performed to initialize the system, as followss
(Notes These steps can be accomplished in any order. Refer to Fig, 5-1
for equipment interconnections and contrcl locations.)

1. Set the external Real-Time clock frequency. A
value of 6000 Hz is best for hand-sent Morse code
transmitted between 10 and 40 words per minute,
Slightly higher or lower frequencies may be
necessary for faster or slower transmission speeds,
respectively.

2. Set the external program interrupt frequency. A
value of 5000-6000 Hz is suggested; however, 6000 Hz
is the maximum frequency that will allow proper
operation of the Code Translation section, Higher
program interrupt frequencies do not allow enough
computer execution time for the Code Translation
section to keep up with the output of-the Signal
Processing section,

3. Set the input signal threshold level. This value,
set by rotating an A-D internal input ciiannel
control knob, hi. a range of +777_,, A value of
+777. is sugge: ' however, any value above 400
will suffice. tihreshold level is displayed -
on the CRT Display screen during the initialization
process as a horizontal line., A setting of +400
corresponds to the line being positioned in the
center of the screenj +7778 corresponds to the top
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Fige 5-1. Recognition Program Operational Configuration.
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of the sci-en,

4, Set the peak rectified input signal voltage to
approximately 2 volts. This signal is also
displayed on the screen during the initialization
process, provided a signal is being transmitted,
The signal appears as a series of pulses flashing
on the screen, As the input voltage level is
increased, the peak of these pulses gets higher,
The 2 volt level is reached when the pulse peaks
disappear from view,

5. Set the number of input signal samples to be
averageds, This number appears in the center left-
hand side of the CRT Display screen during the
initialization process. The number is set by
rotating an A=D internal input channel control
knob, An initial value of 00408 is recommended,

6. Set the CHARACTER-WORD space adjustment value to
0000, This value is also set by an A~D internal
input channel control knob, These control knobs
have a 10-turn stop-to-stop movement, 0000
corresponds to the center of the knob movement,

When thetie 8ix steps have been completed, the Recognition program
is ready to process Morse code transmissions, Since the CRT Display only
functions during the initialization process, the internal input channel
control knobs should be calibrated for use during Recognition program
operation., Recognition program operation is started by depressing any

one of the Teletype keys.

Real Time Adjustments

The settings established in the initialization process will, in
most instances, provide satisfactory recognition program output,
Under unusual circumstances, however, certain readjustments may improve
overall performance and rexdability of the printed program output. A
1ist of possible programs and suggested readjustments is presented in
Table III, .

The presence of an extreme amount of interference on the Morse code
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H4
input signal will adversely affect recognition program performance. Such

noise, generally having a time duration near that of a DOT or longer,
causes the DOT, DASH, and pulse averages to be offset, resulting in an
erroneous output, The respective averages will, however, be restored

to normal when the interference subsides,

Problem Solution

TABLE 111

Recognition Program Real-Time Adjustments

1. Too many split words. 1. Increase the CHARACTER~WORD Space adjust-
ment setting,

2. Too many run=-on 2., Decrease the CHARACTER-WORD Space adjust-
words, ment setting.
3. Too many error 3. (a) Increase or decrease the Sample Number
symbol printouts setting to obtain the best output,
(a) Clear. Morse Code (b) Lower the peak input signal voltage
Signal slightly and readjust Sample Number
(b) Noisy Morse Code setting.
Signal
4, Long succession of 4, Most likely due to extremely noisy Morse
E's or 1's. Code signal, Increase Sample Number

setting and perform restart procedure,

Restart Procedure

The restart feature provides the capability to-return to the System
Initialization point at the beginning of the recognition program. This
is done by depressing and resetting (rocking) Sense Switch 1 on the PDP-12
console at any time during program operation. Program operation may be
resumed again by depressing any one of the Teletype keys.

The restart feature provides two important capabilities to the

program, First, it erases current average information, This is most
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useful in the case where the averages are offset due to extreme signal
interference. By performing a quick restart procedure (i.e., rocking
Sense Switch 1 followed immediately by depressing a Teletype key), the
erroneous averages are erased and new averages are established, Morse
code information is lost only during the brief interval between the
two actions, ‘

Second, the restart procedure permits the last character of a Morse
code transmission to be printed out, Normally, a Morse code character
is not identified until either a CHARACTER space or WORD space is
recognized, These spaces are recognized, as are all pulses and spaces,
by their relative time durations, Space time durations are obtained
when the succeeding pulse begins. If the pulse never occurs, as is the
case at the end of a transmission, the last space time is never obtained
and, as a result, the last Morse code character is not processed.
Depression of the restart switch (Sense Switch 1) causes all unprocessed

words stored in the 2008-word memory buffer to be processed, including

the last Morse code character received,
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Vi. Results

This chapter presents an evaluation of recognition program
performance, Various types of Morse code transmissions were used to
test the program, These include hand-sent Morse code transmitted via
a simple hand key, a bug, and an electronic keyer, as well as machine-
sent Morse code (Kleinschmidt=-paper tape). The effects of noise on
the performance of the recognition program was also tested,

The types of errors made by the program were mainly due to
characteristics peculiar to the sender. A classification of the errors
encountered during program testing is given along with error rates and

program limitations,

Man vs, Machine Comparison

The method by which the performance of the recognition program
should be evaluated is open to question. To base the evaluation strictly
on a comparison of human recognition versus machine recognition of a
Morse code transmission is unfair, The following excerpts from Gold's

paper (Ref 4118) makes this point very clears

Morse code is itself not a language but a way of representing
or coding a given language, such as English or-German, It

is analogous to handwriting in that there is a symbsl for
each character in an alphabet,

Some people write very clearly so that anyore can read

their writing and, further, even those who cannot under=-
stand the language of the clear writer may still be

able to understand and reproduce each symbol (letter

of the alphabet) that was written. It is, however, very
helpful to know the language being written; in fact,

it is usually more difficult to read handwriting in a
foreign language, even if this language is soméwhat familiar,
than to read one's native language in the same handwriting,
Thus we see that, for handwriting, knowledge of the code
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is sometimes (in the case of the clear writer) sufficient
to discern each intended symbol; in many cases, a high
knowledge, i.e., of the language, is necessary to do so.
Note that understanding of the meaning is not being
discussed, but merely the identification, symbol for
symbol, of what was written. ...it was noted that a
man, who knows Morse code, will never remember a sample
of data as accurately as a machine; yet he decodes a
Morse message well enough to make any machine thus far
built turn green with envy. Why? The answer can only
be that to a very great extent he knows what to expect
because he knows Morse code and the language being sent.

Thus we see that man's knowledge of the language being sent give
him a tremendous advantage over a machine, unless the machine has a
similar knowledge of the language. The machine described in this
project does not have this knowledge and should not be evaluated on
a strict man versus machine basis.,

However, it is permissable to evaluate performance on a man versus
machine-plus-man basis. That is, compare man's ability to recognize a
Morse message with man's ability to interpret the message recognized
by the machine., Again, man has the decided edge in this comparison.
However, man must be able to interpret the output of the machine or the

machine is of no value at all. The following excernt from Gold's paper

(Ref 4:22) gives his point of view on this subjects

It is felt that the effectiveness of a machine-... depends
on the percentage of received messages that it can
adequately decode, The word "adequately" pinpoints the
vagueness of this statement; this is interpreted to mean
"capable of reconstruction in a reasonable length of time;"
even here the problem becomes too subjective.

Testing Procedure

The performance of the recognition program was evaluated in the
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following manner. Tape recordings of hand-sent Morse code transmissions
were used as the input signal to the machine, These tapes contain
examples of messages transmitted by hand key, semi-automatic key ("bug"),
electronic keyer, and machine. The type of messages recorded include
plain text and code groups. Transmission speeds vary from 7 words per
minute (wpm) to 35 wpm. In all, seven different recording sessions

were used to evaluate machine performance, Table IV lists the key
features and error rates for each recording session.

A 550-word plain text was used as the transmitted message for
Recording Sessions 1 through 4. The prepared text and the recognition
program printout for each of these recording sessions is contained in
Appendix D, Figures D-1 through D-5, On all but Recording Session 4, a
copy of the prepared text was given to two people listening to the
Morse code transmission. These people annotated their copy to indicate
transmission mistakes made by the sender. The two annotated copies were
then used to identify recognition program errors (i.e., discrepancies
between the prepared text and the machine output) due to the sender and
not the machine itself. The remaining errors were used to approximate
machine error rate percentages.

All recognition program errors, whether due to sender error or the
machine itself, have been classified and are presented in the following

section.

Classification of Errors

A classification of the errors encountered in recognition program
translations of hand-sent Morse code plain text transmissions is now

presented,
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1)

2)

3)

5)

6)

7)

8)

9)

4

Two Characters run topether. Exampless ME -G, TH—6,

NA->X, Caused by too short a space separating the characters,

Split characters. Examples: Y—TW, V—» ST, Caused by too
long a space separating pulses within a character,

Extra DOT (valid code). Exampless W —AA, Y—TU, C 5 ND,

Caused by transmission of an extra DOT. The resulting character,
in this case, is not a valid one, The two printed characters
are the product of the Error Correction routine,

Missing DOT (valid code). Exampless H—>S, C—K, R—A,

Caused by abserce of a required DOT.

Missing DOT (invalid code). Examples: Period—AK or CT,

9->MM, Caused by absence of a required DOT resulting in an
invalid code. The two printed characters are a result of the
Error Correction routine,

Simple pulse errors, Examples: Y—TU, K—>»0, C—B., Caused

by an extra-long DOT being recognized as a DASH, or am extra-=
short DASH being recognized as a DOT., Occurs most frequently
when a hand key is used. One or two characters may be printed,
depending on whether the resulting internal code word is valid
or not,

Complex pulse errors., Examplest B—K, 0—X, B—M, Caused

by two or more DOTs, spaced closer togethecr than usual, being
recognized as a DASH., Also caused by a DASH being broken up into
two or more DOTs, Occurs most frequently in the presence of

input signal noise,

Space errors. Examples: all run-on or split words. Caused Lty

either too short a WORD space or too long a CHARACTER space,
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4
respectively, Consistant run-on or split words are caused by

an incorrect CHARACTER-WORD Space Adjustment control knob setting.

10) Complex errors. Indicated by the error symbol (=) printout.

The source of these errors cannot be traced. The invalid code,
resulting fram an unknown source, could not be corrected by

the Error Correction routine,

Errors of the type 3) through 6) occurred most frequently when a
semiautamatic key was used. This can be explained by noting that the
number of DOTs transmitted in succession is a function of how long the
DOT lever is depressed on these types of sending units, Occasionally
the sender, through fatigue or carelessness, sends too many or too few
DOTs by not depressing the lever for the correct amount of time,

Error type 8) occurred quite frequently during Recording Sessions
1 and 3, The cause of these errors was traced to improper adjustment
of the DOT-sending portion of the "bug" used for both transmissions.
Indeed, both recording sessions had to be stopped several times to
allow readjustments to be made on the sending unit. Noise induced by
contact ~Junce as a result of the malfunctioning unit was the primary
cause of the type 8) errors experienced,

f.ecording Session 3 contained many type 2) errors. In almost every
instance where a V ( ¢ ¢ ¢ = ) was transmitted, the‘recognition program
printed an S (o ¢ ¢ ) T ( - ) instead, The SYMBOL space following the
third DOT was misinterpreted as a CHARACTER space by the machine.

Fig. 3-4 (Chapter III) reveals the cause of “hese machine errors. Notice
that the DOT-SYMBOL cluster extends above the SYHBOL‘linear decision

boundary, and that the SYMBOL space variance is much larger in this

cluster than it is in corresponding clusters tor Recording Sessions
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1 and 2 (Figures 3-2 and 3-3 respectively),

There are two possible explanations for this abnormally larg:
SYMBOL space variances 1) "bug”™ contact bounce causing the time duration
of the last automatically generated DOT to be shorter than usual and,
correspundingly, the time duration of the following space to be longer
than usual, and 2) too fast a transmission rate setting on the automatic
DOT generator, as compared to the actual transmission rate of the message
itself, The latter of these two possible explanations is the most
feasible, since the DOT portion of the "bug®” had a very restricted
transmission rate adjustment range over which it would satisfactorily
operate, In fact, readjustment was required several times during the
30-minute transmission period., It is quite possible, then, that the
actual transmission rate used was too fast, i.e.,, faster than the rate
of the manually transmitted portion of the message. Under these
circunstances, the time duration of automatically generated SYMBOL spaces
would be shorter than the time duration of manually generated SYMBOL
spaces, thereby accounting for the wide time duration variance, and

the resulting abundance of type 2) errors.

Analvsis of Performance

Recognition program performance was analyzed by comparing the
printouts obtained for Recourding Sessions 1, 2, an&‘3 with the annotated
worksheets provided by the human receivers. Errors identified on the
worksheets were marked on the corresponding machine printout to eliminate
them from consideration in the srror analysis. These errors are marked

with an asterisk on the machine printouts shown in Appendix D, The

remaining discrepancies contained in the machine printcuts were noted
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and used to compute the error rate percentages given below, These
errors are marked with a number symbol (#) on the printouts,

Error Rates, The error rates calculated for Recording Sessions
1, 2, and 3 by the previously described method zre given in Table IV,
Note that error rates are given for character errors only. Space errors
causing run-on or split words, although having an effect on the
readability of the message, are not considered essential to the uverall
performance of the recognition program, Character error rate percentages
were calculated by dividing the number of incorrect characters noted on
the machine printout by the total number of charac-ers in the transmitted
message,

The error rate ind'cated for Recording Session 4 was calculated by
cdividing all the "uncorrected” character errors by the total numbar of
characters transmitted., "Uncorrected" errors are those machine printout
errors occurring in words which were not retransmitted by the operator.
During this transmission, the operator followed the standard practice of
retransmitting words in which a mistake was made and noted by the
operator. The error rates for Recording Sessions 5, 6, and 7 were
calculated by dividing all machine printout errors by the number of
characters transmitted,

It is interesting to note that many errors anngtated by the human
receivers did not occur on the machine printout. This, of course, is
due mainly to the Error Correction feature of the recogrnition program,
The Error Correction routine was used a total of 15 times during
Recording Session 1, 5 times during Recording Session 2, and 5 times
during Recording Session 3, g

Limitacions, Recording Sessions 4 through 7 provide a means of
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determining the operational limitations of the recognition program,
Knowledge of these limitations is necessary to determine the weak points
of the program and to try to correct them,

In general, the recognition program pertforms well for all types of
Morse code transmissions, The major weakness is input signal noise;
especially interference having a time duration large enough to alter
the DOT, DASH, and pulse averages used by the program to establish linear
decision boundaries in two-dimensional pattern space, Although the
respective pulse averages do return to their correct values when the
interference subsides, the program output during the interference period
is, in most cases, unintelligible,

A brief discussion on the results obtained for Recording Sessions
4 through 7 will now be given, Recording Sessions 4 and 5 were transmit-
ted by the same person using the same equipment, Recording Session 4
(Fig. D=5) was transmitted at varying rates ranging from the individual's
maximum rate of 35 wpm to a low of approximately 15 wpme Most of the
text was transmitted at the 35 wpm rate, The opwrator, by lis own
admission, was sending at his maximum capability and made many mistakes,
not all of which were noticed and corrected by the repetition piecedure
previously described,

Recording tession 5 (Fig. D=6) consists of sentences and code
groups used in teaching Morse code to a group of 3tudents, With the
exception of one sentence, all transmissions were sent one character
at a time at a steady 7 wpm rate, This explains the spaces appearing
between each character on the machine printout. No machine errors
occurred during this recording session, ¢

Recording Session 6 (Fig, D-8) is a radio broadcast of an American
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Radio Relay League W1AW cw bulletin, transmitted by machine at 18 wpm,
A copy of the transmitted bulletin is shown in Appendix D, Fig, D=7,
Much interference and signal fading occurred during this recording
session, although not severe enough to prevent a human from correctly
copying the message, These disturbances, however, had a great affect
on the performance of the machine, as is indicated on the machine printout,

Recording Session 7 (Fig. D-9) consists of code groups transmitted
at 8, 10, and 12 wpm on a hand key, These transmissions were obtained
from tape recordings of hand-sent Morse code used by the U,S., Army
to teach Morse code during WWII, The tapes contained a background
"white" noise which did not, as the machine output shows, affect
recognition program performance,

Analysis of all results obtained from the seven recording sessions
indicates that the recognition program is capable of recognizing hand=
sent Morse code at speeds up to at least 35 wpm with moderate signal
noise, The main limitation thus far discovered in this project is

pulse-type interference,
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VII, Conclusions and Recommendations

This chapter presents the conclusions reached from the limited
testing performed on the recognition program. Also, recommendations
concerning further testing procedures and possible program changes

are given,

Conclusions

Although only seven different types of Morse code transmissions
were used to evaluate the performance of the recognition program, the
results obtained clearly define the attributes and weaknesses of the
program in its present form, Certainly more work must be done on the
Signal Processing section to limit the detrimental effects of input
signal pulse-type interference, since signal interference is prevalent
on the radio bands used for cw transmissions, Perhaps a simpler algorithm
than that of the low-pass digital filter technique used in the program
will produce better results., A cambination of digital filtering and
other noise reduction techniques might prove to be optimum,

Aside from the interference problem, the performance of the
recognition program is very satisfactory. The character error rates
calculated for Recording Sessions 1, 2, and 3 are well within an
acceptable limit, The readability of the machine oﬁtput. a function
of the particular sender, is optimizable by real-time adjustment. Since
it is desirable to have the machine operate with as little human
intervention as possible, preferably none, procedures are given in the
next section to automate the readability adjustment as well as certain

other controls now requiring real-time adjustments to maximize performance,
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These procedures and recommendations are now presented,

Recommendations

The recommendations presented in this section deal with recognition
program improvements and hardware realization suggestions,

Recognition Program Improvements. The recognition program, in its

present form, represents an attempt to perform machine recognitioer of
hand=sent Morse code by methods other than those previously documented.
Admittedly, when the project was undertaken there was no guarantee that
the techniques used in this program would be as good as or better than
those other methods,

The use of averaging algorithns can be very misleading., Extreme
care must be exercised when trying to fit an averaging technique to a
particular physical phenomenon. For example, the average human being
has one testicle and half a uterus, Basing decisions on this type of
average is certainly absurd, However, the distribution properties of
hand-sent Morse code indicate that averaging techniques are indeed
applicable, Test results confirm this conclusion,

Unfortunately, the use of averaging techniques presents a problem
when pulse-type interference is present in the input signal, Interference
of this type offsets the pulse averages used in the program, One
possible solution to this problem is the establishﬁ;nt of upper and lower
bounds around the DOT and DASH averages computed in the program, Data
distribution plots indicate a relatively tight grouping of DOT and DASH
time durations for a particular sender, Thes« time durations may be

assumed to have a normal distribution with a mean approximated by the

calculated averages (Ref 3127). A 2-sigma confidence interval cci easily
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be established and used to exclude time durations not within this interval
from the averaging process, This method should be czpable of detecting
time duration average differences present in a two-way conversation, The
data distribution plots reveal that time duration intervals remain within
a 2-sigma interval of each other for transmission rates between 10 and

20 wpm, Quite possibly this overlap exists for an even larger difference
in transmission rates. It is recommendecd that additional data be obtained
to confirm or deny this possibility.

The human intervention now required to optimize readability of the
machine printout can easily be eliminated by an additional program
routine, The number of spaces printed on each line of machine output
can be compared with an upper and lower limit to determine whether
adjustment is needed, For example, if the number of spaces printed
exceeds 15, the CHARACTER~WORD space adjustment should be increased;
if the number of spaces is less than 5, the adjustment should be decreased,
The amount of readjustment per change can be optimized to prevent over
correction while still allowing the optimum value to be reached within
a reasonable amount of time, The upper and lower limits and the incremental
adjustment value must be determined experimentally.

Human intervention now necessary to optimize the number of input
signal samples to be averagcd for the change detection process can also
be replaced by computer programming., An initial value, preset at the
start of the program, can be adjusted to an optimum value as a function
of the DOT average. For example, the value can be adjusted to filter
out all pulses having a time duration of less than one half the DOT
average. The low-pass cut-off frequency of the digital filter is

determined by the number of samples averaged and the interrupt frequency,
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Since the interrupt frequency is a constant, set at the maximum value
permitting proper Code Translation section operation, the relationship
between number of samples and cut-off frequency is linear, The number
of samples to be averaged is thus directly proportional to the DOT
average. The actual relationship must be determined experimentally.

Hardware Realization. Many of the peripheral devices and control

knobs used in this project can be eliminated in a hardware realization
of the recognition program, The input signal threshold level can be
set at a constant value of +7778, thereby eliminating the threshold
control knob, A feedback control circuit can be used to regulate the
peak dc voltage of the rectified input signal to an optimum value for
the constant threshold. Inclusion of the program changes recommended
in the previous section would eliminate the need for sample number and
readability control knobs. It may be desirable, however, to retain
these controls to permit human intervention if required under unusual
circunstances. The two switches used to perform a program restart

can be replaced by one START/RESET pushbutton.

The entire program, now requiring about 3K of memory, can easily
be reduced to fit within a 1K 12-bit memory unit by elimination of those
instructions now used to control the CRT Display and sample switches,
Elimination of these instructions has the added benefits of faster
program execution time, better reliability, and less construction cost,

The use of a 16-bit structure will provide additional programming

capabilities not possible with the 12-bit structure of the PDP-12 camputer,

First of all, a constant Real Time Clock frequency can be used for all
Morse code transmission rates, since the 16-bit word length will provide

a 65,536 (216) clock counter overflow range, For example, an external
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clock frequency of 65,536 Hz will permit recognition of pulse and space
time durations ranging from 1 or 2 milliseconds to one second in length,
This corresponds to transmission rates in the range of 5 to 500 wpm,

The 16-bit structure will aiso permit increased error correction
capability. The 12-bit structure used in the recognition program permits
error correction of a run-on Morse characters not exceeding 8 pulses in
length, The 16-bit structure will permit correctioﬁ of imm=on -haracterxz
up to 12 pulses in length, Effective use of this increased capability
will require revision of the Error Correction routine to allow for the

possiblility of three run-on characters,

79




ety

-

GE/EE/73A~9

1,

2.

3.

4,

Se

6.

7e

8,

BIBLIOGRAPHY

American Radio Relay League. The Radio Amateur's Handbook (Forty=
Seventh Edition), Newington, Conn.t American Radio Relay League,
Inc., 1970,

Digital Equipment Corporation. PDP-=12 Svstem Reference Manual
(Fourth Printing)., Maynard, Mass.t Digital Equipment Corporation,
October 1971,

Freimer, M,, B, Gold, and A.,L, Tritter. 'The Morse Distribution,”
Institute of Radio Engineers Iransactions on Information Theory,
1:125-31 (March 1959),

Gold, B, "Machine Recognition of Hand-Sent Morse Code,” Institute
of Radio Engineers Transactions on Information Theory, 1:17-24
(March 1959),

Petit, R.,C., "The Morse-A-Verter = Copying Morse Code by Machine,”
QST Vol, LV Number 1:30-35 (January 1971).

Powers, B,L., and F.Rs Scalf. The Design of a Morse-to-Teletype
Signal Converter Using Inteprated Micrologic Circuitry. Unpublished
thesis, United States Naval Postgraduzte School, June 1968,

Ullman, J.R. Pattern Recognition Techniques New York: Crane, Russak
and Co,, Inc,, 1973,

West, L.J, Review of Research on dorse Code Learning - Summary of
Findings and Recommendations, Technical memorandum. Chanute Air
Force Base, Illinoist Training Aids Research Laboratory, November
1968,

80




GE/EE/73A-9

' Appendix A

Recognition Program Listigg

The Recognition Program was written for use on the PDP-12 camputer
equipped with a CRT Display, Teletype or DECWRITER, KW12-A Real Time
Interface, Data Terminal, and a TU56 Dual Drive Transpoit, The
program is written in LAP6-DIAL assembly languages
The listing contains six columns of information. These are, from
left to right, program line number, memory field location, octal value
b assigned to the logation, user-assigned symbols, program and assembly

instructions or data, and comments,

oy
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0920 2018 Q90D e L
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9822 9912 @%7¢ STORE. 577 N

0023 9913 BSTT  WORD., | 5?7

8824 9914 4917  STORIT. 49017 SASCIT MEMORY
0925 *17

a6 0e17 _7Ver. i X

0027 *20

0930 _ @29 o99e CHECK. ©

0931 Q221  0UDD  NUM. ]

0932 0922 9989 COUNT. B

0033 g923 ©ad SADISAH. SADIS

8034 9924 1209 ADSAMY. ADSAM N
9935 9925 1629  PROCED. PROCES

8936 9925 9911 KOLP. 2911

8037 9027 0098 CHANGE. 9

9940 QU39 W271  SENSER. SENSE

voa1 Q031 rul  HeRe.  ~vee

8842 9832 ese? KSR, 57

08043 Q933 YR NUMR., @

08044 9934 2244 EFL1D. EFLL

0045 9935 22%1 EFLZE.  EFL2

AQ46 9936 D999 EFLAGL. 8

0047 Q037 U009 EFLAGD, © =

ee30 0 LMJOE

8051 o040 000D ) ~LMODE

0052 @41 6221 _JMP SERVEL _ _ _/INTERUPT =
0053 FMODE

8054 9942 2309 SETFTR. SETPIR

0055 9943 ©EAQ MSTART. ©

9056 9044 o0 WDRES. © 00

0057 9045 2409  IPROCY. IPROC

0050 9046 ©OOH CODE, ©_ _
0061 0047 300Q Coi. AUNK

9962 9050 2914  Co2. AS

0063 9951 3928 C11. ASFAC

0964 0052 3036 C2i. AU _ N
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9955 BSS3 3944 £22. RURIT
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9193 8971 3133 LNS. N9 L
9194 072 2807 RASCO.  RASCIL
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0106 ga74  PTOQ  KLINE. ?rem

0187 9aTS  7TeR LINE. 7700

9119 9576 Duee  IWFLRG, 9

0111  BRY?  TPOT ML, -1

0112 9129 0901 Kil. 1

8113 8181 47T KITPT. A9YT

0114 P12 DRI9  PM. )

0115 0192 7140 ME4D. -648

?114 P14 ovoy DOTAY. B
8117 91a% 0020 DASHAY. 9

8120 D126 000O FAVG. 8

8121 90197 9oL FUDGE. @

8122 D116 Q02D SAFLUDG, ©

9123 8111 9998  HOLDWD. B

0124 0112 O3re K3vr. 3ee

0125 @113 9009 TEMF. 9

8126 9114 9249 K24, | 249

9127 8115 90215 K21U., 215

9139 9116 0212 K212, 212

8131 0117 0100 PRTER. 92199

0132 9129 oo CRAVG. © -
8133 0121 9913 K13, 43

0134 9122 7776 M2, -2

0135  B1283 7TT6__KM2, -2

0136 9124 2059 PWDD.  PWD

9137 9125 2209 10QODED. ICODE

0146 9125 @217 RSTAFR. RSTART

0141 9127 6099 KR, S999

0142 9139 0OV0e PFLAG. ©

9143 _ @131 @999 HCHANG., 8

0144 9132 @430 CONDIA. CONDIS ’
0145 9133 2099 SDASHA. SDASH

0146 9134 2254 DIALY. DIAL

0147 9135 O7TTT Kyer., ?e?
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GE/EE/73A-9
! 9159 D126 ?PP?  PRST. 7900 ZINTL VAL = -1
91512 9137 99009 THRESH. &0 _
9152 9149 1442  AOUTD.  ROUT
9153 9141 140 RESETS. FESET
8154 9142 1499 TIMERD. TIMER
9155 2143 1332 ADSAML. ROSAM2
9155 9144 S092  MEWL. 9
9157 @245 ggw PORS, 3 L
0160 0146 @09 WHICH, 9
9161 9247 ool TIME, B
\ 9162 9150 ooon  IHF1, B
D163 2151 ooon IWF2. 9 _
D164 9152 9999 NUM21, B
| P15 9AS3 onon HUM;&__Q L
: 9156 D154 4917 KSTOR., 4917
8167 PATS  Bg  UNFLG. B
9179 3156 Gan UNCE1., B
S Pa7vi P15 Boan UNCHE. 8
e1? 2 Bl*u Q998 UNCK2. 8
81? 9161 oo0n  ERWNDNM, &
91 B162 3499  UNKCHD. UNKCHK
9175 9163 0098 TEMPMN. ©
’ 9176 164 90 MNUM, 9
3 0177 9165 o093 LUNUM, @
8209 9166 1598 FIG19.  FIGA
0291 D157 3467 RFIGLD. RFIGA
8202 warte 1516 FIG29. FIG2
0283 9171 3609 RFIG2Y. RFIG2
9204 9172 e TALLY,  ©
8205 9173 o092 TALLY1, 9
9206 91?4 0999 TALLY2. 9
L/ 8207 D175 2484  IPRTMND. IFRTN
/ 9218 Bi"b 1722 PALspa ZALSPAR
9211 D1?? ©Oped COE32. @
0212 SHL=7413
- 0213 CAM=?7621
D 0214 /
0215 7 #
8216 LMODE
0217 KCC=6032
08221 KSF=6031
0221 RMF=67244
0222 10N=¢ 901
8223 g
8224 / o
9225 PMODE
8226 /- . v
{ 0227 7
N 8238 /
0231 7
0232 /
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9233 #2080
9234 A208 P3P START, LCLA CLL e
8235 D291 1127 TAL KEDoD i
8236 B2B2 6132 CLLR JERTMI._CLK _RRTE
9237 2293 7290 cLA
29248 9204 1322 TAD CFLAG o
8241 9295 6134 CLEN JENREBLE INPUT 1
8242  B208 7209 e D
0243 D297 63485 TLS
oA I p 1= L ) KCC
9245 P211 6141 LINC
B246 . ) __WMOOE
8247 8212 1820 LOR I
8258 9213 9240 P29 .
9251 9214 D994 ESF AFULL S2 DSPLY &
9252 0215 9992 POP SOSABL_TTY INTRP
0253 PMODE
8254 D216 4442 S JIMS 1 SETPTH JTR + 2 LFS .
8255 9217 4423 RSTART. JMS I SRADISH SSET RD SMPL SI2
8256 = B220 5425 0 WP 1 PROCE® _ SG0O_TO _MAIN PROG
8257 ' /
D268 /
09261 /
o262 - ’ N
0263 / INTERUPT SERVICE ROUTINE
0264 / ~ _
0265 ’
0266 LMODE
0267 9221 4325 SERVEL., STC R /SAVE FC
@278 =~ B222 L2612  ROL_I L
9271 0223 4323 STC LINK ZSAVE LINK
8272 9224 20949  ADD 9949 /GET_RTMN RDDRSS
0273 p225 1620 BSE 1
0274 8226 6900 65000
02?5 0227 4270 STC LRTN_  _____ /CRERTE _RTN._JMP _
0276 8239 2109 ADD K1
o277 8231 4326 STC LFLAG SSET _LFLAG
8309 B232 6241 JMP LCONT -
@301 ) _______PMODE .
0392 9233 3325 SERVE, DCA AC /STORE AC VALUE
9303 9234 7284 GLK
B304~ 9235 3323 OCR LINK #STORE LINK
8395 9236 1000 TRD 0o00
03986 0237 3324 DCA HOLDIM /STORE PC
@3e7 0240 6141 __LINC
9310 LMODE
311 9241 9643 LCONT, LDF 3 /SET DF = 3
8312 8242 9002 PDP '
8313 L PMODE
9314 9243 4424 JMS 1 RDSAMD /YES GO TO RDSAM
. @315 9244 7399 EAIT, _CLA CLL

85
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9316 9245 1326 TAD LFLAG
2 8317 92456 7648 SR CLA _LFLFI3 SET? ]
83290 9247 5257 JHME LOUT YES
9321 £259 1323 TAD L INK ~NO
8322 9251 7019 RAR JRESTORE LINK
8323 9252 1324 _TAD WOLOIN
9324 £253 3000 DA DooED /RESTORE PC
8325 9234 1325 __ TAD RS JRESTORE AC
9325 9255 €991 10N SINTERUPT 1M
8327 9256 5408 JMF 1 B SRTN_TO FROGRAM
9339 H257 2326 LOUT. DGR LFLAG JELERR LFLAG ;
L ©331 0269 s141  LINC _ _
9332 LMODE
9333 o261 op1 CLR
8334 g262 2323 ADD LINK
0335 g263 9321 ROR I 1 SRESTORE LINK
| 9336 GiEd 2325 ADD AL RESTORE AL
9337 D265 9996 DR
8340 9286 9508 108
tl”/> 9341 p2e? ep@1 10M ZINTERUPT 0N
8342 §279 0009 LRTN, 9
L 8343 PMOGE
2344 /
8345 Pl
8346 7
3 B34? o — | — - -
i 8350 /  SENSE SWITCH ROUTINE
9351 /
9352 ~ SENSE SW 1 = DUMF HEMDRY & FESTART
T 8333 . _ / _SENSE SW & = DUMP MEMORY & G2 TO DIRL
0354 7
08335 _ /
| 9355 9271 0000 SENSE, ©
8357 9272 6141 LING
8358 LMODE
o @361 9273 M461 SNS 1 1 _ _/SENSE_SW 1 SET?
' 9362 D274 6301 JMP Shid FYES
8363 8275 5462 SNS 1 2 /NO_ S 2 SET?
9364 9276 6396 JHP Sh2 YES
, 8365 9277 0092 POP ~ND
) 93656 FMODE z
9367 9300 S671 JMP 1 SENSE
9370 LMODE
8371 9301 0002 SWi, POP
0372 PMODE
8373 9302 7200 cLA
@324 B9303_7904___ _IaC
P 8375 9304 3036 DCA EFLAGL ° ~SET SWi FLAG
4 8376 9395 5312 JMe_EMPTY
8377 LMODE
0400 8306 0002 SW2, FOP .
86




GE/EE/73A~9 ~
. 8401 o PMODE
i @402 @307 P399 CLACLL_ _
. 9493 T9310 To0l IAC

9494 9311 2937 DER EFLAGS SSET SH2 FLAG
SEDE] 9312 7109  EMPTY, GLL
9406 @313 1323 TAD LINK__
407 8214 ’Biu RAR JRESTORE LINK
9419 8315 1324 TAD MOLDIN _
411 9316 3&99 DR e VFESTORE PO
9412 9317 1325 TAD A /RESTORE_RC.
9313 9320 6244 RHF JRESTORE IF & OF
- 0414 9321 5400 JwP 19 )
9415 7
L Y
D917 5352 0839 CFLAG,  oB2d
9420 9323 H998_ LINK. B
g4a21 D324 Bo99  HOLDIN. ©
9422 9325 0909 FAC. 9 L
9423 9326 D099 LFLAG, @
/ 9424 _ = ’
9425 - 7
g 9426 /
L 9427 7 AD SRHFLE & DISPLAY ROUTINE
0430___ /
8431 /s
8432 %4y
{ 9433 D4l PO0e SADIS, O .
8434 9401 6141 LING
8435 LMODE
9436 Ba02 0014 CLR =
9437 9403 2091 HDD DD
@440 D4D4 4526 STC HOLD __ __ /SAVE PL JMP
9441 9495 9011 AGNDS, T CLR
0442 D406 19212 SAM 12 /SMPL_INPUT SGNL
9443 54D7 1560 BCL 1
o 9444 D410 T9OB 7000 o
‘ 044z 9411 4030 STC SI SSTORE INPUT
0446 _ B412 2137 __ADD_THRESH _
9447 9413 2122 ADD M2
8450 8414 9917 CoM
b 9451 9415 2530 ADD SIG 2
0452 _ . 8416 0451 ____ @APD_ ______/PULSE OR_SPRCE?
; 8453 2417 D467 SKP ~SPRCE
9454 D429 6425 _____ JMP. P2 _ PPULSE
9455 9421 09011 CLR
8456 9422 2077 ADD M1
8457 9423 1071 STR 1 SIGNAL . ~STORE -1
0460 9404 €438 _JMP CONDIS
0461~ 9425 0011 P3, CLR
Q462 _ 0426 2100 ADD K1 _ _ L
9463 8427 1971 STA I SIGNAL ° ~STORE +1
) § 0464 9430 0911 CONDIS. CLR
9465 9431 9191 —SaM 1 7GET SFMPLE NBR
0466 0432 4022 STC COUNT __
87
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0467 T 9433 9109 TTSAM B T T OSMPL THRESHILD
2479 D434 4137 __ ST THRESH
2471 84325 2531 ALD MZ??

2472 8436 137 AUD THRESH

8473 D437 B166 _ _  _DIS 1.6 ___ ___ SDSPLY _THRESHOLD
9474 D445 2911 CLR

B4V 9441 2531 (a] ¢ N e 5drd

B47S D442 2539 ADL SIG

S477 o B443 @17 DIS 1 7. . SUSPLY INPUT
8599 D444 £11 CLR

9591 = B445 4991 STC 9Opl  ACLERR 9991
0502 D446 2922 ROD COUNT

8593 2447 1569 BCL I

8504 2458 ore? i

8595 9451 9311 ROR.S L o _
8596 2452 4833 STC NUMR #GET FIRST BIT
8587 /453 Topi ___JINF DISCPY. JUISPLAY IT
8518 2454 2022 DD COUNT

0511 9455 1564 BTl 1

9512 D456 907 EC T

8513 9457 @395 ROR 6 _ B '
2514 D468 4933 STC NUMR A3ET SECOND BIT
83515 = ®B461 veml 0 JMP DISCRY JUISPLAY 1T
0516 pasz 2022 ADD COUNT

9517 2452 1569 BCL 1

8520 9464  rroy RRCH

8521 = B463 8383 ROR 3

9522 D466 4933 STiZ NUMR /GET THIRU BIT

— 467 _ 7281

BavE 2022

JME DISCPY

SOISPLAY 1T

TROD COUNT

8525 9471 1560 BCL I

9526 3472 700 PEFT

8527 9473 4933 STC NUMR SGET_FOURTH BIT
9539 9474 7091 JMP DISCPY SUISFLAY IT
8531 9475 __ 9509 108

8532 9476 6931 KSF ~KEYBDRRD HIT?
8533 9477 5495 JMP_AGNDS /N

8534 n559 D509 108 /YES

8535 _B5v1 _ée3z _Koo

9536 52 2527 ADD MRINDD

8537 9503 1620 BSE _1

8540 9504 6999 6501 /CRERTE JMP
8541 8595 4439 STC CONDIS

8542 506 2022 ADD COUNT

8543 8387 1668 8CO 1

9544 9518 e Y

9545 9511 2109 ADD KL, AFORM 25 COMP___
8546 9512 4131 STC KCHANG #OF COUNT

8547 9513 2131 ADD_KLCHANG

8550 9514 4827 STC CHANGE

9551 9515 2027 ADD CHANGE

88
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< 9552 B316 2027 RUD THANGE
o 8533 w31yY 2123 _ RGO KM _ . __ .
9554 g529 4029 ST CHECK STUICE KCHANG
9553 9521 9811 MAINDS. CLR
9556 pE2E 2525 ADD HOLD
9557 _ @523 g1 STS 999a_ SRESTORE.PL
550 2524 9992 PUP AINP INSTR
9561 . __ . _PMDDE . .
05652 9525 5689 JMP 1 SAGIS
9553 !
D564 /
: 8565 9526 @e@9  HOLD., @
05656 8527 9521 MAINDS. MAINDS
@557  B8539 ooed SIG. 8§
2578 9S31 P41 MITT, 307
9571 /
r‘//> 8572 D
9573 p
: 9574 /
8373 / CHRRACTER DISFLRAY FRIOUTINE
9576 ———= = - e
2577 /’
‘ 9609 _ o 1101 N .
L 9591 1099 9099 ] JSENSE SWL1 STORE
P6R2 LMIDE
9583 1991 941 DISCPY. CLR
9584 1pwz  20eg _ RUD _Boun
8685 1882 5114 STC HOLDRN /SAYE JMS RTN
86085 1end 2833 __HDD_NUMR
9507 1995 94?3 RZE 1 ANUMR = 9
9618 16995 P64 JNP_NUME S/YES
9611 1997 2123 RDD KM2 )
8612 1818 94979 __RZELl SMUMR = 172
& 9613 1941 7867 JHP T MUML AYES
8614 ~ 1pi2 2123 2 ADD KM2 o'ND_
9515 1913 8479 RZE 1 JNUMR = 27
9516 1614 7975 JrP NUM2 /YES
] Tk 1915 2123 RDD KM2 = ND
p 8620 1915 9478 AZE 1 /NUMR = 372
; 9621 1917 7il3 JHE T NUMS” /YES
8622 @ 192w 2123 20 RDD KMz #NQ_
9623 1921~ 9479 RZE I SNUMR = 47
} 9524 1022 7037 JMP_NUM4 /YES
P625 1923 2123 ROD K2 ZND
8626 1v24 B4vR 000 RZE 1 _ SNUMR_= 3572
0627 1925 7945 JMP T NUMS /YES
0630 1826 2123 20 RDD KME /NO _
1 9631 1927 9478 RZE 1 TTANUMR = 62
9632 1939 7953 JMP NUMS /YES
9633 1931 9911 CLR SND NUM = @
9634 1932 17e8 psc 1
89
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0635 1933 4443 4443
‘ 9536 1024 1768 o _osc1 —
8637 1025  &0154 5959 JDISPLAY 7
9549 4935 7i19 JHF O 1SOUT
B541 1937 9vli  NUM4. LR
9542 44 1vé®  psc L
0643 1941 2414 24914
9544 142 178 Dpsc 1 L
D545 1943 2477 2477 SUISPLAY 4
95465 1944 Pii1a JHP DISOUT
BE47? 1845 9911 MNUMS.  CLR ;
! 9839 194 tPe® oS
8551 1947 5172 5172
86532 __1®I® ivew  OSC I
8653 1951 B9ES1 ES1 SDISPFLAY S
BESS 19%2 116 JHP DISOUT
9555 18953 9911 NUMS,  GLR
9656 1854 1783 psc 1
9557 1955 1596 1596
/ 8560 1495 1?69 DSO I .
K. 8561 1957 4225 225 JOISFLAY &
L : 8552 19589 P11 IMe DIsouT N
0563 1861 911 NUME.  CLR
BB64_ 1882 4783 psc 1 -
8665 1963 4136 3136
. 8666 1DE4 ATER DS 1 i
BB67 1965 3641 3541 JUISFLAY ©
0570 1966 7118 JMP DISOUT
8674 1967 9911 _ NUML, LR .
8672 1979 1769 oS 1
9573 1971 2191 2191
CE ] 1972 1760 DS I
N 8675 1873 9177 e SDISPLAY 1
8676 1974 711w JHP DISOUT
PEP? 1875 2911 NUM2.  CLR
B|voe 1076 T 176H DSC 1
J o791 19977 4523 4523
) BYp2 1198 1760 CEDEN -
8793 1491 2151 2151 SOISPLAY 2
; ChiE R G- R L) JHP DISOUT
8705 1193 9914 NUM3. LR
BvRe | 1199 1788 DSC 1
’ ov? 1105 4122 4122
CREC 11906 1769 DSC 1 .
9741 1187 2851 2651 JDISPLAY 3
CEE 1119 9911 DISOUT. LR
8713 1111 3114 = HDD HOLDRN _ .
8714 1112 4999 STC 8292 T JRESTORE RTN
i 8715 1113 6999 JMP @
9716 /
ev1? /
90
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9v25 1114 9999  HOLORMN. ©
o721 PHIIDE
e e PHORE - . .
Bv23 s
9rad 7
2725 /!
o726 S RU SRMPLE GECISION ROUTINE
LECTs B e .
2730 Y
9731 +128.3 _
732 1298 ooog  ADSAN, B p
8v33  __12pd 4423 0 JMS I SRDISE  SSHPL & DSPLY
8734 1262 7200 CLR
av35 cd2es 2w IS2 CHRNGE /M SAMPLES YET?
2736 12014 5609 JHP 1 ADESAM AN
o737 1795 1146 TRD WHICH SVES
9748 1285 7449 S8 JOHEMNGE OF CHE?
8741 L.A28? 5246 e IR ENGCRE JEMD OF CHECK
Bv42 1219 1127 TRD Keping JEMD QF DHAMNGE
P43 1212 39B1Y _ DCA SIGMNRL . SREISET_MEMORY
k 9744 1212 1131 TRD KOHANG
: 2745 1213 3927 DA CHANGE JEESET_SMFI. NBE
! 8745 1214 1411 TRC 1 SIGMAL
BP4Y 1245 2027 _ 1S2 CHANGE ——— = P
a750 216 S214 JMP -2 JHDD SMPLD INPTS
: 8?54 4247 PO SMA CLA___ /PLLSE OR_SPRCED
8752 1220 5224 JHP P1 SEILSE
8753 1221 1877 TRO M1 SSFPRCE
7 0754 222 3144 DCH NEMWA “STORE ~1
BP55 4283 5229 JIMP CoMP_
8756 1224 (208 P11, CUR
orS? 1225 7amy weo
8760 122¢ 3144 DR NEWL SSTORE +1
9761 1227 4127 COMP.  TAD KE299
8762 12389 3911 ULCH S I1GNAL “RESET MEMORY
- Bve3 1231 1135 TRD PAST ~  COMPGRE MITH
) 0764 1232 1144 TRD NEWA1 SPREVIOUS WELIE
o765 1233 7650 __SNR CLA SCHANGE?
9766 12347 S241 JHP 45 SYES
y -
v
8767 1235 1131 TAD KLOHANG At
0779 1236 3027 __ _DiCA _CHANGE __ _ _ /RESET_CHANZE____
8771 1237 4430 NS 1 SENSES SCHE SMNS SHS
9772 1249 5599 JMP_ 1 AGSEM SRIN_T_PROG
o773 1241 1929 TAD CHECK .
Bv74 _d242 3829 _DCR _CHeNGE _/SET SMPL NER_
APPs 1242 “118F TRD K1
67°e6 1244 3146 0 DLCA MWHICH  ASET FLRS
0777 1245 5699 JF T RDSAM
i 1000 1246 209 ENDCHY. CLA
1991 124y 1127 TAD Keown
1002 1252 3911 DR STGNAL /RESET _MEMORY
-~ 91




GE/EE/73A-9
19637 7 T 1asi 1920 TRD CHECK
 d 4994 1252 3927 LA CHANGE  SRESET SHPL NBR_
1995 253 1411 TRD T SIGNSL
1995 1254 2927 152 CHANGE )
1997 1355 9253 MR =2 JADD SHELD INPTS
4910 1256 ?TAM  SMA CLA_ _ /PULSE R SPACED.
1911 257 S263 JHP P2 APLILEE
1942 1269 4077  TRD ML SSPACE
' 1913 1351 3144 GLR MEWL ASTORE -1
1914 1262 5264 JMP COMPY
1915 1263 veol  Fa. CLA
) - 1916 A284 41w TAD KL
B 1917 1265 3144 DA NEMWL TETORE +1
4920 41266 1427 COMPL.  TAD Keame
1921 1267 3911 OCH SIGNAL SRESET MEMORY
1922 1379 1436 TRD_FRST
1923 1271 1144 TRO MEWL
4924 1272 44w S2ZA __ /PERMANENT CHG?
1925 272 5548 JMFT T ROUTH ~ND
1926 1274 1136 __TRU PAST __SYES.
1927 12757 3145 DCH FORS /SET F~S FLABG
\t r/ 1938 _ 1275 1144 THD MEWL
L 1931 1277 3136 DCA FAST #SET MEMW LEVEL
1832 1389 6141 2000 LINC
1633 LMODE
. 4834 1381 eiwi 0 SsAM 4 /SAMPLE COUNT
1935 1392 4922 5TC COUNT
1936 1393 9109 SAM 9 SSMPL THRESHILD
1937 13934 4137 STC THRESH
4949 1385 @14 000 SAM 4 JSAMPLE FUDGE _
& 1941 1396 4187 STC FIDGE
1942 1397 2497  ADD FUDGE __
1943 1319 2107 AUD FUDGE
f 1944 1314 2197 ROD_FUDGE
1945 1312 4187 STC FUDGE
4046 1313 99892 PO —
, 1847 FMODE
! 4858 4344 1922 _ _ TAD COUNT JGET LRTEST
1951 1315 7941 3 {: /SAMPLE NBR
1952 1316 3131 DCA_KCHANG
, 1953 1317 1131 TEh KCHANG -
f 1054 1320 3927 _DCR CHANGE  __ /SET CHANGE NBR
1955 1321 1927 TRD CHANGE
1936 1322 1827 _TRD CHANGE ~ _
1857 13237 3028 OCR CHECK #SET CHECK MBR
1960 1324 6135 CLSR
1961 1325 °¢v00 SHA CLA SCLOCK OVRFLW?
1862 1326 5342 __JUP T TIMERE _ /NQ GET TIME
1063 1327 T r249 STA YES
1964 1339 3147 __DCR TIME /SET _TIME=?777
i 4965 4331 755412 T JMP I RESETO °
Y g
, '
r ; -
92
s _ —~ P
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1 19536 1332 5898 ROSAME. JMP I RDSAM
AveY_
1979 /
1371 *1489
1972 1499 7?29 TIHMER., CLR
A49P3_ 14e1 6133 - CLAB —_ —
1974 1482 &137 oLicwe
4975 1493 3147 DCA TIME __ _ CSTORE TIME
1976 1494 £133 RESET. CLRE
1877 1495 1147 TAD RATERD
1199 146 85132 CLLR SCLERR CLK CMNTR
1191 1467 €435 GLSA )
! 1192 1419 7209 N
1193 1411 1127 _TAD_K69aD o
1194 1412 6132 CLLR SJRESET CLOCK
| 1195 /s
1196 s
'[ 187 _— ¢ _PREFARE TIME & TYFE OF SIGNRL
1119 ' FOR STORRGE
_}‘1_:1:1 L /s
F'/;> 1112 ' s
J 1143 1413 V2082 LR
1114 1419 1145 TR PORS
1115 2~ 1445 Fv99 _  SMR LLR __/PULSE_ DR _SPRLCE?
1116 1418 5225 JHP PULSE APULSE
; 4147 4447 4447 TAD TIME /SPRCE
{1 1129 1428 7919 ®RER
1121 1424 7199 oLL
1122 1422 9849 RAL JSET RC 11=9
21123 0 1423 3412 20 DCR I STORE ___ /STORE DRIA_
1124 1424 5233 JMP ROUTA
2125 1425 7299 PULSE. LLR
1126 1425 1147 TRO TIME
1127 1427 7919 RAR
1139 1439 7129 STL
2131 000 1432 v9w4 0 RAL — SSET RC 11=1 =
b / 1132 1432 2412 DCR I STIORE JSTORE DRTH
1133 1433 1942 ACUT4, TRD STORE )
1134 1434 1931 TRO M?P??
1135 1435 7449 S2R ALAST MWD OF MEM?
y 1136 1436 5243 JHMP . +5 T MND
Y _1137? 1437 1032 TRD K377 o SYES
1149 14948 3912 Do/ STORE JRESET MEM LOC
. 1141 1441 791 IRC__
1142 1442 3943 OCA MSTRRT /SET FLRAG
1143 1443 7299 RAQUT. LLA
1144 14494 3146 DCR WHICH - JRESET CHiZ FLRG
4143 1445 1131 TAD KICHANG : -
1146 1446 3827 DCAR CHARMGE SJRESET CHARMGE
1147 1447 5543 JMP I ADSAM1 _  /IND RETURN
x 1150 / ]
1151 Z
1152 ’
4153 . - %1509 _
93
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1' 1154 1599 €144 FIG1.  LING
Aai15s 0 o oo _WMooE. — o
1156 1591 9914 MNAGM.  CLR
1157 1502 2163 ROD TEMEMM
1160 1593 9241 ROL 1
1161 1524 4463 STC TEMPMN
1152 1595 2164 ROD FNLIA -
A163 158s 1128 RUA_I -
1164 1597 oE91 2991
1155 1519 4164 STC MNUM
1166 _.AD11 21e4 RDD MMM
1157 1512 9459 AZE JHNUM = 87
1179 1513 7504 JHE MMAGN AND
1174 1514 o2 POF /YES
2172 o PMOE _
1173 1515 5567 JP 1 RFI1S18
1174 1516 6141 FIG2,  LINC_
F‘//> 1175 ' LMODE
t, 1176 1517 9911  ROTAGN. CLR
| 1177 1529 2163 ROD TEMFMN
q288 1521 B8z91 ____FOR 1
1291 1522 4163 STC TEMPMN
. 1202 1523 2165 ADD_LMNM
1. 1203 1524 1129 ROA 1
1234 1525 9991 §9991
1205 1526 4165 ST LMNOM
4206 1527 2465 _ ADL_LMNUM o
1207 1539 9451 AP SLMNUM POSITIVE?
1218 1531 7547 JMP_ROTAGN MO
1231 1532 9911 CLR ~YES
4212 1532 2163 ROD TEMEMN
1213 1534 1569 BCL I
214 1535 _8eer B8RPy
' 1245 1536 2153 ROD MUMI2
1216 1537 4177 ST CDE32 . 2ND CODE NODRD
1217 1549 2163 TTTTROD TTEMPMN
1220 1541 1560 BCL 1
, 1221 1542 7709 D) =
) 1222 1543 4463  STC TEMPHN
1223 1544 9092 POP
1224 PMODE
1225 1545 5571 JHP 1 RFIGZD
1226 /s
1227 7
2230 ’
[ 1231 7
1232 /! e
€ 1233 / "MAIN DATA PROCESSIMNG ROUTIME
& 1234 /
123 P '
1236 N #1609
9%

R L
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14237 1599 P399 PROCES. LA CLL s
Y4245 1681 4445 JHS I IFROCW  SINITIALIZE
1241 1692 P29 PRCAGN. CLA
1242 1583 1842 TAD WIRD
1243 15894  ooad CIR
1244 1695 1942 ~__ TRD STORE
1245 1605 7548 SHMR 32R ASTORE=-HORDDY -
1246 1687 5223 0 JWMP GETNM_ SYES
1247 1619 7?29 LA AND
1250 1611 1843 TRD MSTART
1252 1£12 7449 SR JMSTRRT SET? :
1252 1613 S223 JHP ETNW  SYES
1253 1514 1936 TRD EFLAGL AND
4254 0 1815 P44R S2R _._<'EFLRAGL SET?
1255 1616 5434 JMP 1 EFL1D YES
1258 16517 1937 TRD EFI_AG2 AN
1257 1620 7449 SZAR AEFLRG2 SET?
1269 1621 5435 IMP I EFL29 /YES
1261 1622 5292 JHP PRICAGM AN
4262 1823 V38R BETNW. CLA CLL
1283 1524 1413 TRD I WORD
1264 1625 31131 DCR HOLDWD
4265 4626 1213 TAD_HOLDMWD _
1266 1627 3414 OCA I STORIT ASTORE TIME
1267 139 1914 TRG STORIT
1279 1631 1321 TRD M4252
4274 1832 /648 52R_CLR SSTORIT = 49387
1372 1533 5236 JHP . +32 /ND
1273 _Ad634 1154 THU KSTOR <YES
1274 1635 3014 DCA STORIT JRESET STORIT
12?75 1636 1943 TRD WORD
1376 1637 1931 TRD Meer
1277 15649 7449 SZR ) AWIRD=TRT?
1399 1641 5245 JHF PORSUD /ND
1391 1642 4932 TAD KS?7 JYES
1392 1643 2913 DCA WIRD SRESET MWORD
1393 1644 3943 CCR MSTRART JCLERR _MSTART
1304 1645 7399 PORSWD, CLA CLL -
4385 = 1646 4111 TAD HOLOWD
1396 1647 7218 RAR
4387 1658 __ 7438 SeL JPULSE_OR SPRCE?
1310 1651 5524 JMP I PLIDD JPULSE
1311 1652 7299 CLR SSPACE
1312 1653 11892 TRD P
4313 1654 7449 S2R JLAST PULSE?
1314 1655 5533 JMP I SDASHI ZDASH
4315 1656 1111 TRD _HOLDWD 00T i
1316 1657 7919 RAR T ACOMPRRE WITH
1317 1660 3113 DR TEMP SRVERRAISE
1329 1661 1196 TRD PRVG
1321 1662 7919 RAR L
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GE/E
E E/
" _1- - 73A—9
355
~132§ - ‘1'.'.——‘
1324 1;?30 P04
1325 = e T
1525 yoes L ——gi
1327 13"’-‘6 710 T e
1330 1267 14?3 TR T ———
1331 -1':?;3 1129 SFR ".«E”F' e
\ 1335 iy 7012 CalCL I SRR
4333 Y nCIT TR _PRCA - B
29 1-—_. - Bi —— () r\“_ '-’H'BL- ) .. o
1334 e e __RTR i FINTER OF :
133 a7 2941 raR <IN p DR In
335 1.-’- 20 - [ = ) TEH X IN o
S £r5 3322 —._.hN ZINTE TRA?
36 467 11 D K77 —.C ER :
4337 ‘5;—:;6__ ?911 CIA g '—;;'174F-UT
P S 13'? SFL 12 OCR D e Lun\;ﬁ.,E_ NEM
134 00 7010 Tn‘“~'—7-.E_r-1p =
gl 1761 913 —— O HOLO —_
1342 1;41 1_,->5__ RTR LOWD
‘r//> dowd 1;‘32—1422 - FAR
P e 1120 —_._RND_K? -
! 134 . 1784 3i2e TAD rer -
TP 1;95' 1129 TRD crenF
1347 . 4108 1107 T S
1350 ;B? = iiig __TRDL ':NH\;G
1351 r18 199 LY CHDYE
H 1353 1728 D FLDGE NE
3 355 T 17 1 .,__D DCA_SH GE EW
' - 47, Fate el —— SLAHG
1354'—‘-__1:.13 _'_1'1'_-4.1__ TRD SR T __I,.‘:c’[’_ SRR
355 714 1015 T . ehiehl 5:"-'F:E.';'f =
1356 1;15‘--%;19 CIA | SHEUDG oN
; 1357 i 13 s525 TAD T T
—‘Jl’ 1-» 1 ) T.—-——
1360 1;1? 33_1’1 SPR ‘.}-"P"'
1361 r20 e:’cs -JmF.-—!:LH
. 1362 a7 9529 TAD M S CROES— )
W o 47217 , e 5 LiTen
fzg———s_'_?g s JMP IHFLF"S /INTER CH OR
o AR 10ODE 2 INTEF CH OR HD?
1363 TEMP, -4959 = 1 HORD _
U 1364 9
1365
13685
13 =) 1723 7
367 1;53 iy d Y
1 A oo c
1_3,? — 1L§5 -.128_ ALSPA
4372 -1—:.,.s_6 r912 . LA Cl
13?3—-____1:,2?“%101 Al
E EIC 13 o e ;
375 7317 113 —_RnD #COM
1376 1052 AL s - CINITIAL
v 577 i SibL ocA T SeuAVG
: 4406 - $735 v 740 HoLb
’ 1401 1:’35; —1113 RTR DLOWD
1492 5% g0 AND K
1403 ‘:?—51_29 TRD Ti?;v.‘,
1404 575 e
2 DCA C“R\-'G
7 TRE T PR
k'” / RTND JNEW CUR
_ ¥G
96 .
—_—
g
I
—“
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GE/EE/73A~9

1495 *2909

1495 2999 P399 SOASH. CLA OLL e

1497 2091 1196 THD PAYG

1419 o2 7941 IR

1411 2093 1183 TRD PX SCOMPUTE

1412 2094 912 RTR. . JINTERSINTRR

1413 2005 0191 AND K177? SSPRACECORASH:

1424 28985 P41 CIR ___JEQUATION

1415 209 1194 TRD PAVE

1416 2919 7199 CLL

1417 2wl o1 FAR

14290 2912 Peer . CIR . L

1421 2913 3113 DR TEMP

1422 2014 1214 TAD HOLDWD

14237 2015 7100 ) CLL

1424 2016 7019 RAR

1335 @vid 1113 TAD TEMF

1426 2929 PPOR SMA CLA__ JINTER DR INTRA?

14277 2021 S222 JHP 42 SINTER

4439 2822 S4°3 MP 1 PRCAGE  ZINTRA

1431 2923 P399 CLAR CLL

1432 3924 1106 TRD PAVG

1433 2025 o091 CiA SCOMPUTE

14;4 __29“6 1102 _ TRD PR ____/INTER CH. .
435 2027 912 "RTR /OR

14;5 2030 5191 _____BAND K1?P? __/INTER WORD

1437 2931 7941 CIR JEQUATION

1449 2932 1119 TRAD SAFUDS

1441 2033 7109 cLL

1442 2934 919 RAR_ L _

1443 2035 7941 ClA

1444 2936 3113 _DCR TEMP L

1445 2037 1111 TRD HOLOWD

1446 2949 7100 cLL

1447 2041 7919 RAR

1450 2042 1113 0 TRD TEMP _ —_— o =

1451 2043 7?7190 SPR oLR JCH DR WORD?

1452 2044 SS25 0 JMP I ICODE®m _ SINTER CH

1453 2045 1111 TRD HOLLWD ZINTER WORD

1454 2046 30976 DER IWFELAG SSET IHFLRG

1455 2047 =525 JMP 1 ICIDER -

1456 2059 P200 PWD.  CLA.

1457 20951 1321 TAD NUM

1469 = 2052 001 IRC_ e

1461 2053 3021 DCA NUM ZINCRMNT NUM

1462 2054 1111 TRD HOLDWD

4463 _ 29%% 7041 ClR

1464 2056 1105 TAD PAVG

_1465 29057 7798 SMA_CLA JONT_OR_DASH?

1466 2069 5320 JMP PDOT A00T

1467 2061 7100 cLL /DRSH -
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14ve T T 2ee2 1111 TRD HOLDWD -
4474 2063 918 RAR _
1472 2054 7941 CIA
1473 2965 1105 TAU DASHAY

1474 poTx Y-S - 1) SMA CLR ZHOLTHD> 2DASHAY?
4475 2087 S274 . OHP .45 /ND

1476 2078 1185 TAD DASHRAV AYES

4477 2071 1185  TAD DRSHAY L
1599 2072 1199 TRD K1

1501 2073 2111 DCR HOLOUD SHDLOHG = 208 SHAV
1583 2074 11141 TRD HOLDWD T
4593  29P5 3192 DCA P STORE IMN PR
1504 2076 7129 STL

4585 @ 2weY 1844 0 TRD WOREG

1596 21990 ?094 RAL

1507 2191 3944 DCA_WOREG SPUT 1IN WOREG
1510 2193~ 1111 TRD HOLDWD

1511 2193 7?8112 RTR

1512 2194 791B RAR

4513 2495 9135 AND K?P?_ /COMPUTE

1514 2196 3113 DCA TEMP NEW

1515 2107 1195 TAD DASHAY SDRSHAY

1516 21190 7912 RTR SHYERAGE

1547 22411 7918 RAR

1520 2112 9135 AND K?77

1521 2143 41 0 0 CIR

1522 2114 11132 TRD TEMP

1523 2415 1495 TRD DASHAY

1524 2116 3195 DCR DRASHAW /MEW RVERRIE
4525 2117 5343 JMP PRVGCP

1526 2128 7200 PDOT. OLA

1527 2121 3182 DCR P /CLEAR PA

1536 2422 7100 oL

1531 2123 1944 TAD WDRENR.

1532 2124 7004 RAL

1533 2125 3944 OCR WDRES JPUT D IN WDREG
1534 2126 1111 TRD HOLDWD

1535 2127 7912 RTR

1536 2139 7919 RAR

1537 2131 9135 AND K777

1540 2132 3113 DCR TEMP - SDOTAVY

454 _2133 _ 1104 TRD DOTARY _ ___ _ /RAVERRGE__
1542 2134 7912 RTR

1543 . 2135 7019 RAR _

1544 2136 9135 AND K777

1545 2137 7941 CIR

1546 2149 1113 TRD TEMP

4547 2141 1194 TRO DOTRY _ _

1550 2142 3194 DCR DOTAY /NEW RVERRI3E
4551~ 2143 7199 _PRAVGLP. CLL_ C JCOMPUTE

1552 2144 1104 TRD DDTAV

1553 2145 7919 RAR

1554 2146 7109 cLL

1555 2147 1195 _ _TAD DASHAY /NEW_PAYG
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1556 2159 7919 RAR . -
1557  £151 3186 DR PAVZ  _ /NEW AVERRGE
1560 2152 5473 JUP 1 FRCAGD
1562 /
362 _ . _ . i
1563 *2298
1564 2209 7299 ICODE.  CLR
1565 2201 1921 TAU NUM JCGMPUTE
4566 2292 P41 CIR _ JINTERNAL_
1567 2293 1121 TAD K13 /CODE
4578 W94 3219  DCR SHFTN . SWORD .
1571 2085 7621 CRM
1572 2206 1944 TRU WDRES
1573 2287 7413 SHL
4504 2215 9988  SHWFIN. B
1575 2211 1921 TAD NUM
4576 2212 3946 __ _ DCRA CODE  __  SSTORE_IY
> 15?77 2213 5472 JMP 1 RSCO
b/ 1699 2214 7209 EFLL,  CLA
¥ 1691 2215 2122 152 M2 ZFIRST TIME?
1682 2216 3246 JMP EFL11  AVYES _ _ _
1693 2217 7209 CLR S/ND SECOND
_ 1684 = 2220 3836 __ _ DCR EFLASL _ /RESET EFLAGL
{ 1505 2221 1077 TRD M3,
P 1606 2282 3136 DCR_PRST /RESET PRST
1607 2223 1932 TAD K577
46186 = 2224 3913 DCARUWORD _  SRESET WORD
1611 2225 1932 TRD KS??
1642 2226 3912  DCA STORE  /RESET STIRE
1613 2227 1926 TRD KCLR
1614 2239 3532 OCR I CONDIB /RESET CLR _INST
1615 2231 1123 TRO KM2
; 1616 2232 3122 DCR M2 /RESET M2
) 161? 2233 1974 — TRD KLINE
X 2628 2234 3075 __ OCALINE = SRESET LINE ___
1621 2235 3172 OCR TALLY /RESET TALLY
1622 2236 3173 DCA_TRLLY1
1623 2237 3174 OCR TALLY2 -
f 1624 2249 3120 __ _ DCA CHAVG
1625 2241 31904 DCAR DOTAY
1626 2242 3198% _ DCA DASHAV
1627 2243 3106 DCR PRVG
1539 2244 4309 JMS SETPTR JCR + 2 LFS
1631 2245 39526 JMP 1 RSTRR® . /RESTRRT PROG
1632 2246 1123 EFL11, TRAD KM2
" 1433 2247 3412 DCR I STORE AFUT LW SP IN ST
1634 2250 94?3 _JMP_1 PRCAGD _ _ /PRINT LAST CH
1635 2251 7289 EFL2, CLR M T
1 1636 2252 2122 152 m2 SEIRST TIME?
1637 2253 S246 JMP EFL11 /YES
1640 _ 2254 6141 ODIAL, _ LINC

_¢'NO
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1641 LMODE

1542 B255 ©911 = CLR L o

1543 8256 oual RXO JCLERR FLRAGS

1644 257 0602 LIF 2

1545 R2ZBY  ERAS JP 16

1646 SEGMNT 2 _

1547 *16

1650 L L L - - S - ¥ o~ - S

1551 PB1L7? 7309 Y300 ARTN TO DIAL

1652 FMDDE

1553 /s

1554 _ L e o

15355 ’

A656_ . . ¥23R9

1657 2399 HYPY SETPTR. ©

1560 2391 7200 CLA

2661 2392 2115 __ _TRD. K215 _ __

1662 2393 4311 JMS TYPE ’CR

1663 2394 1116 TRD K212

1564 2335 4311 JNS TYPE J’LF

1665 2306 1116 TRD K212

1566 2397 4311 JMS TYPE ’LF

1667 2319 5S709 _JMP I SETPTR

1679 2311 898  TYPE, 8

1571 2312 6941 TSF

1672 2313 5312 JHP . -1

1573 2314 6846 TLS APRINT CH

1674 2315 72090 CLR

1673 2316 35711 JMP I TYPE

1576 ’

1677 /’

17900 /’

1791 /’ )

1?02 / INITIRL DRTR FROCESSING RDUTIME

1703 ’

1704 ’

1705 *2429

1706 2499 B89 IPROC, -

1707 2491 1127 TAD KeoRy

1710 2482 3911 DCAR SIGMAL ~#RESET SIGMRL

1711 2493 6891 10N JINTERUPT ON

1712 2494 7200 IPRTN. CLA

Aqi3 2495 1913 TRD WUORD

1714 24986 1376 TRD M741

1?15 2497 76509 SNR CLR 233 WORDS YET?

1716 24190 35365 JMP IPEXIT /YES

1717 2411 1912 TAD STORE #NO

1720 2412 7041 CIR ‘

1721 24913 1913 TRD WORD .-

1722 2414 7649 SZ2R CLR /HWORD = STORE?

1723 2915 35222 JMP . +5 ZNQ .
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= 1724 2416 1037 TRD EFLAG2 /YES
L A725_ 2447 7440 SR _ CEFLAG2 SETI_ _
1725 2420 5524 JMP 1 DIALD ~ AYES
4727 2421 3204 JMP_IPRTN /N0, CHE_ RGN
1739 2422 7209 CLA
4?31 2423 1443 TAD I WORD  _ _/GET NEM WORD_ __
1732 2424 " 3144 DER HOLDMWD #STORE IT
4733 2425 4441 _ TRD_HOLDWD
1734 2426 7199 cLL
1735 2427 _ 7919 RAR
1736 2429 7529 SNLCLR #PLLSE DR SPALE?
4737 2431 S379 __ WP GT32  __ SSPACE
1740 2432 1913 TAD WORD /PUISE
4740 2433 4403 ___ TRO.mM&4®__ ___
1742 2434 7719 SPR L 7% 32 WORDS VET?
1743 2435_ 5315 IMP_1PPUL /ND
1744 2435 7100 SLL AYES
4745 24371111 TAD HOLOMD _ __ _
1746 2449~ 7010 RAR
4747 2441 7O4L___ CIA_
> 1750 2442773113 DCA TENP
t - 1751 2443 7100 oL
‘ 1752 2444 1196 TAD PAVE
‘ 4753 2445 7918 RAR_
1754 2446 1113 TRD TENP
4755 2447 7700 ___SMACLA________/DOT_OR DASH?
{ 1756 2459 5267 JHP1PODT 2o0T
1757 2451 1105 TAD DASHAV /DASH
AP68__ __ 2452 7P12_______RIR
1761 2453 7010 RAR
1762 2454 9135 AND K777 SCOMPUTE
1763 2455 7041 CIA /NEM
4764 2456 3143 DCATEMP ___ /DASHAY.
| 1765 2457 1111 TAD HOLDWD /AVERAGE -
= 1766 24607012 RIR '
1767 24617 7010 RAR
1779 2462 D135 AND_K?77
1771 2963 1113 TRD TEMP -
1772 2464 1105 TAD_DASHAV.
y 1773 23465 3105 DEA DASHAY “NEW AVERAGE
4774 2466 5305 JWP_IPPAV
1775 2467 7300 IPOOT, T CLA UL
1776 2470 1104 TAD_DOTAV
7e 24971 7912 RTR :
2080 2472 7010 RPR ' /COMPUTE
2001 2473 70135 AND K777 ANEMN
2002 2474 7841 . CIA.______ /DOTAV._
2003 2475 3113 DEA TEMP 7 ~RVERRGE
p | 2004 2476 1111 TAD_HOLDWD
2105 2477 7012 RTR
2006 2500 7010 RAR_
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2607 2391 9135 SND K777
i 2919 2%@2 111 TR0 TEMP
3911 2583 1194 TRD DTAV
2912 25743104 DCR DOTAV /NEM_RVERRISE___
2013 S505 7100 TFFAY, LU ZCOMFTE MEH
2014 2596 1194 __TAD DOTAVY __ SPAVE
2015 2507 791D RAR
2916 2519 7189 CLL S
2017 2512 1195 TRD DASHAV
2029 2512 7919 RAR
2921 3513 3106 oA PRV 7NEW AVERFE
2922 2514 S204 _JMP OIPRTM. L
2623 2515 300 IFPUI. LA OLL
2024 2516 1111 TAD HOLDWD
2025 2517 ~ 7918 RAR
2026 2528 7941 CIA
5927 2551 3113 iR TEHP
2030 2522 7189 oL _
2931 2523 1106 TAD PAVG
2832 | e%ed4 VPA®  RAP_
2933 2525 1113 THD TEMP
S 2934 2526 7700 SMA_CLA SDDT_OR_DASH?
L~ 3935 2527 5342 JMP IPFOOT 7O0T
’ 2836 2339 V199 cwL . ... ZDRSH
& 2037 2531 1141 TRD HOLDWOD
v 2848 2522 7016 _.RAR__________ SCOMPUTE _ _ _
i 2041 2533 3113 DCA TEMP #NEW
- 2842 2534 71990 ELL SDRSHAV
2043 3535 1195 TAD DASHAY ZAVERFISE
2044 2536 7910 RAR
| 2845 2537 1113 THD TEWP
2046 2549 3185 DA DASHAY_ /NEW_GVERAGE
2647 2541 5353 JMP IPPPAY
2959 2542 7309 IPFDOT. CLA OLL
3951 2543 4141 TRD HOLDWD TEOMPUTE
2652 2544 7010 RER_ /NEW
2953 2545 3113 bCA TEMP SODTAV
, 2854 2545 7180 CLL_ /AVERRGE
N 2055 2547 1104 TAD DOTAV
2856 2550 7910 RAR
4 2857 2551 1143 TAD _TEMP ]
2363 2552 3104 DCA DOTAV /NEW AVERAGE
2061 25537109  [PPPAV. CLL
2062 2554 1105 TAD DASHAVY
2963 2555 7819 RAR _ _____ JCOMPUTE MEMW__
2064 2556 3113 DCA TEWP PPAVG
2065 2557 7199 oL
2966 2560 1104 TAD DOTAY  °
) | 2067 2561 7019 RAR
2070 2552 1113 TRO TEWP
2071 2563 3106 DCR PAVG __ ~NEW_AVERAGE
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P2 T 2564 5224 JME IPRTM
2973 2565 1922  IPEXRIT. TRD K577 o .
2074 2556 3913 DR WORD SRESET WORD
2075 2557 5509 JMP 1 1PRIC
2976 2979 1813 GTZ2. TRD WORD
2977 2574 1183 TRO MA4D o —
2199 2572 7?10 SPR LR 4232 MORDS YET?
2194 2573 S294  gMP IPRTHN MO
2192 2574 5576 JHP 1 CALSPR /YES
2193 /
2184 Vi
2193 23735 7142 ME36. =636
2196 25706 7937 MP41, =741
2187 e
2119 s
2114 /
2112 s _
2113 A__ _INTERNRL T2 RSCII CODE PROGRAM
2114 Vs
2115 - l .
2116 : *2608)
2117 2608 7?9093 1. 7998
2129 2691 s99y g2, 059
2124 2 2692 5999 L3, 5999 _
2122 2693 4oun 14, 45399
2123 2eép4 oo IS, 2099 _
2124 2695 2009 .15, 293
2125 2685 1g4a  J7. 1329
2126 2697 BY9  RSCII, o
2127 2618 7299 LLR -
2130 2611 19496 TRD COOE
2131 2612 7de9  SMA CLR___
2132 2613 5234 JMP PLODE
2133 2614 1296 TRAD J7?
2134 2515 1946 TRD CODE
2133 2616 7700 SMR_CLAR_
2136 2617 5359 JMP CPR9D
2137 2628 1293 TRD _J6 _
2149 2621 1946 TRD CODE
2141 2622 7799 SMA_ LA
2142 2623 5333 JMP 6301 -
2143 2624 1204 TRD_JS_ __ .
2144 2625 1946 TRD CODE
2145 2626 700 SMA_CLA
2146 2627 532°7 JMP CSD99
2147 2639 1293 TAD .J4
2159 2631 1p46 TRD LCODE
2151 2632 799 __SMA LLR
2152 25633 5312 JMP C4999
2153 2634 7209 PLCODE, CLA
2154 2635 12092 TAD J3 ’
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: 2155 2525 1946 TRD CODE
1 2156 2837 Tve®  SMA LR
2157 2543 5394 JHF C3969
2159 2541 1291 TAD .J2
2151 2842 T1p45 TAL CODE
2162 2643 PPM9 SMA CLAR
2163 2544 5271 JHP 2882
2164 2845 1209  TRD J1 .
2165 26456 1045 TAD CODE
2156 2547 7700 SMA CLA
2167 2558 5265 JHF C1Ee)
2179 2851 1465 TAD I NS
2171 2652 1846 TAD CODE
\ 2172 26537519 SFRA
2473 2554 5261 JMP | +5
2174 2655 ?209 CLA
2175 2656 1847 TAD CoL
2176 2657 3919 DA 1
2177 2660 5464 JMP T THKIT
2208 @ 2651 V208 __ELR_
3 2204 2652 1858 TAD 82
_ 2282 2552 3919 LA 19
kr’ 2283 2654 5464 JHP T CHELT
} 2284 2663 7209 Ci99e. CLA_
2299 2666 1951 TAD 541
. 2206 2667 3918 DCR 1B
i 2297 2679 S484 Jne 1 CHELT
2219 2571 7299  £z99e,  CLA
2211 2672 1466 TR0 I CWARLY
2212 2673 1946 _TRD_CODE
2213 2674 7519 SPA
T 2214 = 2675 5382 _ JMP__+5_
2215 2676 7209 LA
2216 2577 1952 TAD 21
; 2217 2700 3010 DCA 19
2220 2791 S464 JgMP 1 CHKIT
2221 2792 7200 LA
y / 2222 2793 1853 TAD C22 :
2223 2794 3910 DCR 19
2224 2795 5464 JHP 1 CHKIT
2225 2796 7299 L3098, LCLRA ~
2226 2797 w54 TAD L31
" 2227 2718 3918 DCR 18
2239 2711 S464 OMP 1 CHKIT
2231 2712 7209 49099,  LLA
2232 2713 1467 TAD 1 NS
! 2233 2714 19436 TAU CODE
2234 2715 7510 _SPR B
2235 2716 5323 JMP . +5
2236° 2717 7200 0 CLR___
2237 2729 T 1955 TAD C41 =
1 2249 2721 3019 DCA 19
2241 2022 5464 JMP T CHKIT
2242 2723 7209 CLR
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2243 7 2724 1w5s ~ T T TRD 042 i
2244 2725 3918 0 DCR R e
224¢€ 2726 5464 JME I CHKIT
2048 2727 7289 SN, ELR
2247 2739 1957 TAD L£51
2259 0 2¢°31 3wv® 0 R MB® -
2251 2732 54464 JHMP T CHKIT
2252 2733 P99 CesgR. CLA i L
2253 2734 1479 TRD 1 N7
2254 2735 1946 TAD CODE
2255 2736 ¢v54w_ . SPRA. __ _ .
2256 2737 5344 JHP . +5
2257 2748 7208 cLa
226D 2791 1989 TAD £61
Q261 2042 31 DCR 1B
2262 2743 5464 JHP T CHKIT
2263 2744 7200 R
2264 2745 1961 T T TAD 062
2265 2746 3919 oS 19
2266 2747 5464 JHP T CHKIY
2267 27Ta ?I99 CPRRd,  CLR
2279 2751 1404 TTTTAD T N9
2274 2 2v52 1946 TAD CODE
2272 2753 7510 SPA
2273 2754 5361 INP . +5
2274 2755 rooe CLA
2275 2756 1B62  TAD C?1
2276 2757 3010 DCR 19
2200 2768 5464 JMP 1 CHKIT
2399 27061 P299 LR
2301 2762 1963 TRAD 1072
2392 2763 391D DCA 19
2392 2764 5464 JMP I CHKIT
2394 s
2385 et
2306 7
2397 /
2318 *3990 &
€311 3988 8275 __AUNK, 275
2312 3091 7?1?73 N3, 13
2313 3992 9253 A3, 263
2314 3993 7272 EMDW. 7272
2315 3094 9244 RENDN., 244
2316 3995 v30d NV, 7374
2317 3a95 B326 V. 326
2320 357 PS5P3 N4, 7573
2321 0 3219 8264 R4, 264
2322 3911 7?70  ERR, Rl ‘
2323 3912 0274 WERR, 274
2324 3913 ?PP3 NS, 03
2325 3914 9265 RS, 265 A
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2326 3245 7PP4 NN, e
] 2327 3046 B310 W, 318
2339 3947 PP NS, 775
2331 3920 9323 _ S, 323
2132 321 77v6 NI 7776
2333 3w22 9311 AL, 34
2334 3923 7PP?  NE, 77T
2335 3924 9395 E. 285
233 3925 9999 SFAC. Bgag
2337 3026 9248 ASPRC. 241
23475 3027 6173 NI, 5173
2344 3929 @262 A2, 262
2342 3931 6372 0M, £IP2
2343 3932 92P? AOM, 297
2344 3933 6774 NF, 577
2345 3934 936 F, 396
2345 3635 &res MU 5775
2347 3936 9325 AU, 325
2350 3937 5272 PER, | 5272
2351 3049 9256 APER. 256
N 2352 3941 5373 ENDM, 5373
=
} 2353 3942 ©252 AENDM, 252
; 2354 3843 57?3 WAIT, . S?73___ _
{ 2355 3944 8334 ANAIT. 334
> 2356 3645 5774 NL, 5774
2357 3946 9314 L. 314
23608 3847 5705 NR, 9009
2361 3958 B322 R. 322
2362 39515776 _NR.___ 5776
T 2363 29527 9301 A 301
2364 3953 4173 N1, 4173
2365 3954 9261 Ai, 261
2366 3055 4374 NI, 4374
2367 3056 8312 ., 313
L/ 237 3957 4774 NP, 4774
2371 3068 9338 F. 329
2372 3951 4775 NW, 4775
2373 3062 9327 M. 327 ,
2374 3963 3373 FRAC. 3373
) 2375 3964 9257 RFRAC, 257
2376 3865__ 3374 _NX. 3374
2377 3056 @330 R, 330
24989 3967 3573  DASH. 3573
| 2491 3979 D255 HDASH, 255
2492 3971 3773 NS, 3773
2403 3072 T 9266 RE, 256
2484 3073 3774 _NB, __ 3774
2495 ~erd 9392 8. 392 '
) 2406 3975 3775 ND, 3775
2407 3076 0394 D, 304
' 2410 3977 3776 NN, 3776
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2411 3199 931é N, T 316

T 2412 3121 3?77 NT. P )
24137 T3z1e2 @324 T, T 324

2414 3493 2272 PAR. 2202

2415 31847 2351 AFRR. 251

2446 3185 2374 NV, 2374 .
24477777 3196 B331° W, 331

2429 3iw? 292 scoL. 22 o
2421 3119 8273 ASCOL. 272

2422 3121 2774 NL. 2774

2423 3112 @393 . a3

2424 3143 2975 NM, s
2425 3114 9313 K. 313

e426 3115 41374 MR, 4374 —_—
2427 3116 9321 Q. 32

2439 3117 1472 Comn, 1472

2431 3429 9254 ACOHM, 254

24932 3121 49°L NP, 1773

2433 3122 9267 av, 267

2434 3123 17v4 N2, Avd4_ _—
2435 3124 9332 B2, 322

2436 3125 49?95 MG, 1775

2437 3126 92W? 0. 337

2449 3127 1795 MM, 1776

2441 3139 9315 M. 315

2442 3431 9173 N2, 9L73 _

2443 31432 9259 AL, 260

2444 3133 9373 N9, 2373

2445 3134 9271 H9. 271

2446 3135 weP2  CoOL, 9792 -

2447 3136 9272 T RCOL. T 2792

2438 3137 87?3 N3, 73

2451 3149 @279 RS, 279

2452 3141 97?5 NO, nees

2453 3142 9317 0. 317

2454 /

2455 /

2456 / -

2457 s

2460 : *3209

2461 3200 7PT2 UNK. 7erR

2462 3201 7002 UNKL, eevR

2463 3202?2089 CHCK. LA

2464 S2hs 1410 TRD [ 1»

2465 3204 1945 TRD SODE

2466 3295 7458 SNR

_2467 3206 5244 JNP . +6

2470 3287 1419 TRD 1 10 ’

2471 3219 2291 1S2 UNKA
2372 3211 7449 SKP
© 2473 3242 S216 ____JMP UNK2
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“ 2474 3213 5202 IMP CHIK
b4 2475 3214 1418 TAD I 19 .
2473 3215 522 JNP RTSF
2477 3216 7299 LNK2,  BLA
2509 3217 1172 TRO THLLY
2591 __ 3220 _Toei IR
2502 3221 3172 DoA TALLY
2593 332 4962 _ __ _JMS I UNKCHR
2504 3223 1447 TRO 1 CoL
2585 3224 AB41  ATSF.  TSF
2596 3235 5224 TP . -1
29/9° 3226 éwdé O TUS
2519 3227 3359 LR SPRCHK “STORE ASCII CH
29511 32393021 __bCA Num__ JSOLERR NUM
2512 32317 1154 TRD KSTOR
2513 3232 3914 DCA STORIT /RESET_STORIT
2514 3233 3944 DR WORES ACLEAR WDRES
2515 3234 120m _____ TAD MRK__ _
2516 3235 3201 DA LNKL
2517 3236 1076 ________TAD IWFLAG____ . _
5 2529 3237 7650 SuR GLA ZTUFLAG SET?
2521 32485323 JHMP_LNEK /NI
2522 3241 1976 RO TWFLAG AYES
2523, o 3242 3152 __beA IWFL_ SSTORE SPACE
2524 3243 3076 DEA TWFLAG ACLERR  TWFLAB
_ 23525 3244 2873 _IS2 LINE _ ___/END_DF_PTR LMNE?
i 2526 3245 5247 JMP . 42 #ND
- 2527 2245 5325 JMP_RSLN ZYES
2539 3347 1359 TRD SPACHK
%31 3259 4351 _ TAD MI =
2532 3251 7659 SR CLA JASGIT = 17
2333 3252 _52:? - JMP. CHORMWD_ <YES
2534 3253 1359 TRD SPACHK ~ND
253 3254 1352 TRD _MJ
2536 3255 7650 SNR ELA PASCII = J7
2937 32596 5297__ _  _ _ JIMP_ CHORMWD _ OYES _
2549 3257 1359 TRD SPACHK #ND
_2541 3260_ 1353 TRD MA _
2542 3261 7650 SNA CLA “RSCIT = @2
2543 3262 5277 IMP_CHORMWD #YES
2544 3263 1359 TRD SFACHK = ~ND
23545 S264_ 1334 TRU_My
2546 3265 7650 SNR CLA PASCIT = U7
25947 3266 3277 JMP _CHORMWD /YES
2550 3267 1350 TRD  SPACHK AN
2551 3270 1355 TRD MV
2552 3271__ 7650 _SNR CLA____ PRSCIL = _¥2
2553 32727 5277 JMP CHORWD  *  ~YES
p | 2554 3273 1359 TAD_SPAHK M)
2555 3274 1356 TRD M2
2556 3275 7640 S2R CLA JRSCIT = 22 )
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_ 2557 2276 5313 JMP ITSOK /ND
1 2560 2?7 7i0  CHORWD, CLL _IYES L
2561 3200 1119 TRU SAFUOG
2562 3391 1188 TRD FAVE
2563 3392 roin RAR
2564 3393 3113 _DCR_TEMP_
2565 2394 7109 oL
2566 3395 4159 TAD INFL
2557 3306 7LD RAR
} 2578 3397 7941 CIA
3574 310 1113 TRD TEMF ZSFRCE » SAUOT
! 2572 3314 P Te@ SHR CLR. S+ PAV3Y L
A 2573 3312 53w JHP UMEFLG SNO. OMIT SPACE
2574 3313 2875 _ ITSOK.  IS2 LINE /YES, FRNT_SPRCE.
2575 3314 741D SKP
2576 3315 5325 JMP_ RSLM
2577 3316 1114 TAD K249
2609 3317 @41 TSF
2691 2320 5317 JHF 21
2602 _ 3321 ew46 __ TLS _____ /PRINT SPACE
P 2603 3322 533 JHP ONKFLS
tr_// 2604 3323 2975 LMCK. 152 LINE JEkO_OF_PTR_LNE?
> 2685 3324 5330 JHE UNKFLG ZND
2606 3325 4442 RSLN. _JMS I SETFT9___ /YES, R + 2 LFS.
2697 3326 1474 TRU KLINE
: 2648 3327 3995 . __DIR LINE JRESET LINE
{, 2611 3339 7299 UNKFLG. CLR
: 2612 3331 1155 TAD LINFLG
' 2613 3332 7650 SNR CLA 71N ERROR RTME?
2614 3333 5336 _ _JMP . +3 SNy
] 2615 3334 2161 152 ERWONM YES. END WD PTD?
2616 3335 5343 JUP_ 45 /MO ‘
2617 3336 3155 DCA UNFLG AYES. RST UNMFL3
2620 3337 3156 DR LNCKY /RESET _
2624 3349 3157 DCR JNCKS “RESET
2622 33413169 __ __DCR UNCKZ ___ _ /RESET
} 2623 3342 7 5473 JrE 1 PROAGH ARETURN
7 2624 3343 1177 __JAD_CDE32
2625 3344 D46 DCA CODE /GET 2ND WORD
2626 3345 1151 TRO IWF2
2627 3346 3976 DCA IWFLAG - ~RESTORE IHFLRAG
2639 3347 5472 JMP 1 ASCH SPRINT 2MD WORD
2631 s
2632 3350 oRm)  SPACHK. 9
2633 2351 7457 M1, =311
2634 3352 7466 ML, -312
2635 3353 7457 HQ, 321
2636 3394 __7453_ MU, =325 -
2637 3355 7452 NV, -326
2649 3336 7446 M2, -332
26491 s’ E
i 2642 /
2643 7
2644 /-
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26545 ’ ERROR CHECKING ROUTINE
2646 == T — -
2647 — R g .
26508 /1. ELIMINATE EXTREMELY SMALL DITS
2651 o DUE T2 NOISY TRANSMISSION. _ _
2652 ’
2633 A2 CORRECT FUM-OM CHRERCTERS DUE TR
2654 / TOO SMALL AN INTER CHAFRCTER SPALE
2655 4 pY UESIGMATING THE LARGEST OF THE
2696 ’ INTRAR CHRRACTER SPACES RS AN INTER
2657 ¢/ ___CHRRACTER SPACE.
2660 ’
2661 ’
2662 *3492
2663 3490 9009 UMKCHK. B
2664 3431 7?3909 CLAR CLL
2665 3492 1156 ____TRD UNCHL _ _
2666 3483 ’FSB SMA CLR SUMCKL SET?
2667 3494 5214 JHP UNCKLD AND. DO CHECY
2678 3485 115? TRD UMLK /YES
2671 3496 VT ___SMACLA _ _ JUNCK2 SET? _
2672 3407 5225 JMP UNCKZD SND. DD CHECK
2673 ___“_ﬂia'_iioa_“ ____TRD UNCK3 SYES
2674 3411 Ve58 SNR LA FUNCKZ SET?
2675 3412 33 2 JHMP UNCKZ28 SND. i) CHECK
2676 3413 5609 JHF T INKCHE JYES. RETURN
2677 3444 1193 UNCK18. TRD TALLY1
2von 3415 7991 IRC
2701 = 3416 3173 = DCA TALLY1
2702 3417 1821 TAD NUM
2793 3429 1354 TRD Mi1
274 3421 Yren SMR CLR JNUM S ]2
2705 3422 509 JMP_I UMKCHK  “YES. PRT_ERROR
2796 3423 ’naa IRC 'NO
2797 34924 3156 bCA _UNCKL SSET UNCKL FLAG
2v19 3425 1174 UNCK29. TAD TALLY2
2711 3425 Vo9l IRC
2712 3427 3174 DCR TALLY2 -
2713 3439 1134 _JRO KSTOR —_—
2714 3431 3014 OCR STORIT ~FESET MEM LOC
2745 3432 _.921 TRD _NUM
2716 3433 70491 CIR
2°17 3434 3164 DCA_MuLUM
2729 3435 114 TRD DOTRY
A R e RTR ____
2722 3437 9191 AND Ki7?77?
2723 ;440 _7ed41 _._CIn . . _
2724 3441 3355 TDCR PULCHK  ° ALOWER DOT TIME
2723 3442 1414 UMCASN. TRD I STORIT JEET NEXT PULSE
27v26 3443 7?10 cLL
- 2va7 3444 7010 RAR




GE/EE/73A-9

& ~ TZv3e 3445 1355 TAD PULCHK
b 4 2731 3446 ??®  SPACLR.__ /PULSE < LIMIT?
2732 3447 5257 JHP ELIM MYES
2733 3452 2164 152 MNUM SMNO._LAST FULSE?
2734 3451 5o55 JHE . +4 SN
2735 3452 P99t IAC . /vES
2736 3453 3157 DR UNCKSE #SET UNCKS FURG
2737 3454 5312 IMP UNSK39 G0 T NXT CHECK
2749 3455 2044 1S3 STORIT STNC MEM LOC
2741 3456 5242 JHE UNCRGN JOHECE NXT FULSE
3742 3357 4164 ELIM,  TRD MW
! 2743 3469 2143 OCA TEMP
2744 3461 1944 TRD WOREG GET BRD WORD
2745 3462 7019 RR o
2746 3463 2113 152 TEMF CERROR IN LINK?
2747 3464 5262 JMp . -2 N0
P 2750 3465 3163 DA TEMPMM __ __ SVES. STORE
- 2751 3466 5556 JMP 1 FLG19
2752 3467 7308 FFIGL.  CLP LLL
2753 3479 1021 TAD NUM
2054 3471 1@¢°?  TRD M1
2755 3372 3021 DA TNUM
2796 3473 1921 TAD NUM___
i 3757 3474 7941 CIA
o 2760 3475 1121 TAD K43
2761 3476 3302 DCA SHETNL
2762 3477 7e21___ cAM
2763 3590 1163 TRD TEMPIN
ev64  3TPL V443 SHL
3765 3502 oo SHFTNL, @
2766 3593 1021 TAD NUUM
3767 3504 3046 UCR CODE PLORRECTED WORD
) 2770 3905 7901 e e
? 2771 3596 3157 DCA LNCKZ 7SET UNCK2 FLAG
2772 3807 veer__  __IAC_ o
2773 3518 3160 DCR INCK3 JSET UNCKS FLAG
2774 3511 5472 JMP 1 RSCH JPRINT MEW WIDRD
, 2775 3512 4154  DNCKSD, TRD KSTOR -
2776 3513 1100 TAD K1 _ _ )
2777 3514 3014 DCR STORIT SET MEM TO 4ST
3000 3515 1021 ______ TAD NUM /SPACE_LOCATION _
3001 3516 TP@41 CIA
3902 3517 1100 TAD K1
3003 3520 3164 DCA MNUM ,
3094 3521 3353__ DCALGSPA | /SET LGSPA =@
3005 3522 1444 T TEVAGN, TAD 1 STORIT ~— ~GET SPRCE
3006 3523 7i98 cLL -
3007 3524 7010 RAR 7
} O 30818 3525 3113 DCR_TEMP
: 3011 3526 14413 TRD TEMP
3012 3527 1353 _TAD LGSPA _
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3913 3539 7710 SPR CLA  /SPACE > LGSPA?
3 3914 3931 5337 . IMP SMALL _ _ /ND
’ 3915 3532 1113 TRD TEMP /YES
3916 3533 70491 CIR
3917 3534 3353 DCR LGSPR /MNEW LGSPR
3929 3535 1464 _ TROMMOM _
3921 3536 3165 DA LMMUM ALOC OF Li3ST SPAR
3822 3537 2914 SMALL. IS2 STORIT _ ZINC MEM_LDC _
3923 3540 2164 IS2 MNUM JLAST SPRACE?
3924 2741 5322 JHE_TRYAGM )
3925 3542 1165 TRC LMMUM /YES
3926 3543 ted4a gl
V 3927 3544 3153 DCA MUM32 JLENGTH DF 2ND
3939 3545 1165 __ _TRD LMMUM __ _ SWUDRD
3931 3546 1024 TRD NIM
3032 3547 3152 DCR_NUM3L JLENGTH OF 4ST
3933 3559 1844 TRD WDRES /WORD
3034 3551 3163 DOR_TEMPMN
393 3552 5579 JHP 1 FI1G209
3836 e —_ —
> 3837 3553 9obo TUGSFA, B
r 3948 3554 FPET M1, -11
3941 3555 0099 FULCHK, ©
3942 /
3043 7
3944 e
o 3945 *3689
3046 3509 T209 RFIG2, CLRA
3047 3691 1152 _ _. TRD_NUM34 .
3059 3602 7e4: CIR
3951 3¢83 14121 TRD K12
3052 3504 3210 DCR SHFTN2
_ 3953 36a5 624 cAM N
/ 3954 3696 1163 TAD TEMPMN '
3955 3697 413 SHL
3056 3619 9089  SHFTNZ, ©
30857 3611 1152 TAD MUM34
3069 3812 3227 DR CDE31 #1ST CODE HORD
3061 3643 10876 0000 TAD IWFLAG__ e —
3952 3514 3151 DCR IWF2 /STORE IWFLRG
38583 3515 3076 _____ DCA_IWFLAG SCLEAR_IWFLRG
3064 3616 1122 TRD M2
3985 3617 3161 DCR_ERKWDNM SSET_WD COUNTER
3066 3629 voo1 IRC
3087 3621 3160 DCAUNCKS  SSET UNCK3_FLAG
3970 3622 7ol IRC
3991 3623 3155 _ DCR UNFLG_ ©  /SET_UNFLG_FLRG
3972 3624 1227 TRD CDE31
3073 3625 3046 DCA CODE ‘
i‘ 3974 3626 5402 JUF 1 RSCO ZPRNT 1ST WORD
3975

/
3076 =~ 3627 0000 CDE31, ©
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t Appendix B

Hand-Sent Morse Code Data Plots

This appendix contains plots of hand-sent Morse code pulse and

space time durations. Pulses and spaces are divided into 10 categories

' each for data analysis purposes., Pulses (DOTs and DASHes) are categorized
by their position within a transmitted Morse code character. Spaces are
categorized by the type of pulse they follow. Points contained on
the individual and combined cluster plots represent time durations of

r/> all pulses and following spaces transmitted during a 10-minute period.

See Chapter III for further information.
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DOT (ONLY)
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Fig. B-1. Motrse Code Data Distribution Plot, DOT (Only)
Time Duration vs., Time Duration of Following Space
1 (Recording Session 1),
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i DOT (FIRST)
RECORDING SESSION 1
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Fig, B-2, Morse Code Data Distribution Plot, DOT (First)
Time Duration vs, Time Duration of Following Space
‘ (Recording Session 1),
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" Fige B=3, Morse Code Data Distribution Plot, DOT (Intermediate)
Time Duration vs, Time Duration of Following Space
1 (Recording Session 1).
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Fig. B-4. Morse Code Data Distribution Plot, DOT (Last Character)
Time Duration vs.Time Duration of Féllowing Space
i (Recording Session 1),
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DOT (LAST WORD)
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Fig, E~5, Morse Code Data Distribution Plot, DOT (Last Word)
Time Duration vs, Time Duration of Following Space
(Recording Session 1).
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"Fig, B=6, Morse Code Data Distribution Plot, DASH (Only)
Time Duration vs, Time Duration of Following Space
“1 (Recording Session 1), .
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Fig. B-7, Morse Code Data Distribution Plot, DASH (First)
Time Duration vs, Time Duration of Following Space
(Recording Session 1),
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Fig, B-8, Morse Code Data Distribution Plot, DASH (Intermediate)
Time Duration vs, Time Duration of Following Space
1 (Recording Session 1),
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' Fig, B-9, Morse Code Data Distribution Plot, DASH (Last Character)
| Time Duration vs. Time Duration of Following Space
i (Recording Session 1).
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Fig., B-12, Morse Code Data Distribution Plot, Pulse
Time Duration vs, Time Duration of .Following Space
‘ (Recording Session 2),
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Fige B-13. Morse Code Data Distribution Plot, Pulse
Time Duration vs, Time Duration of Following Space
‘ (Recording Session 3).
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v = | i
.00 52.00 104.00 156.00 208.00  260.00
SAMPLE NUMBER
Fig. B~14. DASH (Last Character) and Following Space
l Time Duration Fluctuations (Recording Session 1),
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DASH (LAST CHAR.)
RECORDING SESSION 2

X = PULSE Y = §SPACE

0. 60

0.30

(SECONDS)

0.60 0.00

0.30

OURATION

0. 00

.00 52.00 104.00 156.00  208.00
SAMPLE NUMBER

260.0¢

Fig. B~15. DASH (Last Character) and Following Space

Time Duration Fluctuations (Recording Session 2).
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!? Appendix C

Code and Character Listing

This appendix contains a list of 47 international Morse code

characters and code representations, Corresponding internal code

~

A} words and Teletypewriter output characters used in the recogniticn

program are also listed,
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‘ Letters
Morse Morse Internal Printer
Character Code Code Character
A ® = 2002 A
B -—s 00 4004 B
c ~e =0 5004 S - ’
D -0 0 4003 D
E b 0001 E
F o0 =0 1004 F
G - 6003 G
—/) H veee 0004 H
I o0 0002 I
J o === 3404 J
- K - - 5003 K
L ¢ = 2004 L
M - - 6002 M
N - 4002 N
0 = [= = 7003 0
y P ¢ == 3004 P
' Q == g 6404 Q
R = 2003 -~ R
s 5 ® s 0003 s
T - 4001 T
U ° o= 1003 U
v ¢ oo = 0404 v
W ¢ == 3003 W
1 X -0 = 4404 X
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1 Letters Cont,
Morse Morse Internal Printer
Character Code Code Character
Y - o = 5404 Y
2 -—- 0 6004 ¥
) Numbers
0 --— = - 7605 0
1 ¢ == -- 3605 1
2 S 0 === 1605 2
p)
) 3 ) ® @ o = = 0605 3
! 4 e so 0 = 0205 4
5 o o0 00 0005 5
- -
(3. 6 TR 4005 6
7 -= 0 6005 7
8 --- 00 7005 8
9 -- == 7405 9

Punctuations and Special Functions

/]
Period ¢ =0 =0 = 2506 .
Comma -—=0 0 == 6306 . 3
Question Mark ® 0==0 0 1406 ?
Colon === 0 e 7006 $
Semicolon -0 =0 =0 5206 _ H
Double Dash -0 0 0= 4205 =
Parenthesis -~ 0=me = 5506 )
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Punctuations and Special Functions Cont.

Morse
Character

Fraction Bar
Errora
Wait
End of Message
End of Work

Spaceb

Unknownb

Morse Internal Printer
Code Code Character
—s s =0 4450 /

e s s s s e 0010 <
s~ e 2005 \
o~ 0 - 2405 *

ce o =0 = 0506 $
(none) 0000 (Space)

? % =

a Usually a string of 8 LOTs. May be 6 or more.

b Unique to Recognition Program,
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}. ' Appendix D

Computer Test Messages

This appendix contains recognition program outputs for Recording

Sessions 1 through 7, Copies of the text used to transmit Recording

3 Sessions 1 through 4 and Recording Session 6 ara al.o presented., Output
errors (discrepancies between the text and the output) are indicated
1 ' by astericks (*) and number symbols (#) located below the error., Astericks
indicate errors made by the message sender; number symbols indicate
’/,> errors made by the recognition program, See Table IV (Chapter VI) for
r :

recording session statistics and error percentages.

foe
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AMATEUR RADIO IS A SCIENTIFIC HOBBY, A MEANS OF GAINING PERSONAL SKILL

IN THE FASCINATING ART OF ELECTRONICS AND AN OPPORTUNITY TO COMMUNICATE
WITH FELLOW CITIZENS BY PRIVATE SHORT WAVE RADIO. SCATTERED OVER THE
GLOBE ARE OVER 350,000 AMATEUR RADIO OPERATORS WHO PERFORM A SERVICE
DEFINED IN INTERNATIONAL LAW AS ONE OF SELF TRAINING, INTERCOMMUNICATION
AND TECHNICAL INVESTIGATIONS CARRIED ON BY DULY AUTHORIZED PERSONS
INTERESTED IN RADIO TECENIQUE SOLELY WITH A PERSONAL AIM AND WITHOUT
PECUNIARY INTEREST. FROM A HUMBLE BEGINNING AT THE TURN OF THE CENTURY,
AMATEUR RADIO HAS GROWN TO BECOME AN ESTABLISHED INSTITUTION. TODAY

THE AMERICAN FOLLOWERS OF AMATEUR RADIO NUMBER OVER 250,000, TRAINED
COMMUNICATORS FROM WHOSE RANKS WILL COME THE PROFESSIONAL COMMUNICATIONS
SPECIALISTS AND EXECUTIVES OF TOMORROW ~ JUST AS MANY OF TODAYS RADIO
LEADERS WERE FIRST ATTRACTED TO RADIO BY THEIR EARLY INTEREST IN AMATEUR
RADIO COMMUNICATION. A POWERFUL AND PROSPEROUS ORGANIZATION NOW PROVIDES
A BOND BETWEEN AMATEURS AND PROTECTS THEIR INTERESTS. AN INTERNATIONALLY
RESPECTED MAGAZINE IS PUBLISHED SOLELY FOR THEIR BENEFIT., THE MILITARY
SERVICES SEEK THE COOPERATION OF THE AMATEUR IN DEVELOPING COMMUNICATIONS
RESERVES, AMATEUR RADIO SUPPORTS A MANUFACTURING INDUSTRY WHICH, BY

THE VERY DEMANDS OF AMATEURS FOR THE LATEST AND BEST EQUIPMENT, IS ALWAYS
UP TO DATE IN ITS DESIGNS AND PRODUCTION TECHNIQUES - IN ITSELF A NATIONAL
ASSET, AMATEURS HAVE WON THE GRATITUDE OF THE NATION FOR THEIR HEROIC
PERFORMANCES IN TIMES OF NATURAL DISASTER., TRADITIONAL AMATEUR SKILLS

IN EMERGENCY COMMUNICATION ARE ALSO THE STAND BY SYSTEM FOR THE NATIONS
CIVIL DEFENSE. AMATEUR RADIO IS, INDEED, A MAGNIFICENTLY USEFUL INSTITUTION,

(Sheet 1 of 2)

Fig.,. D-1. Prepared Text for Recording Sessions 1 through 4,
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ALTHOUGH AS OLD AS THE ART OF RADIO ITSELF, AMATEUR RADIO DID NOT ALWAYS
ENJOY SUCH PRESTIGE, ITS FIRST ENTHUSIASTS WERE PRIVATE CITIZENS OF AN
C¥PZRIMENTAL TURN OF MIND WHOSE IMAGINATIONS WENT WILD WHEN MARCONI

FIRST PROVED THAT MESSAGES ACTUALLY COULD BE SENT BY WIRELESS. THEY

SET ABOUT LEARNING ENOUGH ABOUT THE NEW SCIENTIFIC MARVEL TO BUILD
HOMEMADE SPARK TRANSMITTERS. BY 1912 THERE WERE NU. EROUS GOVEZNMENT

AND COMMERCIAL STATIONS, AND HUNDREDS OF AMATEURS. REGULATION WAS
NEEDED, SO LAWS, LICENSES AND WAVELENGTH SPECIFICATIONS APPEARED,

THERE WAS THEN NO AMATEUR ORGANIZATION NOR SPOKESMAN, BUT AS THE YEARS
ROLLED ON, AMATEURS FOUND OUT HOW, AND DX JUMPED FROM LOCAL TO 500 MILE
AND EVEN OCCASIONAI.; 1000 MILE TWO WAY CONTACTS. BECAUSE ALL LONG DISTANCE
MESSAGES HAD TO BE RELAYED, RELAYING DEVELOPED INTO A FINE ART - AN
ABILITY THAT WAS TO PROVE INVALUABLE WHEN THE GOVERNMENT SUDDENLY CALLED
HUNDREDS OF SKILLED AMATEURS INTO WAR SERVICE IN 1917, MEANWHILE U,S.
AMATEURS BEGAN TO WONDER IF THERE WERE AMATEURS IN OTHER COUNTRIES ACROSS
THE SEAS AND IF, SOME DAY, WE MIGHT NOT SPAN THE ATLANTIC ON 200 METERS.
MOST IMPORTANT OF ALL, THIS PERIOD WITNESSED THE BIRTH OF THE AMERICAN
RADIO RELAY LEAGUE, THE AMATEUR RADIO ORGANIZATICN WHOSE NAME WAS TO BE
VIRTUALLY SYNONYMOUS WITH SUBSEQUENT AMATEUR PROGRESS AND SHORT WAVE
DEVELOPMENT., CONCEIVED AND FORMED BY THE FAMOUS INVENTOR, THE LATE HIRAM
PERCY MAXIM, ARRL WAS FORMALLY LAUNCHED IN EARLY 1914. IT HAD JUST BEGUN
TO EXERT ITS FULL FORCE IN AMATEUR ACTIVITIES WHEN THE UNITED STATES
DECLARED WAR IN 1917, AND BY THAT ACT SOUNDED THE KNELL FOR AMATEUR RADIO
FOR THE NEXT TWO AND A HALF YEARS, THERE WERE THEN OVER 6000 AMATEURS,

OVER 4000 OF THEM SERVED IN THE ARMED FORCES DURING THAT WAR,
. (Sheet 2 of 2)

Fig, D=1, <repared Text for Recording Sessions 1 through 4,
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AMRTEURERDINISASCIENTIFICHOBRY. AMEAMNS l'_JiQH TMIMGRE SQHB.L_I.E.ILL_
INTHE FRSCIMATING ARTOFELEC TRONICSANDAMOPFORTUNLTY_TOCO nnun ML

AT E WITH FELLOW CITIZENSEYP I VATISHORTWAVERADIO. SCA TTERED 0

* #
VER THE GLOBERRE OVERSHMS 9 . D09AMATEURFADIN DPERA T ORS WH DPERF

#
ORM_AS ER VIC E DEFINED [N INTERNA TIONALLA WAS ONE OF SEL _F TRA.

INING, INTERCO MMUNICARTION ANDTECH MICARL IMVESTIGA TIOMS CARRIED

ON EYDUL, RAUTHORIZED FERSOM S IMTERESTED INRRDID E TECHNI ¥ UE S

* * *

OLELWWITHAPERSONRL RIN_ ANDNITHOUT P ECUNIARYINTE T REST. FRQ M A
% *

M _UMBLE BE GINNING A T_THE TUR NOF THECENTUR Y . AMA_TEURRADIO H

RS GROMN TD B ECOME AMESTABLIS HED INSTITUTION. TODRY THE AMERIC

ANFOLLONERS OFAMR TEURRAL 10 MUMEER OVER 25 © , 099 , TRAINED COMN

MUNICR TOR S FROM WHOSE RANKSUILL CO M E THEFPOFES S_IONAL COHMMUM

*
ICA_TIONS SPECIAL ISTS AND EXEC UTIVES RETIMORROW- JUSTRS MAMNYOIF

T0DAYS RADIOD_LERDERSWERE FIRST
R _LYINTEREST IN AMAT EUR RADI

T_TRAC TED TORARDIO BY THE IR ER

R
_COMMUNICATION. APOWER E FULAND PR

OSPERDUS ORGANIZA TIOM NOWFROVIDE S R BOND BETHE _E MAMATEURSAMNOP

‘RO_TECTS THE IR INTEPESTH | . ANINTER T A TIOMALLT UT RESPECTED_ MR
ey =

Gﬂ 2INE ISPUBLISHED SOL ELTN FOR_TH EIRBEMEFIT. THE MIL ITARY SE

R VICES SEEK THECOOFERAR T IUN gF TS E AMATELR I[N DEVELOPINGCO MM

UNICA_TIONS RES ERVES . AMATEUR RADIO SUPPORTS AMANUFAK TU F_ING

INDUSTR ¥ WHICH , N NV _THE IT ERY DEMANDS OFRNRTEURS FOR_THE LA TE.

STAND BEST EQ UIPNENT 2 1S R LUAYS UP TODRTEIMITSDES IGHNSAND PROD

UCTION TECHNIQUES - IN ITSELFANA_TIONAL ASSET. AMATEURS_HAVE HOM

‘ (Sheet 1 of 3)

Fige. D=2 Recognition Program Output for Recording Session 1.
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THEGRA _TITUDEOFTHE NAYTION FOR_ THE_IRHERQ_ IC PERFORMANCES IM TIME

S OF NATURP_L DISASTER. TRAD ITIONAL AMATELR SKILLS IM EMERGENMN CY

COMMUN ICATION AKk ALS) TRESTAND €Y SYSTEM FOR THENATIONS CIVIL.

DEFENSE. HAMARTEUR RRDIDIS , INDEED. R NHE.NIFICENTLV LUSEFUL _INSTITH

TION . RLTHUUPb E;bOLD ASTHERRTOFRADID. ITbELF;ﬁNRTELPFRUID D10 M

0 _TALHRYS ENJOY SUCHPR E_STISE. ITSFIRST E_NTH USIASTS WERE_ PRIV

RTE CITIZENS OFAM E KN W_ERIMENTAL TURM OF MIND WHOSE INRMINRTIDNS_

NENT VILD WHEN MA RCOMI_FIRST F ROYED THRT NESJR%ES_BPTURLLV S0y

LD BESN T BY WIRELES S . THE'Y 'SET REOUT LEARNING_ENOUGH_RB QUT '

74
THE NENWSCIENTIFIC MAR VEL TO BUILD HOME MRDE SPHREK TPRT S MITTE

RS. BY 19 12 THERE WERE NUMERDUS 30V _ERNMENT AND COMERC_IEL STA

.IlQﬂ%%_Bﬂﬂ_E;QNQEEQs.DfﬁﬂBTE URS ?: REGULATIONWA H _ME_E_DED. SOLA

WS, LICENSES AHDHAVELENGTH S PECIFICH TIONS AFW E E AREDT  THERE
S, HEW E E b

MRS THEN MORMATEURORGANIZATION NOA_S POKESMAN. BUTAS_THEYEF E_RS__

RDLLED _DN_AMATEURS FOUND 0T _HOW. AND_ DX J UMP_'ED FROM LOCAL TO.'S

89 MILE AND EVEMOCCRSIONAL 4 999 MILE TWOWAYCOMTASTS BECAUSE ALL

LONG_DISTANCE MESSARGES_HRD T _B RELAYED, RELAYING DEVELD_PED INTO

AFINE _ART - AN ABILITY THATWAS TOPROVE IMVR L E_E _RBLEWHEN THEGO
3 * %

VERN MENT SUDDENLTU CALL ED HUMDREDS OFSKILR ED AMARTEURS INTOWAR
* *

SE RVICE INi9 4 E? . MEAMNWHILE U. S. AMA_TEURS BEGAM TOWONDER IF _
* .

THER_E WERE AMAR T EURS IMOTHER COUNTRIE_ S ET CROSS THESERS 8MD 1

F, SOME DAY ., WE MIG%ﬁT HOTSFAN THE ARTLANTIC ON_209 METERS. MOST

SMPORTANT OFALT , TS 1S PIRIQUMIT NESSED THE BIRTHOF THE AM ERIC

* (Sheet 2 of 3)

Fig. D=2, Recognition Program Output for Recording Session 1.
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AN_RRDIO RELB';‘__LERG__UE, »_TH E_RMATEUR _RADIQ OR_GANIZA_TIO N WHAS

E NAME WAS TOEE VIRTURLLY SYNJNY MOUS MITH & LUBSE QUENTAMA TEUR

PROM R_ESSAND_S HORT WAVE DEVELOPMENT . COMCE_IVEDAND F_ORMED_ BY

THE_F_anous_ INVEHTOP,THE _LATE HIRAM PERC_Y MRAXIM, RRR_L WASFORMAL

LY LAU HCHED IN ERRLY & ‘314 . :‘ I T HRDJUST BEGUN TO EXERT ITS F

ULL FORCE_INAM A TEUR ACTIVITIES WHEN THEE “MITED STATE_S UECLARE
D WAR iN191 7 ., AND BY THRT ALT_SOUNDED THE K _NELL FOR R MR T EU

: % . 5 25, E_MERE gg% VE
R_RADIO FOR THE NEX T TWD RND A S_ALFYEARS. TH ERE WERE T j
R € ©OOAMATEURS. OVER4DDH OF THEM S ERVED IN THE ARM E DFORCES D

URING THATHAR.

« (Sheet 3 of 3)

Fige D=2, Recognition Program Qutput for Recording Session 1,
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< " "AMR TEUR RADIO ISAS CIE NT IFIC MO BEY ., FMEANS OF GRINING PER

SO NAL SK ILL IMN THEFASCINAT INGARTOF EC&ETFEQTJ'N* ICS AND AN OPPO

KTUNITY TH “OMHUNICATE WiTH FELLOW CITIZE NS BY FRIVATE SHORT WA
VE RADIO. SCATTERED OVER THE GLOEE AR E OVER 259, D09RAMATEURRADIO
DP ERATORS WHOP ERFORM R SERVIC £ UEFIMED IM INTERNATIONAL LAW A

SONE UF SELF TRAINING, INT EFCOMHUMICATION AND TECHMICAL IMVESTI

BATIONS CRRRIED OMBY DULY RUTHORIZED F ERSONS "INT ER ESTED IM RA

DI0 TECHNIRUE SOLELY WITHARP ERSOMAL AIM AMU WITHOUT ESCUNIARY IN

TER EST. FROMAHUD LE BEG INNING ATg E TURM OF THE CENTURY, RAMATE

N UR RADIO HAS GROWN TO 'Bs‘a:g"é‘ﬁri"E":‘;Tiéél'.'r's*'riét?'ﬁls T ITUTION . TO
kr’ D WY THERMER ICAN FOLL OW ERS OF AMATEUR RAUIO NUMBER OVER259 .8

09 , TR RINED COMMUNICATIORS FEOM WMOSE RANCSUILL. COME THE PROF E

’s's’w‘ﬁﬁf‘t:ﬁr?ﬁﬁhi'TEﬁTTd'ﬁ's'?;'éﬁh'strs"hﬁn EXECUTIVES OFT OMORROMW

PRE Y
v

-F US T A S MANY OF TH DAYS RADID LERDERS W ERE FIRST ATTRA C T

# ED TO RADID BY TH EIR EARLY INTER EST IN AMRTEUR RRDIO CTT MHUN

1C ATIiON . RP OWERFUL RAND FPROSPERODUS DRG RN IZRTION NOM FRT TT V

TERNRTIOMNALLY RE 5P ECTED MAGRZINE [SFUBL ISHED SOLELY FOR THEIR

' BENEFIT . TH E M IL ITARY S ERVICES "SEEK THE COOF ERATION OF THE

AHRTEUR IN DEVELOFING COMMUNICATIONS RESERVES. RMATEUR RADIO SUP

4 PORTS R HANUFARCTURING IN*K US TRY MWHICH, BY THE VERY DEMAND S OF

ANARTEURS FOR ?'E LATEST RND BEST EQUIFM E NT, ISALWAYS UF TODRTE

IN ITS D ES IGNS AND Pno‘g_o"uc TION TECHM IQUES - IM ITSELF A NR

* (Sheet 1 of 3)

Fig. D=3, Recognition Program Qutput for Recording Session 2,
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-

j* TIORAL ASS € T . FHATEURS WAVE WON THE GRATITUGE OF THE NATION F

DR THEIFR HEROIC F ERFORMANC E S IN TIME S OF NRTURAL D ISAS TER.

TRADITIONAL RMATEUR SKILL S IN EMERG ENC Y COHMUNICATION RRE ALS

0 THE STRHO BY S? STEM FOR THE NRTIONS CIVIL DEF EM5S E. RMR TEUR

RADINIS, INDEED , A MAGNIF IC ENTLY USEFUL INSTITUTION . ALTHOUG

H AS OLD A S THE ARTOF RADIO ITS ELF . RAMATTUR FRADIO DID NOT ALK

AYS ENJOY SUCH PRESTIG E. ITSF IR ST ENTHUSIASTS WER E PR IVATE

C ITIZENS OF RN EXFERIMEN TALTURN OF MIND WHOS E IMAGINATIONS WE

NT W IL D WHEN MRRCON IFIRST PROVED TH AT MESSAG ES RCTUALLY CoU

S LD BE SENT EBY WIREL ESSE . THEY S E T AB QUT LERRNING ENOUGH RnB

‘r/ OUT THE NEW SCIENTIFIC MARRVEL TO BUILD HOMEMAD E SPARK TRANSM IT
L

—TER‘s.""BﬁI“s 1 3 TH ERE WEFE NUMEFDUS G O VER NM ENT RND C OMM E

RCIAL STATIONS, ANU HUNDR EDS OF RMATEURS. REGULATION QR S N EED

R

ED, SO LAWS , LICENSES RND WAVEL E N3 T H SFEC IFICATION S RPPER

RS THE VYERRS ROLLED ON. AMRTEURS FOUND QUT HOW , RND DA pun P ED

FROM LOC AL T05 @ @ MIL ;‘nub E VEM OCC RS IOMA L 1999 M IL E TWO

WAYCONTHCTS . BECRUSE ALL LONG UISTRNC E MESSRG ES HAD 10 B E RE

LAYED > R EL RYING D EVELD P ED INTO #F INE RRT- AN RBIL ITY THR

THARS TO P ROVE I NVRLURBLEMWHEMNTHEGOVERMNMENT

y SUDDENLY CRAL L EDHUND R E U S OF SKILL ED RMATEURS INTOMAR SERVI

C#IN191? ; MERNWHIL E U. S. AMATEURS BEGLAN TyD WONDER IF THER E

WERE RMATE URS INUTHER COUNTRIES ACR0SS .THE SEAS AND IF ., SOME O

. ' ‘ (Sheet 2 of 3)

Fige D-3. Recognition Program Output for Recording Session 2,
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AV, WE MIGHT NON SPAN THE RTLANTIC ON 299 M E TERS. MOST IMPORTA

NT OF ALL, TH IS P ERIOU HWITNESS EU TH E B I L TH OF TH E aMgR 1

CAN RAD IOREL R ¥ P EAGUE. THEAMATEUR RAD IO ORGANIZATION MWHOS E

"RAME WAS TO E E VIRTUALLY s@ﬁong MOUS WITH SUB S E QUE N T RMARTE

UR PRDGRESS AMND SHOR T MWRVE GEVELOFMENTY. CONCEIVED PND FORMED K

¥ TH E FANOUS INVE NTOR , VHE LATE HIL AM PERCY MAX IM, RRRL gﬂ—'

S FORMALL ¥ LAUNC H ED IN ERRLY 192 15 . IT HAD JUST B EG UN T0 E

RERT ITS FULL FORC E IN ﬂN%TEUR RCTIVITIES WH EN THE UN ITED STR

TESDECL ARED WARR I N 19 1 ¢, AN D BY THAT ACT SOUNDED THE

KNELL FOR RMATEUR RADID FOR THE N EXT TWO AMD R HALF ¥ EARS. TH

ERE UERE THEN OVER & o2aAMATEURS. OVER 4990 OF THEM SERVEDINTHE

ARMEDFORCES DURING THR T WAR .

*(Sheet 3 of 3)

Fig. D-3. Recognition Program Output for Recording Session 2,
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"TAMATEUR RADID IS ASCIENTIFIC HOBBY, RAMERNSOF GRINING PERSOMAL

COMMUNICATE WITH FELLOWCITIZENS BY FRIVRTE SHORT NR%{E RRDIO. SC

ﬁ‘?fsk"éé”ﬁ%gsa’ru E"INLDBE AREDSTER2S 9. 999AMATEUR RADIDOFERATO

F
"WHOPERFORM R §ER§;ICE DEFINED IN INTERMNATIONAL LAM RSOME OF S

a-:l:’

LF TRAINING, INTERCOMHUNICATION ANMD TELCHMITAL IN%JESTIURTIHHS c

RRRIED OMEWDULY RUTHORIZED PERSONS IMTERESTED IN RRDID TELCHMIQUE

m

SOLELY WITH R PERSOMAL AIM AND N;THUUT PECUNIARY INTEREST. FROM

AHUMBLE EEG INMNING AT THE TURNDF THECENTURY. RAMATEUR RADINHASSGRO

iﬁi"ﬁeéﬁﬁhs'RN“ESTaé#iEHEﬁ"Yﬁgfifornﬂf'To&ﬁvfné‘ﬁﬁééféﬁﬂ"?éﬁi&ﬁ?

ERS OF RMATEUR FAUIONUMEER 03}5: 5?5 9, 899, TRAINED COMMUMICRTOR

S FROM WHOSE RANES HWILL COE THEPRDF E§ﬁiﬁ&EaL COMMUMICATIONS SPE

TT CIALISTS AND E“ECUTI%TEH OF TOMORROM %{ JIJST RS MARNYDF “TODAYS

RRDIO | LEHDERQ WEFE FIRSTATTRACTED TORRDIJEYTHE IR EARLY INTEREST

IN RMRTE%{R RADIO COMMUNICRTION. R FOWERFUL AND FROSFERDJUS ORGAN

T2A1i0N NOW PROVID ES RBONDBETHEEM RMATEURS AND PROTECTS THEIR I

NTERESTS. AN INTERNATIONALLY RESPECTEDMAGRZ INE IHPUBLISHED SOLEL

YFORTHEIR BENEFIT. THEMILITHR?SER%TIC ES S EEKTHE COOFPERRTIONQF

THE nﬁﬁ?sdﬁ'rnv“§§?€E0§fﬂE’EﬁHﬁUﬂfﬁﬁ?fﬁﬂé“ﬁEéEEvEs. AMATEUR RADI

0 SUPFORTS RMANUFACTURING INDUSTRY WHICH. BY THE VERYDEMRMDS OF

RMATEURS FOR THELRTEST HNDBESTERUfPNENTJIS ALURYSUPTODATE IN ITS

DESIGNS HNDPfDDUCTIDN TEC#NIQUEng IN ITSELF RMRTIONAL ASSET. RM

RT EURS HH%JE "WON THEGRRTITUDEOFTHENRTIONFORTHE IR H ERQIC FERFQ

' (Sheet 1 of 3)

Fig. D-4. Recognition Program Output for Recording Session 3.
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RHANCES IN TIMES OF NATURRLDISRSTER. TRADITIONAL annrsg;n SKILLH
IN EMERGENCY COMMUMICATION FRE aLbngs STAND BYSYSTEMFORTHENATIO
NSCIVIL DEFENSE.  AMATEUR R RDIOIS, IND E ED. R MRGNIFICENTLYUSEF

UL INSTITUTION. ALTHOUGH ASOLD RSTHEARTOFRADIOITSELF. AMATEUR RA

DIODIDNOTALWAYS ENJOY SUCH PRESTIGE. ITSFIRSTENTHUS IAS TS NERE

§P RIVATE CITIZENSOFAN EXY EXPERINENTAL TURMOF MIT ED MHOSE IMAG

INATIONS WENTWILD WHENMARCONI FIRSTFROVED TSAT WESSAGES ACTUALLY
'EouEDBE“SENTBvuIEELESSf”?HEvSE”T'ﬂéUUTLERhHiné“ﬁﬂbdégaéﬁﬁffﬂi”ﬁi'

NSCIENTirzc"mne%;ét‘rae%ftﬁuoms*naﬁ'§Pﬂ§ﬁfﬁﬁﬁ§ﬂfffER§Té¥I§igp“fﬁ'

BD%JERNMENTHNUCQNNEREIRL STHTIONS, ANDHUNDREDSQF

"WASMEEDFD ., 50 LAWS, LICENSES RND WF NH?TELENUTH

ERE WEFRE MUMEFDIS

"RMATEURS. REG )E'"f

*w

SPECIFICATIONS APFERRED. THERE ;nb THENNORMRTE UFORGANIZRTION NOR

SPOKESMAN. BUTRSTHEYEARS ROLLEDON, AMATEURSFOUNDOUTHOM. RNDDARJUNP

ED FRON LOCAL TDSBEMILE AND ESTEN OCCAS[ONALLBENILE TV0 WAYCONTA

CTST"EE‘EESE ALLLONGDISTANCE ME SSAG ESHRDTOFERELAYED. R ELAYING

DESJELOFED INTU REN INEART ETAN REILITVISHAT WAS 10 T PROSTE IMST
] % g PV LD 7

ALURELE uusﬂ’?ﬁéﬁﬁ;rsmuﬁﬁhr SUDDENLYCALLEDHUNDREDSOFSKILLED RMAT

EURS INTOVHPSEF%JIP EIN 19 17 M MERN?JILE U.S. AMATEURSBEGRAN T

OWONGEF IEN THERE WERE RMRTEIRSINOTHER COUNTRIES RCROSS THE SERS

AND IF, SOMEDAY. WEMIGHTNOTSPANTHE ATLANTICON2DDMETERS. MOSTIMPOR

TANTOF HLET?HféﬁiﬁibbuYfﬁ"E'sgEﬁ“?ﬁ;éiE#Hﬁrrﬂs b AMERICAN RALIOR

ELRYLEAGUE. THERMATEUR R RADIGORGANIZRTION WHOSE NAMEWRS TOBE%;IP

TURLLYSYNONYNOUS WITH QUBSEQH{ENT AMATEUR P PRDGPESSHNDbHOPTHR%T

* (Sheet 2 of 3)

Fige D=4, Recognition Program Output for Recording Session 3,
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'E'ESE'%TELFJP&'!EN'T._ "c’ajw':'sr%‘réb ANDFORMED BY THE FRMOUS t'riS'i;TE-:‘rﬁ'aJszl"ﬂié'

LATE HIRANFERCYHARIM, ARRL WASFORMALLY LRUH::';ED TNEARLVLSIHT. 1T

HAD JUSTEEGUN TOEXERTITSFULL FORCE IN RMATEURRCTI E‘;;f'x:r' TESHHENTY €

UNITED STATESUECLRARED MAR INL917 . ANDEYTHATACTSOUNDEDTHEKNELLFOR

AMATEUR RADIDFOR THE NEXT TWD RNDAHALFYERRS. THERE WERE THEM OVE

'R GODSAMATELRS. 'ds;'ﬁfsm;ﬁ?a’aﬁcfffﬂ;ﬁ '§Eé§fs’o IN THE RRMEDFORCES DURI

TNGTHARTHAR.-

* (Sheet 3 of 3)

Fige D=4, Recognition Program Output for Recording Session 3.
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' ﬁmmeuwf RO IDISA "sc;;'r:nFic’”HHss’v, R MEANS 0OF GRIMINGPERSO

MRL SKILL IN THE FRASCINRTINGART DF ELECTRONICSAMNDANOPPORTUNITY T
0 COMMUNICATE WITH FELLOW CITIZENS BY FRIVATE SS = PRIVATE S HOR

THRAVE RADIO. SCA TTERED OVER THEGLOBE RRE DVERZSH, 9 0 OAMATEURRPA

DID DFERATORS Hi U FERFORN H SERVICE GEFIMED IN INTERMR TIONAL L
AW RSONE OFSELFTRRINING, INTERCO MMUNICRTIONIND TECHNICAL INVESTI

GRTIONS CARRIED ON BY DULY SUTHORIZED FERSONS INTERESTED IN RADI

O TECHNIZUESOLELYNI4 RFERSONAL AIM AND WITS DUT FER = WITHOUT Py
UNIARY INTEREST. FROM # HUM B LE BEGINNING AT THE TURM DF THE CE

NTURY, RMAT EUR RADIN ﬂ;ﬁa’ﬁfouﬁfosecnits' HMESTRELISHED INSTITUTION.

TODAY THE AMERICANFOLLOWERS OF AMATEUR RADIO NUMBER OVER 2958, @8

B @ , TRAINED COMMOMNICATORS FROM WHISE RANKSHILLCOME THE PROFESS

TTONAL COMMUNICATIONS SPECIALISTS ANDERECUTIVES OFTOM ORROW - JUS

T RS MANY OFTODAYSRADIOD }PDEEE WERE FIRST R T VRRCTE D TORARDIOBY

THEIR EFRLY INTEREST INAMATEUR RADIO CO M MUNICATION. A POWEA =

A FOWERFUL RND FROSFERDUS DRGANIZATION MOW PROVIDES A BO MD BETH

EEN AMATEURS :{ND PROTECTS THEIR INTERESTS. AN INTERMA TIONALLY R

‘ES PECTED MAGAZINE IS PUBLISHED 5 DLELY FOR TH E IR BEMEFIT. THE

MILITARY S ERVILCES SEEK T?} CONPERATIONOF THE AMBTEURE < AMATEURL

NDEVELOF INGCOM MUMICATIONS RESERVES. ARMATEUR RﬁIDSUPPDRTS R MANU

FACTURINGINDUSTRYWMICH , BY THE VERY DEMANDS OFAMATEURS FOR THE

LATEST AND BEST EQUIPMENT, IS RLWAYSUP TODRTE IN ITS DESIGNS AND

FRODUCTION TECHNQI= PRDDUC;QN TECHNIQUES - IN ITSELF A NATIONA L

.(Sheet 1 of 3)

Fige D=5, Recognition Program Output for Recording Session 4,
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ASSET . AMATEURS HAVE WONTHEGRATITUDEOFTHE NATION FOR THEIR HERD

12 FERFORMANCES IN TIMES OF NARTUFAL DISASTEFR. TRADITIONAL AMATEU

RSKILLS JM EMERGENLCY COMHUNICATION ARE ALSD THE STAND BYSYSTEM F
DR 73 'NATIONS CIVILUEFENSE . A MATEUR RADIONIS. INDEED . R MAGNIF

TCENTLY USEFUL INSTITUTION. ALTHOUGH 1S DLD AS THE ART OF RADIO

ITSELF, AMATEURRADID DID HOT ALHAYS ENJDY SUCH PEST IGE . ITS F
TRST ENTHUSIFRSTS WERE PRIVATE CITIZENS OF AN EXPERI =E DFAMNEXFER
THENTAL TURNOFMINDVHOSE ITHAGINAYTONSHENTHILD HHEN HMARCH = M WHEN

MRRCONIFIRST PROVEDTHAT MESSAGESACTUALLY COULD BE SENTEY WIRELES

S. THE Y HE 14E T H EY SET R BOUT LEARNING ENDUGH ABOUT THE NE

W SCIEHTIFICHARVEL 10 EBUILD HnNENHDEHPHPF#;Tﬁpb BVl°i’T#PE§PE ME

RM SH EMERE NUMERDUSGOVYERNMENT PODCOMMERCIT —EHNDLDN#RLIRL bTHTIz

S, ANDHUNDLDIOFAMATE==T R EGULATIOMNWNEEDED. SOLAWSZT LICENSES AND
#i# i # #

WAVELENGTH SPE =1< WAVELENGTH SPECIFICATIONSAPPERRED. "?HEE:ET;}T T

HEN HO AMATEURD T =EA MRTEUR CRGRNIZATIONMOR SFOKESMAN. BUTRASTHE

YEARS ROLLEDON, AMATEURSFOUNDOUTHOW, AND DX JUMPEDFROMLOCAL TOS9 9

MILE ANDEVEN nn:c"a“.;.;.h‘n'ﬂff GG rﬁ;;\"r'bﬁauﬁs?‘tﬁimms. BEC=RALR L= #GCFI

USE;L;GDISTHNEE MEHLSRAGES HAD TUgE RELAYED. RELAYINGDEVELOPEDINTO

AF1 Q‘?fﬁ- r471;Phb—f L 'i; YTHATH ;'}T"aﬁ‘ﬁb%? E"Tﬂ;—;-'lf A BLE MWHENTHESOVEREMNMEN ﬁ}?ﬁeﬁ
L'*Fc'ﬁ.’;;‘ﬁ THUNDREDTOFSKILLEDR M R TEURS INTOWRRSERVICE 1 = SERVICE

INA 934 7. MEANMWKHHILEU S. . RNMNR f‘E URS 8 EGRN TO HDN?

RIFTHEREKEFE AMATEUFS INOTHERCJUMTRIES RLROSS THE SERSANDIF. SOME

DAY, WEMIGHTMOT SFAN THEATLANTIC ON20 © METERS. M 0S5 T IMPORT A

'(Sheet 2 of 3)

Fig. D=5, Recognition Program Output for Recording Session 4,
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NT OF FILL, THIS FERIODHITNESSED THEEIRTH OF 1HERMERICAN RADIO RE

E VI RTUALLY SYNOMYRHOUSWITH sussmusnr'ﬂmarsuaﬁﬁdﬁggﬁ RANDSS = AND

S M DRINAVE GEVELDFMENT . F LCONC Ivsaﬁvfb§ﬁEbsvrnéﬁﬁmnusIuvenréﬁ
TTHELATERIFANFERCY MAXIM, FRELMASFORMALUYLAUNCHED INERFLYL.944. ITHA

DJUS EBEGUN ?ﬁexsﬁr'lf“FULLFnncE‘tnﬁmnvaUencr:vrT'tﬁﬁ'ﬁnsﬂ'?ﬂsun:

TE DSTATES DELLRREDHAR U < WAR ET < WRF INLSL 7. AND BY
T TTHAT TACT SOUNDED THE KNELLFORRMATEURRADIOFOR TS E N € FORTHE N
EXT TWORND ROHALF VEARS T T H ERE WE RE THEN O VE R 89 9 DAMATEU

RSJ=E 529 hnhn&'tuééf'ﬁﬁfadmé DFTHEMSERYED INTHESRMEDFORCESDA 9EF

"DRCESDURINGTHRT WAR * =

L e e e - - - . -

‘(Sheet 3 of 3)

Fig. D=5. Recognition Program Output for Recording Session 4,
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KUIEMWS121S8ARAIMDIKKHNUNIAQD4T58 949

JHIBJE 1 4898MATUNTBZOQECTT IO 4839PKR

L SERPODINNEHOZ2UPICLCRPEGLCONRAY 3561 8
¥YAHGBBZ2AQAFO3I?P2S5SYYYDRO9SESES2RTIE

2484 91 DLKRLNUOBEIHEDA2253I1IRUBT
GLRO33ZI483IMBNRATNOZ21IH3I2O8YCIEYVIZY
NWIEJYUDYZEBEABIS8SLSEGZOTYRSYFREKUNREK
GRANSYIJPASCMHCDGPEHPHS2471445580 #

GOOFYPYGMYCOGITATESQUIZZICALLY
. JONAU.ILSGLORIFYKINGEYPBEIFIEYARS
PRCIFICYRCHTS. R

l1TISAGOODDIDEARATOWRAPTHEBALUNMNIT
HY INYLELECTRIZALTAPEFORITSEENTIRE
LENGITHTOPROETELCTTHEFINERRIRESOFTHE
SHIELD. ..

SMOOTHITODUTANDTAPEITINPOSITION
EVERVYFOODT:

* (Sheet 1 of 2)
Fig. D=6, Recognition Program Output for Recording Session 5,
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SMOOTH IT OUT AND TAFE IT IN FOSITION EVERY FOOT .

~
O

PRISE4BOIRZ2INIVILYIUEBCKIL DL apPV

1 32RS5F3IMNBOJ *

BESTRESULTSWILLBENBTAINEDWHERNT

HEANTET<<THEAMNTENNRISFORTYORFIFTY

FEETHIGHANDMWELLINTHECLERR,

WEDISLIKETOEACHANGE JOBLOTSOFSTI

Z2ESVARYINGFROMARAUARTERUP.

DIMENSIONSOFTHERNTENNRSUITABLE

FORTHEARMATEURBANDSAREGIVYENINFIGU

RE 3.

T THEBOMETERRANTENNASHOULDBEMRADEGOTF

HARUDRAWNNCOPPERMNIRETOPREVEMNTSTRE

TCHINGANDSAGGINGINHEARVYVYNINDS.

‘(Sheet 2 of 2)

Fige D=6 Recognition Program Output for Recording Session S,
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QST DE W1AW W1AW W1AW OB 450, OSCAR 309 AND APT 388 FOLLOW QST QST QST
DE W1AW W1AW W1AW QST QST QST DE W1AW W1AW W1AW OB 450, OSCAR 309 AND
APT 383 FOLLOW QST DE W1AW HR OFFICIAL BULLETIN NR 450 FROM ARRL
HEADQUARTERS CK 92 NEWINGTON CT OCTOBER 25, 1973 TO ALL RADIO AMATEURS -
NOVEMBER PRESENTS AN EXCELLENT OPPORTUNITY FOR EVERY AMATEUR TO TEST
HIS FREQUENCY MEASURING SKILLS BY TAKING PART IN AN ARRL FREQUENCY
MEASURING TEST. W1AW WILL TRANSMIT SIGNALS FOR MEASUREMENT ON NOVEMBER
10 AT 0230 AND 0530 GMT. THIS WILL BE THE EVENING OF NOVEMBER 9 AT
2130 EST ON APPROXIMATELY 3527 7078 AND 14079 KHZ., A SECOND SERIES OF
TEST SIGNALS WILL BE TRANSMITTED THREE HOURS LATER ON ABOUT 3563 7083
AND 14072 KHZ. FULL DETAILS ON HOW TO PARTICIPATE APPEAR ON PAGE 110

OF OCTOBER QST.

Fig. D=7. Recording Session 6 Text (W1AW Bulletin).
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TTTTRST DE WARWALAM WLRW OB 452, 0OSCAR 399 AMD APT 399 FOLLT E

KST QST QST DE WiAK WLAN WRNRA E TIT QST QST DE E TLiePH WLAM WiAW

OB 459. DSCAR 399 AND APT 395 =THOW ES EIE QST DE WLAK HR OFFICI

AL BULLETIN NR 458 FROM RRRN=ERDRUARTERS ECK 92 NEWINGTOMN OT OCT

DBER 25. 1973 T0 BLL RAUIO AMATEURS - NOVEMEEPR PRESENTS AM EMNCEL

LENT 0=NORTUN= FOR EVERYERMATIUR TC TEST EI. FRERUENCY HMERASURTNG
SKILLS BY TRKING PRRT IT ES MRL FREQUEND M MERSURING TEST. WLAR

TILL TRANSMIT SIGNAMRE FOWMVSUREMENT 0N MO=BEF 18 RT 9239 HNOEDS

H3 GMT. THIS W?TL BE THEETVYENING OF NMNOVEMEIR & AT 2139 EST OM APP

RORTHRTELY 3527 7B7E AND 14979 KHZ= Il E IEEQND SEI OF TEST SIGN

ALS WILL BE TRANSNITTED THREE HOURS LATER ON RBOUT 3563 7833 RWD

149?2 KHZ. FULL DER=0WM= PRRTICIPATE U=FVR ON FAGE L11BEJFEOCTOBE

LPTST.

Fig, D-8, Recognition Program Output for Recording Session 6,
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(8 wpm)
24849 I DLEKERLMNWUNMEIIHLDAI2292IARUB TG L.

033438MHNENRATMOZIAIZHSUVCTIENIZY NI

JVRWODYZBREDESG516GI0T YRSV ALK ULKGAaN S VIP
AESCHMHCDGFRFHPHI 2471 MUTSOF KNP YEMDNTL

2698 1WHVYADISVLDL?Z2E62339FJEKHEGRIZINMKNZ

HOSTPYAVDUCAF Y O0P610DBE0BLYEZHKRJIMNRR

QNCGYBDOLXTNOFNSYERZEBPEHJUARKIWNOHD L
38?76 02KVYSRCUNEPTRUL

_ €10 wpm)
__ENVMHMR 11348 F WIB Wi 25 639 IL B ZA_YENTEEQCSF JGQGK RP

FOK 29299 41687 11249 ITPET24998 BHFDY WCUJE [E OQFRMAY QIZQ T £ J

5D EHLOK_MG NFR UC ZBY MURCY DWGSE FATFR_OQINUH VWIKYR L ZB ML 88

576 _£5327 DIOVS YUSEK ZMFRW_ARHNRY 1498 6 GJPTB 995612 COMID OFPJE

LNHRK GSEVULTYZA M HHENWY PYJXE K IS G T 2478 S MVDOZA 18945

(12 wpm) —_

~

RAZ2JTSRAIT 21269 DUOCS EUNDF H2SS9CTPEH 29258 FHMED G

MLFE_1047SHYKGC I2JHBALQ47IZIIA KYHIZS2136 LAGKY M WFLZ 85203 MY

ENW_ODUDNV 63025 PTCOUQSEPT 74114 RQANS SRARQTPBSR WOC_TP_VIVDUIE

382 HMEVYN XLFUM YGHEYL ZJHYR RIJ2I BHIZ2ICGHYH 895214 79639 DFLYSG E

DHMWF_FENVE GCOUD HEPYC IRRSB 97410 JZRAR_KYSRA 69741LWTPB_58852

MHUOL_NVH

Fig. D-9. Recognition Program Qutput for Recording Session 7,
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VITA

Joel Arthur Guenther was born on (G . IR
He graduated from high school in (G 2~

attended Newark College of Engineering from which he received the degree
of Bachelor of Science in Electrical Engineering anl a conmissioa in the
U.S. Air Force in 1965, He served as a Deputy Missile Combat Crew
Commander and Instructor in the Minuteman II Weapon System, Malmstrom
Air Force Base, from 1966 to 1969, He was then assigned as Program
Manager for Minuteman I operational testing at Vandenberg Air Force Base,

He entered the Air Force Institute of Technology in June 1972,

Permanent address: |G

This thesis was typed by [N

153






