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ABSTRACT

A computer-based perioperative patient monitoring system, called
the Mobile Operation Monitoring for Anesthetists or MOMA, is discussed. The
primary objective of this work was to produce a flexible, mobile prototyping
system which could be used to develop a clinié¢ally useful tool to aid the
anesthetist in the task of patient maintenance during anesthesia. Potential
application areas are discussed along with the limitations and necessary design

considerations.

The system developed for this thesis uses a PDP-11V03-L micro-
computer system with an A/D converter and dual double-density floppy disk
drive to acquire, process, and store four channels of EEG along with up to
four channels of non-EEG datg. The data is displayed on a Tektromix 4025
video graphics terminal in a number of user-selectable display formats. A
currently popular EEG display format (Density modulation of the compressed
Spectral Array or (DSA)) is modified to simplify the determination of long-
term EEG trends. This display format is presented along with non-EEG data
in order to facilitate comparisons between parameters. The user can recall
any EEG display which appeared earlier in the operation without interfering
with data acquisition, processing, and storage. The keyboard is configured
in an easy~-to-use format with the keys‘clearly labelled and grouped according
to their function. Each command is generated by typing a single key. A
facility for the entry of comments through the keyboard was implemented so
that the time of occurrence of certain significant events during surgery, such
as pharmacological intervention, can be tagged. These tags are then displayed
along with the automatically acquired data. An emphasis was placed..on

maximizing MOMA's flexibility and an attempt was made to anticipate and
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simplify the modifications which may be desirable in the future. Programs
are written in Fortran, are fully documented, and are run under the RT-11

operating system. ' ' - ' -

The poténtial usefulness.of'the system and the non—teéhnieal docu-
mentation was assessed by five anesthetists practicing at Vaﬁcouver General
Hospital'(VGH). It was their oéinion’thét MOMA is a potentially.useful
addition to the operating roém and each assessor expressed an interest in
being involvéd in futufe clinical applications. The adequacy and overall
quality of the programs and related tgchnical docuﬁentatidn waé assessed by an
engineer employed in the EEG department at VGH and experienced in both Fortran
and RT-ll; It.was his opinion that the programs and related documentaﬁion
are adequate and will bé usefui fbr the development of a cliﬁicélly useful

patient monitoring system.
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1. INTRODUCTION

1.1 The task of the Anesthetist

There are two main purposes of anesthesia: to help minimize the
impact of surgery on the patient both during and after an operation, and to
maintain the patient in a state which facilitates the surgeon's job. The
anesthetist's task is to weigh thé relative merits of the above objectives,

which may be contrary, and to choose an optimal course of action.

The anesthetist prepares for this job long before entry to the
operating room. In addition to a knowledge of the effects of the anesthetic
agents used, the anesthetist must have a knowledge of the effects and re-
quirements of the various surgical procedures. Using this knowledge, he can
gather relevant case-specific information and plan an optimal approach to
anesthetizing the patient. Continuous monitoring of relevant parameters with-
in the operating room allows the anesthetist to assess the effectiveness of

the anesthetic procedure and if necessary make appropriate adjustments.

1.2 Complicating factors in Anesthesia

Modern surgical procedures ténd to complicate the anesthetist's
task. The increased impact some of these procedures have on the patient leaves
little room for error. Also, by distorting parameters conventionally used
within the operating room, some surgical procedures can interfere with the
anesthetist's ability to assess the patient's state. For example, the signi-
ficance of parameters related to the cardiopulmonary system is drastically
reduced during the critical bypass phase of cardiopulmonary bypass proce-

dures.

The current trend in anesthetic practice is towards the graded



administration of agent (1). By using a number of low dose anesthetic agents,
the anesthetist can tailor the overall effect of anesthesia to the particular
patient and surgical procedure. This will also permit the use of a lighter
level of general anesthesia, resulting in a reduced anesthetic impact on the
patient. However, this graded approach to anesthesia increases the requirement
for patient assessment; To safely maintain the patient at light anesthetic
levels requires accurate information about the patient's state. Additionally,
since the agent is tailored to particular physiologic system, system specific
information is necessary. Also, since it is essential that the anesthetist
be aware of the effects the drugs have on one another, this approach places a
larger burden on the knowledge and experience of the anesthetist. Sources of

patient-related information are presented in figure 1.

System _ Parameter

Muscles

Relaxzation

\ .
Neuronuscular

Blockade
Eyes
Brain EEG
"///,,/~Skin
. Blood Vessels
Circulatory :
System . Beart Rate
and Sounds
ECG
Temperature
Body )
Chemistry Body Fluids

Figure 1: Patient-related monitoring parameters.



Interpatient variability further complicates the anesthetist's job.
In addition to the usual physical differences between patients, apparently
unrelated pathologies and premédications can cause dramatic changes in the
effects of anesthetic agents. A partial solution to these difficulties is
to gather relevant information before the operation by interviewing the
patient and examining hospital records. However, continuous patient surveil-
lance is necessary in case the collected information is inaccurate or in-

complete.

In general, the parameters used for monitoring in the operating room
are highly interrelated. Thus, a change in a given parameter may be the‘
result of changes in many systems, both mechanical and physiological. The
net result of this is that the anesthetist must monitor many things and con-

sider these interrelationships in all the decisions he makes.

1.3 Scope of the Thesis

The dramatic advancement of~computer_technology during the past
decade has made computer~based perioperative patient monitoring a realistic
proposition. The purpose of'this thesis is:

1) to discuss the potential application areas of small computer
systems to intraoperative monitoring by anesthetists.

2) to define a set of design considerations which should contribute
to the acceptance of computer-based systems in the operating room.

3) to produce a prototyping system for the development of an intra-
operative monitor.

4) to use the above prototyping system in the design of a prototype

monitor.



Chapter 2 is a discussion of the potential applications of computers
in the operating room. The present day approach to anesthetic practice within
the operating theatre is described. Some of the features of computer systems
which may simplify the anesthetist's task are presented. Considerations
for the design of a useful device are then discussed. Finally, since a
major component of this project is the EEG, the problems of intraoperative

EEG use are briefly described.

Chapter 3 is an overview of some of the previous attempts at using
computers for patient monitoring. A few typical papers are cited which

exemplify the techniques and approaches used in the past.

Chapter 4 describes the development of the system, which includes
the hardware aﬁd software decisions and the general design philosophy.
Specifics of the data acquisition and processing techniques are also described.

‘Finally, some of the system's external features and a description of the dis-

play formats are presented.

Chapter 5 presents the results of an assessmenf of the device by
hospital personnel. The potential usefulness of the overall system was
judged by a group of anesthetists and the software was judged by a programmer

familiar with similar systems.

Chapter 6 presents some conclusions and some suggestions for future
research. Application areas both inside and outside the operating room are

discussed.



2. COMPUTERS IN THE OPERATING ROOM

Figure 2 portrays the relationship between the anesthetist and the
patient within the operating room. The anesthetist can control the patient
indirectly by adjusting the anesthesia machine or directly through the admini-
stration of injected drugs and fluids. To gauge the effect of this control,
he has at his disposal a number of monitoring parameters. Interpretation of
.thesg parameters is affected by the status of the patient, the equipment used,
and the operating room enviromment throughout the operation. In addition, other
factors such as the characteristics of the surgical procedure, peculiarities
of the patient, and previously administered medications must be considered.

As stated in chépter 1, some of these other factors can and should be docu-
mented prior to the operation in the form of paper records. Additional paper
records are manually maintained by the anesthetist during the operation in

order to record important monitoring parameters and surgical events.

A retrospective study of preventable anesthetic mishaps involving
human error and/or equipment failure found that 82 percent of these incidents
involved human error (2). A conclusion one can draw from this is that signifi-
cant safety improvements may result from a general simplification of the
anesthetist's task. More specifically, simplifying the use of monitoring
parameters and equipment should result in an improvement in the quality of

anesthetic practice.

As described in Boba (3), the interpretation part of the anesthetist's
task is basically a prediction of the likely sequence of events in the immediate
future, given that existing conditions remain unaltered. This prediction

process relies as much on the trends:.in the parameters as it does on the
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FigureVZ: The relationship between the anesthetist
and the surgical patient within the
operating room.

instantaneous level of those parameters. For example, a low and dropping
pulse rate will be more alarming than a low and rising pulse rate. The im-

portance of trending must be considered when display formats are designed.

The need for continuous monitoring within the operating room is
generally undisputed. The decision about what and how much to monitor, how-
ever, is not so clear. One viewpoint (eg. 4,5) is that conventional para-
meters which are normally monitored during anesthesia are adequate to control
mortality and morbidity and assure an adequate quality of care in the vast
majority of cases. In addition, since the introduction of new devices and
parameters to the operating room diverts attention from conventional para-

.

meters, such changes may increase mortality and morbidity. On the other hand,



it has been argued that the increasing complexity of anesthetic practice de-
mands the incorporation of new and sophisticated monitoring techniques and
that these new techniques can speed the detection of dangerous situatiomns
(eg. 3,6). This érgument brings forth a most important point. The simple
addition of information to the operating room will not necessarily improve
the quality of surgical health care. Significant improvements will only be
made if the ease and speed of detection of a crisis situation is improved.
This improvement will only be obtained if there is a decrease in the com-
plexity of information interpretation. Thus, the effective presentation of
information within the operating room is a prerequisite to high quality

anesthetic practice.

Osborn (7) discussed the difficulties in assimilating data from
respiratory measurements in intensive care. In this paper, he identified
two basic problems in interpreting large amounts of data. Firstly, the
accuracy of diagnosis decreases when a large aﬁount of relevant data is pre-
sented. Secondly, a major problem in handling data is that of identifying
the clinically significant parameters for a given situation. These problems
also apply to patient monitoring in the operating tYoom and emphasize the
importance of effective information presentation. This viewpoint has also

been expressed by others (eg. 8).

2,2 The Potential of Computers in the Operating Room

2.2.1 Data Acquisition and Display

Many patient monitors currently used in the operating theatre
acquire and display a single parameter. As a result, the anesthetist must
scan a large number of displays to gather information. Also, the angle which

he must scan to gather this information can be large. Through the use of a



computer system with appropriate data acquisition and display hardware, it is
possible to acquire a number of parameters and display them in a compact
form. Thus, one can reduce the scanning angle required to gather information
and, perhaps, lower the reaction time to significant changes. Additionglly,
a multiparameter format will permit the generation of displays which simplify

the task of parameter comparison.

The general emphasis of the information presented to the anesthetist
will have a bearing on its ease of interpretation. For example, it would not
be desirable to place an important parameter on a small display. It was
suggested earlier in this chapter that the ease of information interpretation
directly affects patient safety. Therefore, since a cathode ray tube (CRT)
can display information in many diverse formats, a multiparameter monitor
with a CRT may be able to increase patient safety by permitting the design

of displays with dramatic parameter emphasis.

The relative importance of parameters in the operating room will
not necessarily remain the same throughout an operation. Also, as exempli-
fied by the differing opinions about the necessity of electronic patient
surveillance, this allocation of importance can vary considerably from
anesthetist to anesthetist. If there are a number of display formats accessible
through a single display medium, the individual anesthetistccan choose the omne
which he feels best suits the present situation. The resulting increase in
the efficiency of information use should produce an increase in patient
safety. It is possible to provide this multiple display capability using

a computer-based system with a CRT.

2.2.2 Signal Processing

The signal processing capability of computers may prove useful in

reducing the parameter interpretation load., Some of the comparisons and



correlations which are presently performed subjectively by the physician
could be performed by the computer prior to display (eg. 7). The resulting
reduction in the parameter interpretation load could perhaps make various
critical situations more apparent, thus reduéing reaction time and increasing
patient safety.

Artefact detection and rejection techniques are not curreptly well
developed. New techniques using computers may overcome some of the artefact
problems in noninvasive monitoring, eg. EEG, thus making such monitoring
practical for use in a wider variety of situations. In addition, the quality
of signals obtained using invasive techniques may also be improved using these
techniques. By bermitting the use of less invasive monitoring methods and
improving the quality of signals within the operating room, there should be

a general increase in patient safety.

Many signals obtainable within the operating room have been shown
to have clinically significant characteristics. The use of some of these
signals has been limited by the time required for the anesthetist to inter-
pret their characteristics. By preprocessing these signals it may be possible
to reduce the difficulties preventing their use. For example, the use of
signal processing techniques on the EEG can reduce the amount of information
presented to the anesthetist and should make it easier for the anesthetist
to’qﬁickly discern clinically significant EEG characteristics, thus making

it more practical as an intraoperative monitoring parameter..

A computer system can directly decrease patient risk by providing
warnings about potentially hazardous conditions. By alerting the anesthetist
to these conditions, the computer may reduce problem detection time, and
could even initiate appropriate compensatory action. Although some instru-

mentation currently used in the operating room incorporates warning systems,
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a computer will permit far more elaborate checking procedures by comparing
several parameters and parameter trends at once. The resulting system could

thus detect a wider variety of conditions and provide earlier warnings.

It might be thought that a logical extension of a warning system
is automatic patient control. Some such systems have been developed (9-12).
However, there are a number of reasons that this, at best, is extremely
difficult. Firstly, a number of parameters routinely used in the operating
room are not easily acquired by a computer. For example, obtaining the
electrical analogue to patient pallor or restlessness is not a simple matter.
Secondly, all the parameters to be used by a computer during the operation
must be defined and setup prior to the operation. For these two reasons,
long and complicated setup procedures would be required to configurehé
computer system for the task of patient control. Assuming that the computer
has been configured for controlling the patient, the program required to
interpret the incoming data will be algorithmically and computationally
complex. It must be able to account for any situation which may occur in
the operating room, to detect any source of false gignals, and to "know" as
" much about the operation, the anestﬁetic agent, and the patient as does the
anesthetist. The anesthetist, on the other hand, has the ability to aﬁd and
delete parameters during the operation as their significance varies, thus
adapting to varying conditions in the operating room. In addition, the
anesthetist can draw upon years of experience and training when interpreting

data and choosing appropriate courses of action. Therefore, computers are

best applied to the task of aiding, rather than supplanting, the anesthetist.

2.2.3 Information Storage

One of the problems of information presentation within the operating

room is that there is far more relevant information available than can be
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usefully displayed at one time. In the past the only solution to this problemk
has been to work with a fiﬁed subset of this information. A computer-based
monitor with a magnetic information storage medium may partially circumvent
this limitation. Using such a system, relevant information can be "remembered"
for future recall. With an appropriate design, the anesthetist could access
various subsets of the stored information through a CRT at any time during

the operation.

Storing and accessing information in the manner described above
may significantly enhance the anesthetist's ability to monitor trends and
maintain records. At present, the only routinely applied means of recording
and displaying trend information is through the use of hand maintained paper
records. The legibility and the format of these records can vary from author
to authorT Also, the maintenance of these records takes attention away from
the patient and the completeness of the records is limited by the amount of
time the anesthetist can allocate without compromising the patient's safety.
By automatically sampling and storing measured parameters the anesthetist can
be relieved of some of his record maintenance duties while still having
access to trend information. The resulting record will be more complete and
of consistent legibility and format. An example of a manually maintained

intraoperative patient record can be found in figure 3.

The potential benefits of automated record keeping extend beyond
the operating room. The consistent legibility and format will make anesthe-
tic records more useful for training purposes. For the same reasons, it will
be simpler to discover potential procedural improvements through the analysis
of hospital records. Finally, the objective and consistent nature of these
records will make the task of event reconstruction far simpler in cases of

surgical mishap.
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A typlcal anesthetlc record. This form is only part of the record
maintained by the anesthetist during open heart surgery.
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At present, the only way to supplement the anesthetist's memory
of important presurgical information is through the use of paper records.
Héwever, the number of these records which can practically be included in
the operating room is limited by operating room clutter considerations. A
computer-based preoperative information facility would give the anesthetist
access to large amounts of information without increasing operating room
clutter. Indexing and paging schemes will allow that anesthetist to access
various subsets of this information quickly and easily. Although such a
computer-based system will not be more convenient than using one or two well
structured paper records, it will permit access to a large data base whenever

more detailed information is desired.

The topic of computer-based record keeping has been dealt with in

the literature and some record keeping systems have been developed (12-20).

2.3 EEG in the Operating Room

The prospect of using the EEG for the determination of aneéthetic
level was first proposed in 1937 (21). Since that time, consistent corre-
lations between depth of anesthesia and EEG patterns . have been shown to
exist (22-24)., Additionally, certain physioidgic abnormalities which can occur
in the operating room (eg. hypoxia) consisfently elicit clinically useful
changes in the EEG (25-27). Since the target organ of many of the drugs
‘used in the operating room is the brain, one would think that a direct
measure of the gross electrical activity of the brain such as the EEG would
be a useful monitoring parameters The fact that the EEG is obtained non-
invasively makes it clinically appealing. However, it has not seen routine

use in any but a few specialized operations.

McEwen (23) suggésted that the failure of the EEG to measure up

to its promise is largely due to problems contributing to the lack of
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validity and reliability of related studies reported in literature. In
addition, fromithe anesthetist's standpoint, the trends indicative of gradual
changes in the patient's state are not quickly and easily observable using
standard EEG recordings. Thus, to make the EEG a useful monitoring parameter,
what is needed is a standardized.set of significant features and some means

of making those features readily apparent.

Recent advances in computer technology and signal processing have
renewed interest in intraoperative EEG use. McEwen's thesis went a long
way towards defining a useful set of significant EEG features. Additionally,
by computing and outputting the EEG power spectra at specific time intervals
as suggested by Bickford (58), the difficulties in observing significant
trends may be partially overcome. A discussion of the way the EEG was used

in the monitor developed for this thesis can be found in chapter 4.

2.4 Intraoperative Monitoring in the Future

Figure 4 portrays the revised..relationship between the patient and
the anesthetist which can be expected when computers are introduced to the
operating room. The general flow of events and interpretation considerations
are the same as described at the start of this chapter. However, through
the addition of computers, the anesthetist can access more information with-
out a concommitant increase in the difficulty of data interpretation. Detailed
preoperative information about a variety of factors can be stored and accessed
only when needed. Parameters presently not used can be acquired and displayed
along with some of the currently used parameters in a format designed to
simplify interpretation. The necessary surveillance of critical equipment
such as the anesthesia machine can be in part taken up by computers, thus

freeing the doctor for other tasks. Finally, some of the record keeping tasks
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of the anesthetist can be taken over by computers and, in the process, the

anesthetist can be provided with a more complete record of the operation.

Anesthesia
Machine

Records

arameters

Anesthetist

Figure 4: The relationship between the anesthetist and
the surgical patient when a computer is
introduced to the operating room.

2.5 Design Considerations

ﬁany of the signals obtainable within the operating room may be
contaminated with noise from a number of sources, resulting in what are
referred to as artefacts, Thus, in the design of surgical patient monitors,
an attempt has to be made to identify and, if possible, compensate for arte-
fact sources. Once these sources have been compensated for, the signals
acquired by the system will be more useful and the effectiveness of a

warning system based on those signals will not be as easily compromised by
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false alarms. Examples of artefact:.sources are power lines, electrosurgical
devices, defibrilators, patient movement, and interference from physiological

systems other than the one being monitored.

As the monitoring power of a device increases so does the detri-
mental effect of a breakdown of that device. It is clear, then, that if
computers are to play an important role in the operating room, they must be
extremely reliable. To achieve this reliability, one can inEorporate battery
béckup systems and duplicate certain critical hardware components. However,
these measures increase the size and cost of the monitor. In order to minimize
the effect of a breakdown, there should be some means of restarting the system

during the operation once the reasons for that breakdown has been rectified.

There are a number of documented incidents where faults and design
defects in monitoring equipment have directly éontributed to injury to the
patient (28,29). 1In order to minimize the number of these incidents, safety
and performance standards for electromedical equipment have been set (30) and -
techniques for the design of safe equipment have been developed (31,32).

Every effort must be made to limit the‘possible danger to both the patient

and the user due to device failure or misuse.

Within the operating room, the prime concern of the anesthetist
should be patient maintenance. Consequently, the operation of a monitoring
device should require little or none of the anesthetist's time.. Also, the
anesthetist cannot be expected to be either a computer programmer Or an
expert typist. For these reasons, a computer-based monitor must essentially
run itself, User interaction should be optional and machine-initiated
wherever possible. Requests for interaction should not require immediate
attention. Finally, interaction should be simple, easily understood and

easily remembered. It is clear that the likelihood of general acceptance
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of any monitoring device will also decrease as setup time increases. As a

result, the setup time must be minimized.

For the following reasons, it is not desirable to have components
of a monitoring system outside the operating room. Firstly, it would then
be necessary to '"wire" every operating room which may use the system, thus
reducing the system's portability. Secondly, the malfunction of any external
device(s) may be difficult to detect and quickly rectify. Thirdly, system
startup and operation procedures are likely to be complicated, requiring
travel in and out of the operating room and/or more than one person. Finally,
the likelihood of accidental interference with the proper functioning of the
system by external sources is greater. For these reasons, the éomponents of

an intraoperative monitoring system should all be in the operating theatre.

A number of additional practical considerations must be taken into
account if a computer-based monitor is to be inserted into the operating room.
Firstly, in order not to irritate members of the surgical team and interfere
with communication, it must be feasonably quiet. Secondly, it must be small
enough to fit into the operating theatre without impeding the movement of
people. Finally, in order to allow reorganization of the operating theatre

to suit the needs of specific procedure, it should be moveable.

In addition to monitoring parameters related to the patient, the
anesthetist must insure that proper functioning of various patient mainte-
nance devices such as the anesthesia machine.' Through the redesign of these
devices (33-36), a concommitant easing of the anesthetist's task may be
expected in the same way as has been described in connection with the
computer-based monitoring of physiological parémeters. Although developments
in computer-based anesthesia machines, intraoperative patient monitors, and

surgical support systems have proceeded separately, there is no reason that
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the information output from these different systems could not be displayed
on the same display medium (eg. a CRT). The optimum organization of all the
various types of relevant information will only be determined through clinical

experience,

As with any medical device, the potential benefits of a computer-
based monitoring system must be weighed against expense. Although the price
of computer systems with sufficient computational power has been and should
continue to be on the decline, the monitor must significantly increase the
ease and accuracy of anesthetic practice to be justified. The cost effect-
iveness of computer-based systems can only be assessed through extensive
clinical evaluation of prototype systems. Until the results of such evalua-

tions are available, this issue will remain in doubt.

In the preceding discussion, potential application areas of
computer-based perioperative monitoring systems were given. In order to
develop such a system, it can be expected that a program of design and re-
design with interspersed clinical assessment will be required (see figure 5).
In this way, it is possible for the skills and opinions of experts from
different fields to be more fully reflected in the design. It should be
clear, also, that from the beginning an evolutionary structure should be
sought so as to allow for easy modification and extension of the system as

its purposes and function are better understood.

The potential applications of computer-based data acquisition and
monitoring systems extend far beyond the operating room. The ability to
sample, process, store, and display electrical signals is useful in a wide
variety of other areas, including many clinical departments and intensive

care units. By redisplaying previously acquired data and/or mimicking
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Engineering
- Design
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Clinical Device
Assessment

Figure 5: The medical device development cycle.

procedures, such systems can be used as training tools. Computers in

~ general have been found to be useful for the storage of large volumes of
information. This feature, along with proper data entry tools can be used

to assist in the generation of letters, technical papers, and hospital docu-
ments. These potential uses must be considered when the overall cost effect-

iveness of any computer-based system in the hospital is assessed.
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3. PREVIOUS PERIOPERATIVE PATIENT MONITORING SYSTEMS

3.1 EEG Only Systems

It was stated in chapter 2 that a major reason the EEG has seen
limited use in the operating room is the difficulty in quickly obtaining use-
ful information from conventional EEG recordings. Consequently, if the EEG
is to be effectively used by the anesthetist within the operating room,
some means of presenting the clinically significant EEG characteristics in a
quickly and easily interpreted format is necessary. A number of devices have

been designed for this purpose.

A device called the cerebral function monitor (CFM) (37) has seen
use in operating rooms. This device band-pass filtered (2-5 hz), amplified,
rectified and logarithmically compressed incoming EEG signals from two scalp
electrodes. The impedance of the electrodes was also monitored, thus allowing
artefacts due to diathermy or faulty electrodes to be detected. The CFM has
been found useful for the detection of abnormal neurological conditions

during surgical operations (38-40).

Volgyesi (41) presented the hypothesis that the depth of anesthesia
can be monitored by observing the relative amplitude of delta waves and the
shift in frequency of the dominant rhythm of the EEG. Using this hypothesis,
a device was designed which determined the ratio between the mean amplitude
of the "augmented'" delta frequencies and the mean amplitude of the entire EEG

signal, called the augmented delta quotient (ADQ).

Fleming and Smith (42) described another EEG monitoring system.
This system computed the frequency spectrum of the EEG signal from O to 16 Hz
and periodically outputted.it using a DSA format (see section 4.5.1). This

format provided the user with both amplitude and frequency information while
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at the same time considerably reducing the amount of paper required to present

the EEG throughout the operatién.

3.1.1 Discussion

All of the above systems suffered in that they serve only to add
information to the operating room. Little was done to improve the overall
presentation of information within the operating room or to make relationships

with other pafameters readily apparent.

In general, EEG signals are described using their time and/or
frequency characteristics. However, the display formats of the CFM and the
ADQ monitors do not independently present either of these characteristics.

The inability to analyse these displays using commonly encountered feature
descriptors makes it more difficult to use past experience to detect and re-
ject artefacts. Consequently, while these devices do little to make parameter
interrelationships readily apparent, the nature of their displays increases
the need for deriving these relationships. Also, each of these systems
acquires and processes only one EEG channel. Thus if information from a number
of EEG channels is wanted, a number of devices must be used. The extra

time required to monitor and operate these devices combined with difficulties

in directly comparing their outputs make this arrangement infeasible.

It was suggested by Frost et al (43) that one of the major limiting
factors preventing the development of. EEG automation is the configuration of
commonly available computing devices, i.e., the centralization of the control
of data acquisition, processing, and display duties in a computer-based
monitoring system limits that system's effectiveness. A multiprocessor
approach 'to EEG acquisition and interpretation was then described. For the

same reasons as Frost presented for automatic EEG interpretation, this approach
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may also prove useful in the design of perioperative patient monitors. Using
such an approach, systems similar to those described at the start of this
chapter may prove to be useful as preprocessing modules for a multifunction

monitoring system.

3.2 Multiparameter Monitors

In 1972, J.S. Brodkey et al (44) described a computer-based patient
monitoring system for neurosurgical patients. This system was capable of
sampling, storing, and displaying EEG, evoked potentials, ICP, and blood

pressure. The data display medium was a laboratory oscilloscope.

A World Health Organization (WHO) travelling fellowship report in
1978 overviewed work in computer-assisted patient monitoring at a number of
centers across North America (45). Four of these centers were involved with
the application of computers in the operating room. The following five para-

graphs describe work at these centers.

A system developed in Cleveland can simultaneously monitor heart-
rate, temperature, systolic and diastolic blood pressure, inspired oxygen
concentration, and blood oxygen saturation from 4 patients (45 pp. 6-9). The
computer was located outside the operating room and data was displayed on a
video monitor within the operating room in the form of trend graphs. Informa-
tion about various surgical events could be entered via a small, specially
designed keyboard. It was planned to expand this system to include the

acquisition and processing of four channels of EEG.

A system for the continuous monitoring of brain activity during
anesthesia and surgery was developed in San Diego (45 pp. 30-33). This
system monitored EEG, arterial blood pressure, heart rate, and user entered

anesthetic events. This information was displayed on a video terminal which
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was updated every eight seconds. The EEG was displayed wusing either the
compressed spectral array (see section 4.5.1), or the total integrated micro-
voltage value (0-16 Hz) and median power frequency (6-16 Hz). The user can
access data acquired 30 minutes, one hour, or five hours previously through
the video terminal. Although the computér was located outside the operating
room, there were plans to implement a system with similar features on a micro-—

computer which could be located within the operating room.

Researchers in La Jolla produced a prototype system for research
(45 pp. 34-36). This microprocessor-based systéﬁ monitored arterial blood
pressure and one EEG channel. EEG was displayed using the DSA (see section
4.5.1) on a thermal printer. The entire system could be located in the
operating room and there were plans to expand the system to incorporate more

physiological parameters.

An EEG-based system to aid the anesthetist in patient state assess-
ment was developed in Vancouver (45 pp. 40-42, 46). This system was capable
of displaying 4 channels of EEG in either the CSA or DSA format along with
- respiratory and haemodynamic parameters. Preoperative and perioperative infor-
mation could be entered via the video terminal's keyboard. This information
could be displayed.along with the automatically acquired data on the video
terminal within the operating room. The computer, however, was located
outside the operating room. This project was the impetus behind the work

described in this thesis.

A system using the EEG for patient monitoring during open heart
surgery was developed in the Netherlands (45 pp. 48-49, 47). Two channels
of EEG were acquired and processed. Non-EEG parameters were typed into the
computer, the computer was outside the operating room, and up to two patients

could be monitored at one time. This system used zero crossing histograms
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for EEG processing and display and updated an X-Y recorder every 60 seconds.

- At the 1980 AAMI meeting, Paulsen (20) described a monitoring system
for slowly varying signals. A major design criterion for this project was to
reduce the amount of the anesthetist's time required to perform routine chores
such ‘as record keeping. Using the system developed, the anesthetist could
enter information to the system via a hand-held 16 key keypad. In addition,
up to 16 analogue signals could be automatically sampled and stored every 30.
seconds. This information was output to an XY plotter on top of the anesthesia
machine. The format of this record was the same as the presently maintained
records so it could be continued in the event of computer failure. The computer
was located outside the operating room and the system was connected to 6

operating rooms and 2 recovery room beds.

3.2.1 Discussion

All but one of the systems described above (La Jolla) used computer
systems that were too large to be practically located within the operating
room. It was mentioned in chapter 2 that this configuration leads to com-
plicated startup precedures, higher probability of interference from outside
sources, lack of mobility, and necessitates the use of more personnel than
a self contained system. Due to size limitations and deficiencies in avail-
able hardware, the computational power of the computer used in the La Jolla
system was limited. Consequently, the number and sophistication of the
features which could practically be implemented on this system were also

limited.

Three of the above systems (Cleveland, Netherlands, and Paulsen)
used the computational power of a large external computetr system to simulta-

neously monitor a number of patients. While this feature should reduce the
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cost per patient of using the system, it also magnifies the negative effect
of computer breakdown. Thus, a multipatient monitor both increases the need
for reliability and, due to the external locations of the computer, compli-

cates the achievement of that reliability.

A number of the systems used a cathode ray tube (CRT) for informa-
tion display. An erasable display medium such as this permits a wide variety
of display formats and provides the potential to access a large amount of
information.without increasing operating room clutter. However, depending
on the systems design, accessing information which has passed from the screen
requires user interaction and can be difficult. In addition, in the event

of a computer failure, access to information stored in the cémputer is lost.

With a paper record output medium, all the information is always
displayed. 1In addition, paper records will not become inaccessible when the
monitor malfunctions. However, paper records increase the clutter of the
operating room and do not have the format flexibility of CRT's. Given the
above tradeoffs, it is likely that the "optimum" perioperative patient monitor

will incorporate both erasable and nonerasable display media.

In an attempt to relieve the anesthetist of some of his record
keeping duties, Paulsen devised a 16 key keyboard for the entry of timed
comments during the operation. A special purpose keyboard was also used in
the Cleveland system. Another alternative is to provide for the entry of
these comments through the terminal's keyboard, as in VGH's EEGAL system.
While Paulsen's system bypassed the need for typing skills to enter comments,
it also limited the anesthetist to a finite number of comments thus leading
to less complete or less detailed surgical records. If automated surgical

records are to be accepted within the operating room, some means of entering
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any comment without the need for advanced typing skills will be necessary.
Perhaps a combination of written and computer maintained records with some

means of linking them together would be appropriate.

In order to present time trends of the EEG, the compressed spectral
array (CSA) (San Diego, Vancouver), the density modulated compressed spectral
array (DSA) (La Jolla, Vancouver), and zero crossing histograms (Netherlands)
have been used. These formats for presentation have been found useful for
the detection of relatively rapid changes in the EEG!s characteristics which
are indicative of certain physiological abnormalities; such as inadequate
cerebral perfusion after occlusion of the carotid artery during carotid
endarterectomies. In these applications, however, EEG changes related to
depth of anesthesia are treated more as a source of confusing signals rather
than a tool for patient étate assessment. It is clear, therefore, that
improvements must be made in the presentation of long term EEG trends before
the EEG will be used for routine patient monitoring. A discussion of the
relative merits of fhe above displays can be found in section 4.4.1 and

section 4.5.1.
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4. TMPLEMENTATION

The general design philosophy for MOMA has been aimed towards
maximizing the overall flexibility of the system so as to allow later adjust-
ment of many of its design parameters. Although this approach compromises
the initial efficiency, size, and cost effectiveness of the system, these
considerations can be more appropriately handled when the "optimum" design

parameters have been more precisely determined.

4.1 The Hardware

Figure 6 shows the general hardware configuration of MOMA. 1In
keeping with the design philosophy, the hardware purchased for this project
has been of a general purpose nature. In the future, hardware modification
and additions tailored to specific tasks may produce significant performance

improvements.

The main component of MOMA is a Digital Equipment Corporation (DEC)
PDP-11V03-L microcomputer system. This system includes:

1) an LSI-11 processor (KD11l-HA).

2) a double density floppy disc system with total storage capacity of
1,025,024 bytes (RX02).

3) a 12 bit, 16 channel analogue to digital converter (ADV11-A).

4) a programmable real-time clock (KWV11l-A).

5) four independent serial line interfgces compatible with EIA RS-422,
ETA RS-423, and EIA RS-232C, and with selectable baud rates between
150 and 38400 bits per second inclusive (DLV11-J).

6) 64 K bytes of random access memory (MSV11-DD).

7) software support and documentation for the above hardware.

8) a fully documented operating system (RT-11V03-B).

9) diagnostic programs for system maintenance.
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This system provides software compatibility with other DEC systems at VGH
and came with much of the hardware and software required for monitor develop-

ment and device maintenance.

PATIENT HISTORY
(proposed)

TIME PLOTS of
non-EEG data

NON EEG DATA—{

EEG POWER-—
SPECTRA

COMPUTER
COMMUNICATION

PRINTER
(proposed)

{ ___TEKTRONIX 4025
/ GRAPHICS TERMINAL

LST-1l PROCESSOR— = &=

RX02 DUAL ____@
DISKETTE DRIVE @

Figure 6: The General Hardware Configuration

“

For display and user interaction, a Tektronix 4025 graphics ter-
minal (TX4025) w#s purchased. This raster-scanned microprocessor-based
terminal came with 32 K bytes of graphics memory and 8 K bytes of text
memory. The instruction set of the TX4025 is compatible with the Tektronix
4027 color graphics terminal. Thus, the software developed for this version
of MOMA will not require major revisions if a color capability is desired in

the future. The scrolling capabilities, the relatively high level graphics
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capabilities, and the upward compatibility with a color graphics terminal

make the TX4025 well suited to this application.

A Digital Pathways rechargeable battery-supported computer clock
(TCU-50D) was purchased. This device avoids the necessity of manually initial-

izing the date and time at system startup.

4.2 The Software

For this and the remaining sections of this thesis, the following
definitions will be used:
1) MOMA CYCLE = a single data acquisition, processing and storage loop.
2) MOMA CYCLE PERIOD = the time consumed by a single MOMA CYCLE.

3) SIGNAL

the analog data signal to be sampled and processed.

4) RECORD

il

the sampled portion of an EEG signal to be used for
processing within a given MOMA CYCLE.

5) SEGMENT = a subset of a RECORD.

4.2.1 The Software Approach

The general design philosophy of maximizing flexibility was dis-
cussed at the start of this chapter. Towards.this end, the following
approaches were adopted:

1) A high level and frequently used language (FORTRAN) was selected for
the majority of the programming tasks. Although this sacrifices
execution speed and program size, it should result in a more read-
able and understandable software system.

2) Subprograms were used extensively so as to divide the software into
logical modules and to improve readability.

3) Each module was heavily documented and contains .a caption which

briefly describes its intent.
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4) The intent and features of each software package were documented.
5) Program flow diagrams were drawn to graphically portray the flow of

program control.

4.2.2 Software Components

Unless otherwise specified, program documentation for each of the

following components can be found in appendix 2.

4,2.2.1 DEC Supplied Components

All of the programs written make use of the RT-11V03-B operating
system. The foreground/background monitor is required for the main MOMA

programs but the single job monitor is sufficient for the rest,

A number of the sampling, processing, and I/0 subroutines, which
were supplied with the system, were used. The following three manuals, supplied
by DEC, contain documentation for these subroutines; the Advanced Programmers
Guide, the FORTRAN IV Extensions Users Guide, and the Laboratory Subroutines

Manual.

4.2.2.2 Visual Editing Package

A visual editing package was written to interface the visual editing
capabilities of the TX4025 with a text editor supplied by DEC (TECO). TECO
was written by members of the DEC Users Society (DECUS) and is not supported
by DEC. The visual editing package was written using TECO instructions and
has proven invaluable as a program development and documentation tool. Comments
were used sparingly in these routines because the inclusion of comments un-

necessarily:slows them down.
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4.2.2.3 Graphics Routines

A general purpose graphics package was written to take advantage
of the TX4025's graphics capabilities. This package is comprised of a group
of FORTRAN subroutines for vector generation, figure generation, and data
plotting. These routiﬁeshwere put into an object library (GPHLIB) so as to

simplify the program linking procedure.

4.2.2.4 MOMA Routines

Figure 7 shows the relationship between the MOMA hardware and soft-
ware components. The foreground/background operating system supplied with
the computer provides a two priority level mode of operation. Routines
involved with data sampling, data processing, and data storage were assigned
the higher priority (foreground) and routines involved with data display and
user interaction were assigned lower priority (background). .Using this
scheme, data acquisition and processing routines are transparent to the user

and cannot be interfered with unless the program is terminated.

The absolute minimum cycle time is simply the time required_for data
acquisition, data processing, and data storage, which was found experimentally
to be approximately 12 seconds. This, however, leaves no time for the display
and interaction routines. In addition, the amount of disk storage required
per unit time is inversely proportional to the MOMA cycle period. Thus, for
long continuous operation of the system and efficient display and interaction,
a large cycle period should be chosen. On the other hand, the longer the
computer takes to update the display, the longer it takes for a crisis situa-
tion to be brought to the attention of the anesthetist. This is extremely
critical in situations such as cerebral ischemia resulting from inadequate

cerebral perfusion, where irreversible neurological damage can occur in a
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matter of minutes. This clearly calls for a short MOMA cycle period. The
MOMA cycle period was chosen to be 30 seconds, thus leaving approximately

18 seconds per cycle for display processing and user interaction. Operations
of up to 7 hours and 40 minutes may be recorded upon a single disk under these
circumstances. More importantly, updating of the display is frequent

enough to prevent a significant delay in the recognition of a crisis situa-

tion.

In order to simplify the future modification of the MOMA routines
a large number of global parameters were used. A network of common blocks
passed these parameters to various modules of the program. By appropriately
setting these global parameters, it is possible to generate a wide variety

of display formats and configurationms.
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The display and interaction routines (background routines) can
run in the absence of a foreground job. This enables the user to use all
the display and interaction features of MOMA when viewing data acquired from

previous operations.

The RT-11 FORTRAN debug (conditiomal compilation) statement was
used extensively in the foreground routines. These routines can be recompiled
using the /ONDEBUG option and linked to run in the background. The resulting
program allows the user to trace the program flow, plot the acquired data,
plot the power spectral estimate, and store thé data. Although this
facility was designed for program testing purposes, it may also prove useful
for the interactive acquisition of data. Its inability to access previously
stored data and its interactive nature, however, make it impractical for use

by the anesthetist within the operating room.

When the standard data acquisition, processing and storage routines
are run along with the display and user interaction routines, the resulting
program exceeds the available memory capacity of the system (32K words).
Consequently, it was necessary to overlay parts of the routines from the
disk. However, since each disk access takes, on the average, one quarter of

a second, this scheme significantly slowed down the program.

4.2,2.5 Testing Routines

The PDP-11V03-L came with diagnostic programs. These programs can
be used to verify the proper functioning of the various hardware components

of the system.

Test programs which call various subsets of the graphics package
and the MOMA package were written. This allows program bugs to be traced

and program alterations to be tried. Through the use of RT-11 FORTRAN's
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debug feature mentioned previously, it is possible to insert statements
which further aid in the task of program debugging. A number of the graphics

and MOMA routines contain these statements.

Foreground and background simulation routines were written for
the testing of the MOMA routines. The foreground simulator sends predefined
test patterns to the background job in the same manner as does the main fore-
ground job and is useful for the testing of the display and user interaction
(background) routines. The background simulator receives and types out the
message sent the foreground job and is useful for the testing of the data

acquisition and processing (foreground) routines.

Finally, a routine was written to aid in the calibration of the

A/D converter.

4,2.2.6 Startup Routines

A number of startup programs were written. These programs are
called along with various text files by startup command files. Using these
command files, the system directs it own startup, checks the integrity of
various system components, and sets the modes of the terminal and the

operating system,

4.2.2.7 Command Files

In addition to the startup command files mentioned in section 4.2.2.6,
a number of support command files were generated. These were used to

simplify the compiling and linking of packages containing many modules.

4.3 Monitoring Parameters

The A/D converter has 8 independent channels (quasidifferential

mode) available for the acquisition of analog data. It was decided that the
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same four EEG channels that were used in the EEGAL project (F3-C3, C3-01,
F4-C4, and C4-02 as defined by the international 10-20 system for electrode
placement (48)) should be used in MOMA. These four channels represent the

four quadrants of the head. MOMA's EEG acquisition process is shown in figure

8.

. EEG _ACQUISITION

CHANNEL 1 CHANNEL 3

CHANNEL 2

e

Processing

Signal

Figure 8: The EEG acquisition Process
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The existing software can be set to sample each of the remaining
four unallocated A/D channels once every- MOMA cycle. Consequently, only
slowly varying signals, such as mean blood pressure, pulse rate,.or tempera-
ture, can be meaningfully sampled. It is possible, however, to insert

program modules which sample these channels at a faster rate.

The only processing of data acquired through the unallocated chan-
nels is that of multiplicative and additive scaling. However, as with the
sampling rate, it is not difficult to insert program modules which perform

signal processing appropriate for a particular parameter.

Some of the monitoring devices presently used in the operating room
provide outputs appropriate for sampling by a computer. Thus, for initial
clinical trials, likely candidates for sampling will be those parameters
routinely acquired and displayed using these devices. TFor example, pulserate,
temperature, left atrial blood pressure (LAP), central venous pressure (CVP),
and mean arterial pressure (MAP), are routinely monitored during open heart
surgery at VGH by devices with computer compatible outputs. Although the
ECG is also monitored by such a device it would be necessary to sample it more
than once every MOMA cycle to obtain meaningful data, thus some software
modification would be required. As dictated by the results of clinical trials
and the ease of data acquisition, other parameters will likely be added to
this list. In addition, each surgicai procedure has different monitoring

requirements and, consequently, different parameters will be sampled.

4.4 EEG Processing

4.4.1 Discussion of Techniques for EEG Processing

Figure 9 shows samples of multichannel recordings of baseline EEG

activity before and during anesthesia. This figure clearly shows that
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Sample Segments of Multichannel EEG Activity. Samples of EEG

activity before and during anesthesia for three subjects having

similar baseline EEG characteristics are shown in (a)-(b), (c)-(d),
and (e)-(f). Segments (b), (d) and (f) were recorded during halo-
thane anesthesia, narcotic anesthesia and enflurane anesthesia,
respectively. (after McEwen (23))
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processing and display techniques must be developed to minimize the effect of

interpatient variability and to reduce the amount of information presented.

The Augmented Delta Quotient (ADQ) used by Volhyesi (41) and the
technique used in the Cerebral Function Monitor (37) both reduce each channel
of the EEG to a slowly varying signal which changes according to certain EEG
characteristics. The result is a considerable reduction in the amount of
data generated when compared to conventional EEG recordings. A problem with
these techniques, however, is that a given change in the ADQ or the CFM can
correspond to a number of physiological changes. For example, changes
corresponding to anesthetic depth can mimic changes'corresponding to cerebral
ischemia. In addition, changes in one characteristic of the EEG can balance
out changes in another characteristic. Thus changes which may be significant
will not be reflected. Finally, EEG signals have generally been described
in terms of their frequency and/or time characteristics. Since the above
techniques do not independently present either of these characteristics, the
interpreter is not able to analyze the data in terms of commonly encountered

feature descriptors.

Two major techniques have been used for eliciting freqﬁency informa-
tion from the EEG; period analysis and spectral analysis. Period analysis
is based on counting the number of times the EEG crosses the isoelectric
(0 voltage),line. However, it is necessary to collect a large number of data
samples to obtain reliable frequency estimates using period analysis. Con-
sequently, long time intervals must be used. These long intervals will delay
the response to abrupt changes in the EEG. Also, EEGs with differing
characteristics can produce the same zero crossing frequency. Spectral
analysis, on the other hand, feliably provides frequency information by

analysing short time intervals. Since each frequency band is independently
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presented, changes in one:part of the spectrum will not obscure changes in
another. For this project, spectral analysis was used. A discussion of the
display formats used to present the time trends in the frequency information

obtained from spectral analysis can be found in section 4.5.1.

Work has been done in automatic patient state assessment using
pattern recognition techniques on the EEG (eg. 23,49). If a monitor coﬁla'
be designed incorporating these techniques, the anesthetist might be relieved
of the task of EEG interpretation. However, the algorithms for performing
these computations with a high degree of success are computationally demanding
and are difficult to perform in real-time using existing computer hardware.
If and when such a system is developed for real-time use, its acceptance
will rely on the ease of recognition and rectification of any sources of

erroneous estimates and on the system's ease of use.

4.4.2 Analog Preprocessing

In order to reduce ﬁhé effect of low frequency movement artefacts,
higher frequency EMG artefact and power line pickup (60 Hz), and to prevent
aliasing during power spectral estimation, the EEG signals should be high-
pass and low-pass filtered. In the EEGAL system, the EEG was high-pass
filtered at .54 Hz (first—order high-pass built into the Beckmann Accutrace
EEG machines) and low-pass filtered at 30 Hz (third-order butterworth low-
pass Krohn-Hite 3342-R). Recordings from the EEGAL project were used in the
demonstration of MOMA (see chapter 5). Since aliasing occurs at 32 Hz in
MOMA (64 Hz sampling frequency), the low-pass filter of future versions
will likely roll off at a lower frequency, ie. about 25 Hz. 1In addition to
being filtered, the EEG must be amplified for compatibility with the A/D

converter. The EEG is characteristically about 50 microvolts in amplitude and
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the A/D operates between plus and minus 5.12 volts, thus an amplification of

about lO5 is required.

4.4.3 Digital Preprocessing

Two digital preprocessing techniques were used in order to optimize
the output of the power spectral estimator, which is based on the Fast Fourier
Transform (FFT). Firstly, if a DC bias is present in the data segment to be
processed, the FFT will produce a large DC element and small higher frequency
elements. In order to prevent this, the mean of each data segment was re-
moved prior to processing. The means are available to routines entered later
in the same MOMA cycle but are not stored on disk. Secondly, in order to
limit spectral leakage, a cosine taper was applied to the first and last ten
percent of each data segment. Both of these operations are performed
immediately on receipt of a data segment (ie. while the next segment is being
acquired), so as to spread the computation related to signal processing more
evenly within the MOMA cycle. This should result in smoother display pro-

cessing and user interaction.

4.4.4 EEG Power Spectral Estimation Technique

Since its rediscovery in 1965 (50), the fast fourier transform (FFT)
has become a fast and economical means for obtaining power spectral estimates
(PSEs) of digitally sampled signals. Techniques using the FFT implicitly

assume that the underlying analog signal is a stationary random process.

There are a number of considerations for choosing a PSE technique
for this application. Firstly, in order to operate in real-time and to allow
for display processing and user interaction, the technique must be reasonably
fast. Secondly, since the spectral characteristics of the spontaneous EEG

are generally described in terms of broad frequency bands, the PSE does not
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need to have'high.resolution. Thirdly, since the computer has a limited
amount of random access memory (RAM), it is im?ortant to minimize the amount
of memory required for spectral analysis. Finally, the amount of data that
must be stored every MOMA cycle will affect the maximum operation length

which may be recorded and the time required to recall each record from the

disk.

Using a record segmentation technique presented by Welch in 1967
(51) it is possible to obtain a decrease in the variance of the spectral
estimate by sacrificing spectral resolution. For example, if K equals the
number of segments, there will be a PSE variance reduction of 1/K for
Gaussian processes. A study comparing this and 4 other spectral estimation
techniques (52) concluded that although some of the other techniques produce
better results, the Welch method is a reasonable choice for time limited
applications. Dumermuth (53) suggested that while this technique has some
leakage problems, it may be useful for EEG processing in systems with limited
memory capacity. Although other PSE techniques exceed the performance of
the Welch scheme (eg. 54-57), they generally take more computation time and

consume more memory.

4.4.5 Segment Size

An appropriate choice of segment length during power spectral estima-
tion will result in convenient frequency increments in the derived power spectra.
With this in mind, a segment length of one second was chosen. This produces

a power spectrum with one Hz increments.

4.4.6 Record Size

The variance of the PSE produced by the Welch method decreases as

the number of segments increases. However, as determined by McEwen (23), the
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validity of the assumption of stationarity of the EEG signal decreases as
fecord length increases. Additionally, with the addition of every new segment,
the required processing time and the minimum MOMA cycle increases. With these
considerations in mind, a record size of eight seconds was chosen and was

divided into eight one-second segments for processing.

4.4.7 Frequency Domain Smoothing

In order to improve the statistical characteristics of the PSE, a

three point moving average window was used.

If P(k) = the unsmoothed PSE k=0,1,...,N-1

and S(k) = the smoothed PSE k=0,1,...,N-1
then S(0) = .5P(0)+.5P(1) (4.1)
S(N-1)=.5P(N-1)+.5P(N-2) (4.2)
S(3)=.25P(j-1)+.5P(j)+.25P(j+1) j=1,2,...,N-2 (4.3)

4.4,8 Sampling Rate

Studies relating the EEG spectral characteristics with patient
state have suggested that the frequencies of interest are below 30 Hz (22).
Since the signals must be sampled above the Nyquist rate, ie. twice the
maximum frequency desired, the minimum sampling frequency is 60 Hz. Also,
for good computational performance of the FFT, the number of samples per
data segment should be a power of two. Using a segment size of one second,
three sampling rates which satisfy the above two constraints are 64 Hz,
128 Hz, and 256 Hz. In order to minimize memory requirements and processing

time, the lowest of these sampling rates was used (64 Hz).

4.4.9 ‘Summary of EEG Processing

For a given 30 second MOMA cycle, each EEG channel is processed in

the following manner:
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Each signal is amplified, high-pass filtered at .54 Hz, and low-
pass filtered at 30 Hz.

An eight second record is acquired by the computer through the A/D
converter which samples at 64 Hz.

Each record is partitioned into eight one-second nonoverlapping
segments.

The mean is removed from each segment.

The first and last 10 percent of each segment is tapered using a
cosine taper.,

A power spectral estimate is computed for each EEG channel using

a data segmentation technique suggested by Welch (51).

Each estimate is smoothed using a three point moving average window.
The smoothed estimate is stored on disk and sent to the display

processing routines along with various other program parameters.

Specifics of the Spectral Estimation Technique

Let:

/
the EEG data record to be processed. j=0,1,...,N-1

fl

X(3)
N = the length of each record.
L = the length of each segment.
K = the number of segments.
‘D = the distance between the first sample

of adjacent segments.

Xi(j) = X(j+(i-1)D) = that i'th segment. j=0,1,...,L-1

W(j) = the time domain window. j=0,1,...,L-1
Ak(n) = the fourier transform of Xk(j)*W(j). n=0,1,...,L/2
Ik(fn) = the modified periodogram of .

X, (3)*W(3) f =0,1/L,...,1/2
n
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P(fn) the unsmoothed power spectral estimate fn=0,l/L,...,l/2

[

S(fn) the smoothed power spectral estimate fn=0,l/L,...,l/2

Assume that X(j) is a stationary second order stochastic process
and that E(X)=0. In order to decrease the computational load and to simplify
data buffering, nonoverlapping data segments were chosen. In addition, the
entire record must be covered by the data segments to insure that all acquired
data is used. Thus,

D'=1L and N = (K-1)*D+L = K%L. . (4.4)

For this project, N=5.2, L=64, K=8, and D=64.

The processing technique procedes as follows. After applying the
data window W(j) to each data segment, the fourier transform of each data
segment Ak(n) is computed.

L-1 ‘ L.
A =T I X (Duge2Hn “.5)

j=0
) L
where i=(-1)"* and n=0.1.,,,.L/2.
The modified periodograms Ik(fn) are then derived from the fourier trans-

forms.

L 2 .
L(f) =% t A, () ’ | (4.6)
I
where f == n=0,1,...,L/2, and U== £ wW(j)".
n L L §=0

The unsmoothed power spectral estimate P(fn) is the average of the modified

periodograms. Thus,

™R

, =1
PCfn) =3 Ik(fn) 4.7

k=1
Finally, P(fn) is smoothed using the three point average window

described in section 4.4.7 to produce the smoothed spectral estimate S(fn).
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A more detailed description of the above processing technique can be found

elsewhere (51).

4.5 EEG Display

4.5.1 Discussion of Techniques for EEG Presentation

In any attempt to portray the time trends of the frequency spectrum
of EEG signals, tﬁ}éé”diﬁensions must be portrayed; frequency, time and
magnitude. Since thé display mediums presently used have only two spatial
dimensions, that data must either be projected onto two dimensions or a non-

spatial dimension such as color or intensity must be used.

Representation by projection is the technique devised by Bickford
(58) and has been used in a number of clinical areas (eg. 59,60). It has
been called the Compressed Spectral Array (CSA). This teéhnique simply maps
both the time and magnitude onto the Y axis, ie. the standard amplitudes vs
frequency plot is generated for each sample period but the origin for each
successive plot is moved up the Y axis. In order to give the displayed EEG
the appearance of being a three dimensional contoured surface, a hidden line

algorithm is used to prevent new plots from crossing below previous plots.

Although the CSA is an aesthetically pleasing display it has a
number of drawbacks which limit its effectiveness for intraoperative monitoring
Firstly, the presence of a large component in a given spectral plot may,
because of the hidden line algorithm, cover usable data in succeeding spectral
plots. Secondly, since time and amplitude share an axis, it may be difficult

to determine the time at which a given frequency characteristic was acquired.

A technique described by Fleming (61) creates a third dimension by

using dot density to represent magnitude. This has been called the Dot
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density representation of the compressed Spectral Array (DSA). By using

three orthogonal dimensions (X,Y, and intensity) the problems described for
the CSA are avoided. A comparison of the CSA and the DSA can be found in
figure 10. Both the CSA and the DSA were implemented in the EEGAL project
(46). The opinion of researchers involved with EEGAL was that the DSA

showed more potential as a display format. For these reasons, the DSA was
used in this project. The same conclusion was reached in a recently published
paper techniques for intraoperative monitoring (62), including the DSA, CSA,

CFM, and ADQ. The CFM and ADQ techniques are discussed in section 4.4.1.

4.5.2 DSA Implementation

The terminal's character format flexibility makes it well suited
for a DSA display. It is possible to define alternative character fonts,
which are tables of 8 * 14 point dot matrix patterns. Each character is
displayed when a given eight bit code is received from the computer. Any
line in the workspace region of the terminal can display characters from
either the standard alphabet or alternative character fonts or both. 1In
order to produce a DSA display, even numbers of dots from O to 112 were
scattered randomly within the 8 * 14 matrices to produce 57 gray levels.
These gray levels are associated with the ASCll characters with decimil codes
of 33 to 89 inclusive. The magnitude of each element of the power spectral
estimate is linearly encoded to one of these gray levels. Power spectral
elements which exceed the upper to lower bounds of this relation are encoded
to the maximum intensity or minimum intensity characters respectively. For
-the purpose of generating axes for the DSA, three additional characters
' were defined. The dot matrix patterns used to form this alternative charaéter
font can be found in Appendix 5 and the output of a character font testing

routine (FNTTST) can be found in figure 11.
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ENTTIST: - FONT 16 TEST

?@ABCDEFGHIJKLMNOPQRSTUVWXYZL ~]1"_"abcd

I—T

OF FNTTST

Figure 11: The output of the alternative character
font testing routine FNTTST.

The fact that the graphics mode of the terminal need not be used in
the DSA provides some additional bonuses. Firstly, the amount of the terminal's
memory required to display a given number of spectra is substantially lower
than would be required for a CSA display, thus more information can be dis-
played at one time. Secondly, since no fixed graphics region need be speci-
fied, the scrolling capabilities of the terminal may be more effectively used.
Finally, the displays can be updated by simply overwriting data rather than
redrawing a vector as would be necessary in the graphics mode. This results

in more efficient and faster display processing.
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4.5.2.1 The Effect of the Human Visual System

As described by Overington (63), the response of the human visual
system's receptors is roughly proportional to the log of their illuminance.
For this project, the intensity of the gray levels varies linearly and the
power spectra are linearly encoded to these gray levels. Consequently, the
human visual system effectively takes the log of the displayed power spectra.
Althoughlvariables such as background luminance and structure, %ccommodation,
border enhancement, etc. are not accounted for, the fact remains that the
perceived intensity difference between two adjacent low intensity gray levels
is greater than the perceived intensity difference between two similarly

separated levels of a higher intensity.

4.5.3 Special Features

A summary of the EEG presentation format described below can be
found in figure 12. The DSA displays implemented in MOMA are divided into
two sections; a scrolled section and an unscrdiled section. When presenting
real-time data, the scrolled section is automatically updated when new data
is recieved. While in a scrolled state (described below), however, the

automatic update is inhibited. At the user's request, the scrolled section

can bé moved Béék and forth in time by>a speciéied number of records. ié.

if the scrolled section is presenting the L'th to the L-M'th EEG records, it
can be moved forward in time so that it presents the L+N'th to the L-M+N'th
EEG records or, it can be moved back in time so that it presents the L-N'th

to the L-M-N'th EEG records. Any attempt to scroll to before the start of
the operation or into the future is ignored. Even though display update is
inhibited while in a scrolled state, data continues to be acquired and stored.
Thus, when the display is returned to real-time, no data is lost. Using the
scrolling feature, it is possible to access any EEG record stored earlier in

the operation.

=,
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Figure 12: Format of the displays presenting the DSA.

The unscrolled section of the DSA displays is loaded by transferring
an EEG record from the top of the scrolled section to the top of the un-
scrolled section. Records transferred, or saved, in this manner are not
affected by future update, scrolling, or display change processes. This
feature allows the anesthetist to perform comparisons between EEG records
separated by long periods in time and should help in identifying long term

trends in the EEG.
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4.6 The Display of Non-EEG Parameters

To permit comparisons between non-EEG and EEG data, non-EEG data
is displayed digitally in all the EEG displays. The digital display of non-

EEG data always corresponds to the most recent EEG record on the screen.

During the observation of various surgical procedures, the author
noted that the large digital displays of certain parameters, such as mean
blood pressure and pulserate, are used by both the anesthetist and the su;gedng
sometimes at a distance from the monitor. Since these displays are viewed
at a distance, the small digital display of non-EEG data on MOMA will not
take the place of the larger displays. However, since MOMA's digital displays
are always associated with the most recent record on the screen, they are

useful when the EEGAiS scrolled.

A display format was generated which presents the time trends in
the non-EEG data. 1In this format, up to four channels of non-EEG data can be
plotted vs time on the terminal's screen. This is equivalent to the paper
record routinely maintained during all operations at VGH. Thus, in addition
to making the time trends and interrelationships of non-EEG parameters more
readily apparent, this facility may relieve the anesthetist of some of his
record keeping duties. A summary of the non—EEG time-trending display format

can be found in figure 13.

4.7 'Timed Tags

Many events and conditions in the operating room must be considered
when the data acquired and stored by MOMA is interpreted. In order to
assoclate these events with the automatically acquired data, a timed tagging
facility was implemented. Usiﬁg this facility, it is possible to enter up

to 255 typed comments to the computer. These comments, or timed tags, are
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Figure 13: Format of the displays presenting time-
trends of the non-EEG data.

associated with the next acquired record, stored on disk, and displayed be-
side the DSA in the EEG displays. The tags are truncated to 32 characters

prior to storage on disk.

4.8 The Terminal Screen's Configuration

As shown in figure 14, the terminal's screen has been split into
two regions, the workspace scroll and the monitor scroll. Characters typed
into the workspace scroll from the keyboard are not sent to the computer but
characters typed into the monitor are. The information contained in one scroll

is independent of the information contained in the other.
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The MOMA programs use the workspace scroll for the presentation
of preformated displays. During the startup procedure, this scroll is
loaded by the computer with checklists and startup instructions. During
operation, the computer sends the displays to this scroll. For the displays
presently implemented, the workspace scroll occupies the top thiftyylines of

the terminal's screen.

. MOMA Display |
: (30 lines) :

Q
0
MOMA/User
—=Interaction

(4 lines)

Figure 14: The structure of the Tektronix 4025
terminal's screen.

The MOMA programs use the monitor scroll for user interaction.
The computer sends all messages and requests for servicing to this scroll.
These requests are accompanied with a bell so as to attract the user's
attention. In addition, all entries from the keyboard are echoed to this
scroll. For the displays presently implemented, the monitor scroll occupies

the bottom four lines of the terminal's screen.
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4.9 Implemented Displays

As shown in figures 15 to 18 inclusive, four displays were implemented
which combine the DSA with timed tags and non-EEG data. The non-EEG data is
presented digitally at the top of the screen and is always associated with
the most recent DSA record on display. The timed taés, if present, are typed
on the right hand side of the DSA records. Two of these displays (D1 and D3)
contain a seven line scrolled section and a three line unscrolled section for
each EEG channel. The other two displays (D2 and D4) contain a 15 line
scrolled section and a five line unscrolled section for each EEG channel.

When these displays are updated, the new EEG records and timed tags are in-
serted into the top of the scrolled section and the digital non-EEG portion

of the display is overwritten.

As shown in figures 19 and 20, two displéys were implemented which
plot the non-~-EEG data vs time by making use of the graphics routines. One
of these displays (D5) plots the last 79 samples of each non-EEG signal and
the other (D6) plots each non-EEG signal from the start of the operation to
present. It is exﬁected that the system will not be presenting these dis-
plays for long periods of time. For this reason, it was not deemed necessary
to automatically update these displays. There is, however, ho technical

reason limiting the implementation of a display update capability.

4.10 User Interaction

An effort has been made to minimize the time required to use and
to learn how to use the system. Towards this end, the amount of required
interaction with MOMA was minimized. When interaction is necessary, a
message is typed into the monitor scroll which describes the problem and the

appropriate response(s). A bell is rung when the message is sent so as to
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MOMA Display Number 1 (D1)
— 10 lines of DSA for four EEG channels
- the scrolled section = the top seven lines
- the unscrolled section = the bottom three lines
- Timed tags truncated to 8 characters
- Digital display of data from up to four non-EEG channels
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- Digital display of data from up to four non-EEG channels
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MOMA Display Number 3 (D3)
— 10 lines of DSA for two EEG channels
- the scrolled section = the top 7 lines
- the unscrolled section = the bottom 3 lines
- Timed tags truncated to 32 characters
- Digital display of data from up to four non-EEG

channels
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Figure 18:
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MOMA Display Number 4 (D4)
—~ 20 lines of DSA for one EEG channel
- the scrolled section = the top 15 lines
- the unscrolled section = the bottom 5 lines
- Timed tags truncated to 32 characters
- Digital display of data from up to four non-EEG channels
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Figure 19:
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MOMA Display Number 5 (D5)

- Plot vs time of data from up to four non-EEG data channels
- Presentation of the last 79 samples
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Figure 20:
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MOMA Display Number 6 (D6)
- Plot vs time of data from up to four non-EEG data channels
- Presentation of data from the start of the operation to present
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attract the user's attention. The length of the required response is also

minimized, often entailing the typing of a single key.

In addition to minimizing the amount of required interaction, im-
portance has been placed on simplicity of use of MOMA's optional features.
Firstly, commands are entered by typing a single labelled key. Secondly, the
command keys are grouped according to their function so as to simplify the
task of locating them. Thirdly; the user is informed if he attempts to use
an illegal command or the unshifted version of a shifted key instruction.
Finally, documentation about the featpres»and operation of MOMA was written

and will accompany the system within the operating room (see appendix 3).

In an attempt to increase the fault tolerance of MOMA, several
features were implementéd. Firstly, to generate some of the commands, two
keys must be depressed simultaneously, thus reducing the likelihood of acci-
dental entry of those instructions. Secondly, requests for certain irrevers-
ible instructions, such as termination or timed tags, are serviced only if the
user responds to a query with a "Y". Thi}dly, if for any reason the terminal
fails to respond properly during operation, i£ is possible to reinitialize
it without stopping the program. Finally, if the program stops during the
operation, it is possible to restart it using the standard startup procedure.
All data acquired prior to termination remains intact and is accessible after

restart.

4.11 The Command Structure

MOMA commands can be entered using two methods, by typing a command
string or by using the preprogrammed command keys. As shown in table 1, the
command strings always start with the character "{" and are terminated with

"RETURN". Any string starting with the character "{" is interpreted as a
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Table 1: Moma Command Summary
KEY COMMAND
KEY STRING FUNCTION
SCROLLING:
"FOR" {s. Set scrolling direction to forward
""BACK" _ {s0 Set scrolling direction to backward
KEYPAD 1-9 {S1 to {S9 | Scroll display N records
"PRESENT" {sp Return display to present time
TIMED TAGGING:
ALPHANUMERIC | —————-—— - Timed tag entry
"RETURN" | ———m——— End of timed tag
"RUBOUT" | ——————— Delete last character typed
CNTL/U | == Delete partially entered timed tag
"GET LINE" | = Reactivate last timed tag typed
"ON QUERY" {Q Reactivate query generation on timed tag
entry . '
"OFF QUERY" {N Deactivate query generation on timed tag
entry
DISPLAY CHANGE:
"D1" to "D4" | {1 to {4 Change to EEG display
'"D5" to '"D6" {5 to {6 Change to non-EEG display
SPECIAL FUNCTIONS:
"INIT" I Reinitialize terminal
'sSToP" {F Stop MOMA programs
"SAVE" {T Transfer EEG record from scrolled to
, unscrolled section
—————— {E Generates the message
"use SHIFTED VERSION of that key".
Programmed into the unshifted version of
the shifted special function keys
(D1-D6,INIT,STOP,SAVE) .
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command. If an illegal command is entered, the user is informed and no action

is taken.

4.12 'The Keyboard Configuration

As shown on figure 21; all special function keys are labelled. 1In
the keypad and timed tagging sections; these labels are written on top of the
keys. 1In the display and special function'section; kéyboard overlays which
are placed onto the keyboard are provided. 1If the overlay label is above the
key, the shift key must be held down while that key is pressed. If the overlay

label is below the key, the shift key is not held down.

The terminal is initialized when the system is started. During this
procedure, the internal modes of the terminal are set, the special function
keys are programmed, and the character font used for the DSA displays is
initialized. 1If these settings are altered during the operation the terminal
can be reinitialized using the "INIT" instruction. Displays are NOT erased

during this procedure.

The scrolling featurecuses the keypad portion of the keyboard.
Through this pad the user can change the direction of scrolling by typing
the "FOR" or thé "BACK" key. The scrolled section of the DSA displays can
be scrolled backward of forward one to q;ne records using the keypad numeric
keys. The digital non-EEG di;play and the timed tags are also altered and
automatic update is disabled during this process. When the "PRESENT" key is
typed, the display is returned to real-time, automatic display update is re-
enabled, and the scrolling direction is set to "BACK". Any attempt to scroll
into the future or to before the start of the operation and the redundant

typing or "PRESENT" is ignored.
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Figure 21: MOMA's keyboard configuration.
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The keys which generate the display change instructions are labeled
"D1" and "D6" on the keyboard ovérla&s: ‘In order t0'provide a quick reference
for the displays associated with these keys; a brief display summary was
attached to the front of the terminal (8ee figure 22). See figures 15 to 20

for photographs of the displays.

As described in section 4.5.3 the '"SAVE" key is used to copy a DSA
record and timed tag from the top of the scrolled section of the DSA display
to the top of the unscrolled section of the DSA display. The saved record
is not disturbed by subsequent display change or manipulation. Automatié
loading and manipulation of the unscrolled section of the DSA display is
possible. For this prototype, however, the only way to alter the contents

of the unscrolled section is through the use of the "SAVE" key.

The MOMA programs are terminated using the "STOP" key. When this
request is sent, the user is asked to confirm that the request is valid before
termination is carried out. The writing of a period onto the terminal's
screen indicates that the termination process is complete. At this point,

RT-11's KMON program is running and standard RT-11 instructions can be entered.

Timed tags are entered through the alphanumeric portion of the key-
board by typing an appropriate comment followed by "RETURN". The only re-
strictions on the form of these comments is that they cannot start with the
character "{" (MOMA command character) and cannot contain the character "'"
(terminal's command character). Entered timed tags are truncated to 32
characters on entry. After a timed tag is entered, the program rewrites it
onto the monitor scroll and asks: the user to accept or reject it. If de-
sired, the user can suppress this query by pressing the key labelled "OFF QUERY".
Timed tags are then stored immediately on the typing of "RETURN". Query

reactivation was performed by pressing the "ON QUFRY" key. Three tag
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manipulation instructions were implemented. Firstly, the "RUBOUT" key
deletes the last character typed, thus permitting the correction of typing
errors. Secondly, the entry of CIRL/U deletes the currently active (partially

completed) timed tag. Finally, the "LAST LINE" key reactivates the last timed

tag entered.

The TAB, ERASE, BACKSPACE, and LINEFEED keys were not used in MOMA.
In order to prevent visual confusion, these keys were fitted with blank key-

caps. The accidental typing of these keys has no effect on MOMA.
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5. SYSTEM PERFORMANCE

5.1 System Assessment

5.1.1 Rationale

For the purpose of assessing the potential usefulness of MOMA in
the operating room, a demonstration of the system's features was arranged for
anesthetists practiecing at VGH. There were a number of reasons for choosing
this form of assessment. Firstly, if MOMA is to be effectively used, the
anesthetists should be familiar with its characteristics and the use of its
features prior to entry to the operating room. It was felt that the most
efficient means for the anesthetist to gain this familiarity was through a
system demonstration. Secondly, using this format, the anesthetists will be
able to concentfate solely on assessing the device. Thirdly, since the ob-
jective of the work done for this thesis wés to produce a device from which an
intraoperative monitor could be developed, it was thought that the potential
usefulness.of the features, rather than the clinical effectiveness of the

prototype should be assessed.

One alternative to an assessment by demonstration would be to assess
the system within the operating room. Much of the information required for
an overall assessment of MOMA's present clinical usefulness can only be ob-
tained through its use in the operating room. However, the time required to
perform a proper assessment involving a number of anesthetists each using the
device during a number of surgical procedures is beyond the scope of this
work. If an‘abbreviated intraoperative assessment were used (involving one
anesthetist and a few operations), the results might be biased by factors
such as initial unfamiliarity with the system or inappropriate packaging
features.in the prototype. These limitations, combined with a desire to

obtain the opinions of a number of anesthetists suggested that clinical
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assessment by demonstration rather than trials would be more appropriate

for this work.

5.1.2 Procedure

Nine days prior to the demonstration, ten anesthetists at the
Vancouver General Hospital were given a summary of the system's features,
a user's guide describing those features in greater detail and providing
instructions for operation of the system, and a copy of a structured
questionnaire. (See appendix 3 for the summary and the users guide and
appendix 4 for the questionnaire.,) An introductory letter informed them that
the purpose of this demonstration was threefold; to familiarize them with
the features of the currently available system, to assess the potential use-
fulness of these features, and to gather ideas about the future direction of

this project. Five of these anesthetists participated in the assessment.

During the demonstration, the author demonstrated and described
the system's characteristics. Four channel EEG recordings from the previous
EEGAL project were played back using a Hewlett Packard 3960 instrumentation
recorder and were acquired, stored, and displayed by MOMA. An Anatek DC power
supply was used to simulate non~-EEG data. The format of the demonstration
was intentionally informal, the anesthetists were urged to ask questions and
were given the opportunity to use the system. Finally, each anesthetist was
asked to complete the structured questionnaire and to return it to the Bio-
‘medical Engineering Department at the Vancouver General Hospital via the
hospital mail system. A photograph of the hardware used for this demonstra-

tion can be found in figure 23.

The structured questionnaire used in the demonstration was divided

into four sections. The first section was for biographical data, the second
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Figure 23: The Hardware used for the system assessment.
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section contained questions intended to elicit ideas for the future direc-
tion of the project and is discussed in chapter 6, the third section contained
questions for the assessment of MOMA, and the fourth section provided space
for general comments. In order to prevent existing technical difficulties
from biasing the anesthetists' rating of the relative importance of various
parameters, they were asked to disregard difficulties in obtaining signals
appropriate for computer acquisition. In addition, they were asked to in-

dicate when an answer applied only to a specific procedure or procedures.

5.3.3 Results

The results of the assessment of MOMA's features (question 3.1) are
tabulated in table 2. Considering the dissimilarity of MOMA with currently
"used monitors the results of this assessment were favorable. The multiple
display and the time plot features obtained the highest rating (4.6/5 and
4.4/5 respectively) and simplicity of operation received the lowest rating
(3.0/5). The low rating of simplicity of éperatioq was largely due to the
response of two of the anesthetists (A and C). However, these same anes-
thetists suggested that after a period of familiarization, the information
and trends obtained from MOMA should more than compensate for the time required

" to operate it, The overall assessment for MOMA was 4.2/5.

There was some hesitation on the part of the anesthetists in an-
swering questions 3.3 to 3.5. They felt that more precise answers could only
be given to these questions after a comprehensive device assessment. With
this provision, all anesthetists felt that the combination of the scrolling
feature and the two section disﬁlay would be sufficient for performing the
comparisons necessary for using the EEG as a monitoring parameter in the opera-
ting room. Also, with one éxception, no ambiguities or unexplained char-
acteristics were found in the documentation by the anesthetists. This ambigu-

ity was clarified during the demonstration. The suggestions for possible
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Table 2: System Assessment results

QUESTION: Give your initial impression of the potential usefulness of
the following features of MOMA:

RESULT: 0 = do not know 1 = poor 5 = excellent
ANESTHETIST _
CATEGORY A B C D E AVERAGE

Multiple display 5 5 5 4 4 4.6
Scrolling of EEG displays 3 5 3 4 4 3.8
Two section EEG displays 3 5 3 4 3 3.8
Time plots 5 5 5 4 3 4.4
Timed tagging 3 5 3 4 3 3.8
Simplicity of operation 2 0 2 4 4 3.0
Keyboard configuration 4 0 4 4 4 4,0
Documentation 4 3 4 4 4 3.8
Overall assessment 4 5 4 4 4 4.2

modification (question 3.5) are listed later in this section.

Question 3.6 asked the anesthetists if they feltvthat MOMA would
take a disproportionate amount of their time away from more essential tasks.
One rater suggested that it would not, two raters suggested that after be-
coming familiar with the features and capabilities of the system, the extra
information and trends obtained would more than justify the time required
to operate it, one rater suggested that under normal conditions it would not
but that in a crisis situation it might, and the last rater suggested that
the system would be most appropriate for operationé where two people are
involved in patient maintenance. However, it was also the opinion of all

the raters that MOMA showed the potential of being a useful addition to the
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operating room as a multiparameter monitor.

A general comment expressed by all the rating anesthetists was that
assessment of the clinical effectiveness of MOMA could only be determined
through its use in the operating room. Each anesthetist expressed an interest
in participating in such clinical trials. In addition, the following general
comments were given:.

1) The computational capabilities of the computer could be used for
the determination of various derived parameters.

2) The inclusion of non-EEG parameters and the multiple display
feature should significantly enhance the usefulness of MOMA, both
inside and outside the operating room.

3) One EEG channel is sufficient for monitoring during open heart
surgery and two channels are sufficient during carotid endarter-
ectomies.

4) Frequencies from 16 to 32 Hz are not needed.

5) The extraction and enhancement of clinically significant information
from the EEG power spectra might make the EEG easier to use in the
operating room.

6) A description of clinically significant changes in the EEG would
be helpful for initial training purposes.

7) Timed tags might be put on the non-EEG displays.

8) The EEG might be deemphasized in displays incorporating both EEG

and non-EEG parameters.

5.2 Software Assessment

5.2.1 Procedure

An engineer employed at V.G.H. and experienced in both FORTRAN and RT-11

was asked to assess MOMA's software. As an introduction to the features and
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the intent of MOMA he was given the MOMA user's guide and the MOMA summary
(see appendix 3). He was then given a similar sysfem demonstration to the
one given‘to the anesthetists. Finally, he was asked to overview the pro-
grams and related documentation and to complete a structured questionnaire
(see appendix 4). Due to the size of the programs and the limited amount of
time that he could be expected to donate, only the genefal flexibility and

quality of the programs and documentation were assessed.

5.2.2 Results

The assessor felt that his assessment could most appropriately be
made in a written manner and that he was unprepared to answer the questions
in section two of the MOMA software general assessment form (appendix 4).

He did however, answer yes to all the questions in section one and expressed
the opinion that the software would be useful for the development of an

effective patient monitoring system.

The assessor's impression of useability of the overall system was
favorable. He felt that it would be easy to use and that its features were
to a large extent self explanatory. He found the users guide '"readable,
clear and concise" and felt that it was written in a forﬁ that should be
understandable by a non-technical person. .Four suggestions for possible
expansions and modifications of the system were made.

1) The user should not need to press "SHIFT" to change a display.
2) The capability of removing a timed tag and/or saved record from

the display should be implemented.

3) A record keeping system should be implémented which allows the user
to enter long comments before, during, and after the operation.
4) A real-time display of raw EEG should be available since an EEG

machine will likely not be present in future systems.
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He indicated that only the fourth suggestion would require major software

revisions.

The software and related documentation was assessed as being of
high quality. The software's modularity aﬁd structure, the fact that it is
written entirely in a high level language, and the large number of comments
within the programs were all mentioned as being strong points. The existing
documentation was also found to be useful, especially the cross reference
tables and the routine interconnection diagrams. It was suggested, however,
that higher level documentation also be provided. More specifically, the
following suggestions were made.

1) A description and/or table indicating which routines affect given
common block parameters should be provided.

2) A more comple;e discussion of the use of vérious program flags should
be provided.

3) A more complete description of the linking between the foreground
job, the background job, the user, the operating system, and the
hardware should be provided.

4) A crossreference list of the SYSLIB procedures called by various
routines should be provided.

5) A discussion of intertask communication and routine calling con-
ventions should be provided.

6) Diagrams of the data structures should be provided.

His closing remarks were "My criticisms of the documentation are not major

and should not be allowed to overshadow the overall quality of the system.

In summary, MOMA appears to be a good basis fér an elaborate patient monitor-
ing and information retrieval system of real use to physicians in the operating

theatre.".
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5.3 Testing for Electrical Safety

Both the.:terminal and the computer have been certified for.elec—
trical safety by the Canadian Standards Association (CSA) as data processing
equipment (CSA standard C22.2 No. 154-1975). In order to insure compliance
with the CSA requirements for electromedical equipment (CSA standard €22.2
No. 125-1979), the grounding and risk current levels of MOMA were tested.
The results of these tests can be found in table 3. Also, in addition to
existing markings, MOMA must be plainly marked in a permanent manner with
the following information.

1) Danger-Explosion Hazard. bo not use in the presence of flammable
anesthetics.
2) Conforms to risk class 1 requirements

3) Caution: .Total system chassis risk current should not exceed 500

uA.
Table 3: Moma Safety Test Results
r RISK CLASS
1 Ccsa

CATEGORY REQUIREMENT MEASURED' VALUE
GROUNDING RESISTANCE .1 ohm .07 computer pin to computer chassis
(gnd pin to chassis) .12 computer pin to terminal chassis

.06 terminal pin to terminal chassis

RISK CURRENT
(grounded and off) 10 microamp | 0 microamp
( " 1" on) 1" " O "
(ungrounded and off) 500 " 16 "
( " 1" On) 1" " 400 "
( " rev pol and off) " " 22 "
( 1" " 1" " on) 111 n 390 1"
TOTAL CURRENT = | = 6.6 amps
CONSUMPTION
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In its present form, MOMA has no patient applied parts, thus it is
classified as a risk class 1 device. Since the grounding resistance from the
computer power cord's ground pin to the terminal's chassis slightly exceeded
the specified limitation, it was recommended that an electrical connection
be made between the terminal's chassis to the computer's chassis when the
system is reépackaged. This discrepancy was not considered to be a serious
one so no immediate action was required. In addition, it was recognized that
the backpanel connections should be better organized and that protection from
spillage should be included. Finally, when EEG amplifiers are included on
the MOMA package, the entire package will be reclassified as a risk class 2
device (noninvasive patient applied part). Since MOMA does not meet the risk
current requirements for this new class (100 microamperes) an isolation trans-

former will have to be included at that time.

The current required by the computer/terminal combination is speci-
fied at about 10 amperes. This current was measured and found to be 6.6
amperes. Since the circuit breakers in VGH operating rooms are rated at at
least 15 amperes, the device by itself poses no electrical overload problems.
However, care will have to be taken to insure that this device is not con~

nected in patallel with other high current devices.
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6. CONCLUSIONS AND FUTURE DIRECTIONS

6.1 Conclusions

The current state of patient monitoring in the operating room was
discussed and it was suggested that an improvement in the quality of anesthetic
practice would result from the simplification of the use of monitoring para-
meters and equipment. It was also suggested that these improvements will not
necessarily be achieved by the simple addition of information to the operating
room, rather, it is the overall presentation of information which must be im-

proved.

In a discussion of the potential of coﬁputer control of the patiernt,
it was concluded that present day computers lack appropriate data acquisiticn
abilities and are unable to properly adapt to unexpected situations. Thus,
computers can be best applied to aiding, rather than supplanting, the an=.

esthetist.

This thesis investigates the application of the data acquisition,
processing, storage, and display capabilities of existing computer hardware
to surgical patient monitoring. As a reéult of this work, the following
application areas of computer systems have been identified:

1) The data acquisition and display capabilities of an appropriately
designed computer-based monitoring system may be used in perioperative
patient monitoring to: |
a) Display a number of parameters on a single display medium.

b) Emphasize parameters in a way that eases data interpretation.

c) Provide a number of predefined displays accessible through a

single display medium so that the display which best suits a

~given user and/or a given situation can be chosen.
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The signal processing capabilities of an appropriately designed

computer-based monitoring system may be used in perioperative

patient monitoring to:

a)

b)

c)

d)

Relieve the anesthetist of some of the comparison and correlation
tasks required for data interpretation.

Provide artefact detection and rejection schemes.

Preprocess certain parameters so as to make them more practical
for the real-time assessment of a surgical patient's state.
Provide a warning system which would warn the anesthetist about

possible dangerous situations.

The information storage capability of an appropriately designed

computer-based monitoring system may be used in perioperative

patient monitoring to:

a)

b)

c)

d)

e)

Acquire information without displaying it, thus allowing the
anesthetist to change the subset of relevant information used

for patient state assessment at any time during the operation

"~ by simply changing the display.

Permit the design of displays in which trends in parameters are
readily apparent.

Relieve the anesthetist of some of his record keeping duties and,
in the process, produce a detailed and objective record of the
operation.

Create hospital records of consistent legibility, completeness,
and format.

Permit the anesthetist rapid access to large volumes of relevant
preoperative information without the addition of extra books and

paper records.,
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The following design considerations should contribute to the

acceptance of computer-based monitors in the operating room:

1)

2)

3)

4)

5)

6)

7)

8)

9)

An effort must be made to identify and compensate for possible
sources of artefacts.

Considering the possible danger resulting from the anesthetist being
temporarily unable to assess the patient's state, the device must be
extremely reliable.

For obvious reasons, the monitor should pose little threat to either
the patient's or the user's safety in the event of a system breakdown
or improper use.

Use of the system should not require computer expertise and/or typing
skills.

System setup and operating procedures should require a minimum amount
of time and technical expertise.

If possible, all components of the system likely to be used during the
operation should reside in the operating room, ie., no external
electrical connections.

The system should be reasonably compact, noise free, and moveable.
Compatibility with presently used devices and likely future develop-
ments in other devices must be considered.

Flexible prototype systems should be built and clinically assessed

so as to incorporate the opinions of experts in many fields in the

‘final design. To keep up with technological advances, this design

and assessment cycle should continue indefinitely.

With the above potentials and design considerations in mind, a

surgical patient monitor prototyping system was developed. General purpose

hardware was purchased and programs were developed for visual editing, com-

puter graphics, data acquisition, data storage, user interaction, and
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prototype testing and calibration. The overall design direction was towards

maximized flexibility and programs were heavily documented.

An initial prototype monitor was developed for clinical assessment.
Although this prototype concentrated on the introduction of the EEG into the
operating room, the system has the capability of simulﬁéneously acquiring,
processing and displaying non-EEG parameters. All of the application areas
mentioned above except for record keeping and access to preoperative infor-
mation were included on this system and space for the exploitation of these

remaining two applications was left.

The general flexibility and quality of the programs and related
documentation was assessed by a software engineer employed at VGH and
experienced in FORTRAN and RT-11. It was his impression that the software

written for this thesis was of high quality and flexibility.

The initial prototype system was assessed by a panel of five
aneSthetists practicing at VGH. Each anesthetist was asked to complete a
structured questionnaire after reading a user's guide and after having the
features of the system demonstrated by the author. The results of this
assessment were quite favorable and each anesthetist expressed an interest

in being involved in future clinical application of the device.

In conclusion, no definitive statement can be made about the
success or failure of computer systems as patient monitors thus far.
However, the system developed will be useful for the exploration of this
potential. Through a process of continued prototype development with inter-
spersed clinical assessment, it is anticipated that an effective computer-

based patient monitoring system will be developed.
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6.2 Comparison with Previous Systems

In chapter 3, scme problems of previously available systems.were
presented. By taking advantage of progress in computer technology, it was
possible to implement features on this system which previously were not

feasible.

In systems where the computer was located outside the operating
room, (eg. 20) the direction for development has been to increase the number
of patients simultaneously monitored. For reasons described in chapter 2,
it may be difficult to achieve the level of reliability, fault tolerance,
and tusability required for an intraoperative patient monitor using this
approach. In addition, the resulting system will not be mobile. The direc-
tion for development chosen for the MOMA project was to produce a single-
patient mobile monitoring system which can be located entirely within the

operating room.

The computer used for MOMA has considerably more computational
power and data storage capability than previous systems which resided
within the operating room. Consequently, the number and sophistication of
the features implemented on MOMA ,ié larger. For example, the La Jolla
multiparameter patient monitor (45 pp. 34-36) monitored one EEG channel and
outputted the data from that channel onto a thermal printer in a fixed format.
MOMA, on the other hand, monitors 4 EEG channels and display the data from

these channels in a variety of formats.

In previously available systems, the format for information
presentation must be selected prior to entry to the operating room and can-
not be changed while in the operating room. MOMA, on the other hand, allows
the user to change between a number of predefined displays. It has been

suggested earlier in this thesis that this feature will give the user the
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luxury of selecting a display which he feels is most appropriate for a given
situation and of suppressing the display of information not important at a

- given time.

The use of the EEG as a monitoring parameter has, in the past, been
limited by difficulties in performing the long term trending necessary for
patient state assessment. Two features of MOMA should help alleviate this
problem. Firstly, it is possible to recall any previously displayed EEG
display. This feature, called scrolling, allows the user to scan through
all EEG information acquired earlier in the operation. While the ability
to access previously acquired EEG records has appeared in earlier systems,
the user has generally been limited to fixed time jumps. Secondly, the dis-
play for each EEG channel is split into two sections, a scrolled section and
an unscrolled section. The information in one section is independent of the
information in the other section. By "éaving" given EEG records in the un-
scrolled section and moving the scrolled section to a different point in time,
it is possible to perform direct comparisons between EEG records separated
by long time periods. No other system could be found which used a two section

display for EEG presentation.

Timed tagging facilities similar to the one implemented on MOMA
have been incorporated on previous patient monitors (eg. 46). However, the
computers used for these other systems were located outside the operating

room.

Due to hardware restrictions and/or by choice, an emphasis has been
placed on the reduction of program size in previous systems. Consequently,
programming has been done in assembler language and small application-specific
program-control executives have been used. However, this approach complicates

the task of programming and generally produces a less flexible, less readable,
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and less portable program. For MOMA, it was decided that program flexibility
and readability should not be compromised for the sake of program size, so
a relatively high level programming language (FORTRAN) and a frequently used

relatively sophisticated operating system (RT-11) were used.

6.3 Direction for Future Work

6.3.1 Hardware Modifications

A number of useful hardware additions and alterations have been

identified. The following paragraphs describe these potential improvements.

It was found that the amount of random access memory presently in
the computer (64 kilobytes) placed unnecessary restrictions on the MOMA
programs. Using an overlay scheme, it was possible to leave parts of the
program on disk but this noticeably slowed down the system and resulted in
the generation of noise from the disk. An LSI-11/23 system upgrade kit has
been purchased to overcome this problem. This kit will double the amount of

memory and will increase the processing speed of the system.

It is the opinion of hospital personnel and the author that some
form of hard copy output is required if a monitor such as MOMA is to see
routine use in the operating room. By periodically outputting various
parameters during the operation the anesthetist would have a backup source
of data in the event of a system failure. In order to minimize the amount
of paper generated by the system within the operating room and to minimize
the time required to interpret the hard copy record, this record should only
produce a brief summary of certain parameters and should probably not serve
as a record of the operation. Thermal, electrostatic, and ink jet printer
are most appropriate for this purpose because they operate quietly. The

task of generating a detailed summary of the operation is most appropriately
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handled outside of the operating room. Using this approach, the printer
would not need to be housed on MOMA's mobile cart and could, in fact, be
shared by a number of computers. Size and noise considerations are not as
critical and, since the printer would serve a number of computers, a more

expensive and powerful unit could be justified.

In the existing system, a separate EEG machine must be used to
acquire, amplify, and filter the EEG signals. In order to maximize mobility,
minimize size, simplify setup procedures, and minimize the likelihood of
faulty connection and/or accidental disconnection, appropriate EEG acquisi-
tion hardware should be incorporated into the MOMA package. Towards this end,
Grass model P511-J EEG amplifiers/filters have been purchased to replace the
EEG machine. It has been the experience of hospital personnel that these

units are safe and reliable.

A color display medium would be useful for the development of
aesthetically pleasing displays with quickly and easily identified features.
A Tektronix 4027 color graphics terminal would provide a color display

capability and is compatible with existing programs.

Through the process of continued device assessment and redesign,
various other special purpose devices may be added to MOMA. For example,
devices such as plastic card readers, writing pads, or special function
keyboards may be incorporated in the system to simplify the entry of data.
Filters, preprocessing units, and data acquisition hardware may be added
to allow the system to reject arteféct, to relieve the central computer of

some of its processing tasks, and to gather more data.
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6.3.2 Recommendations for Immediate Action

After the processor upgrade kit and the EEG amplifiers described
in section 6.3.1 are acquired, the entire system should be repackaged. When
this is done, things like spillage protéction, large wheels, workspace and
drawers, holders for miscellaneous equipment (eg. floppy disks or documenta-
tion), standardized connection panels with noninterchangeable connectors,
expandability for future modifications, improved aesthetic appeal, access-
ability and usability of control switches, reduced size, increased mobility,
and greater durability should be considered. In addition, an Isolation Trans-
former should be included so as to comply with the risk current regulations

for a class 2 device.

When the repackaging is completed, a series of clinical trials
should be performed so as to determine overall clinical usefulness and to
obtain more detailed ideas from the anesthetists about useful changes and
additions. A technical observer familiar with the features, use, and setup
of MOMA should be included in these trials. This observer will serve to
record the features and displays most frequently used, to record the comments
and difficulties which the anesthetists encounter, and will be able to aid
in the solution of any problems which interfere with the anesthetist's ability
to treat the patient. Also, with a minor software alteration, the computer

can record the frequency and time of entry of any of MOMA's commands.

6.3.3 Directions for Future Development

The design of safer, more effective, and/or more easily applied
signal transducers should ease the task of system setup and increase the
effectiveness of computer-based monitors. These transducers may make it
possible to acquire a number of signéls from a single transducer (eg. 64)

and quantize signals previously inaccessible to the computer (eg.- 65). There
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has been interest .expressed at Vancouver General Hospital in the development
of an easily applied EEG electrode headset. Since the application of EEG
electrodes is often in the critical path of presurgical events, a development
such as this should reduce the delay time between operations and/or reduce
the number of support personnel required in and around the operating rooms.
In addition to becoming a more effective patient monitoring system with the
addition of better transducers, MOMA may be found useful for assessing trans-

ducers under development.

As a result of meetings with hospital personnel, four application:
areas were identified. Two of these areas (open heart surgery and carotid
endarterectomies) involve the use of the system by anesthetists within the
operating room. The other two areas (monitoring during advanced brain
resuscitation and monitoring of head injury patients) involve the use of
the system by diagnostic neurophysiologists, neurosurgebdns, and/or nurses
outside of the operating room. Research projects using MOMA could be built
around any of these application areas. There are, in fact, plans to start
a two year research project to identify the clinically valuable variables

that might lead to improvement of the quality of cardiac surgery.

The second part of the questionnaire used for the MOMA system
assessment contained questions intended to elicit ideas for the future direc-
tion of the MOMA project. The purpose of question 2.1 was to determine the
parameters considered to be important for pétient monitoring. As indicated
in table 4, parameters related to the cardiovascular system were considered to-
be most important, followéd: by the respiratory system and the renal system.
Since heart rate and rhythm are monitored using the ECG, they were combined
into one category. The EEG was considered to be more important during carotid

endarterectomies than during open heart surgery. Since EEG is not routinely
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Table 4: The Relative Importance of Monitoring Parameters
(as determined in question 2.1 of the assessment
questionnaire)

QUESTION: List, in order of importance, six parameters which you feel
are essential for patient monitoring during open heart surgery
and carotid endarterectomies (two lists).

RESULT: A
RATINGS FOR OPEN HEART SURGERY
(listed in order of rated importance)
ANESTHETIST
PARAMETER A B C D E
Blood Pressures 2,4,6 2,4,5 2,4,6, 1,4,5 1,4
ECG 1 1 1 2 _—
Heart rate and Rhythm -— —_— - - 2
Ventilation 3 S - 3 —_— —_—
Urine Output 5 —-— 5 3 5
Laboratory Analysis Data 7,8 3 7,8 —— 3
EEG 8 6 8 8 -
Temperature - 7 —_— _— 8
RESULT: B
RATINGS FOR CAROTID ENDARTERECTOMIES
(listed in order of rated importance)
ANESTHETIST _
PARAMETER A B : C D E
Blood Pressures . 2,6 3 2,6 1,5 1
ECG 1 2 1 2 -
Heart rate and Rhythm —_— —_— _— _ 2,5
Ventilation 3 _— 3 _— —
Urine Output 4 -— 4 4 _—
Laboratory Analysis Data -— S - —_— 4
EEG 5 1 5 3 3
Temperature _ 4 —_— _— ———
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monitored during open heart surgery at VGH, the frequency with which it was
listed in this question may be partially due to its presence on MOMA. The
anesthetists were asked to list parameters for which they felt trend informa-
tion was not adequately presented. They were also asked to make a list of
parameters that would be more useful if recorded more frequently. A summary
of these lists can be found in table 5. The repliés to the above questions
indicated that the unallocated A/D channels in MOMA should be allocated
primarily to the acquisition of data rélated to the cardiovascular system.

In addition to various blood pressures, it was suggested that the detection
and presentation of ischemic trends in the ECG warranfs investigation.
Provided that an appropriate transducer could be designed, the acquisition

of the urine output rate was also suggested as being potentially useful.
Considerable interest was expressed in the use of MOMA's computational capa-
bilities for the determination of various derived parameters, such as those
used for haemodynamic tracking. The computer in this case would automatically
acquire the parameters which can be sampled and prompt the user for others
which are required. Although similar systems for the interactive computation
of derived parameters have been developed (eg. 66,67), the suﬁerior computa-
tional and graphical capabiiities of MOMA should permit the implementation of
a more powerful facility. As the intended uses of MOMA become more precisely

defined, appropriate sampling and processing schemes can be inserted (eg. 68).

Warning systems and artefact detectién and rejection systems have
not yet been implemented with MOMA. As described in chapter 2, the inclusion
of these systems on a computer-based monitor may improve the quality of health
care by speeding the detection of, and perhaps even predicting the occurrence

of dangerous situations.
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List any parameters with which you feel that trend information

is not adequately presented using existing instrumentation.

RAP
LAP
PCWP
ECG

Vascular resistance
Cardiac output
Cardiac index

Haemodynamic tracking

Pal2
PaCo02
pH

EEG

IMPROVEMENTS BY MORE REQUENT SAMPLING

List any parameters which you feel would be more useful either

during or after an operation if they were recorded more

Table 5:

V)

QUESTION:

RESULTS:
Cardiovascular
parameters )
Derived parameters
Laboratory derived
parameters

(B)

QUESTION:
frequently.

RESULTS:
Cardiovascular
parameters

Derived parameters

. Renal parameters

Laboratory derived
parameters

MAP
PCWP

Cardiac output

.Cardiac index
Haemodynamic tracking

Rate pressure product (HR*SAP)
Triple index (HR*SAP*PCWP)

Urine output rate

Sv02

EEG
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The timed tagging facility allows the user to enter comments
during the operation via the keyboard. However, since typing these comments
will unnecessarily take attention away from the patient, this feature will
probably meet with limited acceptance in its present form. In addition,
paper records must still be maintained in order to insure the existence of
a record of the operation in the event of a system failure. Thus, timed
tagging constitutes a duplication of record keeping duties. To use a computer
as a viable intraoperative record keeping device, some quick means of manually
entering data to the computer other than typing is required. Although this
may be achieved through the use of special function keyboards,(ég. 20) such
a scheme limits the user to a fixed number of predefined comments. A possible
alternative is the entry of comments through a writing tablet which -is inter-
faced with the computer. The record of the operation would then be a combina-
tion of the record on the tablet and the record on the computer. No duplica-

tion of effort by the anesthetist would be required.

As described in chapter 2, access to relevant preoperative informa-'
‘tion stored in the computer may serve as a useful supplement to the anesthe-
tist's memory. The graphics terminal used for MOMA (Tektronix 4025) is
particularly well suited to this application. Its split screen feature and
form fillout mode could be used to produce a standardized and simple format
for data entry. These same features along with the character enhancement
feature allows for the development of highly readable display formats. Imple-
menting a preoperative information capability on MOMA is largely a software
task. A support program will have to be written to permit convenient data
entry and record modification. Program modules will have to be added to the
background task of MOMA to read and display various subsets of this ‘informa-

tion. The advantages of computer-based preoperative records have been
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discussed elsewhere(19).

The applications of MOMA in the hospital extend far beyond these
areas of immediate interest. The patient monitoring capabilities of MOMA
could be used in many areas, from diagnostic neurophysiology (eg. 69,70) to
the delivery room (eg. 71). In addition, the ability to sample, process,
store, and graphically display a variety of information can be used in areas
such as teaching (eg. 72) and text processing. The number and diversity of

these applications are limited only by the imagination of the user.

6.3.4 Specific Modifications

Listed below are a number of changes in MOMA's displays which
might enhance their usefulness:

1) The scrolled section of the EEG displays might be separated from
the unscrolled section by a dividing line to improve upon the
clarity of presentation.

2) The unscrolling section of the EEG displays might be automatically
loaded with select EEG records.

3) The ability to change the size of the scrolled and unscrolled
sections may be desired.

4) The ability to scroll the unscrolled section and/or freeze the

. scrolled section may be desired.

5) Displays might be produced which plot the non-EEG data beside the
EEG data in the space presently occupied by the timed tags.

6) Control over the time increment between the records in the scrolled
section of EEG displays may be desired.

7) Control over which EEG channels are displayed may be desired by the

system user.



93

8) A display may be produced which incorporates both type 1 (EEG) and
type 2 (time plotting) formats.
9) Control over the number of channels plotted in the time plots may
‘be desired.
10) Control over which channels are plotted in the time plots may be
desired.
11) The ability to interactively alter the display labels for the non-
EEG data might be desirable.
12) An indication of when the display is in a scrolled state might be
desirable.
13) A logarithmic time scale on the non-EEG plots might be useful.
The desirability - of these alterations will be determined through consultation
with clinicians and device assessment. It is significant to note that
suggestions 3, 4, 6, 7, 9, and 10 can be implemented by altering a single

program parameter.

Given the present hardware configuration and data, a number of
additional features may be beneficially added. A "pause" key, which tem-
porarily suspends all samples and processing, may be desired. Keys to jump
Backward or forward a large number of records (greater than 9) or to jump to
specific points in the operation may be desired. Keys which repetitively
increment or decrement a display may be desired. As before, inclusion of
these changes will depend on the results of clinical assessment. The above

suggestions far from exhaust the changes that might be made.

6.4 Device Maintenance

The need for safety and reliability of equipment used in hospitals
has been mentioned a number of times already. If these needs are to be

satisfied,-any complicated device should periodically undergo a routine
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inspection. The risk current and grounding current of electromedical equip-
ment at VGH is routinely tested and device control records are maintained.
In addition to these procedures, the following procedures should be period=
ically performed on MOMA.
1) The A/D converter should be calibrated and tested (see ADCAL).
2) All wires and connectors should be checked to ensure proper
condition and connection.
3) System diagnostics should be run so as to check various components
of the computer.
4) The diskettes shéuld be checked for bad blocks using the RT-11 DIR
command and visually inspected for signs of unusual wear.
5) The air filters of the disk drive should be cleaned.
6) Backup copies of all important information stored on disk should
frequently be made. It is preferable that these copies be stpred

in a different location than the originals.
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APPENDIX 1: THE DISK CONFIGURATION

The disk system used in MOMA (RX02) accepts two 512512-byte floppy
disks. As the system is presently configured, it will bootstrap off of the
left hand disk drive (drive 0) immediately upon powerup or upon: restart.

The program usea within the operating room uses both disk drives. The disk
inserted in drive O will be called the master disk and_the disk drive 1 will

‘be called the slave disk.

Al.l1 Master Disk Formatting

The master disk is used to supply ﬁhe programs to the computer.
Since it is the disk which is used for bootstrapping, it must contain a
copy of the operating system (RT—llVOB—E Foreground-Background), the boot-
strap procedure, and any system utility prbgrams whicﬁ may be used while
the system is running. In addition to the above programs, it will also
contain separately execﬁfable versions of the MOMA progfams. A typical
directory listing for a MOMA master disk can be found at the end of this

appendix.

Al.2 Slave Disk Formatting

The slave disk is used for the storage of data acquired during
the operation. The files on the disk must be initialized prior to entry by:
the program DY1INI. No other files but the ones initialized by DYLINI need

to be, or should be, on this disk.

For the storage format used, data is separated into a number of
predefined files. There is a separate file for each EEG channel's power

spectra dnd 4 fifth file for the non-EEG data and the MOMA cycle time. The
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The time required to store and/or read EEG data could be reduced by placing
all the EEG data in a single file. However, this alternative format was
rejected because it complicates the task of adding or subtracting EEG

channels, thus limiting system flexibility.

Al.2.1 Data Storage Requirements

For the purpose of maintaining a record of the operation and
permitting the recall of this recérd during the operation, data ié stored
on every MOMA cycle on a 512512—byte floppy disk. The computed power spectra
of four channels of EEG are stored along with raw data from the four remain-
ing channels of the A/D converter and the time of the cycle. Additionally,
a status file is updated on each cycle so that critical program parameters
are not lost in the event of a power down. Since the storage of 4 channels
of raw EEG data sampled at 64 Hz would use up the disk's storage capacity in
less than 17 minutes (512 bytes per second), such storage is clearly not
feasible. Instead, each EEG channel is allocated 230 blocks (117,760 bytes)
of disk storage. Since 128 bytes per channel are stored each cycle (32 four-
byte real numbers), there is a maximum of 920 cycles. Using a cycle period
of 30 seconds, each disk has enough storage capacity for 460 minutes, or 7
hours and 40 minutes. An allocation of 29 blocks for the storage of non-EEG
data and cycle times is sufficient to match the above time restriction. To
summarize, the EEG data consumes 920 blocks (4 * 230), the non-EEG data and
cycle times consume 29 blocks, and the critical program parameters consume
one block. Since each disk has a maximum capacity of 974 blocks, there

remain 24 blocks available for other uses.

Al.2.2 Timed Tagging Storage Requirements

The timed tagging facility consists of two files. The first file
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contains a list of the cycle numbers associated with the stored tags and is
one block long. The second file contains the timed tags truncated to 32
characters and is 16 blocks long. Thus there remain seven unallocated data

disk blocks. This arrangement allows for the entry of up to 255 timed tags.

Al.3 Proposed Use of Free Blocks

The free blocks on the master disk may be used for more support
and program development programs, an expanded help facility, or anything
else that may be useful inside or outside the operating room. It is possible
to use these blocks for data storage. If this were done, however, the record

of the operation would no longer be on one disk,

The remaining unused seven blocks on the data disk may be used for
the storage of preoperative information relevant to the operation, e.g.
patient history, unusual pathologies, premedications, etc.. A display in-
corporating such information would serve to reduce the number of paper records
in the operating room and enable the Anesthetist to access more information
about the patient without increasing the number of paper records. This

facility has not as yet been implemented.
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Table Al.1: Moma Slave Disk Configuration

‘EILE # BLOCKS PURPOSE

STATUS .DAT 1 Saves critical program parameters every MOMA cycle .|
in case of power failure.

SLOCHN.DAT 29 Saves 4 channels of slowly sampled data and the time
of acquisition every MOMA cycle. :

POWER1.DAT 230 Each power file saves the computed power spectral

POWER2.DAT . 230 estimate (32 two-word real numbers corresponding to

POWER3.DAT 230 frequencies from 0 to 31 Hz) from one channel every

POWER4 .DAT 230 MOMA cycle.

TAGSNC, DAT 1 Contains -a list of cycle numbers which are asso-=i:.i .

ciated with timed tags previously entered.
TAGDAT.DAT 18 Contains::the 32 character timed tags.

RECORD.DAT 7 Proposed file for a preoperative patient summary.

Note 1: 256 16-bit words per block
Note 2: 974 blocks per disk using the double-density (RX02) format.
Note.:3: Standard IBM compatible single-~sided soft-sectoral diskettes.
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APPENDIX 2: PROGRAM DOCUMENTATION

A2.1 General Text Editing (TECHLP). -

This document gives a general overview of the tcols used for editing
in this system. The editor used is TECO, supplied in the system distri-
bution softﬁafe for RT—llVOB—E. This editor can also be obtained from the
DECUS program library. TECO documentation can be found in RT-11 SOFTWARE

PRODUCTS MANUAL #2.

DISTRIBUTED FILES

Alsé distributed with TECO ére a number of *.,TEC files. These filés
are TECOImacro routines again written by DECUS members. View.README.TXT for
general information about TECO related files and documentation fér the foliowab
ing modules, README.TXT, TEADME.TXT, fEC0.0BJ, TIO;MAC, LOCAL.TEC, SORT.TEC,'.
INSERT.TEC, EDIT.TEC, VT52.TEC, VEG.TEC. |
Note that for a PDP-11 - TEKTRONIX 4025 combination, INSEﬁT.TEC and VTSZ.TEC
will not function due to cursor control froblems.' For INSERT.TEC to work,
the "W command must be adapted to this terminal. For VI52.TEC to work,
TECO's cursor control characters used in the -1"W command must be adapted
to this terminal. It is suggested that you use the VIS*.TEC editing package
for visuai editing. This package takes advantage of both the built iﬁ
visual editing capability of the 4025 and the general editing capability

of TECO. See the next section for a more complete description.

LOCALLY WRITTEN MACROS
An attempt té.write a full visual editor for the Tektronix 4025
using TECO instructions was made (TXVIS). Ihe resuiting routine was found
to be too slow and prone to error. However, some of the rouﬁines, especially

the subroutines, may be useful. See the file TXVIS.TXT for a listing.
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A second attempt at a TECO-based pseudovisual editor was made.

(TX4025.%). Instead of full visual editing, this macro performed specific
single key instructions and typed out the result. Aithough TX4025.% works
at a usable rate, it is prone to user error. This package is comprised of

three programs:

1) TX4025.TEC Runhing version
2) TX4025.TXT | Documented version
3) TX4025.KEY .~ Key programming

Both TYVIS.* and TX4025.* are loosely related to INSERT.TEC.

As was mentioned earlier, the VIS*,TEC programs make up a visual
editing package which interfaces the visual editing cababilities of the'
4025 terminal with TECO. VISXXX.DOC gives a defailedAdescription of these
programs and their use. In the authors opinion, this package.is thé mosﬁ |

useful of the packages mentioned in this section.

COMMAND CHARACTERS

| The terminal's command chdracter for the méjdrity of the programs in
thisvsystem is Backquote (96). In many of the e&iting macros, the cdmﬁand
character must be backquote'for them -to work.‘ Consequently, unless there
is a specific reason, the command charaéter.shOuld be'backquote while working

with this system.

EDITING FILE SUMMARY

File - Function
TECHLP.DOC ~this file
README.TXT - —documentation of the following files

TECO.SAV - ~runable copy of RT-11 TECO



File
TEC0.0BJ
- TIO.MAC

LOCAL.TEC

~ SORT.TEC

INSERT.TEC
EDIT.TEC
VI52.TEC

VEG.TEC

TX4025.D0C

TX4025.TEC

TX4025 .KEY

TX4025.TXT

VISXX.DOC

. VISSTA.TEC

VISFIN.TEC

VISMAC.TEC

VISCND.TEC

VISPRO.TEC

TECVIS.TXT

KEYPGM.TXT

used.
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Function
~central module of TECO for version 28
—-source of RT-11 I/0 inferface for TECO
—macfo to renumber local symbol blocks in
MACRO programs
-macro for general purpose memory resident
sorting |
-macro for visual editing with VT-11 tefminals
-VI-11 start up macro
-macro for visual editing with VT-52 terminals
-VI-52 start Qp macro |
—documentation for the following files
—running version of a pséudovisual editor for
the Tektronix 4025 graphics terminal
-Key reprogramming instructions used by TX4025

—-commented version of TX4025

~documentation for the following files

-package acquisition macro on TECO entry
-performs functions useful when exiting TECO
~running version of an interface between TECO
and the Tektronix 4025 graphics terminal
—communications command character changiﬁg.macro
-prompt character changing‘macro
—-code for an abandoned visual editor for the 4625

-Key programming part of the system start up routine

*Note: For visual editing it is suggested that the VIS*.TEC package be
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A2.2 Visual Editing

TEKTRONIX 4025-TECO EDITING INTERFACE DOCUMENTATION

DESCRIPTION

These TECO macros are designed to interface the editing capabilities
of the 4025 graphics terminal to TECO. The necessary package acQuisition

"and execution instructions are summarized later in this document.

VISMAC

VISMAC.TEC is the main editing interface macro. Its purpose is to
read a specified portion of TECO's text buffer to the workspace region of
the terminal and then to wait for edited.tegt to be sent béck. Aﬁditing'is
performed independént of the computer using the terminal's text editing

-capabilities.

The macrb is entered using the instruction nﬂq$$ where n.is some

.number and q is the name of.the Q register which contains VISMAC (usually H
register M). Wﬁen this. instruction is entered, n lines each side of the
current buffer‘pointer are‘typed into the workspace. Thgse lines are also
saved in Q register 1 and deleted from the TECO's text buffer."Additionally,
‘the buffer is searched for.the existance of the céﬁmuniqations command and
prompt characters and the ﬁacro will not be entered if they are found.. The
function of these characters is explained more fully later in this document.
lFinally, the "ERASE"; communications command charaéter} and prompt character
keys are programmed to null and the "PT", "RUBOUT“, "SEND", and "SHIFT/
INSERT MODE" keys are programmed to perform their intended fuﬁ;tions;
'.Althoﬁgh the user can specify the argument n to be any integer number,

VISMAC will bound it between 0 and 20.
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The "SEND" key will cause the contents of the workspace to be sent
to the computer. VISMAC will echo the characters as they are received
and insert them in TECO's text buffer. The writing of "“E" into the work-

space indicates that the insertion process has been completed.

The "PT" key will cause the old window to be read from Q register
1 back into the text buffer. Thus it is always possible td restore the
buffer to its original status. This key actually sends the "CTRL/C"

character.

In the prbcess of terﬁinating VISMAC with either of the above two
instructions, all of VISMAC's special funcfion keys except PT are set to
their default values. The system wiil be returned to the standard TECO
edifing mode and the user will be prompted with a "#" in the terminal's
monitor scroll when instructions can be entered. At this poiﬁt, the text

buffer pointer will be located at the end of the edited window.

The character string "lOLlsMM$$" is programmed into the "PT" key,
on VISMAC exit. Consequently, the next time this key is typed, the text
buffer pointer will be moved 10 lines down and VISMAC will be re—-entered.
Thus the "PT" key can be used to both eﬁter and exit VISMAC and will be

useful for "paging" thfough long text files.

The "SHIFT/INSERT MODE" key can be used while editing to replace
the contents of the worksPaée with the contents of Q register 1. Thus it
i 1s possible to return the workspace to its status on VISMAC entry. This

key actually sends the "CTRL/R" character.

A number of things must be avoided if the editor is to function
properly. Firstly, during VISMAC entry and exit, characters must NOT be .
typed. Secondly, while in the visual editor, the user should only type into

the terminal's workspace region, i.e., the only allowable interaction with
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the computer is the three special function keys described above. Thirdly,
the communications command character and the prompt character must not be
inserted into the workspace. Fourthly, due to the finite memory capecity
of the terminal, no more than about 40 lines cf text should be sent from

(or read into) the workspace scroll at one time.

The following types of text will be automatically altered by u31ng
the "SEND" key to terminate VISMAC. Control characters will be converted
to their caret-character equivalents. Tab characters willvbe converted to
a series of spaces. Form feeds will be ccnverted to their carriage—return/
line—feed equivalents. Lcng-lines will be shortened to.80 character seg-
ments. Finally, blenk lines at the end of a window will not be sent back

to computer.

VISCND- AND COMMAND CHARACTERS

Sicce the computer automatically echoes characters as they are sent
and the terminal must be receptive to commands at the same time, the presence
of command, characters in the text may produce undesireable results. As a
solution to this potential problem, the normal, or interaction, command
- character is temporarily changed by VISMAC prior to any.computer;terminal
communication. The command cheracter is chaﬁged back when the communicatioc'
is complete. The new command character has been labeled the communlcatlon

command character (c.c.c.).

It has been stated previously that VISMAC cannot Be entered if.the
C.C.C. is present in the text buffer. However, through tﬁe use of the
VISCND macro, it is possible to change the C.C.C. to any ASCII character.
This macro is called using the instrcction nMq where n is the ASCII decimal.
Equivalent (ADE) of the new C.C.C. and q is the Q register'contaihing VISCND

(usually register C). If the new C.C.C. is; present in the text buffer,



105
the same as the interaction command character (backquote), the same as the
prompt character, or is a control character, a warning is sent to the user
and no action is taken. If the above restrictions are satisfied, the C.C.C.

is changed by directly altering the q register containing VISMAC.

The terminals command character will be backquote before, during,
and after calling a window to the workspace. This character has been
labeled the interaction command character in this text. The interaction

Y

command character must be backquote (shift/backslash) for VISMAC to function

properly.

VISPRO AND BUFFERED MODE

In order to avoid TECO linebuffgr overflow, VISMAC puts the terminal
in the buffered mode prior to computer—terminal communication. Consequently,
as with the C.C.C.; the presence of the prompt character inAa text window
sent to VISMAC may cause‘problems, Using the VISPRO macro, it is possible
to change the prompt character (P.C.) to.any'ASCII character. This macro
is called using the instruction nMq where n is the ADE for the new PC and
q is the Q register containing VISPRO (uéually register ?). The new PC cénnot
be; present in the test buffer, the same as the interaction command character
"(backquotg); the same as the €.C.C., or a control character. ‘The P.C. is

changed by directly altering the q register containing VISMAC.

VISSTA

The VISSTA macro sets up TECO for the use of the VIS* editing package.

The following character string will enter TECO from RT-11 KMON and execute

VISSTA.
R TECO

@ERZVISSTA.TEC%YHXSHKMSS$S
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KEYPGM.TXT programs the F4 key with this string. When executed, VISSTA
sets TECO for scope and lower case, loads QF with VISFIN, loads QK with
KEYPGM.TXT, loads QM with VISMAC loads QC with VISCND loads QP with VISPRO,

and programs the "PT" with "lOLlSMM$$"

VISFIN

The VISFIN macro performs fﬁnctions that are.useful.when exiting
from TECO. Assuming the VISFIN hés been loaded into QF, the followihg
character string will execute VISFIN &nd exit from TECO.

MF"C$$
KEYPGM.TXT prograﬁs the S4 key (SHIFT/F4) with this stfing.. When‘executed,

the pad terminator will be deprogrammed.

C.C.C. AND P.C. IDENTIFICATION

While in TECO's normal editing mode, the ADE of the current C.C.C.

can be found in Q register C(num) using the instruction QC$S$.

. On entry to VISMAC, a message is typed into the terminal's monitor
scroll which identifies both the C.C.C. and the P.C.. Note that a 30 line
workspace scroll will leave the user with plenty of editing area and will

also leave room for the display of this message.

COMMAND LOCKOUT

IFWhen the terminal is put into coﬁmand lockout, a command character
&ill be interpreted as a standard character. VISCND and VISPRO w1ll functlon
properly in this mode. However, it is not possible to enter or exit VISMAC
while in this mode. Procedures for recovering from attempted entry or exit

of VISMAC while in command lockout will be presented later in this text.
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STANDARD VISMAC CRASH RECOVERY TOOLS

TECO
WHILE STILL IN VISMAC
~C

“E<RETURN>

“C~C

Attempts to simulate the PT termination of VISMAC.
Terminates VISMAC character insertion (e.g. at
end of send).

Hard macro (or TECO) exit. (use with caution)

AFTER GETTING OUT OF VISMAC

"G G$$

G1$$

:GK$S$

Deletes last TECO instruction character string.
Inserts the contenﬁs of Q register 1 intQ TECO
text buffer. | |

Types contents of Q register K to.terminal._

(Q register K can be loaded with sjstém start up)

- (Key programmiﬁg file KEYPGM.TXT on TECO éntry)

TERMINAL (do not affect TECO)

SHIFT/STATUS-COMMAND LOCKOUT Identifies command character.

' SYS<RETURN>
'BUF N<RETURN>

'MON H K<RETURN>

" !COM '<RETURN>
SHIFT/LEARN-NUMERIC LOCK
MASTER RESET

(on side of terminal)

Types terminal status message. .

Removes terminal from buffered mode.
‘Directs keyboard (K) and computer (H) to
monitor. .

Cﬁanges command character from ! tb;'.
Locally reprograms kéys.

‘Resets all terminal modes,

Clears all términal memory,

Clears all key programmings.



SOLUTIONS TO SPECIFIC

VISMAC PROBLEMS

PROBLEM

SYMPTOM

SOLUTION

ATTEMPTED VISMAC | -
ENTRY WHILE IN
COMMAND LOCKOUT
OR WHILE COMMAND
CHARACTER IS NOT
BACKQUOTE

ATTEMPTED VISMAC { -
SEND WHILE IN
COMMAND LOCKOUT
OR WHILE COMMAND
CHARACTER IS NOT
BACKQUOTE

TYPING ON VISMAC -
ENTRY

TYPING ON VISMA -
SEND '

SENT TEXT WINDOW -
TOO LARGE

Text window and

terminal programming
commands all typed
into the monitor
scroll

prompt characters
and typed characters
written below text
window in workspace

prompt characters
and typed characters
written below text

- window in workspace

characters typed
before TECO prompt

- character '"'%"

characters .are not
echoes normally
send key was typed

1)
2)
3)
4)
5)

1)
2)
3)
4)

. 5)

6)

1)

2)
3)
4)
5)

6)

1)

1

2)

4)

- 5)

6)

Note:

o

type ""“E<RETURN>"
type ""G"GS$$

type "Gl$$"

rectify problem
check text buffer for
erroneous insertions

check the command character
move cursor to monitor

type ""“E<RETURN>"

type 1 AGAG$$'|

type "G1$$"

check text buffer for
erroneous insertions

check the command character
move cursor to monitor

type ""E<RETURN>"

type ""G°GS$S$" .

type "Gl$$"

check text buffer for
erroneous insertions

type ""G GS$S"
check text buffer for
erroneous insertions

wait until a large number
of garbage characters are
typed into the workspace
press the MASTER RESET

-button
3)

type '"“E<RETURN>"

type "AGAG$$"

type '":GKS$S$"

(assuming KEYPGM.TXT has
been loaded into Q register
K) ..

check text to see what wa
lost . ‘
the old window is still
in Q register 1.

VISXXX EDITING PROGRAMS

VISSTA.TEC = package acquisition routine

found in Q register S

call with MS
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VISFIN.TEC = TECO e#it routine
found in register F after VISSTA execution
call with MF
KEYPGM.TXT = sténdard system start up key programming file
féund in Q register K after VISSTA execution
type out with :GK
VISMAC.TEC = Main interface program
found in Q register M after VISSTA execution
call with nMM
n = number of lines each side of the buffer pointer
VISCND.TEC = Changes VISﬁAC's communication command character
found in Q register C after VISSIA‘execution
call with nMC
n =.ASCII decimal equivalent of neﬁ c.c.cC.
VISPRO.TEC = Changes VISMAC's prompt. character
found in Q ;eg;ster P_gftérVYISSTA egg?ution ‘‘‘‘‘
cali with nMP

_ n = ASCII decimal equivalent of new P.C.

VISMAC SPECIAL FUNCTION KEYS

' SH/INSERT (513) Replaces workspace's contents with the old window.

SEND - (F8) Replaees the oid window with the worképacé's contents
and éxits.VISMAC.

PT ‘ A Puts the old window back in the text buffer and
-exits VISMAC.

ERASE Disabled on VISMAC entry (re-enabled_exit).

RUBOUT - Programmed for intended fuﬁction.

C.C.C. Key . Disabled on VISMAC entry (re-enabled on exit).
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P.C. Key - Disabled on VISMAC entry (re-enabled on exit)
*Note: all other user interaction should be independent of the computer
PT. On macro exit the PT key is programmed to generate 10L15MMS$S.

Consequently, this key can be used to both enter the macro and exit

the macro. This is useful for scanning through a long text buffer.

TECO ENTRY AND EXIT

ENTRY (programmed into F4 by KEYPGM.TXT)
R TECO |
@ERZVISSTA.TECZYHXSHKMS$$
EXIT = (programmed into S4 by KEYPGM.TXT) o

MFCSS

INITIAL PARAMETER SETTINGS

Interaction command charaéter = backquote (96)
:cénnot be ;héngéé o B |

Communication_command character.= vertical bar (124)
Alterable with VISCND to any noncontrol character

Prompt = backslash (92)

Alterable with VISPRO to any noncontrol character

*Note 1): the above three.must always be different

‘*Note 2): this string is usually stored in a Q register for easy
package acquisition, i;e.; Q register S

*Note 3): ASCII equiv. of C.C.C. found in QC (num)

*Note 4): ASCII equiv. of prompt found in QP (num)
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Q REGISTER USAGE

VISSTA stored in QS(text) by the F4 key
QF(texf) = storage for VISFIN
QK(text) = storage for KEYPGM, TXT
QM(text) = storage for VISMAC
QC(text) = storage for VISCND
QP(text) = storage for VISPRO
QC(num) = storage for the C.C.C.
QP(num) = storage for the P.C.
VISFIN stored in QF(text) by VISSTA
VISMAC stored in QM(text) by VISSTA
Ql(text) = old window storage
QL(text) = temporary buffer save
QL(num) = temporary buffer pointer save
QV(num) = number of lines each side of pointer in window
. QW(num) = top ofDWideW location
QX(num) = bottom of window location
VISCND stored in QC(text) by VISSTA
QC(num) = ADE of current communication command character
‘QD(num) = input buffer for new C.C.C.
QL(num) = text buffer pointer storage
QL(text) = text buffer storage
VISPRO stored in QP(text) by VISSTA
QL(text) = text buffer storage
QL(num) = téxt buffer pointer storage
QP(num) = ADE of current prompt

input buffer for new prompt

QQ(num)
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*Note 1): text registers C. M, and P must remain intact while in TECO"
*Note 2): Ql(num) is useful in the event of VISMAC crash

*Note 3): previous contents are destroyed on Q register use
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A2.3 Documentation Directory

@DOCTYP
"Files copied:
DK I DOCHLP.TXT to TT.

- MOMA PROGRAM DDCUMENTATIDN DESCRIPTION

—— — — —————————— — > o — e at — ——— — — — o s o 0 O

The Followxns xs a descrxptlon oF the files- wrltten for

,documentxns the MDMA Progarams.

describes

PURPOSE
C COM#.TXT describes MOMA command files
. SRT#.TXT deseribes MOMA startup files o .
- FOR#.TXT ‘describes MOMA foresround (data acquisition) Prosrams
" BAK#  TXT .. describes MOMA bacKasround (diseplar) proarams
GPH#*.TXT " .describes GPHLIB ararhics PacKkase
*¥EXP.TXT .describes the seneral arpproach for the given pacKase
#RTN.TXT ~ describes the routines of a siven rackaae '
C#CMNLTXT - ~describes the common blocKs of a gsiven pacKase
#CAL . TXT - .describes the callins and called routines within a
. given pacKage (not includina SYSLIB calls).
#TST.TXT the

testing routines for a gsiven pPacKase

ea; FORCMN describes the common blocké of the ﬁDMA foresround . routines

TECHLP.DDC
VISXXX.DOC

describes #.TEC proarams and documentation
describes VISH*, TEC visual editina interface

: Routxne connectxon dxasrams were drawn from the information
in #CAL.TXT (FORCAL., BAKCAL, GPHCAL).  These diasrams were then used to

- portray the flow of proaram control in the MOMA forearocund and bacKaround
. Progarams.

See FLOW.TXT for a description of these diaarams.
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A2.4 - Command Files Documentation

.. Files copied:”f“”
DK:COMRTN.TXT to TT: .
COMMAND FILE DESCRIPTIDNS

COMPILING COMMAND FILES

- —— " s o i G D Bt e S S S s

. —~-all files are executed usins the instruction "@filename<RETURN>".
= all files are named #.COM unless otherwize specified.
"= all files pProduce obdect modules on DY1{ from source modules on
the default dxsk. :

CPLGPH ='Compxles all the sraPhids routines.in thé GPHLIB.OBJ librarv;

"CPLMMB = Compxles all the routines used in DISPLA (the MDMA display and
" user interaction Proaram).

- CPLMMDv='COMP11es all routines ‘associated thh the hishly interactive
backsround versxon of AQUIRE.

CPLMMF ='Compzles_all routines assoc1ated with the forearound version
’ " of AQUIRE (the MOMA acauisition, Processins, and storase eproaram).

. .CPLMMG = Compiles all ararhics routines used in the MOMA displav and user

: v interabtion proaram DISPLA. The GPHLIB library could not be
used in the linKina Process because the sraphics routines arpear
in ouerlav resxons.

' LINKING COMMAND FILES

"~ All files named LNKMP#* are executed usins "@Ffilename<{RETURN>".
- All other files are executed usina "LINKBFilename<RETURN>".
"~for.a link mae tyPeout, use "LINK/MAPITTIBfilemane<RETURN>".
. ~-for a link map file, rerlace TT: with the file specification.
- All files are named #.COM unless otherwize srpecified.
- All files Produce executable module(s} on DY1: from obdect module(s)
on the default diskK.

. ADCAL = LinKs the A/D callibration routine.. Produces DY1:ADCAL.SAV.

_ABUIRE = LinKs the~Fofesround version of AGUIRE (the MOMA acauisition.
e Processin® and storase Proaram). Produces DY1.AGUIRE.REL.

ARUSAY ='LinKs the.hiéhlv interactive backaround version of AGUIRE.
Produces DY1.AQUIRE.SAV.

"BAKSIM = Links the backsround éimulation routine.
: Produces DY1:BAKSIM.SAV.

DISPLA = Linhs'DISPLA (the MOMA disPplay and user interaction Prosram).
: Produces DY1IDISPLA.SAV. :

DSKCHK = anKs the slave disk checKins. routzne.
Produces DY!1:DSKCHK.SAV.



-DY1INI

FORSIM

“LINKBG

LNKBGZ

LNKMPB

LNKMPD

. LNKMPF

‘

© LNKMPG

' OPTION

PAUSE

Links the slave dlSK 1nxtlallzatzon routxne._
Produces DY1IDY1INI. SAU. :

Links the Foresround simulation routine,'
Produces DY1.FORSIM.REL. . :

-Alternate buerlav scheme for DISPLA.

Produces DISPLA.SAV.

Alternate overlay scheme for DISPLA. g

'Produces DISPLA SAV.

Separatelv lans each routine related to DISPLA and trpes

~out the linK maps on the terminal. A number oF»nongxecutable

- .5AV modules are pProduced on DY1..

Separately links each routine related to the hishly
interactive bacKsround version of ABUIRE and types out

the linK maers on the terminal. A number of nonexecutable .
.SAV modules are produced on DY1l:. ‘

Separately links each routine relate to the forearound
version of AQUIRE and types out the linKk maps on the terminal.
A number o? nonexecutable .SAV modules are produced on DY1l:. -

SEParately links each routine in GPHLIB.OBJ. A number of
nonexecutable .SAV modules are pProduced on DY1..

Links the MOMA startue routine OPTION.
Produces OPTION.SAV.

Links the MOMA startup routine PAUSE.
Produces PAUSE.SAV.

STARTUP COMMAND FILES

All files are executed usins "@Filename(RETURN}“.

.All files are named #.COM unless otherwize srecified.
‘See "MOMA STARTUP ROUTINES DESCRIPTIONS" in SRTRTN.TXT For a

"description of files vrelated to STRTRT and MOMSET. .
Derendins on the intended use of a given disk, STRTRT or MOMSET

"may be vrenamed to STARTF.  If not, STARTF will call either STRTRT’

STARTF

STRTRT

MOMSET

MOMSHT

or

MOMSET.
Standard system startup file.

Startupr routine with no queries. Puts the system in a
confisuration which has been found useful for seneral

RT-11 use and then soes directly to KMON.

Starturp routine with qQueries. AsKs the user to check
certain things in order to insure Prorer startupP and.
3llows the user to choose between 6 startuPr routes.
Five of these routes lead to the execution of MOMA
related routines and the sixth soes directly to KMON.

StartuP routine with no queries. Runs AGUIRE/DISPLA.

See "MOMA STARTUP ROUTINES DESCRIPTIONS" in SRTRTN.TXT For a.
description of the followina command Files?

CHDOSE.COM, MOGMABRB.COM. MOMABG.COM, MOMABT.COM
MOMAFB.COM. MOMAFT.COM, MOMSET.COM, MOMSHT.COM
NOMOMA.COM, STARTF.COM. STRTRT.COM.
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http://MGMABB.COM
http://M0MABG.COM
http://M0MABT.COM
http://M0MAFB.COM
http://M0MAFT.COM
http://M0MSET.COM
http://M0MSHT.COM
http://NOM0MA.COM
http://STARTF.COM
http://STRTRT.COM
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;Aé.S“:Startup Routines Documentation -

bFiles_éopied' o
DKISRTEXP.TXT to TT: o ' ‘ '
R ' .MOMA . STARTUP GENERAL DESCRIPTIDN

The - command Fxle whxch is automatxcally run wheneuer the svstem

"::15 booted is STARTF.COM. - In its present form., this routine simply calls

another command file to rerform the system initialization procedure.
Usins a two level arproach such as this, it is pPuossible to choose between
-~ a number of svstem startupr Procedures with minor alterations to STARTF.
L STRTRT.COM is the standard RT-11 startup file. It sets up the
system in a coansuratxon which has been found to be useful For aeneral -
"RT-11 usease and soes directly to KMDN. More specifically, a number g
* of RT-11 mode Flass are set, the terminal’s modes are initialized (TRMSET),
. the terminal ‘s Kevs are proarammed (KEYPGM) and the date and time are read
from the TCU-50 battery orerated clocK. no querxes or messases are sent to
_the -terminal. durina this PTocess. . :
L The seneral MOMA startuP routine is. MDMSET COM. This routine ]
sets a number _of RT-11 mode flass, tyPes a messase to the terminal (CMNDCK).,
:and waits for the user to resrond. The purrose of this messase is to
.- asKk ‘the user to insure that the command-locKout and the numeric—locK Kevs
- are off and the required resronce from the user is "RETURN". After the
user has responded, modes of. the terminal are set (TRMSET) and the

./time and date are read from the -battery operated clock (SETDAT). Finallvy,

~a proaram which allows the’ user to choose between a number of MOMA startup
'modes is entered (OPTION).

. The OPTION pProsram asks the user 1P he(she) wants ta yiew the
available startur opPtions. If he(she) does, the CHOOSE.COM command file
"is entered. If not, it is assumed that MOMA is to be vun in the.

" normal operatinag room mode . (ARGUIRE/DISPLA} and MOMAFB.COM is entered.
- The CHOOSE pacKase is composed af a text file and a Proaram.
‘The text file (CHOOSE.TXT) describes a number of startup options available

. . and the prosram (CHOOSE.MOM): accerts the users choice, There are eresently

-8 startup OPthhS aua11able throush CHOOSE.

1) AGUIRE alone 1n.the backsround (MOMABB. CDM).
" 2) FORSIM 1n forearound; DISPLA in backaround (MOMABT. CDM).
" 3) DISPLA alone ‘in the bacKksround (MOMABG.COM).

4) AQUIRE in forearound, BAKSIM in SacKaround (MOMAFT.COM).
%) ao directly to RT-11‘s KMON. . '

6) ABUIRE in foresround, DISPLA in backsround (MOMAFB.COM) .

All. the above startup_optxons follow a standard format.

A ‘messase (GREET) asKins the user to insure that aPppropriate connections

have been made and that the data (slave) disK has been inserted is tvped

onto the terminal. The pProcedure waits at this Point until the user tvrPes
“"RETURN". . Once the user has responded, the slave disk is checked (DSKCHK).
If it is empty, the initialization eprosram (DY1INI) is entered. If not,

no ‘action will be taken. At this pPoint, the reauested MOMA prosrams are
‘run. -After the MOMA Prosrams. are terminated, the terminal’s

modes are reset (TRMSET), the Kevboard is prosrammed to a confisuration which
has been found useful.for seneral RT-11 use, and the command file is exited.
o ' There are two deviations from this format. Firstly, for obvious
reasons, GREET is not tveped out uwhen NOMOMA.COM is run. Secondly, in routines
-invdlving the use of the foresround (MOMAFT, MOMAFB); the user is asKed to
tyPe @ Kery to storp and unload the forearound Job (FGOUT). 71%vs .ag necessary
_because no way could be Found to termxnate and unload the foresround .ob
- from a3 bacKaround command File.


http://STARTF.COM
http://STRTRT.COM
http://M0MSET.COM
http://CH00SE.COM
http://M0MAFB.COM
http://M0MABB.COM
http://M0MABT.COM
http://M0MABG.COM
http://M0MAFT.COM
http://M0MAFB.COM
http://N0MOMA.COM
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DK:SRTRTN.TXT 'to TT: N o
R MOMA STARTUP ROUTINES DESCRIPTIONS

,CDMMAND'FILES'f(Pile names = *.CDM.uhless spediFied otherwise)

. CHOOSE TYPes out CHOOSE.TXT and then Tuns CHDDSE MUM.

" MOMABE = Runs AGUIRE.SAY. Note that this version of AGUIRE should have been
" . compiled with the /DEBUG option and requires a considerable amount
of user 1nteractxon.‘ Called from MOMSET.

MOMABG = Runs DISPLA»thhout a Foresround Job.’ UseFul for reviewina oid data.:
‘ : Called from MOMSET. - .

‘NDMABT = Runs DISPLA in. the backsround and FORSIM in the Foresround.; Useful
o for testins DISPLA. Called from MDMSET. ’

© ' MOMAFB = Runs DISPLA in the backsround and AGUIRE in the Forearound. This
: . is the-con?isuratiqn'used in . the orperating voom. Called from MOMSET.

MOMAFT = Runs BAKSIM in the'backsrouhd and AQUIRE in the forearound. ' Useful
" for test1ns AGUIRE in the foresround. Called from MOMSET.

MOMSET = General MOMA startup rxle. ~Allows the ﬁser’to choose between
[ " the MOMA*# or the NOMOMA startur confisurations.

MOMSHT - = Short.MDHA startup file. Runs ABUIRE/DISPLA with no queries.

NDMOMA = Prosrams the termxnal and aoces directly to RT 11 KMDN.
' Called From MUMSET.

~ STARTF ‘= System startup file. ' Automatically called when the svystem is booted.

Derendins on the intended use of the diskK in question, MOMSET or
. STRTRT mav be vrenamed to STARTF. Otherwize, all three files will
~be on the disk and STARTF will call one of the others.

STRTRT = General staftup File. Seﬁds no queries and éoes to RT—11. KMON.

TEXT FILES (file names'= #,.TXT unless specified dtherwize)

Createé'its own 30 line worKspace and fills it with information
about the startupr choices available when CHOOSE.MOM is run.

CHOOSE

Creates its own 30 line .worKspace and reminds the user to check '
that the command locKout and numeric lock Kervs are are off.
A procedure for resetina the command character is also tveped out.

CMNDCK

Asks the user to tvepe the pad terminator and Prosrams it to
unload the foresround Job. When trped, PT will derrosram itself.

FGOUT

Creates its own 30 line workspace, introduces the user to MOMA,
and asKs if the bacKrpanel connections have been made and the
slave disK inserted. :

GREET

General purpose terminal Key prosrammina file. Prosrams the Kevs
in a confisuration whxcn has been Found useful for aeneral use of
RT-11. :

i}

KEYPGM

TRMSET

Initializes the termxnal s modes in a Format which has been found
useful for aseneral use of RT-11,
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“PROGRAMS * (File names = f.MOH unless otherwize specified)
e —————— (sourse lansuase ='Fortran unless'otherwize specified)

>CHDOSE = Asks the user to choose ‘between the startup confisurations descrxbed
: in CHDOSE TXT and then calls the arpropPrriate command file. i

‘DSKCHK = ChecKs.iF the disK in DY1: is blank. If it is blanK' it chains to
DY1LINI.MOM. If not, 1t simply returns.

DY1INI = MOMA slave disk initialization. Initializes the disK in DY1. with
- all the data. F:les used in MOMA. :

o DPTIDNl;_AsKs the user if he(she) wants to view the CHOOSE.# ortions. If
I ‘he(she) does, the CHOOSE.COM command file is run. If not,

the MOMAFE.COM command file is run,. thus soinas dlrectlv to

the conFlsuratan used in the orPerating room,

PAUSE Smely asks the user to tyre “RETURN" ‘and waxts intil he(she) does.
. SETDAT.MAC = A MACRO-11 routine sueplied with the Disital Pathways TCU-50
- computer clock to read the time and date from the TCU- S0 to
the RT—11 time and date words.


http://CHOOSE.COM
http://M0MAFB.COM
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A2.6 Foreground Routines Documentation

‘Filés copied: = :
© DKIFOREXP.TXT to TT: v _
’ : s "MOMA FOREGROUND GENERAL DESCRIPTION

"note; refer tovihe “MOMA FDREGRDUND ROUTINE INTERCDNNECTIONS“ diagrams
wh1le readina. the Pollowxns descriptions.

.COMPILED WITHOUT THE /DEBUG OPTION

. All Fforesround activity is initiated from ARUIRE. On startur,
"ABUIRE calls FILACT to initialize the disk I/0 channels and then waits
until the backsround tells it to Proceed. IWhen this start messase is
received, ARUIRE enters. the samplins, pProcessins, and storage loop, called
a "MOMA CYCLE". Note that the start message sets the value of LOPCNT.
' ' ‘At the start of a MOMA cvcle, the time is saved in TIME and
"various pointers and counters are initialized. The SLOSMP routine is
then called to sample NUMSLO non-EEG channels to the array ISLDAT. This
array will not be altered until after the data is stored on diskK and
sent to the backaround JDb. . I
o When AGUIRE has completed sampling the non—-EEG data, it Proceeds
to set uP the Progsrammable real—-time clocK (KWV11-A) and the A/D converter
. {(ADV11-A) with the SETR and the RTS routines. The Samplins fredquency is
/set to B4 Hz and RTS is set to srlit the samplins buffer (INPUT) into 2
.subbuffers for each of 4 EEG data channels. Each subbuffer contains
64 elements. Unce these settinss have bheen made, ARUIRE relinquishes
control to the bachsround Job until RTS 1ndxcates that a subbuFFer has
been filled.
) * When  a subbuFFer is Fllled, RTS causes the routine RTSCOM to be
entered. This routine taKes the data in INPUT and places it in the
data buffer ICHBUF. The 54 data samples pPer channel which are
coried from INPUF to ICHBUF will from now on be called data sesments.
. 'RTSCOM balcula;es the averases of the Jata sesments and saves them in
- CHNAV., It then calls PREPAR to vremovwe these averases from the seaments
and to window the sesments (PREPAR calls WINDOW to rerform the windowing).
" The above Process 1is Tereated until 8 seaments have been acauired. At

" that roint the clock and the A/D converter are turned off and the

Processina rphase of the MOMA cvcle is entered. Note that since RTSCOM's
. pPreprocessina is done in. Parallel with the samplins, it must be completed

- before the next subbuffer is filled.

C . 0Once the .8 sesments of EEG data have been acauired and. Preprocessed.
“PWRSPC is called by ABGUIRE to comPute a power sepectral estimate of the data.
i The techniaue used is a method of avera=ins the reriodoarams fram a number
of shert data sezments and was described br P. D. WELCH in 1967
(IEEE Trans. Audio and Electroacoust., AU-15,pp. 70-73, June 19B67).

As implemented here, the Periodosrams of 8 nonoverlarrins Preprocessed
- (in PREPAR) seaments of B4 samples are compPuted for each data channel usins
FFT and POWRSP. The averase of these Periodoarams is then compPuted and stored
in the arrary POWER. Finally, in order to imPprove the statistical prorerties
of the power srpectral estimates, a three Point moving averagse smoothinsg
w1ndow is used (SMOOTH).
The data acauisition and Processins is now complete. . ~
POHER contains the power spectral estimate of the 4 EEG channels,
ISLDAT contains the data from the non—-EEG channels, and TIME contains
.the time at which this data is sampled. This data is now stored on
disk alonz with the cvcle counter (LOPCNT} by FSTORE and sent ta the
" backsround Job from ARUIRE. . Finally. the AGUIRE relinauishes control
- to the bacKaround Job until it is time to run throush another MOMA cvcle.
. The ARUIRE parameter IDELAY sets the crcle reretition rate.
" (in clock ticKks per cvcle == GO % seconds rper cvcle).
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. jCDMPILED'NITH THE /DEBUG-OPTIDN o

. All the acquxszt1on, processing, and sturase descrxbed above
is the same ‘when the Prosarams are compiled with the /DEBUG ortion in effect.

- However, this version is desianed to run in the bacKkaround and is .

“highly interactive.. Durxns each MOMA cvcle, the user will be asKed if
he(she) wants various thinss tveed out on the. terminal. These thinas
include - a plot of the sampled EEG data (DATPLT) and a plot of the

-Power spectral estimate (AQRUTST). Finally, at the end of each crecle, .
the user is siven the opertunity to terminate the erosram..

o ‘. A character will be typed to the terminal when the Prosram rasses

- 'certain Points in the acauisition and ‘Processing . Parts of the routine.

- The time at which these points are Passed is also saved within the erosaram.
Usina this feature, the user can trace - the flow of Prosram control and

.8et an idea about the amount . txme beina sepent in the various modules .

_oF the svystem. :

DK.FDRRTN._TXT_- to T : S o '
P MOMA FOREGROUND ROUTINES DISCRIPTIONS

" NOTE; FFT., IADC, POWRSP, RTS, and SETR are Found in -~ 77
the obaect lxbrary LABLIB. DBJ. '

- NOTE? Nhen the routines AGUIRE; 'PREPAR, PWRSPC, and RTSCOM are compiled

. -usins the /DEBUG ortion. the resultina prosram will be in a hishly
interactive Format suitable only for runnins as a stand-alane

" bacKkaround Job. When this compiling oPtion is not included, the
resulting Program is.suitable only as a foresround Job and resuires
that a diseplay and user .interaction Job be run in the bacKksround.
(such as DISPLA or BAKSIM).

ARUIRE Main roresround routine. LCoordinates the timins and calls .
: appropriate routines for data acquisition., Processina, and
storase. : : '

AGUTST-:Processed data rFlotter. Plots the Power srectral estimates

' " and outruts various other Proaram results under user control.
" This routine is included only when AGUIRE is compiled usins the
" /DEBUG oPtion. : '

DATPLT Raw data élotter. Plots the raw data obtained from the EEG channels
- ‘under user contrdl. This routine is included only when AQUIRE is
compiled usina the /DEBUG option.

CFFT "Fast Fourier Transform. Routine supplied by DEC in the fartran
: ’ exten51ons library to rerform fast fourier transforms.

FILACT Data file actxuatlon. LDDKUP and ISAvES all data 1195 used in MOMA.
FSTORE ' Data storase. Storeﬁ data on'MDMA_s data diss< ~uvery MOMA cvcle.
IADC A/D sampPling. Rbutine suPpprlied by DEC in the fortran extensions

library to take a sinale sample from a specified number of
A/D channels.

POWRSP . Periodoaram computation. Routine surrlied by DEC in the fortran
extensians library to compute a reriodosram from the outrPut of FFT.

PREPAR PrepProcessina for rower spectral estimation. Subtracts a siuen
- number (usually the mean of the arravy) from a s1uen array and .
then uses WINDOW to tarer the ends of the arravy.



'PWRSPC
RTS

RTSCOM

SETR .
" sLOSMP
SMDOTH

WINDOW
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Power spectral estimator. Uses a method of time averasina over

- short modified pPeriodosrams to estimate the Power srectrum of

a aiven sampled data sisnal.

Real- ~time A/D samplina. 'Routine supplied by DEC in the fartran
extensions lxbrary to reretitively samrle a siven number of A/D
channels.

EEG preprocessina. Entered every time a subbuffer in RTS is filled
to call routines which will Preprocess the incomins EEG data. It

‘reads the data in the samplins buffer into the data buffer., computes

and saves the subbuffer averase for each channel, and then uses
PREPAR to Preprocess the data for pPouwer srectral estimation.

Prosrammable clock setter. Routine suppliedlbv DEC in the fortran
extensions librarry to set the KWV11-A prosrammable real—time clocK.

Non-EEG samplins.: Saméles a siven set of channels once every
MOMA cycle. : : S

Three Point averaser. Routxne to smooth the Power spectral estimate .
from PNRSPC with a three pPoint averase movins window.

Time domain windowins. Rout;ne to tarer a gsiven Percent of the

. start: and end of an array usins a cosine taper.

DKIFORCMN.TXT . to TT:

MDNA FDRECRUUND COMMUN BLOCK TABLE

COMPILED UQING.THE /DEBUG’dPTIDN'

. /U /G /7 NY / /M7

COMMON-- 7/ @ /7 A/ A/ E /S // T/
BLOCK / A/ B/ H/R/E U/ DV

ROUTINE

ARUIRE
AQUTST
DATPLT
FILACT

" FSTORE

PREPAR
PWRSPC
RTSCOM
SLOSMP
SMOOTH
WINDOW

/ M/ R/7C/70/M /7 EV/
/07 A/70/7 T /7177 NV

/C/G/7 178 77T/7/707/
il e e L ey e e ]
1% 1 X X
Xt - tX 1 |
(D 1 1 1 X i
i 1 X1 ! tr
I X X 1 X 1 |
1 [ 1 | I X 11 !
I 1 X 1 I I X 1 |
I I ! | 1 X 1 I
I ] i I | 1 t
I [ | | N [N
i | ! ] i 1 i

COMPILED WITHOUT THE /DEBUG OPTION

/U / G/ N/ / /7 M/

COMMON /7 G/ A/ A/ E /S /717
BLOCK / A /B /H /R /7EV// DV

ROUTINE

ARBUIRE
FILACT
FSTORE
PREPAR
PWRSPC
RTSCOM
sSLOosSMP
SMOOTH
WINDOW

/ / R/ C /707 M/ EV/
/0/7/7A/0/T71 7/ N7

X

/ C/ G/ Y /S /T /1707
+-——+———+———+-——+———++—--+
X 1 X1 | I
1 I I X1 | L
i PX X0 X ti f
! ! ! | I I 1
r X | ! | ti |
P Xt i i | tl |
| ] 1 | I I 1
i ! | I f ti i
I i I I | It |

NOTE: ONEDIM is a srarhics common block
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' COMAQGU  raw data buPFers and Poiﬁters

INTEGER ICHBUF (512, 4):INBUF(4 128)
REAL CHNAV(9.4)
CDMMDN/CDMAQU/ CHNAU ICHBUF INBUF, IBEF IBFOFS, IBLKCT

CHNAY

" ICHBUF

INBUF

IBEF

IBFOFS

IBLKCT

1]

This arrav is loaded with the auerases of G4 sample seaments
of EEG data from each aof four channels by RTSCOM. These
values are then used by PREPAR to epreprocess ICHBUF for

Power spectral estimation. The nineth element of CHNAU

will accert the averase of the averases, ie; the
average of 512 samples. )

Data buFFer.: Accerts 512 samples from each of Four EEG
channels. This buffer is seplit into B B4-samPple sesments.

"RTSCOM cories the contents of a siven seament of INBUF to
. ICHBUF ‘and at the same time loads CHNAYV with the averases

of the sesments. PREPAR then removes these averases from
each seament and windows the seaments with WINDOW. Finallvy,
PWRSPC uses a data sesmentation processing technique to
comPute a Power spPectral estimate of the data in this arrav.

Cvclic sampliné BuFFer. _Used by the routine RTS to buffer

‘the data . as it is acquired. After 1 seament ( 54 samrles)

has been acauired, RTS sianals that RTSCOM should be entered
50 as to preprocess. that seament. RTS then proceeds to Fill
ur the second seament of INPUT. - Since RTS loops back to the

"first seament when the second seament is filled, RTSCOM must

have comrleted its Processing before that time.

The free subbuffer iﬁdicatar of the RTS routine. Incremented

_in RTSCOM To sianal to RTS that its Processing is complete.

INBUF subbuffer offset Pointér. Used by RTSCOM to switch
between the two subbuffers in INPUT each time it is entered.
Reset in AQGUIRE at the start of a new set of 8 sesments.

Seament counter. Used in RTSCOM to HKeer track of the
number of seaments which have been acauired and distributed

" to ICHBUF. Reset in ABUIRE at the start of a new set of

8 seaments. -

. GARBAG 256 word area used as a disk 1/0 buffer. Passed to other routings
to be used for tempcrary data storase so as to conserve memoTvy.

INTEGER IWRTBF(256)
COMMON/GARBAG/ IWRTBF

IWRTBF

256 word .area used as a disk I/0 buffer and for
temporary data storase in routines which do not interact

" with the diskK.
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IDCHAN.'containé channel'inFormation about the disk data files.
BRI ¥ - PEPMItS the use IREOPN for all d:sk 1/0. :

INTEGER ICHSAU(B 9)
COMMDN/IDCHAN/ ICHSAV

ICHSAV = Used bv FILACT to ISAVES the status of all the files
: : ~on the "MOMA slave disk". This will then be used in
all the disk I/0 routines (FSTORE) to IREOPN all the

files, thus avoidina the use of the USR routine.

'STDRE processea'data buffer.

REAL" PDNER(SZ 4)
INTEGER ISLDAT(4),MSGBUF(263) . ’
EQUIVALENCE (MSGBUF(1),POWER(1,1)),(MSGBUF(257),ISLDAT(1)),

>* (MSGBUF (261) , TIME) » (MSGBUF (283) ~ LDPCNT)
COMMDN/STURE/ MSGBUF

MSGBUF»f buffer Qontafhihs the data to be both sent to the
: ) backaround Job and stored on disK. The orsanization
is as followss’ :

- MSGBUF (1-256) == POMWER(1- 52 1-4) --> POWER1-4.DAT
MSGBUF (2537-260) == ISLDAT(1-4)} ——-—-—- > SLOCHN.DAT
MSGBUF (261-262) == TIME —-——---——=—-—=—-=3 SLOCHN.DAT

== |

MSGBUF (263) OPCNT ——=—mmm > STATUS.DAT

"TIMES Routine timins'Flass (included when compiled with debus ortion)

REAL TIMTAG(14)
COMMON/TIMES/ TIMTAG

TIMTAG = Used to record the time of arrival at 14 eredefined
-Points in the data samplina and pProcessins routines.
‘The time is stored in RT-11's internal time format.
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DK :FORCAL.TXT to TT:. - : I

" ABUIRE
FFT
FILACT

“FSTORE
1ADC
POWRSP
PREPAR
PWRSPC
RTS
RTSCOM
SETR
SLOSMP
SMOOTH
WINDOW

ABUIRE
ARUTST

DATPLT.

FFT

FILACT .

 FSTORE
. IADC

POWRSP
PREPAR
. PWRSPC

TS

- RTSCOM
SETR

SLOSMP
'SMOOTH

WINDOW

AREA
AUTOSC
LINTYP
. LINS1D
PARSET
PL INE
PLOT1D
PNTOUT
'RLINE
STRING
TITLE
VECGEN
XAXIS
YAXIS

note;

MOMA FOREGROUND CALLED ROUTINES

(not includina SYSLIB routines)

CALLED ROUTINE(S)

| WINDOW
I FFT,POWRSP,SMOOTH

compiled with /DEBUG oPtion

l.AGUTST:DATPLT}FILACTyFSTDREyPNRSPC,RTS;RTSCOﬂ:SETR:SLOSMP
| AREA,AUTOSC,PLOTID,RLINE-STRING,TITLE,XAXIS, YAXIS -

1 AREA,RLINE,STRING,TITLE,VECGEN, XAXIS,YAXIS
#] —————- - :

’ ______
| ______

#] ————— :

#] —————— ' _
I WINDDW :
i FFT,POWRSP,SMOOT

I PLINE.STRING

| PNTOUT

I PLINE,RLINE,STRING
I PLINE,RLINE:-STRING

# = LABLIB routine suprlied in DEC fortran extensions pacKaae
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MDHA FOREGROUND CALLING RUUTINES

ROUTINE

i CALLING ROUTINE(S)
________ o e e e e e e e e e e e e e e e e i e e e o e e e e
J
compiled without /DEBUG oPtion
. i :
AQUIRE | ————ewa : . -
FFT - - #1 PWRSPC - - -
FILACT | ABUIRE

" FSTORE | AGUIRE
~IADC #{ SLOSMP
POWRSP #1 PWRSPC

"PREPAR | ‘RTSCOM
PWRSPC | AGUIRE
" RTS #] ABUIRE
RTSCOM | ABUIRE
SETR - *| AQUIRE
'SLOSMP | AQUIRE
SMOOTH 1 PWRSPC

WINDOW | PREPAR
. .compriled with /DEBUG orPtion

AQUIRE | =———wm

ARUTST | AGUIRE
DATPLT .| AQUIRE
FFT  #1 PHRRSPC
FILACT | ARUIRE
FSTORE | AQUIRE

"IADC - #| SLOSMP
POWRSP #| PWRSPC

'PREPAR | RTSCOM
PWRSPC | AQUIRE
RTS #I ARUIRE .
RTSCOM | AQUIRE.
SETR  #1 AQUIRE
SLOSMP | ABUIRE
SMOOTH | PWRSPC
LINDOW | PREPAR

ararhics routines from GPHLIB (called From debusa uefsion onlvy)

AREA . AQUTST,DATPLT
AUTOSC AQUTST

LINTYP .t LINS1D.RLINE
LLINS1D . PLOT1D

PARSET AUTOSC

PLINE . TITLE, XAXIS, YAXIS
PLOT1D AQUTST

i

]

]

i

I

I

I
PNTOUT * | VECGEN ‘ -

| ARUTST,DATPLT,PLINE,XAXIS, YAXIS

i

i

!

|

I

.RLINE

STRING ARUTST,DATPLT . TITLE.XAXIS, YAXIS
TITLE ABUTST .DATPLT

VECGEN DATPLT,LINS1D, RLINE

XAXIS AQUTST .DATPLT

YAXIS . ARUTST.DATPLT

" notes * = LABLIB routine supplied in DEC fortran. extensions rFackase
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. DKIFORTST.TXT to TT:

" noter.

ADCAL " -
ADTST

ARUTMP

BAKSIM

CLKT1

CLKT2

CLKTST

" FFTCHK
PRETST
PWRTST

. RTCT1

RTCTST
RTSTST

SLOTST

]

MUMA FOREGROUND TESTING ROUTINES

all these routines should be run . in the bacKsround

‘Samples A/D channels O to 7 every second and1tvpes out the results.

(auasidifferential mode). Terminated by typina "RETURN".

Samples A/D channels O to 7 every clocKk tick (approx) for 32 ticks

.and tvypes out the result. (quasidifferential mode),.

Usesvthe DATPLT ahd AGU“”*'rLutines. DATPLT is given modulated

. caosine Patterns and AGUTST is aiven cosine Patterns.

R0utine to vun in the bacKksround whxle‘AGUIRE is run'in the

‘Foresround. Simply taKes AGUIRE s data update messase and tyres

it onto the term1na1.

Uses SETR for a hish rrequénc} KWV11—-A clock test. ‘Seté the
clock to repeated xnterual noninterurt mode and Pulses the
clock overflow line low at 500 KHz (500 ns pulses). Pulses

ﬂtcontinue until "RETURN® is tveped. Useful for looKins at the

Rl

"

clock overflow line with an oscilloscope. If ICMF is altered.,
an error messase is senerated and ICMF is trvped out.

Uses SETR for a low Frequency KWV11-A clock test. Sets the
clock to rereated interval interupt mode and Pulses the

‘clock overflow line low at 100 Hz (500 ns pulses). Pulses

continue until "RETURN" is tvped. If ICMF is altered, an

. error messase is gsenerated and ICMF is typed out.

Uses SETR with a completion routine for a low frequency KWVU11-A clock
test. Sets the clock to rerpeated interval interuprt mode and rulses

“the qlackvoqgrﬁlow‘lou at 84 Hz. A completion routine is entered
every 64 samples.  MWithin this routine, a counter is incremented.

This counter .is then trveed out alons with ICMF. If ICMF is altered.

an error messase is senerated and ICMF is tyrped out.

Runé a cosine throush FFT and POWRSP. _Typeé out data beFdre entry
to FFT, after FFT, and after POWRSP.

Tests the RTSCOM routine with 4 test Patterns._'Note that PREPAR
and WINDOW will indirectly entered.

Tests the PWRSPC routine with a double cosine‘test Ppattern.
Note that FFT, POWRSP, and SMOOTH will be indirectly called.

Uses the RTS-SETR combination to take 200 sameles from A/D channels
0 and 1 at 100 Hz. RTS has a completion routine but SETR doesnt.

Uses thevRTS—SEfR combination to takKe 200 samples from A/D channels
O and 1 .at 100 Hz. Both RTS and SETR have comrletion routines.

Uses the RTS-SETR combination to takKe 100 samples fram A/D channels
O and 1 at 100 Hz. Neither RTS or SETR have compPletion routines.

Tests the SLOSMP routine;. Uses SLOSMP to sample A/D channels 4 to 7
20 times at approximately 2 Hz and tvpes out the results. Note
that IADC is indirectly called. .
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"A2.7 Background Routines Documentation

Files coried:
DK IBAKEXP.TXT to TT:
MOMA BAKCGROUND GENERAL DESCRIPTION

note! refer to the “MOMA BACKGROUND ROUTINE INTERCQNNECTIUNS" diaarams
while readins this section.

All bacKaround activity is i1npi1tiated from DISPLA. On startue,
DISPLA calls a number of initialization routines
(on start: LBLINI, FILACT., TUSET. and TAGSTO)

(on restart; LBLINI, FILACT. TVUSET, and RESTRT) :

" and then sets up the terminal’s screen for a tvee 1 diselay (EEG4DD).
Restart soes one step further and reads the records stored on Jdisk and
urpdates the display (SCROLL, EEG4UP).

After sianallina the foresround routine to start samelins, DISPLA
simply waits for either an urdate messase from the foresround or a trped
character. When an update messase is received, RCVCOM flass it and
DISPLA c¢alls an arprropriate disrplay updating routine (EEG4UP., PLOTUP).

When a character 1s tvyped, DISPLA calls INPUT to service that character.
Note that TTY is in a no wait, special inPut mode.

When INPUT determines that a complete line has been entered, the
line i1nterpretins routine INTERP is called., This routine will analvze
the line entered and dispatch to the arproPriate service routine(s).

All timed tass and all instructicns excert RUBDOUT, DELETE LINE and LAST LINE
will be serviced from INTERP., The three exceprtions mentioned above are
sinale character immediate action commands and are serviced by INPUT when
they are recieved.

When INTERP returns to DISPLA (via INPUT),
it sets the araument ICHAR to produce three actions on return. 1) it can

-return directly to the main idle loof, 2) it can run throush the dismlay
updatins rToutine erior to soins to the main idle looep, or 3) it can run
throuah both the displar initialization routines and the display urdatins

. routines Prior to Soins to the main idle loorp. Thus, the function of INTERP
is to set up the display bufFfer and the mode flass and then 10 reauest
that DISPLA call arPrroPriate disrlavy manipulation routines. = 77

. The LUPDIS flass in the MODES common blocK are treated specially
by INTERP and DISPLA. These flass control the urdate of the buffer and/or
the display. When INTERP returns to DISPLA (uvia INPUT), it sets the araument
RESET to the value that the LUPDIS flass should be at complition of the

‘requested function. LUPDIS is set ezual to RESET within the
main idle loop of DISPLA., 3Since LUPDIS is not set to RESET until the
1dle loop of DISPLA is entered, oné can set LUPDIS within INTERP to a mode
arProprriate for use in routines entered before the idle cvycle. es’ when
a record is transfered from the scrolled section to the unscrolled section of
a tvpe 1 display, RESET is set for active section urdate, LUPDIS is set for
nanactive section update, and ICHAR is set so that EEG4UP is entered before
returnins to the main idle loop. With this configsuration, the unscrolled
se2ction wiil be updated when INTERP returns to DISPLA but will not be touched
br subseauent DISPLA activity.

Two display types are Presently implemented on this system.

Display tvee 1 presents the EEG in a DSA format alona with a disital display
of the non-EEG data and uses buffer modes 1 and 2. Diselar tyre 2 plots
the non~EEG data vs time and uses buffer mode 3. The routines For each
display tyre have been sPlit into two catasories, initialization routines
and urdate routines. The initialization routines (EEG4DD for tyee 1 and
PLOTDD for tvype 22) initialize the terminal’s screen: plot axes, output
titles, etc. The Urdate routines (EEG4UP for type 1 and PLOTUP For type 2)
handle the disrPlay buffer and outrut the data to the terminal. Note that
since disrlay type 2 is not urdated on foresround messase receift, the
PLOTUP routine is set so that it chanaes the buffer and updates the

diskrlay only on disrlay chanse.

The display buffer can be loaded by three routines, BREAD, SLORED.,
and DISBUP. BREAD loads 1t in mode 1 or 2 with a siven number of records
from the data disk. SLORED performs the same function for mode 3 as BREAD

"does for modes 1 and 2. DISBUP loads it with data from the foraround messaae
while in modes 1 and 2. For modes 1 and 2, the EEG data 1s encoded to
ADE’s of the arav levels for the DSA (ENCOI6) and the ncn-EEG data is scaled
(ISLSCA) eprior to bufferina. For mode 3, the non-EEG data is scaled (ISLSCA)
and bounded (BOUND) prior to bufferins. Note that since the type 2 diseslars
imode 3) are not updated on forearound messase receipt, it was not necessary
to include a mode 3 ewuivalent to DISBUP.

If a tyre 1 disrlar is currently active and a diseplay chanae is
requested, it is necessary to remember what has heen saved in the unscrolled
section. This is rerformed by the routines NACTSY and NARCTIN. Just before
leavina a type 1 display, NACTSV is called to save the rcoord numbers of the
records contained in the nonactive scroll. When a new tyre 1 displar is
‘subseauently requested, NACTIN is called io read these records into the
unsocrolled section of the new disrlay,
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MOMA BACKGROUND ROUTINES DESCRIPTIONS

'NDTE: DISPLA, the main backaround routine, can be run with or without a

EFBLNK

BOUND -

BREAD

COPY

D#SET

DD2SET

DISBUP

DISPLA

EEG4DD

EEG4UP

EEGDLN

ENCOLSE

FASTDD

FASTUP

FILACT

FNTS+

INCBUF

INPUT

INTERP

forearound (data acauisition and storase) Job Present. Howeuer,
if a foresround Job is NOT present. the only meaninaful startup mode
is restart,

Disrlay buFfer line blankins. Blanks one line of the display bufFer.

Non-EEG data bounder. Sets upper and lower limits on the non-EEG
data for tyre 2 displavs. If the data is outside a limit it is set
eaual to that limit before beins inserted into the display buffer.

Disk data read. Reads a specified number of data records fFrom a
specified Point in time to the display buffer.

Display buffer line durlication. Cories the contents of one line
of the display buffer onto another line of the display buffer.

Display chanase pParameter settins. Sets slobal Parameters for a
srpecified display, .

Terminal screen attribute setter. Sets the attributes of a aiven
number of lines on the terminal‘s screen for a DSA display of a
siven format.

Display buffer update. Takes the content of the buffer which receives
the forearound messases and, after formatins it, inserts it inteo the
display buffer.

Main backsround routine. When the backaround is inactive, the
system waits in this routine. MWhen a request for bacKsround
activity is received from either the forearound Job or the user,
this routine dispatches to the arProrriate service routine(s).

Tvre 1 display setur. Calls aPPTOPTiate routines to set up
a siven type 1 display.

Trre 1 display update. Calls aPProPTriate routines to urdate the
display buffer and/or the diseplay for tyee 1 disrlarvs. Note that
this routine is entered on the Teceirt of new data from the forearound.

DSA line sender. Sends one line of DSA to the terminal.
A number of outPput formats are available.

Density encoder. Encodes a power sPectral estimate to 3 series of
ADEs for aray level characuvers Fo. -+, character font 18, .
Character intensity is directly PTOPOTtional to the masnatude pFf the
Fower spectral estimate at a aiven frequency and time.

Trrpe 1 DSA display setup. Sets uP the terminal’s screen for
a given DSAvdisPIav and outputs the labels, axes, etc..

Trere 1 DSA urdate. Urdates the DSA part of type 1 displars.

-Data file activation. LDOKUP and ISAVES all data files used

in MOMA.

Font 16 initialization. Initializes the character font (Font 16)
used to aenerate the density modulation in DSA diseplars.

Display buffer pointer mouer. Moves the display buffer‘s pointer
forward or backward a siven number of lines,.

Character 1nput handler. If the received character is a sinale

character immediate action command (RUBOUT, CTRL/U, or LAST LINE)}.
it 1s serviced. If the received character 15 a carriase return
that terminates a timed tas or a command, INTERP is called., If

the received character is a trivial carriase return., it is ianored..
If none of the above and no more than MAXCHR characters have been
entered fFor the gurrent line., the character is inserted into MOMA‘s
line inpPut buffer.

Line interpreter. After beina called from INPUT, this routine
interprets the line in MOMA’'s line ineut buffer and chooses an
arrrorriate course of action.
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1WUERY

ISLSCA

ISWTCH

LBLINI

MEXIT
MOMKEY

NACTIN

NACTSVY

PLOTDD

fLOTUP

RIVCOM

RESTRT

SCROLL
SLOoUT
SLORED
SLOWDD
SLOWUP

TAGSTO

TBLANK
TINSRT
TGREAD

TRNSFR

TUSET

Guestion asker. Routine to send a auestion to the user and to
wait for the responce. The fFirst character of this reseonce is
sent back to the callins erosram.

Non-EEG data scaler. Scales the non-EEG data accordina to
a siven multirlicative and additive constants.

Displar huffer context switch. Chanases the destination of all
displar buffer operations to the other section 1e! switches

"between the scrolled section and the unscrolled section of the

display buffer.

‘Label initializat;on. Initializes the common block containing the

labels to be used for the non-EEG data.
Termination routine. Routine entered to stoPr the MOMA pProarams.
Terminal Key prosrammer. Prosrams the terminal ‘s Keys for MOMA.

Unserolled section record number recovery. TaKkes the record numbers
saved by NACTSV and reads the arpropriate records into the unscrolled
section of the diseplay buffer.

Unscrolled section record number save. Saves the numbers of the
records stored in the Unscrolled section of the diselay so that
they 'will be preserved durins a display chanse.

Trre 2 display initialization. Initializes the terminal screen for
time Plots and tryees out the axes, labels, titles, ete.

Trre 2 display update. Calls arpProPriate routines to read data
from the disk and urdate the display. Note that this Toutine is
net entered on the receirt of new data from the forearound.

Foresround messase flaaaer. Entered as a comrletion routine and
rarses a flas to tell DISPLA that the forearound has sent a messase.
This flas is droreped in DISPLA when the messase is serviced

LOPCNT initialization for restart. Reads LOPCNT from the STATUS
File and sets it in the backaround Job. This settina is sent to
the foresround throush the start messase.

Sets the calling arauments for BREAD so that the display buffer
will be moved Forward or back by a sPecified number of records.

Tryre 2 displar data outeput. OutpPuts the data stored in the dismrlay
buffer to the terminal. :

Tree 2 data reader. Reads data From disk to the diseplay buffer
for tvepe 2 displavs.

Trre 1 non-EEG diseplay setup. OutpPuts the labels Ror the diaital
display of non-EEG data in tyee 1. displars.

Tyre 1 non-EEG update. Uepdates the disital diseplay of non-EEG data
in type 1 displavs.

Timed tas storase on disk. Stores a aiven timed tas on disk,

Tas blankina. BlanKks the timed tas Portion of a siven line of the
diseplay buffer.

Tas insertion. Inserts a timed tas into a specified line ef the
display buffer.

Timed tas readina., Checks if a timed tas has been attached to

the records contained in a specifed number of lines of the display
buffer. It then blanks the timed tas Portion of those lines which
do not have attached timed tass and reads tasas into those that do.

Takes a line From the tor of one section of the display bufFfer
and inserts it to the other section. Control is returned to
1s returned to the first section when this routine is terminated.

Terminal screen 1initialization. Calls routines which will
set the terminal‘s modes, Proaram the Kevs., and
initialize a charaoter font for the DSA (Font 18).
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MOMA BACKGROUND COMMON BLOCK DESCRIPTION

BLANK defines a 32 character‘fesion coﬁtainihs spaces

LOGICAL#1 LSPACE(32)
COMMON/BLANK/ LSPACE

LSPACE = losical#l array initialized to 32 space characters
in DISPLA on system startup.

DISBUF display buffer and pointers

for diseplay tvee 1 (D! to D4 or buffer modes 1 and 2)
LOGICAL#1 LPW4BF(32,10,4),LPH2BF(32,20,2) .LTGBUF (9,20)
EQUIVALENCE (LPWARF(1.1,1),LPB2BF(1,1:1))

‘INTEGER LOPRUF(20),ITMBUF(2,20),I1SLBUF (4,20}
COMMON/DISBUF/ IDSBFP,IBFTOP,IBFBOT,IBFMOD,

if IBFMOD = 1; the rest of DISBUF = LOPBUF.,ITMBUF, ISLBUF.,LPH4BF,LTGBUF

if IBFMOD. = 27 the rest of DISBUF = LOPBUF,ITMBUF.,ISLBUF,LPWZ2BEF,LTGBUF
——————————— 870 words -—---——-———--

IDSBFP = Display buffer pointer. Gives the buffer offset of the

"record which resides at the top of the currently active
section oF the disrlay buffer.

Top of currently active sectxon'Poxnter. Gives the highest

IBFTOP =
buffer offset allocated to the currently active section of
the disrlay buffer.

IBFBOT = Bottom of currently active section pPointer. Gives the lowest

‘buffer offset allocated to the currently active section of
the display buffer.

note; On startur or display chanse. the initial settins of
" IBFTOP and IBFEDT define the "scrolled section” of the
display buffer. ~a; the scrolled section incorrporates all
buffer. locations between IBFBOT and IBFTOP inclusive and
the unscrolled section will occury the remaining bhuffer
locations. Note that since the rows allocated to these
sections must be contisuous, either IBFBOT must be set to 1
and/or IBFTOP must be set to the larsest offset Possible
(10 For mode 1 and ZO for mode 2). The ISWTCH routine
may produce undesireable results if this condition is
not satisfied.

IBFMOD = Buffer mode indicator. Indicates the way in which the
870 words of buffer are used.
17 4 sections of 10 DSA records, each with 32 elements.
27 2 sections of 20 DSA records. each with 32 elements.
37 see below

LOPBUF = MOMA crcle numbers of the buffered records.

ITMBUF = Time labels for the buffered records.
ITMBUF(1,%#) = the hour of the sample
ITMBUF(2,+) = the minute of the samerle
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BuFFer For the non-EEG data.
" ISLBUF(N;#) = data sample from the Nth non-EEG channel
1<=N<=4

‘BuFFer-#br'the«DSA.,gEach-element contains an ASCII character

which will be represented on the terminal’s screen as a

'  srav level accordina to the definitions in character font 16. .

LPW4BF(32,%,4) = 32 elements of DSA from 4 channels.
o = maximum of 10 records
" LPWZBF(32,%,2) = 32 elements of DSA from 2 channels.
o : = maximum of 20 records :
*= note that instead of DSA data, it is rossible to
buffer other thinas, such as timed tass.
'(see displays D3 and D4) -

:An 8 character buffer For the storase of timed tass.

A nineth element was included becaure a null character
is inserted as a character string terminator by ‘the

"system’s character strins handlins routines.

for disrlay tvpe 2 (DS to D6 or buffer mode 3)
REAL SLOBUF(4,79), TMBUF(?S)
INTEGER LOPBUF(79) : ' .
COMMON/DISBUF/ IDSBFP, IBFTOP,IBFBOT, IBFMOD,

if IBFMOD

IDSBFP

IBFTOP
IBFBOT

IBFMOD

 LOPBUF

TMBUF

SLOBUF

"

= 37 the rest of DISBUF = LOPBUF, TMBUF,SLOBUF

. : : : —-== B69 words -
Not used .
Not used
Not used
Buffer madé indicator. Indicates the way in WHIOh the

870 words of buffer are used.
1; See above
2; See above
7. Buffering for up to 79 samples from 4 non—-EEG channels.
Note that the ararhics routines use real numbers S0

real numbers are buFFered.

MOMA cvcle numbers wh:ch correspond to the buffered samples.

Buffer for the storase.bF times at which the‘buFFered samples
- were acquired. Time is stored in RT-11‘s internal time format.

Storage for uPr to 79 samples From 4 non-EEG data channels.
This data is bounded by BOUND and scaled by ISLSCA Prior

to storase in this arrav. Real numbers are stored in order
to obtain compatability with the srarhics pacKase.
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.DSPLAY .Pafameters rélated'to the display confiauration
. For display tvyre 1 (D1 to D4 or buffer mode 1 and 2):
INTEGER ITMFRA(2) , IROW(Z2) ,LENTHY(2),ICH(4) ’
" COMMON/DSPLAY/ IDISPL,NUMSLD,L INE.,NUMEEG,NUMSEC, INC, ITMFRG, IROW, LENTHY ICH

IDISPL = Thelnumber oP the currently actxue dISPlaY.

The number of channels: oF non-EEG data buffered and dstlaved.
ie; ISLBUF(1.,#) to ISLBUF(NUMSLOD.,#) will be used to buffer
data from the first NUMSLO non-EEG channels. The
non-EEG data associated with the EEG record at the
. top of the scrolled section wxll be displaved in a
-d191tal Format. :

NUMSLO

'LINE = The tor vow in the worksrace ébrtion of the terminal‘s. screen
" " which will be used for the disital disrlary of non—EEG data.
' The followinsa NUMSLO/2-1 rows will be used for this Purprose.’

NUMEEG = The number of EEG channels buffered for diselav.

) . ie? LPWH#BF(32,#,1) to LPW#BF(32,#,NUMEEGR) will be used" to
buffer EEG data. The EEG channels which are buPFered in
these locations are determxned by ICH. .

- NUMSEC = Usins the routxne FASTUP, ASCII data from two of the
) U EEG channel ‘s buffers is typed out side by side.
T o When usins the 4 channel bufferins mode (mode 1), there
o . are.two reaions of the screen into which outeput in this
.format will be tvrped. These resions have been called
"display resions". It is passible to outpPut to anly one
diselary region while in mode 1, thus using only half of
. the display buffer. This is done by settinsg NUMSEC.

.Buffer mode 1, NUMSEC=1; one disrlay resion, only
- : ] half of the buffer used
=2; two display resions, complete
. E " buffer is used.
Buffer mode 2, NUMSEC=1} one disrlay resion. compPlete
o buFPer is used.

Note that usina FASTUP in its Present Form and while in
buffer mode 1. buffer channels 1 and 3 are tyrped into the
First dxsplay resion and buffer channels 2 and 4 are typed

into the second displar region. This allocation of buffer
‘channels can easily be chanaed by alterinag the EEGDLN calls
"~ in FASTUP and/or chanaina the settina of the Parameter I0FST
~within FASTUP.

INC = The record 1ncrement between consecutive buffered records.
: within the scrolled section.
ie; if INC = .2, every second record acauired by MOMA will
" .be buffered and disrlaved. even thoush every record is
stored on disk. C
ITMFRQ = The fresuency of time labellina in DSA disrlays.
ITMFRG(1) = for the scrolled section
S ITMFRA(2) = for the unscrolled section .
iey 'if ITMFR@(1)=2, every second.disrplay line in the scrolled
section of the DSA displavs will have a time label
attached to it. Note, however, that ITMFRQ settinss
affect only the display of time labels, every buffered
record will have an accurate time label in ITMBUF,
attached to it.

IROW = The top row in the worKspace region of the terminal’s
‘ screen to which the displar resions are to be written.
Display resions are described under NUMSEC.
'IRDW(1) = the tor row of display resion 1.
IROW(2) = the top Tow of display reasion 2.
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LENTHY = The lenath, in rows, of the Y axis of the DSA disrlays
in a siven display remaion. Note that this sets the lensth
of the Y axis and not the size of the diseplay resion. Thus;,
if the specified Y axis lensth is smaller than the size of
‘the display reaion the X axis will be overwritten on display

urdate. . ] . : . . :
' LENTHY(1) = lenath of the Y axis.in displar resion 1
LENTHY(2) = lenath of the Y axis in disrlar resion. 2.
ICH. - = Data to buffer. connection numbers. Associates a siven

EEG data channel with a siven EEG buffer channel.

ie} if 'ICH(2)=3, the data acauired by the third A/D

channel used for EEG samplina and the data stored in
POWER3.DAT on the data disK will be buFFered in LPW#BF(#,%#,2).

. For dxsplav tVPe 2 (DS to DE or bhuffer mode 3):
INTEGER ICH(4)
CDMMDN/DSPLAY/ IDISPL NUMSLO ILINE, ICDLMN XSIZE YSIZE ISTREC NREC INC ICH

IDISPL ]The_nqmber of the currently active disrlay
NUHSLO = The number of channels of non—EEG data to be displaved.
Note that all four non-EEG channels are read but onlvy
NUMSLD of these channels will be plotted.
"ILINE = The bottom edse of the time plot. ie; If ILINE=30, row 30
: " of the terminal’s worKkspace area will be the bottom row
(hishest vow number) used for the time Flot.
‘ICOLMN = The left edse of the time pPlot. - iej If ICOLMN=30, column 30
S of the terminal’‘s worKspace area will be the leftmost column
(lowest column number) used for the time Plot.
‘XSIZE = The distance, in cm’s, which the time Plot will extend in
the X direction. 10.B < XSIZE < 21 6
YSIZE‘ =. The distahce: in em’‘s, which the txme Plot wxll extend in
’ the Y direction. 7+NUMSLO/Z2 < YSIZE < 14.7
ISTREC = The mast recient vecord of non-EEG data to be buffered
s and displaved.
NREC = The number of recordé to be buffered and displa?ed.
INC = Record.increﬁent between consecutive buffered records.
" ICH _ = Buffer to display connection numbers. Connects a siven

display buffer channel with a gsiven pPlotting order.
ie! Data from non—EEG data channels which is stored on disk
in the file ISLDAT.DAT is read into the disrlay buffer.
. The data channel numbers are the same as the buffer
channel numbers. The data buffered in the ICH(I)th

buffer channel
"channel plotte
data channel.,
" channel, is as
channel pPlotte

is assianed linetype I and is the Ith
d. Thus, if ICH(2)=3, the second non—-EEG
which is buffered in the second buffer
sianed linetype 3 and is the th;rd
d.
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INPTRT parameters used in INPUT and INTERP
o '~ 'Yysed to Prevent probiems in"ovérlaving INTERP (INPUT in root)
COMMON/INPTRT/ ICOMCH, ITAGQU.IDIR,IUPOFF , UPSAVE

ICOMCH = The ADE for MOMA‘’s command character
- usually set to 123 or "{", '

ITAGOU = Query on timed tas enable/disabl-~ Fi.a,
=0; a query is sent on receiprt of a timed tas
= 1 ; " " " NOT n n " i “ [1] o
IDIR = Scrolling direction indicator
=1 scrolling orerations move forward in time.
.___1; [1] . (1] . [1} . backuard [} [}
IUPDFF = Display update indicator
=07 displavs and buffers updated an forearound messase receipt
= 1 ; " " [1] NDT (1] " L1} - " "
UPSAVE = Temeorary storase location for UPDIS when diselay urpdate is

turned off. Inserted to Prevent the loss of this value
when INTERP is overlaved.

INPUTB character buffer used to buffer lines entered at the Kevboard

LOGICAL#*#1 LINBUF(B82)
COMMON/INPUTE/ ICHCNT,LINBUF

ICHCNT = The number of characters presently in the line inPut buffer.

LINBUF = The line input buffer.

- I0OBUF ‘258 word area used as a disk I/0 buffer

INTEGER IREADB(256)
-COMMON/IDBUF/ IREADB |

IREADB = A 256 word area to be used as a read/write buffer for
disk I/0.

TOCHAN cohtains channel information about the data files.
ie; Permits the use of IREOPN for all disk I1/0.

INTEGER ICHSAV(5.9)
COMMON/IOCHAN/ ICHSAV

ICHSAV = Used by FILACT to ISAVES the status of all the files
on the "MOMA slave disK". This will then be used in
all the disk I/0 routines to IREOPN the files without
the use of the USR routine.



136

MODES flass controllins'the mode of buFFer'and display updates

for display type 1 (D1 to D4 or buffer modes 1 and. 2)
LOGICAL*I LUPDIS(2.2) .
~ INTEGER IMODE(2) =~~~ 70 T
CDMMDN/MDDES/ LUPDIS, IMDDE IFORM

LUPDIS = Used in EEG4UP to control the uPdate oF ‘the
data buffer and/or the disrlar.
“LUPDIS(1,1) 1; update scrolled section of data buffer

nn

CLUPDIS(2,1) 17 o . . " % display
LUPDIS(1,2) = 1; . % unscrolled *® " data buffer
LUPDIS(2,2) =17 - =~ * " - " displar

IMODE = Indicates the way in which data is to be pPut into
: the display buffer. ' : :
= +2 or -2; data is overlaved onto the display buffer.
= +1 or -1; " " inserted " " "
= positive; data: is placed at the top of the displavy buffer.
- nESatIUE; " " ” . o L1} bOtCOM .o 111 o (1]
IFORM = Indicates the output format of the lines sent from EEGDLN.

= 17 parallel DSA displavs with NO font settins instructions
" in the character strings sent.

= 27 Parallel DSA disrlavs with font settins 1nstructxons

in the character strings sent.
; Risht side of screen.contains a DSA dxsplav, left side is .
used for lona timed tass. NO font settins 1nstruct10ns
in the character strings sent.
‘Right side of screen contains a DSA diseplay, left side is
used for lons timed tass. Font settlns instructions
in the character strznss sent.

1]
. w

i
‘h .

for diseplay tvee 2 (DS to DB or buffer mode 3)
CDMMDN/MDDES/ UPDIS

UPDIS = used by PLOTUP to rermit or block entrvy to bLDRED and SLOOUT.
S 0; SLORED and SLOOUT are NOT entered. PLOTUP returns to

) its callins routine (DISPLA) immediately on entry.

"anvthina else; GSLORED and SLOOUT are entered from PLOTUP.
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NACT . area where the record.numbers of records in the unscrolled
' section of the last tvpe 1 displav. - (saved by NACTSV) .

 INTEGER NACTNM(20)
. COMMON/NACT/ NACTNM

_NACTNM

Record numbers of the unscrolled section of the
previous type 1 displav. This array is loaded by

NACTSY at the start of a disrlay chanse and then loaded

by NACTIN into the unscrolled section of the next
tyre 1 disprlavy. ’ : : i :

_‘NDNEEG, labels Fbrithe non—-EEG displays‘

LOGICAL#*1 LABELS(3214)
~ INTEGER LBLLNG(4) .
COMMON/NONEEG/ LBLLNG:LABELS

- LBLLNG

LABELS"

The lensth oFuthe‘1abe1s contained. in LABELS.

'Labe;s'that are to be uséd to identify the non—-EEG
data in both tvpe 1 and tvyre 2 displavys. These labels

can be uPp to 31 characters in lenath and are initialized

in the routine LBLINI on svystem startup.

- PNTSAV  disPlay buPPer‘Pointer séue locations uséd by ISWTCH

COMMON/PNTSAV/ IPNTL1,IPNTZ:

‘ IPNT1

-IPNT2

~Saves the Position of the scrolled séctidn POinter
when ISWTCH switches to the unscrolled section.

Saves the Position of the unscrolled section paointer
when ISWTCH switches to the scrolled section.

note; both these pParameters should be set to O Qheneuer
the display is chansed. .
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. STATE =~ scale Parameters ‘and Parameters indicatins the seneral state of MOMA

_ REAL SLOMLT(4) SLOADD(4) , SLDTDP(4) SLDBDT(4)
- CDMMDN/STATE/ MSGFLGrLOPCNT ., ITINCR PMAX ., FMAX SLOMLT,SLOADD,SLOTOP, SLDBDT

MSGFLG ralzed by RCUCOM to sisnal the arrival of an update messase
L -from the forearound Job (ABUIRE). This flas is drorred
by DISPLA aFter the message 1is servzced.
=0; no messase has been queued vet.
"=17 a messase has been aueued.
LOPCNT = The number of MOMA cvycles that have. already occured. This

parameter is used to index the data. on the data disk.

ITINCR = not used

PMAX = Power masnatude correspondxns to the maximum 1ntensxtv
. character in the DSA.

FMAX = The freauencyr in cvclesfper second, which corresronds to
o ) the end pF the freauency axis in DSA plets. This Parameter
is only used for the determination of scalins labels.

‘SLOMLT = The multiplicative scalins factors used ih ISLSCA for the
) : four non-EEG data channels.. ISLSCA is called pPrior to
bufferina the data for both tyepe .1 and tvyre 2 displavs.

SLOADD = The additive'scaiins factors used in ISLSCA for the
i : four non—-EEG data channels. ISLSCA is called eprior to
‘bufferina the data for both tyrpe 1 and tryre 2 disrlavs.

SLDTDP = Thé upper limits used in BOUND for the Four non-EEG 'data
: ‘channels. - BOUND is called prior to bufferina the data for
tyrPe two diseplays only (time rlots).

SLOBOT = The lower limits uséd in BOUND for the four non—-EEG data
: S channels. PBOUND is called prior to bufferina the data for
tvPe two displays only (time Plots).

_USRTAG bu¥fer to communicate timed tass to various routines

LOGICAL#*1 LTAG(32)
COMMON/USRTAG/ ITGFLG,LTAG

ITGFLG = Flass the existance of an active timed tas in LTAG.
When DISBUP incounters this flas, it inserts that tas
into the displav buffer alons with the Just rece;ued
forearound messase.

= —-1{; a timed tas is Present.
= anvything else; NO timed tas pPresent.

LTAG - = Contains timed tass of ur to 31 characters.



- BOUND

- - FASTDD

LBLINI

- TGREAD

DK:BAKCAL.TXT to TT:

" U RDUTINE

BFBLNK

 BREAD
CoPY
D#SET
 DD2SET
~ DISBUP
DISPLA
EEG4DD
EEG4UP’
EEGDLN
ENCO16

FASTUP
. FILACT
FNTS#*
INCBUF .
INPUT
INTERP.
‘IGUERY
_ISLSCA
ISWTCH

MEXIT -
MOMKEY
NACTIN
NACTSY
PLOTDD
PLOTUP
RCUCOM
RESTRT:
SCROLL
SLooUT
~ SLORED

. SLOWDD
SLOWUP
TAGSTO
TBLANK
TINSRT

TRNSFR
TUSET

-G

AREA -

LINS1D
LINTYP

- PLINE.

" PLOTID
PNTOUT
RLINE
STRING
VECGEN
XAaxXIs
YAXIS

MOMA BACKCROUND CALLING ROUTINES

BREAD
SLORED
NACTIN,SCROLL
TRNSFR -
DISPLA, INTERP .
- EEG4DD

EEG4UP

DISPLA

DISPLA

FASTUP .
BREAD , DISBUP
EEG4DD ‘
EEG4UP

DISPLA

TVSET -
BREAD, DISBUP,NACTSY, SCROLL'TBLANK TGREAD , TRNSFR
DISPLA

INPUT

DISPLA, INTERP
BREAD, DISBUP, SLORED
EEG4UP,NACTIN, NACTSVY, TRNSFR
DISPLA

INTERP

TUSET

INTERP

INTERP

DISPLA

DISPLA

DISPLA

DISPLA
DISPLA,INTERP
PLOTUP

PLOTUP

EEG4DD

EEG4UP -
DISPLA, INTERP
DISBUP , TGREAD
DISBUP, TGREAD
BREAD

INTERP

DISPLA, INTERP

RAPHICS ROUTINES

“PLOTDD

PLOT1D

LINS1D,RLINE

XAXIS,YAXIS

SLOoUT

VECGEN
PLINE;PLOTDD,SLOOUT,XAXIS, YAXIS
PLOTDD,SLOOUT . XAXIS,YAXIS
RLINE,LINSLD

PLOTDD

PLOTDD
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" ROUTINE

" BFBLNK-

B80UND
" BEREAD
CoPY

| D#SET

DD2SET
DISBUP
- DISPLA .

EEG4DD
EEG4UP

EEGDLN

- ENCO18B

FASTDD
FASTUP
FILACT
"FNTS+#
INCBUF
INPUT
INTERP .
"IQUERY
1SLSCA
. ISWTCH
LBLINI
MEXIT
MOMKEY
NACTIN
. NACTSY
. PLOTDD
PLOTUP
rRCYCOM
RESTRT
SCROLL
SLOOUT
SLORED
SLOWDD
SLOWUP
TAGSTO
TBLANK
TINSRT
TGREAD
TRNSFR
TUSET

140

' MOMA BACKGROUND CALLED ROUTINES "”  I I

“{not includina SYSLIB routines) .

. . " CALLED ROUTINE(S)

ENCO16G, INCBUF ISLSCA TBLANK , TINSRT ' '
D1SET,EEG4DD,EEG4UP,FILACT, INPUT, IGUERY, LBLINI

|
|
| PLOTDD,PLOTUP.,RCVULCOM,RESTRT, SCRDLL TAGSTD TUSET
1 DD2SET.FASTDD,SLOWDD

| DISBUP,FASTUP, ISWTCH,SLOWUP

| INTERP
| D#SET, IGUERY MEXIT'NACTIN NACTSY, SCRDLL TAGSTO, TRNSFR, TUSET

[2re

| BREAD:ISWTCH

I INCBUF , ISWTCH )
I AREA,RLINE,STRING,XAXIS,YAXIS
I SLO0OUT., SLURED

| BREAD., INCBUF
1 PLOTID,RLINE, STRINC
| BOUND,ISLSCA

| - INCBUF, TELANK » TINSRT
| "COPY, INCBUF , ISWTCH
| FNTS#,MOMKEY

' GRAPHICS ROUTINES

AREA
LINSID
LINTYP
PLINE
PLOT1D
PNTOUT
RLINE .
STRING
VECGEN
»AXIS
YAXIS

I PNTOUT
I PLINE,RLINE,STRING
I PLINE,RLINE,STRING
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. DKIBAKTST.TXT to TT) . :
' © . MOMA BACKGROUND TESTING ROUTINES

Tests the BFBLNK routine. Loads the text buffer with sarbase.,
tryPes it out, calls BFBLNK 20 times to blank the buFFer. and
‘typPes 1t out asaxn.

BLNKT

ENCTST = Tests the ENCO16 routine. lLoads the rower array with numbers from
-8 to B6 and calls ENCO16 with PMAX set to B0.. Will result in the
full range of sray levels beinsa tyrped out and will saturate at
(o] and 60.

IQUTST = Tests the IGUERY routine. Sends aueries both with and without an
: arppended “(Y or N)". Respondins with "S<RETURN>V,stOP the Prosram.

FNTTST'; Tests all characters in: character font 18. Tyres the ASCII characters: .
o ~ from 32 to 100 on one line and tryeres the fFontlB equivalents below.. ’
Uses FNTS# to initialize the character font.

FORSIM

-Routine to run in the foresround while DISPLA is runnins in the
‘bacKksround. Sends 4 tests patterns in a messase of the same

- format as AQUIRE. . If compiled usina the /DEBUG ortion., it also
stores these patterns on the slave disk. :

PLTDDT = Checks out the data plottins routine. Calls FILACT, LBLINI, PLOTDD,
. . and PLOTUP and indirectly calls SLOOUT, SLORED. BOUND, and ISLSCA
- to Plot the non—-EEG data stored on the data diskK.

Files copied:




142

A2.8 Graphics Routines Documentation

DK :GPHEXP.TXT to TT!
g . GPHLIB GENERAL DESCRIPTION

note;:the “GRAPHICS ROUTINE INTERCONNECTION" diasram shauld be viewed
while readins the followina text. :

. GPHLIB.OBRJ contains a number of fortran sraprhics routines desisned
Ffor the Tektronix 4025 ararhics terminal. These routines maKe use of the
GRA, LIN, STR, and VEV commands and. erovide the user with a data plottins
‘and fisure generation carabilitvy. It is assumed that the terminal’s
_command character is bacKauote "‘* and that the command locKout Key is off.
Time delays. have been Put into the routines so that every function can be
‘used with the terminal at 9600 baud and no fill characters between lines.
tHowever, when a number of these functions are called in rapid successionys
it may be necessarv to insert extra time delavs into the callins proaram.
Subroutines have been written to output four of the terminal ‘s
'sraPh1cs commands; AREA sends the GRA command, LINTYP sends the LIN command.
STRING sends the STR command. and VECGEN sends the VEC command. ~ BODRDER -
simply outlines the sraphics area with a line of siven linetyre but does
not make use of UECGEN. All other routines in the pacKase directly
or indirectly call these routines when the LIN, STR, and VEC commands
are needed. . Note that AREA must be the first routine called since ‘it
1n1t1a11zes various common block rarameters and scale factors. .
: On the next level, & number of simeple line seneration routlnes
were»urxtten. RLINE senerates a line with given rectanaular coordinates.,
PLINE senerates a line with siven Polar coordinates, LINES connects the
points contained in a siven array, and LINSID is a sinsle dimension version
‘of - LINES. Bv sinale dimension I mean that the vroutine is siven an arrav
"containins all the points of one dimension, an additive factor A, and a
" multiplicative factor B.  The unspecified dimension is then obtained bv¥
assuming it conforms to the equatlon R(I) = B#I+A. The above routines use
" YECGEN and LINTYP. .
' MaKing use of the 11ne seneratlon routines are two classes of
“hiaher level" routines:; fiaure seneration routines and pPlottins routines.
.. The. following two Parasraphs deseribe these two catasories.
' One main fiaure generation routine was written (FIGURE). This -
routine draws a NUM sided fisure inscribed at a siven ansle within an
undrawn circle of siven radius. This routine is then used to senerate
arcs which subtend a siven anale (CURVE) and NUM sides Polyaons (POLY).
WARP extends the carability of these routines. When called, WARP
alters the scalina factors which convert the callins arsuments of VECGEN
to pixels. Chansina these factors has the effect of stretchins
or compPressina. the X and/or the Y dimension. Thus, for examele, a
‘circle will be conuerted to an oval and a square will be converted to a
'rectansle.

A number of routines For the seneration oF data Plots have been
written. . XAXIS and YAXIS draw the axes for the Plots in a format which
Provides for.the labellins and scalins. TITLE places an underlined character
string at the top of the Y axis and centered along the X axis. PLOT
and PLOT1D can then be used to output data to this ararph according
‘to the axis scalina factors. PLOT outputs X,Y coordinates srecified in. an
array and PLOTID is =iven an array containing either the X data or the Y data
and plots by -linearly 1ncrement1ns the other dimension (see the description
of 'LINS1D). Scaling of "the axes can be done in two warvs. Firstly,

. absolute scale factors can be specified as arsuments for the axis seneration
routines. Secondly, AUTOSC can be used to set the axis scalina factors teg
values which accomodate the data in a siven arrav. For this routine to
function properly, it must be called before either XAXIS or YAXNIS because .
it alters the way in which the arsuments to these routines are handled.

‘The only other limitation on the callins order of pPlottina routines is that
XAXIS and YAXIS must be called before TITLE, PLOT and/or PLOT1ID are called.
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DKIGPHRTN.TXT to TT'
: - ; GPHLIB RDUTINES DESCRIPTIDNS

All the followina routines are found in the obJject library GPHLIB.OBJ.

" AREA Graphics resion settina. Routine to specify an area on the

" terminal‘s screen into which all subseauent srarhical fisures
are to be sent. This routine must be one of the first sraphics =
routines called in order to set meaninsful results.’

AUTOSC Autoscalins. Sets scalins values for XAXIS and YAXIS accordxns
L ! to the maximum and minimum of a siven arravy.

BORDER GraPhics resion border: ‘Draws a line of siven linetyre around
: the outside of the araphics resion specified by AREA,

CURVE Curve drawina. Draws a curve of. a siven radius and ansle centered
- at a siven point on the screen. There is . also an option to connect -
_the ends ‘of -the curve to the centre, thus Proucins a pie shared fisure.

 FIGURE _General fisure drawxns.' Draws a NUM sided figure inscribed in an
: undrawn cirecle of siven radius and orisin. The first side is at
a siven anale from the horizontal and each side describes a siven
ansle. :

LINES Multirle line seneration. Connects the Points specified in a siven
" array with a line of siven linetrype.

LINS1D Multirle sinsle coordinate line seneration. Given an array containins
data for one coordinate, this routine plots a lxne uhlch 1ncrements
the other coord1nate by a spechxed value.

LINTYP anetyPe settina. Sends a linetvype chanaina instruction to the
- computer if necessarr, .

PARSET Plot parameter settins. Used by AUTOSC to set the scalinsa
' Parameters Far subsequent Plots.

PLINE Polar coorxdxnate 11ne. Generates a line siven a set of polar
coordlnates. ' o

'PLUT,‘ Data plottina. Plots the X,Y coordinates in an array accordinsg to
the scalina parameter settinas set by XAXIS, YAXIS. and/or AUTOSC.

.PLOTID Sinale dimension data Plottlns. Plots sinsle dimensional data vs
o o a sxuen increment.

PNTOUT Coordinate.output. Used by VECGEN to output a siven X,Y coordinate
: to the terminal.

POLY Polyson seneration. Generates a NUM sided rolvyson.

RLINE Rectansular coordinate line. Generates a line siven a set of
rectansular coordinates.

"STRING Character string gutput. Outeputs a character strins to a siven
: location in the srarhics area.

TITLE Grarh title. Produces an underlined title centred alona the
X axis and one line above the Y axis.

VECGEN Vector seneration. Generates vectors connectins the Points
specified in a siven arravy.

WARP Dimension warrins. Streaches or compresses the X and the Y dimensian
by given factors for all subsequent figures. Usina this feature,
for example, draw ovals instead of circles or rectansles instead
of sauarves. '

XAXIS X axis aeneration. Generates an X axis at a siven position in the
ararhics area. ’

YAXIS Y axis seneration. Generates a Y axis at a siven position in the
: ararhics area. - :



- LINES
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DK:GPHCMN.TXT to TT:
 GRAPHICS COMMON BLOCK TABLE

' /. AR AV AR R A
COMMON 7/ /Y /s 7 7/
BLOCK 7 A /7T /D7 T/

' / E/NZ/ZEZ/ZO/
'/ R /71 /7 N/ L/

ROUT INE L/0/P 7

+
]
|
I

+

X

%

v G cmm e e - e . - mm G = - G- e

FIGURE

/
+
!
!
i
!
i
!
"LINS1D |
CLINTYP |
PARSET |
PLINE - |
PLOT !
PLOTID . |
PNTOUT |
POLY |
RLINE = |
STRING - |
TITLE |
VECGEN |
WARP I
XAXIS | .|
YAXIS |

=,
P

<X XX X

/
+
i
1
!
|
!
|
i
I X
I
I
I
l
|
|
|
1
I
|
I
I
I

’ x

x

AREA‘ scale factors and srarhics resion dimension information .
- COMMON/AREA/ SCALX,SCALY'IDIMX.IDIMY
see note 1

SCALX = X dimension scale factor. The X coordinate of all

‘ - arsuments sent to VECGEN will be multirplied by SCALX erior
to outrut. On startup, SCALX = 29.5 pPixels/cm so the

- arasuments for all routines will be in cms. However, usins

the WARP routine, it is Possible ~a. ~hanse this factor.
When this haPPEnSr the X dimension is effectively stretched
or compressed, thus distortina all. figures drawn. )
(ea’ circle become ovals and squares become rectansles)

SCALY. ='Y dimension scale factor. Does the same thins for the Y
dimension as SCALX does for the ¥ dimension. It is
-also xnxtxalxzed to 29.9 P1xels/cm and can be chansed
by WARP. : :

IDIMX - = The dimension, in pixels, of the X dimension of the currently

’ ' - active araphics region. Used in a number of the routines to
insure that the specified arsuments are within the bounds of
the sraphxcs regsion. .

IDIMY = The dimension, in pixels, of the Y dimension of the currently
active ararhics reaion. Used in the same manner as IDIMX.
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LINTYP saves the.terminal's'currently active line;&Pe
CDMMDN/LINTYP/'LINOLD

see note 1

'LINOLD = The .currently active linetvre of the terminal. Note that
' the "S" linetvepe has been called linetyrpe O and
the "P" linetvyre has been called linetype 9.

ONEDIM sives VECGEN information about sinsle dimension line output
COMMON/ONEDIM/ IASSOC,RINCID,STRT1D
see notes 2,4

When in the sinale dimension mode, VECGEN assumes that the other
dimension conforms with the followina equation;

let N = the number of Points to be output from VECGEN
i in the one dimension mode. ’

R(I) = the pPoints to be used in place of the unspechxed
: o - dimension. .
then‘R(I) = STRTlD + RINCID*I I = 0,1, 2,...,N -1

note; the R(I) terms are scaled by scal# the same manner as are
the Parameters sent as arsuments to VECGEN.

~IASSOC > 07 VECGEN has been Passed Y dimension values so it assumes
S that the X dimension follows the above linear equation.
< 07 VECGEN has been pPassed X dimension values so it assumes.
' that the Y dimension follows the above linear esuation.

RINCI1D Increment between the Points of the unsrecified dimension.

STRfID fhe startins point of the unsrecified dimension.



PLOT

1)

2y

3)

4)

InFormatlon used bY the Plottxns routxnes.
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LDMMDN/PLDT/ IFLAG XONXMN , YONYMN , XLENG:YLENB XMIN, XMAX., YMINrYMAX'
'* YONXMN » XDNYMN .

IFLAG

XONXMN

" YONYMN

XLENG
© YLENG
_ XMIN

XMAX
© YMIN

YMAX

. YONXMN

- XONYMN

set in AUTDSC to indicate that it has Preset ualues in

see notes 3.4

the PLOT common blocK.

- =-17; AUTOSC has set XMIN and‘XMAX

==27; AUTOSC has set YMIN and YMAX

The X coordinate of the base of the X axis in cms from the
lower left corner of the currently active srarhics area.

The Y codrdinate of the base of the Y axis in cms from the

(used in XAXIS).-
» (used in. YAXIS).‘
. =-3; AUTOSC has set - all of the above.

lower left corner of the currently active sararhics area.

The lensth.

The lensath,

The %

The "X

The Y

The Y

The Y

lower

The ¥

lower:

value

value

value

value

in cms, of the X axis.

in cms, of the Y axis.

which corresponds to

which corresronds to

which correorponds to

which corresponds to

the

the
the

the

bottom

tor of

bottom

tor of

of the X axis.
the X axis.
of the Y axis.

the Y‘axis.

coordinate of the base of the X axis in cms From the

left corner of the currently active srarhics area.

coordinate of the base of the Y axis in cms from the
seft corner of the currently active ararhics area.

NOTES ON THE GRAPHICS COMMON BLOCKS

The AREA routine must be called before any of the other'sraphics
‘This is because AREA initializes the AREA common

routines are called.
block and the LINTYP common blockK.

is the AUTOSC-PARSET combination.

The only excepPtion to this rule

The parameters of the ONEDIM common blocK must be set Prior to
usina VECGEN in a one dimensional mode (ITYPE=1).
done in the LINS1D routine. '

The XAXIS and YAXIS routines must be cailed prior to calling

PLOT, PLOT1D, This is hecause the XAXIS and YAXIS

and/or TITLE.

routines set parameters in the PLOT common blecK.

) When a parameters dimensions are siven as bms.
SCALX and SCALY have been set to 29.5 (pixels/cm).
If the WARP voutine has been subsequently

set in the AREA routine.

used to alter these settinss.,

This setting is

it is assumed that..

This is the value

the dimension will no lonaer be in cms.



. DK:GPHCAL.TXT to TT!:

'ROUTINE |

AUTOSC
BORDER
CURVE
F IGURE
L INES
LINS1D
LINTYP
" PARSET
PLINE
PLOT
PLOT1D
PNTOUT
POLY
RiINE
 STRING
TITLE
VECGEN
" MARP
XAXIS
YAXIS

" ROUTINE

F IGURE
LINES
LINS1D
LINTYP
PARSET
PLINE
PLOT
PLOT1D
PNTOUT
POLY
RLINE
STRING
TITLE
VECGEN

GPHLIB INTERNAL CALLED ROUTINES

———— " — - i 00 B e S S S S Y St D S S S e i ot i

(not includins SYSLIB routines)

CALLED ROUTINE(S)

PARSET

LINTYP
FIGURE.PLINE -
LINES,RLINE
LINTYP,VECGEN
LINTYP,VECGEN

FIGURE .
LINTYP,VECGEN
PLINE,STRING
PNTOUT
" PLINE,RLINE,STRING
PLINE,RLINE,STRING

GPHLIB INTERNAL CALLING RDUTINES

CURVE,POLY

FIGURE,PLOT

PLOTID : .
BORDER.LINES,LINS1D,RLINE
AUTOSC ' , :
CURVE,TITLE,XAXIS,YAXIS

_FIGURE,PLINE,XAXIS,YAXIS
TITLE,XAXIS,YAXIS
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IDK:GPHTST.TXT to TT:
: GPHLIB TESTING ROUTINES

ARRLIT = Tests ihe‘RLINE routine.. Directly»calls AREA and RLINE.

Tt

It

 ATST
B Dxrectly calls AREA and BDRDER.

'"ATOTST ='Use5 the data Plottlns routines to sererate a plot of a

' hyperbolic spiral (R#THETA=CONSTANT). Directly calls '

‘ _ " AREA, AUTOSC, PLOT, STRING: TITLE: XAXIS' and YAXIS.

BRDTST = Tests the BORDER routine. Directly” calls AREA and BORDER.

FIGTST = Tests the Fisure seneration Functxons.' Dxrectly calls
' ’ AREA, BORDER. CURVE, POLY, STRING. and HARP.

GPHTST = Tests the "low level® srarhics routines. Directly calls
AREA, BORDER, LINES' PLINE, RLINE, and STRING. .

_ LNTYPT =.Tests the LINTYP routine. Directly calls LINTYP.

DUERT = Tests the buffer overflow limit on lona VEC commands.

. Directly calls AREA, AUTOSC, PLOTID., TITLE., XAXIS: and YAXIS. .

PLTIDT = Tests the i dimensional plottina routines. Directly calls
AREA, AUTOSC. PLOTID., TITLE., XAXIS. and YAYIS.

STRTST = Tests the STRING command. D1rectly calls AREA and STRING.

TITTST = Tests the TITLE_routine;‘ Directly calls AREA, TITLE, XAXIS,
and YAXIS. : v :

f VECTST = Tests the UECGEN routxne.' Directly ca11§ AREA, VECGEN.

‘XAXTST = Tests the XAXIS routine. Directly calls AREA, XAXIS.

YAXTST = Tests.the YAXISvroutine. Difectly.calls AREA, YAXIS.

148

‘Tests the eFFect oF passina arsuments. to AREA that are too larse.

T s
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A2.9 Routiﬁe_Iﬁtercdnneétioh Diagrams

© Files copied!
- DKIFLOW.TXT to TT'
- MOMA ROUTINE INTERCDNNECTIDN DIACRAMS: DESCRIPTION

- e 4t 0 e s s Vo s iy o o e S D A ot St S o B - D b (e G S S S T YD %0 e D b e e

The intent  of routine interconnection diasrams is to ararhically
Present the flow of Prosram control. To Produce these diasrams, the:
following conventions were adopted3

1) each block represents a siven progsram or subproaram.

2) the lines connectins the blocks represent Paths which the flow
' of prosram control can follow. These are called flow Paths.
3) Arrow on each flow Path Poxnts from the callxns routine to the
i called routine. .

» . In order to provide information about specific tasks in the system,
hiahliahted interconnection diasrams were pProduced. THe followins
conventions were addopted for these diasrams; - :

1) The fFlow paths used durina a specified task are hishlishted in red.
. When Photocoried, the red lines will come out as thicK blacK lines.
~2) The numbers printed beside the hiashlishted paths near the calling
routine denote the order in which-the called vroutines are called.
‘ie; if "2" is printed beside a hishlishted flow Path, the routine
which that pPath P01nts to is the second routine called by the
calling routine.

Note that for MOMA bacKaround d1asrams all tasks are started from DISPLA
~and that for MOMA-foresround diasrams all tasks are started From AQUIRE.

B
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GRAPHICS ROUTINE INTERCONNECTIONS
(not including SYSLIB functions)

POLY
/
CURVE FIGURE ” AREA WARP
/
XAXIS
and ) :

YAXTS "‘—Ej RLINE < LINES LINS1D PARSET
STRING ‘ : BORDER

VECGEN - b

S
PNTOUT

@ -_ LINTYP
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MOMA FOREGROUND ROUTINE INTERCONNECTIONS

(not including SYSLIB Routines)

OPTION)
FILACT FSTORE {
7 - DATPLT
SLOSMP —— AQUIRE
&
Iz AQUTST
IADC RTS SETR PWRSPC ‘l’
NIy < 1,3,000.15) 17 GPHLIB
v " =00 IO <
Y Routines ’
RTSCOM FFT SMOOTH .
- INCLUDED ON
DEBUG COMPILE
ONLY
PREPAR POWRSP I L
‘J, LABLIB
Routines

WINDOW [-

]

MAIN DEBUG DATA
ACQUISITION CYCLE
(WITH/DEBUG COMPILE
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MOMA FOREGROUND ROUTINE INTERCONNECTIONS 'MAIN DATA ACQUISITION
(not including SYSLIB Routines) - CYCLE
. : (WITHOUT/DEBUG COMPILE
OPTION)
FILACT FSTORE f
5 DATPLT
1
SLOSMP é__‘ : AQUIRE
-
3 AQUTST
— 7 ~
IADC RTS
[ —— [52=5e GPHLIB 5
| Routines
RTSCOM
INCLUDED ON
DEBUG COMPILE
ONLY
PREPAR t —_—

\L LABLIB

WINDOW Routines

— e — —
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MOMA FOREGROUND ROUTINE INTERCONNECTIONS

RTS

' STARTUP
(not including SYSLIB Routlnes)
FILACT FSTORE
? DATPLT
AQUIRE
AQUTST
— y V. '
SETR PWRSPC
] GPHLIB
Routines
FFT SMOOTH

RTSCOM

PREPAR

WINDOW

POWRSP

LABLIB
Routines

INCLUDED ON
DEBUG COMPILE
ONLY




MOMA BACKGROUND RQUTINE INTERCONNECTIONS.

153

Start

_subroutines

(not including SYSLIB functions)
RESTRT FILACT LBLINI RCVCOM
2\ 7N i)
L ’l N
SLOWDD | [~ EEG(DD & 2 {3 EEG4UP SLOWUP
—— DISPLA 7,
FASTDD PLOTDD 1 PLOTUP | .
r__________, 5] <L i ~ FASTUP
- ! . TAGSTO ¥
DDZ2SET € TVSET ] INPUT D*SET SCROLL SLOOUT
- t
2 \b 7\ ; EEGDLN |
, IQUERY [ |
i MOMKEY FNTS (1-4) INTERP MEXIT BOUND
j l ' N
¥ \b v \; :
i 1
TRNSFR NACTSV NACTIN > BREAD SLORED DISBUP f
N
z z 1 ®
— | ISLSCA
CoPY BFBLNK "
> ENCOL6 (£
, . \
@ = INCBUF TGREAD TINSRT
<::> = 1 ISWTCH <fi) TBLANK
_ ;
Tt::::::::].__. Calls GPlULIB 1
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MOMA BACKGROUNﬁ ROUTINE INTERCONNECTIONS

(not including SYSLIB functions)
RESTRT FILACT LBLINI RCVCOM
7 ) i)
, 1 .
SLOWDD EEG4DD [€ g 12 12 =3 EEG4UP SLOWUP
i 4 7
] DISPLA R 5
FASTDD PLOTDD 3 .| PLOTUP
l__1 l ' FASTUP
| ' !' i TAGSTO s
DD2SET TVSET k‘ﬂ . INPUT D*SET SCROLL SLOOUT L
, T \|/ 75  EEGDLN
£ . IQUERY N
MOMKEY FNTS (1-4) INTERP MEXIT BOUND
] l————"\v '
7 V)
TRNSFR NACTSV NACTIN > BREAD SLORED DISBUP
2 51412
Oleo © Ol
, , : eyl ISLSCA <
COPY BFBLNK
ENCOL6 [€
= 3
INCBUF TGREAD TINSRT &
1 2
— | 1swtcH 1 TBLANK (&

=

Calls GPHLIB
subroutines

Restart
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MOMA BACKGROUND ROUTINE INTERCONNECTIONS : Foreground Message Received
(not including SYSLIB functions) - while in a Type 1 (EEG)
Display
RESTRT FILACT LBLINI | RrcvcoM
) . 3
' 3
SLOWDD ° EEG4DD : 1 3 EEG4UP [& SLOWUP
[ , 2
‘ T~ ' DISPLA |~ S ‘ :
FASTDD PLOTDD f PLOTUP |
_ - : T —L FASTUP
1T - " TAGSTO ) o —
DD2SET TVSET . - INPUT D*SET SCROLL SLOOUT
\,/____I J F Z\ , EEGDLN
AN IQUERY | I | - _
MOMKEY FNTS(1-4) INTERP MEXIT BOUND
| | ' ‘ l
V2 v
TRNSFR NACTSV NACTIN BREAD SLORED DISBUP
N [ ' 1,6
. ISLSCA '
COPY | BFBLNK
ENCOL6

2 13k504
P
.
@ et INCBUF ' S | TGREAD —>{ TINSRT [
@ = | ISWTCH ' é >{ TBLANK € .
— Calls GPHLIB é
subroutines
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(not including SYSLIB functions)

Foreground message received

while in a type 2 (time plot)

- ©
L=

Calls GPHLIB
subroutines

O

display
RESTRT [S FILACT LBLINI RCVCOM
= :
SLOWDD EEG4DD [€ 1 EEG4UP SLOWUP
T o—— DISPLA 2 —,
FASTDD PLOTDD - PLOTUP |
FASTUP
\
b - " TAGSTO : /\l
DD2SET 4{ TVSET INPUT D*SET SCROLL SLOOUT
\f/____l l_f )\ , EEGDLN
: IQUERY _| ’
MOMKEY FNTS(1-4) INTERP MEXIT BOUND
) E— —
Vi \Vi
TRNSFR NACTSV NACTIN > BREAD SLORED DISBUP
2 @ Cb Cb C@ - @3
Cb C) .
, _ , ISLSCA
COPY BFBLNK .
ENCOL6 <
\
@ - INCBUF TGREAD TINSRT <
— | 1swTcH é TBLANK
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MOMA BACKGROUND ROUTINE INTERCONNECTIONS

(not including SYSLIB functions)

Dispiay Change to Type. 1l (EEG)
from Type 2 (Time Plot)

Calls GPHLIB
subroutines

[{ 1 to { 4]
["Dl" tO IIDA'II]
RESTRT FILACT LBLINI RCVCOM
. 2 —
1 : , 5
SLOWDD EEG4DD }( Y [ EEG4UP SLOWUP
I 2
2
. o : DISPLA N -3
FASTDD PLOTDD PLOTUP
o] \1'1 l FASTUP
, \ TAGSTO o
DD2SET ] TVSET e INPUT D*SET SCROLL SLOOUT ,L
\V—_—'] ‘ \L EEGDLN
' , IQUERY | - [T
MOMKEY FNTS (1-4) INTERP MEXIT BOUND
J H '
3 : ) A# i
2
TRNSFR NACTSV NACTIN BREAD SLORED DISBUP
1,3 231 51413 . |
D G e ®
_ ISLSCA 1<
P}
COPY BFBLNK }
ENCOL6 <
—_ I b 3
@ NCBUF TGREAD —{TINSRT <
1 2
@ — | ISWTCH TBLANK
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(not including SYSLIB functions)

from Type 1 (EEG)
[{ 1 to { 4]
["Dl” to 'ID4'-']

Display Change to Type' 1l (EEG)

RESTRT FILACT LBLINI RCVCOM
) )
1 : 15
SLOWDD 2| EEG4DD € —! EEG4UP 1”i‘ SLOWUP
T DISPLA = 2,7 —
FASTDD PLOTDD °! pLOTUP
11 ‘ FASTUP
! > TAGSTO )
DD2SET TVSET INPUT D*SET SCROLL SLOOUT L
F_"_J \l’ ‘ EEGDLN
: IQUERY 12 3]
MOMKEY FNTS(1-4) INTERP MEXIT BOUND
T I & '
I AL W Vi
TRNSFR NACTSV NACTIN = BREAD SLORED DISBUP
2 1,3 1,3 2 ¥1 I51+]3
2 2 : 1
: ) ISLSCA <
COPY BFBLNK
. ENCOL6  |<
— | INCBUF 3 P
TGREAD TINSRT
: o
— | ISWTCH 1) b3y TBLANK
e Calls GPHLIB é
subroutines
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Display Change to

(not including SYSLIB functions)

Type 2 (Time Plot)
[{ 5¢to { 6]

[HDSH to IID6H]

RESTRT FILACT LBLINI RCVCOM
7,3 7
SLOWDD EEG4DD EEG4UP SLOWUP
- _ 2! DISPLA —
FASTDD PLOTDD TPLOTUP
| T \Ll l FASTUP
BRE o TAGSTO _ ) ,
'DD2SET TVSET INPUT D*SET SCROLL SLOOUT
/_\__—4
7N EEGDLN
7 , IQUERY Y I 4
MOMKEY FNTS(1-4) : INTERP MEXIT BOUND
| 1 '
N2 ¥ = A
TRNSFR NACTSV NACTIN > BREAD SLORED DISBUP
: : I l N
| z | ‘ ®
: 4 . ISLSCA &
COPY BFBLNK
ENCOL6 <
\
@ — | INCBUF TGREAD —E{Tmsm <
@ = | 1swrcu é TBLANK
|

L=

— Calls GPHLIB
subroutines

S
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MOMA BACKGROUND GPHLIB CALLS

(not including SYSLIB functions)

l

"]

=

2 .5
PLOTDD = AREA
D
3
2 XAXIS ﬁ

STRING

v ‘[ | &

I

STRING
PLOT1D
RLINE LINS1D
1 11 2
LINTYP

]

PNTOUT

RLINE PLINE
2 1
> Livee
_f'é | VECGEN
v
i PNTOUT
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MOMA BACKGROUND ROUTINE INTERCONNECTIONS

(not including SYSLIB functions)

[Keypad lllll to llgll]
RESTRT <—1 FILACT LBLINI RCVCOM
7 )
L2
SLOWDD EEG4DD [€ > EEG4UP &= SLOWUP
o— DISPLA ' >
FASTDD PLOTDD PLOTUP
] l{i . | FASTUP
> TAGSTO ‘ l
DD2SET TVSET INPUT D*SET SCROLL SLOOUT
J/_____J ‘1, F 2 EEGDLN
, IQUERY L 1
MOMKEY FNTS(1-4) INTERP MEXLT BOUND
] . .
W ¥ v
TRNSFR NACTSV NACTIN BREAD SLORED DISBUP
b 2 ¥1 51413
SO |
. : A ——p ISLSCA <
COPY BFBLNK '
J, ){ ENCOL6 <
= INCBUF -
@ TGREAD = =3 TINSRT [&
l 1 .'2 Yl
—— | IswrcH vy TBLANK

®
L

Calls GPHLIB
subroutines

Scroll Type 1 (EEG) Display

Back N records.

[{ s1 - { s9]

N=1--9

o
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(not including SYSLIB functions)

Forward N records. N
or return to present
[{ st - { s9 or { SP]

Scroll type 1 (EEG) Display
=1-9

RESTRT FILACT LBLINI RCVCOM [Keypad "1" to "9" or "PRESENT"]
7 7y
‘2
SLOWDD EEG4DD [€ > EEG4UP 1 l SLOWUP
’-_‘ .
FASTDD PLOTDD PLOTUP
__________J - . ] J: | FASTUP
R - " TAGSTO o _
DD2SET TVSET INPUT D*SET SCROLL SLOOUT l
J . ‘ ‘ EEGDLN
. IQUERY \P [ 4
MOMKEY FNTS(1-4) INTERP MEXIT BOUND
| | ‘__l
Vi R : A\
TRNSFR NACTSV NACTIN > BREAD SLORED DISBUP
. 1 s P12
2
_ e ISLSCA 1<
COPY BFBLNK —
){ENCOL6 <
: Y.
— | 1 3
(::). NCBUF TGREAD -i{ TINSRT [&
1 2
@ — | 1swrcu 1 P TBLANK

Calls GPHLIB
subroutines

.
s v = e —— et ot e -t b

OPTRAS PR PO
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MOMA BACKGROUNb ROUTINE INTERCONNECTIONS

(not including SYSLIB functions)

Unneeded return to-present
instruction

[{ sP]
[""PRESENT"]
RESTRT FILACT LBLINI RCVCOM
73 7y
SLOWDD EEG4DD EEG4UP SLOWUP
1 -
’ ] DISPLA L——J/
FASTDD PLOTDD PLOTUP
L___, ‘L , l FASTUP
b ~ TAGSTO ]
DD2SET TVSET INPUT D*SET SCROLL SLOOUT
N
\0___1 J f I\ , EEGDLN
Ay IQUERY | S
MOMKEY FNTS(1-4) INTERP MEXIT BOUND
' T T 1 '
\ v ¢
TRNSFR NACTSV NACTIN BREAD SLORED DISBUP
I
: Cb 2 ®
. ISLSCA [&
COPY BFBLNK
ENCOL6 (&
\
@ et INCBUF TGREAD >[TINSRT <
@ == ISWTCH é TBLANK

— Calls GPHLIB
subroutines

et b

®
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MOMA BACKGROUND ROUTINE INTERCONNECTIONS " Scroll Direction Change
(not including SYSLIB functions) [{ s. or { sO]
["FOR" or "BACK"]
RESTRT FILACT LBLINI RCVCOM
7T 70
SLOWDD EEG4DD [€ _ ’ EEG4UP SLOWUP
] DISPLA | S L‘_‘:L
FASTDD PLOTDD ‘ PLOTUP
~ i \L l FASTUP
T e - TAGSTO , ~ o
DD2SET TVSET. INPUT D*SET SCROLL SLOOUT
— ¥y = ] ' i) ; EEGDLN
- IQUERY | ]
MOMKEY FNTS(1-4) INTERP MEXIT BOUND
1 | '
W » v i
. TRNSFR NACTSV NACTIN BREAD SLORED DISBUP
[ ) . N
3 @ ' ®
. ISLSCA j&—7
COPY | BFBLNK
- ENCOL6 [<
, , \
@ — | INCBUF ‘ } TGREAD —9{ TINSRT |

@ oy ISWTCH é . TBLANK
) | \
—— Calls GPHLIB
subroutines )
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MOMA BACKGROUND ROUTINE INTERCONNECTIONS 'i‘erminal Reinitialization
(not including SYSLIB functions) [{ 1]
["INIT"]
RESTRT FILACT LBLINI RCVCOM
7,3 7))
SLOWDD EEG4DD ' EEG4UP 1 srowup
I ' o ~——— - DISPLA - ; N L__—__E
| FASTDD . PLOTDD PLOTUP
L ] : - - \l' ' FASTUP
] . - TAGSTO : - R
DD2SET TVSET e INPUT D*SET , SCROLL SLOOUT
F__EJ y ¥ P N ; EEGDLN
‘ , IQUERY | I ___J : .
MOMKEY FNTS(1-4) _ INTERP MEXIT BOUND
| L__\v —
W \VJ
TRNSFR NACTSV NACTIN > BREAD SLORED DISBUP
— - —
D O G ‘
_ ISLSCA &’
. COPY | BFBLNK
_ ENCOL6 [&€
- . , \
@f INCBUF S TGREAD —9{ TINSRT &
® =[5 o O mm

- \-
_ ~| — Calls GPHLIB | é
. subroutines
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MOMA BACKGROUND ROUTINE INTERCONNECTIONS Termination
(not including SYSLIB functions) ({ F]
. [HSTOPH]
RESTRT FILACT LBLINI RCVCOM
7\ i)
SLOWDD EEG4DD EEG4UP SLOWUP
T ——— DISPLA L——J,
FASTDD PLOTDD PLOTUP
l I FASTUP
R - * TAGSTO _ e
DD2SET i TVSET . : INPUT D*SET SCROLL SLOOUT
/\_/
F‘—J ‘L J_) N EEGDLN
| : IQUERY L | :
MOMKEY FNTS (1-4) INTERP  |=ed| MEXIT BOUND
l 3
1 [ '
\ WV l
TRNSFR NACTSV NACTIN BREAD SLORED DISBUP
-~ - ‘* l
2 @ ®
' ISLSCA
COPY BFBLNK
ENCOL6
. N |
—_— I
NCBUF TGREAD —9{ TINSRT
— | ISWTCH é TBLANK

':=: Calls GPHLIB
subroutines

%
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(not including SYSLIB functions)

Ugéhifted version of a
shifted key instruction

was typed
[{ E]
RESTRT FILACT LBLINI RCVCOM
1 )
SLOWDD EEG4DD EEG4UP SLOWUP
™
| T o DISPLA N ' ‘
\ FASTDD PLOTDD : “PLOTUP [
o L — ] J FASTUP
[ R - TAGSTO
DZSET ‘L TVSET INPUT D*SET SCROLL SLOOUT |
o "V______l' | )\ EEGDLN
| IQUERY v I 4
i MOMKEY FNTS (1-4) INTERP MEXIT BOUND
] .
N l—————d, v
“~| TRNSFR NACTSV NACTIN BREAD SLORED DISBUP
. { i
: ISLSCA -@
- CoPY BFBLNK _
- ENCOL6 [&€
\
- INCB
@ UF TGREAD TINSRT &
@ = [ O
—

~ ——

=

Calls GPHLIB
subroutines
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MOMA BACKGROUNlj ROUTINE INTERCONNECTIONS r]f-r‘ans';f‘er Record from scrolled

(not including SYSLIB functions) to unscrolled section of type 1
(EEG) Display
‘ ({ T}
RESTRT FILACT LBLINI RCVCOM [""SAVE"]
I\ N
SLOWDD EEG4DD (€ - —>| EEG4UP == | SLOWUP
2

o DISPLA L >
FASTDD 11 pLOTDD PLOTUP |
I , ' T &1 ‘ FASTUP
r ed > TAGSTO —
DD2SET '1 TVSET INPUT D*SET SCROLL | SLOOUT JL
V‘__'J' l___J 7 EEGDLN
- IQUERY | R ] -

‘l MOMKEY FNTS(1-4) INTERP MEXIT BOUND
l I
Ny v Al
TRNSFR NACTSV . NACTIN >{ BREAD SLORED DISBUP
3 [2 >4 , .
1 2 2 1) ; .
‘ ISLSCA & '
COPY - | BFBLNK -
ENCOL6 <
_ : . \
proneet 1 j : .
@ NCBUF A TGREAD TINSRT &

:‘ ISWICH - | . TBLANK <
) ' ' ' | | \
— Calls GPHLIB
subroutines

mrrcdios et e ) = e e g s i § A e - S,
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MOMA BACKGROUND ROUTINE INTERCONNECTIONS

(not including SYSLIB functions)

Timed Tag Entry

RESTRT FILACT LBLINI RCVCOM
7\ i)
SLOWDD EEG4DD [€ \ EEG4UP SLOWUP -
a >
— DISPLA S —
FASTDD PLOTDD PLOTUP __
' : -,[ ‘L ‘ l FASTUP
. , )‘ - TAGSTO , o
DD2SET TVSET l , INPUT D*SET SCROLL SLOOU
\‘/_______1 ' — 3 [__f ) | EEGDLN
: IQUERY 1 N
MOMKEY FNTS(1-4) - 2| INTERP MEXIT BOUND
] L—-————\v —
VA Vi
TRNSFR NACTSV NACTIN > BREAD SLORED DISBUP
; | ISLSCA
COPY BFBLNK
ENCOL6
@ — | INCBUF TGREAD TINSRT [€
v, @ — | ISWICH é TBLANK €
f
\n
r\ — Calls GPHLIB
e el _subroutines = |
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MOMA BACKGROUND ROUTINE INTERCONNECTIONS Chardcter Input
(not including SYSLIB functions)
RESTRT FILACT LBLINI RCVCOM
1 )
SLOWDD . EEG4DD < — , EEGA4UP SLOWUP
l’_—“_' T ' DISPLA |- N 1
FASTDD PLOTDD A PLOTUP
L__. ] \l I l FASTUP
L e - TAGSTO 5 T —
DD2SET TVSET . INPUT D*SET SCROLL SLOOUT
\F_—J F Zi\ EEGDLN
- IQUERY | L1
MOMKEY FNTS(1-4) INTERP MEXIT . BOUND
J L—————w '
2 T\

TRNSFR NACTSV NACTIN BREAD SLORED DISBUP
| OO O OO | ®
R , ’ ' ISLSCA j[&—

COPY | BFBLNK

ENCOL6 [<
\
= INCBUF | TGREAD TINSRT
== | ISWTCH é TBLANK

) \
—_ Calls GPHLIB ‘ <:%>
subroutines
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(not including SYSLIB functions)

Delete Character,
Delete Timed Tag, or

[DEL,CTRL/U,ESC]
["RUBOUT" "CTRL"/"U"
’ b
RESTRT FILACT LBLINI RCVCOM "GET LINE"]
7 )
SLOWDD EEG4DD EEG4UP SLOWUP
N R N e~ DISPLA
| FASTDD PLOTDD PLOTUP |— .
L - ] ‘ ql FASTUP
= TAGSTO T —
i DD2SET { TVSET INPUT D*SET SCROLL SLOOUT
s o e 4+ semem ] l L
\I/——j N ; EEGDLN
: IQUERY i
i MOMKEY FNTS (1-4) INTERP MEXIT BOUND
1 | '
N ¥ M
TRNSFR NACTSV NACTIN  BREAD SLORED DISBUP
ISLSCA
COPY BFBLNK
ENCOL6 [€
\
"— | INCBUF
@ TGREAD TINSRT [<
@.: ISWTCH 1 >| TBLANK
T T—-1__ calls GPHLIB
. subroutines
—_— ,
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(not including SYSLIB functions)

Deactivate (Activate)

Query on Timed Tag Entry
({y {1
["OFF QUERY" ("ON QUERY'") ]

RESTRT FILACT LBLINI RCVCOM
7\ 7y
SLOWDD EEG4DD [€ EEG4UP SLOWUP
| T ——— DISPLA —
FASTDD PLOTDD PLOTUP
L 1 : \L . FASTUP
| 1 <! > ° TAGSTO _ G
DD2SET TVSET INPUT D*SET " SCROLL SLOOUT
N
D————" N EEGDLN
_ IQUERY ‘b [ 4
MOMKEY FNTS(1-4) - INTERP MEXIT BOUND
| 1 : N
N3 ¥ T\
TRNSFR NACTSV NACTIN >! BREAD SLORED DISBUP
]
: : ®
. ISLSCA :
COPY BFBLNK ,
ENCOL6
\
prmned INCB
NCBUF TGREAD —)(TINSRT
—— | ISWTICH é TBLANK

— Calls GPHLIB

subroutines

O



APPENDIX 3 MOMA . SUMMARY AND USERS GUIDE -

'A3.1 MOMA Summary

TYPE SUMMOM.TXT o o S
. MOMA SUMMARY S 1/2
e e — . Sert 11/80

MOMA, or Mobile OrPeration Monitor for Anesthetists, is a computer—based
Feriorerative pPatient monitorina system. This system can acauirer Process,

" store, and display four channels of EEG data alons with ur to Ffour channels

of slowly varvinag non—-EEG data.

" A number of features have been incorporated into MOMA which should
maKke it 3 useful addition to the oPeratins roem. Firstly, all critical
comronents of the svystem reside within the orPeratins room. thus simplifring.
startup Procedures and minimizins the liKlihood of external interference.
Secondly, a number of displav formats are accessible throush a
video screen so the user can choose the diseplay which best suits him/her at
a siven point in time.  The emphasis of these displavs has been to make the
trends in monitorina parameters readily apparent. Thirdly, these displavs
_each incorporate a number of the monitorins parameters acaquired by MOMA
s0 the task of pParameter comeParison should be simplified. Fourthly,
relevant comments can be entered to the comPuter at any point durina the
orperation. These comments are then rPermanently stored and are incorporated
into some of the diseplavs. Fifthly, it is rPossible to move the time
orientation of an EEG display bacKk and forth in time. This ability to recall
a diseplay which arprpeared earlier in the opPeration should Prove useful when
attemPting to determine lons term trends in a Patients state. Finally,
an effort has been made to makKe these features easy to use. Most commands
are senerated by tvPins one or two clearly labeled predefined Kevs and
documentation describins all Phases oF oreration of the system has been

Provided.

' A conclusion oF a computer—based pPatient monitorina prodect
performed here at WGH (EEGAL) was that Presentins the EEG usina a Dot
Density rerresentation of the compressed spectral array (DSA) showed
Promise as a ratient monitorina tool. Consesuently, the EEG is rresented
"in this form in MOMA. MOMA also Provides an additional feature.

The DSA disrlav for each EEG channel has been split into two inderendent
sections. The first section, called the scrolled section, will be
‘automatically updated throushout the oreration. The other section, called
the unscrolled section, will not be altered by the compPuter. At any Point

“durina the orperation, the user can transfer a record from the tor of the

scrolled section to the tor of the unscrolled section. Thus. when the scrolled
section has been moved to a different Point in time, a direct compParison
between the record(s) saved in the unscrolled section and the contents of
~ the scrolled section can be made. The DSA and the two section feature
. are explained more fully in the document “INTRODUCTION TO MOMA".

: The focus of the woark done on MOMA to this date has been to Produce
a frameworK on tor of which a patient monitorina system could be develored.
The features described above can be, and probably should be, altered so as
to oPtimize MOMA’s usefulness and useability. The framework will alseo
pPermit the addition of new fFeatures. It is hored that throush a

continuins Process of device assessment and redesian, an “optimum®

Patient moniterina svystem will be pProduced. ' ]

The peorle pPresently involuved with the desian of the svstem have

recoanized a number of potential improuvements to MOMA. Firstly,
.a comPuter with more memory and more Processina rower could speed up
all phases of orperation of the svystem and would make the system Quieter.
Secondly, with the incorrporation of data acsuisition hardware.
it will be Possible to elliminate the need for an EEG machine.
APPraprriate hardware has been ordered for both the above imProvements.
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Thirdly, with the addition of. a printer, data can be rericdically output
throushout the orPeration. In addition to Providins a hard coepy bacKkup in case
of computer Failure, the erinter provides for the Potential incorporation of a
recordkeering facility on MOMA. A number of printers are pPresently being.
considered for pPurchase., With the incorporation of these improvements,

it is liKely.that the system will be reracKased. In the Process of
repackazins the svystem, thinss like larse wheels, warkspaces and drawers:,
standardized connector Panels with noninterchanseable connectors: etc: will

be included. g ) :

As a result of meetinas with hospital rersonnel, four application
areas For this svstem were identified. Two of these areas. (oren heart
sursery and carotid endarterectomies) involue the use of the svystem
by anesthetists within the oreratins room. The other two areas (advanced
brain rescussitation and the moniteorina of head indury patients) involve the
use of the device by EEG specialists cutside of the oreratins room.

In conclusion, the system described above is the sKeleton of a
.comPuter—based mpatient monitor. . Throush the involuement of manv rPeorle
‘Wwith many areas of expertise, it is horped that. the bare bownes will be

- be filled in in a way that will eproduce a clinically useful ratient

monitoring svstem.
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A3.2 MOMA Users Guide

A3.2.1 Introduction to MOMA

INTRODUCTION TO MOMA
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ABSTRACT

MOMA, or Mobile Operation Monitor for Anesthetists is a computer-
based perioperative patient monitoring system. Four channels of EEG
data are acquired and processed along with up to four channels of non-EEG
data by a Digital Equipment Corporation LSI-11 based microcomputer system.
This data can then be displayed on a Tektronix 4025 graphics terminal using
a number of predefined display formats. The processed EEG data and the non-

EEG data are also stored on a magnetic data storage medium (floppy disk).
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SYSTEM FEATURES

GENERAL CHARACTERISTICS

MOMA acquires and stores a number of physiological parameters. These
parameters are then displayed simultaneously on a single display medium
(graphics terminal). Using a multiparameter display format such as this, it
should be possible to organize information in a way that will make parameter

interrelationships readily apparent.

MOMA has a number of formats for displaying the information it
acquires. By using simple keyed commands, the user can access any one of
these displays at any point in time. This feature gives the user the luxury
of choosing a display which he (she) feels best suits a particular situation.
In addition, this feature providés a convenient means for directly comparing
the efficacy of different display formats without necessitating the use of

extra hardware.

All critical components of MOMA reside in the operating room. This
will minimize the likelihood of interference with the system.from outside
sources, simplify setup procedures, and allow it to be used in a wide variety
of operating room layouts. At present, it is necessary that an EEG machine
accompany MOMA in the operating room. However, hardware has been purchaséd
so that it will be possible to place the entire system on a single mobile

cart.

An effort has been made to minimize the time required to use the
system. Towards this end, the amount of required interaction with MOMA has
been minimized. When interaction is necessary, messages which describe
appropriate courses of action are written on the terminal's screen. A bell

is rung when these messages are sent so as to attract the user's attention.
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The length of the required response is minimized, often only éntailing a

single key stroke.

In addition to minimizing required interaction, importance has been
placed on the simplicity of use of MOMA's optional features. Thus, it is
not necessary to type long command strings on the keyboard to effectively
utilize the system. In fact, most of the commands can be sent by typing one

or two predefined keys.

Fault tolerance is an important design consideration for patient
monitoring systems. The following features have been incorporated into MOMA
with this in mind. Firstly, to generate some of the commands, two keys must
be pressed simultaneously. This should minimize the likelihood of accidental
typing of those commands. Secondiy, requests for certain critical functions
such as prégram termination must be followed with an affirmative response to
a query before they are performed. Thus the user has the opportunity to
change his mind and/or to recover from an accidental request. Thirdly, if
for any reason the terminal does not respond properly during the operation,
it is possible to reinitialize it without stopping the program. Fourthly,
if the program stops during the operation, it is possible to restart it using
the standard start-up procedure. Data acquired prior to termination will not
be lost. Finally, this document should serve to describe the systems features

and proper use and will accompany the system within the operating room.

TIMED TAGS

Since many clincially significant events cannot easily be automatically
acquired by a computer, a facility for entering relevant comments during the
operation has been incorporated. These comments have been called "timed tags"
and are entered through the terminal's keyboard. On entry, they will be

associated with the next acquired data record, stored on floppy disk, and
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MOMA,; GENERAL CONFIGURATION
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Figure 1: MOMA General Configuration
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incorporated on some of the displays.

EEG REPRESENTATION

The usefulness of EEG as a routinely used monitoring parameter in the
.operating room has been limited By difficulties in obtaining, at a glance,
clinically useful information. A density modulated compressed spectral array
(DSA) has been used in MOMA to present the EEG in what is hoped to be a more
useable fashion. This format has been used in other systems, including a
previous patient monitoring project here at VGH (EEGAL). Details about this

format will be described in more detail later in this document (display type

1).

A feature of MOMA which should‘further increase the useability of
EEG for intraoperative patient monitoring is its two part DSA display. The
DSA display for each EEG channel is separated into two sections. The infor-
mation contained in one section is not affected by activify in the other. This
feature can be used to perform direct comparisons of EEG records separated
by long periods of time. Fér example, one section could be loaded with the
baseline EEG and the other could be automatically updated throughout the
operation. Using this scheme, it is possible to directly compare the EEG
acquired during the operation with the baseline EEG. Details about this

feature will be described later in this document.(display type 1).

Any set of 4 EEG channels can be used in MOMA. The choice of
appropriate channels will be made according to the type of information
desired. 1In a previous patient monitoring project here at VGH, (EEGAL) the
following channels were used: F3-C3, C3-01, F4-C4, and C4-02. These
channels correspond to the four quadrants of the head. To maintain compata-
bility with this project, these channels should be used for initial trails

of MOMA.
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SCROLLING

It is not possible to continuously display all the EEG information
acquired by MOMA during the operation in a useable format. However, using
MOMA's scrolling feature, the user can access all previously acquired
information. With this feature, the time orieéntation of and EEG display can
be moved back and forth in time, thus it is possible to recall any EEG
display which appeared earlier in the operation. Details about scrolling

can be found later in this document (user interaction, keyboard configuration).

NON-EEG REPRESENTATION

Non-EEG data is displayed along with EEG data. However, the format
of these displays (a digital display) does not effectively present the
trends of the non-EEG data. TFor this purpose, a display type which is de-
voted totally to the presentation of these trends has been implemented. This
type of display simply plots data magnitude vs time in a similar manner as is
done manually on the anesthetic records. Details about this format can be

found later in this document (display type 2).

As with the EEG channels, any set of up to four slowly varying non-
EEG data signals can be acquired. However, since the inputs to MOMA's
analogue to digital converter are not isolated from the computer, the sampled
data signals must be isolated from the patient. Some:of the monitoring
devices routinely used in the operating room, such as the E for M VR6, have
appropriately isolated analogue signals. As the requirements and capabilities
of MOMA are more precisely defined, it is likely that special purpose hardware

for the acquisition of non-EEG data will be incorporated.
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FEATURE SUMMARY

- entire system within the operating room

- multiparameter displays

- quick access to a number of display formats

- simplicity of use

- fault tolerance

- timed tagging for the entrance and display of relevant comments

- two part DSA display of EEG data for long and short term trending
- scrolling of EEG displays

- displays for the trending of non-EEG data
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USER INTERACTION

Input to MOMA from the user is accepted through the terminal's key-
board. This input can take 3 forms, commands, timed tags, and responses
to queries from.the computer. As stated previously, the format for responses
is described in a message written on the terminal's screen. The following
text described the use of the keyboard for the entry of commands and timed

tags.

The timing of data acquisition, processing and storage is critical
to the proper functioning of MOMA. These tasks have consequently been given
a higher priority than user interaction, i.e., if a data processing task
and a user interaction task are simultaneously requested, the data processing
task will be serviced first. From the user's point of view, this will mean
that there may be a time delay between the entry of a command and the
servicing of that command by the computer. The delay should not be more

than a few seconds and the entered request will not be altered.

COMMAND STRUCTURE

In order to minimize typing requirements, MOMA's command strings are
two to three characters long. These strings always begin with the character
"{" and are terminated with a carriage return "RETURN". Note that any string
whose first character is "{" will be interpreted as a command, thus timed
tags cannot start with that character. Table 1 summarizes the command

strings and their related functions.

As will be described in the next section, a number of keys on the
keyboard have been programmed to generate the command strings. It should be
noted, however, that if the key programming appears to be faulty, it is still

possible to generate the.commands by typing the command strings. For example,
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TABLE 1: 'MOMA COMMAND SUMMARY

- COMMAND
KEY © 7~ STRING FUNCTION
SCROLLING:.
"FOR" {s. Set scrolling direction to forward
"BACK" _ {so Set scrolling direction to backward
KEYPAD 1-9 {81 to {s9 Scroll display N records
""PRESENT" {sp Return display to present time
TIMED TAGGING:
ALPHANUMERIC | = —=———- Timed tag entry
"RETURN" | = - End of timed tag
"RUBOUT" | e Delete last character typed
CNTL/U | e Delete partially entered timed tag
"GET LINE" | = e Reactivate last timed tag typed
"ON QUERY" {qQ Reactivate query on timed tag entry
"OFF QUERY" {N Deactivate query on timed tag entry
DISPLAY CHANGE:
"D1" to !'D4" {1 to {4 Change to EEG display
"D5" to '"D6" {5 to {6 Change to non-EEG display
|
SPECIAL FUNCTIONS:
"INIT" {1 Reinitialize terminal
""stop" {F Stop MOMA programs
""SAVE" {T Transfer EEG record from scrolled
. to unscrolled sectiomn.
————— {E Generates the message

"use SHIFTED VERSION of that key"
Programmed into the unshifted
version of the shifted special
function keys (D1-D6, INIT,STOP,
SAVE) .
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the terminal can be reinitialized by typing "{I<RETURN>" if the programming

of the "SAVE" key appears to be faulty.

KEYBOARD CONFIGURATION

The terminals programmable key feature has been used to free the
user from the task of typing command strings. Using the configuration
shown in Figure 2, any command can be generated by the typing of a single
key. Additionally, the keys have been grouped according to their function

on various sections of the keyboard to simplify the task of locating them.

All the special purpose keys except CTRL/U have been labelled. In
the keypad and timed tagging sections, these labels are written on top
of the key. 1In the display and special function section, these labels are
placed on a keyboard overlay which can be placed on the keyboard prior to
the operation (see Figure 2). If the overlay label is above the key, the
shift key must be held down while that key is pressed. If the label is below

the key, the shift key is not held down.

The terminal is initialized when the system is started. During this
procedure, the internal modes of the terminal are set, the keys are
programmed, and a character font for the DSA display is initialized. If
at any point during the operation, these settings appear to have been
altered, it is possible to reinitialize the terminal without disturbing
the other MOMA functions using the "INIT" key. Displays will NOT be erased
during this procedure. Note that if the key programming is faulty, the command

string ("{I<RETURN>") may have to be entered.

The scrolling feature uses the keypad portion of the keyboard.
Through this pad, the user can change the direction of scrolling by typing
the "FOR" or the "BACK" keys. The actual scrolling is performed by the’

keypad numeric keys from 1 to 9. These keys will scroll the EEG display
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1 to 9 records forward or backward in time, depending on the direction last
chosen. While scrolled, the display is not automatically updated. When the
"PRESENT" key is typed, the display will be returned to present time,
automatic display update will be enabled, and the scrolling direction will
be set to "BACK". Any attempt to scroil into the future or before the start

of the operation will simply be ignored.

There are six displays presently implemented on MOMA. The keys
which access these displays are labeled D1 to D6 on the keyboard overlays.
Note that the "SHIFT" key must be held down while typing these keys. A
description of the characteristics of these displays is presented later in

this document (display type 1 and display type 2).

As has been mentioned previously, the EEG display from each channel
is separated into two independent sections. The key labeled '"SAVE" on
the keyboard overlays allows the user to take a record from the top of one
section (scrolled section) and insert it to the top of the other section
(unscrolled section). At present, the unscrolled section will not be dis-
turbed by activity in the scrolled section and cannot be loaded without using
the "'SAVE" function. Thus, by saving records in the unscrolled section
and moving the scrolled section to another point in time, records separated
by long time intervals can be directly éompared. Finally, saved records
are NOT lost on display‘change, i.e., a fecord saved while in one EEG
display will appear in all other EEG displays and will not be lost if a non-
EEG display is temporarily referenced. Note that the "SHIFT" key must be
held down while the "SAVE" key is pressed. Details about the scrolled and

unscrolled section can be found later in this document.(type 1 displays).

MOMA is stopped using the key labeled "STOP" on the keyboard overlays.

The user is asked to confirm that the stop request is valid before the
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programs are'terminated, so it is possible to recover from an accidental
request. The writing of a period on the terminal's screen indicates the
completion of this function. At this point fhe keyboard monitor is running
and standard RT-11 instructions can be entered. If you are unfamiliar with
the RT-11 operating system and/or you are finished with MOMA, you can now
remove the disks from the RX02 drives, insert them in their covers, and turn
off the computer's power switch. Note that the "SHIFT" key must be held

down while the "STOP" key is pressed.

The keys allocated to a number of the above instructions are imple-
mented on a shifted basis (D1-D6,SAVE,INIT,STOP). This was done to minimize
the likelihood of accidental typing of those instructions. If the unshifted
version of any of these keys is typed, a bell is rung and a message which

reminds the user to use the "SHIFT" key is typed onto the terminal.

TIMED TAGS

Timed tags are entered through the alphanumeric portion of the
keyboard by typing an appropriate comment followed with "RETURN". The only
restriction on the form of these comments is that they cannot start with

me~n
.

the character "{" and they cannot contain the character The entered
y

timed tag will be truncated to 32 characters before storage.

After the timed tag is entered, the program will rewrite the line
it received and ask the user to accept of reject it. If desired, the user
can suppress this query by typing the key labeled "OFF QUERY" on the keyboard
overlays. Timed tags will now be stored immediately on the typing of

"RETURN". Query reactivation is performed using the "ON QUERY" key.

Three instructions have .been implemented to aid in the manipulation

of timed tags. Firstly, the "RUBOUT" key will delete the last character
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typed, thus permitting the correction of typing errors. Secondly, entering
CTRL/U (holding down the "CTRL" key while typing the "U" key) will delete
the currently active (partially completed) timed tag.. Finally, the "LAST

LINE" key will reactivate the last timed tag entered.

UNUSED KEYS

A number of the keys on the terminal's keyboard are not used in MOMA..
In the alphanumeric and special function sections of the keyboard, these keys

will have blank key caps and the typing of them will have no effect on MOMA.

The "BREAK" key (lower right corner of the alphanumeric section) should
not be typed while the computer is running. Although typing it once will
have no effect, typing it twice in rapid succession may stop the computer.
Should this ever happen, one can restart the computer using the standard

start-up procedure,

The lighted keys on the upper right corner of the keyboard are
generally not used in MOMA. In fact, the NUMERIC LOCK and the COMMAND
LOCKOUT keys must never be lighted if MOMA is to function properly. If
either one of these keys is turned on, depress it once to turn it off. The
"TTY LOCK" key may be found to be useful for some situations. When this
key is lighted, all characters sent to the computer from the terminal are
capitalized. This will not impait the computer's interpretation of commands.

The "INSERT MODE" key will have noieffect on MOMA.
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TERMINAL SCREEN'S CONFIGURATION (see Figure 3)

The display medium for MOMA is a Tektronix 4025 raster scanned
graphics terminal. As shown in Figure 3, the terminal's screen has been
split up into 2 regions; the workspace scroll and the monitor scroll. The
information contained in one:scroll is independent of the information in the

other scroll.

MOMA uses the workspace scrqll for the display of relevant information.
During start-up, this region will be loaded with checklists and start-up in-
structions. During the operation, the acquired data will be displayed in this
region. For the displays presently implemented, this region . will use the top

30 lines of the terminal's screen.

MOMA uses the moﬁitor scroll for interaction with the user. Wheﬁ the
computer sends a request for servicing, the message is typed into this region.
These requests are accompanied by a bell to attract the user's attention.
When the user enters an instruction or a timed tag, that entry is echoed in
this region. For the displays presently impelemented, this region will use

the bottom 4 lines of the terminal's screen.

DISPLAY FORMATS

At present there is six different displays implemented on MOMA. Four
displays are devoted to the presentation of EEG data (type 1) and the remain-

ing two are devoted to the presentation of non-EEG data (type 2).

The programs in this system are written in a way that should make the
alteration of existing displays and/or the addition of new displays a simple
matter. Through a continued process of display assessment and design it is

hoped that an "optimum" format for information presentation will be produced.
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MOMA Display

€ (30 lines)

MOMA/User
¢<—Interaction
(4 lines)

Figure 3: Terminal Screen's Configuration
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DISPLAY TYPE 1 (display D1 to D4) (see Figure 4)

EEG

For type 1 displays, data from each channel of EEG can be displayed
using a density modulated compressed spectral array (DSA) format. In this
format, the intensity of a given character represenfs the magnitude of the
EEG power spectrum at a given frequency and time (i.e., a high intensity
character means that the EEG contained a large amount of that frequency at

that time).

The horizontal axis of the EEG displays represents the frequency of
the EEG signal. As the scaling numbers indicate, frequencies from 0 to 31 Hz

(cycles per second) are represented.

The vertical axis of the EEG displays represents the time at which the
EEG data on that row was acquired. A new row is added to the top of the
display every 30 seconds throughout the operation. For convenience, the

Hour and Minute of data acquisition are printed beside the vertical axis.

The display has been split into two sections, a scrolled and an un-

scrolled section. The following two paragraphs describe the characteristics

of these sections.

The scrolled section can be actively changed by both the program and
the user. When the display is presenting current information, this section
is automatically updated as each new data record is acquired (eyery 30
seconds). Using the scrolling feature, the user can back up and recall a
display which was presented earlier in the operation. The display will not
be automatically updated until it is returned to present time. In this
section, the time of data acquisition is printed beside the vertical axis on

every second row. This section takes up the top rows of the display.
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The unscrolled section can only be altered at the direction of the

user. Using the record transfer function (the "SAVE" key) the user can take
data from the top of the scrolled section and insert it to the top of the
unscrolled section. This data will not be disturbed by future display up-
date and scrolling activity. This ability to save a record should prove use-
ful in performing direct comparisons between data records separated by long
time internals. In this section, the time of data acquisition is printed
beside the vertical axis on every row. This section takes up the bottom

rows of the display.

NON-EEG

The acquired non-EEG data will be displayed digitally at the top of
type 1 displays. These numbers will always be associated with the EEG
record at the top of the scrolled section. They will be automatically up-
dated when the scrolled section is updated and will change when the user

uses the display scrolling feature.

TIMED TAGS

At any point during the operation the user can enter comments into
MOMA via the terminal's keyboard. These comments will then be associated
with the next acquired data record and stored on disk. In type 1 displays,

these tags are printed to the right of the EEG scrolls.
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Figufe 4: Display Type 1
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TYPE 1 DISPLAY SUMMARY

DISPLAY UPDATE FREQUENCY....every 30 seconds

- not updated if the user has scrolled back in time

EEG DISPLAY FORMAT....DSA (power spectrum of EEG vs frequency and time)

DISPLAYED FREQUENCIES....0 to 31 Hz in 1 Hz increments

SCROLLED SECTION
-uses the scrolling feature to permit access to all EEG data
- automatically updated on the acquisition of new data
- takes up the top rows of the display

- time labels on every second row

UNSCROLLED SECTION
- accepts data transferred by the user from the scrolled section
- not automatically updated
- not affected by activity in the scrolled section
- takes up the bottom rows of the display

— time labels on every row

NON-EEG DISPLAY FORMAT....numeric typed at the top of the screen

-always associated with the top record of the scrolled section

TIMED TAGS....typed out beside the EEG display scrolls

189
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DISPLAY TYPE 2 (display D5 to D6) (see Figure 5)

EEG.. .none
NON-EEG

The purpose of type 2 displays is to present the long term trends of
up to four non-EEG parameters. Towards this end, the non-EEG data channels
are plotted vs time on the terminal in a similar manner as is done by hand on

standard anesthetic records.

The horizontal axis represents time. For scaling purposes, the times
of acquisition of the most recent and the least recent records are typed

at appropriate points below this axis.

The vertical axis represents magnitude of the data. Appropriate

scaling factors and linetype definitions are printed above this axis,

It is expected that the resting state of MOMA will be a type 1
display. For this reason, it was not considered necessary to automatically
update type 3 displays when new data is acquired. Consequently, these

displays will only present data up to the time that they are entered.

TIMED TAGS.. .none

TYPE 2 DISPLAY SUMMARY

PLOTS NON EEG DATA vs TIME
- time is plotted on the horizontal axis
-~ data magnitude is plotted on the vertical axis

- up to 4 channels displayed simultaneously

TYPE:TWO DISPLAYS ARE NOT UPDATED ON THE RECEIPT OF NEW DATA
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Figure 5:

Display Type 2
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A.3.2.2 Operation of MOMA

OPERATION OF MOMA
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MOMA START-UP PROCEDURE

1)

2)

3)

4)

5)

6)

7)

8)

E))

10)

11)

Insure that the "POWER" switch on the right side of the Tektronix 4025
terminal is ON. Note that brightness and contrast controls are located

near this power switch (Figure 1).

LOCATE the "restart", "halt", and "aux on/off" switches on the front

panel of the computer (see Figure 2).
Set the HALT switch to the UP (enable) position.
Set the AUX ON OFF switch to the UP (on) position.

REMOVE the "MOMA MASTER DISK" from its envelope and hold it with the

label side up, label end towards you.

OPEN the LEFT-HAND disk DRIVE door by squeezing the black release

mechanism in the center of the door and gently lifting;
Gently INSERT the master DISK as far as it will go. DO NOT FORCE
CLOSE THE DOOR by pulling it downwards until it clicks.

INSERT the "MOMA SLAVE DISK" in right-hand drive using the same

procedure as was used for the master disk.

Lift and release the RESTART switch on the front panel of the

computer,

WAIT. The computer will now send all further directions for start-

up. A bell will be sounded when servicing is required.
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MOMA TERMINATION PROCEDURE

1) ENTER the STOP INSTRUCTION by:

a) holding down the "SHIFT" key and typing the "STOP" key.

a) failing a), enter "{F<RETURN>".

2) WAIT until a period is typed onto the terminal's screen. Perform

any procedures requested by the computer during this time.

3) OPEN the doors to BOTH DISK DRIVES by squeezing the black release

mechanism in the center of the doors and gently lifting.
4) Gently REMOVE BOTH DISKS and insert them in their protective covers.

5) Set the "AUX ON OFF" to the DOWN (off) position. This switch is

located on the computer control switch panel (see Figure 2).
6) DISCONNECT the data lines and the computer's power cord.

7) REMOVE the system from the operating theatre if necessary.
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- Display number 1 (D1 or 4 EEG, short timed tags).
—empty unscrolled section.
—automatically updated scrolled section.

= Query generation on timed tag entry.

OPERATING CONSIDERATIONS

1) The lights on the "NUMERIC LOCK" key and the "COMMAND LOCKOUT" key
(upper right corner of keyboard) should never be on. If they are,

depress them once to turn them off.

2) Do not place objects on top of the terminal as this may impede

proper cooling through the ventilation holes.
3) Do not depress the "BREAK" key (lower right corner of keyboard) .

4) When handling diskettes:

do not bend

do not touch the exposed surface

keep dry

write on labels with soft tipped pens only

insert in protective envelope after use

Front of
—_—>

Terminal

Figure 1: Terminal Control Switches
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MOMA KEYBOARD DETAILS

SCROLLING: (type 1 displays only) 0 O N S O I N
TT 1
DIRECTION CHANGE I”lﬂllﬁll#lulg ;HHI []
(FOR" and "BACK") [TITITIL] N
( {S. and {50 ) A 0 O .
PURPOSE :

To set the direction of scrolling
for type 1 displays to forward
"FOR" (scroll towards future) or
backward "BACK" (scroll towards
past).

TIME JUMP 0 Y O 0 R
(keypad 1 to 9)

T T T T T
( {81 to {59 ) [TITITITIT T ]
CI I I
PURPOSE : TTTITT LT

To move the scrolled section

of type 1 displays 1 to 9 records
forward or backward in time, de-
pending on the last direction
change.

RETURN TO PRESENT 070 OO0 OO OO
("PRESENT")

¢ {sp) TITI T T[T ITIT]
[TTT] I{IHIIHI[‘ ] ll
FURPOSE: TITTLIIIII T
To return the scrolled section
of the type 1 displays to present
time. It will read and display
the most recently acquired data,
restart automatic display updates,
and set the scrolling direction to
backward. Note that this key is
the only key which will restart
automatic display update.

TIMED TAGS:

7O o1 11y LIl

TAG ENTRY
(ALPHANUMERIC keys)

PURPOSE:
' To enter relevant comments at any
point during the operation. These
comments are terminated with "RETURN".




CHARACTER DELETION
("RUBOUT")

PURPOSE:

To rub out the character immediately

preceeding the terminal's cursor.
If no character is there, this
instruction is ignored.

LINE DELETION
(CNTL/U)

PURPOSE:

To delete a partially entered timed
tag.

Note that the CTRL key must be

held down while the "U" key is
typed.

LINE REACTIVATION
(""LAST LINE")

PURPOSE:

To reactivate the last character
string entered.

If a partially completed timed
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11O I oo Ol
IIHIHJ llIL
'[ll ll l1 1 IJITII[I [l [ 1 D
EEEREEN I
D OO0 O OId
[T 111
e
TITIT ]
LITIITTTITITI 11
(11O O O, ol
[TITIT I I I 111
FHIHHHJH

11111

CLTT T

[IITTTTITITT 1

tag is currently active no change will

result.

QUERY ACTIVATION
("ON QUERY")
( {Q)

PURPOSE :

Activates the query on timed tag
entry. 1i.e., the user will be
asked to verify the validity of
entered timed tags before they
are stored.

This is the start-up mode.

N OI1J OIT13 OI13

TIT 1]

[TIT11]

A TTTTTT]
LT 1Tl

L

[ 1L11] T

[T L]

[111

ll 111
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%Hgg gﬁ‘g*g.l.‘)’ATmN (W0 (D) 000 [0
¢ [TTTTTI T I
CTLLCCC T L D
PURPOSE : I II LI T ]

Deactivates the query on timed
tag entry. i.e., timed tags
will be stored immediately on
entry.

CAPITALIZATION O OO O
(""TTY LOCK") .
[TT11 .
PURPOSE: [Jllljlﬂlllllllll [1T I] 1 D
Capitalizes all alphabetic []IIIHI]GIHlUI'l T
characters when lighted. Will
not impede MOMA commands.

DISPLAY CHANGE:

TYPE 1 DISPLAYS 070 e (1710 [OI117
(D1 to D4)
( {1 to {4) 11111111{{{111[1

TTT 111 . []
PURPOSE : L
To change the display format to L______‘___J

an EEG display which uses the

two part DSA format. The start-

up display is D1. Note that the

"SHIFT" key be held down while

the '"D*" key is pressed.

D1

four 10 line EEGs,
short timed tags
two 10 line EEGs,
long timed tags
two 20 line EEGs,
short timed tags
one 20 line EEG,
long timed tags

D2

D3

n

D4

TYPE 2 DISPLAYS isanalanunl SEEERER
(D5 and D6)

( {5 t0 {6) TTITTTITTIITT]
TIT I T I T 1711 []
PURPOSE: 11 [T lll
To change the display format to a EEERE
display which plots non-EEG data vs
" time. Note that these displays are

not automatically updated and can-
not be scrolled. Note also that

f
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the "SHIFT" key must be held down
while the "D*" key is pressed.

D5 the last 79 samples
D6 = from start of operation to
present

SPECIAL FUNCTIONS:

RECORD TRANSFER (type 1 only) 010 O OIm 1ol
("SAVE")

({T) L[L[llli]IIHJll

[T TIITITTITT
].i ]I-:j D

PURPOSE:

To take the record at the top of

the scrolled section and inserts it
to the top of the unscrolled section
of type 1 displays. Note that

the "SHIFT" key must be held

down while the '"SAVE" key is

pressed.
TERMINAL REINITIALIZATION OTE O (110 OI113
("INIT™)
( {1) FIT T T T T T TT] ll
: ~ lll [T 1T 1' [ ] q []
PURPOSE: T ]“'ﬂ,]]]

To reinitialize the modes and key-
board settings of the graphics
terminal and to initialize the
character font for DSA displays.
Note that the "SHIFT" key must be
held down while the "INIT" key

is pressed.

TERMINATION WO OO OO IO
("STOP")
¢ {F) , ENEENEENN
T ITIT] D
PURPOSE: - J[“]HIHJII !

To stop the MOMA programs. Note
that the "SHIFT" key must be
held down while the '"STOP" key
is pressed.
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SHIFT KEY WARNING e s amE O

(unshifted version of)
(D1-D6,INIT,SAVE, STOP) TII I I TIITIITIT
( {E) : [TTT T T TT]

. | :
LI TTTTTTTITIT []
I TTTITTT T%

PURPOSE :

To remind the user that the
"SHIFT" key must be used to send
the instruction from the last key
typed.




DISPLAY NUMBER 1 (D1)

-Type 1
-10 lines of DSA for four EEG channels
-scrolled section = top seven rows

-unscrolled section = bottom three rows .

~Time and frequency labelling
-Timed tags truncated to 8 characters

-Digital Dlsplay of up to four non-EEG data channels

10 202

3
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l e
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DISPLAY NUMBER 2 (D2)

~Type 1

=20 lines of DSA for two EEG channels

-scrolled section = top 15 lines

-unscrolled section = bottom 5 lines

-Timed tags truncated to 9 Characters

-Digital Display of up to four non-EEG Data channels

sToqeq
smry,

997 103
IBWIOY VSA

| e— —— —

ST31L

ferds1q
ngg-uou

s3ey,

NOILOVIAINT WASA
AV1dSId
paur],

9%q 103
IPWIOT VSQ
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DISPLAY NUMBER 3 (D3) :

-Type 1
-10 lines of DSA for two EEG channels
-scrolled section = top 7 lines
-unscrolled section = bottom 3 lines
~Timed tags truncated to 32 Characters
-Digital Display of up to four non-EEG Data channels

sTaqe
swry

91% 103
IeWIOT VSA

S etse e e s esmm omze—
—

fe1ds1q
oFg-uou
9T3TL

NOILOVYAINI Jdasn
AV1dSIa

A
s8ey pouwrty
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DISPLAY NUMBER 4 (D4)

-Type 1
-20 lines of DSA for one EEG channel
-scrolled section = top 15 lines
—unscrolled section = bottom 5 lines
~Timed Tags truncated to 32 Characters
-Digital Display of up to four non-EEG Data channels

sToqe
swyy,

 93F 103
IPWIOT VSQ

Le1dsTQ
HA-uou
3TITL

NOIIOVYAINI ¥ASO
AV1dSIa

s3ey poury]




DISPLAY NUMBER 5 14 206 -

-Type 2 v
-Plot vs time of up to four non-EEG Data Channels
-Presentation of the last 79 samples

f Title |

y axis scaling
and line type
Definitions

Plot of non-EEG Data vs time

r
[ —— time scaling—m———[__]

I Label |
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DISPLAY NUMBER 6

-Type 2 : .
-Plot vs time of up to four non-EEG Data channels
-Presentation of data from the start of the operation to present

[ Title . l

y axis scaling
and line type:
Definitions

Plot of non-EEG Data vs time

T
[ )————time scaling—————[___]

l Label _ ]
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CHECKLIST IN CASE OF MOMA START FAILURE

CHECK FOR THE SYMPTOMS LISTED IN TABLE 1

?77? 1S THERE ANY APPARENT SYSTEM ACTIVITY OR NOISE ???7?
no: 1) insure that the power cord from the computer has been properly

plugged into the hospital's power supply.

TRY TO START MOMA AGAIN, USING THE PROCEDURES DESCRIBED IN THIS DOCUMENT
AND MAKING SURE THAT NO STEPS ARE MISSED

?2?27?7 1S THE TERMINAL'S POWER SWITCH LIGHTED ???°?
no: 1) press it once to make sure it is fully on.
2) check that the power cord is connected from the back of the

terminal to the computer.

?2?? IS THE TERMINAL ACTIVE ?7??
no: 1) check the power switch and power cord connections on terminal.

2) make sure the communications cord is connected to the computer.

3) rotate the.contrast control dial near the terminal's power switch

in a clockwise direction (roll towards terminal's front)

(see Figure 1).

208

4) rotate the brightness control dial near the terminal's power switch

in a counterclockwise direction (roll towards terminal's back)

(see Figure 1).

5) - perform the standard baud rate setting procedure (see page 18).

- perform the standard command character setting procedure
(see page 18).
IF THE TERMINAL IS NOT REACTING PROPERLY AND THE ABOVE PROCEDURES FAIL TO
SOLVE THE PROBLEM, PUSH THE '"MASTER RESET'" BUTTON NEAR THE TERMINAL'S POWER

SWITCH AND PERFORM THE FIFTH PROCEDURE OF QUESTION NUMBER 3.
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CHECKLIST IN CASE OF INTRAOPERATIVE MALFUNCTION

CHECK FOR THE SYMPTOMS LISTED IN TABLE 2
TYPE "<RETURN>"

?27?? DOES THE QUALITY OF THE DSA DISPLAY APPEAR TO BE DETERIORATING ???°?
yes: 1) enter the "INIT" instruction by;
a) holding down the "SHIFT" key and typing the "INIT" key

b) failing a), type "{I<RETURN>".

?77? DOES THE TERMINAL ALONE APPEAR TO BE THE PROBLEM ???°?

yes: 1) enter the INIT instruction as above

ATTEMPT A SYSTEM RESTART BY LIFTING THE "RESTART" SWITCH ON THE COMPUTER
CONTROL SWITCH PANEL ON THE FRONT OF THE TERMINAL. NOTE THAT .THIS IS THE
SAME AS SYSTEM START-UP PROCEDURE STEP 10. YOU WILL NOW USE THE START

FAILURE CHECKLIST IF NECESSARY.
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STANDARD MODE-SETTING PROCEDURES

BAUD RATE SETTING:
1) If the light on the "STATUS/COMMAND LOCKOUT" key is omn, type

it once to turn it off. (upper right corner of keyboard)

2) Hold down the "SHIFT" key and type the "STATUS/COMMANDLLOCKOUT"
key. The system will type the following message on the
terminal's screen:

X X NNN

X

[

some character

N some number

3) Type the second X followed with "BAU 9600<RETURN>". e.g., when

message is U * 335 enter "“BAU 9600<RETURN>".

COMMAND CHARACTER SETTING:

1) Perform steps 1 and 2 from above

2) =~ If the second X is "“", do nothing.
- If the second X is NOT "', type the second X followed
the '"COM “<RETURN>".

e.g., when message is U ! 335 enter "!COM “<RETURN>""

NOTE: "*'" = BACKQUOTE or SHIFT/BACKSLASH
(third row up, third key in from right side of alphanumeric

‘keys)

210



TABLE 1:

19 211
CONDITIONS WHICH PREVENT START-UP

CONDITION

SYMPTOM

SOLUTION

HALT SWITCH DOWN

NO MASTER DISK
INSERTED IN
RIGHT-HAND DRIVE

UNBOOTABLE DISK
INSERTED IN
RIGHT-HAND DRIVE
(e.g., slave disk)

BOOTABLE BUT
INCORRECT DISK
INSERTED IN
RIGHT-HAND DRIVE

NO SLAVE DISK
OR UNCLOSED
DISK DOOR

ILLEGAL SLAVE
‘DISK

- after lifting "RESTART"

the following message is
immediately written on
terminal's screen.

1173000
@ .

after lifting "RESTART"

and waiting about 7 seconds
the following message is
written on the terminal's
screen.

’173712[

after lifting "RESTART"
and waiting about 4 seconds

. the following message is

written on the terminal's
screen.

l?BOOT—F—NO boot on‘volume

system types a period "."
after a few seconds.
messages unrelated to MOMA
are typed onto the
terminal's screen.

SEVEN CLANKING SOUNDS

followed with the writing
of the following message
on the terminal's screen.

J?MON—F—Dir io err 004360 |

After completion of most

of the start-up procedure
the following message is
written onto the terminal's
screen.

137270
e -

- replace disk in left-hand

- replace disk in right-

- raise halt switch

- insert master disk in
left-hand drive

- replace disk in left-hand
- drive with MOMA MASTER
DISK

drive with MOMA MASTER
DISK

— insert MOMA SLAVE DISK in
- right-hand drive
- close door to disk drive

hand drive with MOMA
SLAVE DISK

Continued on next page...
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CONDITION

SYMPTOM

SOLUTION

COMMAND LOCKOUT
KEY LIGHT ON OR
SYSTEM COMMAND
CHARACTER IS

character strings starting
with the character """ are
imbedded in the messages

" written on the terminal's

- 1if the light on the
COMMAND LOCKOUT KEY is on
type it once to turn it
off

ILLEGAL screen - failing the above,
—.no bells are heard perform the standard
~ the screen is not erased command character setting
between messages procedure (see page 18).
INCORRECT - after lifting "RESTART" - perform the standard
TERMINAL a string of unexpected baud rate setting
BAUDRATE characters is typed onto procedure (see page 18).
the terminal's screen '
- the computer makes a
clanking sound whenever
a key is typed
TABLE 2: CONDITIONS WHICH PREVENT PROPER OPERATION
CONDITION SYMPTOM SOLUTION

NUMERIC LOCK
KEY LIGHT ON

COMMAND LOCKOUT
KEY LIGHT ON OR
SYSTEM COMMAND
CHARACTER 1S
ILLEGAL

UNANSWERED
SYSTEM REQUESTS

UNDEFINED
CHARACTER FONT

UNPROGRAMMED

SPECIAL FUNCTION

KEYS

when the keys programmed to
produce scrolling are typed
numbers are produced.

many unexpected characters
typed into the interaction
scroll.

or display scrolled off the
screen by many unexpected
characters in the display
scroll.

after being unanswered for
over 30 seconds, there will
be no data acquisition or
display update.

unexpected characters typed
into DSA plots.

special function keys not
performing their- intended
function

~ if the NUMERIC LOCK key
light is on, type it once
to turn it off,

- if the COMMAND LOCKOUT
key light is on, type it
once to turn it off

- failing the above, per=
form the standard
command character setting
routine (see page 18).

- answer the request

- reinitialize the terminal
using the INIT instruc-
tion

- reinitialize the terminal
using the INIT instruc-
tion
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’APPENDIX‘4 ASSESSMENT QUESTIONNAIRES

A4l System ASSessment"Questionnaire‘
" TYPE DEMMOM.FRM » _ .
: ' MOMA DEMONSTRATION QUESTIONNAIRE . ’ 1/4

1) - BIOGRAPHICAL DATA: ... ) .. DATE —_

Z) CHOICE OF PARAMETERS'

For all auestionsy’
a) Disreaard difficulties in obtainina sisnals
appropPriate for acquisition by a compPuter.
b) Indicate when an answer aprplies only to
specific Procedure(s).

2.1) List, 'in order of importance, six parameters which vou feel are
essential for monitorins pPatients durinag

Open Heart Suraery and Carotid Endarterectomies.

2.2} List any parameters with which vyou feel that trend information is
not adequately pPresented usings existing instrumentation.

2.3) List any Parameters which vou feel would be more useful either
durina of after an orPeration if thevy were recorded more frequently
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MOMA ASSESSMENT » ’ _ - 2/4

——— s "  — —  ————

Give vour initial imPression of the rotential usefulness
~of the followina features of MOMA:

0 = do not Know
) pooOT excellent
The multirple display carability o 0 1 2 3 4 5
The scroliiné feature of the EEG displavs O 1 2 3 4 §
The two section EEG diselay | 0 1 2 3 4 5
The time pPlots o 1 2 3 4 5
The timed tassina feature o 1 2 3 .4‘ S
Simelicity of opération 0 1 2 3 4 85
Kervboard confisuration 0 1 2 3 4 S
Documentation; o 1 2 3 4 §
Dueréll assessment _». o 0 1 2 3 4 5

Can vou suasest anv chanses which would
imProve any of the above ratinas.

Will the combination of the scrollins feature and the two section
display be sufficient for rerformine the comparisons

-necessary fFor usins the FEG as a '

monitorinas Parameter in the oreratina room. . . ____o_____

If not, what is lacKinsa.
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3/4-.

'3.4) Srecify any ambisuities or characteristics unexrlained in the
documentation eprovided with this system.

3.5) Specify anvy specific commands or features not Present on the
existinga monitor which would imPprove its seneral usefulness.

3.6) Do vou feel that the use of MOMA will taKe a
disProrportionate amount of vour time awav From
.more essential taskKs. :
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) GENERAL COMMENTS D o 4/4



217

A4.2: Software Assessment Questionnaire

" TYPE SOFTGU.FRM -
B o 1/2
MOMA SOFTWARE GENERAL ASSESSMENT FORM

1) BIOGRAPHICAL DATA ’  DATE o

A S E S SO R o e e e e e et e e e e i e e e s o 4 e o
1.1) Are vou familiar with the followins thinss:
o no ves
FORTRAN IV~ T dmmmm e
RT-11 [ D e
The obJective of MOMA o ____ | e————

©1.2) Have vou read the Followina documents:

MOMA SUMMARY . —————e e
MOMA USERS GUIDE = e e

2) GIUVE YOUR ASSESSMENT OF THE OVERALL QUALITY OF THE FOLLOWING MODULES:
» (this assessment includes overall proasram ¥flexibility, usefulness)
(and compPleteness of the documentation, and apPropPriateness) N
(of the procrams for their intended tasKs}

0O = do not Know
. o . : . FOOT excellent
DOCHLP.TAHT : ) i ) 0 1 2 3 4 8
COMRTN.TXT : 0 .1 2 3 4 S
modules described in CDMRTN.TXT (o] 1 2 3 4 5
SRT#.TXT ) 0 i1 2 3 4 5
modules described . in SRT#.TXT 0 -1 2 3 4 5
FOR#.TXT . . ) - .0 1 2 3 4 S
modules described in FOR#.TXT - 0 1 2 3 4 &5
RBAK#* . TXT . (o] 1 2 3 4 5
modules described in BAK#.TXT.. _ o 1t 2 3 4 5
GPH*.TXT i : (o] i 2 3 4 5
modules described in GPH#.TXT, 0 1 2 3 4 S
FLOW.TXT . 0 1 2 3 4 5
modules described in FLOW.TXT (o] i1 2 3 4 S
VISXHXX.DOC 0 -1 2 3 4 S
modules described in VISXXX.DOC o] 1 2 3 4 5

J
3) Do vou feel that the software described above will be useful

for the develorment of an effective comPuter—-based ratient
monitoring svystem. : : e —
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2/2

4) GENERAL COMMENTS -
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