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ABSTRACT

Biofeedback is a psycological and medical theraphy. It is used nearly in
the entire range of human emotional and physical disorders. I[Its wmain
difference from other methods is that the therapeutic protess takes place
in the mind-brain of the patient. The therapist and biofeedback wmachines
only give him the right information and assist him. The patient is no

longer the object cf the treatment, he is treatment.

Biofeedback devices, unlike other medical devices, are not used in order to
monitor a disordered physiological function. They are aimed to be wused in
training work to gain control over any physiological variable which may

have no direct relation with the symptoms of the illness.

This thesis rewievs the theory and applications of biofeedback and presents
an original design of a computerized biofeedback system (DBM). The digital
biofeedback monitor is a system which enables the therapist to analyse the
data obtained during and after a biofeedback session by meahs qf a digital
computer. It can also be used by the patient for any kind of biofeedback
treatment. Collected data related to the session can be stored onto a

floppy disc for future references and analyses.
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Biyolojik geri besleme <(biofeedback) psikolojik ve *tibbi bir tedavi
seklidir. insanin hemen hemen tum ruhsal ve bedensel duzensizliklerinde
kullanilabilen bu yontem 1ile digerleri arasindaki en onemli fark, burada
tedavi silrecinin, hastanin Dbeyin dusinme bdélumunde gergeklesmesidir.
Terapist ile biyolojik geri besleme cihazlar: hastaya sadece dogru bilgi
vermekte ve ona yardimc: olmaktadir. Soéz konusu olan, artik bir hastaya
terapist tarafindan bir tedavinin uygulanmas: olmayip hastada kendiliginden

bir sirecin gelismesidir.

Biyolojik geri beslemede kullanilan cihazlar diger +tibbi cihazlarin
aksine, dizeni bozulmus fizyolojik fonksiyonlarin izlenmesi degildir. Bu
cihazlarin, hastaliga ait semptomlar ile dofgrudan iliskisi bulunmayabilen
herhangi bir fizyolojik degisken uzerinde kontrol sagiama yeteneginin
gelistirilmesine yonelik olarak yurutulen efitim ¢alismalarinda

kullanilmalari amag¢lanmaktadar.

Bu tez, biyolojik geri beslemenin teorisini ve uygulamalarin: inceleyip
bilgisayarl: bir biyolojik geri besleme sisteminin (DBM) orjinal tasarimin:

sunar.

Dijital Dbiofeedback monitoru, terapistin Dbiyolojik geri besleme
seansinda elde edilen verileri, bir dijital bilgisayarla aninda ve daha sonra
analiz edebilmesini saglayan bir sistemdir. Ayrica bhasta tarafindan da
herhangi bir biofeedback tedavisi uygulamas:i amaciyla kullanilabilir. Seans
ile 1ilgili toplanan veriler bir disket uzerinde saklanmak sureti ile

ilerideki analiz ve basvurularda kullanilabilirler.



1. INTRORUCTIGON

1.1 THE PURPOSE OF THIS THESIS

This thesis can be divided into two main parts. In the first part the theme
BIOFEEDBACK is worked out. This part 1is purposed to be a detailed
documentation for anyone who wants to learn the theoretical backgrounds of
the biofeedback concept, current methods used in biofeedback, reports of
the - past biofeedback treatments, biofeedback instrumentation or

specification of biofeedback equipments.

In an ordinary biofeedback application the level o0f the physiological
variable is transmitted only to the patient and the physician has a
knowledge about the session based on the patient’'s fepnrts, In case the
physician wants to observe the session closer, then he may disturb the

patient and therefore change the environmental conditions of the patient.

The second part of the thesis is a project which can enable the physician
to observe the session as well as save the data obtained during training
and analyse it by means of & digital computer again and again for any
reason. A thin cable connecting the biofeedback equipment to the computer
unit, which may be located in another room, is sufficient to transfer the
data related to the physiclogical variable to the computer. So the
physitian can observe the session simultaneously, add the patient’'s

psycological state and environmental changes to this obssrvations, and use

Intraoduction -



it to instruct the patient on how to go on the sesszion. QObtained data can
be stored on a floppy disc for future use. The physician can analyse past

sessione of a patient to see the change in his perfomance.

t.2 DEFINITION OF BIOFEEDBACK

Biofeedback is the process of instrumentally monitoring and communicating
internal bodily functions with the goal of developing a useful degree of
conscious patient control over these functions. It is a technigque widely
accepted in such +fields as psychiarty, psychology, neurology, physical

medicine, occupational and physical therapy and speech pathology.

Introduction



[1. THEORY

2.1 BASIC PRINCIPLES

Biofeedback is the process or technique of learning voluntary control over
automatic, reflex regulated bodily functions. The functions under training

are either autogenic or failed due to trauma or disease,

The basic idea in biofeedback applications is to provide subjects or
patients some information about what is going on inside their bodies. This
is the only chance for the subject to influence the process. The foundation

of biofeedback is related to two principles :

{-The principle of feedback : A sample of output is added to the
system as input in a way to influence the output. Biofeedfack is a special
case of it related to bioclogical systenms.

2-Great truism of information theory : It says that a variable cannot
be controlled unless information about the variable is available to the

controller. [313

In biofeedback the variable to be <controlled belongs to the controller.
SGupplying information about its state to the coniroller closes the $eedback
loop. The word 'biofeedback’ is likely to express the ¢eedback systems in
biological organisms, namely in living organisms, though it only deals with

external psychophysiological feedback which is not naturally present,

Theory



In biofeedback applications usually a very complex signal related to the

internal variable is processed into a very siaple {inforeation which ({s

supplied to the subject. The resulting signal may be analog or digital and
audio or visual modality is used as the feedback path,
Each cell in the body contributes, in its own way, to the survival of the

total organism by helping to maintain the stable conditions for life. The

cancept of the maintenance of stable internal environment was worked by W,
B. Cannon, American physiologist, who used the nanme homeostasis to denote

these carefully coordinated physiological processes. (9]
2.2 HOMEOSTATIC ADAPTIVE CONTROL SYSTEHS (HACS)

The purpose of all psychological and physilogical sechanisams is the survival
of the organism or of its own kind by means of homeostatic adaptive control
systems. Essential psychophysological variables are kept within critical
liaits by HACS using feedback control. A block diagram representaion of the

coaponents of HACS is shawn in Figure T-1{.

State and Transformation o HACS : The state of RACS depends on the values
of variables in the boxes pilus the inforeation just received at their fnput,
A knowledge of the state of HACS and new inputs is enough to identify the
new state. The behaviour of an organise is the result of a chain of
psychophysiological states with the changes between states being represented

Theary



by transformations. Any specific state may be defined by the process of
designating the values of the information in the arrows representing

information channels between the boxes.

The Components of HACS:

1) Environmental infuences ( Channel | ): Everything which 1is outside
the organism and has an effect on the organism is in this group. It may in
the form of energy or information. The purpose o0f exteroceptive sensory
systems is to convey this information.

2) Sensory input channel ( Channel A ): Thie channel conveys information
from external environment to the different sensors which are the members of
the Central Nervous Systenm,

3) Sensory input feedback channels ( Channels B and B° ): Although
exteroceptive sensory systems play the role of a transducer, the Central
Nervous System and the Muscular System can influence this‘system. By using
feedback paths B and B° they can control sensory input %o change the
capacity to focus attention selectively from one sensory modality to another
and to attend selectively within a particular part of the environmsent.

4) Huscle sffector channel ( Channel € )3 This channel carries the
commands of the brain to the muscular systenm.

3) Feedback to the environment and effector to the environment ( Channel
2 }s After the transformation of commands of <the brain by the wmuscular
system into muscular action they are giver to the environment either as

information ( eg. in speech and gesture) or as energy (eg. in moving an

Theory .



gbject). The only output mechanism of the brain to the environment 1is by
activation of the muscular systeam.

4) Muscle feedback channel ( Channel D ): Channels for the feedback of
muscle performance exist in proprioceptive fibers in muscle, as well as in
other interoceptive and exteroceptive receptors which reflect what the
muscle has done.

7) Autonomic effector channel ( Channel E ): Autenomic control channels
are responsible for central control of autonomic functions ( eg. heart rate,
gkin temperature,tear secretion, etc. ) such that the regulation o0f these
functions is possible. There are twoc systeas ass@ciated with autonomic
control channels: sympathetic and parasympathetic systems. As a result there
are usually two associated channels to control 2 specific organ.

8) Interoceptive and autonomic feedback channel ( Channel F ): This
channel carries information from visceral functions to the Central Nervous
System. Evidences from autogenic training, vyogic training and operand
studies make it clear that these channels do not impinge upon conciousness
due to a lack of discriminative learning. [3]

7) Central nervous system information flow channels ( Channels G6,H )3
Central processor in CNS calls cognitive and menory {unetions by using
channel H. Channel G is the response of memory and cognitive units teo the
command transmitted by channel H. It consists of the elicted cognitive and
manemonic material presented for central processing and is associated with

consciousness of thought or memory.

2.3 CONTROL OF INPUT

Theory



In 1963 Ashby showed experimentally that a system can be brought to the
desired state by controlling the input over a sequence of particular steps
which consist of several states and transformations regardless of the
beginning state. Therefore the control of the information channels which are

the input parameters to a particular cosponent is the main mechaniss in

control of state.

1) Control of sensory input (Channel ! and A): Any decrease in the level
of input signal to the extercceptive sensory systems directly causes a
reduction in output of these sensors. The function of exteroceptive sensory
systems can be inhibited by using a foreign substance, wusually a drug.
Control of these systems can also be exerted by sensory overload where all
modalities are maximally stismulated.

2) Control of sensory feedback (Channel B): Channel B is the feedback
path from the Central Processor to the sensory systems. It is used to
control the sensory sytems. For example, concentrating the eye on a
particular point of the visual world can be achieved by a fesdback mechanisa
between the eye and the Central Processor.

3) Control muscle tension (Channel C): The commands of the brain to the
muscular system is transmitted through Channe!l C. The quantity of
information increases during complex motor tasks and always a high degree of
organisation is present. Relanation refers to the state where most of the
muscle fibers are inactive which is a result of diminished signal flow

through Channel C. Murphy and Leeds (1975) showed that for some individuals
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before relaxation the memory was not accessible to consciousness and
after relaxation a physiological reorganisation took place. It has alsc been
showed that anxiety cannot exist in the presence of deep muscle relaxation.
As a result, reduced stress level can be achieved simply by reducing muscle
tension. Sleep is the only psychophysiological state with its own unigue
organisation where complete muscle relaxation occours. (31

4) Control of Muscle Feedback ( Channel D ): In order to control amuscle
tension a knowledge about the state of the muscle is necassary. Therefore
for cnntrblling muscle tension, monitoring of proprioceptive feedback from
the muscular system is used. Jacopson showed that nmuscle tension cannot be
controiled by humans since he is unable to recognize it. The wmethod for
muscle relaxation training wutilizes discriminative learning of the
recognition of muscle tension level.

5) Control of autonomic variables and control of interoceptive and
autonomic feedback ( Channels E and F ): The control mechanisms of autonomic
variables which are relatively automatic and involuntary consist of tlosed
feedback loops which are normally not acessible by Eonsciousness without
discriminative training. Yogic training showed its power in controlling
these variables. Trained yogis can control heart rate, skin temperature,
etc.

6) Control of cognitive and mnemonic variables and the control of their
feedback { Channels 6 and H ): The observation of these variables is
possible only through introspective consciousness. Huscular and sensory
systems influence cognitive and mnemonic functionrs to a high degree. Unless

the motor and sensory activities are lowered, the interference of cognitive
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and mnemonic functions with these activities occours,

7) Control of state through complex control information channels: In
every specific state the specification of the information on all of the
channels is different. Arousal level is the state where an average activity
in all channels is observed. In high arousal state many channels are active
whereas in low arousal level a few channels have important activity.

B) Yogic Asanas {(postures): In typical application of vyogic asana a
specific muscle group is activated. First step is to strecth the muscle. As
a result the feedback mechanism through channel D 1is activated and also
processed by the Central Processor which results in the activation of the
muscle fibers in the same group by means of reflex mechanism through channel
€. So the asana has an alerting effect.

9) Yogic or len meditation: Mediation can be used to put the sensory
system into a state of relative deprivation and stereotype. This can be
achieved in a quiet and calm environment by using sensory feedback control.
Cognitive and mnemonic functions are consciously controlied by volountarily
limiting the cdntent of the thought.

10} Yogic autonomic Control: In case the preconditions above are
fullfilled, then it may be possible to focus the attention censciously upon
a specific autonomic function and so to gain control of it provided that the
person is trained in an appropriate way,

i1) Free associative state: It can be ssen thé% any particular mental
state can be defined by stating the contents of every information
channel. Free associative state is defined as the state of free ready

availablity of floating thought and memory, namely channels & and H. However
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it is obvious that this can not be achieved unless first the wmuscular and
sensory systems are controlled.

12) Control of state through biofeedback: Biofeedback gives to the
organism the chance to gain control of the state by means of establiching an
external channel to the organism to provide information about a particular

psychophysiological variable which is wanted to be taken under control.

Theory
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2.4 HOMECOSTASIS IN HEALTH AND DISEASE

Homeostatic control systems are responsible for the balance of physiological
variables inside the organism. When any variable leaves 1its normal range
then it results in some disordered physiological or psychological functions
which can be denoted as disease condition. However, the cause of disease is
not defined by the effects of disease and usually correction of the effect
by any means does not cure the disease since, as in most cases, it may be

secondary effect of the dearanged physiological variable.

It has been shown that external environment can influence the organism. [31,
So external environmental stress can stimulate the organism in such a way
as to lead a change of the values of various homeostaticaliy mediated
physiological parameters beyond their normal limits. If the stress becones
chronic, then the homeostatic mechanism can reset itself at the new,
abnormal value and remain there even after the stress is removed.
Investigations of the -cases in peptic ulcer, arthritié, hypertension,
diabetes, migraine, and tension headaches resulted in recognition of stress

as a pre-condition for the emergence of the disease.

In 1967 Holmes and Rahe carried out an investigation about the correlation
pf the major life events and incidence of illness. fhey found out that the
incidence of illness during important times for the person such as marriage
or death of a friend, regardless of the degree of happiness, increases

compared to times when individuals live relatively more quiet.

Theory -
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2.5 BIOFEEDBACK AND HOMEOSTASIS

Biofeedback adds an extra external feedback loop to the present feedback
loops of the organism which are parts of the Homeostatic Adaptive Control

System. The diagram in Fig. T-2 indicates the information channels added due

to biofeedback.

Channel | is the information flow channel from the Central Nervous System to
the exteroceptive sensory systems. A typical application of this channel is

the alpha feedback.

Channel 2 conveys information from the muscular system. EHG is a typical

application of this channel.

Channel 3 is the information flow channel between exteroceptive systems and
autonomic systems. Heart Rate and Skin Temperature Feedback are examples for

application of this channel.
Biofeedback adds an extra external feedback loop to the present Jeedback
loops of the organism which are parts of the Homeostatic Adaptive Control

System, The diagram in Fig. 7-2 indicates the information channels of HALCS

and added channels due to biofeedback.
The biofeedback process is highly dependent wupon the kinds, quality and

Theory -
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accuracy of the information provided. The kinds of information are:

1) Biofeedback information which is the biofeedback signal,

2) Cognitively usefull information which is background information that
facilitates the use o0f biological information. This can be what the
physiological activity does, how it behaves, how it is measured, what the

instrument does, etc.

3) Strategy information such as clues or directions for changing
physiologic activity by mental means,

4) Physiologically supporting information which 1is encouragement and
reinforcement of performance that supports the learning experience,

5) Experiential information which is the internally desired information
from memories and from associations of the newly perceived information froam
the biofeedback signal with internally percieved changes in ®@ind and body

states.

If all of these informations are accurate enough then the necessary
pre-condition of biofeedback learning process is fulfilled. Therefore in
biofeedback learning process and leaning to control biological activities

the teacher must have access to the relevant information and the teacher
must provide the information.

2.6 CONCEPTS OF BIOFEEDBACK

The major concepts concerned in biofeedback are :

1) Conditioning as biofeedback: The main work about biofeedback was

Theory
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developed from operand conditioning theory which says that behaviour and
learning result from appropriate rewarding of innate biological activities
for performance. In biofeedback application a biofeedback monitor is used as
a revard for correct performance.

2) Stress reduction as biofeedbacrk: Biofeedback is used in reduction of
tension and anxiety. The success of the stress reduction approach lies in
the clinical effectiveness of a wide variety of relaxation therapies and
research. The basis of the relaxation effect is the development of awareness
on the discrimination of the feeling of relaxation, and the discrimination
of fine differences between different levels of tension and relaxation. In
this approach, the bicfeedback 'information is used by‘ the patient to
facilitate his discrimination between tension levels, and procedurally, the
technique may employ a variety of biofeedback signals.

3) Biofeedback as a cognitive mechanism: In the successfull application
of biofeedback two observable quantifiable events can be identified; the
conceptual information of biofeedback procedure, ie, the instructions, the
attitudes and physiological biofeedback information, and sécond, the result,
which is learned, voluntary control over the selected physiological
function. When the information reaching the brain is integrated,
evaluated, put into memory, and the product of this brain activity is used
to activate patterns of neural activity. As a result, discrete, channelled

directions to control the selected physiological activity is achieved.

The results of studies on avalability and the accuracy of the information

about the process proved their role on the possiblity of the control of
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physiological functions. It can be said that an internal, presumably a
cerebral, information-processing system is capable of discriminating
productively usefull information and activating physiological mechanisms to

achieve specific, directed changes in phyéiological activity.

The concept of higher mental activity as the controller and normalizer of
all physiologic systems can be viewed as an extension and definition of the
stress reduction concept. By postulating a cerebral

control system aperating-

specifically to appreciate, to integrate and to direct biological
activities, one can account for the influence of the numercus cognitive
aspects of biofeedback procedures which appear to contribute to the
widespread effectiveness of biofeedback in an extraordinary number of

disorders.

2.7 BIODFEEDBACK AS A THERAPEUTIC METHOD

As an important point in the application of biofeedback is the assumption
that self-control can reduce the symptoms of the illness, regardless of the

reason why the illness occured in the first place.

Behavioral medicine has emphasized the importance of having the gpatient
actively participate in the treatment program. Biofeedback is a type of
behavioral medicine: first, the problems it treats are medical ones, second,

the patient is an important component in the treatment. The therapist can

Theory
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tell the patient how to use the feedback equipment, but only the patient can
actually produce the desired changes through compliance with the
instructions and regular practice. Self control means that the patient has
the capacity to alleviate symptoms through his or her own behaviour, and

this independence is clearly a major advantage of this type of treatment.
2.8 BASIC ELEMENTS OF TREATMENT

The basic 5feps in treatment are @
1-Evaluation session
2-Baseline session
3-Goal setting session
4-Treatment session
5-Terminal treatment session

6-Follow up

1) Evaluation session: In this session the present problea is rewied
and discussed, the patient's past wmedical history is taken, and the
permission is obtained to rewiew past treatment with primary physicians and
others consulted. A tentative decision may be made to undertake treatment
and how it might be relevant to his present problem. The next session is
explained to the patient and an appointment for tﬁe next session is made.

2) Baseline session: The patient is introduced to the treatment room,
phisiological measurement transducers are put on, about +five wminutes of

resting baseline measurements are tollected, and then measurements are made

Theary
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while a relaxation exercise is presented, usually from a tape recording.
Depending upon the complexity of the instrumentation, the physiological
measurements may either be evaluated by the therapist at the time if simple
or evaluated later if complex. After finishing the baseline measurement, the
transducers are removed and the patient is given complete instructions in
carrying out the home practice relaxation procedure with a cassette tape
recording.

3) Goal setting session: The session begins with a discussion of the
experience with the home practice exercises. After this has been
satisfactorily dealt with, the therapist will present some general
observations about the baseline session and indicate a tentative biofeedback
parameter with which to work. Possible physiological and symptomatic goals
are presented to the patient and discussed. After agreement 1is reached,
these goals are noted by both for future reference in judging progress,
Usually there is time then for the patient to have the appropriate
transducer applied and to practice with the biofeedback parameter for the
remainder of the session. Before leaving, the home practice assignment is
reviewed.

4) Training session: Following the goal setting sesgsion, the patient
enters into a series of sessions which begin with the discussion of the
progress in home practice and of self observation of symsptoms. The
transducers are applied and the patient begins the practice work with the
biofeedback parameter, which is usually carried on during much of the rest
of the sessions.

9) Termination: When it becomes evident that the treatment goals are

Theory



- 18 -

reached and that symptoms are satisfactorily managed, the topic of
termination can be introduced into the dialogue. This is usually at least
two or three sessions before the last one planned. The patient’'s reactions
to this are noted and responded to as indicated and when the time arrives

treatment is terminated.
4) Treatment follow-up: Buestionnaires can be routinely sent after

periods following treatment or routine follow-up visits can be scheduled.

Theory
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1I1. METHODS USED IN BIOFEEDBACK

3.1 RELAXATION SESSION

In a relaxation session the patient must feel himself comfortable. The two
major principles to follow are that the body parts are as comfortable as
possible and in a position where further relaxation will not cause thes to
fall by the force of gravity. To achieve comfort the hands should be loosely
open, the legs uncrossed and the clothing not binding. The head and neck
present particular problems because they are positioned by the unconscious
and almost involuntary gravitational neck muscle reflexes énd because they

are often involved in the pathophysiology of stress related syndromes.

Once the subject has gotten comfortable, he may be asked to close his eyes,
listen to the instructors‘'s voice or tape, and let his mind go to the parts
of the body to which the instruction refers. Then the exercise may be read
in a clear, calm, slow voice. While the exercise is being read the therapist
should carefully observe the subject to notice particular reactions to the

exercise.

After the session has been terminated the patient is asked to leave his
relaxed state and after a time to get up and walk in order to prevent him to
stay in a state which is too relaxed for him.

3.2 RELAXATION TRAINING

Methods
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The main difference between relaxation training and relaxation session is
that relaxation training depends on an end-peoint achievement. In this case

the role and the responsibilities of both the patient and the therapist are

different.

Relaxation training is similar to various forms of wmeditation, such as
transcendental meditation, Zer meditation, VYogic wmeditation, and other
types. Also it is not hard-to recognize the similarity of all of these
techniques to mild, self-limited hypnosis. The nmajor difference between
these techniques and relaxation training is the ease of léarning both - for
the therapist and patients. This is also supported by use of a tape recorder

and by elimination of all but the simplest instructiens.

The patient must agree to practice the relaxation procedure twice a day
(tape listening). The patient must tell the home opractice as detailed as

possible to the therapist.
3.3 SIMPLE CONCENTRATION

In some cases ,ie an unusually nervous patient, tape listeninig is not
enough to relax the patient. For such a patient the best course may be to
interrupt the home practice with the tape temporarily and ask him to

practice the elementary concentration exercise for a week or two.

Methods
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In a typical elementary concentration exercise the patient is instructed to
sit guietly in a comfortable chair three times a day. On each occasion he isg
to close his eyes and repeat the phrase ‘"peaceful; one;, peaceful, two,
peaceful, three, ..." until he is interrupted by a distracting thought. Then
he is to make how high he had been able to count and mark it down on a piece

ot paper for the therapist. This is then repeated two more times.

3.4 ALPHA FEEDBACK

It is the most widely used method of EEG feedback. Alpha feedback is used in
the treatment of tension headaches, migraine, headaches, and general tension
states. No matter what the mechanism of alpha production is, alpha training
{as for that matter EMG or temperature training) is a methed of inducing the
patient to focus his attention upon an internal process. This is a
universally used meditation technique- to focus attention upon a bodily

process- and is well known for its effectiveness in teaching meditation.

Alpha training can be offered to most patients with most stress-related
conditions for which EMG and finger temperature feedback have been used with
about the same expectation of success if that patient;g resting EEG

frequency is within the range of B-12 Hz.
It is important that alpha training sessions are carried out in a pleasant,

quiet setting, without disturbances. The alpha training itself wusually

involves about 30 minutes of continous work in a quiet room, with the task
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being to keep the alpha tone as much of the time as possible and at as loud

amplitude as possible.
3.5 MENTAL IMAGERY

Mental imagery can be thought of in one sense as pictures in the wmind or
ideas or it may be thought of more broadly as relatine to one's cognitive
functioning. It may be used as an adjunct to relaxation and as a tool to

facilitate the biofeedback task.

Images can occur in all of the sensory modalities, but the usual 1is visual

imagery. The capacity of imagery diminishes with increasing age.

Mental imagery can be wuseful adjunction to biofeedback therapy and to
relaxation task. In biofeedback, the patient may be asked to develop an
image of the aspect of physioclogy that is being fed back and imagine it
changing in the desired way. Practically, measurements oftén show that a
change is achieved. A typical EMB biofeedback applicetion is an example for
the case. When the frontalis muscle is instrumented and is vresistant to
thange, such as may be the case in the early treatment session the patient
can use imagery to visualise the amuscle at its tense level and then
manipulate the image tp represent a change 't@ward relaxation, The
manipulation could be in the fors of imaging something which represents
tension following out of the muscle. If the image is successfully

manipulated, usually there is an actual reduction in the amount of tension
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present in the muscle.

As an adjunct to the relaxation task, mental imagery can be employed to

visualize passive and relaxing scenes and threfore bring about a lowering of
tension or arousal for the time that the image is held in the minds eye.
Patients can be encouraged to visualize favorite scenes after a few
approximate opnes are suggested. Some scenes often suggested are a walk
through the woods or a day out fishing, with elaborate attention to the
detail that may be encountered with the experience being suggested. Guided
imagery helps the patient to develop his own favorite passive scene that
he will learn to visualize whenever he wishes to relax énd avoid momentary
tension. The scene should be passive and not contain other people. It is not
nessarry for the patient to tell the therapist about the screen he

visualized.

3.6 THETA FEEDBACK

Theta waves are present in EEG records and have & ¢requency range of 6-9 Hz.
In presence of this slow frequency theta waves the body, aind and emotions
are quiet and the individual 2xperiences an increasing imagery. Slow wave
EEG biofeedback training is suggested as an aid‘t@ learning., But it is not

used widely,

Theta feedback is similar to alpha feedback. The training goal will be based

upon the patient’s baseline wmeasures of amplitude within the selected
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frequency bandwith. The goal might include producing theta of an aeplitude
at least twice as great as that in the baseline measure and maintaining its
production for at least half of the feedback period at 30 per cent of the

time if one is using a per cent time analyser.

During theta training session the environmental conditions must be as in the
case of alpha training and EEG electrodes are placed over the occupital
region of the head on one side and the second referance electrode placed

over a neutral side such as the earlobe that acts as a ground.

The theta training itself involves from 15 to 30 minutes of continous work
in a quiet room, with the task being to keep the theta tone on for as much
of the time as possible, The training session may be once & week or as
frequent as each day, but should be continued until at least 200 minutes of

training time have accumulated.

Hethods



IV. SUMMARY OF BIOFEEDBACK TREATMENTS
4.1 TREATHMENTS FOR TENSION HEADACHES

STUDY : Budzynski, Stoyva, Adler 1970

FATIENTS i Female, age 29; female, age 33; female, "middle-aged”;
female, "young high school teacher"; male, "middle-aged"

BIOF. TREATMENT : Auditory feedback of frontal EWG during 30-min sessions, 2
or I times weekly for at least 5 weeks

OTHER TREATMENT : Daily home practise

**¥REBULTS

SYMPTOMS : Average hourly headache activity, subjectively rated from 0O
to 5, was reduced from a baseline average of .84 to .30 after the 4th week of
training

EIO. FUNCTION : Average microvolt levels of EMB: baseline, 5.8; training

week #1, 4.4; training week #2, 4.0: training week #3, I.7:; training week #4,

3.5
STUDY : Budzynski, Stoyva, Adler, Mullanmey, 1973
PATIENTS s 2 males, 16 females; average age, 363 range, 22 to 44

BIOF. TREATHMENT : Auditory feedback of frontal EME during 30-min sessions,
twice weekly for %
OTHER TREATMENT : Home practice twice daily for 15 to 20 min

**RESULTS

SYMFTOMS : Average hourly headache activity, subjectively rated from @

Treatments
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to 5,decreased from .5 during the baseline to .2 at the end of training to .1
at 3-month folleow-up
BIO. FUNCTION : Average microvelt levels of EMG: baseline, 103 training,

.93 3-month follow~-up, 3.9. Weekly headache activity was correlated (.90}

o4

with frontal EMG levels

§TUDY i Chesney, Shelton, 1976

FATIENT : 22 females, 2 males

BIOF, TREATMENT : Auditory and visual feedback of frontal EMG during eight,
J0-min feedback sessions twice weekly for 4 weeks

GTHER TREATMENT : None reported

**RESULTS

SYMFTOMS : Average levels during first and fourth weeks: headache
freguency, 4.8 and 2.8; duration, 3.3 and 6.3 hours; severity on a scale of
I to 100, 32.3 and 32.35

BI0. FUNCTION : Data Unavailable

5TUDY : Cox, Freundlich, Meyer, 1975

PATIENTS : 20 females, 7 males; age range: 16 to 64y symptom duration,
1 to 39 yrs; average age, 11

BIOF. TREATHMENT : Auditory analogue feedback cf {frontal EMG during 30-min

sessions twice weekly for four weeks
OTHER TREATMENT : Cue controllied breathing immediately following feedback and

prior to each meal; relaxation as learned in feedback sessions twice daily;

medication

Treatments



¥#RESULTS

SYMPTOMS : Average levels during the baseline, 2-week follow-up, and
4-month follow-up: headache index, 1.7, .6, and .b6jduration 93,33, and 31;
frequence, 18, .!, and B; medication used, 34, 14, and 9; psychosomatic
cheklist scores, 32, 13, and 17

BIO. FUNCTION : Correlation between reductions in EMG and changes in

headache activity: .42

STUDY : Diamond, Medina, Diamond-Falk, DeVeno, 1979

PATIENTS : 19 with muscle contraction headaches; 265 with combined
nuscle contraction and vascular headache

BIOF., TREATMENT : Auditcory analogue feedback of frontal EMB for 10 min and
finger temperature for 20 min, 2 to 10 times weekly for up to 24 weeks

OTHER TREATHMENT : Relaxation exercises; home practice twice a day for up to 4
weeks

##REGULTS

SYMFTOMS : Fercent stating that biofeedback helped their headaches:
muscle contraction alone, 727 combined muscle contraction and vascular
headach, 73

BIO., FUNCTION : Data unavailable

STUDY : Epstein, Hersen, Hemphill, 1974
PATIENTS : Male, age 39; symptom duration, 16 years

BIOF. TREATMENT : Experiment one: auditory feedback of patient-selected music

rontingent upon reductions in frontal EME during 24, 10-min sessions;

Frwatments
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experiment two: 10-min auditory feedback and 10-min no-feedback segments in
counter balanced order

OTHER TREATMENT : While an inpatient in hospital (Exp. 1) Sinequan 25 mg.
g.i.d.,y FPhenobarbital 1.5 mg/day, Dilantin 300 mg/day; While an outpatient
(Exp. 2) a placebo was administered with home relaxation instructions
¥%¥RESULTS

SYMPTOMS i Average in baseline #1, feedback #1, baseline #2, and
feedback #2, in experiment one: headache intensity, 5.0, 3.5, 5.8, and 2.5;
averages in baseline #1, feedback #1, and baseline %2 in experiment two:
headache intensity, 6.2, 4.8, and 10,8; medication used, 3.2, 1.2, and 2.2;
no headache was reported on &4 of 6& days during the follow-up

BIO. FUNCTION : Number of seconds per minute below criterion of 10 uV

experiment one: baseline #1, 21; feedback #1, 37: baseline $2, 30; feedback

$#2, 45
5TUDY : Epstein, Abel, 1977
PATIENTS : 2 males, 4 females; average age, 32.8

BIOF. TREATMENT : Feedback of frontal EME during 1&, 20-min sessions
OTHER TREATMENT : A 20-min "no-feedback” segment followed each feedback
session

¥ *RESULTS

SYMPTOMS + Average hourly headache activi{y {rated 0-5): baseline, 2.2;

treatment, 1.7; follow-up, 1.3

BIO. FUNCTION : Average uV level of frontal EMB: baseline, 19,4: feoedback,

17.8; follow-up, 20.6
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5TUDY : Feuerstien, Adams, Beiman, 1976

PATIENTS : Female, age 67 with combined migraine and tension headache
BIOF., TREATHMENT : Feedback of frontal EME for 20 min, once weekly for & weeks
followed by feedback of cephalic vasomotor responses for 30 min, once weekly
for & weeks

GTHER TREATMENT : Home practice for 10 min, twice daily

**RESULTS

SYMPTOMS : Average weekly headache fregquency: baseline, 4.4; ENMG
feedback, 1.B; baseline, 3.3; CVMR {feedback, 1.3; B-week follow-up, Z.35;
average intensity (rated t to 4): baseline, 2.8; EMG feedback, [.Z: baseline
2.1; CVMR feedback, 2.6; B-week follow-up, 1.3; average duration: baseline

15.8; EWMG feedback, 4.43 B-week follow-up, 7.5; no headache reported for 3

{

weeks during CVMR feedback; use of tranguilizers was reduced from 3 to |

during the study
BIG. FUNCTION : Frequency of vasospasm during baseline, feedback, and

baseline of sessions 5 and 6: EMG feedback, 7.7, 3.3, and 2.9; CVMR feedback,

.8, 1.1, and .4

STUDY + Freid, Lamberti, Sneed, 1977

PATIENTS : & females; age range T to 47; 1 with tension headaches, 2

with mixed tension and vascular headaches

BIDF. TREATHMENT : Home practice of skin temperature raising with a portable

trainer twice daily

OTHER TREATMENT : Autogenic phrases repeated twice daily for Z weeks
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preceding temperature training

#¥RESULTS

SYMPTOMS : Number improved by more than 75%: 1 with tension headache,
{ with mixed tension and vascular headache; number improved very little or
guestionable: 1 with mixed tension and vascular headache

BIO, FUNCTION v Data unavailable

STUDY : Haynes, Griffin, Mooney, Farise, 1973

PATIENTS : 7 males, 14 females; average age 20.9; average symptonm
duration, 3.2 years

BIOF. TREATMENT : Feedback of frontal EMG during 20-min sessions, twice
weekly for 3 weeks

OTHER TREATMENT : None reported

¥¥RESULTS

SYMPTOMS : Average levels during baseline, l-week follow-up, and S- to
7-month follow-up: frequency, 5.3, 1.5, and 1.2; intensity, 3.4, 1.7, and

4.1; duration, 4.7, 2.9, and 2.3; headache index, B82.1,20.9, and 11.4

BIO. FUKNCTION :+ Data unavailable

STUDY : Hutchings, Reinking, 1974
FATIENTS : 14 females, 4 males; average age, 23
BIOF. TREATMENT : Auditory analogue feedback of frontal EMG during 10, {5S-min

Spssions

OTHER TREATMENT : Practice twice daily, especially when in "stress-producing

situations
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#*%RESULTS

SYMPTOMS : By the end of a 28-day follow-up, 46% improved; tomposite
headache scores f(computed by multiplying the # of H.A. hours times the
average iintensity for that day) were reduced from 10 prior to treatment, to
& during treatment, to 4 following treatment

BIO. FUNCTION : Average level of EMG in microvolts/min: 19 prior to

treatment, 8 during treatment, 5 during the follow-up

STUDY : Kondo, Canter, 1977

PATIENTS : 18 females, 2 males: age range 19 to 38; symptom duration,
8 to 43 months

BIOF. TREATHMENT : Auditory analogue feedback of frontal EME during 20-min
sessions every 1 or 2 days for 10 sessions

OTHER TREATMENT : None reported

**¥RESULTS

SYHMFTOHMS : Average number of headaches decreased from approx. 5.3
during the 10 days preceding training to approx. 1.9 during training
BIO. FUNCTION i Average Mv levels of frontal EME during the first and last

5 mins of session #1: 27 and 22; during session #10: 15 and 10

STUDY : McKenzie, Ehrisman, Montgomery, Barnes;1974

PATIENTS i b females, ! male; average age; 333 range, 28 to 42

[#]

BIOF. TREATHMENT : Binary visual feedback of EEG activity twice weekly for

weeks

OTHER TREATMENT : None reported
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*¥RESULTS
SYMPTOMS ! Average number of headache hecurs per week: 41 before
treatment, 8 during treatment, 7 at !-month follow-up, 2 at Z2-month follow-up

BIO. FUNCTION : Data unavailable

8TUDY : Philips, 1977b

PATIENTS : 15 with headaches at least twice weekly

BIOF. TREATMENT : Auditory feedback of frontal or temporal EMG during 20-min
sessions twice weekly for & weeks

OTHER TREATHMENT : None reported

¥*¥RESULTS
SYMPTOMS : Average pretreatment, posttreatment, and follow-up levels:
intensity, .1, .8, and .2y frequency, 5.4, 3.8, and 2.2; average number of

medications used: 6.5, B.5, and 2.6

BIO. FUNCTION : Average microvolt levels: pretreatment, 5.6, posttreatment,

2.9 and follow-up, 3.6

STUDY : Raskin, Johnson, Rondestvedt, 1973
PATIENTS : & males, 4 females; average age, 27; 4 had tension
headaches

BIDOF. TREATMENT : Auditory feedback of frontal ENG levele during 1-hour

[

sessions 5 times weekly until EMG activity averaged less than 2.5 My for 25
min
OTHER TREATMENT : Instruction to relax specific muscle groups aided by

feedback; training sessions without feedback interspersed; home relaxation

Treatment:™
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once some progress was apparent; "pain medication for headache"

#*¥RESULTS

SYMPTOMS t 3 of 4 patients were rated as “markedly improved,” and 1 as
"moderately improved" in symptom intensity; "the 4 patients ... experienced
considerable reduction in the freguency and intensity ... they learned to ...
abort anticipated or beginning headaches and even to diminish the pain of an
established headache"”

BIO, FUNCTION : The group reduced EMG levels from an average of 14.1 mv/min
during a 2-week baseline,. to less than 2.5 mv/min during an average of &

weeks of training (range 2 to 12 weeks)

STUDY : Reeves,1976
PATIENTS :+ Female, age 20 with a 3-year history of headache

BIOF. TREATMENT Auditory analogue feedback of frontal EMB during 20-nmin

sessions, 3 times weekly for 6 weeks

OTHER TREATHMENT : "Gtress management" 13 min daily; "cogritive skills
training" -
##RESULTS

SYMFTOM : Average hourly headache activity: baseline, 1.7; cognitive

skills training, 1.2; biofeedback, .63 follow-up, .5

B10. FUNCTICN : Average levels of frontal EMGE {(Mv rms): baseline, 9;

biofeedback,5.9; follow-up, S
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4,2 TREATHMENTS FOR MIGRAINE HEADACHES

5TUDY Andreychuk, Skriver, 1973

PATIENTS

33 volunteers
BIOF. TREATMENT : Feedback of hand temperature for 45 min, once each week for
10 weeks

OTHER TREATMENT

None reported

#*RESULTS

SYMFTOMS : Average scores on a headache index for pétints scoring
high on & hypnotic induction profile: baseline, 136; last § weeks of
training, 48; average scrores for those scoring low on a hypnotic inducticn

rofile: baseline, 263 trainin 17
3 3 kS

BIG. FUNCTION : Data unavailable

5TUDY : Bianchard, Thecbald, Wiljiamson, Silver, Brown, (978
FATIENTS : 25 females, O males; average age 39, range 21 to 77;

average syptom duration 20 yrs, range 3§ to 40

BIOF. TREATMENT : Visual feedback of finger temperature during 30-min sessions,
twice weekly for six weeks

OTHER TREATMENWT : Autogenic training and home practice of hancgwarming for § to
1¢ minutes, 2 to 3 times each day

#*RESULTS

SYMPTOMS : Average levels per week during the baseline, training, and

1.

(o]
(8]
ra

{ to Z month follow-up: headache index, .74, .4, and .29; frequency,

and 1.4; duration, 13.5, 7.6, and 2.0; medication index, 13,7.6, and 6.7;

Treatment




intensity, 3.0, 1.9, and 1.4

BIG., FUNCTION : Data unavailable

STUDY : Diamond, Medina, Diamondg-Falk, De Veno, 1979

FATIENTS : 123 with vascular headaches, 265 with combined vascular and
muscle contraction headachesy age range 10 to 71

BIOF. TREATMENT : Auditory analogue feedback of frontal EMG activity for 10
min and finger temperature for 20 min, 2 to 10 times weekly for up to 4 weeks
OTHER TREATMENT : Relaxation exercisesy home practice twice a day for up to 4
weeks

¥xRESULTS

SYMPTOMS : Percent stating that biofeedback helped their headaches:
vascular headache alone, 77; mixed vascular and puscle contraction, 73

BEIQ. FUNCTION : Data unavailable

STUDY : Drury, De Risi, Liberman, {979

PATIENTS : 2 males, 2 females; age range 29 {o &3

BIDF. TREATHMENT : Auditory and visual feedback of finger skin temperature
while silently repeating autogenic phrases for 30 to 40 min, once or twice
weekly for 15 to 21 sessions

OTHER TREATMENT : Reading an article to generczte favorable expectations
relavation training, imagenary, and home practice

¥*¥RESULTS

SYPMTOMS : Scores on a headache severity index {(from | to 3) decreased

by .9 to 1.5; one patient eliminated all medication; 3 pthers decreased usage

Treatment
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by about 40%
BIO. FUNCTION t All patients raised finger skin temperature by at least 4 F

within a session following 1 to 3 weeks of training

5TUDY : Feuerstein, Adams, 1977

PATIENTS : 1 male, | female; average age 31i

BIOF. TREATMENT : Auditory feedback of frontal EMG during six sessions and
temporal blood flow feedback during 6 sessionsy each 20 min lang

OTHER TREATMENT : Home practice for 10 min two times each day

*¥REBULTS

SYMPTOMS : Average levels per week during the baseline, training, and
9-week follow-up; freguency, 2.8, 1.4, and .8; duration, i3, 14 , and 5;
intensity, 1.9, 3.3, and 1.7

BIO. FUNCTION : Data unavailable

STUDY : Feuerstein, Adams, Belman, 19764

PATIENTS : Female, age &7 with combined migraine and {ension headache
BIOF. TREATMENT : Feedback of frontal EMG for 20 min, once weekly for 6 weeks
followed by feedback of cephalic vasomomtor responses for 30 min, once weekly
for 6 weeks

OTHER TREATHMENT : Home practice for 10 min twice daily

##RESULTS
SYMPTOMS : Average weekly headache freguency: baseline,; 4.4; EWG
feedback, 1.8; baseline, 3.3; CVHR feedback, 1.3; B-week follow-up, 2.3;

average intensity {rated 1 to 4): baseline, 2.8; EMG feedback, 1.5;
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bagseline 2.1y CVMR feedback, 2.6; B-~week follow-up, 1.3; average duration:
baseline 15.8; EMG feedback, 5.3; baseline, 9.9; CVYMR feedback, 4.6, B-week
follow-up, 7.5; no headache reported for 3 weeks during CVMR feedback; use of
tranquilizers was reduced from 3 to | during the study

BIO, FUNCTION : Frequency of vasospasm during baseline, feedback, and

baseline of sessions 5 and &4: EMG feedback, 7.7, 3.3, and Z.9; CVMR

feedback, .8, 1.1, and .4

STUDY + Friar, Beatty, 1976
PATIENTS : 14 females, 3 males; average age 30

BIOF. TREATMENT : Auditory and visual feedback of skin témperature nver the
temporal artery during 8, 200-heartbeat trials in 3 weeks
OTHER TREATMENT : None reported

#*#RESULTS

SYMPTOMS : Compared to average levels in a 30G-day baseline, major
attacks were reduced by 46%, number of episodes wee reduced by 3I6%, intensity

was reduced by 4%, and medication consumption was reduced by 457%

BIG. FUNCTION i Average pulse amplitude decreased by 146% during training

4.3 RAYNAUD'S DIESEASE

STUDY : Blanchard, Haynes, 1975
FATIENTS : Female, age 28

BIOF. TREATMENT : Feedback of changes in finger skin temperture during 2,

20-min sessions
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DTHER TREATMENT : None reported

#*RESULTS

SYMPTOHS : Prior to treatment, episodes of "painful vasoconstriction®
occured once monthly; by the 7-month follow-up, "the clinical problem of
Raynaud‘s disease was mostly abated”

BIO. FUNCTION ! Average hand temperture of 79 F rose to 91.1 F following

training, and remined at 88.3 F at 7-month follow-up

STUDY + Jacobson, Hackett, Surman, Silverberg, 1973

PATIENTS : Male, age 31!

BIOF. TREATMENT : Feedback of changes in finger skin temperature during 4,
15-min secssions

OTHER TREATMENT : Autohypnosis and thermal suggestions

#*RESULTS

SYMPTOMS : Intial complaint was blueness and tingling of hands: "by

the last session, the patient could induce changes in both the color and
temperature of his hands," and could grasp cold objects witﬁoutvexperiencing a
vasaspasmodic attack

BIO. FUNCTICON : Tempertures increased bilaterally from 3.9 € to 4.3 C

during the final sessionsy a 7 §/2 month follow up indicated that the subject

was still as effective in controlling hand waramth as during training
STUDY : Peper {in SBurwit, 1973)
PATIENT : Female, age 3¢

BIOF., TREATMENT : Feedback of changes in finger skin temperature during 10-min
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sessions, twice daily for 30 days

OTHER TREATMENT : Relaxation and autogenic training

¥*RESULTS

SYMPTOMS : Following treatment, the patient “reported that for the
first time in 30 years she could hold on to the cold steering wheel of her
car without gloves”

BIO. FUNCTION : Basal ftinger temperature of 75 F increased to BS F

STUDY ! Surwit, 1972

PATIENTS : Female, age 21

BIOF. TREATMENT : Feedback cof left hand temperature for 30 min, 14 tinmes
during a three-week period; this was +followed one month later with 2¢-min
sessions twice weekly for 16 weeks and then at weekly intervals for siv
monthe

OTHER TREATMENT : Relaxation, autogenic imagery, counseling, and
assertiveness fraining

**#RESULTS

SYMPTOMS : "Vasospasme in left hand and face" prior to training;
"markedly decreased attacks” following training: at one year follow-up,
patient complained of pain even when skin temperatures were normal and

reported losing all ability to control skin temperature

BI0. FUNCTION : After a year of training basal skin temperatures rose

bilaterally from 23 C to an average of 26.6 C

5TUDY : Surwit, Filon, Fenton, 1978
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PATIENT : 32 females, age range 27 to 54

BIOF. TREATMENT : Visual feedback of changes in finger skin temperature during
six, 45-min sessions in 11 weeks while performing autogenic relaxation
response

OTHER TREATMENT : Autogenic training, home practice twice daily for 15 min,
and a “response generalization” technigue

¥*RESULTS

"

SYMPTOMS : fverage number of attacks decreased from 2.3 per day during
the four weeks preceding training, to 1.6 during training; severity ratings

also decreased

BIO. FUNCTION : Average increase of ,3 L while listening to autogenic
instruction; no other increases during the sessicon; "the patients were able
to maintain near normal levels of digital skin temperature zfter an hours

exposure to ambient temperatures 17 C"
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2.4 TREATHENTS FOR ASTHMA

STUDY Danker, Miklich, Fratt, Creer, 1973

PATIENTS : Study one: & male inpatients; age range 9 to 12y Study two:

5 male inpatients; age range B to 12

BIOF. TREATMENT : Study one: visual feedback for increasss in peak expiratory

flow rates during sessions involving 10 consecutive blowsy study two: same as
e

study one with 20 blows per session and including 3 te 22 sessions in 5 weeks

OTHER TREATMENT : Medication

#*RESULTES
SYMPTOMS : Data unavailable
BO. FUNCTION : No improvement in peak flow rates in stug one; 3 of 3

children showed & significant number of "improvement sessions” during study

two
STUDY : Davis, Saunders, Creer, Chai, 1973
PATIENTS i 24 children, age range 6 to 13

BIOF., TREATMENT : Auditory analogue feedback of frontal ENE levels during
Jacobsonian relaxation; each sessions lasted 30 mins, oncte dally for T days
OTHER TREATHMENT : Medication

*#RESULTS

SYMPTOMS : Data unavailable

BIO. FUNCTIGN : Levels of frontal EMG averaged 1% microamps during

feedbacks peak expiratory flow rates increased by an average of 3 L/#ain
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5TUDY

Feidman, 1974

PATIENTS 3 male and | female inpatients; age range 10 to 16

BIOF. TREATMENT : Auditory analogue feedback of changes in total respiratory
‘resistance during S-to 10-min sessions

DTHER TREATMENT : Medication

**¥RESULTS

SYMPTOMS : Data unavailable

BI0. FUNCTION i1 Pre-to postfeedback changes expressed as a percent of the
expected normal values: Feak flow, 63% to 66.8%; Maximum midexpiratory flow,

34.2% to 42%; Total respiratory resistance, 282% to 218%

STUDY : Khan, 1977

PATIENTS : B0 children; 2ge range 8 to i3

RIOF. TREATMENT : Visual feedback for increases in FEV during 5 to 8, S50-min
sessions in phase onej in phase two, the feedback was preceded by instigation
of bronchoconstriction during 10 sessions

OTHER TREATMENT : Medication

*#REBULTS
SYMPTOMS : Aveage levels during the ist, Znd, 3rd, and 4th guarters of
the years following completion of training: number of attacks 23, 18, 12, and

11; duration of attacks, 34, 27, 17, and 175 severity, 42, 33, 21, and 20

4
BIO. FUNCTON : Following instigation of bronchial constriction, FEV level

returned to basal averages

STUDY : Khan, Staerk, Bonk, 1973
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PATIENTS : 20 children; age range 8 to 1i¢

BIOF. TREATMENT : Visual and verbal feedback for increases in FEV during 15
sessions lasting up to 10 mins; one additional session at 1, 3, and & months
after completion of training; instigation of bronchial constriction preceded
feedback during the 4inal 10 sessions

OTHER TREATMENT : Medication

#+RESULTS

SYMPTOMS : Average levels before and after training: medication
frequency, 108 and 39; hospital emergency room visits, 88 anc 13; number of
attacks, 413 and 193; number of hospitalizations, 5 and O

BI0. FUNCTION : Dats unavailable

5TUDY : Kotses, BGlaus, Crwford, Edwards, Scherr, 1976

PATIENTS : 27 male and ? female asthmatic children in & summer
treatment camp; age range B8 to 16

BIOF. TREATMENT : Auditory analogue feedback of frontal EMG 1évelg during up
to 20-min sessions twice weekly for three weeks

OTHER TREATHMENT : Medication

*%RESULTS

SYMFTOMS : Data unavailable

¢ g

EI0. FUNCTION : Average uV levels of frontal ENMB in weeks #i, 2, and 3: 1§,
10, and 12; average increases in peak flow rates (L/min) during weeks #1,2,
and 3t 30, 28, and 27

4,5 TREATMENTS FOR EPILEPSY
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STUDY : Cott, Pavloski, Black, 1979

PATIENTS t 4 females, 3 males; age range 15 to 30

BIOF. TREATMENT : Auditory and visual feedback for decreases in 4 to 7 Hz EEG
activity for three people; feedback for decreases in 4 to 7 Hz activity and
feedback for increases in 12 to 14 Hz for the remaining four; sessione lasted
40 mins, twice weekly for 6 weeks

OTHER TREATMENT : Anticonvulsant medication

**¥RESULTS

SYWMPTOME : Seizure frequency decreased for five people

BEIC0. FUNCTION : 12 to 14 Hz activity inmcreased in 3 people; 4 to 7 H:z
activity decreased in five

STUDY + Finley, Samith, Etherton, 1975

FATIENTS : Male, age 13 with ll-year history of convulsions

RIOF. TREATMENT : EEG was recorded from approximately O3 and F3 with

-
4
p oy
[

reference at A2; auditory and visual feedback for increases in 1l to
activity and for decreases in 4 to 7 Hz activity during 4% sessions; =ach

months

[}

session lasted 50 mins, 3 timez weekly for about
OTHER TREATMENT : Valium 30 mg t.i.d, Phenabarbital 60 =g t.i.d.

#¥RESULTS

SYMPTOMS : Seizure rate per hour: baseline, 8; sessions | to 34, 2.7;
sgssions 33 to B8O, .7

BIO. FUNCTION : Percent of 1! to 13 Hz activity in the EEG: baseline, 10;

=

sessions 35 to 80, 55; percent of 4 to 7 Hz activity: baseline, 45; sessions

Treatment
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i to 34, 23; sessions 35 to BO, 19

S7UDY : Finley, 1974
PATIENTS : Male, age 15; same as studied by Finley, Smith, Etherton,
19735

BIOF. TREATMENT : EEG was recorded from approximately C3 and F3 with

reference at AZ; auditory and visual feedback for increases in 12 Hz activity

= =

in the absence of 3.5 Hz waveforms

OTHER TREATMENT : Valium 30 mg t.1.d., Phenobarbital &40 mg t.i.d.
**¥RESULTS

feedback, .30; false

Seizure rate per hour: before false

SYPHMTOM

[43]

feedback, .43; proportion of urine-loss evenis increased during false
feedback

8I0. FUNCTION : Percent of 12 Mz activity in the EEG: before false
feedback, 70; false feedback, 63 after false feedback, 73; percent of 3.5 Hz

activity in the EEG: before false feedback

ETUDY : Finley, 1977
FATIENTS : Male, age 15
RIOF. TREATHMENT : EEG was recorded from approximately CF and FI with 2

reference at A2; auditory and visual feedback for 11 to 13 Hr activity in the
absence of 4 to 7 Hz wavefrons

OTHER TREATHMENT : Medication

#*RESULTS

EYMPTONS : Seizure frequency decreased to less than ong per hour

Treatment



BIGO. FUNCTION i Percent of 5.5 Hz activity in the EEG: 1S

ETUDY : Johnsen, Meyer, 1974

PATIENTS i Female, age 18; 10-year history of grand mal seizures

BIOF., TREATMENT : EEB was recorded from O(z! and T4 with ground on right ear:
aipha feedback followed by training of 6.5 to 9.5Hz activity

OTHER TREATMENT : Two weeks of relaxation training; EMG training: medicatiaon
*¥RESULTS

SYMPTOMS : Seizure rate was reduced from three per month during the

o

baseline to 1.5 per month following 12 months of training; no more than one

seizure per month was reported during the 3-month follow-up

BI0. FUNCTION : Data unavailable

STUDY : Kaplan, 1978

FATIENTS : 3 females, ! male; seizure histories ranging from 6 to Z1
years

-

BIOF., TREATHMENT : EEG was recorded from about C4 with reference at A2.
Feedback for increeses in 12 to 14 Hz activity during experiment oneg
feedback for increases in & to 12 Hr activity in experiment two; sessions
lasted 30 mins, three times weekly for 3 to 4 monihs in experiment one and
for 5 to & months in experiment two

ODTHER TREATMENT : Range of anticonvulsants

##RESULTS

SYMPTOM Average fregquency of seizures: 207 prior to feedback, 202

during experiment 1, 132 during experiment 2, and 60 after termination
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BIQ. FUNCTION : No change in the praoportion of ity present

1)
ot
™
L
]
a
N
fa

guring experiment !, no significant change activity present

during experiment 2

STUDY + Kuhlman, Allison, 1977
FPATIEKTS : 3 females; age range 14 to 42

BIGF. TREATMENT

EEG was recorded from C2 area: feedback of ¢ to {4 H:z
activity for 30 mins, three times weekly: false feedback f{based on previous
sessian EEG) for I0 mins, three times weekly for 4 weeks in phase onej
seedback of 9 to 14 Hz activity for 30 mins, three times weekly for at least
8 weeks in phase two

OTHER TREATMENT : Anticonvulsants

£*¥RESULTS

SYMPTOMS : Seizure activity decreased by 40% for two of five patients
in 14 weeks, and decreased by 25% for I patients in 9 weeks; seizure
frequencies increased by 5% during false feedback

BI0. FUNCTION : No change in 7 toc 14 Hz activity or in 3 fo & Hz activity

STUDY : Luber, Bahler, 1976
PATIENTS : & studied by Beifert and Luber (1973) plus two additional
patients

T
T

BIOF., TREATWMENT : EEG was recorded from C3-T3 op the left hemisphere and
C4-T4 on the right; auditory and visual feedback for increases in 12 to 14 Hz

waveforms in the absence of 4 to 7 Hr activity: sessions lasted 4C mins, three

times weekly for about 7 months

Treatment
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OTHER TREATMENT : Anticonvulsants

##RESULTS

SYMPTOMS : Seizure frequency, duration and intensity decreased faor
some patients; two patients with multiple seizures per week have been
seizures per week have been seizure free for up to one month

BIO. FUNCTION 12 to 14 Hz activity increased by 30% during the feedback

sessions
5TUDY : Seifert, Lubar, 1975
FATIENTS v 3 females, I males

BIOF., TREATMENT : EEB was recorded from left and right Rolandic cortex 10%
and 307 off vertex with reference to eary auditocry and visual feedback of &,

12 to 14 Hz wavetforms lasting .5 seconds in the absence of 4 to 7 Hr activity

4

during 30-min sessions, 3 times weekly for I to 4 months

pusi

w

OTHER TREATMENT : Anticonvulsants

*¥RESULTS

SYMPTOMS : Seizure frequency decreased from an average of 72 per month
before training to 24 per month after training

B1D0. FUNCTION : Percent of 12 to 14 Hz activity in the EEG: baseline, 8.7;

training, 12.7; training, 1Z2.7; slow wave activity decreased during training

STUDY : Sterman, 1973
PATIENTS i 4 epileptics
BIOF. TREATMENT : EEG was recorded from approximately €3¢ visuwual feedback for

increases in 12 to 14 Hz activity during 30- to 6C-min sessions up to 2 times

Treatment
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weekly
CTHER TREATMENT : Anticonvulsants
¥¥RESULTS

SYMPTOMN ¢ Lowest rates of seizure activity were achieved in all

[¥2]

patients

BIG .FUNCTION : Increases in 12 to (4 Hz activity was obeserved in all
patients: decreases in abnormal low freguency discharge patterns

5TYDY : Sterman, 19773

PATIENTS 1 female, 2 males; age range 16 to 28

BIOF. TREATHENT : EEG was recorded from approximately C3 and T3, and at P3

and 0!. Visual feedback for enhancement or suppression of either {2 to 15 Hz,

i1

& to 9 Hz 18 to 27 Hz activity § lab sessigns for |

to 3 weeks followed by home training for 30 mins & times weekly

i

OTHER TREATMENT : Anticonvulsants

#¥RESULTS

SYMFTOMFS : By the end of training, seizures hag ceased In two patients
and decreased by 30% in the third

BIG. FUNCTION : Training at both higher freguencies normalized the EEG,

reducing abrnormal

STUDY : Bterman, 19770
PATIENTS : Female, age 19; male, age 28 {(same as studlied by Sterman,
1977a;

BIOF. TREATMENT Same as in Sterman, 197¢&

Treatment
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OTHER TREATMENT : Anticonvulsants

**RESULTS

SYMFTOMS : Seizure frequency improved; see case study

BIO. FUNCTION : Training at both higher frequencies reduced epileptifornm

activity and increased 12 to 1S Hz sleep spindles

Treatment
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V. BIDFEEDBACK INSTRUMENTATION

Main instruments used in biofeedback applications are EWG, EEG and skin
temperature feedback intruments. Heart rate, blood pressure and 6SR (galvanic

skin response) measuring devices are used as secondary instruments.

5.1 EMG INSTRUMENTATION

Biofeedback applications from the musculoskelatal system can be broadly
divided into feedback to diminish electrical potentials present in the auscle
as in relaxation related biofeedback and feedback to enhance potentials as 1in
neuromuscular re-education. Surface electrodes are always used except for

special applications.

When a reduction in muscle activity, which brings lower arousal level or
relaxation, is desired, then the recording site is the %rantalis muscle
located in the forehead. It has some advantages from the standpointof
relaxation training; it is often a2 direct expressor of stress within the
musculoskelatal system. It is not a postural muscle and therefore its activity
can be reduced to very low petentials without regerd for positioning the
patient, it is readily accessible for instrumentation. Any standart skin
electrode such as the one provided with most biofeedback devices can be wused.
It must be placed on the forehead, approximately 1.3 inches abeve the center
of each eyebow. The skinp oil may be removed with alcohol, and the area allowed

to dry. A cotton-tipped applicator should be used to *"twirl® small quantity of

Instumentation
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conducting gel with an abrasive material on the site with the end-sost surface

of the cotton tip. Surface electrodes are usually affixed to the skin either

holding them on the skin with an adhesive collar designed for that purpose,.

For ¢rontalis biofeedback applications two recording electrodes and a ground

electrode in the middle of thems are used. In most cases the resistance between

any two electrodes in the system is less than 30 KOhs.

Some devices have logarithmic scales and usually do not require sensitivity or
threshold settings. When using such a device, the task is‘simply to aove the
needle of the meter in the direction of the lower number untill the goal is
reached and maintained. On devices with linear scales;, there are usually a
choice of sensitivity ranges and threshold settings which the therapist aay
use. The therapist should set the sensitivity sufficient to allow small
reductions in amuscle activity to be detected, but insensiti?e enough to
prevent the dial from reaching the top of the scale often in a session. As the

patient learns control of muscle activity and is able to reduce it at will,

the therapist will need to reset the machine to detect levels <close to the

goal.

For relaxation exercises other sites can also be chosen, such as the foreara,

the thigh, the back of the neck, the jaw muscle of patients who brux or jaw

clench, or the stump in phantom limp pain. For each of these sites, the

electfodes should be placed approximately 2 inches apart over the most

e

prominent part of the muscle or the most tense ridge. The skin preperation and
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method of attachment are the same as for the frontalis suscle.

Movement which is a result of some muscle activity and ECE signals (in most
EMG sites other than frontalis) can affect EMG signals. The most useful method
to reduce ECG artifact is to place the two recording and ground electrodes on
a straight line from the heart to the distal-most electrode. EC artifact is
recognizable by the electrical signal of the heart beat, causing the feedback

signal to fluctuate in a detectable rytmic way.

Goals in EMG feedback are determined by the pretreatment resting levels and
the choice of muscle sites. When the frontalis is used, an average cf SuV is
usually sought as the ultimate goal. It may be set as an initial goal also
when the resting baseline level does not exceed 20uV. Khen 20u¥ is exceeded,
the initial goal is usually to reduce the activity to one-half of the baseline
levels. When using portable devices where microvolt levels are not available,
an initial goal might be to reduce the dial reading to one-half of its level

in the initial session and then revise the goal downward until an average of

SuV is reached.

When biofeedback is used to reinstate muscle function as s nedromuscular
re-education, the bionfeedback task is to increase ievels of amuscle activity,
and the goal is some level above the baseline readings which is just the
opposite of the case in relaxation training. In this case, selection of the
target muscle must be based on the desired movement. All of the conditions in

relaxation training with EMG applies as far as instrumentation 1is considered

Instumentation
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while the machine settings are opposite. At the beginning of treatment, the
machine is set to be very sensitive, and the threshold set low so that very
small increases in muscle potential can be detected. The task is to increase
the meter reading, and movement of the muscle will take place as a by-product
of that increase. The same artifacts apply in this application, but the
movement that is likely to contaminate the feedback signal may be from some
other part of the body. EMG biofeedback goals for this application are often
set by monitoring the same muscles on the opposite side of the body and

determining the normal functional level for that muscle.

5.2 SKIN TEMPERATURE FEEDBACK

Changes in blood flow at the surface of the skin result in temperature
variations detectable with temperature-sensitive instrumentation. Often a
finger is selected for biofeedback application, but sometimes the palm of the
hand or the forehand is used. Usually, a thermistor serves as a tfansducer. It
is fixed to the skin during the session. When the finger is selected, then the
thermistor is placed along the side of the finger and held in -place with a
length of tape. The tape should be wrapped arcund the finger at an angle

rather than like a ring in order to reduce the possiblity of restricting blood

flow with tape.

A biofeedback machine takes the temperature information from the thermistor
and feeds it to the subject in form of meter reading or tone. Sensitivity of
the device refers to the value in degrees of the total visible scale. When the

Instumentation
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patient is beginning the temperature task, the most useful setting is the most
sensitive one, so that small changes are rewarded. At least ten wminutes
adjustment period is necessary, just after instrumentation of the patient, in

order to have a stabilised transducer output.

First, the patient should be instructed to observe the meter face. [f the
meter moves in the direction which indicates that the temperature is
decreasing, then the patient should say himself, “"that's cooler", and vice
versa. After a short period of identification, the patient is ready t{o begin
learning to control temperature variations. When the needie wmoves 1in the
desired direction, the the petient should be encouraged to reward himself by

suggesting that the result is good and is what he wants to do. The patient
should be able to move the temperature easily at least | 1/2 degrees in either

direction with subjective awareness of when the task is accomplished.

Climate and the ambient temperature effects the thermistor output to some
extend. The position and place of the hand must be the same during each
session because whether the hand is rested against some part of the body or
whether it is used on a table or arm rest can influence the surface
temperature. [f the hand is held higher than the rest of the body, then it
tends to be cool and if it is held low, then it tends warm. Therefore the
level of the arm should remain constant during sessions. Another point is the
position of fingers. If they are close each other then their temperature 1is
higher than when they are apart so that air circulation between them can cool

them. For this reason the relative pesition of fingers should also remain
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constant in all biofeedback sessions,

5.3 EE6 FEEDBACK

The signal can be detected from the surface of the scalp by applying EEB
electrodes which are flat cup-shaped. In EEG feedback the main application is

the alpha feedback.

Alpha frequencies within the EEG are most abundant over the occipital cortex,
Therefore the active recording electrode should be placed in this region,
determined by locating the external occipital protuberance (the bony process
at the lower back portion of the skull) by moving the fingers up the center of
the back of the neck untill the most prominent point is found. From that point
a distance of 1| in upward and 1 in to the left will locate the site for the
left occipitial electrode. If the right side is preferred, it may be located
in the same manner, but by moving ! in to the right of center. The =site of
second recording (or reference) electrode may be located by first imaging a
line from the bridge of the nose accross the top of the head tq the external
pccipitial protuberance, the prominent point located earlier. A second line
should be imagined running from the external auditory meatus, the hole in the
ear, on one side accross the top of the head to the same location on the
opposite side of the head. ¥here these imaginary lines cross at the top of the
head is called the vertex. Starting at the vertex and moving 2 1in along the
imaginary line toward the left external auditory meatus will locate the site

for the reference electrode if it is to be located on the left and recorded
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against an electrode placed at the 1left occipital location. Active and
reference electrodes must be on the same side since the two hemispheres eait
asymmetrical electrical signals. The ground electrode may be placed on the ear
lobe or the bony mastoidprocess behind the ear or on any other electrically
quiet place on the head. Surface oil may be removed by wiping the area with
alcohol and allowing the area to dry and EEG paste or cream should be applied.
The electrode should be pressed into the mound of cream so that the cup of the
electrode is filled with cream and the metal surface of the electrode is

placed against the scalp rather than the hair.

With the electrodes in place, the impedance should be measured between each
pair of electrodes and the other two pairs include the ground electrodes and
the other two pairs include the ground electrode and each of the two recording
electrodes. A valid impedance level for any instrument in current use is less

than 10,000 Ohms, which is easily achieved with good application technigue.

Required adjustments usually include setting the +¢ilters to detect only
frequencies within the alpha bandwith of 8-12 Hz. The sensitivity adjustaent
is sometimes labeled "amplitude” on an EEG machine. The threshold adjustment

determines how much of the alpha that the machine 1is detecting is to be

considered for feedback.
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[f the threshold is set so that only the peaks of average or greater height
are rewarded with the feedback signal, then it appears to the patient that
half of the peaks are as desired and half need improvement. This 1is a good
level, since there is enough reward to give to the patient (early feeling of
success) and still allow him to see that there is rcom for improvement. If on
the other hand, the threshold is set too high so that only the very highest
peaks are rewarded, the patient is likely to see the task as a source of
frustration and react in a stressful manner to it, thus defeating the purpose
of the entire biofeedback program. By setting the threshold so that 50 ¥ of
the total effort is rewarded in the early phases, and adjusting the threshold
each time the patient reaches 70 % feedback, a balance can be wmaintained and
the physiological skill can be shaped in the desired direction. Thirty minutes
of feedback is the optimum amount for any feedback sesion and sessions should
be planned so that during the course of treament, the patient receives a total

of not less than 300 minutes of EEG alpha feedback.

Goals for the alpha biofeedback must be set in light of the machine’'s wmethod
of quantifying EEG alpha abundance. If the machine reports percent time, then
the goal may be to achieve 99 % time over a specified number of minutes., ¢
the machine quantifies in a standart unit of measure,; such as the microvelt,
then the goal should be in the range of achieving {40 % over baseline
amplitudes. In either case, it is important to continue the feedback sessions

until 300 minutes of feedback time have been exceeded whether or not the

amplitude goal has been reached.
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Movement results in muscle signals which are so much greater than the EEG
signal that the EEG is lost within them. For some people eye position is an
important factor determipning EEG alpha abundance. Alpha is increased in many
people by simply closing the eyes, and when the eyes are strained in any
position away from center, there may be a muscle twiching that occours in the
same frequency range as alpha and influences the feedback. Alpha 1is enhanced

as the patient is able to maintain himself in a relaxed but alert state.

5.4 HEART RATE AND HEART RHYTHHMS

Heart rate and heart rhythms are csometimes fed back to the individual
producing them by applying electrodes to the chest and putting the signal into
a device which produces a feedback signal. GSuch devites are designed to
provide feedback when the heart rate is increased, decreased or maintained
within a pre-determined range. Standart clinical ECG electrodes can be wused
and the sites often selected include placing the active recording electrode on
the chest in the space between the third and fourth ribs just to the left of
the sternum. The reference electrode may be placed on the patient’'s left side,
midway between the front and back of his body, in a space between two ribs.
The ground electrode may be placed on the arm or leg. Skin preperation is not
a major consideration. ECG signal is especially strong and slow compared to
many other physiolgical signals, and there is very little that can create
artifacts in it. The feedback signal may be a light or tone that tells the
patient when he is doing the task or sometimes the actual ECG complex is shown
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to the patient on an oscilloscope. Goals of heart rate feedback depends wupon

the particular condition being treated and the strategy used.

5.5 BLOOD PRESSURE

One method of blood pressure feedback is to detect changes in blood pressure

through a microphone which rests over the radial artery pulse in the wrist. A
second method is to detect the changes in the Karotkoff sound (heard by a
stethoscope or microphone only at pressure levels between systolic and
diastolic pressure) to indicate changes in the pressure. Another method can be
described as follows: A blood pressure cuff is applied in the usual manner and
inflated from 3 to 5 mm below diastolic pressure so that the Karotkoff sound
is not detectable. In this type of instrumentation, the patient’'s task 1is to
turn the sound on. To do so, the patient must cause a drop in diastolic
pressure to below the inflation level, thus allowing the Karotkoff sound to be

detected.
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VI. BIOFEEDBACK EQUIPMENT

Biofeedback equipments consist of some modules. The functions of these modules
are mainly amplifiying , filtering, timing, gating, delaying, counting,
integrating and displaying signals in auditory and visual modes. An equipment
is particularly useful for the programming of complex experiments and is often

used with multichannel physiological recorders (polygraphs).

6.1 EME FEEDBACK EQUIPMENT

FUNCTION : The portable EMG biofeedback unit 1is designed to detect wmuscle
activity and feedback suitable information to the subject about the activity
level of the muscles measured. It functions as arrow 2 in Fig. T-2, It uses
skin surface electrodes as transducer and has typical component confiquration

shown in Fig. E-1 of transducer, signal amplifier, signal processor and signal

display.

SAFETY : The battery powered unit does not have the shock hazard of the

line-powered units and is, therefore, recommended.

EQUIPHENT SPECIFICATIONS :

Input impedance : >1 MGhm

Input configuration : differential input preamplifier

CMRR (at power line fregq.) : B0 dB

Biofeedback Equipments



Bandwith : 20 Hz - | kHz

Amplitude 1-100 uV rms

Time contant of O/P circuit : 0.25 sec - | sec

Electrodes {(type) : skin surface electrodes

Electrodes (material) : Ag/AgCl (preferred), stainless steel
Input equivalent noise : <1 uV

For monitoring muscle activity in the neck or back region, a lower f{frequency
cut-off of 100-Hz can help to eliminate ECE6 artifacts. A built in circuit for
measurement of electrode to electrode resistance is a very useful feature, but
should give a relative indication on a meter and not Jjust consist of a
poor-contact warning light. For rejection of power line interference addition

of a notch filter is recommended.

FEEDBACK MODALITIES : If both, auditory and visual wmodes aof feedback are
present, then this system is very valuable 1in EMG applications. The most
common auditory feedback used is a clicking sound or tone that increases 1in
frequency as the input signal increases in amplitude. Visual feedback 1is
normally given by an analog meter that provides amplitude information as well
as a means for comparing performance during and between sessions. Those
instruments equipped with meters either provide a gain control; giving several
fullscale sensitivity ranges, or they make use of a non-linear (usually log or
semi-log display that covers a wide range of input asplitudes. The latter
method has the advantage of providing a larger meter deflection for a given

thange in amplitude at the low end of the scale where further reduction
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becomes more difficult. This method also eliminates the need to change ranges,
and therefore to establish new goals, as relaxation progress. Digital

numerical displays as a continous visual feedback are not very practical.

6.2 TEMPERATURE FEEDBACK EQUIPMENT

FUNCTION : The portable skin temperature feedback instrument is designed to
measure and display changes in skin temperature from a selected body site. The
blood flow is controlled largely by autonomically mediated arteriolar changes
and skin temperature is mainly controlled by the thermal transfer from blood
flow to the part. As a result monitoring changes in blood flow gives an
information about the state of autonomic systems to the input stages of
sensory systems, sp it fulfills the function of the arrow 3 in Fig T-2. The
transducer is usually a thermistor which is usually taped te the skin with a
small piece of adhesive tape. The temperature measurement is uéually read from

a meter calibrated to read in degrees.

SAFETY : Since most temperature feedback eguipments are battery powered and

portable; they do not have the shock hazard of the line-powered units.

EQUIPMENT SPECIFICATIONS : Most available instruments monitor one location for
absolute temperature changes. The units should have a meter output and
sensitivity should be changeable to permit full scale deflections ranging froam

several degrees Fahrenheit to 10-20 degrees. Without the high sensitivity
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setting the subject may not be able to work as well with the instrument during

the early stages of training.

An analog meter output is preferable to a digital readout as trends and small
changes are more easily followed. Instruments are also available with auditory
feedback in the form of a tone, the freguency of which s proportional to
temperature. A light bar readout is also satisfactory provided the resolution
is great enough to permit detection of changes on the order of 0.05 degrees
Fahrenheit. An additional desirable feature 1is derivative feedback which
indicates the direction of temperature change even before it is appearent on

the temperature feedback display.

6.3 GSR FEEDBACK EQUIPMENT

FUNCTION : The purpose of portable modular galvanic skin resistance ( GSR )
feedback equipment is to detect and display changes in the skin resistance ¢
conductannce ) caused by changes in the subjects emotional state. It therefore
fulf$ills the function of arrow I in Fiq. T-2 because G5R is a reflection of
autonomic nervous system activity., This parameter is sopetimes referred to as
electrodermal response ( EDR ) or skin potential response ( GSPR 1}, although

the relation of the latter to autonomic activity has not been well studied.

SAFETY : Since instruments are battery operated they do not have the shock

rpazardé of the power line units.
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EQUIPMENT SPECIFICATION : GSR equipments should use alternating current
method., A small AC voltage is applied to the skin and the resulting current
flow is measured. Current density should be maintained below 10 uA(DC or ras),.
The instruments should be capable of accepting basal skin impedance from 2 to
2000 kOhms and should reflect resistance changes 28 small as 200 GOhms. To
display phasic changes adequatly, the indicating device should be AL coupled
to the input signal through a circuit bhaving & time constant of 3 to 35

seconds.

FEEDBACK MODALITIES: While accurate measurements of the basal resistance level
is sometimes done in research work and may someday be impértant clinically, at
present only a relative indication of the amplitude and direction of transient
resistance changes is usually provided. This is normally performed by an

analog meter and/or changing tone.

6.4 EEG ( BRAIN WAVE ) FEEDBACK EQUIPMENT

FUNCTION : Portable EEG feedback equipment is designed to detect and aamplify
electrical signals generated by the brain, discriminate among the various
freguency coaponents,; and give inforsation +to the subject concerning the
amplitude or freguency of these components. This equipment J$ulfills the
function of feedback arrow 1 in Fig, T-2. Skin surface electrodes are used as

signal transducer and other components are as shown in Fig. E-i, namely signal
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amplifier, signal processor, and signal display. The types are alpha, theta

and beta feedback équipments.

SAFETY : All part of the unit should be battery operated or be 1isolated
electrically through the use of optical or magnetic ( transformer )

techniques.

EQUIPMENT SPECIFICATIONS

Input configuration : differential input stage
Input impedance : > 2 MOhms

Input noise level : € 0.3 uV rms

Input signal level : 1.5 uV - 33 uV rms

CMRR (at power line freq.) : > B0 dB
Input dc current : < 50 n#
Bandwith (alpha & theta) : 4 Hz - 13 Hz
Bandwith (beta) : 4 Hz - 28 Hz

Electrodes : Ag/AgCl

A desirable feature is the incorporation of artifact inhibit circuits to
squelch feedback resulting from movement artifact. One of the early stages of
amplification should be AC coupled to prevent saturation of the amplifier due

to electrode offset potential. An analog filter design with at least 18 dB per
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pctave attenuation of signals outside the passband is recommended. The filter
section should have a flat +1/-1 dB response across the band selected. An
internal means of checking electrode to electrode resistance is desirable

feature available in some units.

FEEDBACK MODALITIES : Although the means by which information is presented to
the subject remains somewhat a matter of personal preference, auditory methods
are preferable over visual since the subject can work with eyes open or
closed, as desired. A steady tone which is made to warble when the feedback
criteria are met has been found less alerting by some users when compared to
techniques in which the tone is either on or off to signal'success. Whichever
methed is utilized, feedback should appear to be instantaneous, lagging the
onset of the triggering signal by not more than 0.5 seconds. It 1is important
that information come as soopn as possible and that the continous

discrimination of amplitude be given in some way.
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VII. DIGITAL BIOFEEDBACK MONITOR

7.1 DESCRIPTION OF THE SYSTEM

Digital Biofeedback Monitor 1is a data acquisition system for biofeedback
sessions. Firstly, it can be used during a biofeedback session to monitor the
physiological variable wunder training by the physician, usually in another
room and without disturbing the patient or changing his environmental
conditions. Secondly, the data colected during a biofeedback session can be
stored onto a disc, which enables the physician to compare different sessions

of any patient in order to see the progress of the control over the

physilogical variable.

Another potential application of DBM is 1letting the patient see his
physiological response on the screen. The monitor could be a better feedback

signal than a visual meter or a sound signal.

Digital Biofeedback Monitor consists of a digital computer and an analag to
gigital converter module. The A/D (analog to digital) module gets the analog
signal from an equipment used in biofeedback training such as EMG
(Electromyogram), G6SR (Galvanic ©Gkin Response), thermoneter for skin
temperature feedback, converts it into a digital wﬁrd and places it 1into the
memory of the computer under the control of the associated computer program
(A/D control program). Once the data is put intc the memory, the computer can

plot the graph which reflects the data obtained during the session on the CRT
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screen, store it on a disc for future references. By using the data on disc or

in memory any type of data processing work can be carried out.

First stage of the system is a preamplifier, This preamplifier has been
adjusted to accept input signals as high as 200 aV which is also a full scale
signal voltage. Any biofeedback equipment which has a dc output can be
connected to this system by means of a 3.3 mm jack provided that the full

scale signal level is equal or less than 200 mV.

7.2 HARDWARE

An AMSTRAD CPC 6128 is used as the digital computer of the system. CPC 6128 is
a personal computer with a CRT monitor and integrated disc driver. A I80A CPU
controls the computer unit with a 4 MHz clock frequency. The computer unit

tonsists of 128 Kbytes of RAM and 32 kBytes of ROM.

The expansion port of the computer is used to interface the A/D card to the
computer. This port consists of data bus, address bus and control signals
related to the computer. An address decode logic is used te select the the PID
(Peripheral Interface Adapter) at the adresses FBFO, FBFi, FBF2, FBF3 (all
hexadecimal numbers) when IDRE signal of 180 CPU is low. 2X74LS30, 1IC4 and
I1C4, eight input NAND gates, together with a 74L504, IC5, 6XINVERTER serve as
the address decoder circuit {(Refer to Fig H-1). PID interfaces the computer to
the A/D circuit. The method used in analog to digital conversion is SUCCESSIVE

APPROXIMATION METHOD. A/D circuit is implemented by a D/A (Digital to Analog)
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converter, a 1408, IC2 and a successive approximation register, a MNC14549,

IC3, a current to voltage converter, LF 356 OP-AMF, IC9, a voltage comparator,

LM 301 OP~AMP, IC10.

The working principle of the successive approximation method is as follows:
When the necessary timing signals are received from the PIO, then G§AR
initiates a conversion cycle. First it puts 10000000 (binary) to the input of
D/A which generates an associated output current which is converted by IC? to
voltage and compared with the input voltage by the comparator, IC10. If the
input voltage is greater than the generated voltage, then second wost
significant bit is also set by S5AR without clearing the most significant bit.
If the case is just the opposite, then the most significant bit is reset while
the second most significant bit is set. The process repeats itself in such a
way that the subsequent bit is cleared or left as it is depending on the
state of the comparator from the most significant bit to least significant
one. At the end, after the eighth bit, an End Of Conversion signal is sent to
the PIO by SAR, which completes A/D conversion cycle, and the present digital
word is read by the computer using PIO. This word is placed into the memory

(RAM) .

At specific time intervals this process repeats itself till the end of the
session is reached. The D/A converter, 1408, requires a stable reference
current. This current is generated from a voltage regulator chip , 1IC8B, a
78L03, and an adjustable resistor R3. This reference current has been adjusted

to 1 mA. Since R4, resistor of the current to voltage comparator, is {0 kQOhms
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full scale voltage for sampling is 10 V, which i8 the product of reference
current and R4, It means that 10 V corresponds to the digital word FF (253}
and one digital unit (corresponding to the word G1) is 10/2856 V, due to eight
bit sampling. To cascaded amplifiers {ICi2 and IC11) amplify the input signal
(full scale 200 aV) 50 times to reach the necessary level for sampling (10 V

full scale).

A 4.7 V zener diode, D1, and R!I adjust the voltage levels between the
comparator and the SAR D-input. IC7 functions as an oscillator to generate the
necessary clock pulse for SAR, in form of a wmultivibrator, consisting of a

resistor, R2, and a capacitor, Ci, besides IC7.
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A/D CONVERSION SERIES - PART V

SUCCESSIVE APPROXIMATION
A/D CONVERSION

INTRODUCTION

This treatise concerns the Successive Approximation
type of amalog-todigital converter. The questions of why,
where, and how to use the S/A system will be discussed
dong with the basic theory of operation and analysis. In ad-
dition, some of the recent advances in monolithic state<of-
the-art devices applied to the S/A system will be described.

HISTORY

Through the years the Successive Approximation type
of A/D has established itself as the most popular system
for medium speed apphcations, that is, conversion times
on the order of S00 ns/bit. There are several reasons for
the dominance of the Succesuve Approximation or S/A
system. Namely, the system has some very desitable oper-
stional featwes in addition 1o a high speed/accuracy
product. All ths coupled with low system cost and ease
of construction account for the system’s popularity. Also,
like all of the A/D systems which make use of 2 D/A con-
verter in 3 feedback loop. the critical, accuracy determining
components ase in the D/A itselfl. This means one need
only purchase 2 D/A with the desired speed and accuracy
specifications and not have to be concerned with these
parameters; s very desirable feature indeed!

With the advent of the monolithic D/A several years
a0, the $/A system received anadditional shol in the arm.
Not only did the monolithic D/A’s simplify the construc.
GOR, but substantially decreased total system cost while
increasing both reliability and temperature performance.

Recently gnother product has appeared on the market
which makes the S/A system even mose attractive. A digi-
tal MSI function known as the Successive Approximation
storage Register or SAR. This block contains all of the
Jogic and digital circuitry required to make an S/A type of
A/D system. As with the case of the monolithic D/A, the
SAR makes the S/A system more economical, eatier to
construct and increases the totdl system reliability. An-
other advantage of the SAR is that it reduces the total
system power significantly.

THEORY OF OPERATION

As the theory of operation of the S/A type of A/D is
quite well documented and awailable in many texts on
A/D systems, it will not be dealt with rigorously here.

However, & brief outline of the basic system aperation
will be given in order 1o define our terms (o the succeed-
ing portions of the article.

Figure 1 shows the basic block diagram of the system.
In operation, the system enables the bits of the D/A one
at 3 time, starting with the most-significant-bit. (MSB).
A1 each bit is enabled, the comparator gives an output
signifying that the input signal is greater or less in ampli-
tude than the output of the D/A. If the D/A output is
greater than the input signal, the bit is “reset™ or turned
off. The system does this with the MSB first, then the
next most significant bit, then the next, etc. After all the
bits of the D/A have been tried, the conversion cycle is
complete. Atthis time, another conversion cycle is started.

propriate output, 2 high il V;, is the greater and a low
if the D/A output voltage is the largest. The S/A storage
register then turns off the MSB if the comparator is low.
This process is repeated sequentially for each bit of
the system.

In the example of Figure 2, we see the MSB was en-
abled and was less than Vi, Therefore, the MSB was
left on and the second MSB was enabled. When the second
MS8, or Vief/4, was added to the magnitude of Vieff2.
the sum was greater than Vi, Therefore, the second MSB,
Vyefja. was disabled (as shown in the cartoon.) Next, the
third MSB was tried and the sum was less than Vi 50 that
bit was lefli high. At the present time, the storage register

bit. In this way, the Successive Approximation A/D gives
1 serial output during conversion and a paralicl output
between conversion cycles.

IMPLEMENTATION

Figure 3 shows a schematic diagram of an S/A type
A/D using a monalithic D/A and 1 CMOS SAR. The 1ystem
requires 3 total of 4 1C7s at a system cost of less than $30.
As shown, the system operates on +5 and -15 volt sup-
plies. requires approximately 200 mW of powes, and will
operate 3t 2 us/bit conversion rates.

With the exception that a current output DiA is being

Valtage
Comoarator

Voltage Outeut
/A

T 1T LI

—0
—0

—O{ Paraiint
——O [ Ovwut
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MSB >.'_o

Seial

Clact Output

FIGURE 1 - Basic Block Diagram of Successive Approximation
A/ Syriem

The operation of the system can easily be understond by
referring to Figure 2. This cartoon shows the system in
actual operation.

At the start of the conversion cycle, the MSB of the
D/A is enabled, presenting a voltage 1o the comparator of
halfscale or Vief/2. The comparalor makes 3 decision as
10 which of its two inputs arc greater and gives the ap-

Circuit dlagreme sutornel 10 Motoroia Droducts ore included ss 8 means of i Ing typicel
1ier ¢ PUrPOses (s N0t nacosarily given
tully checked ond lo Deileved 1o be entiraly rellabls. However, no resconsbllity

The Information in this Application Nots has been care-
umed for Insccureclas. Furthormora, such Information

#0863 RO EOAVEY 10 The Durthaser Of the LoMICONBUETGS Qevicos Goscribed sny licenss under the patent rights of Motorols Inc. or othen,

FIGURE 2 - Anslogy of an S/A Type of A/D System

© turning on the fourth MSB, or Vief/i6. We see that the
sum will surpass Vin and the comparator is getting ready
to “disable™ the fourth MSB. in this example, we have
only shown four-bits, but the operation can be extended
to as many as desired. After the conversion cycie has com-
pleted the address of the D/A is the parallel binary word
output of the A/D.

The serial outpul of the system is taken from the out-
put of the comparator. While the system is in the conver-
sion cycle, the comparator vutput will be either low or
high, corresponding 10 the digital state of the respective

used, the circwt shown in Figure 3 operates exactly as
described in the theory of operations section

In operation, the input voltage Vi, drives an MLM301A
op amp connected as 3 non-inverting, unity-gain buffer.
This is simply 10 translate impedances o thal the im-
pedance of the driving source has no affect on the
A/D's output.

The output of the D/A is 2 current sink proportional
1o the reference current lref and the digital word on the
address lines of the D/A:inputs Al thru A8. The digital
word input to the D/A will be represented by X.
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and

() hef = Veer/R1
Where 1g is the output current sink of the D/A.

The voltage oa the output of the D/A, Vo, is 2 [unction of
Vin and the output current of the D/A.
(3) Yo®Vin-Rll

The comparator, A2, compares Vo to V offset which
is~1/2LSB.

If Vo is greater than V offset the output of the com-
perator is a “one”.

Full scale voltage (11111111), of the system as setup
was 2.56 volts. This gives each LSB a value of 10 mV.
Any value of full scale could be chosen as Jong a3 one
does not saturate the input bufler amplifier (input voltage
must stay about | woit below the positive supply of the
opamp to keep it out of saturation), and the Equations
(A)and (B) are followed. Equations (A) and (B) are shown
with Figure 3.

Calibration of the system i very easy. Simply put a
voltage of full scale minus 1/2 LSB into the input and
sdjust the full scale calibrate pot (R) to make the tran-
sition from 11111310 to 11111111 oceur at this point.

a

FIGURE 3 ~ 3-8k Sueceive Apororimation A/O
Schematic Disgram

Now put an input of +1/2 LSB into the system and adjint
the offset adjust pot to set the 00000000 to 00COCO0!
transition 10 occur at this point. Since the two adjust-
ment described are somewhat interactive it may be neces.
sary 1o go through the procedure more than once.

As stated earlier the system will run nicely at 2 p/bit
giving & total conversion of (n+}) x 2 us. In this case, n
s 8 s0 the system has a conversion time of ¢ x 2 or
18 ps. The peimary limit of speed in the system is the
propagation delay time of the comparator (MIM301A)and
the SAR. The propagation delay time for the J01A is on
the order of 1 us with 1 $ mV over drive. The propagation
delay of the SAR is about 450 n1 at § volts. Adding
the prop delays gives about 1.5 us. When the setting time
of the D/A is added in, about 250 ns, we see the 101l is
1.75 . Hence the operational figure of 2 sua/bit. Oper-
ational waveforms are shown in Figures § and 6.

Figure 4 shows a schematic of another system which is
very similar to the one in Figure 3 except that the SAR
# running on +12 volts and a MC1710C comparator is
wed with a one transistor level translator on its output,
At 12 wlts VDD on the SAR its prop delay is typically
135 ns. The comparator and level translator has a total
prop delay of about 30 ns. Now the total delay time is

135 ns for the SAR, 50 ns for the comparator and the
250 ns for the D/A.

This gives a total time of 435 n1/bit or 2 2 MHz clock
rate. Total conversion time for this system is 500 ns x 9
or 4.5 . The cost of the high speed system is about the
same a3 the lower speed version but it requires several
more components and the sddition of one more power
supply, as well a3 requiring sbout 400 mW of power.
Accuracy, calibration and operation of the high 1peed
version are exaclly the same as described for the fower
speed system. Therefore, for clock speeds up 1o 500 kHz
the circuil shown in Figure 3 is adequate. However where
higher speeds are required, up 10 2 MHz, the system shown
in Figure 4 should be used.

would be truncated to 4-bits and the MC 145498 umd for
the remaining 8. For more information on cascading of
the SAR chips see the MC14559B data sheet.

In this treatise, only binary coded A/D systems have
been discussed. All of the circuits shown here and the
theory put forth apply equally well to systems of BCD
coding, or in most cases lo nondinearly weighted systems.
The oaly stipulation being that the D/A used it monotonic.
Everything in the circuits shown would be the same for
these last two cases except that the D/A converters would
have a different transfer function.

SYSTEM ACCURACY

The Successive Approximation A/D system has several
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Both of the A/D systems described in this paper are
8bit systems. If desired a 4, 5, 6, or 7-bit system could
be implemented using the same coafiguration as shown
in Figure 3 or Figure 4. The only change being the trun-
ation of the length of the SAR, see Figure 7. Note that
for 3 6-bit system only » 6-bit accurate D/A is required.

¥ 1 system of mors than 8-biks b required, the MC145598
may be cascaded with the MC14549B to make an SAR of
anything from 9 to 16-bits. For 12-bits the MC145598

g 1685
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wurces of error. They are; Quanitization error, D/A sc-
curacy, Comperatot gain, Offset woltages of componenty,
and D/A settling time. To get a feel for the reistive magni-
tude of each of these, they will be examined individually
in detail.

Quanitization error is that error inherent in every A/D
rystem. It comes from the fact that the smallest increment
the system can resoive 8 t1/2 of @2 quantination unit.
That is; an abit A/D has 20 equal quanitization levels.
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There are 20 possible digital words the A/D can give 3y an
output, each representing one of the 0 discrete levels
Since there are no words in between these 21 words, »
voltage thal 13 between two levels must be represented by
one or the other. usually the closest one. For example
the actual value of 1he input voltage could be exactly half
wiay between 1wo levels and the A/D would represent 1t
with one or the other of the 1wo words. In this case the
system would be in error +1/2 quanitization unit if the
upper level were read out, and -1/2 quanitization anit f
the fowes level were read out. The maximum efror here 15
12 quamtization unit. In most A/D systems, and in
particular this one, the quaniization unil and the LSB are
interchangable. Given this. the S/A type of A/D hasa built
in quanitization error of +1/2 LSB

The digital-to-analog converier gives an analog vulpu
dependent upon the reference and the digital word on 1ts
inputs. The accuracy of the D/A depends on how closely
the actual znalog output of the D/A matches the ideal
value Jescribed by the reference and the digital word input
In ordec fo1 2 D/A 1o be n-but accurate, the analog vutput
must not deviate from the ideal value by more than £1/2 of
the least significant bit. The value of the LSB is 1/20 of
reflerence

The compasator is essentially 2 linesr device and as
such has 3 certain amount of voltage gain. If the woltage
gain of the device is anything less than infinity, the &if-
ferentia) input voltage required to switch the comparator
cutput from one state 1o the other, call it Vy. is greater
than zero. The value of Vg is simply the logic swing of
the comparator divided by the open loop gan. If the
differential input voltage Lo the comparator 1s less than
V4. the comparator's outpul cannot be guaranteed 1o be
2 logic one or zero. I we say the threshold of the com-
parator is half way through this uncertainty region, then
we must allow an error of up to Vy/2 due to the com-
parator's finite gain

There are three sources of offset woltage error in the
system of Figure 3. One is the offset voltage of the input
buffer amplifier. Another is the offset voltage of the
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compurator and the thud 1 misadjustment of the offset
adjust pot

The (st 1wo affset voltzges mentioned sre inherent 1n
the devices used and are fixed, usually they are on the
order of aboul £2 mV {or commercial grade components
They are Nixed and can be easly compenssted for by the
offset adjustment Once they are adjusted for, one only
need 1o be concerned with their changing value due to
temperature of age

In practice. the setthing time of the D/A 13 usually not a
swurce of error 1 s menuoned here only as a word of
2uton because if the D/A 8 not given time 1o settle it
can be 3 surce of error. In D/A specifications, a figure
of ume 1 given for the D/A 10 settle to some 1pecific
amount of accuracy. This means thit once the dagital
word on the input of the D/A has been changed. a certan
mimmum amount of time 18 required before the DIA"y
anakog output can be guaranteed fall within gsven accuracy
hmus. Therefore when designing an S/A system, the clock
period must be long enough 10 give the SAR and compana-
tor ume to function in 3dditon 10 giving the D/A time to
scttle 10 the desued accuracy. Note also that all of these
evenls are sequennal That s, thy SAR must give the
poper address to the D/A then the D/A must be allowed
1o settle and then time must be aflowed for the comparator
1o react. All this must be allowed to happen within one
clock period

Guven the sources of error as explained earlier, let us
now examine the circuit of Figure 3 and try 1o estimate the
total system accuracy

First of ali, there 15 the quamitization uncertyinty of
11/2 LSB. In addition to this we must 2dd (he error due
to the D/A convester. Usually 3 D/A has an error speci-
fication of 21/2 LSB. dthough it could be better or
worse, depending on the D/ A

In this example (Figure 3) the MC1408L can be pur-
chased with accuracy specs of 6, 7 or 8-bits. 8-b1t accuracy
unplies error of no more than :1/2 of one part out of
256 or tone partin $12. 50 for an 8-bit system as shown,
the D/A contnbutes a maximum of ¢£1/2 LSB. Since the
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quarntization crror and the DiA error are independent.
worst case error is sumply the sum or * one LSB In addi
ton, there 13 the error contnibuled by the comparator and
the input buffer. As stated earlier the offset voltages of
the input and the comparator can be zeroed by the offset
adjust pot. therefore valy the changes due 1o temperature
and aging need be added. Typical offset vollage dnfts of
these components are on the order of 5 WV/OC. So except
for very wide temperature changes these drifls may be
neglected

The error due to the finite woltage gain of the com-
petator 1 alw negligible for standard components  The
MLM30TA has 3 typical voltage pain of 200,000 For a
S volt logic swing the uncertainty region 15 on the order
of 25 w4V With an LSB magnityde of 10 mV, (full scale
of 256 volts) and the +1 LSB error due 1o the A/D quani-
tizauon and the D/A error the error due 1o the comparator
B wirtually zero

The offset adjust pot i1n the system does more than
Just zero out the of(set vollages of the input buffer and
comparator The pumary purpose of this adjustment i3 1o
offset the scale of the D/A output 1/2 LSB The reason
for this 15 quite straght forward. 1t can be seen that the
output of the S/A type A/D system s always less than or
equal to thie mput woltage. In some cases the output of the
A/D can be exactly equal 1o the input voltage, while al
other himes 3t can be as much as one LSB Jow. (Quamity
toa crror). When the +1/2 LSB error due 1o the DIA
1 added, we have a maxamum system error of +1/2 LSB
-1-1/2 LSB. {n order 10 make the error of the A/D sym-
metnical we simply offset the reference input of the com-
parator a negative 1/2 LSB (Offseruing the comparator 2
acgative |/2 LSB s wlenncally equal 10 raisng the D/A
oulpul waveform 12 LSB) Now (he error of the A/D
s t] (SH

USES OF THE S/A

The Successive Approximation type of A/D system has
3 mynad of applications in the medium speed, medium
accutacy A/D converter category. There are several reasons
for its wide usage. Among these are, conslant conversion

ume (n v I clock periods), pves both a serial and parslie}
output, high speed-accyracy product, case of imglemen-
taton, and low cost

In muluiplexing applications, that is when the A/D sys
tem is being used for multiple input signals, cunstant con.
version Lime 1 very desirable. Some A/D system’s con.
version times are dependent upon the value of the input
signal. This is undesirable in 3 multiplexing application
because the worst case {i.e., longest) conversion time must
be aflowed for each input. This infers a non-optimum use
of hardware and decreases system pesformance Since the
S/A system gives a comstant conversion time that s inde-
pendent of the input voltage, optunum use may be made
ol the system’s speed

a3 communications apphcation where the A/D vutput
is to be sent 1o another location, the serial ouipul of the
S{A system iy 3 nalural. Unless the user desires to run
multiple datalines, one for each it of the A/D, the vutpul
of an A/D used in this manner must be changed from a
parallel output to a seral output before the information
can be sent 10 a remote location. As the S/A system
inherently gives the serial output. 3 savings 1 both hard.
ware and cost can be achieved

The S/A system gives 3 very high speed-accuracy pro-
duct When one consders the speeds achievahle coupled
with the accuracies ohtainable for a given cost system,
the S/A has no peersin this catepory. For example. using
the S/A system. an 8:-bit A/D) conversion can casily be
sccomplished in less than § us.at a total cost of less than
$20. When these same parameters are conndered lor other
types of A/D’s such as the Cyche, Tracking. Paratle] ete:
the speedaaccuracy product for 3 given system cost iy
considerably less

As menhaned earher, the new monolithic /A’s and
SAR’S have not only drastically reduced system cost,
power, and size, bul have incressed rehability and temper-
ature performance as well. The successive appraximation
type of A/D system was very popular before these com-
ponents were available. Now, with the addition of these
MST building blocks the S/A system cun do nothing but
become more popular and s field of usage expand
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Application Nota

A 31 DIGIT VM USING AN INTEGRATED
CIRCUIT DUAL RAMP SYSTEM

Prepared by
Don Aldrides
Appiications Enqineering

This apphication note describes the de-
sign of a h-digit DYM {digitat voltmeter)
uting the MC 1405 and the MG 14435 dual
ramp A/D system. The perlormance cre
teria 15 that of & lab guatity DVM with
both 3%-digit resolution and accuracy
while still retaining » fow cost and iow
parts count instrument. Features ot the
OVM include ciwcuitry for a high im-
pedance input, sutopolarity and averrange
indication
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resistive current Jivider, 1 current output is desired, the I S T - 158
Units may be oper ated ot full scale current tevels of 4 0 mA . ost { :;g 0029 1.0.8%

MC1508L-8 |
MC1408L-8

MC1408L-7
MC1408L-6

Specifications and Applications | -
Information

EIGHT-BIT MULTIPLYING

ang 0.4 mA with the outpuls connected 10 sum the currents.

DIGITAL.TO-ANALOG
EIGHT-BIT MULTIPLYING CONVERTER
DIGITAL-TO-ANALOG CONVERTER

designed lor use where the oulpul current s 2 linear product
ol an eight but digital word and an analog input voitage

SILICON MONOLITHIC
INTEGRATED CIRCUIT

® Relative Acturacy 20 19% Error maximum
(MC1508L-8. MC1408L.-8}

® Seven and Six Bit Accuracy Available .
{MC1408L 7. MC1408L-6)
* Fast Setthing Time - 300 ns typical

® Nominverting Digrtal [nputs are MTTL and
CMOS Companible

-

Output Voltage Swing - +04 V1o .50V
High Speed Multipty ing Input
Stew Rate 10 mA/us A

CeMam.C PaCraLe

Cast w2g

Standard Supply Voitages +5 0V and
-50Vio-1sV

The srror of the D-10-A converter handiing the lesst 1ig
nificant bits wall be 1caled down by a factor of ten

FIGURE 37 - DIGITAL QUOTIENT of TWO ANALOG VARIABLES
o ANALOG-TO-DIGITAL CONVERSION

FIGURE 2 - BLOCX DIAGRAM

FIGURE ) - D-to-A TRANSFER CHARACTERISTICS

et
cuoce
The orcwt shown 15 0 ¥mpk counter
ramg converter. An UP/DOWN counter
810 Gus! threshold COMOMetr can be
umd o prowde fame operstion end
OAtWOU Bvenon
wix
aviarie
[ 19
—————
¢
Corcurt diagreme vilizing MOTGrDIY D/OTULT 8 INCIUDEd 110 Mmesns  f Leliawed (0 ba snlirely relispls  HOwever, no fesponsblity Iy
of Hiusrating typec tor X » St mod 100 inaccurscers. B yuiihet mare. such informetion doas not
€OMDiele nIormatian WtTiienl 10r COAYITLCIIGN DUrPOsMI 1 NOT  COMvey 10 the DUrChaer O the WMICONAUCID! devicos Goxritied sny
recos ey pvmn  Tha (nfOrmanon has been Carslully cheched #ad  hente undes e Dalent (gnie 0l MO10701a (NC O DiRerE

28

L ' MOTOROLA Semliconductor Products Inc, —-J

e
_ g ne
< T T.,
t
-
z
v
«
g
2
Y
v
2
<
s
2
< ek
S10
“ s
100000000 RRREREREN
INPUT OIGITAL WORD
TYPICAL APPLICATIONS
* Teacking A 10 O Convertery * Audio Ovgiizing and Decoding
¥ Succeinve Apprormanion A 1o O Converten * Programemabie Poser Suoplies
22Dt Panet Meiers and DVML °  Ansiog Dwgital Mulipicabon
® Waveform Synthesn s Oiga Digital Multoixation
® Sample and Holg * Ansoqg Ot Diveion
® Peak Detector * Diwgte AdSton and Subtraciion
® Progammatie Gan and Ajrenysr.on © S0ovech Comormiion and €0 ammion
* CRAT Character Gereranion s Stepping Motor Deave
_
MTYL 14 s tanwemash of Motorors inc G mOTORoLa mC ey O$ 9738 »°




MAXIMUM RATINGS (T4 +259C unisas othorwits noted |

Revng Sy ol Veue Unint
#over Supoly Vol tage vee s Vo
Ve <168
Dupiad Empnst Vol tage Vg ovu Vi3 Cw «8 % Vac
Apci et O tpart Vol age Vo +05.-9.7 Vo
Relerance Current 1 5.0 mA
Releonce Ampirher Inpus VigVig VCC-YeE Vac
Qo abng Temosanire A unge Ta oC
MC1508L8 ~88 10 + 128
MC1408L Sorvs Oro ety
Si0rage 3 omow pture Hange Tig 65 10 + 150 o¢
Vet
ELECTRICAL CHARACTERISTICS (Vg - +50 Vo, Vg = -1 Vo, Ris " 20MmA MCISOBL-B T, » -55°C 10 +125°C
MCI40BL Serws T = 010 759C uniets 0tarwee noted Al cogutal snOuls a1 nigh Togac level |
Characiorwta Fuure Symbol M Typ Man Unit
Retaime Accuracy (Eeror roloteve o dull wcale 1gg) 4 E, ~
MC 1508148, MC140aLY - - 1019
WMCHAOBL T, Ses Mate t - - 1019
MCI408LE. Ser Nowe 1 - - 1078
Se10ing Time 10 withn 1177 LSB{mciudes tpy T 4= 2 29°C)See Note 2 5 15 - 300 - ~
Pravegstion Detsy Twne B WML P - 30 100 ~
Ta e 2%
Ou it Fudl Scwe Current Dkt TCipn - -20 - PPI/OC
Owprtad Inont Logee Laveds iMSE) 3 Ve
Hign Lovel, Logee V7 Vim 20 - -
Low Lavet, Loge 07 Vig - - 08
Do it input Cucrent (MS8) 3 ma
Migh Laval, V) * S0V TS - 0 004
Low Level, Vi + 0BV e - 04 -08
Retyrence nput Bias Current (Pin 15} 3 gy - -1 0 -$Q wh
Output Cuerent Ramge 3 108 mA
VEg S0V 0 20 2
VEE - 15 V. T4 759C ° 20 ¢z
Ot Curront 3 [ LY
Vgt © 2000 V. R14 = 1000 11 19 199 21
Outpwt Corrent 3 10tmani - ° ‘0 vh
(A1 Bit Lowet
Onmut Voltage Comolance (€, 5 019% at T = +25°CH 3 Vo Va
Pin 1 grounded - - 055,404
Pin L aen, Veg baow =10V - - “50.+04
Aelerence Current Sew Rawg 6 SR 1y B “0 - Yy
Output Cutrent Pover Supply Seas ity PSRRI - s 27 HAIV
Power Supply Curront 3 ‘ce 138 .22 mA
LAl bets low) 'EE - Al -
Power Supply Vol bgr Rarga 3 Veer “s *50 *5 9 Ve
(Ta s 0255 VEER 45 15 -165
P ower Drsepstion 3 Po mw
Al tats low B
Vg © <50 Vac 105 170
VEg * 18 Voo - 190 305
ALt agh .
Vgg * 50V - 90
VEE + -15 Vac - 160 -

Now | ANl curront 1eaichey ora tetied L0 guacanive 21 least S0% of rated ouiDut Current

Note 2. Al ot swechod

AA MOTOROLA Semiconductor Products Inc.
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TESY CIRCUITS
FIQURE Y - NOTATION OEFINITIONS TEST CIRCUIT

V) end 1| 00y 10 mouty A
™y A3

The 14314107 100 10 01 15 1§ 18 Lo sture Campensate the
B8t CUIIEAT S May ROT bE AeCoary 1or Wi appin Shons

A)  as
) Ty

L YO R AT e yree
A s T A e ot Lo fewe

e et ter

soum et Ol

FIGURE 4 - RELATIVE ACCURALY TEST CIRCUIT
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FIGURE S - TRANSIENT RESPONSE and SETTLING TIME
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LMC15081 8 s N TATsN.a S MCTS091 7 s MENSORLS i

EFeAt ok

TEST CIRCUITS (continued)

FIGURE § ~ REFERENCE CURRENT SLEW
RATE MEASUREMENT

FIGURE 9 - MC1508L 3MC1408L SERIES EQUIVALENT
THERMAL INFORMATION CIACUIT SCHEMATIC
The maximum power COMWMPLION an 1nteqrated Circunt O1CITAL INPUTS
€an folesste at 3 given operaling ambuent temperature, can
be found trom the equation M58 Lse fro
4 19 Tigar 120 a8 .
fort T Jinan) -TA [X-PY 60A2 19a3 6ga 99 as a6
ciran e DiTal G 7
0y v 38 s PRy 3 (XY Y I
Whete PD(T ) ¢ Power Dusipation allowable at 2 given
operating ambeent temperature This must be greater than
the wm of the products of the wwpply voltages and supply
Cutrents at the wor st Case 0perating condition Lot Lo {L»J {»—»I ks Lot
Tiimaat * Maximurm Opetating Junction Temperature [
5 listed in the Maximum Ratings Section T T T T T T
Ta « Maximum Desired Operating Ambient b 3
Temperatyre Ny -
RgjalTyp) » Typica) Thermal Reustance Junction 1o CURRENT
Ambuent ,__q >_§ SwiTCHES
FIGURE 7 - POSITIVE Vo bl
a
00 o
e 200 200 Voo B00 200 »00 » LADDER
OUTLINE DIMENSIONS pros pres prs pros pres pros
ANNAAAN
' e Y —
S } 11
. 1 el [] Yee k(
ar fo— e v AEFERENCE
23 0y k3 CURRENT 7%
[PUNS NS S o N . Mesa - 100°C/W tivpr v AMPLIPER T ' e
aom, arte
e N T .
s J . — «1
ot w R - i
" v bea et toe v ms o € 3 T
o f 7 3 s
: | J' crRCuUIT
Lo He— .JL., et Uy el aso jaso #"
nawt
v »OTLS 3 \
LOLEADT mTHiN § 1) ma 10008 RADIUY 3 7
Of TAUL POLITION AT SLATING PLANL N CAMPENSATION Vi Yeg OUTPLT GmOD
AT MAZIMUM MATENIAL (ONDITION "‘~G(S
. 7 OPLG INDEL WOTCH e LAD Comraa,
FIGURER - NEGATIVE Vs NGTCH N CLRAWC OK ink 00T
3 0 1 10CIATiN QS (1ADS
WHiB FORWIO PARALEL
1197 grame
mia s
_ CIRCUIT DESCRIPTION
et
e Y mordme
o v The MCI508L B conunty of 3 relerence Curtent amphiler an 1 tow * rmnaton ol sous vobiage lor Wi leas of
A 2R (adder, #0G 0T Migh Derd CurrEnt dwitches  For many e badcw
. X001 310N, DNl 3 TETRIERCE 11O and (elarence vOl1ags needd The R 2R (ad0ec Gwiws the relecsncs wmoislier curcenl nio
S — e adea Dnarily 1ol ated COMPOMENIS, whah o tod 10 the twiiches Now
} The swilches B RORAVEIIing in OPeration, thergiore o hign AT e 0 Bwavl 3 eTaGR CuIenl ARKR B BQua 10 the
Ter er 19 ven or C a1 0N the input urng 0N 1h2 WDeced DUIPUT Cutlenl COMOORent et g et Tha (w.m.‘m Wuniad 10 ground. ang ""'
The twiith Ubes Turtent 1100109 10r BIgh K eed, 3nd 8 terMination Matmum GuIDU T Current i 2551356 of the releence amoliler
’ »Motilwr CONSHtING Of 0 aCtive 108D gain 11208 vl Unity gain curtenl o 1 997 mA lor 5 70 mA relprence ampiitar current
st 6002 Teedback  The termination amplifier hof Gy (he Darastic Ca0ICHance i the NPN Cuttent s0urce Dase 1 Derlac Uy Maiched
CERAMIC PACKAGE O the ladter 3L 3 COMIANT vOItage Curing SwitChing and pr ovices
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. GENERAL INFORMATION

] Ampiifier Drwes snd C

The relornnce BOltr DrOvIans & vOltaga a1 Pin 14 Tor con
VUG TN relerenCe val Lagh 10 3 CUITENL 8D & Wurh & ound Cacult
O Curenl murror tor Tgachng the 1edde  The reterence amol i
w@ut Current, 114, must slwaryt Tiow 010 pon 14 regardiass of the
Wip Mathod or reler ence vollags polanty

Connscuons lor 8 potees reterance voltaga bra $hown i Figure
7. Tha raterance vo! tage source wholus the full current 114, For
tpoder relevencs ugnsls, 3t in the muliplying mode, R15 can ba
w0 10 8 negstive voltogr COrOONdINg 10 the Minumum tnput
‘evel. 1t @ pouibis 10 pwnindts R1S with ondy & il 1t it
" accurscy and temperatue rdfl. Anothar method for bepolsr
routs 1 thomn in Figure 25

COMOOnLAtion Capacilor value Mutl ba incrosted with i
crapus o ALE 10 manian Droper Dhaw mapn. lor R18 vaues
of 1.0, 2.5 and 5.0 kiohma, munimum Captcor voluet o8 15,
7. and 75 pF. The capecitor should b twd to VEE a1 this in
cressas negutive supoly rejection

A nageive relerence voliage may ba used if R14 1 grounded
and the referonce voltage 1 spoked 10 R1S st thown in Figure B
A Righ mput mDedance 15 the man aoventogr Of i mathod
Compentation imvolvey 5 caoacior to VEE on pin 16, uting the
wuet of e pravious Do aph. The nogatres relgrenca voltage
st b a1 deast J Ovolts sbowe the Vg woply. Bipalar input
VonEt May be handied by connecuing R 14 10 2 potitre rafarence
vohtage #0usl o the Desl Positive OUt lgved 2t pin 15

Whon 3 dc relerence vaitage 5 used. CORCUIVE DYDESS 10 ground
n recommendod  The 5.0V logic supply w not recommended s
8 refecorde voltags. 11 8 wedl reguisted 5.0V wpply whaeh drmet
lage © 10 be vwed 83 the reteronce. R14 should be docoudied by
connecting it 10 ¢5.0 V ¥rough another roustor oad bypasung
the unction of the two resistors wth 0. wF 10 pround. For
relorence volUsges greate than 5.0 V, a clamp diode 18 rrcommaen.
dod tetwesn pin 14 and yound.

H pn 14 s driven by 8 high mpsdance wch 83 & trantistor
Currant wourcs. none ol W abOve COMPEnIZ1ION MIthods ooty
od s araphiier must be hasvily compentatad, decresting the
Over 3 Danchwdth.

Outpwt Voliogs Rangs

The witsge O pin 4 « restrcied (o o renga of -0.55 to +0.4
wol1s a1 *25YC. dus 10 the current twaiching mathods emoloyed
tn the MCTS0TL 8. Whan 8 current switch i twned “ofl”, the pou-
e voitags of the Quipul tovmunad can turn “on” The gutput
@ods and mcraesz the OUDVT curront igvsl  Whon 3 curfent swiich
© hrnod YonT, the nagaiwe oulDut voltage fonge 1k eslngled
The beae of ™he lermination curcuit Darlinglon irznsnter o ong
Bods valtg briow round whon pin 1w Grounded, 10 2 Ragatve
vOitege botom the wocdad wle level will drve the low surrent
davice of tha Darlinglon 10 wturdlion, dscredting tha oulitu!
cuwrrent leved

The negate? cutput woNdee comgl wnce of the MC15081. 8 moy
ko extonded 1o -3 0 V w1t by opoming the ¢ucud a1 9in 1. The
nagalive supply vollagz Must b2 more megative than =10 volts
Unung a full sete curront of 1.992 mA ond tocd rouster of 2.8
Silohms batwoon pan 4 pAd (round el yold 5 voMEGT Cutput
of 756 tgvels brtwoon 0 ond —0.280 wits. Floating pen 1 doos
ROt otlect the' comvorier 1ad of POWSY drspation  Howovor, the
volue of tha lood rosmier dotormimes tha swalching tune dug 10
MEr0010G woi 1657 twnng. Veluos of Ry up 0 300 chms do not ug
rulicontty offoct porformoncs, tut o 2.5tsohm toad incroatas
“ororst coee” 221Thing 16M3 10 1.7 ps (nhon ol belt pe0 s ichod onl

‘ MOTOROLA Semiconductor Products inc.

Fetar 10 the subrequent 1oxt 1ec1ion on Settling Time lor more
detadi on cutput loading

118 power WOy value between -8 0 V and -10 V 1y dewired.
» vollage of batween O ang -6.0 V may be sopind 1o pia 1. The
vBlue 0 1hi vOitags will b the mMasumum Bl owatis negaive out
out seng

Output Current Rangs

The outbul current mpuumum rating of 4.2 mA may be used
only lor negative supply voltages typically more nagative than
8.0 voits, due 10 the inCreated voltage drop &crots the 150-ohm
4431078 10 The Colerance Current amolifier.

Accuracy

Abrolute scCuracy 18 the mestuts of each output Cufrant leved
TR 14104C1 10 111 1atended vaiue. and 1t Ceoendent upon e ative
accuracy and fuil acale currant drift Relatve sccuracy i the
merwre Of each GUIBYT Currnt level 3¢ 8 fraction of the full cale
curtent. The relatve sccuracy of the MCISOBL-B 1t sumntully
comtant with 1emperatury due 10 the sxcetient temoerature track-
g of the MonGiithic reusior 1adder  The reterence current may
Aeilt wath 1emperature, Caunng 3 change in the abioIuTe aCCUTICY
of QUtput currtnt. However, the MC1508L -8 hat 5 very low full
wHe current drift wath 1emperature

Tre MC1508L-8/MC1408L Ser w113 gua Bnisvd acCutate 10 withe
0 £1/2 LSB at +25°C ot & uli wcale output current of 1.992 mA.
This correponds 1o 8 retecence amoliliee OUtDUt Current drive to
e adder network of 2.0 mA, with the lots of one LSB » .0 WA
wihich i3 the Ladder rameindar shunted 10 ground. The mput current
10 pin 14 has » guarsnteed vaius of briwoen 19 and 2.1 mA,
dlowing some mismatch in the NPN current source pair. The
Curacy 1t circuit m shown in Figure 4. The 12-bit converter
i calibrated for 3 Iull KCale outpul currant of 1.992 mA. Tha u
0 optional sp wnce the MCI1508L.8 sccuracy 15 esmntiaity the
wma batween 1.5 8nd 2.5 mA. Then the MC1508L-8 cwcunty full
wHe current i trunmad 10 the same value with R14 10 1hai 3 2w0
VBIUR EDORTY 81 the 9rror ampldier oUDUt. The counter i3 actnvated
Bnd the error band Mmay be duplaved on an owcdlow ooe, detected
by COMPOraIO, or 110F8d in & Deak Setecior

Two B-bit D-1o-A converters May not b uted 10 Conttruct &
16-bat sccurate D10 A Converter  16-Dit &Curacy 1mplu 1ol
#rro¢ of £1/2 of one partin 65, 538, or 10.00076%. which 1y much
MmO pCCw Bty than the t0.19% speciticalion provided by (he
MCI508L -8,

Muliptying Aceuracy

The MCIS08(L-8 inay be uwrd in the Muitiplying mode with
@gh1ba1 seCuracy when the talerence Current 1y vaced Over 8 1ange
ol 256 1 The maor source of ecror 18 the biass cutrant of the
torminalion >mplitier  Undar “wor 11 o527 CONGILIONS. thess €ight
2mpliiary €an contiibute & 10tal of 16 uA extrd current at Ihg
output tgrmungt 11 the relerence current i the multiolying mode
rangzs ftom 16 WA 10 40 mA, the 16 wA contribuies an error
ol 0.1 LSB. This it welt within mightbit accuracy rofaranced to
COmA

A MmON0TOMIC CONVErIze 1h One which SUDEIY 3 INCress? in
currgnt for gach inctamant in thy binary word  Typcaly, e
MCISC8L -8 11 monotone (or a4 vaiues of relorence currant sbowe
05mA Theroecommended rangs 1or 0pees1ion with 3 de relerence
curront 180510 4.0 mA

GENERAL INFORMATION (Continued!

Settling Time

The “worit cass” switching condifion OCturs when ml bets ae
twiiched 0", which Cor1e00nds 10 8 10w 10-high tramiton tar
W b Thas teme i typrcaily 300 ns 1o miting 10 within £ 17
LSB, for 8:be1 accuracy. and 200 s 10 1/7 LSS tor 7 snd 6 but
accurecy  The twn olf s tvpicaily uncer 10D 1t These times
w00ly when Ry K500 ochms and C <26 oF

The Yowest 1ingie twitch 18 The 1231 1gMIE AT DL, Worich 1uins
“on” and wites 250 m and turm ol in B0 M In mpine
1ony whee the D10 A gonverter tunclions 8 DOowtne-going
1amp mMOode, the “worit case” twilc hing COnciion dOrs ROt OCCUr
and s stting ome of less ™an 300 ni may be realized Bi A
wrns “on” in 200 M and oIl in BO py. whits trt AB turns “on’
10150 ay and “olf " 1n BO m |

The test cwcut of Frgued §reauires 3 wnallor vol tags swng for
TN Curanl srilches dus 10 miecnal vl tage ClamDing i thy MC
150800 A 1 OAiohm tosd renstor fom pin 4 16 pound g
3 TYOCH 1p11ing lime of 400~ Thut, 1t @ vOItage g and Aot
1M Oulput AC time CONMIBNT That 0% e menes miiling Yomg lor
mos WOICatons

Eatrs cow mustl be aEen i boad layoul BACe thi 1 vwaly
the Gomnant 1acion 1n Sa0H1aCIOrY eIt (I3 when Messurvg
withng Tume  Short teacs. 100 wF wpoly Dypassng for bow fre
QUENCIL. BRd MU K OOY (10 18nGIh wre ol Mandatory

TYPICAL CHARACTERISTICS
IVEC **S 0V VEg=-18V To» +259C uniess otherwiw nowd |

FIGURE Y0 - LOGIC INPUT CURRENT varms INPUT VOLYAGE
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TYPICAL CHARACTERISYICS {continued!
i IVEC ™ *8.0V. VEE « <15V, To v 4755C umess otherwe noved |
FIGURE 34 - REFERENCE INPUT FREQUENCY RESPONSE
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APPLICATIONS INFORMATION
FIGURE 17 - OUTPUT CURRENT TO VOLTAGE CONVERSION
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FIGURE 15 - TYPICAL POWER SUPPLY CURRENT
wovws TEMPERATURE (al bity low)
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FIGURE 16 - TYPICAL POWER SUPPLY CURRENT
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APPLICATIONS INFORMATION Lontimed) Y

Voitage outputs Of a larger magnitude ws Obisnsbe wilh the
Crcut which Ut 80 external Goralionsl smpldar ms & Cusrent
10 voliage converter. Thet conligueatlion sulomaticaily keeps the
outout of the MCISOBL-B at ground potent sl and the oprcstions
Bmplidier can gEnarate & DOLILIVE vOI1AQE irtwied Onty by 113 pOBtive
wooly voltage. Frequency respone snd wiihng time sr prumarity
Setermined by the char scieristics of the Dorrationel amplifier. in
33di110n, 1he 0perational smotiler must b comornwied tor Lty
P00, $1G 1N OME CIMY OVErCOMOEINIBLION MBy be ey e

Note that thes conligufs1i0n resuits 1n 3 POSITve OutoUT vOitage
Onty. the magnitude of which i1 Gependent on the digtal nput

The 101 wing Cifcuit shows how the MLM3IO1AG can be uawed
wn a feedformard mode resulting i g full xale wiilling Lme on
the order ot 2.0 us.

FIGURE 18

ot

Nopma
of MCIS0AL §

An allernstive Method 1 10 uwe the MC1539G and npul com.
penaon  Reponue of this cvcurt 1t 81s0 on the order of 2 0wt
Swe MO10¢0l3 Applicaian Note AN-459 for more detais on I
concept

FIGURE 9

(Topme
ot MC1%GBL )
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The pOUIwe vollagr 1engr may te #E1nced by Canading the
OuLDUL with 8 Aigh DI COMMON bt tr w11, Q). 83 Wown
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Low Power

Z8OL° CPU

Demtval Prog

5siny Unit

-

- December 1861
Features 8 The Z80L combines the high performance of & The Z80L microprocessors and associated
the 280 CPU with extremsly low power con- family of peripheral controllers are linked
sumption. It has the identical pinout and by & vectored interrupt system. This system
instruction set of the Z80. The result is may be daisy-chained to allow implemenia-
increased reliability and lower system power tion of a priority interrupt scheme. Litlle, if
requirements. This dramatic power savings any, sdditional logic is required for daisy
makes the ZBOL a natural choice for both chaining.
-held and battery backup applications. . .
hand-held b y backup applicstions W 5 of both general-purpose and
The ZBOL CPU is olfered in three versions: provided, easing the
Z8300-1-—1.0 MHz clock, 15 mA typical cur- design and operation of system software.
rent consumption Two 16-bit index registers facilitate program
28300-2-1.5 MHz clock, 20 mA typical cur- processing of tables and arrays,
thog?wzmémﬁ}? lock, 76 mA @ There are three modes of high-speed inter-
p—— T~ . ~ .
i z tloc mi typicel cur rupt processing: 8030 compatible, non-Z80
rent consumption . peripheral device, and Z80 Family
The exitensive instruction set contains 158 peripheral with or without daisy chain.
mstru;hons, res'ult'mg in boprhmlstxch’luq dala w On-chip dynamic memory refresh counter.,
handling capabilities. The 78 instructions of .
the BOBUA are included as a subset; 8080A
and Z80 Family soltware compatibility is
maintained.
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28420
Z80" PLO Parallel
Input/Cuiput Controller

Product
Specification

December 1980

Teatures & Provides a direct interface between Z-80 v Programmable interrupts on peripheral .,
microcomputer systems and peripheral status conditions. !
devices. r Standard Z-80 Family bus-request and :

& Both ports have interrupt-driven handshake prioritized interrupt-request daisy chains '
for fast response. implemented without external logic. :
® Four programmable operating modes: byte » The eight Port B outputs can drive Dar-
input, byte output, byte input/output (Port A lington transistors (1.5 mA at 1.5 V),
only), and bit input/output.
Jeneral The Z-80 PIO Parallel /O Circuit is a pro- accomplished under interrupt control. Thus,
Jescription’ grammable, dual-port device that provides a the interrupt logic of the PIO permits full use
TTL-compatible interface between peripheral of the eliicient interrupt capabilities of the
devices and the Z2-80 CPU. The CPU conlig- Z-80 CPU during l/O transiers. All logic

; ures the Z-80 PIO to interlace with a wide necessary to inplement a fully nested interrupt

¢ range of peripheral devices with no other structure is included in the PIO.

+ external logic. Typical peripheral devices that Arnother feature of the PIO is the abilily to

‘ are compatible with the Z-80 PO include most interrupt the CPU upon occurrence of speci-

keyboards, paper tape readers and punches, fied status conditions in the peripheral device.
printers, PROM programmers, elc. For example, the PIO can be programmed to
One characteristic of the Z-80 peripheral interrupt if any specified peripheral alarm con-
controllers that separates them from other ditions should occur. This interrupt capability
interface controllers is that all data transfer reduces the time the processor must spend in
between the peripheral device and the CPU 1s polling peripheral status.
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7.3 A/D CONTROL PROGRAM

This program is for 1804 CPU to control a

successive approximation

ang get associated data via a PIO, parallel input-output chip.

FI0 adresses:

FBFO PORT A

FBF1 PORT H

FBFZ2 Control Register of PORT A
FEF3 Control Register of PORT B
PROGRAM:

Adress Code
PIO INITIALIZATION SUBROUTINE

£003 21 4E 40 LD HL,#604E
5006 3E 00 LD A,0

6008 77 LD (HL),A
£009 IE 70 LD A, 870
600B 23 INC HL

£00C 77 LD (HL),A
600D 01 F2 FB LD EC,%FEBFZ
6010 3E 4F LD A, 44F
6012 ED 79 QuUT (L), A
6014 JE 03 LD A,#03
6016 ED 79 auT (0,6
6018 01 F3 FB LD BC,#FBFZ
bO1E IE CF LD A,4CF
601D ED 79 ouT (L),6
bOLF 3E FD LD A, #FD
6621 ED 79 ouT (0,4
6023 JE 03 LD A, $03
6025 ED79 ouT (C),4
6025 c9 RET

A/D SERVICE SUBROUTINE

6050 IE 02 LD A, 402
6052 01 F1 FB LD BC,#FEF1
6055 ED 79 quT (C),0
6057 IE 00 LD 8,0

6059 ED 79 QUT {CY,A
605E ED 78 IN &, (C

605D CE 47 BIT 0,4

bOSF CA 59 &0 1P 1,46059
6062 IE 00 LD 4,0

6064 ED 79 QUT (C),A
6066 26 4E b0 LD HL, ($&04E
6049 23 ING HL

606A 01 FO FE LD BC,4FBFO

Digital Biofeedback Monitaor

~
55

an!

yBEGIN OF THE D&TH RDDR

: CRA
;PORT A SET TO BYTE INFUT MODE

; INTERRUPT DISABLE WORD

1 CRE
sPORT B SET 70 BIT 1/0D

3 1/0 REGISTER CONTROL WORD
; INTERRUFT DISABLE WORD

END OF PIC IWITIALIZATION

7 EOC ON
:IF NQ EOC THEN TEST ONCE MORE

register



606D
HO6F
6070
6073
6074
6073
6074
6077
£078

L 78

4E &0

IN A,(C) GET A/D DATA
LD (HL),A

LD DE,#$604E

LD A,L

LD (DE),A

LD A,H

INC DE

LD (DE),A

RET

Digital Biofeedback Mo.-ior



| gN ERROR 60TO 6000

REM PROGRAM: MONITOR.BAS

REM BIGFEEDBACK MONITOR

NODE 2

0 HT$="PRESE ANY KEY TO CONTINUE":MEMORY &SFFF

) JUSER,0:LOAD"sar",4%6000

0 CALL %6003

b DATA 1-SESSION,2-GRAPH,3~-SAVING DATA,4-LOADING DATA,5-BF. MONITOR
(0 RESTORE 99:MODE 2:PRINT TAB(28);CHR$(24);" BIOFEEDBACK MONITOR *j;CHR$(24):FOR I=10 T
1EP 2:READ A$:LOCATE 33,1:PRINT A$:

ExT:LOCATE 69,25:PRINT "Melih Aybey";

[0 BOSUB 600:0N A GOTO 300,400,450,470,1500

20 GOTO 110

99 REM #¥%%E%EX%k%%%%%% SESSION HEXEXEXREERREERN

0 ADD=%7000:1=0:MI=0:FOR g=&7000 TO &7000+400:POKE g,0:NEXT

10 GOSUR B0O

20 EVERY 150,1 GOSUB 900

30 WHILE I<A00:WEND

40 PRINT REMAIN (1)

50 GO0SUBR 650:60T0 100

)0 GOSUB 700:G07T0 350

0 MODE 2:PRINT “"PLEASE ENTER PATIENT'S CODE AND SESSION NUMBER CORRECTLY '“":GOSUB 650:60S

i) CL5:GOSUB 500: iUSER,1:SAVE FILE$,B,%7000,600:G0T0 100
0 MODE 2:PRINT “FILE DOES NOT EXIST IN THIS DISC.":GOSUB &50:50T0 470
i3 MODE 2:PRINT “PLEASE ENTER PATIENT'S CODE AND SESSION NUMBER CORRECTLY !":GOSUB 650:G0S

0 MODE 2:PRINT TAB(20);" *DATA FILES PRESENT IN THIS DISC#":!USER,!:{DIR:GOSUB 500;L!
[£$,%7000:GOTO 400

0 LOCATE {,18:LINE INPUT "PATIENT'S CODE : ",A$:IF LEN(A$)>B OR LEN(A$)<1 GOTD 500
10 LOCATE 1,20:LINE INPUT "SESSION NUMBER : ",B$:B=VAL(B$):IF B<1 OR B»999 BOTO 510
0 IF B<10 THEN B$="00"+B$:G60T0 524

2 IF B{100 THEN B$="0"+B$:G0T0 524

fFILE$=A$+", "+B$: RETURN

0 LOAD FILES$,%6000:G0T0 400

0 A$=INKEY$:IF A$="" GOTO 600 ELSE A=VAL(A$):RETURN

[0 T=INT (BO-LEN(Y$)) /2

12 LOCATE 1,25:PRINT CHR$(24);TAB(T);Y$;TAB(BO);SPC(1);CHR$(24) ;s RETURN

0 PRINT CHR$(24);TAB(W/2);Y$;TAB(79);CHR$(24) :RETURN

) Y$=HT$:GOSUB 610:GOSUB 600:RETURN

0 REM %% keskemsseesss GRAPH REEREREREERE LSS

i ADD=%7000: G0SUB 8BGO

WFOR I=1 TO 600:ADD=ADD+!

) Y=72+PEEK(ADD) : X=24+I1:PLOT X,Y

D NEXT

! RETURN




gy ERROR 607D 6600

REM PROGRAM: MONITOR. BAS
REM BIGFEEDBACK MONITOR
HODE 2

| HT$="PRESS ANY KEY TO CONTINUE":MEMORY &SFFF

i IUSER,0:LOAD"sar",&4000

) CALL %6003

1 DATA 1-GEBSI10N,2-GRAPH,3-SAVING DATA,4-LOADING DATA,S-BF., HONITOR

0 RESTORE 99:MODE 2:PRINT TAB(28)3CHR${(24);" BIOFEEDBACK HONITOR ";CHR$(24):FOR I=10 Ti
tP 2:READ A$:LOCATE 33,I:PRINT A$:

;i T:LOCATE 69,25:PRINT “"Melih Aybey";

1y GOSUB 600:0N A BOTO 300,400,450,470,1500

0 G0TO 110

10 REM ¥*¥%EXREXRXER%X%  CECSSION HEXBEXREXRHBERS

19 ADD=%7000: I=0:MI=0:FOR g=%7000 TO %7000+600:POKE g, ,0:NEXT

) GOSUB BOO

) EVERY 150,1 GOGSUB 990

0 WHILE I<400:HWEND

9 PRINT REMAIN (1)

0 GOSUB 630:60T0 100

0 GOSUB 700:60T0 350

0 MODE 2:PRINT "PLEASE ENTER PATIENT'S CODE AND SESSION NUMBER CORRECTLY !"3GOSUB 650:6068!

0 CLS:GOSUB 500: IUSER,1:5AVE FILE$,B,&7000,600:60T0 100
) MDDE 2:PRINT "FILE DOES NOT EXIST IN THIS DISC.":GOSUB 630:E07T0 470
J MODE 2:PRINT "PLEASE ENTER PATIENT'S CODE AND SESSION NUMBER CORRECTLY !":GOSUB 650:60St

0 MODE Z2:PRINT TAB(20);" #DATA FILES PRESENT 1IN THIS DISCx#":iUSER,1:iDIR:GOSUB 500:LC(
£$,47000: 6070 400

0 LOCATE 1,18:LINE INPUT "PATIENT'S CODE : ",A$:IF LENC(A$)>B OR LEN(A$)C(1 GOTD 3500

) LOCATE 1,20:LINE INPUT "SESSION NUMBER : " ,B$:B=VAL(B$):IF B<! OR B>999 60OTO 510

0 IF B<10 THEN B$="00"+B$:G0T0 524

1 IF B<100 THEN B$="0"+B$:G6070 524

4 FILE$=A$+". "+B$: RETURN

i) LOAD FILES$,%6000:60T0 400

1 A$=INKEY$:IF A$="" GOTO 600 ELSE A=VAL(A$):RETURN

) T=INT(BO-LEN(Y$))/2

JLOCATE 1,25:PRINT CHR$(24);TAB(T);Y$;TAB(BO);5PC(1)jCHRS(24) 3 s RETURN

D PRINT CHR$(24);TAB(W/2);Y$;TAB(79) ;CHR$(24) :RETURN
)
)

) Y$=HT$:605UB 610:B60SUB 600:RETURN

) REM 2o snseraaesdiss GRAPH HESAEBEIRBEELEDS
3 ADD=&7000: GOSUB 800

JFOR 1=1 TO 600:ADD=ADD+!

) Y=724PEEK(ADD) s X=24+1:PLOT X,Y

D NEXT

') RETURN




199
300
03
07
10
320
22
25
30
99
900
05
10
20
30
940
150
%9
1000
1500
1510
1520
1530
1540
1300
1810
1820
1830
1835
840
1850
900
1910
1920
1930
1540
000
010
020
130

REM #xxxxxaxsxexa%% GSCREEN H*eussbstsessss

HWODE 2:L0CATE 25,2:PRINT “"BIOFEEDBACK SESSION HONITOR®

LOCATE 3,4:PRINT STRING$(78,CHR$(140)):LOCATE 3,22:PRINT STRINGS(78,CHR$ (131}
FOR J=5 TO 21:L0CATE 3,J:PRINT CHR$(143):LOCATE 80,J:PRINT CHR$(143) s NEXT
LOCATE 1,5:PRINT "20":LOCATE 1,13:PRINT "10"sLOCATE 1,21sPRINT "O"

LOCATE 4,23:PRINT "G";TAB(28)3;"10" 3 TAB{33);"20";TAB(78) ;"30"; s PRINT TAB(71);*TIME [mir
LOCATE 36,25:PRINT CHR$(24);" E-EXIT ";CHR$(23)

CALL &6003

RETURN

REM %%x%s¥xexs%%%%% GSES-A/D #xxssaedeeeesss

a$=INKEY$: IF A$="E" OR A$="e" THEN CLS:RUN

G0SUB 1000

I=I+1:1F 1 MOD 20=0 THEN MI=MI+1:LOCATE 1,25:PRINT SIL$:LOCATE 1,23sPRINT HI;". MINUTE
Y=72+PEEK{ADD)

X=24+]

PLOT X,Y

RETURN

REM #E¥EXEXEEEXERNER A/D KEEERREFEREREXS

CALL &6050:ADD=ADD+!:RETURN

ADD=%7000:I=0:MI=0

GOSUB 1800

EVERY 3,1 GOSUB 1900

WHILE I<600:WEND

PRINT REMAIN (1):G0T0 1500

HODE 2

LOCATE 3,4:PRINT STRING${78,CHR$(140)):L0OCATE 3,22:PRINT STRINGS(78,CHR$(131))
FOR Jd=5 TO 21:LOCATE 3,J:PRINT CHR$(143):L0OCATE BO,J:PRINT CHRE&(143)sNEXT
LOCATE 1,3:PRINT "20":LOCATE 1,13:PRINT "10":LOCATE {,21:PRINT "0*

LOCATE 36,25:PRINT CHR$(24);" E-EXIT ";CHR$(24)

CALL &6003

RETURN

a$=INKEY$: IF A$="E" OR A$="e" THEN CLS:RUN

GOSUB 1000

I=1+1:Y=72+PEEK(ADD) : X=24+1

PLOT X,Y

RETURN

IF DERR=146 THEN RESUME 460

IF DERR=144 AND ERL=450 THEN RESUKE 440

IF DERR=144 AND ERL=470 THEN RESUME 463

RUN
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7.4 BIOFEEDBACK MONITOR USER'S MANUAL

To use the system first connect one end of the connection cable to the
expansion port of the computer and the other one to the back of the
Digital Biofeedback Monitor Interface Unit {(DBM I/F-U). Then insert the jack
at one end of the connection cable, leading to the dc output of the
biofeedback equipment, to the "INPUT" terminal of the interface unit, on the
front panel of the box. After that switch on first B/F interface unit and then
the computer. The switching sequence must be obeyed as explained above. Next,
you must insert program disc into to the disc driver and type: run®monitor®

[ENTER]. ([ENTERI=press ENTER key)

After a few seconds a program menu will appear on the screen. It consists of

the following sections, each of them being accessible by a keypress of the

associated number:

{-SESSION
Z2~GRAPH
3-5AVING DATA
4-LOADING DATA

S-B/F MONITOR

{-GESSION:

This mode is the session mode, accesible by hitting "{" key in menu. Its use

Digital Biofeedback Monitor
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is to plot the graph of the physiological wvariable as a function of tinme
during a biofeedback session such that a physician can monitor his patient's

state from another room.

First connect the biofeedback equipment to the patient.

When the patient is ready, then press "1"- key to enter this section from
menu. At this instant sampling and storage into the memory begins. Now you can
observe on the screen the physiological variable being plotted as a function
of time and the time elapsed from beginning of the session. At the end of the
session, namely at 30. minute, a message line appears at the bottom 1line,
where pressing any key will return you to the menu. If you want to exit before
reaching the 30, minute, then press "E"- key, which will make the program to

return to the menu.

2-GRAPH:

In this section you ctan observe the graph of the last data, loaded or sampled
in a session. Pressing "2"- key in menu is sufficient to enter into this mode.
In order to return to the menu press any key when 2 message line appears at

the bottom line at the end of plotting.

3-5AVING DATA:

Once you have the data obtained in section 1, in the memory of the computer,

you can store it onto a floppy disc for future references. To de this, press

Digital Biofeedback Monitor
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"3*- key in menu, which will take you to a screen, in which patient’'s code |is
asked. You can type any alphanumeric characters followed by [ENTER] as a code.
This ctode may be maximum eight characters long and will be used to name the
file in which your last data is going to be stored. After that session number
is asked. You can enter any number in the range of 1-999 in this stage. This
number will appear as the extension of the +filename. For example, 1if the
patient’'s code is JACK and his session number is 4, then associated +ilename
is constructed as "JACK . 004", The program returns to menu if the given

names are legal, otherwise these are asked again.

4-LOADING DATA:

In order to analyse any old data, first you have to load the associated data
file into the memory of the computer by using this section. When vyou press
"4"- key in menu, then you are faced with a screen consisting of the list of
the data files present in your disc. Each filename has two parts separated by
a dot. The part before the dot is the patient’'s code and the other one after
it shows the session number. To load any data type in patient’'s code followed
by [ENTER] and after that session number followed by [ENTER]. In case of any
error you are asked to do all once again, otherwise the loaded data is plotted

just after loading, exactly in the same manner like in part 2.

S-B/F MONITOR:

The system can be used also as a biofeedback monitor by the patient. The state

Digital Biofeedback Monitor
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of the physiological variable under training can be followed on the =screen
instead of any analog or digital meter. In this case the level oaf the
physiological variable is plotted on the screen as a function of time. The
only difference from session-part is the speed of the sampling. In session
mode a data for the whole session is collected for 30 minutes as a result
sampling rate equals to one sample in every 3 seconds. In B/F monitor wmode
sampling rate increases to 50/3 samples/sec and is more convenient for the
patient to use than the therapist where session mode is more appropriate for

the therapist.

This section is designed for continous monitoring. In case you want to leave

it press E;key.

Digital Biofeedback Honitor
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VIII. DISCUSSION AND CONCLUSION

Homeostatic adaptive control systems are responsible for the survival of the
organism. These systems use various types of closed loop control mechanisms,
namely feedback, and keep essential physiological variables within critical
limits. The state of these internal physiological variables are normally
monitored only by Homeostatic Adaptive Control Systems, which are able to
control them. Our natural monitoring devices are our senses which are only
sensible to outside world. In case of the neccessity to measure any
physiological parameter special biomedical devices, which are designed for
this purpose, are used. Our senses are not able to wmonitor any internal

physiological parameter.

In order to control any variable its state must be known by the controller.
We can not control any internal parameter since there is no information about
them. Supplying such information will build a new, artificial feedback path
from internal physiclogical parameters to our senses, cldsing the control
loop and placing our mind as the controller of this closed loop control
system. Only after that we have a «chance to control associated internal

parameter. This new, artificial closed loop control system 1is built up by

biofeedback.
Biofeedback therapy differs from classical methods. A biofeedback device,

which supplies information from internal physiological variables to the

human's senses, together with the sensory organs comprises the feedback path

Discussion and Conclusion



of the system. This feedback path conveys information to the controller,
namely to the brain of the patient. After this point on, all of the work is
done by the mind-brain of the patient and the phsician plays the role of an

instructor.

A convential biofeedback equipment is usually designed as to be a monitor for
the patient., The physician can not follow his patient’'s session closely since
he may disturb the patient, and the data about the physiological variable is
lost just after the instant it is monitored. The Digital Biofeedback Monitor
is designed to omit these shortcomings. Using it a physician can monitor his
patient during a session in a distant plaée without disturbing him. After the
end of the session the data related to the physiclogical variable can be
stored on a floppy disc and can be used in comparing the data obtained in
previous sections, which gives an idea about the patient’s learning
performance. Another application could involve the use of the DBM as a wmeans
of supplying useful feedback information (EMG, Pulse nf other) to the
patient. The DBM can prove to be more effiecient than the sound or
instantaneous visual methods. Future work should involve the assesment of the

clinical usefulness of such a procedure.

Discussion and Conclusion



APPENDIX A - ABBREVIATIONS

DBM Digital Biofeedback Monitor
HACS Homeostatic Adaptive Control Systeas
CN§ Central Nervous Systen

EMG Electromyogranm

EEG Electroencephalogranm

GSR Galvanic Skin Response

ECG Electrocardiogram

CMHMR Common Mode Rejection Ratip
A/D Analog to Digital converter
D/A Digital to Analog converter
CRT Cathode Ray Tube

cru Central Processor Unit

RAM Random Access Memory

P10 Parallel Input-Output

OP-AMP Operational Amplifier

SAR Successive Approximation Register
CRA Control Register of PORT A

CRB Control Register of PORT B

I/0 Input-Output

5C Start Conversion

EQC End 0f Conversion
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THE INSTRUMENT The HT—1 EMG is an
easy to use portable trainer with specifications
which substantially exceed those of competing
home training units (see reverse side).
Electromyographic feedback requires extensive
filtering of non-EMG signals; the HT-1 provides a
cleaner feedback signal than any competitive port-
able device. The instrument is housed in a tough
outer shell which enhances durability and stabil-
ity of the instrument over extended usage.

S

For Home and Clinical Training

. FEATURES
S e COMPATIBLE WITH ALL AUTOGENICS®
T INSTRUMENTS electromyograph
i " * HIGH SENSITIVITY (0.4 MICROVOLTS RMS)
h e ¢ LARGE, EASY TO READ METER
X e [FIVE SELECTABLE METER SENSITIVITY
) SCALES
. S~ ¢ Two AUDIO FEEDBACK MODES
Tl e ¢ BUILT-IN SPEAKER
™ S * VOLUME CONTROL
Tl e [NSTRUMENTATION OUTPUT FOR DATA
T T ) ACQUISITION
For Home and Clinical Training . . zlx TACHES T %SEE:KD; HONES OR
S - A "E -Tr o
FEATURES - T o BATTERY TEST FUNCTION
» COMPATIBLE WITH ALL AUTOGENICS® o T

INSTRUMENTS - - ~
¢ HIGH RESOLUTION “
* LARGE, EASY TO READ METER e e T
e FIVE SELECTABLE METER SENSITIVITY e T
SCALES e

* Two AUDIO FEEDBACK MODES h
ol TN 7, * BUILT-IN SPEAKER
\?;{ i 8 ¢ VOLUME CONTROL :
&2 ¢ INSTRUMENTATION OUTPUT FOR DATA
i et /;?’ ACQUISITION
ﬁ Mma/ ¢ ATTACHES TO HEADPHONES OR EXTERNAL
-y SPEAKERS

e BATTERY TEST FUNCTION

THE INSTRUMENT The HT-2 skin temper-
dture trainer Is an casy to use portable trainer
which provides a unique array of features for home
and office training applications. For optimum
visual readout, the unit incorporates a zero-center
meter selector with five selectable positive and
negative detlection ranges and-a resolution of up
1o .025 degrees Fahrenheit, The unit 1s compact
without sacrificing meter readability which is a
problem with many competitive portable instru-
ments. The unit is housed in a tough outer shell
which enhances durability and stability of the
instrument over extended usage.

temperature feedback monitor



h e 2 Yo i
THE INSTRUMENT The HT-3 Dermograph
Trainer is an easy to use portable trainer which
provides feedback of both skin conductance level
and skin conductance response. Visual feedback
is provided by a meter which incorporates six
selectable sensitivity scales and provides substan-
tially higher resolution and stability than competi-
tive skin conductance trainers. The unit is compact
without sacrificing meter readability which is a
problem with many portable training units.
For Home and Clinical Training
. FEATURES
[ * COMPATIBLE WITH ALL AUTOGENICS®
T INSTRUMENTS Sfeedback der mograph
. * HIGH SENSITIVITY
S T~ * LARGE, EASY TO READ METER
e S * SIXSELECTABLE METER SENSITIVITY
T T T SCALES
T T ¢ TW0AUDIO FEEDBACK MODES
. * BUILT-IN SPEAKER
e - * VOLUME CONTROL
T T e ¢ INSTRUMENTATION QUTPUT FOR DATA
T e - ACQUISITION
For Home and Clinical Training T e R ° fl\""l‘-‘\C”ES'[“;““3‘*9*’“()“5 Ok
Sy A AT s g i = N CNTERNAL  SPEAKERS
LEATURES T o BATTERY TEST FUNCTION

* COMPATIBLE WITH ALL AUTOGENICS®
INSTRUMENTS
* COMPUTE-TIME INTERVAL SELECTOR
* AUTOMATIC START/RESET CYCLE

¢ SMALL, LIGHTWEIGHT
e HIGHLY ACCURATE
¢ RECHARGEABLE BATTERIES

THEINSTRUMENT The HT-10 Digital Inte-
grator 15 the smallest and most portable digital
data acquisition instrunient available for biofocd.
back applications. Despite its diminutive size, the
HT-10 15 capable of isplaving and tme-averaging
physiological activity with an absoluie accuracy
of better than plas or minus 1 pereent over i vari-
ety of selectable time intervals ranging {rom |
second to 20minutes. Time-averaged data is pre-
sented on the highly readable digital display over
mtervads of 10 seconds, 2.5 IMNULES, ol over 4 tnie
mterval equivideat to that used for dita recordni,

- digital integrator B
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J53

P303

J42

P642

BLS07

Q700

Q740
Qg10
Q920

channel, audio and
visual

Portable, gual "~
channel, ratio and
Lite Bar

Clinical trainer,

4 audio modes and
Lite BarTu

CARDIO-VASCULAR

Ponable thermome-
ler, digital display
and Lite Bartv
Clinical thermometer,
3 audio modes,
digital disptay and
Lite Barin
Measures heart rate
and changes in
blood pressure (via
pulse wave velocily)

SKIN POTENTIAL RESPONSE
BL505 Ctinical unit,

measures changey
sympathetic acu’wc)

DATA ACCUMULATORS
AND RECORDERS

Data Accumulator for
a percent time &
time period integra-
1on scoring
Automatic digiai
printer

Singie channel strp
chart recorder

DOual channet stnp
chart recorder

- ’ i ] .
INDIVIDUAL, | INTEGRATED
JNSTRU MENTS SYSTEMS
MODEL DESCRIPTION
EMG 1. PORTABLE SYSTEM: J33 and J42
433 Porable, single The two most widely used modes (EMG and thermal) in ightwerght units

®witn durable carrying case. A iogical system for start-up. Baltery powereq.

2. REHABILITATION SYSTEM: J§3, Q700, Q740

A basic physical/occupational therapy system. include; atwo channel
portable EMG with ratio capability, quantification via digital display, print-

out of integrated or percent lime scores.,

3. RELAXATION TRAINING: P303, P642, BLS07, Q700
Measures complete physiological profile (EMG. Thermal, Blood Pressure,
Heart Rate}. Determines mode maost responsive 1o stress/relaxation, and
trains in any mode. System elements can be used singly or together.

4. PSYCHOTHERAPY SYSTEM: P303, Q700, BL50S

Designed for use with verbal psychotherapy, gesensitization and relaxation
training, as well as teaching other self contro! abilities. Measures EMG and

SPR (dermal response ).

5. CARDIO-VASCULAR SYSTEM: J42, BLSO7

Continuous measurement of three cardiovascular vanables — temperature,

heart rate and changes in biood pressure (via pulse wave velocity). The
ideal flexible system for treaung cardiovascular problems.

6. CLINICAL BIOFEEDBACK SYSTEM: P303, Q700, P642, Q740
Clinic system with EMG/thermal modes, accumulator, percent time/time
period integration and automatic digital printer This s Cyborg's most
popular chnical system. It 1s easy to use and the units can be used

separately or together.

7. COMPREHENSIVE SYSTEM: P303, P642, Q700, 8L907, BL50S, Q910

All modaliies with complele mortonng, raining, dala accumulation ang
recording capability. Excelient for education ana research as well as

sophisticated clinical practices

- ——————




activity and translates them into an
audible tone or visual readout.

] EMG 100T monitors muscle

4 tension in various muscle areas
(forehead jaw, etc.) to asgist in
relaxation training and muscle
rehabilitation. It detects signals of
less than .3 uV RMS and provides
1% accurate Raw and™True d.c.
RMS EMG outputs for research and
data acquisition.

HR/BVP 100T is a dual
function instrument that
pm\rldes absolute heart rate and
relative blood volume pulse
amplitude feedback. The latter is an

e

extremely responsive measure,
registering beat-to-beat changes in
sympathetic arousal much more
rapidly than temperature.

BIOFEEDBACK 5 comes in a rugged
carrying case with all accessories
for each system, including intercon-
nection and data acquisition cables,
dual sensitivity meter, reverse
temperature probe, headband with
electrodes, 3 stainless steel elec-
trodes, electrode gel, manuals and
all batteries. #12750 $499.00 (9.95)

Heart Rate

BIOFEEDBACK 5 DIGITAL™

Includes the complete BIOFEEDBACK 5 system plus the TEMP/SC
200T, for absolute digital readout of all monitors in the set.
TEMP/SC 200T also provides rapid absolute readout of temperature
and skin conductance with enhanced tone feedback. (for fuller

description see TEMP/SC 200T section).

#T2751 $699.00 (210.95)

o



Bloed Volume Pulse

R

Heart Rate

IR

Muscle Tension

GSR 2 uses biofeedback to help
control tension by monitoring
minute changes in galvanic skin resis-
tance or skin pore size in response to
stress. The unit turns itself on auto-
matically at the touch of one's fingers.
One can, through simple relaxation
exercises, learn to lower the tone and
thus lower his or her tension level. In-
stant feedback expedites this learning
process by signalling the success of
efforts that contribute to relaxation.
Includes monitor, instructions, tape.
#T2001 $49.95 (3.95)

Deluxe GSR 1 handcrafted in solid
walnut with gold-plated sensors.
#T1915 $79.95 (3.95)

P2

Alternately, an increasing
stress level causes peripheral
vasculature to constrict, lessening
blood flow to hands and feet and
lowering extremity temperatures.
GSR/TEMP 2, as well as providing
an added visual readout of GSR,
also monitors changes in extremity
temperatures to help the user con-
trol tension. Increases in temper-
ature (increased relaxation) produce
an increase in meter reading or
pitch; an optional probe reverses
this relationship. Changes of less
than .1°F {.05°C} can be monitored.
Also included; a standard meter for
GSR or temperature feedback, remote
GSR sensors thermometer, tape, and
carrying case. #72100 $99.95 (5.95)

3.000,000 ghits! .

 Resalutions < .’% of busa mskstance -
Electrods current' A5

TEMP -

Veriable ﬁequency Ranse 50 10 20 000 Hz
-2.3 mm oytpu jeck for-6 ub.m aarphmm
and meter,
3.3 mm Inputjsck for tomperature
‘ruspiration,’ heartrate, BVP, EMG and
sqmoly sensors

Batiery: 9V (included) . *




Heart rate monitors have
long played a role in
detecting cardiovascular problems
and in the detection of anxiety.
Now, Thought Technology com-
bines a compact, highly accurate
heart rate monitor with a blood
volume pulse measurement in a
single instrument to provide
valuable relative and absolute
feedback. -

The HR/BVP 100T works indepen-
dantly or in combination with the
GSR/TEMP 2 or TEMP/SC 200T
systems. It can detect changes as
small as a 1/2 beat per minute and
blood volume pulse changes of 1%
in both audio and visual modes.
Thresholds can be set to facilitate

o2

i Fa)

desensitization of phobias and
anxiety or to minimize cardiac risk
during home exercise or agrobic
training by signalling excessive
heart rate.

Blood volume pulse is a measure-
ment of pulse amplitude at the
fingertips caused by changes in the
sympathetic nervous system. This
provides extremely quick feedback
of beat-to-beat changes in tension
levels yielding results more rapidly
than temperature monitoring.

System includes monitor with
photoplythysmograph finger pick-
up, GSR output cable, instructions,
tape, and carrying case.

#T2400 $199.95 (5.95)

Skin Resistance

Temperature

Heart Rate

Muscle Tension

<
Aoy

Thought Technology Lid. In U. %’l }\ﬂ\he 1-800-361- ‘3(:51

LGN

RV N
Ly




Blood Volume Pulse

Heart Rate

Muscle Tension

With TEMP/SC 200T,

;i Thought Technology uses
digital instrumentation to achieve a
significant new level of accuracy
without sacrificing the compact-
ness and portability needed in the
doctor’s office, the clinic and at
home. The digital readout and
built-in speaker ensure superior ac-
curacy and quality of visual and ad-
justable tonal feedback. Response in
the temperature mode is rapid and
offers .1°F visual, and less than
.05°F audible resolution. Skin con-
ductance as a mode of measurement
is more accurate and responsive
than GSR: ideally suited for both
clinical and home training en-

B

8 Thought Technology Ltd. In U.S.A. call tol! free: 1-800-361-3651

vironments. TEMP/SC 200T pro-
vides two channel monitoring for
data acquisition of SC and
temperature as well as providing
digital readout and tonal feedback
for the EMG 100T and HR/BVP 100T
for monitoring muscular activity,
heart rate and blood volume
amplitude.

System includes meter, temperature
probe, stainless steel electrodes, SC
cable with snap-on connectors, gel,
carrying case, instruction manual,
tape.

#T2650 $199.95 (5.95)

Temperature only

#T2651 $174.95 (5.95)




Electromyography (EMG),
measurement of muscle acti-
vity, is the mode of feedback most
extensively used in both clinics and
research for chronic pain, muscular
disorder and relaxation training. It
has also proved successful in mus-
cle rehabilitation since it can often
detect residual muscular activity.

EMG 100T represents a giant step
forward in both performance and
price for EMG monitors. With the
accuracy required for research and
data acquisition, it is also affordable
enough to fit into any stress
management package.

T

Athletes use EMG 100T to achieve
superior performance through in-
creased concentration and optimum
use of energy.

EMG 100T is a two range monitor
providing absolute EMG and when
connected to the GSR yields relative
and threshold information feedback
through a variable tone.

System includes meter with 2 EMG
ranges, stainless steel electrodes,
cable with 3 snap connectors, elec-
trode gel, GSR interconnect cable,
belt loop attachment, cassette tape,
instruction manual and carrying
case. #T2320 $199.95 (5.95)

of extornal slectrodes; GSR-
mpssature. probeg, < ‘
nd HR/BVP 200T

; or'ma_
Ner.

Thought Technology Lid. In US.A. call toll free: 1-800-361-3651

Blcod Volume Pulse

Heart Rate

2 This lightweight

: headset meets clinical
standards in monitoring EMG, GSR
and Temperature. Yet it has been
designed for home use, providing
the simplicity of operation, conve-
nience and privacy that makes
relaxation training and muscle
rehabilitation, without supervision,
enjoyable and effective.

CALMSET 3 features sensitivity,
pitch and volume controls for GSR,
EMG and Temperature; headband
with stainless steel electrodes
extendible for use on other body
areas; electrode gel, GSR finger
electrodes, reverse temperature pro-
be, carrying case. #T2510 $199.95
(5.95)

EMG Version only #T2521 $169.95
(5.95)

£

"
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