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CIBSTRACT 

Bio feedback  i s  a  p s y c o l o g i c a l  and med ica l  t h e r a p h y .  I t  i s  u sed  n e a r l y  i n  

t h e  e n t i r e  r a n g e  of human e a o t i o n a l  and p h y s i c a l  d i s o r d e r s .  I t s  main 

d i f f e r e n c e  from o t h e r  methods  i s  t h a t  t h e  t h e r a p e u t i c  p r o c e s s  t a k e s  p l a c e  

i n  t h e  mind-bra in  of t h e  p a t i e n t .  The t h e r a p i s t  and b i o f e e d b a c k  machines  

o n l y  g i v e  him t h e  r i g h t  i n f o r m a t i o n  and a s s i s t  him. The p a t i e n t  i s  no 

l o n g e r  t h e  o b j e c t  of t h e  t r e a t m e n t ,  h e  i s  t r e a t m e n t .  

Biofeedback  d e v i c e s ,  u n l i k e  o t h e r  med ica l  d e v i c e s ,  a r e  n o t  used  i n  o r d e r  t o  

mon i to r  a  d i s o r d e r e d  p h y s i o l o g i c a l  f u n c t i o n .  They a r e  aimed t o  be used  i n  

t r a i n i n g  work t o  g a i n  c o n t r o l  o v e r  any p h y s i o l o g i c a l  v a r i a b l e  which may 

have  no d i r e c t  r e l a t i o n  w i t h  t h e  symptoms of t h e  i l l n e s s .  

T h i s  t h e s i s  r e w i e v s  t h e  t h e o r y  and a p p l i c a t i o n s  of b i o f e e d b a c k  and p r e s e n t s  

an o r i g i n a l  d e s i g n  of a  c o m p u t e r i z e d  b i o f e e d b a c k  s y s t e m  (D3l-l). The d i g i t a l  

b i o f e e d b a c k  mon i to r  i s  a  s y s t e m  which e n a b l e s  t h e  t h e r a p i s t  t o  a n a l y s e  t h e  

d a t a  o b t a i n e d  d u r i n g  and a f t e r  a  b i o f e e d b a c k  s e s s i o n  by means of  a  d i g i t a l  

computer .  I t  c an  a l s o  be u sed  by t h e  p a t i e n t  f o r  any k i n d  04 b i o f e e d b a c k  

t r e a t m e n t .  C o l l e c t e d  d a t a  r e l a t e d  t o  t h e  s e s s i o n  c a n  be s t o r e d  o n t o  a  

f l o p p y  d i s c  f o r  f u t u r e  r e f e r e n c e s  and a n a l y s e s .  



Biyolo j ik  g e r i  besleme (b iofeedback)  p s i k o l o j i k  ve t ~ b b i  b i r  t ,edavi 

g e k l i d i r ,  insanln  hemen hemen t u m  r u h s a l  ve bedense l  d u z e n s i z l i k l e r i n d e  

k u l l a n i l a h i l e n  bu yontem ile d i g e r l e r i  a r a s i n d a k i  en  onemli  -fark,  burada 

t.edavi s u r e c i n i n ,  h a s t a n i n  beyin  dusiinme boiumunde g e r ~ e k l e $ m e s i d i r .  

T e r a p i s t  i le b i y o l o j i k  g e r i  besleme c i h a z l a r i  h a s t a y a  s a d e c e  dogru b i l g i  

vermekte ve  ona yardimci  o lmak tad i r  . Soz. konusu o l a n ,  a r t  ik b i r  h a s t a  ya 

t e r a p i s t  t a r a f  indan b i r  t e d a v i n i n  uygulanmasi  olmay ip  h a s t a d a  kendi l ig inden 

b i r  s u r e c i n  g e l i ~ m e s i d i r .  

Biyolo j ik  g e r i  beslemede k u l l a n i l a n  c i h a z l a r  d i g e r  t i b b i  c i h a z l a r l n  

a k s i n e ,  duzeni  bozul.mus f i z y o l o j i k  f o n k s i y o n l a r ~ n  izlei imesi  d e g i l d i i .  Bu 

c i h a z l a r i n ,  h a s t a l l g a  a i t  semptomlar- i le  dogrudan i l i s k i s i  bulunmayabileri 

he rhang i  b i r  f i zyo lo j ik  degiu ken uzer inde  k o n t r o l  s a g  lama yeterieginin 

g e l i s t i r i l m e s i n e  yonel ik  o l a r a k  yuriitulen eg i t im  qal l rmaiar inda  

ku l l an i lma la r  i amaqlanmaktadir  . 

Ru t e z ,  b i y o l o j i k  g e r i  beslemenin t e o r i s i n i  ve  uygulama1.ar ln 1 i nce i ey ip  

b i l g i s a y a r l l  b i r  b i y o l o j i k  g e r i  b e s l e a e  s i s t e m i n i n  (DBlii) o r j i n a l  tasar lmlnl  

s u n a r .  

D i j i t a l  biofeedback moni toru ,  t e r a p i s t i n  b i y o l o j i k  g e r i  besieme 

seans inda  e l d e  e d i l e n  v e r i l e r i ,  b i r  d i j i t a l  b i l g i s a y a r l a  an lnda  v e  ciaha ,sonr.z 

a n a l i z  edeb i lmes in i  saglayan b i r  s i s t e m d i r .  A y r ~ c a  h a s t a  t a r a i l n d a r ~  da 

herhangi  b i r  b iofeedback t e d a v i s i  u y g ~ ~ l a m a s l  amaciyla k u l l a n l l a b i . i i r .  Seans  

i le i l g i l i  t op lanan  v e r i l e r  b i r  d i s k e t  uzer inde  saklanmak s u r e t l  j le 

i l e r i d e k i  a n a l i z  ve basvurularda  k u i l a n l l a b i l i r l e r .  



1.1 T H E  PURPOSE OF THIS THESIS 

T h i s  t h e s i s  c an  be  d i v i d e d  i n t o  two main p a r t s .  I n  t h e  f i r s t  p a r t  t h e  theme 

BIOFEEDBACK i s  worked o u t .  T h i s  p a r t  i s  pu rposed  t o  be a  d e t a i l e d  

d o c u m e n t a t i o n  f o r  anyone who w a n t s  t o  l e a r n  t h e  t h e o r e t i c a l  backgrounds  of 

t h e  b i o f e e d b a c k  c o n c e p t ,  c u r r e n t  methods  u sed  i n  b i o f e e d b a c k ,  r e p o r t s  of 

t h e  p a s t  b i o f e e d b a c k  t r e a t m e n t s ,  b i o f e e d b a c k  i n s t r u m e n t a t i o n  o r  

s p e c i f i c a t i o n  of b i o f e e d b a c k  e q u i p m e n t s .  

I n  an o r d i n a r y  b i o f e e d b a c k  a p p l i c a t i o n  t h e  l e v e l  oB t h e  p h y s i o l o g i c a l  

v a r i a b l e  i s  t r a n s m i t t e d  o n l y  t o  t h e  p a t i e n t  and t h e  p h y s i c i a n  h a s  a  

knowledge a b o u t  t h e  s e s s i o n  based  on t h e  p a t i e n t ' s  r e p o r t s .  In  c a s e  t h e  

p h y s i c i a n  wan t s  t o  o b s e r v e  t h e  s e s s i o n  c l o s e r ,  t h e n  Re may d i s t u r b  t h e  

p a t i e n t  and t h e r e f o r e  change  t h e  e n v i r o n m e n t a l  c o n d i t i o n s  eb t h e  p a t i e n t .  

The second p a r t  of t h e  t h e s i s  is a  p r o j e c t  which c a n  e n a b l e  t h e  p h y s i c i a n  

t o  o b s e r v e  t h e  s e s s i o n  a s  we l l  a s  s a v e  t h e  d a t a  o b t a i n e d  d u r i n g  t r a i n i n g  

and a n a l y s e  i t  by means of a d i g i t a l  computer  a g a i n  and a g a i n  + o r  any 

r e a s o n .  A t h i n  c a b l e  c o n n e c t i n g  t h e  b i o 4 e e d b a c 4  e q u i p m e n t  t o  t h g  computer  

u n i t ,  which may be l o c a t e d  is  a n o t h e r  room, 1s  s u 4 S i c i e n t  t e  t r a n s 4 e r  t h e  

d a t a  r e l a t e d  t o  t h e  p h y s i a l a g i c a l  v a r i a b l e  t o  t h e  computer .  So t h e  

p h y s i c i a n  can  o b s e r v e  t h e  s e s s i o n  s i m u l t a n e o u s % y ,  add t h e  p a t i e n t ' s  

p s y c o l o g i c a l  s t a t e  and e n v i r o n m e n t a l  c h a n g e s  t o  t h i s  o b s e r v a t i a n s ,  and u s e  

I n t r o d u c t i o n  d 



i t  t o  i n s t r u c t  t h e  p a t i e n t  on how t o  go  on t h e  s e s s i o n .  O b t a i n e d  d a t a  can  

be s t o r e d  on a f l o p p y  d i s c  f o r  f u t u r e  u s e .  The p h y s i c i a n  can a n a l y s e  p a s t  

s e s s i o n s  of a  p a t i e n t  t o  s e e  t h e  change  i n  h i s  perbomance.  

1.2 D E F I N I T I O N  OF BIOFEEDBACK 

Bio feedback  i s  t h e  p r o c e s s  of i n s t r u m e n t a l l y  m o n i t o r i n g  a n d  communica t ing  

i n t e r n a l  b o d i l y  f u n c t i o n s  w i t h  t h e  g o a l  04 d e v e l o p i n g  a u s e f u l  d e g r e e  0 4  

c o n s c i o u s  p a t i e n t  c o n t r o l  o v e r  t h e s e  f u n c t i o n s .  I t  i s  a t e c h n i q u e  w ide ly  

a c c e p t e d  i n  s u c h  f i e l d s  a s  p s y c h i a r t y ,  p s y c h o % o g y ,  n e u r o l o g y ,  p h y s i c a l  

m e d i c i n e ,  o c c u p a t i o n a l  and p h y s i c a l  t h e r a p y  a n d  speech  p a t h o l o g y .  



11. THEORY 

2 . 1  BASIC PRINCIPLES 

Bio feedback  i s  t h e  p r o c e s s  ar  t e c h n i q u e  0 4  l e a r n i n g  v o l u n t a r y  c o n t r o l  o v e r  

a u t o m a t i c ,  r e f l e x  r e g u l a t e d  b o d i l y  + u n c t i o n % .  The + u n c t i o n s  under  t r a i n i n g  

a r e  e i t h e r  a u t o g e n i c  o r  f a i l e d  due  t o  t r auma  o r  d i s e a s e ,  

The b a s i c  i d e a  i n  b i o f e e d b a c k  a p p l i c a t i o n s  i c  t o  p r o v i d e  s u b j e c t s  o r  

p a t i e n t s  some i n f o r m a t i o n  a b o u t  what I s  g o i n g  on i n s i d e  t h e i r  b o d i e s .  T h i s  

i s  t h e  o n l y  c h a n c e  f o r  t h e  s u b j e c t  t o  i n f l u e n c e  t h e  p r o c e s s .  The f o u n d a t i o n  

of b i o f e e d b a c k  i s  r e l a t e d  t o  two p r i n c i p l e s  : 

I-The p r i n c i p l e  o f  f e e d b a c k  : A s a m p l e  of o u t p u t  i s  added t o  t h e  

s y s t e m  a s  i n p u t  i n  a  way t o  i n f l u e n c e  t h e  o u t p u t .  BioBeedfack  i s  a s p e c i a l  

c a s e  of i t  r e l a t e d  t o  b i o l o g i c a l  s y s t e m s .  

2 -Grea t  t r u i s m  of i n f o r m a t i o n  t h e o r y  : I t  s a y s  $ha% a v a r i a b l e  c a n n o t  

be c o n t r o l l e d  u n l e s s  i n f e r m a t i o n  a b o u t  t h e  v a a i a $ % e  available t o  t h e  

centre% l e r .  E31 

In b b 0 4 e e d k a c k  t h e  ~ a r - i a $ % e  t a  be c o n t r s d % e d  b ~ l a n q s  t a  t h e  c e n t r o l l e r .  

S u p p l y i n g  i n f o r m a t i o n  a b o u t  i t s  s k a t e  t e  t h e  con$va%lcs c l o s e s  t h e  f e e d b a c k  

loop.,  T h e  ward ' b i o f e e d b a c k '  i s  l i k e l y  t o  e x p r e s s  t h e  Q e e d b a c k  sys tems i n  

b i o % o g i e a %  or-ganisms ,  namely i n  l i v i n g  o r g a n i s m s ,  though i t  o n l y  d e a l s  w i th  

@ x t e r m a l  p s y c h o p h y s i o l o g i c a l  f e e d b a c k  which i s  n e t  n a t u r a l l y  p r e s e n t .  
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In biofeedback applications u5ually a very complsw signal related to the 

internal variable 16 processed into a very simple information which is 

supplied to the .ubject. 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 waY9 to the survival of the 

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

concept of the maintenance of stable internal environment wag worked by W. 

B. Cannon, American physiologist, who used th2 name homeostasis to denote 

these carefully coordinated physiological processes, [9] 

2.2 HOMEOSTATIC ADAPTIVE CONTROL SYSTEMS (HACS) 

The purpose of all psychological and physilogical mechanisms is the survival 

of the organism or of its own kind by means of homeostatic adaptive control 

systems. Essential psychophysological variab!e~ are ~ept within critical 

li~its by HACS using feedback control. A block diagrco repreIDentaioo of the 

components of HACS is shown in Figure T-1. 

St~te and Transformation of HACS : The state of HACS depends an the valueB 

of v~riables in the boxes plus the infor~ation jU5t receiv~d at their input. 

A knowledge of the state of HACS and new inputs lID enough to identify the 

new state. The behaviour of an organibM iE the result of a chain of 

psychophysiological Itates with the changes between stateB being represented 

Theory 
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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 ( Channell l: Everything which is 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 of exteroceptive sensory 

systems is to convey this information. 

2) Sensory input channel ( Channel A ): This channel conveys information 

from external environment to the different sensors which are the members of 

the Central Nervous System. 

3) Sensory input feedback channels Channels Band B' )g 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 Band B' they can control sensory input to change the 

capacity to focus attention selectively from one sensory modality to another 

and to attend selectively within a particular part Df the environment. 

~) Muscle effector channel (Channel C )g This bh~nnel carries the 

commands of th~ brain to the muscular system. 

51 Feedback to the environment and effector to the environment ( Channel 

2 )g After the transformation of commands o? the brain by the muscular 

system into muscular action they are given to the environment either as 

information ( ego in speech and gesture) or as ~nergy (eg. in moving an 

Theory 
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object), The only output mechanism of the brain to the environment is by 

activation of the muscular system. 

6) 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 ): Autonomic control channels 

are responsible for central control of autonomic functions ( ego heart rate, 

skin temperature,tear secretion, etc. ) such that the r~gulation of these 

functions is possible. There are two systems associated with autonomic 

control channels: sympathetic and parasympathetic systems, As a result there 

are usually two associated channels to control a 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, yogic training and operand 

studies make it clear that these channels do not impinge upon conciousnes5 

due to a lack of discriminative learning. [3] 

9) Central nervous system information flow channels 

Central processor in eNS calls cognitive and mEOQ,y ~unbtion~ by using 

channel H. Channel G is the response of memory and cognitive unite to the 

command tr~n.mitted by channel H. It consists of th~ Elict~d cognitive and 

mnemonic material presented for central processing and i~ iffiBociated with 

consciousness of thought or memory. 

2.3 CONTROL OF INPUT 

Theory 
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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 component is the main mechanism in 

control of state. 

1) Control of sensory input (Channell and A): Any decrease in the level 

of input signal to the exteroceptive 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, usually a drug. 

Control of these systems can also be exerted by sensory overload where all 

modalities are maximally stimulated. 

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 feedback mechanism 

between the eye and the Central Processor. 

3) Control muscle tension (Channel C)l The commands of the brain to the 

muscular system is transmitted through Channel c, The quantity of 

information increases during complex motor tasks and always a high degree of 

organisation is present. Relaxation refers to the state where most of the 

muscle {-ibers are inactive which is a result of diminished signal flow 

through Channel C. Murphy and Leeds (1975) showed that for some individuals 

Theory 
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before relaxation the memory was not accessible to consciousness and 

after relaxation a physiological reorganisation took place. It has also 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 unique 

organisation where complete muscle relaxation occours. [3] 

4) Control of Muscle Feedback ( Channel 0 ): In order to control muscle 

tension a knowledge about the state of the muscle is necassary. Therefore 

for controlling muscle tension, monitoring of proprioceptive feedback from 

the muscular system is used. Jacopson showed that muscle tension cannot be 

controlled by humans since he is unable to recognize it. The method for 

muscle relaxation training utilizes discriminative 

recognition of muscle tension level. 

learning of the 

S) 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 closed 

feedback loops which are normally not acessible by consciousness 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 G and H l: The observation of these variables is 

possible only through introspective consciousness. Muscular and sensory 

systems influence cognitive and mnemonic functions to a high degree. Unless 

the motor and sensory activities are lowered, the interference of cognitive 

Theory 
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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. 

8) Yogic Asanas (postures): In typical application of yogic asana a 

specific muscle group is activated. First step is to strecth the muscle. As 

a result the feedback mechanism through channel D is 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 

C. So the asana has an alerting effect. 

9) Yogic or Zen 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 controlled by volountarily 

limiting the content of the thought. 

10) Yogic autonomic Control: In case the preconditions above are 

fullfilled, then it may be possible to focus the att~ntion consciously upon 

a specific autonomic function and so to gain control of it provided that the 

person is trained in an appropriate way. 

ill Free associative state: It can be seen that 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 6 and H. However 
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it is obvious that this can not be achieved unless first the muscular 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 establishing 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 HOMEOSTASIS IN HEALTH AND DISEASE 

Homeostatic control systems are responsible for the balance of physiological 

variables inside the organism. When any variable leaves its 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 ~he organism. [3]. 

So external environmental stress can stimulate the organism in such a way 

as to lead a change of the values of various homeostatically mediated 

physiological parameters beyond their normal limits. If the stress becomes 

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, arthritis, 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 

of the major life events and incidence of illness, They 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. 
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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 1 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. EMG 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 feedback 

loops of the organism which are parts of the Homeostatic Adaptive Control 

System. The diagram in Fig. T-2 indicates the information channels of HACS 

and added channels due to biofeedback. 

The biofeedback process is highly dependent upon the kinds, quality and 
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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 of 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 is 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 from 

the biofeedback signal with internally percieved changes in mind 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 
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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 reward for correct performance. 

2) Stress reduction as biofeedback: 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 biofeedback 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 second, 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 physiological activity. 

The concept of higher ~ental 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 operating 

specifically to appreciate, to integrate and to direct biological 

activities, one can account for the influence of the numerous cognitive 

aspects of biofeedback procedures which appear to contribute to the 

widespread effectiveness of biofeedback in an extraordinary number of 

disorders. 

2.7 BIOFEEDBACK 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 patient 

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 
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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 steps 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 problem is rewied 

and discussed, the patient's past medical 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 the next session is made. 

2) Baseline session: The patient is introduced to the treatment room, 

phisiological measurement transducers are put on, about five minutes of 

resting baseline measurements are collected, and then measurements are made 
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while a relaxation exercise is presented, usually from 

Depending upon the complexity of the instrumentation, 

a tape recording. 

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 

experience with the home practice exercises. After 

discussion 

this has 

satisfactorily dealt with, the therapist will present some 

of the 

been 

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 is 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 ~ession9 the patient 

enters into a series of sesslons which begin with the discussion of the 

progress in home practice and of self observ~tion of symptoms. The 

transducers are applied and the patient begins the pr~ctice work with the 

biofeedback parameter, which is usually carried on during much of the rest 

of the sessions. 

5) Termination: When it becomes evident that the treatment goals are 
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reached and that symptoms are satisfactorily managed, the 

termination can be introduced into the dialogue. This is usually 

two or three sessions before the last one planned. The patient's 

to this are noted and responded to as indicated and when the time 

treatment is terminated. 

topic of 

at lea6t 

reactions 

arrives 

6) Treatment follow-up: Questionnaires can be routinely sent after 

periods following treatment or routine follow-up visits can be scheduled. 
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III. 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 them 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 and 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 
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The main difference between relaxation training and relaxation session is 

that relaxation training depends on an end-point 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 meditation, such as 

transcendental meditation, Zen meditation, Yogic meditation, and other 

types. Also it is not hard to recognize the similarity of all of these 

techniques to mild, self-limited hypnosis. The major difference between 

these techniques and relaxation training is the ease of learning both for 

the therapist and patients. This is also supported by use of a tape recorder 

and by elimination of all but the simplest instructions. 

The patient must agree to practice the relaxation procedure twice a day 

(tape listening). The patient must tell the home practice as detailed as 

possible to the therapist. 

3.3 SIMPLE CONCENTRATION 

In some cases ,ie an unusually nervous patient j t~p~ li~teninig 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. 
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In a typical elementary concentration exercise the patient is instructed to 

sit quietly in a comfortable chair three times a day. On each occasion he is 

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 

of 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. Alph~ 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 method 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 feedb~c~ have been used with 

about the same expectation of success if that p~tient's resting EEG 

frequency is within the range of 8-12 Hz, 

It is important that alpha training sessions are carried out in a pleasant, 

quiet setting, without disturbances. The alpha training itself usually 

involves about 30 minutes of continous work in a quiet roorn j 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 mind or 

ideas or it may be thought of more broadly as relating 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 is visual 

imagery. The capacity of imagery diminishes with increasing age. 

Mental imagery can be useful adjunction to biofeedback therapy and to 

relaxation task. In biofeedback, the patient may be asked to develop an 

image of the aspect of physiology that is being fed back and imagine it 

changing in the desired way. Practically, measurements often show that a 

change is achieved. A typical EMG biofeedback applic~tion is an example for 

the case. When the frontalis muscle is instrumented and is resistant to 

change, such as may be the case in the early treatQent session the patient 

can use imagery to visualise the muscle at its tense level and 

manipUlate the image to represent a change toward relaxation, 

then 

The 

manipUlation could be in the form 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 ones 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 and 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 a ~requenby range of 6-9 Hz. 

In presence of this slow frequency theta waves th~ body? mind and emotions 

are quiet and the individual experiences an increasing imagery. Slow wave 

EEG biofeedback training is suggested as an aid to 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 measures 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 50 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 a week or as 

frequent as each day, but should be continued until at least 200 minutes of 

training time have accumulated. 
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IV. SUMMARY OF BIOFEEDBACK TREATMENTS 

4.1 TREATMENTS FOR TENSION HEADACHES 

STUDY Budzynski, Stoyva, Adler 1970 

PATIENTS Female, age 29; female, age 33; female, "middle-aged"; 

female, "young high school teacher"; male, "middle-aged" 

BIOF. TREATMENT: Auditory feedback of frontal EMG during 30-min sessions, 2 

or 3 times weekly for at least 5 weeks 

OTHER TREATMENT Daily home practise 

**RESULTS 

SYMPTOMS Average hourly headache activity, subjectivel; rated from 0 

to 5, was reduced from a baseline average of .84 to .30 after the 4th week of 

training 

BID. FUNCTION : Average microvolt levels of EMG: baseline, 5.8; training 

week #1, 4.6; training week #2, 4.0; training week #3, 3.7; training week #4, 

3.5 

STUDY 

PATIENTS 

BIOF. TREAH1ENT 

twice weekly for 9 

Budzynski, Stoyva, Adler, Mullaney, 1973 

2 males, 16 females; average age, 36; range, 22 to 4~· 

Auditory feedback of frontal EMG during 30-mln sessions, 

OTHER TREATMENT: Home practice twice daily for 15 to 20 min 

uRESUL TS 

SYt1PTOMS Average hourly headache activity! subjectively rated from 0 
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to 5 , decreased from .5 during the baseline to .2 at the end of training to .1 

at 3-month follow-up 

BID. FUNCTION : Average microvolt levels of EMG: baseline, 10; training, 

3.9; 3-month follow-up, 3.9. Weekly headache activity was correlated (.90i 

with frontal EMG levels 

STUDY 

PATIENT 

BIOF. TREATMENT 

Chesney, Shelton, 1976 

22 females, 2 males 

Auditory and visual feedback of frontal EMG during eight, 

30-min feedback seSSIons twice weekly for 4 weeks 

OTHER TREATMENT : None reported 

**RESUL TS 

SYMPTOMS : Average levels during first and fourth weeks: headache 

frequency, 4.8 and 2.8; duration, 5.3 and 6.3 hours; severity on a scale of 

1 to 100, 52.3 and 32.5 

BID. FUNCTION 

STUDY 

PATIENTS 

: Data Unavailable 

Cox, Freundl i ch I Meyer, 1975 

20 females, 7 males; age range: 16 to 64; symptom durc,tion, 

1 to 39 yrs; average age, 11 

BIOF. TREATMENT: Auditory analogue feedback of frontal EMG during 30-min 

sessions twice weekly for four weeks 

OTHER TREATMENT: Cue controlled breathing immediately followIng feedback and 

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

medication 
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: Average levels during the baseline , 2-week follow-up, and 

4-month follow-up: headache index, 1.7, .6, and .6;duration 95,33, and 31; 

frequence, 18, .1, and 8; medication used, 34, 14, and 9; psychosomatic 

cheklist scores, 32, 13, and 17 

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

headache activity: .42 

STUDY 

PATIENTS 

Diamond, Medina, Diamond-Falk, DeVeno, 1979 

19 with muscle contraction headaches; 265 with combined 

muscle contraction and vascular headache 

BIOF. TREATMENT: Auditory analogue feedback of frontal EMG for 10 min and 

finger temperature for 20 min, 2 to 10 times weekly for up to 4 weeks 

OTHER TREATMENT 

weeks 

uRESULTS 

SYMPTOMS 

Relaxation exercises; home practice twice a day for up to 4 

: Percent stating that biofeedback helped their headaches: 

muscle contraction alone, 72; combined muscle contraction and vascular 

headach, 73 

BID. FUNCTION 

STUDY 

PATIENTS 

BIoF. TREATMENT 

Data unavailable 

Epstein, Hersen, Hemphill, 1974 

Male, age 39; symptom duration, 16 years 

Experiment one: auditory feedback of patient-selected music 

contingent upon reductions in frontal EMG during 24, 10-min sessions; 
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experiment two: lO-min auditory feedback and iO-min no-feedback segments in 

counter balanced order 

OTHER TREATMENT: While an inpatient in hospital (Exp. 1) Sinequan 25 mg. 

q.i.d., Phenobarbital 1.5 mg/day, Dilantin 300 mg/day; While an outpatient 

(Exp. 2) a placebo was administered with home relaxation instructions 

**RESUL T5 

SYMPTOMS : 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 64 of 66 days during the follow-up 

BID. 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 

STUDY 

PATIENTS 

BIOF. TREATMENT 

OTHER TREATMENT 

session 

**RESUL TS 

Epstein, Abel, 1977 

2 males, 4 females; average age, 32.8 

Feedback of frontal EMG during 16, 20-min sessions 

A 20-min "no-feedback" segment followed each feedback 

SYMPTOMS : Average hourly headache activity (rated 0-5): baseline, 2.2; 

treatment, 1.7; follow-up, 1.5 

BID. FUNCTION : Average uV level of frontal EMG: baseline, 19,4; feedback, 

17.8; follow-up, 20.6 

Treatments 
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Feuerstien j Adams, Beiman, 1976 

Female, age 67 with combined migraine and tension headache 

Feedback of frontal EMG for 20 min, once weekly for 6 weeks 

followed by feedback of cephalic vasomotor responses for 30 min, once weekly 

for 6 weeks 

OTHER TREATt1ENT 

uRESUL TS 

SYMPTOMS 

Home practice for 10 min, twice daily 

: Average weekly headache frequency: baseline, 4.4; EMG 

feedback, 1.8; baseline, 3.3; CVMR feedback\ 1.3; 8-\~eek follow-up, 2.5; 

average intensity (rated 1 to 4): baseline, 2.8; EMG feedback, 1.5; baseline 

2.1; CVMR feedback, 2.6; 8-week follow-up, 1.3; average duration: baseline 

15.8; EMG feedback, 4.6; 8-\~eek follow-up, 7.5; no headache reported for 3 

weeks during CVMR feedback; use of tranquilizers was reduced from 3 to 1 

during the study 

BID. FUNCTION Frequency of vasospasm during baseline, feedback! and 

baseline of sessions 5 and 6: EMG feedback; 7.7,5.3, and 2.9; CVMR feedback, 

.8, 1.1, and .4 

STUDY 

PATIENTS 

Freid, Lamberti I Sneed, 1977 

6 females; age range 31 to 47; 1 with tension headaches, 2 

with mixed tension and vascular headaches 

BIOF. TREATMENT: Home practice of skin temperature raiSing with a portable 

trainer twice daily 

OTHER TREATMENT: Autogenic phrases repeated twice daily for 2 weeks 
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preceding temperature training 

HRESUL TS 

SYMPTOMS : Number improved by more than 751.: 1 with tension headache, 

1 with mixed tension and vascular headache; number improved very little or 

questi onabl e: with mixed tension and vascular headache 

BID. FUNCTION : Data unavailable 

STUDY Haynes, Griffin, Mooney, Parise, 1975 

PATIENTS 7 males, 14 females; average age 20.9; average symptom 

duration, 5.2 years 

BrOF. TREATMENT: Feedback of frontal EMG during 20-min sessions, tWlce 

weekly for 3 weeks 

OTHER TREATMENT : None reported 

**RESULTS 

SYMPTOMS : Average levels during baseline, 1-week follow-up, and 5- to 

7-month follow-up: frequency, 5.5, 1.5, and 1.2; intensity, 3.4, 1.7, and 

4,1; duration, 4.7, 2.9, and 2.3; headache inde)1, 82.1,20.9, and 11.4 

BID. FUNCTION : Data unavailable 

STUDY Hutchings, Reinking, 1976 

PATIENTS 14 females, 4 males; average '")~ age, ... ) 

B I OF. TREATMENT Auditory analogue feedback of frontal EMG during 10, 15-min 

sessions 

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

situations 
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: By the end of a 28-day follow-up, 66% improved; composite 

headache scores (computed by multiplying the # of H.A. hours times the 

average iintensity for that day) were reduced from 10 prior to treatment, to 

6 during treatment, to 4 following treatment 

BIO. FUNCTION : Average level of EMG in microvoltsimin: 19 prior to 

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

STUDY 

PATIENTS 

8 to 45 months 

Kondo, Canter, 1977 

18 females, 2 males; age range 19 to 38; symptom duration, 

BIOF. TREATMENT: Auditory analogue feedback of frontal EMG during 20-min 

sessions every 1 or 2 days for 10 sessions 

OTHER TREATMENT : None reported 

HRESUL TS 

SYMPTOMS : Average number of headaches decreased from approx. 5.3 

during the 10 days preceding training to approx. 1.9 during training 

BIO. FUNCTION Average Mv levels of frontal EMG during the first and last 

5 mins of session #1: 27 and 22; during session #10: l5 and 10 

STUDY 

PATIENTS 

BIOF. TREATr1ENT 

weeks 

OTHER TREATMENT 

Treatments 

McKenzie, Ehrisman, Montgomery, Barnes,1974 

6 females! 1 male; average age, 33; range, 28 to 42 

Binary visual feedback of EEG activity twice weekly for 5 

None reported 
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: Average number of headache hours per week: 41 before 

treatment, 8 during treatment, 7 at I-month follow-up, 2 at 2-month follow-up 

BID. FUNCTION : Data unavailable 

STUDY 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 6 weeks 

OTHER TREATMENT : None reported 

**RESUL TS 

SYMPTOMS : Average pretreatment, posttreatment, and follow-up levels: 

intensity, 1.1, .8, and .2; frequency, 5.4, 3.8, and 2.2; average number of 

medications used: 6.5, 8.5, and 2.6 

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

2.9 and follow-up, 3.6 

STUDY 

PATIENTS 

headaches 

Raskin, Johnson, Rondestvedt, 1973 

6 males, 4 females; average age, 27; 4 had tension 

BIOF. TREATMENT: Auditory feedback of frontal EMG levels 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 
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once some progress was apparent; "pain medication for headache" 

**RESUL TS 

SYMPTOMS : 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 frequency and intensity •.• they learned to 

abort anticipated or beginning headaches and even to diminish the pain of an 

established headache" 

BID. 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 6 

weeks of training (range 2 to 12 weeks) 

STUDY 

PATIENTS 

BIOF. TREATMENT 

Reeves,1976 

Female, age 20 with a 5-year history of headache 

Auditory analogue feedback of frontal EMG during 20-min 

sessions, 3 times weekly for 6 weeks 

OTHER TREATMENT "Stress management" 15 min daily; "cognitive skills 

training" 

**RESUL TS 

SYMPTOM : Average hourly headache activity: baseline , 1.9; cognitive 

skills training, 1.2; biofeedba~k, .6; follow-up, .5 

BIO. FUNCTION : Average levels of frontal EMG (Mv rms): baseline, 9; 

biofeedback,5.9; follow-uP! 5 

Treatments 
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4.2 TREATMENTS FOR MIGRAINE HEADACHES 

STUDY Andreychuk, Skriver, 1975 

PATIENTS 33 volunteers 

B1 OF. TREATMENT Feedback of hand temperature for 45 min, once each week for 

10 weeks 

OTHER TREATMENT None reported 

uRESUL TS 

SYMPTOMS : Average scores on a headache index for patints scoring 

high on a hypnotic induction profile: baseline, 156; last 5 weeks of 

training, 48; average scrores for those scoring low on a hypnotic induction 

profile: baseline, 26; training, 17 

BID. FUNCTION : Data unavailable 

STUDY Bianchard, Theobald, Wiljiamson, Silver, Brown, 1978 

PATIENTS 25 females, 5 males; average age 39, range 21 to 77; 

average syptom duration 20 yrs, range 5 to 40 

BIOF. TREATMENT: Visual feedback of finger temperature during 30-min sessions, 

twice weekly for six weeks 

OTHER TREATMENT: Autogenic training and home practice of handwarming for 5 to 

10 minutes, 2 to 3 times each day 

uRESUL TS 

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

1 to 3 month follow-up: headache index, .74, .4, and .29; frequency, 3.2, 

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

Treatment 
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intensity, 3.0, 1.9; and 1.4 

BID. FUNCTION : Data unavailable 

STUDY Diamond, Medina, Diamond-Falk, De VenD; 1979 

PATIENTS 123 with vascular headaches, 265 with combined vascular and 

muscle contraction headaches; 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 exercises; home practice twice a day for up to 4 

weeks 

uRESUL TS 

SYI1PTOMS Percent stating that biofeedback helped their headaches: 

vascular headache alone, 77; mixed vascular and muscle contraction, 73 

BIO. FUNCTION 

STUDY 

PATIENTS 

BIOF. TREATMENT 

Data unavailable 

Drury, De Risi, Liberman, 1979 

2 males, 2 females; age range 29 to 65 

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 gener~te favor able expectations; 

relaxation training, imagenary, and home practice 

uRESUl TS 

SYPMTOMS Scores on a headache severity index (from 1 to 5) decreased 

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

Treatment 



by about 40i. 

BID. FUNCTION 
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: All patients raised finger skin temperature by at least 4 F 

within a session following 1 to 3 weeks of training 

STUDY 

PATIENTS 

BIOF. TREATMENT 

Feuerstein, Adams, 1977 

1 male, 1 female; average age 31 

Auditory feedback of frontal EMG during six sessions and 

temporal blood flow feedback during 6 sessions, each 20 min long 

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

**RESULTS 

SYMPTOMS Average levels per week during the base'line, training, and 

9-week follow-up; frequency, 2.8, 1.4, and .8; duration, 13, 14 , and 5; 

intensity, 1.9, 3.3, and 1.7 

BID. FUNCTION : Data unavailable 

STUDY Feuerstein, Adams, Belman, 1976 

PATIENTS Female, age 67 with combined migraine and tension 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 TREATMENT 

uRESULTS 

SYMPTOMS 

Home practice for 10 min twice daily 

: Average weekly headache frequency: baseline, 4.4; EMG 

feedback, 1.8; baseline, 3.3; CV~IR feedback, 1.3; 8-weekfollow-up, 2.5; 

average intensity (rated 1 to 4): baseline, 2.8; EMG feedback, 1.5; 

Treatment 
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bugline 2.1; CVMR feedbacK, 2.6; 8-week follow-up, 1.3; average duration: 

baseline 15.8; EMG feedback, 5.3; baseline, 9.9; CVMR feedback, 4.6, 8-week 

follow-up, 7.5; no headache reported for 3 weeks during CVMR feedback; use of 

tranquilizers was reduced from 3 to 1 during the study 

BID. FUNCTION Frequency of vasospasm during baseline, feedback, and 

baseline of sessions 5 and 6: EMG feedback, 7.7,5.3, and 2.9; CVMR 

feedback, .8, 1.1, and .4 

STUDY 

PATIENTS 

BIOF. TREATMENT 

Friar, Beatty! 1976 

16 females, 3 males; average age 30 

Auditory and visual feedback of skin temperature over the 

temporal artery during 8, 200-heartbeat trials in 3 weeks 

OTHER TREATMENT : None reported 

HRESUL TS 

SYMPTOMS : Compared to average levels in a 30-day baseline, major 

attacks were reduced by 46%, number of episodes wee reduced by 36%, intensity 

was reduced by 4%, and medication consumption was reduced by 45% 

BID. FUNCTION : Average pulse amplitude decreased by 16% during training 

4.3 RAYNAUD'S DIESEASE 

STUDY 

PATIENTS 

B I OF. TREATMENT 

20-min sessions 

Treatment 

Bl anchard! Haynes, 1975 

Femal e, age 28 

Feedback of changes in finger skin temperture during 2, 



OTHER TREATMENT 

uRESUL TS 

SYMPTOMS 
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None reported 

: 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 

PATIENTS 

B I OF. TREATMENT 

15-min sessions 

OTHER TREAH1ENT 

uRESUL TS 

SYMPTOt1S 

Jacobson, Hackett, Surman, Silverberg, 1973 

Male, age 31 

Feedback of changes in finger skin temperature during 4, 

Autohypnosis and thermal suggestions 

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 without experiencing a 

vasospasmodic attack 

BID. FUNCTION : Tempertures increased bilaterally from 3.9 C to 4.3 C 

during the final sessions; a 7 1/2 month follow up indicated that the subject 

was still as effective in controlling hand warmth as during training 

STUDY 

PATIENT 

BIOF. TREATMENT 

Treatment 

Peper (in Surwit, 1973) 

Femal e, age 50 

Feedback of changes in finger skin temperature during lO-min 
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sessions, twice daily for 30 days 

OTHER TREATMENT: Relaxation and autogenic training 

**RESUL T5 

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 

STUDY 

PATI ENTS 

BIOF. TREATMENT 

: Basal finger temperature of 75 F increased to 85 F 

5urwi t, 1973 

Female, age 21 

Feedback of left hand temperature for 30 min, 14 times 

during a three-week period; this was followed one month later with 20-min 

sessions twice weekly for 16 weeks and then at weekly intervals for six 

months 

OTHER TREATMENT: Relaxation, autogenic imagery, counseling, and 

assertiveness training 

**RE5UL T5 

SYMPTOMS : "Vasospasm,: in left hand and face" prlor to training; 

"markedly decre2,sed attacks" follo\~ing tt-aining; at one year follow-up, 

patient complained of pain even when skin temperatures were normal and 

reported losing all ability to control skin tem~erature 

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

bilaterally from 23 C to an average of 26.6 C 

STUDY Surwit, Pilon\ Fenton, 1978 

Treatment 
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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" technique 

**RESULTS 

SYMPTOMS : Average number of attacks decreased from 2.3 per day during 

the four weeks preceding training, to 1.6 during training; severity ratings 

also decreased 

BID. FUNCTION : Average increase of .3 C while listening to autogenic 

instruction; no other increases during the session; "the patients were able 

to maintain near normal levels of digital skin temperature after an hours 

exposure to ambient temperatures 17 Cn 

Treatment 
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2.4 TREATMENTS FOR ASTHMA 

STUDY Danker, Miklich, Pratt, Creer, 1975 

PATIENTS Study one: 6 male inpatients; age range 9 T.C Study two: 

5 male inpatients; age range 8 to 12 

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

flow rates during sessions involving 10 consecutive blows; study two: same as 

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

OTHER TREATMENT Medication 

**RESUL TS 

SYi1PTOt1S Data unavailable 

80. FUNCT I ON No improvement in peak flow rates in stud one; ~ of 5 

chi 1 d r ens howe d a s i 9 n i f i can t n u m be r 0 f "i in pro v e men t s e s SiD n s;' d u r , n 9 stu d Y 

two 

STUDY Davis, Saunders, Creer, Chai j 1973 

PATIENTS 24 children, age range 6 to 15 

BIOF. TREATt1ENT Auditory analogue feedback of fronta: EMG levels during 

Jacobsonian relaxation; each sessions lasted 30 mins! once daily for 5 days 

OTHER TREATMENT: Medication 

HRESUL TS 

SYMPTO~lS Data unavailable 

BID. FUNCTION Levels of frontal EMG averaged 19 microamps during 

feedback; peak expiratory flow rates increased by an average of 5 L/min 

Treatment 



STUDY 

PATIENTS 

BIOF. TREATMENT 
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Fei dman, 1976 

3 male and 1 female inpatients; age range 10 to 16 

Auditory analogue feedback of changes in total respiratory 

'resistance during 5-to 10-min sessions 

OTHER TREATMENT 

HRESUl TS 

SYMPTOMS 

BID. FUNCTION 

Medication 

Data unavailable 

Pre-to postfeedback changes expressed as a percent of the 

expected normal values: Peak flow, 63% to 66.8%; Maximum midexpiratory flow, 

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

STUDY 

PATIENTS 

BIOF. TREATMENT 

Khan, 1977 

80 children; age range 8 to 15 

Visual feedback for increases in FEV during 5 to 8, 50-min 

sessions in phase one; in phase two, the feedback was preceded by instigation 

of bronchoconstriction during 10 sessions 

OTHER TREATMENT: Medication 

uRESUlTS 

SYMPTOMS : Aveage levels during the 1st, 2nd, 3rd, and 4th quarters of 

the years following completion of training: number of attacks 23, 18, 12, and 

11; duration of attacks, 34, 27, 17, and 17; severity, 42, 3:'1 21, Elnd 20 

B 10. FUNCTON Following instigation of bronchial constriction, FEV level 

returned to basal averages 

STUDY Khan, Stae,-k. Bonk, 1973 

Treatment 
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PATIENTS 20 children; age range 8 to 16 

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 6 months 

after completion of training; instigation of bronchial constriction preceded 

feedback during the final 10 sessions 

OTHER TREATMENT: Medication 

uRESULTS 

SYMPTOMS : Average levels before and after training: medication 

frequency, 108 and 39; hospital emergency room visits l 88 and 13; number of 

attacks, 413 and 193; number of hospitalizations, 5 and 0 

BID. FUNCTION 

STUDY 

PATIENTS 

: Data unavailable 

Kotses, Glalls, Crl'lford, Edwards, Scherr, 1976 

27 male and 9 female asthmatic children in a summer 

treatment camp; age range 8 to 16 

BIOF. TREATMENT: Auditory analogue feedback of frontal EMG levels during up 

to 20-min sessions twice weekly for three weeks 

OTHER TREATMENT: Medication 

uRESUL TS 

SY~1PTOMS Data unavailable 

BID. FUNCTION Average uV levels of frontal EME in weeks Ul! 2, and 3: 16, 

10, and 12; average increases in peak flow rates (Llmin) during ~~eeks #1,2, 

and 3: 30, 28, and 27 

4.5 TREATMENTS FOR EPILEPSY 

Treatment 
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STUDY Cott, Pavloski, Black, 1979 

PATIENTS 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; sessions lasted 

40 mins, twice weekly for 6 weeks 

OTHER TREATMENT: Anticonvulsant medication 

**RESUL TS 

SYt1PTOMS 

BIO. FUNCTION 

Seizure frequency decreased for five people 

12 to 14 Hz activity increased in 3 people; 4 to 7 Hz 

activity decreased in five 

STUDY 

PATIENTS 

BIOF, TREATMENT 

Finley, Smith, Etherton, 1975 

Male, age 13 with 1i-year history of convulsions 

EEG was recorded from approximately C3 and F3 with 

reference at A2; auditory and visual feedback for increaSEs in 11 to 13 Hz 

activity and for decreases in 4 to 7 Hz activity during 45 sessions; Each 

session lasted 50 mins, 3 times weekly for about 6 months 

OTHER TREATMENT Valium 3(: ffig t.Ld, Phenobarbital 60110 Li.d. 

HRESUL TS 

SYNPTO~lS : Seizure rate per hour: baseline, 8; sessions 1 to 34, 2.7; 

sessions 35 to 80 , .7 

BIO. FUNCTION : Percent of 11 to 13 Hz activity in the EEG: baselIne, 10; 

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

Treatment 
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to 34 1 25; sessions 35 to 80, 19 

STUDY Finley, 1976 

PATIENTS ~1ale, age 15; same as studied by Finley, Smith! Etherton, 

1975 

BIOF. TREATMENT: EEG was recorded from approxlmateiy C3 and F3 wlth 

reference at A2; auditory and visual feedback for increases in 12 Hz activity 

in the absence of 5.5 Hz waveforms 

OTHER TREATMENT 

uRESUL TS 

SYPMTOMS 

Valium 30 mg Li.d" Phenooat-bital 60 mg t.i,d. 

: Seizure rate per hour: before false feedback, .30; falSE 

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

feedback 

BID. FUNCTION : Percent of 12 Hz activity in the EEG: before false 

feedback, 70; falSE' feedback, 63 aftel" false feedback\ 75; percent of 5,5 Hz 

activity in the EEG: before false feedback 

STUDY Finley, 1977 

PATIENTS t4ale, age 15 

B I OF, TREATNENT EEG was recorded from approximately C3 and F3 with a 

ref e I'"" en c e at A 2; aLi d ito I'"" y a Ii d v i sua 1 fee d b a c' f 01- 11 to 1 3 Hz act j vi t yin the 

absence of 4 to 7 Hz wavefroms 

OTHER TREAH1ENT 

**RESUL TS 

SYMPTONS 

Treatment 

i'ledication 

Seizure frequency decreased to less than one per hour 



BID. FUNCTION 

STUDY 

PATIENTS 

BIOF, TREATMENT 
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Percent of 5.5 Hz activity in the EEG: 15 

Johnson, Meyer, 1974 

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

EEG was recorded from O(z) and T4 with ground on right ear; 

alpha feedback followed by training of 6.5 to 9.5Hz activity 

OTHER TREATMENT: Two weeks of relaxation training; EMG training; medication 

uRESUL TS 

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

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

seizure per month was reported during the 3-month ~ollow-up 

BID. FUNCTION 

STUDY 

PATIENTS 

years 

Data unavailable 

Kaplan, 1975 

3 females, 1 male; seizure histories ranging from 6 to 21 

BIOF. TREATMENT: EEG was recorded from about C4 with reference at A2. 

Feedback for increases in 12 to 14 Hz activity during experiment one; 

feedback for increases in 6 to 12 Hz activity in experiment two; sessions 

lasted 30 mins, three times weekly for 3 to 4 months in experiment one and 

for 5 to 6 months in experiment two 

OTHER TREATt1ENT Range of anticonvulsants 

**RESUL is 

5YMF'TOt1S Average frequency of seizures: 207 prior to feedback, 202 

during experiment 1, 132 during experiment 2, and 60 after termination 

Treatment 
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BIO. FUNCTION No change in the proportion of 12 to 14 Hz activity present 

during experiment 1, no significant change in 6 to 12 Hz activity present 

during experiment 2 

S.,." n" lUUT Kuhlman, Allison, 1977 

PATIENTS 5 females; age range 14 to 42 

BIOF. TREATMENT EEG was recorded from C3 area; feedback of 9 to 14 Hz 

activity for 30 mins, three times weekly; false feedback (based on previous 

session EEGI for 30 mins, three times weekly for 4 weeks in phaSE one; 

ieedback of 9 to 14 Hz activity for 30 mins, three times WEekly for at least 

8 weeks in phase two 

OTHER TREATMENT: Anticonvulsants 

uRESUL TS 

SYMPTOt1S : Seizure activity decreased by 40% for two of five patients 

in 14 weeks, and decreased by 25% for 3 patients in 9 weeks~ seizure 

frequencies increased by 5% during false feedback 

BID, FUNCTION : No change in 9 to 14 Hz activity or in 3 to 6 Hz activity 

STUDY Luber, Bahler, 1976 

PATIENTS 6 studied by Seifert and Luber (1975) clus two additional 

pati ents 

BIOF. TREATMENT: EEG was recorded from C3-T3 on 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 Hz activity; sessions lasted 40 mins, three 

times weekly for about 7 months 

Treatment 
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OTHER TREATMENT Anticonvulsants 

uRESUL TS 

SYMPTOMS : Seizure frequency, duration and intensity decreased for 

some patients; two patients with multiple seizures per week have been 

seizures per week have been seizure free for up to one month 

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

sessions 

STUDY Seifert, Lubar, 1975 

PATIENTS 3 females j 3 males 

B I OF. TREAH1ENT EEG was recorded from left and right Rolandic cortex 10% 

and 30% off vertex with reference to ear; auditory and visual feedback of 6, 

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

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

OTHER TREATMENT: Anticonvulsants 

**RESUL TS 

SYMPTOMS : Seizure frequency decreased from an average of 72 per month 

before training to 24 per month after training 

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

training, 12.7; training, 12.7; slow wave activity decreased during training 

STUDY 

PATIENTS 

BIOF. TREATMENT 

Sterman, 1973 

4 epileptics 

EEG was recorded from approximately C3; visual feedback for 

increases in 12 to 14 Hz activity during 30- to 60-min sessions up tc 2 times 

Treatment 



weekly 

OTHER TREATMENT 

**RESULTS 

SYMPTOMS 

patients 

BIG .FUNCTION 

- 49 -

Anticonvulsants 

Lowest rates of seizure activity were achieved in all 

: Increases in 12 to 14 Hz activity was observed In all 

patients; decreases in abnormal low frequency discharge patterns 

STUDY Sterman, 1977a 

PATIENTS 1 female, 2 males; age range 19 to 28 

SIOF. TREATMENT EEG was recorded from approximately C3 and T3. and at P3 

and 01. Visual feedback for enhancement Dr suppression of either 12 to 15 Hz, 

6 to 9 Hz 18 to 23 Hz activity; lab sessions for! 

to 3 weeks followed by home training for 30 mlns 6 times weekly 

OTHER TREATMENT = Anticonvulsants 

**RESULTS 

SYMPTOMPS : By the end of training, seizures had ceased in two patients 

and decreased by 50% in the third 

BID. FUNCTION Training at both higher frequencies normalized the EEG. 

reducing abnormal low frequency Jaroxjsms 

STUDY Sterman, i977b 

PATIENTS Female, age 19; male, age 28 (same as studied by Sterman, 

1977a) 

BIOF. TREATMENT Same as in Sterman, 1976 

Treatment 



OTHER TREATMENT 

**RESUL TS 

SYMPTOMS 

BID. FUNCTION 
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Anticonvulsants 

Seizure frequency improved; see case study 

Training at both higher frequencies reduced epileptiform 

activity and increased 12 to 15 Hz sleep spindles 

Treatment 
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v. BIOFEEDBACK INSTRUMENTATION 

Main instruments used in biofeedback applications are EMG, 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 muscle 

as in relaxation related biofeedback and feedback to enhance potentials as in 

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 frontalis muscle 

located in the forehead. It has some advantages ~roffi the standpointof 

relaxation training; it is often a direct expressor of stress within the 

musculoskelatal system. It is not a postural muscle and therefore its activity 

can be reduced to very low potentials without regard tor positioning the 

patient, it is readily accessible for instrumentation, Any standart skin 

electrode such as the one provided with most biofeedback devices can be used. 

It must be placed on the forehead, approximately 1.5 inches above the center 

of each eyebow. The skin 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-~o5t surface 

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

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

For frontalis biofeedback applications two recording electrodes and a ground 

electrode in the .iddle of them are used. In most cases the resistance between 

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

Some devices have logarithmic scales and usually do not require sensitivity or 

threshold settings. When using such a device, the task is simply to move the 

needle of the ~eter 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 saall 

reductions in muscle activity to be detected, but insensitive 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 reduc. 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 forearm, 

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 

electrodes should be placed approximately 2 inches apart over the most 

pro~inent 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 muscle. 

Movement which is a result of some muscle activity and EC6 signals (in most 

EMS 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. ECG 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 usee, an average of 5uV 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. When 20uV is exceeded, 

the initial goal is usually to reduce the activity to one-half of the baseline 

level~. 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 

5uV is reached. 

When biofeedback is used to reinstate muscle function as in neuromuscular 

re-education, the biofeedback task is to increase levels of muscle 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 is 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 apposite 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 transducer. 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 around the finger at an angle 

rather than like a ring in order to reduce the posslblity 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 minutes 

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. If 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 to begin 

learning to control temperature variations. When the needle moves in 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 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 

temper3ture. If 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 is 

higher than when they are apart so that air circulation between them can cool 

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

5.3 EEG FEEDBACK 

The signal can be detected from the surface of the scalp by applying EEG 

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 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 1 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 to the external 

occipitial protuberance, the prominent point located earlier, A second line 

should be imagined running from the external auditQry 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. Where these imaginary lines cross at the top of the 

head is called the vertex. Starting at the vertex and moving 2 in along the 

imaginary line toward the left external auditory meatus will locate the 5ite 

for t~e reference electrode if it is to be located on the left and recorded 
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against an electrode placed at the left occipital location. Active and 

reference electrodes must be on the same side since the two hemispheres emit 

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 technique. 

Required adjustments usually include setting the filters to detect only 

frequencies within the alpha bandwith of 8-12 Hz. The sensitivity adjustment 

is sometimes labeled "amplitude" on an EEG machine. The threshold adjustment 

determines how much of the alpha that the machine is d~tecting is to be 

considered for feedback. 
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If 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 is 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 room 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 maintained 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 method 

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. If 

the machine quantifies in a standart unit of measurp. j such as the microvolt, 

then the goal should be in the range of achieving 140 !. 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 determining 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 is enhanced 

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

5.4 HEART RATE AND HEART RHYTHMS 

Heart rate and heart rhythms are sometimes 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. Such devices 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 used 

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 EeG complex is shown 
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to the patient on an oscilloscope. Goals of heart rate feedback depends upon 

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 irtery 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 is 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 EMG FEEDBACK EQUIPMENT 

FUNCTION; The portable EMG biofeedback unit is designed to detect muscle 

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 configuration 

shown in Fig. E-l 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. 

EQUIPMENT SPECIFICATIONS 

Input impedance: 

Input configuration 

CMRR (at power line freq.) 

Biofeedback Equipments 

>1 MOhm 

differential input preamplifier 

>80 dB 



Bandwith : 

Amplitude: 

Time contant of O/P circuit 

Electrodes (type) : 

Electrodes (material) 

Input equivalent noise: 
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20 Hz - 1 kHz 

1-100 uV rms 

0.25 sec - 1 sec 

skin surface electrodes 

Ag/AgCl (preferred), stainless steel 

<1 uV 

For monitoring muscle activity in the neck or back region, a lower frequency 

cut-off of lOO-Hz can help to eliminate ECG 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 just 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 modes of feedback are 

present, then this system is very valuable in EMG applications. The most 

common auditory feedback used is a clicking sound or tone that increases in 

frequency as the input signal increases in amplitude, Visual feedback is 

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 j 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 amplitudes. The latter 

method has the advantage of providing a larger meter deflection for a given 

change 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, so it fulfills the function of the arrow 3 in Fig T-2. The 

transducer is usually a thermistor which is usually taped to the skin with a 

small piece of adhesive tape. The temperature measurement is usually read from 

a meter calibrated to read in degrees. 

SAFETY: Since most temperature feedback equipments ~re 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 from 

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 frequency of which is 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 is 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 

fulfills the function of arrow 3 in Fig, T-2 because GSR is a reflection of 

autonomic nervous system activity. This parameter is sonetimes referred to as 

electrodermal response ( EDR ) or skin potential response ( SPR ) j 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 

hazards 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 rms). 

The instruments should be capable of accepting basal skin impedance from 2 to 

2000 kOhms and should reflect resistance changes as small as 200 Ohms. To 

display phasic changes adequatly, the indicating device should be AC coupled 

to the input signal through a circuit having a time constant of 3 to 5 

seconds. 

FEEDBACK MODALITIES: While accurate measurements of the basal resistance level 

is sometimes done in research work and may someday be important 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 design~d to detect and amplify 

electrical signals generated by the brain j discriminate mwong the various 

frequency components, and give information to the subject concerning the 

amplitude or frequency of these components. This equipment fulfills the 

function of feedback arrow 1 in Fig. T-2. Skin surf~ce electrodes are used as 

signal transducer and other components are as shown in Fig, E-1 9 namely signal 

Biofeedback Equipments 



- 66 -

amplifier, signal processor, and signal display. The types are alpha, theta 

and beta feedback equipments. 

SAFETY: All part of the unit should be battery operated or be isolated 

electrically through the use of optical or magnetic transformer 

techniques. 

EQUIPMENT SPECIFICATIONS 

Input conf i gur ati on di fferenti al input stage 

Input impedance . > 2 NOhms . 
Input noise level < 0.5 uV rills 

Input signal level : 1. 5 uV - 35 uV rms 

CMRR (at power 1 i ne freq. ) > 80 dB 

Input dc current . < 50 nA . 
Bandwith (alpha &c theta) 4 Hz - 13 Hz 

Bandwith (beta) 4 Hz - 28 Hz 

Electrodes : Ag/AgCl 

A desirable feature is the incorporation of artif~ct 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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octave 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 

method is utilized, feedback should appear to be instantaneous, lagging the 

onset of the triggering signal by not more than 0.5 seconds. It is important 

that information come as soon 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 is a data acquisition system for biofeedback 

sessions. Firstly, it can be used during a biofeedback session to monitor the 

physiological variable under 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 letting 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 analog to 

digital converter module. The AID (analog to digital) module gets the analog 

signal from an equipment used in biofeedback training such as EMG 

(Electromyogram), GSR <Galvanic Skin Response), thermometer for skin 

temperature feedback, converts it into a digital word and places it into the 

memory of the computer under the control of the associated computer program 

(AID control program). Once the data is put into the memory, the computer can 

plot the graph which reflects the data obtained during the session on the CRT 

Digital Biofeedback Monitor 



- 69 -

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 mV 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 3.5 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 systea. CPC 6128 is 

a personal computer with a CRT monitor and integrated disc driver. A Z80A CPU 

controls the computer unit with a 4 MHz clock frequency. The computer unit 

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

The expansion port of the computer is used to interface the AID 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 to select the the PIO 

(Peripheral Interface Adapter) at the adresses FBFO, FBF1, FBF2, FBF3 (all 

hexadecimal numbers) when IORQ signal of ZSO CPU is low. 2X74LS30, lC4 and 

Ie6, eight input NAND gates, together with a 74LS04, 1C5, 6XINVERTER serve as 

the address decoder circuit (Refer to Fig H-l). PIO interfaces the computer to 

the AID circuit. The method used in analog to digital conversion is SUCCESSIVE 

APPROXIMATION METHOD. AID circuit is implemented by a D/A (Digital to Analog) 
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converter, a 1408, IC2 and a successive approximation register, a MC14549, 

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

LM 301 OP-AMP, ICIO. 

The working principle of the successive approximation method is as follows: 

When the necessary timing signals are received from the PIO, then SAR 

initiates a conversion cycle. First it puts 10000000 (binary) to the input of 

DIA which generates an associated output current which is converted by IC9 to 

voltage and compargd with the input voltage by the comparator, ICIO. If the 

input voltage is greater than the generated voltage, then second most 

significant bit is also set by SAR 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 AID 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 ICB, a 

7BL05, and an adjustable resistor R3. This reference current has been adjusted 

to 1 mAo Since R4, resistor of the current to voltage comparator, is 10 kOhms 
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full scale voltage for sa~pl1ng is 10 V, which is the product of reference 

current and R4. It means that 10 V corresponds to the digital word FF (255) 

and one digital unit (corresponding to the word 01) is 10/256 V, due to eight 

bit sampling. To cascaded amplifiers (IC12 and IC1t) amplify the input signal 

(full scale 200 mV) 50 times to reach the necessary level for sampling (10 V 

full scale). 

A 4.7 V zener diode, D1, and R1 adjust the voltage levels between the 

comparator and the SAR D-input. IC7 functio~s as an oscillator to generate the 

necessary clock pulse for SAR, in form of a multivibrator, consisting of a 

resistor, R2, and a capacitor, Cl, besides IC7. 
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AID CONVERSION SERIES ~ PART V 

SUCCESSIVE APPROXIMAnON 
ND CONVERSION 

INTROOucnON 

This trutiSf concerru Ihc SUCctUlvt' ApprOllUNllOn 
trpt of araIOS-lo-dlgitJI converler. The que~lion' of why. 
where, and he'll!' 10 we the S/A sYltem ...,11 be diu:uu,ed 
alon, with the hui, theory of optnllon ilnd analysIS In ad­
ditton, some or the rtccnt .dvance1 in monolilhic slue"r· 
the..arl dnicn applied 10 the SI A system IoI.iI be described. 

HISTORY 

Through the rnn Iht Succeul''Ie ApprOXlrNllOn type 
of AID tas nl.bhshed It~tlf is Ihc moll populu lySltm 
for medium lp<cd i1pphCallonl. th<ll ii, COn\lNlIOn tUlle'S 
on the order of 500 ru/b'I There arc several rc:uonl for 
the domirancc of thc Succeulvc ApprOXlm:.iIIOn or S/" 
tyl.1tm Nlmely. the system h.u wmc vtry dt'\lrablc oper­
ahoru) fUlwei In addition to I high \pt'Cd/lccurlcy 
product All Ihll coupled Wllh low system coS! ;Jind ease 
of C:OlUtrU(tlon .ccount for Ihe tyuem', populmly. AI!.O, 
like all of the AID syllems whKh nukt Utt of ~ D/A con· 
~rter In. feedb.ck ~op. the CflhCl1. Iccuuey dttermLrllng 
oomp:.:ments In in the D/A It~tlf Th;, means one need 
only purch.u.e I OJA With the demed t.peed and lccuracy 
~clfiCltlOns Ind not have to be concerned wllh thete 
panmeters;. wry delolublt future mdted! 

With tilt adw:nt of the monoillhlc DIA severll yean 
ICO, the S/A system receivtd Inaddillorul t.hoim tne lrm 
Not only did the monolithic D/A', sLmpllfy the conslruc· 
tion, but sU~Unlially decrtas.ed [oul system cosl while 
inc:reulnl both reliability lnd tempcrllure pc: r fotlTU nee. 

Recently another product has Ippt:Hed on the market 
Yihich nukrs the S/A system even more Iltncliw:. A digl' 
uJ MSI function known as the Successive ApptoxinuHon 
stonge Regiuel Of SAR. This block contains III of the 
Iog.k lnd digltll circuilry requued 10 nuke an SI A type of 
AJD system. AI wLth the cue of Ihe monolithic D/A, the 
SAR nuus the S/A syuem more ecollOmical, eUler to 
corulruct Ind incrUst's the tocil system reillbilily. An· 
other adVJntage of the SAR is Ihal it reduces the lotal 
J)'lttm power significantly. 

lliEORY OF OPERA TION 

As Iht theory of openlion of the S/A type of AID IS 
quitt ""'ell documented and av::!lllable in many texts on 
AID 'ysltms, it wLlI nol be deall with rigorously here 

However. I brief outline of tht basic system operation 
will bf' giwn in order 10 define aUf tum' (Of Ihe succeed. 
ing portions of the ulicle. 

FIgure I shows the baSIC block diagram of tht system. 
In openlion, Ihe sySltm enabl" the bilS of the D/A one 
II a lime, Slarting with the nXHI,slgniricant·bit. (MSB) 
AI tach bit is enabled, the comp.arJtor gives an output 
signifring that the inpul Signal is ",eater or leu In ampll. 
tude than the output of the D/A, Ir the DfA output IS 
grnltr ttun Ihe input signal. the bit is "'tsel" or turned 
ofr. The system doe! thiS Wllh Ihe MSB first. then Ihe 
nex! mou signlftcanl bit. Ihtn the nexl, etc. After allihe 
bllS of the O/A have been tmd, the con~rslOn cycle LS 
complete. Althl1tLme, another converslOn cycle is 'luted. 

VOII~. 

~" 

s .... 
Q"tpwl 

flCURE 1 - a .. ", 8Lod: 0,..", 0' SIlC~'" "'pptox.",.llOft 
""0 SvIl_ 

The operation of the system C4n usily be UndefSf()l)d by 
refemng to Figure 2 This cartoon shaWl the system in 
Jctwloptration. 

At the slart of the conversion cycle. the MSB of the 
OrA LS enabled, pres.entlng a \'O!tage 10 the comparator of 
h.llf-icale or Vre f!2. The comparalor makes J decision as 
to which of its Iwo inputs are greltef Ind givu Ihe ap-
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propriat~ output, I high ir Vin is the greater .nd a 10 .... 
if Ihe DIA output 'roILlge i$ the largest. The S{A stonge 
regi$ler Ihen turns off the MSB ir Ihe comparllor i, low. 
This proceu is repelted ,eQ~nlially ror each bil of 
the ,yslem. 

In Ihe eumple of flgufe 2. we I.tt Ihe MSB WtS en: 
abled and was less than Vin. Therefore, tnt MSB wu 
kft on lnd the I.tcond MSO WIS enabled. When the SC'cond 
MSB. or Vref/4. was added to the fT\3inltude of Vre f/2. 
the ,urn was grt;iler ttun Vin . Therefore, Ihe ,econd MSD. 
Vre f/4. was dLubled (u 'hown In the cartoon.) NUl, the 
third MSB wu tried ;)Iod the ,urn \IoU leu than Yin so Inll 

bit wu lefl tugh. AI the pruent time. tnc stonge re&Uler 

bit. In thtS ~y, the Succnsi~ ApproXimation AJD &iYes 
I urial OUlput during con'lt'nion .nd a panlle! output 
belween con\ltruon CYc\t1.. 

L\!PLEMENT A nON 

Figute 3 shOWl I scherrutic di.alnm of In 51 A rypc 
AID using a monolithic DfA Ind I CMOS SAR. The sYltem 
rrquires 1 tot&! 0(" IC". at a system cost of lell than S20. 
As shown, the system opent" on +5 and -IS 'tOil 1Up" 
plies. reqUires approxHNtely 2(X) mW o( power, and wail 
opente II 2 ~blt c:onvtrsion ratn 

'W'lIh Ihe exception t~t I current OUtpul Of A II beinC 

flCURE 2 - A .... !09v 01 .... 1/ ... Tv.,. 0' A/O Svu_ 

ts tUfnlng on Ihe fourth MSB, or Vre fll6 Wt see nUllhe 
sum Will surpass Vin ;ind the comparltor IS geltlng ready 
10 "dluble" the fourth MSB In th,s example. Wt h.we 
only shuwn fout-bJts, but tht operation can be extended 
to ;u many iiS deSIred. After the conwr~lon cycle hu com· 
pleted the ;Jiddrel$ of the D/A IS the pUlllel binary word 
outpul of the AID. 

The sena! output of the system IS Ilken from Ihe out· 
pul of the compar;itor ~'hlle the system IS In the conyer· 
yon cycle. the compJrator output will be eIther low Of 

htgh. cOflt1.ponJlng to Ihe dlgll;J1 ~IJte or the re~pt'ctlve 
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w.ed. th(' CLrCUlt shown In FLgure 3 oper~tes euctly u 
Jt<;crlbed In Ihe theory of oper~tKlm section 

In opt'nllon, the mpul 'o'011::Ige Vin. dn~ In MLM30IA 
01' ~mp connected IS I non·lnvertlng, unily-ga'cn buffer. 
This tS SImply \0 tumble Impedances so thai the im­
pcdlnce of th~ dnVlng source has no .rfect on the 
AID's output 

The output of the DIA IS a current tlnk: proporhorul 
to the reference curren I Ird Ind the digitlJ IIfOrd on the 
addreu hnM Qf thoe D/A: inputs A I thtu AS. The diptll 
word Inpul to the D/A will be repre\otnted by X. 
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1" 0 ........ «: I,.,. < •. 0".... '1.0 'V 

10C \11 0 Co_ .... I0 ... 

"M JIII ... ~ Mod_ 

I' T'~O~-.d Mod. 0 I.' ...... 
o Tritger 

FKHJfU J - ... It ~ "'",,"oal_tlO" A/o 
~t'cD .......... 

(I) Ie 'Irt f' X 
and 

(2) l .. f· V"f/RI 
'l¥b<rt Ie is I .. output cumnt link of lilt OIA, 

The YOltqc 00 tbt output o( tht O/A, Yo. is I runction o( 
V ln ,nd tht output current of the D/A. 

(3) Vo ·V ... R210 

Tbe comparltor, Al. compares Va to V ofhet whdl 
is -1/2 1-58, 

Jr Vo tI Jruttr than V ofhtl lhe output" of the com· 
pantor iJ • "ont". 

Fun saJc 'fOlia,c (111111111, of the system u ut up 
W15 2..56 "fOitl. This P'f'H each LSD I nJue o( 10 mY. 
Any "Iut of full sale could be chown as ~n, II one 
dot1 oot UlurltC the input buffer amphf~r (input "OhaIr 
rmm stly .bout 1 volt below lilt politi," supply of the 
~p to ktep ,t out o( utunhon), Ind the Equahons 
(A) and (8) a .. fono ... d, EQualions (A) and (8) arc .hown 
";th Feure J. 

Ci.libnlioa of the syucm is ¥C"ry ul)'. Simply put I 
~lar of full acall minUl 1/2 LS8 into the input Ind 
adjust tha (uO scait aUbrale pot (R) to puk.t the tfln­
lilion from 11111110 to 11111II1 OCCUIlt this point. 

Now put In input of t 1/2 LSB into the syuem and Idjust 
the offltt IdjuSi pot 10 Itl the OC)(X)(XX)() 10 (XXX)(XX)I 
tun~tK>n to occur al this point. Since the two adjlUt. 
ment described are wmewhat inleractivt it m.y be nCefl­
sacy to 10 through the procedure more th.1n once. 

As stated t.1rlifr the system will run nicely It 2 J.LlIbil 
livin, a total conversion of (ntl) x 2 J.I.l.. In this Ctlt, n 
is 8 w the system tus I convenion time of 9 I 2 or 
18 lotS. The Pfimary limit of speed in the system il the 
prop1iJtion delay time of the compllator (MLM30IA) and 
thc SAR. The proplplion delay lime fOI the )olA Ls on 
the order of 1 ~ with I 5 mV over drivc. The propaguJon 
d<loy of the SAR b about 450 na 1\ S vol", Addlnl 
the prop dtlays ,i'Yts about 1.5 lIS. When the seuing time 
o( the O/A ia added in, about 250 nl, we s.cc the total i. 
1.75 14. Hcncc the openlLonaJ IiIUft of 2 #UJbit. Optr­
aHonll wavdorms Irt Ihown in Filurci 5 and 6. 

Filure " sho ..... I ICherrutic of Inother 'Yltem which i. 
very limilar to the one in Figult J except that the SAR 
it runnin, on tl2 vein and I MCI110C camp-rator is 
!JS(d with I one tnn~stor I~yel translator on ita output. 
At 12 "Olu VOO on thl SAR iu prop delay is typically 
135 ftI. The companlor and level (raculltor h.u I lotll 
pt'op dellY of lbout 50 N. Now the total delay time I, 

I)S OJ (or the SAR, 50 n, ror Ihe compualor Ind the 
2SO nl for Ihc D/"". 

ThiS gi~s I toul time o( .0.5 nl/bil or a 2 MHz clock. 
nle. Tolll convtnion time for thi, syslem II 500 ru x 9 
or 4 . .5 pj. The COli of Ihe high speed Iyslem IS about the 
ume II the lower spted vtnion but it requirM Kwul 
mort componentl and the addition of OM mort power 
supply, II well as tequidnl about 400 mW of po'flr"tr. 
Accuncy, calibulion and optralion of the high .peed 
version are e:o.clly the umc as dtscri~d (or the lower 
'PCed system. Therefore, for dock. speeds up to .500 kHz 
the circUit shown in Figure J iJ adequale. Howenr where 
higher Il'tWS Ire required, up to 2 MHz, Ihe system shown 
In Figure 4 should be IAcd. 

' ... 
]0 p' 'V,.'~Ir<ri 

!, " .J ~ <. i' 
wouJd be truncated to 4-bits and t.ht WC14S-49B \lJt.d (Of 

the rem.tinin, S. For mort inrormation on CUCJdina or 
thc SAR chips tel the MCI-4SS98 diU sheet. 

In this trullSc, only biNIY coded AID SystCTnl hi .... 
b(en dtscuned. AU of th..: circuits sho .... n hen and th. 
theory put forth IPply eqtally well to systcms of BCD 
codmg. or in most au-I 10 non-linearly weighted syllems. 
1bc only stipulation btin& that the O/A used is monotonk:. 
EvtrythIOI in tile circuits lhown would be the ume for 
Ihest laS! two Clsn u.cept th..at the D/A convfltns would 
hlvc I different I(anlfer function . 

SYSTEM ACCURACY 

The Succcuivc Appro1mut;on AID SYSirm hll se""enl 

" 
'. 

~1400L C 000,' 

~IO I" ("1-40 v 
A] AJ ..... AS ... , "'8 

to 111 In 

111 \, \..\..\..\.. l}~~ 
00 at 02 OJ a.. 01 01 01 

50 ~ , .0 Ou~~(101 
t.tCt"61081 

loci" o Conv!:::,:'aOCI 

fI, .. "u," U..o. 

tA}' v~~ • ~'21 
III 0.1 ~ < I.~" •. 0 mA .12." J1 T''''-«f~ 0 1 ........... o Tt .... 

"OUlII.( ,- '''tt~ .... "'~.w...t"" AIO 
s.ct-tic ow.., H .... ~ v ... 

80lh of thc AID Iyuenu dClCfibed in this pa~r lte 
8-b1t IYllenu. I( daired I 4.5,6, or 7-bit .Yltem could 
be implemented usine the gme conrtlufltion IS shown 
in Figure J ot Ftguft 4. The only chance ~in, the trun­
cation or the len&lh of the SAR. 1ft Fiaure 7. Note tlut 
fot I 6·bil.yllem only I lrblt accurllc Df"" iJ reqwrcd. 

If 11)'11"" of mort than &-hila. "'lund. the 1oC14SS98 
may be mead.d with th< MC1H~98 10 mIke an SAR of 
anythlnl f,om 9 10 l~blta. F", 124 ... the MC14SS98 

SJutC11 o( crror. They In, QuanJlinhon error, D/A ac. 
cuncy, Com~rator pin, Off~t 'fOhlICS o( component!. 
and D/A ~tthn, timc. To ,et I (eel fOf the rdlti .... 1'l1IvU­
tude of c.ch o( these. they will bt ulmi.ned indi'ridUlny 
in dellil. 

Qua.nitizatioD error is thai error in her en I in ewry AID 
I}'1tem. It c;o~. (rom the fact lha.& 1M smalleu lncr~rncnl 
the tyUcm c.an rnoh .... tin of I qtJ&ntintiOn unit. 
Tlul iJ; In III-bit AiD lw 2" eqw.1 quanitit.atioa lntts. 

~, 1 d ,~ 
_~il.." 104 v ;=;" L j. 104 
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FIGUR( 1 _ 

Theft art 1n POHlhlt' d'gu.,l ""OIJ~ tht AiD coin ~Ivt ~~ ~n 
output, tAch rtprO:lC'nllni unt uf the 10 JI~Cfelt It~!\ 

S1nCt thert U~ no .... ·orJ' In bC[Wten thue =n WOld" .. 

'K)lt~gt' thai" bel..,,·an t ...... o k~1s mUlt bt rtpfntnttJ hy 
unt' III tht allitr. u~wll'l tilt dUl-tll llnt For e-'Jmplt 

Iht ~CI\UI ~Iut of Iht Input vllltlst cuulJ ht tlLJClly h"lf 
'.I"~y bo:t ... ctn two Inels ~nd Ihc AID woulJ rtptt'l.tnl It 

...... \11'1 ont or Iht othtr of tht [WO word~ In thl\ CUt tht 
ly,tcm would be In trror +1/2 qu.,nlllUtlOn un,1 If tht 

upper loti were rtJJ out. and -1/1 qUJnl\,z.,llon un II If 
tht lowtt loti Wert rt~d {Jut Tht m.H.lmum ttrOr htre IS 

1/2 qUHlItl1.4tlon unit In mmt A/D sysltms. and In 

p:;artlCulJr Iht1 one, tht qwntllUllon unl[ .. nd the LSB Ht 

H\ttrdunpble Glvtn thl'_ [ht S/A typtof AiD hH I budt 

In qwnllll..1110n rrtor of +1/2 L')B 
Tht dlgll~I·lo-'IOAlo, cOnvtfltr ZIVU an .. naloJ UUIPUl 

dependtnt ulXln the It(trtnct Jnd Iht dlltl!a! wwd on HI 

inputs. Tht accuracy of the D/A depend, on ho .. cl\)~ly 

tht 3CiWlI analog OU[PUI of tht O/A matchts the IJt~1 

value de\wbrd hy d,e Idtlrnl-O: Ind Ihe digital word Inpu! 

In order fIll a D/A 10 bt n-blt ..,ccur:ilte,the Inalt)1t uutpU! 

mml not deVlalt from the IJt.,1 ~1ut by mOlt Ihin tJ/2 uf 

Iht ltUI sigOl(IQnt hil Tht V";llu(' or tht lSB IS Inn of 

rtftfence 

Tho: comparator IS ~\~tntl~lly a 11I1~.,r deVice ani.! u 

such has a certain ~mount or v{)\tagt gJIIl. If tht "'l,)lt~gt 

g;un of tht dtvice IS anything kss than inrlnlty, Ihe dlf­

re renlla1 input ... oIIJ~t r('quH~d to s""'llch the comp.!ralor 

cutpUI from one ~tilt to Ihe othtr,cil11! Vd.IS grnlo:r 

than uro Tht n1ut o( Vd Ii Simply Ihe logiC l ..... If\~ of 

the COmp:llalOI dlvido:d by thr opt'n loop gaIn If the 

dl(f~ltntul Input vollagt 10 the cumpil3tof 11 leu thIn 

Vd, Ihe Cnmp;ilfator's Dutpul CJnnol b(' ~wrant((d 10 bt 

I logic one or UfO. If wt uy tht thrn.hold of Ihe com· 

parator IS half wly throu~h thiS uncert~lnty Iqlon, thtn 

W~ must allow an trror of up \0 Vd/2 due tn the com­

pi! r~ to,', finilt g~ln 

Tht'ro: art Ihro:e ~ourccs o( off s.et "VOltage error In Ihe 

sy\[cm of Figurt 3. Ont IS tht offstl voltigt of Iht Input 

burftr ampllfltr. Anolher I~ thc off!otl vo\ta,e of tht 
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~·(lInp;.lr"tof HHj tht Ih.rd 1\ ml~dJu,trt">tnt of tht o(fu-I 

IJIU\[ pUI 

Tht f((\t 1 ..... 0 or(W't v\)I!~g.n lTltntloncd 1ft Inherent In 

Iht dC'vl~t'"\ u\('d .nd .rt fn,C'd. Ulu .. lly rhr'f' 1ft on the 

()flitr of .tw,)ul t = mV for o; .. m~r,~1 gnd~ componrn{, 
Thq· He r'Hd ,nJ un bt CHII)' c<,mptnUltd for by thl 

uffU't ,dJu\tmt'nt Doer they lfe aJJusttJ for. anl only 

nad to bt cnnctrntd w.th thtlt dlanl!ln~ nlut dUe" to 
ttmptr~ture or Jgc 

In pr~ctlct.lhe stilling Ilme of the DIA 1\ uswlly nol ~ 

'.!.JurCe of error I[ IS mentlontd hert only is a ... ord of 
'.:3Ul10n beou~ If Iho: OIA IS nol given lifT)( 10 Knit II 

;:;on be I wurCt o( er~or In Of A SPO:ClrlCltlOnl, I rlgurc 

l.lf [Imt IS &1' .. tn fOf tht O/A (o lettle to W!'T'M! lpo:Clr" 

"mourH of ~ccuncy ThiS mtHn th.ot onct tht dltJla! 

"old On the Input o( tht O/A ~s bto:n chln,~d,1 certaIn 

nllnlmum UDounl of t\l'TW Ii r~qulftd berort tht D/A'l 

In..,I0t', output can b< gLUran[ttd fall wl\h.Jn IJV"tn .,ceutlC)' 

ItmlH Therrfort when dULgnlng an SIA f)'utm, the cluck. 

ptrlod mU\1 bt long tnough to Jive tht SA R Ifxi comparl' 

lOr !Imt to (unctIon In aJdltlOn to llvlngtht OIA tlmt \0 

~tl1t {o the dnlltd accuracy Nolr ~h.o IhJt JlI of theu 

eVtnts 1ft u'qurntlll That IS, IhF SAR mull tlV( the 

proper aoJltu 10 thr D/A,Ihtn tht D/A mult be allowtd 

10 \tltle and thtn tune must br aflowed (or Ihe compafllor 

10 rO:~l"t All thrs must be allowed to h.,tpptn .... llhin ()ne 
clock prflod 

G,.~en tht sourcel of tlror II rxphlntd tar iter , leI U$ 

now tum,ne tht circulI ofFlgurt 3 and try to t\tltT\ltt tht 
tOll,1 syuem IccurlC)' 

Flrsl o( all. thero: II Ihe qwnltlUtlOn Uncrrllinty or 

tl/l LSB In addition to 11'111 'We mwt add Ihe error dut 

to the 01 A con'lfC.'rltr Uswlly I Of A hll an tHOr speci· 
flCltion o( 11/2 LSB. &Ithough II could bt' belief or 

W()f~. d~pcndlnt on the Of A 

In It·\\s tX.lmple (Figure J) tht MCI408L Ciln be pur­

chHed With accuracy spo:a of 6, 7 or g·blts 8--b,IICC .. Hacy 

lmplltl trior of nO more tha.n 11/1 of ont put out o( 

ZS6 Of :t ont part In 512. So for In S-bltlYltem II ~OW1l. 

the O/A contrlbut~s a m..1l.1mUm o( tl/2 LSB. Since tht 

I 
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GlUfU{IUI".H! ~"0r ~nd (he OIA ~rrur an: HH.k;X-IlJe-nl. 

woru CAs.t trror IS l!mply the sum Of ! one LSB In addl­

Iton, t!wlt a the trror conlllt"iulcd b) tht ..:urnpHJluf ~nd 

I~ HlpUI burrel AI. H.llrd t~rllCI the' U ((10(' 1 ... ultagtl o( 

n").C' Input ~nd the comparator can he UIO('J hy InC' Ilrr\('1 

.dJYs! pol, thefdore unly the dungc1 dUt 10 Irmp('laluf( 

OInu a~lng need be aolue'd Typiol urr~C'1 'lU11"~C' Jflrl~ u( 

thcsc compo..m(n!, ue on Inc Older uf 5 ~Y/OC 5..1 n;eepl 

fOf w-ry Wide \cmp<nlure ch .. n~C'1 Ihne dnfll may be 

~~ltctC'd 

The trror due to Ihc flnlle voltagC' gall! uf tnt (lin· 

par.tor Il aho negligible for "I.IInd.lId CUlllpOl1rnt. The 

MlMJOIA h;u , Iyplcal '1oIIOlg(' pin of :200,(X)Q For 1 

5 vnll I~I( !.wlng Ihc uncrrl<lln{y IcglOn 1$ on the orJet 
of ~S SJY With In LSB ~gnltlJde of 10 mY, (full Kale 
of ~ S6 'fOln) Jnd the t I LSB errol due 1<.1 Ihe AID qUJ.n,· 
t\Utlllll ind the O/A error, the enO! due 10 Ihe ("ompatiitor 
lli VUIUJl!y UfO 

The of he I JdJu$! pot In the system don mure in;!n 

Just zero out the 0((101:1 volliign of Ihe Input hurrer iind 
compo,HalO( The prlrrury pUfpo'..e of Ihl~ .. JJu~tfT)("nt lIto 
offs.t"1 Ihe S4..-Jit of the D/A output 1/~ LSB The fo'..nn 

fOf Ihl~ l~ qUlle 1.IrHght for ..... ard II CJn be \("en th~t Ihe 
output of th(' SIA typt' AID ~)slern 15 lol""'i),S I(\~ than Of 

tq~lto the Input "0112ge In '..ume CJ\n Ihe (lutput vf Ihe 
A/D C<ln ~ (,uctl), eqwl to the Input v(lltJ~e ...... hde it 
other Ilmei II an b(' lIS mu("h Hone L,)B In .... (QUlmll 
UII"o ('nor) ""'hen Ihe + 1/2 LSB elflH Ju(" III the D/A 

u ~dded ....... (' h.wt a rnuumum ryuem (,fror of + I /~ LSB 
-1·li~ LS8. In order 10 mak.e the I!'tTor o( 1hl!' A)D ~ym· 
mclnnl ..... e ~Imply o(r~t the rcfnl!'ncl!' Input of the cum 
p:lrJIiH lo lleg:lllv(' l/:: LSB (Off~eltln~ Ihe CIHT"'PH~I<)f ~ 

f'I('~ll~ 1i1 L~B I~ IJelltloll) equOlI 10 IJI\lllg tlie D/A 
output wHcfnrm 1/1 LSB) No~ the etTor of Ihe AiD 

• <1 L5B 

USES OF THE SiA 

The Suc("l!'ur~ Appro"HlUllun type 01 A/!) ~)~Iem hJ~ 

a m)rud of applICations in the medium 1pccd, medIum 

a"uJJcy A/D converter otl!'gory There lte '>('vetJI fta~ons 
[Of Iti wide \lUge Among the\(' .HI!', consl~nl COnVef\.lOn 

{Ime- (n + I dock penod$), V"'("J both i ~nl~1 and p(lratlel 

output. tugh lpced-accuf<lcy product, e<ls.t: of Imrlemen-
1~111H1, Jnd low COli 

In multiplexing apphcatwnl, that t~ wlil!'n Ihe All) sys.. 
tem IS ~lng used for multIple inpulllf/laJS. cunstuI\ con­
'o"("I110n tIme 11 very dewahk Some l\iO ~y\ltrn's con­
~r1lon tlrnc-~ lilt dcpendent upon Ihe v~lu( of the Input 

l.IgnaJ Thl5 IS unJe~rJbk In a multipleXing apphCJ\l<ln 
bccJu~ the wonl CJ1e (, t ,lonl~(1t) convt"t~lun lime must 
be allowed for each IIlpU! Thl~ InrC'H a nun-optimum USt 

of h~Hh"He inu deCreHt'"l ~ptem p<"rforrnOlnl.."e SInce the 
SlA ~yHern &JvC\ 11 CL)fl\t .. nt CV!lVeI\IUll tHlle til.l1 I' mde. 
(X'nJent of the Input ... uIIJge_ optimum u\.t fllJy he m .. JI!' 
of Ih(' sysll!'m's 1peed 

In J commun'CJI10flS appllC.ltllHl .... here the A/V uutput 
11 ttl be senl to another IUCJllOn, the 1erlJl UUlput of thl!' 
SlA syUem It a n;,]tunl Unlen thl!' u\el Jnllel 10 rUn 
multiple JJL" 1tne~_ one ror eJdl hll of the 'A/!), th~ (fU1PU! 
of an AID u~J In 11m m.Jnnel mu~t be dlJllf(J rrom a 
p;.ir~lkl output to ~ ~efl~1 output beftHI!' th(' !nrOlmlllOn 
cOIn he i('nt 10 01 r('mote iO(Jllllll A1 lli(' S'A sy~tl!'m 

,nh('terilly gl've1 ttl(' ~('fl;,]t PUIPUl l '..:lvlnp Ifl hoth lutu, 

""'lf~ ~nJ cost CJIl be ~chlevetJ 

rhe S;A ~y~tem £Ivn a vel) Iil~h s~('J'JCCUfJCy prn­
dUCI When one cnm\Jer~ lh(' sJ""CI!'J\ Jchl('\"Jhk I;"llupkd 
.... ,Ih the Jccur~":I('"~ uhtAlnJhk for ~ ~1¥C!l ,,1SI system, 

the S.'A hn no p<'er~ In thiS CJtC'gIH)"' Fill e.\J11lple. uSing 
Iht" SiA ~y\tem. In M·bll AiD cnn-«f\llln on C'nil)' be 
.. ..:..:urnrll~heJ In kSl thJn 5 jJ~, II ~ 101;']1 ClI\1 uf kH than 

S20 When these ~.Jme pJtJn)('lers .. ,e comlu("reJ (or (It her 

I)IX\ or A/D's such ~~ Ihl!' (\1..'11":, TIJ,,·\"lnf. PJtJ!ld elc. 
the spl!'eJ·accurlCY pr\)Ju":l rnr J ~Iv('n \)"\1t'1l1 cusl 11 

l"U1Ht(jeIJbl)' k~~ 

As mentlll(l(J t::uItt r, th(' flew nlI.lI1<llnlllc lXA's and 

SAK"s hJyt nOI unly JIHllCJliy t('JlJ~'ed 'i~~lem CO\I, 

)X) .... et. JnJ SIlt". but hJve IncteJ~I!'J rr:hJhdllY JnJ tempt'(' 

Jlute rxrformarxe H wt"lI The \un-("\\IVI!' Jppru'ill\Jlwn 
t) pt' Iff AID sy\lem .... 3\ V("I) pllpul:lr beft'!(' Ihe!>t com· 

fXlnenls were JVJIllbk. j'\;o .......... Ith the JJJ,tlon of Ihese 
MSI bUIlding blo..:ks 'hI!' S/A sy\lem CJfl do nOlhing hut 

l>t-cume mote popular Jnd 11\ f,tlJ of U1~ge Op:HlU 
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App{ication Not. 

A 3Y2 DIGIT DVM USING AN INTEGRATED 
CIRCUIT DUAL RAMP SYSTEM 

® 

Prpp..rKi by 

Don Aldnd941 

AppilcHlOnt tr'"l9lneerlrw;;l 

Thn ~ppJ'C.Jtfon r\OU ducrd:.es the at' 

\IQn of I J',,"-d!<jllt DVM (0;91111 ... c!trn.Ur) 
tJ11~ IN MC1405.nd ttw MC1U35 du .. 1 
tlmp AiD ~ysttm. T~ per!Qrm.lnct efl­
ttt'" IS thlt of J tJb quality OVM WIth 
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Z8300 Luw Power 
~~ Z80L 0) CPU' 
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;; 
~ 
Zilog 

Fe-aiures 

2V'JI·U2!O. (Ji.11 

.~ 

II The zaOL combines the high p8dormance of 
the Z80 CPU with extremely low power COll­

sumption. It has the id"nticdJ pinout lind 
instruction set of the Z80. The result is 
increased reliability and lower system power 
requirements. This dramdtic power sc'ivings 
makes the Z80L a natural choice for both 
hand-held and battery backup dpplicdtlOm .. 

Iiil The zaOL CPU is offered in three versions: 
za300-1-l.0 MHz clock, 15 rnA typical cur­
rent consumption 
28300-2-1.5 MHz clock, 20 mA typical CUf­

rent consumption 
za300-3-2.5 MHz clock, 25 mA typicct! cur­
rent consumption 

ill The exiensive instruction set contains 1~)8 
instructions, resulting in wphisticaled dob 
handling capabilities. Th() 78 instruction, 0i 
the 8080A are included as a !lubsd; SOSOA 
dnd zao Family software compatibility is 
maintained . 
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Oil Tbe ZSOL microprocessors and associated 
family of penphE;fdl cor, trollers ar" lil,k.",d 
by d vectored interrupt system. This syskm 
mily be ciuisy-cheJined to allow implementa­
tion of a priority interrupt schem8.Little. if 
?,;,y, ",dditionill IO(Jic is required for daisy 
chdini:IJY· 

.~ Ddpiicdk, sets of both general-purpose and 
HaC] i'd]is\ers Me prOVided, easing the 
Gesi'Jf! unci operoiion of sYBkm software. 
Two If-bit ind,.,x r"<:listers facilitat(, proqroill 
processing of t{jbk~$ and arrays. 

ii.1 There ore thrEe mod,~·s of hiCJh-speed inter­
fupt procf.,ssinq: 8080 compaiible, non-zaG 
pIOrir,heral d(,viGG, and Z80 Family 
f'K:ripht::Tdl with or wid'l()ut dt.tisy chain. 

~~ ()l,1~chip clYTlcHnic ln0nlory refresh c()untt-~r. 
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Ii: Provides a direct interface between 2-80 
microcomputer systems and penpherdl 
devices. 

• Bolh ports have interrupt-driven hdndshdkt1 
for fast response. 

I>l Four progrllmmable operating modes: byte 
input, byte output, byte input/output (Port A 
only), and bit input/output. 

The 2-80 PIO Parallel VO Circuit is d pro­
grommable, dual· port device thdt provides d 
TTL-compatible interface between periphE:ral 
devices and the Z:80 CPU. The CPU conllg­
ures the Z·80 PIO to lnterillce with a WIde 
range of peripheral devices with no other 
external logic. Typiclll peripheral devices thdt 
are compatible with the Z·80 PIO include most 
keyboards, paper tape readers dnd punches, 
printers, PROM programmers, etc. 

One cbarocteristic of the 2-80 peripheral 
controllers that separates them lrom other 
interlace controllers is thot all doto trdnsf"r 
between the peripheral device and the CPU IS 

",To { ilUt. 

.. -
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Cukl "01.. 

"" 

figure 1. Pin FunctloWi 

Z8420 
ZSO® PlIO Parallel 
Inpu.t/Output Controller 

Product 
Specification 

Decembt:r 1980 

.. Programmable interrupts on peripheral 
,tdtus conditions. 

t' Standard Z-80 FdInlly bus-request and 
pflorltlzed mterrupt-request daisy chdll1s 
implement<:d without externdl IOCJIC. 

.. The eiqht Port B outputs can drive Ddr­
linqlon trdnsdors (1.5 rnA at 1.5 VJ. 

dccoffipllshed under interrupt control. Thus, 
the interrupt logic of the PIO permits full use 
of the efllCIE'nt interrupt cdpabllities of thE: 
2-80 CPU dUflng 110 translers. All logic 
m:ccosary to lrnplemt:nt a fully n"sted int"rrupt 
structurt IS included in the PIO. 

Another ledture of the PIO is the ability to 
interrupt the CPU upon occurrence of speci­
fied status conJitJOns in the peripheral deVIce. 
For example, the PIO can be progrdmmed to 
i!lt<orrupt If any speCified peripherol alarm con­
dItions ,;hould occur. ThiS interrupt capobihty 
rt)duces the tIme the processor must spend In 
poll1nCJ penpberal status. 
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7.3 AID CONTROL PROGRAM 

This program is for Z80A CPU to control d successive approximation register 
and get associated data via a PIO, parallel input-output chip. 

PIO adresses: 
FBFO PORT A 
FBF1 PORT B 
FBF2 Control Register of PORT 
FBF3 Control Register of POFT 

PROGF<AM: 

Adress Code 
PIo INITIALIZATION SUBROUTI NE 
6003 
6006 
6008 
6009 
600B 
600C 
600D 
6010 
6012 
6014 
6016 
6018 
601B 
601D 
601F 
6021 
6023 
6025 
6025 

AID 
6050 
6052 
6055 
6057 
6059 
605B 
6050 
605F 
6(162 
6064 

21 4E 60 
3E 00 
77 
3E 70 
23 
77 
01 F2 FB 
3E 4F 
ED 79 
3E 03 
ED 79 
01 F3 FB 
3E CF 
ED 79 
3E FD 
ED 79 
3E 03 
ED79 
C9 

SERVICE SUBROUTI NE 
3E 02 
01 F1 FB 
ED 79 
3E 00 
ED 79 
ED 78 
CB 47 
CA 59 60 
3E 00 
ED 79 

LD HL,#604E 
LD A,O 
LD (HU,A 
LD A,#70 
INC HL 
LV (HU,A 
LD BC,#FBF2 
LD A,#4F 
OUT (Cl,A 
LD A,#03 
OUT (Cl,A 
LD BC,#FBF3 
LD A,#CF 
OUT (C),A 
lD f~,#FD 

OUT (Cl,A 
lD A,#03 
OUT (C) ,A 
RET 

LD A,#02 
LD BC,#FBFl 
OUT (C),A 
lD A,O 
OUT (C),?: 

I N A, (C) 
B IT I) 1 A 
JP Z,#6059 
lD A,O 
OUT (e);A 

A 
B 

6066 2A 4E 61) LD HL! (#60,1E: 
6069 ')7 

..:... ,) INC HL 
606A 01 FO FB LD BC,#FBFO 

Digital Biofeedback Monitor 

;BEGIN OF THE D01A ADDRESS 

;CRA 
;PORT A SET TO BYTE INPUT MODE 

; INTERRUPT DISABLE WORD 

:CRB 
;PORT B SET TO BIT liD 

; 1/0 REGISTER CONTROL WORD 

;INTERRUPT DISABLE WORD 

;END OF PIO INITIALIZATION 

;PORT B 
; SC PULSE i]l\! 

;SC PULSE OFF 

;'1 EDC 01\,1 
; I~ ~O EOC THFN TEST ONCE MORE 

;GET THE ADDRESE QF r~E DATA TABLE 

;PORT A 
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606D ED 78 IN A! (C) : GET AID DATA 
606F 77 LD (HLl ! A 
6070 11 4E 60 LD DE,#604E 
6073 7D LD A,L 
6074 12 LD (DE) ,A 
6075 7e LD A,H 
6076 13 INC DE 
6077 12 LJ (DE) j A 

6078 C9 RET 

Digital Biofeedback Mo .. ~co'-



1 ON ERROR 60TO 6000 
REM PROGRAM: MONITOR.BAS 
REM BIOFEEDBACK MONITOR 
MODE 2 

o HT$="PRESS ANY KEY TO CONTINUE":MEMORY &5FFF 
o I USER, 0: LOAD" sar" ,&6000 
o CALL &6003 
! DATA 1-SESSION,2-GRAPH,3-SAVING DATA,4-LOADING DATA,5-BF. MONITOR 
00 RESTORE 99:MODE 2:PRINT TAB(28);CHR$(24);" BIOFEEDBACK MONITOR -;CHR$(24):FOR 1=10 T 
lEP 2:READ A$:LOCATE 33,I:PRINT A$: 
m:LOCATE 69,25:PRINT "Melih Aybey"; 
10 GOSUB 600: ON A GOTO 300,400,450,470,1500 
20 GO TO 110 

99 REM *************** SESS I ON *************** 
~ ADD=~7000:I=0:MI=0:FOR g=&7000 TO &7000+600:POKE g,O:NEXT 
10 GOSUB 800 
20 EVERY 150,1 80SUB 900 
30 WHILE 1(600:WEND 
40 P R I NT REM A I N (1) 

50 GOSUB 650: 80TO 100 
~ GOSUB 700:80TO 350 
ro MODE 2:PRINT "PLEASE ENTER PATIENT'S CODE AND SESSION NUMBER CORRECTLY !"z80SUB 650:808 

~o CLS: 80SUB 500: I USER, 1: SAVE F I LE$, B, &7000,600: 80TO 100 
W MODE 2:PRINT "FILE DOES NOT EXIST IN THIS DISC.":80SUB 650:60TO 470 
~ MODE 2:PRINT "PLEASE ENTER PATIENT'S CODE AND SESSION NUMBER CORRECTLY !":80SUB 650:8081 

10 MODE 2:PRINT TAB(20);" *DATA FILES PRESENT IN THIS DISC*"::USER,1:IDIR:80SUB 500:U 
lEf,8!7000:80TO 400 
o LOCATE 1,18:LINE INPUT "PATIENT'S CODE : ",A$:IF LEN(A$»8 OR LEN(A$)(l 80TO 500 

10 LOCATE 1,20:LINE INPUT "SESSION NUMBER: ",B$:B=VALCB$):IF B(1 OR B)999 80TO 510 
o IF 8<10 THEN B$="00"+B$:80TO 524 
2 IF 8(100 THEN B$="0"+B$:80TO 524 
4 FILE$=A$+". "+B$:RETURN 
o LOAD FILE$,&6000:80TO 400 
o A$=INKEY$:IF A$="" 60TO 600 ELSE A=VAL(A$):RETURN 

10 T=INT(80-LEN(Y$) )/2 
12 LOCATE 1,25: PRINT CHR$ (24); TAB (T); H; TAB (80); SPC (1); CHR$ (24);; RETURN 
o PRINT CHR$(24);TAB(W/2);Y$;TAB(79);CHR$(24):RETURN 
o Y$=HH: SOSUB 610: 80SUB 600: RETURN 
~ REM ***************** 8RAPH *************** 
5 ADD=&7000:S0SUB 800 

10 FOR 1=1 TO 600:ADD=ADD+1 
o Y=72+PEEK (ADD): X=24+I: PLOT X, Y 
o NEXT 

10 RETURN 



I 

ION ERROR GO TO 6000 
REM PROGRAM: MONITOR. BAS 
REM BIOFEEDBACK MONITOR 
HODE 2 
IHT$="PRESS ANY KEY TO CONTINUE":MEMORY ~5FFF 

'I I USER, 0: LOAD II sar " , ~6000 
I CALL ~6003 

DATA 1-SESSION,2-SRAPH,3-SAVING DATA,4-LOADINS DATA,5-BF. MONITOR 
ro RESTORE 99:MODE 2:PRINT TAB(28);CHR$124);" BIOFEEDBACK MONITOR ";CHR$(24):FOR 1=10 TI 
:EP 2: REA D A $ : L 0 CAT E 33, I : P R I NT A $ : 
'IT:LOCATE 69,25:PRINT MMelih Aybey"; 
:0 GOSUB 600: ON A SOTO 300,400,450,470,1500 
10 GOTO 110 
.9 REM *************** SESSION *************** 
N ADD=&7000:I=0:MI=0:FOR g=&7000 TO &7000+600:POKE g,O:NEXT 
:0 SOSUS BOO 
I) EVERY 150,1 SOSUB 900 
'0 WHILE I<600:WEND 
o PRINT REMAIN (1) 
o GOSUS 650: SOTO 100 
o GOSUB 700: SOTO 350 
o MODE 2:PRINT "PLEASE ENTER PATIENT'S CODE AND SESSION NUMBER CORRECTLY !"IGOSUB 650:S0Sl 

o CLS:GoSUB 500: IUSER,1:SAVE FILE$,B,&7000,600:GOTo 100 
o MODE 2:PRINT "FILE DOES NOT EXIST IN THIS DISC.":GOSUB 650gS0TO 470 
3 MODE 2:PRINT "PLEASE ENTER PATIENT'S CODE AND SESSION NUMBER CORRECTLY !":GOSUB 650:S0Sl 

o MODE 2:PRINT TAB(201;" *DATA FILES PRESENT IN THIS DISC*"zIUSER,l:IDIR:GOSUB 500:LC 
ES,&7000: GOTO 400 
o LOCATE 1,18:LINE INPUT "PATIENT'S CODE : ",AS:IF LEN(AS»8 OR LEN(AS)<l GoTo 500 
o LOCATE 1,20:LINE INPUT "SESSION NUMBER: ",B$:B=VAL(B$)gIF 8<1 OR B)999 GoTO 510 
o IF B<10 THEN B$="OO"+B$:GoTo 524 
2 IF B<100 THEN B$="O"+B$:GoTo 524 
A FILE$=A$+". "+B$: RETURN 
,) LOAD F I LE$, &6000: SOTO 400 
o A$=INKEY$:IF A$="" SoTO 600 ELSE A=VAL(A$):RETURN 

.,) T"INT(BO-LEN(Y$) )/2 
2 LOCATE 1,25:PRINT CHR$(24);TABIJ);V$;TAB(BO);SPC(1);CHRl.'>(24)3gRETURN 
o PRINT CHR$(24);TAB(W/2);Y$;TAB(79);CHRS(24':RETURN 
o YS~HT$:SOSUB 610:GoSUB 600:RETURN 
I) REM ***************** SRAPH .* ••••••••••••• 
Ii ADD=&7000: SoSUB 800 
:) FOR 1=1 TO 600:ADD=ADD+l 
'.') Y"'72+PEEK (ADD): X=24+I! PLOT X! Y t) NEXT 
II) RETURN 

I 
.I 

I 

I 



199 REM *************** SCREEN *************** 
100 MODE 2: LOCATE 25,2: PR I NT II BIOFEEDBACK SESS I ON MON ITOR" 
~5 LOCATE 3,4:PRINT STRING$(78,CHR$(140»:LOCATE 3,22:PRINT STRINGS(78,CHR$1131JI 
107 FOR J=5 TO 21:LOCATE 3,J:PRINT CHR$(143):LOCATE SO,J:PRINT CHR$(143):NEXT 
il0 LOCATE 1,5:PRINT "20":LOCATE 1,13:PRINT "10":LOCATE 1,21:PRINT "0" 
120 LOCATE 4,23:PRINT "0";TAB(2S);"10";TAB(53);"20"jTAB(781;"30";:PRINT TAB(71);"TIME [Ili~ 

n2 LOCATE 36,25:PRINT CHR$(24);" E-EXIT ";CHR$(24) 
125 CALL &6003 
130 RETURN 

199 REM *************** SES-A/D *************** 
"0 a$=INKEY$:IF A$="E" OR A$="e" THEN CLS:RUN 
105 GOSUB 1000 
110 I=I+l:IF I MOD 20=0 THEN MI=MI+l:LOCATE 1,25:PRINT SIU;gLOCATE l,25:PRINT Hlj". MINUTE 
120 Y=72+PEEK (ADD) 
130 X=24+1 

'140 PLOT X, Y 
150 RETURN 

199 REM *************** AID *************** 
1000 CALL &6050: ADD=ADD+l: RETURN 
1500 ADD=&7000: 1=0: 1'11=0 
1510 GOSUB 1800 
1520 EVERY 3,1 GOSUB 1900 
1530 WHILE I<600:WEND 
1540 PR I NT REMA I N (1): GOTO 1500 
1800 MODE 2 
1810 LOCATE 3,4:PRINT STRING${78,CHR$(140»:LOCATE 3,22:PRINT STRING$178,CHR$1131}) 
1820 FOR J=5 TO 21:LOCATE 3,J:PRINT CHR$(143):LOCATE BO,J:PRINT CHRi>(143):NEXT 
1830 LOCATE 1,5:PRINT "20":LOCATE 1,13:PRINT "10":LOCATE 1 9 21:PRINT "0" 
1835 LOCATE 36,25:PRINT CHR$(24);" E-EXIT "jCHR$(24) 
1840 CALL H003 
1850 RETURN 
1900 a$=INKEY$:IF A$="E" OR A$="e" THEN CLS:RUN 
1910 GOSUB 1000 
.I920I=I+l:Y=72+PEEKIADD):X=24+I 
1930 PLOT X, Y 
1940 RETURN 
!OOO IF DERR=146 
!O 1 0 I F DE R R = 1 4 4 

1

!020 IF DERR= 144 
\030 RUN 
! 
I 

THEN RESUME 460 
AND ERL=450 THEN RESUME 440 
AND ERL=470 THEN RESUME 463 
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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 BIF 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" 

CENTERJ. ([ENTERJ=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: 

i-SESSION 

2-GRAPH 

3-SAVING DATA 

4-LOADING DATA 

5-B/F MONITOR 

i-SESSION: 

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

Digital Biofeedback Monitor 
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is to plot the graph of the physiological variable as a function of ti~e 

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 line, 

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 can 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 a message line appears at 

the bottom line at the end of plotting. 

3-SAVING 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 do this, press 

Digital Biofeedback Monitor 
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"3 M
- 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 code 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, if the 

patient's code is JACK and his session number is 4, then associated filename 

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 you 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 '5 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. 

5-B/F MONITOR: 

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

Digital Biofeedback Monitor 



- 77 -

of the physiological variable under training can be followed on the screen 

instead of any analog or digital meter. In this case the level of 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 mode 

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 Monitor 
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VIII. DISCUSS!ON 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 monitor 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 physiological parameters to our senses, closing 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 is 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 
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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 ~onitor his 

patient during a session in a distant place without disturbing him. After the 

end of the session the data related to the physiological 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 means 

of supplying useful feedback information (EMG, Pulse or 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 

HACS 

CNS 

EMG 

EEG 

GSR 

ECG 

CMMR 

A/D 

D/A 

CRT 

CPU 

RAM 

PIO 

OP-AMP 

SAR 

eRA 

CRB 

I/O 

SC 

Eoe 

Digital Biofeedback Monitor 

Homeostatic Adaptive Control Systems 

Central Nervous System 

Electromyogram 

Electroencephalogram 

Galvanic Skin Response 

Electrocardiogram 

Common Mode Rejection Ratio 

Analog to Digital converter 

Digital to Analog converter 

Cathode Ray Tube 

Central Processor Unit 

Random Access Memory 

Parallel Input-Output 

Operational Amplifier 

Successive Approximation Register 

Control Register of PORT A 

Control Register of PORT B 

Input-Output 

Start Conversion 

End Of Conversion 
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AUTOGEN'~ 
THE INSTRUMENT The HT-l 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-l 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. 

For Home and Clinical Training 
Fl:..JiTURES 
• COMPATIBLE WITH ALL AUTOGENICS' 

INSTRUlIIENTS 

/" , 

• HIGH SENSITIVITY (0.4 MICROVOLTS EMS) 
• LARGE, EASY TO READ METER 

electr01nyograph 

For Home and Clinical Training 
FEATURES 

• FIVE SELECTABLE METER SE~SlTlVITY 
SCALES 

• Two AUDIO FEEDBACK !'vlODES 

• BUILT-IN SPEAKER 
• VOLUME CONTROL 

• INSTRUMENTATION OUTPUT FOR DATA 
ACQUISITION 

.. ATTACHES TO HEADPHONES OR 
EXTERNAL SPEAKERS 

.. BATTERY TEST FUNCTIO:--i 
• COMPATIBLE WITH ALL AUTOGENICS'" 

INSTRUMENTS 

• HIGH RESOLUTION 
• LARGE, EASY TO READ METER 

• FIVE SELECTABLE METER SENSITIVITY 
SCALES 

• Two AUDIO FEEDBACK MODES 
• BUILT-IN SPEAKER 

• VOLUME CONTROL 

ternperature feedback monitor 

• INSTIWMENTATlON OUTPUT FOI{ DATA 
ACQUISITION 

• ATTACHES TO HEADPHONES OR EXTERNAL 
Sl'EAEERS 

• BATTERY TEST FU~CTION 

THE INSTRUMENT The !-!T-2 skin temper­
ature trainer is an easy to use portable trainer 
which provides a unique array of feature::; for home 
<Ind office training applications. For optimum 
visual readout, thL' unit incorporates,a zero-center 
meter selector with iive selectable positive and 
negative dellectiol1 ranges and- a resolution of up 
[0 "025 degrees Fahrenheit. The unit is compact 
without sacrificing meter readability which is a 
problem with many competitive portable instru­
ments. Tile unit is housed in a tough outer shell 
whicil en!J;lIICl'S durability and stability of the 
iIl"trulllCIlL u\"er extended usage. 



AUTOGE 
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" 

INSTfWMENTS 

• HIGH SENSITIVITY 
feedbacl< dennograph 

• LAI~GE, EASY TO J,L\U 1\IET1::R 

• SIX SELECTABLE 1\lETEk SEl';SITI\Tl'Y 
SC,-'l.LES 

Two ;\UUlO FEEDB:\U'; l\luuEs 
• BUILT-I~ SI'EAKEl< 

For Home and Clinical Training 
Fl:ATURES 
.. COMPATIBLE WIT!! Al.L AUTOCENICS' 

INSTRUMENTS 

.. C0l\1PUTE-T1L\lE INTEl<VAL SELECTOl< 

.. AUTOl\IATIC STAHT/l\ESET CYCLE 

• VOLL;ivIE CO"TlWL 

• [NSTl<l'MENTATiON UUTPUT FOE DATA 
ACQUISITION 

.. :\TTACHES TO liEADf'1I0NES OR 
EXTEW";AL SPEAKERS 

.. B:\'I'TEI<Y TEST FUNCrION 

• LAEGE, EASY TO READ DIC;ITAL IJJ::'i'L:\ Y 

• SMALL, LICltTWEICltT 

• HIClILY ACCUHATE 

• l{EClIAI<(;EABLE BATTEI<IES 

digital integrator 

THE INSTI':Ul\IL\iT The IIT-lU lJI,L;ilallllll' 
,L;r;ltur is thL' "Ill;dk'st ,tIlel 1110::;l p()rlalJk ulgiJ;!i 
(Ltl;; ;ICqlll:->!li()1l illSlrUIlIl'lll available fur blUrl"'cI 
ilad; appliC:Ili()ns, Uc::;pill' its dil11illulin' sizl', lil" 
IIT-]() h cap,tiJiL- of dispbying aile! lillll'-;IVlTa,L;illg 
physiuju,L;I,',d ;[<'til'ity with all abS()jutl' ilcclIral'Y 
Ili l)('ttlT thall p!w; OJ' minus J pl'j'cer)l ()Vt'l";t \';[ri­
l'l) ()J s,'!v,'liliJl,' lilth' illtvt"\'a/s fallgill,L; fnJIlI I 
:->l"'tlllci It I :!u llliIllllL's, Ti11l1'<t\'l'1':lgl't! eLit;t is ]In'­

Sl'jlll"i UII til" hl,L;-hly rl":ld;d)k cligiJ;d disp!;IY U\'l'! 
illkn'db \II I,) :-;"[,(Jllti:-., :!,:i llliIWll':--, ,,1' tll'cT:1 llilt,' 
illkl'\';d ('qUi'.;I:, ,Illu liI;[lll.';"tillll' d;d;t I'l'C'[llcltli<_ 



;tNOIVIOUAL: . 
INSTRUMENTS 
I . ,I ~ ~ .' 

,-

EMG 

MODEL DESCRIPTION 

J33 Ponable, single 
Channel, audio and 
visual 

J53 POftable, dual '­
channel, ratio al'lCl 
Lite BarTl.I 

P303 Clinical trainer. 
4 audio modes and 
lite Bar'" 

CARDI0-VASCULAR 
J42 Portable Itlermome­

ter, d.gital display 
and lite Bar'" 

P642 Clinical thermometer. 
3 audio modes, 
digital display and 
lite Bar'l.j 

BL907 Measures heart rate 
and Changes in 
blood pressure (via 
pulse wave velocity) 

SKIN POTENTIAL RESPONSE 
BL505 Clinical unit. 

measures Change,. ) 
sympathetic activl~ 

DATA ACCUMULATORS 
AND RECORDERS 

0700 Data Accumulator lor 
a percent time & 
time period integra­
tIOn SCQflT.g 

0740 Automatic dlg,tal 
pflnter 

0910 Single cnannel str,p 
cnart recorder 

0920 Dual channel StriP 
cnart recorder 

INTEGRATED 
SYSTEMS 

1. PORTABLE SYSTEM: J33 and J42 
The two most Widely used modes (EMG and ttlermal) In lightweight units 

• with durable carrying case. A logical system for start-up. Battery powerea. 

2. REHABILITATION SYSTEM: JS3, 0700, 0740 . 
A basic physicalloccupationaltherapy system. Includes a two channel 
portable EMG with ratio capability, quantification via digital display, print­
out of IOtegrated or percent time scores., 

3. RELAXATION TRAINING: P303, P642, Bl907, 0700 
Measures complete physiological profile (EMG, Thermal, Blood Pressure, 
Heart Rate). Determtnes mode most responsive to stress/relaxation, and 
irains in any mode. System elem<?nts can be used singly or together. 

4. PSYCHOTHERAPY SYSTEM: P303, 0700, BLS05 
Designed for use with verbal psychotherapy, desenSitization and relaxation 
training, as well as teaching other self control abilities. Measures EMG and 
SPR (dermal response) 

5. CARDIO·VASCULAR SYSTEM: J42, Bl907 

Continuous measurcmenl of three cardiovascular vaflables - temperature, e heart rate and changes in blood pressure (via pulse wave velocity). The 
idealllexible system for treatmg cardiovascular problems. 

6. CLINICAL BIOFEEDBACK SYSTEM: P303, 0700, P642, 0740 
Clinic system with EMG/thermal modes. accumulator, percent lime/time 
period integration and automatic digital printer ThiS IS Cyborg's most 
popular clmical system. It IS easy to use and the units can be used 
separately or together 

7. COMPREHENSIVE SYSTEM: P303, P642, 0700, Bl907, Bl50S, 0910 
All modalities Wlttl complete mOflitorlllg. Ir~lnJng, ddtc! accumulation and 
recording cap3bility. Excellent for education ana research as w!::11 as 
sophisticated clinical practices 
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activity and translates them into an 
audible tone or visual readout. 

III E..\1G lOOT monitors muscle 
- tension in va .. ious muscle areas 

(forehead. jaw. etc.) to assist 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. 

n HR!BVP lOOT is a dual 
lbJ function instrument that 

provides absolute heart rate and 
relative blood volume pulse 
amplitude feedback. The latter is an 

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. #1'2750 $499.00 (9.95) 

BIOFEEDBACK 5 DIGITALTM 
Includes the complete BIOFEEDBACK 5 system plus the TEMP/SC 
ZOOT. for absolute digital readout of all monitors in the set. 
TEMP/SC ZOOT also provides rapid absolute readout of temperature 
and skin conductance with enhanced tone feedback. (for fuller 
description see TEMP/SC ZOOT section). #1'2751 $6D9.00 (10.95) 

5 
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GSR 2 GSR/TEMP 2TM 

Blood \\)lume Pulse 

~.------------------------------~ 

Heart Rate 

~~----------------------------------~ 

~ Muscle Tension 

~~.------------------------------------~ 

lf0'fJ GSR 2 uses biofeedback to help 
>~ control tension by monitoring 
minute changes in galvdnic 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) 

''----', 
/ ',,-

I "-
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./ 

Alternately, an increasing 
stress level causes peripheral 

vasculature to constrict, lessening 
blood flow to hands and feet and 
lowering extremity temperatures. 
GSR/fEMP 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. #T2100 $99.95 (5.95) 

GSR. ,.. , 
S!;;!n Ros13tanw' 
3.opo.OOO Qhri:s; , , " 
RosoluUon:',':: .fi".!.', ,WsU<~ . 
Electrod0 <;fU',W~t,.", '>5 ,m!"",amps, 
TEMP' .' ,"',' .. 
'Thmpcmtuni Rll!1il~\lj(i;F (l0°Cj 
to llO°l'·HS<>CI :;.,_' ":' . 
ResoiuUoD;"lQI':'(.Pli"C)' . 
GENERAL'c '," '" i': <i."" ,':' . '. , 
Venable ~ua~y&ns~;'<l to 20,000 Hz 
2.5 Il11noillpuJ.ja':.k,f9.r:ij ~n earphDn8 
.nd mqler, 0': ' .. ' .\, ..... 
3.51Y1m Jnpufjack for. IomporD.turo 

. ruspJroUQl1.; he!¢!UI@; IlVl'. EMG and 
r~motu "," '.l ,". ,;. 

I; 
I, 
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HR/BVP 100T™ 
O. 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 HRlBVP lOOT works indepen­
dantly or in combination with the 
GSRffEMP 2 or TEMP/SC 20ar 
systems. It can detect changes as 
small as a 112 beat per minute and 
blood volume pulse changes of 1% 
in both audio and visual modes. 
Thresholds can be set to facilitate 

desensitization of phobias and 
anxiety or to minimize cardiac fisk 
during home exercise or af)robic 
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 
photoplythysm.ograph finger pick­
up, GSR output cable, instructions, 
tape, and carrying case. 
111'2400 $199.95 (5.95) 

., -.-".-
, .......... . 

/;,~" . 
,~:..."';~ 

4~,~~._, 

. ~\' \ ... 
.. ~ \\ 

Thought Technology Ltd. In u~ ~ ~~ke: I-BOO-361-:1651 
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Skin Resistance 

Temperature 

Heart Rate 

Muscle Tension 



TEMP/SC 200T™ 

[_~ ________________ B_IOO __ d_V,_ol_wn __ e_Pu_I_~ __ -J 

,-
',- ------------------------, 

Heart Rate 
,-_________________________ -J 

[ 
----------------------------------~ 

Muscle Tension 

With TEMP/SC 200T, 
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 .10F visual, and less than 
.05°F audible resolution. Skin COIl­

ductance as a mode of measurement 
is more accurate and responsive 
than GSR: ideally suited for both 
clinical and home training en-

8 Thought Technology Ltd. In U.S.A. call loll free: 1-1l00-:Hil-J(j51 

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 lOOT and HRiBVP lOOT 
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 manua!' 
tape. 
#1'2650 $199.95 (5.95) 
Temperature only 
#T2651 $174.95 (5.95) 
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EMG100T™ CAL fSET3™ 
Pi'~ Electromyography (EMG), 
;~,]tt 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 lOOT represents a giant step 
forward in both perl'ormance 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. 

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

EMG lOOT 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. 111'2320 $199.95 (5.95) 

Thought Technology Ltd. In U.S.A. call toll fw(~: I-BOO-;1Il1-:W51 

Blood Volume Pulse 

Heart Rate 

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 ilnd Temperature; headband 
with stainless steel electrodes 
extendible for use on other body 
areas; electrode gel, GSR finger 
electrodes, reverse temperature pro­
be. carrying case. 111'2510 $199.95 
(5.95) 
ElvIG Version only 11'1'2521 $109.45 
(5.%) 
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