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(57) Abréegée/Abstract:

An Interactive respiratory regulator comprising a recording device recording the respiratory pattern of a user and Issuing a
corresponding respiratory signal, an instruction signal generator for the generation of an instruction signal that can be perceived by
the user In order to influence his respiratory behaviour, a control device controlling the instruction signal generator, a processing
device which determines by means of a parameter of the respiratory signal received, whether the recorded respiratory pattern
during a predetermined time span meets a preadjustable standard for this parameter, and which at a certain error percentage
sends a starting signal to the control device. The Interactive respiratory regulator Is characterized In that the processing device
processes as parameter the ratio between the In- and exhalation time In a respiratory cycle. In a preferred embodiment the
processing device includes the frequency of the respiratory cycles as second parameter and the preadjustable standard comprises
also a value for this parameter. The interactive respiratory regulator offers a useful feed back to the user with respiration regularity

disorders. In principle the apparatus can be used for every deficient respiratory pattern, among others by people who suffer from
hyperventilation or who are susceptible to stress.
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An interactive respiratory regulator comprising a
recording device recording the respiratory pattern of a
user and iSSuing a corresponding respiratory signal, an
instruction signal generator for the generation of an
instruction signal that can be perceived by the user in
order to influence his respiratory behaviour, a control

‘device controlling the instruction signal generator, a

processing device which determines by means of a _
parameter of the respiratory signal received, whether the
recorded respiratory pattern during a predetermined time
span meets a preadjustable standard for this parameter,
and which at a certain error percentage sends a starting
signal\to the control device. The interactive '
respifatory regulator is characterized in that the

processing device processes as parameter the ratio
between the in- and exhalation time in a respiratory

- ¢cycle. In a preférred embodiment the processing device

includes the frequency of the respiratory cycles as
second parameter and the preadjustable standard comprises
also a value for this parameter. The interactive
reSpiratory regulator offerg a useful feed back to the

user with respiration reqularity disorders. 1In principle

the apparatus can be used for every deficient respiratory
pattern, among others by people who suffer from
hyperventilation or who are susceptible to stress.
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An Interactive Resplratory Regulator

The invention relates to an interactive respiratory

‘regqulator for relaxation purposes comprising:

- a recording device recording the respiratory pat-
tern of a user and producing a corresponding respiratory sig~
nal, ' .

-~ an instruction signal generator for generating an
instruction signal that can be perceived by the user in order

to influence his respiratory behaviocur,

- a control device caontrolling the instruction signal
generator, ,
- a processing device which determines by means of a
parameter of the respiratory signal received whether the res-
piratory pattern recorded during a‘predetermined time span
meets a preadjustable standard for this parameter, and which

‘at a certain error percentage sends a starting signal to the

control device.

' An apparatus of tnis kind, indicating to a user a
desirable respiratory pattern, is known from the Netherlands
patent specification 166.850, whereby this apparatus, in par-
ticular to combat the hyperventilation syndrome, is provided

‘with a device for determining the cycle time. The correspond-

ing frequency of the resplratory cycles is applled as parame-
ter for the respiratory pattern. The racording device, belnd '
for instance a strain gauge or a mercury wire recorder'applied
to the chest of the user, produces a pulse signal with a
repeat frequency corresponding with the respiratory freguancy.

This signal is fed to a time-determining device which compares

this frequency with a preset standard or limit value. As so0o0n

as this processing device determines that the respiratory fre-

quency is higher than the 1imit.frequency it will set off 3 '
sound generator which during each respiratory cycle produces
two, for the patient audible and differentiable tones. '

However, not onlv patients suffering from hyperven-
tilation, the symptom of which is an abnormally high respira-
tory frequency, exhibit a non-optimal respiratory behaviour,

‘but also users who suffer, for instance, from respiratory

sinus-arrhythmic deficiency, CNSLD or phobias or psychic trau-

‘mas of any Xind. Also users with a respiration which occurs
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malinly via the chest as opposad to abdomlnal resplratlon, have

a fcrm of non-Qptimal respiration, because in order for all
organs to be well supplied with blood an effective abdomlnal

rasplratzon 1s lmportant.

Describing the pattern of such a non-cptimal resplra~

tion solely in terms of resplratlon frequency was shown not

always to be adeqguate. The pres ent invention ensues from tha
search for a useful, instructive feed back La the user wzth

ncnmoptlmal resnlratary patterns including others b951des§

thcse which occur through hyperventllatlon. On these grounds
lt has Peen concluded that in order to analyze a resolratory
pattern caorrectly, knowledge of_espec1ally the ratio between
the in- and exhalation times is indispensable. The pause after
éihalation 1s also an important.parameter. | e

' The Known apparatus deScribed ahove has, nowever;3the

~1Lm1tatxon that it does not 1nclude that necessary extra an
.fcrmatlon in the feed back process, thus offering lnsuﬁflalent

pQSSlbllltleS for appllcatxon to remedy disorders or to cor~

.rect deficient resplratary patterns 1n general.

The object of the invention is to provxde an appara~

;tus in accordance with the kind mentioned in the preamhle,
:Wthh analyzes a user’'s recorded respiratory pattern 1in mare
'detall and which not only tests a threshold with respect to

;tha resplratory Irequency.

o To this end the interactive respirataory requlator :
acccrdlnq o the invention 1s characterlzed in tnat the prow

ce551ng device processes as paramater tha ratic between tne
iﬁ* and exhalation time in a *esplratory cycle, and optlonal*

ly tne pause after exhalation. '
' In a preferred embodiment the processing device Ln*

'cludas the frequency of the rasplratorv cveles as a seccnd

parameter and the preadjustable standarq also comprlses a?

value for this parameter.
' This apparatus can et&er the user suffering from: agy

klnd of resplratory regularity d*sorders the advantaqe of usew
ful feed back. Thus the apparatus coffers a wide range of 39#
plicability not only with hyperﬁentilation, hut in princiélé
with any non-optimal réspiratorf behaviocur. The interactiVG%
respiratorv regulator can, for lnstance also be used oy pemble
who, espeCLally in the case of contlnuai stress, wish to .
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acquire a healthy manner of respiration. In addition the in-
teractive respiratory regulator can be used for the detection
of_sleep apnoea and if so detected will,.by-registefing the
duration of non~-respiration, emlt a signal until'respiration
is resumed, while opticnally also the frequency of apnoea ocC-
' | currence can be recorded. Thus the apparatus according to the

n

invention can save lives.
The invention also relates to a recording device for

the recordal of movements of parts of the body, particularly
10 for the use in an interactive respiratory regulator according

to the invention. The“recording device is characterized 1n

that the respectlve parameter error signals are fed to a

decision device, the output signal of which is fed to the con-

trol device as a starting signal.
15 ~ Pretferably the recordlng device determlnes the values

of the various parameters of the movement pattern from the
frequency changes of the sound 1lmpulses durlng each cycle of
movement. In this way the system can put 1into practlce effec-
lvely, without sensitivity to interferences and with a very
20 short setting time, without adjusting the length of the tube

to the circumference of the user's chest.
" The interactive respiratory regulator according to

+he invention will be described below on the basis of an em-

| bodiment example referring to the accompanying drawing.
25 | Fig. 1 is a general block diagram of a preferred em-

bodiment of the interactive resplratory regulator in accord-

ance with the invention.
Fig. 2 1s a block-diagram of the recording device of

Fig. 1 .

30 ' Fig. 3a 1s an amplitudewtime diagram of the respira-
tory signal of Fig. 1 produced by the recording device.

Fig. 3b is an example, very schematically 1lllustra-

ted, of a frequency-time diagram of the instruction signal -

emitted'by the instruction signal generator.
35 Fig. 4 is a block diagram of the processing device of

Fig. 1. |

~ Fig. 5 1is a block diagram corresponding‘to Fig. 1
comprising in addition an operating device and display unit.
Fig. 6 is a schematic frontal view of the recording

40 device.
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Fig. 7 is an illustration of a recording device ap-

nlied to a user's chest.
| Fig, 8 1s a qraphic representation of the number'@f
resplratlons per minute plotted against the ratico of the iéf
and exhalatlon time for different groups of users. -
- As shown in Flg. 1 the interac?ive reSpiratOry raéd~

lator 1 comprises a recerding device 2, racordlng the user’'s

respiratory movement and transducing this into an electrlcal

for instance digital respilratory signal 3, which 1s fed ano a

'proceSSan device 4.

| In this processing devxce 4 the characterlistic pavaﬂ
meters such as cycle duration, the ratio betwaen the in- and

exhalaﬁion time dur lng a resplratoly cycle and optionally the

pause after exhalation of the rasplratory signal 3 thus rece1~

ved are then determined and compared wilth standard values »hat

nave prEVlQuSlY been programmed into a memary 3 and can be
*ead via a data path 6. If durlnq a predetermined time span

one Or mpre parameters do not come up to the standard values,

the processing device 4 wlll,.at;a certain maximal error pa“w

- centage, send a startinc signal to control device 7. This can~

Trol devxce 7 is also connected to the memory 5 and 1is, just

as the processan device 4, controlled by a clock signal sent

by the clock generator 8. |
via a data path 9 the contrcl device 7 reads Lnrormaw

-tlon, corresnondlng to the standard values f{rom the memory S

and feeds these via a data path 10 into an instruction 51qnaL
generator 11. From this lnformatlon sald generatmr chen com-
piles an aptimized respiratory pattern which serves to in-
struct the user with the cobject of influencing his respiratory

behaVlour-

This optimized resplratmrv pattern 15 lasued in *he

fotm.of_an instruction smgnal 12, for lnstance -a sound sanal

conveved via a headphone 13. This can, for examplse, consxst ‘Gf

_twc dlstlnqulshable tones of different pitch per rmsplratory

cyele, as 1s 1llustrated very ﬁchematlcallv 1n Fig. 3b. xf the
user follows these respiratory iastructions, the corrected

respiratory behaviour will eventually lead tTo a desired
improvement of his physiological'condition. AS soon agtthei
respiratory pattern, which is constantly recorded bv the
raqordiné device 2, once more meets the above-mentioned paraw
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meter standards, the processing device 4 will remove the star-

ting signal to the control device 7, when the generator 11 -

‘possibly after a certain delay or learning period - will stop

issuing the 1instruction signal 12.
The recording device 2 which 1s shown schematically

in fig. 2, comprises in a special embodiment an elastic hollow
tube 14, stretched around the chest or abdomen of the user;
forming the’measurinq distaﬁCe of the recording deviCé 2. At
the two ends of the tube 14 electro-acoustic transducers 15,
16 are mounted to generate, respectively receive, sound 1im-
pulses transmitted through the tube 14. The sound impulse sen-
der 15 transduces electrical signals 18 emitted by an 1lmpulse

generator 17 into sound impulses which in a certain transit

‘time pass through the length of tube 14 and are subsequently

received by the receiver 16. Said receiver then transduces the
sound impulses into electrical signals 19, which are fed back
preferably via a fregquency regulation device 20 to the 1impulse
generator 17. This feed back, preferably in'the'form of a
phase-locked loop, occurs such that the repeat frequency f of
the sound 1mpulses is inversely proportional to the length L
of the tube 14. Thus the length of the tube 14 can be directly
deduced from this sound 1mpulse frequency'and'consequently
also the changes therein caused by the respiratory movements

cf the user.
The transit time of the sound impulses is determined

by the length of the tube 14, which will vary due to the res-
piratory movements. During one in- and exhalation the length
of the tube will increase, respectively decrease and conse-
quently a sound impulse will be received at a relatively ear-
lier, respectively later moment in time. The moment of recep-'
tion is compared with a reference 1lmpulse signal 21 1lssued
simultaneously by the impulse generator 17. The time and phase
difference with respect thereto 1s determined by a phase.dif~
ferenée detector 22, determining the extent of the phase dif-
ference as well as its character, that 1S to say, 1t will de-
termine whether the impulse signal 19 received lags behind the

reference pulse signal 21 (inhalation) or runs ahead of 1t

(exhalation) .
In order to guarantee a stable phase relation between

fhe reference impulse signal 21 and the received pulse signal
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19, in other words in order to maintain the relation f£-1/L,
the repeat frequency f of the pulse signal prcduCed by the
puise geherator 17 must be adjusted after each pulse cvele.,
This 1s preferably done - as already mentioned - by means of
é phase~iocxed loop, to wnlcn end the fregquency regulatlcnc' |
device 20 is among other things equipped with a filter, art%'pEE
integrater and a voltage-contr olled oscillilator, which hOW*,
ever, for the sake of 51m91101ty are not shown in the block
diagram of Fig. 2. In this way the pulse frequenay f of thef’
electrlcal pulse s*gnal generated by the generator 17 1s requw
lated such that in case of a longer or snorter length of tube
14 the pulse frequency f 1s lowered, respectlvely ralised by
means of said regulation loop. In . this manner the phase rela~
tlon between the received signals and the reference pulse sxg~
nals 19 respectlvely 21 at the beginning of each pulse cvcle
are stabilized, irrespective of the extent to which the tube

14 1S stietched- _ .
'In order to also keep the sound pulses, weakened by
transmission losses 1n the tube 14, at a constant,intensity,

independent of the length of the tubke 14, the recelved puiS&
slqnal 19 1s at the same time fed back into the pulse gene*a*
tor 17 via an amplitude regulation device 23, efzectuatlnq;a:

‘constant amplitude of the nulse signal.

It will be understocd that the recordlng device E;ié

complehely self adjusting so that it can be eguipped with, Ior
Lnstanca a removable and easily deformable tube 14 of any B
length whlch_does not need to be adapted to the chest c*rcum~
ference of the user. The tube 14 can thererore 2aslly be ap~
ﬁlied by the user himself, without any aids such as adhe31ve,'
adhesive;tape or adhesiVe electrodes, 1f desired even overithe
clqthing:of the user. EXchange of the recording aavlce 2 |
beiﬁeen ﬁsers, female or male, is also no prmblem. The elec*
tro~acouétic transducers 15,_16 can, for instance be houseqign-
a housing which can serve as céupling piece for ccnnectinqgﬁhe
ends of the tube 14 and the necessary eledctirlc wiring. T |
The signal issued Ly the phase difference detectoffzz
is  fed Lnto a resplratory pattern analyzer 24 which by means
o: the phase difference s;anal analyses the recorded rQSplra~

uorv pattern, passing the sane ln the form of a resolratory
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signal 3, for instance 1n digital form as is shownin'fig. 3,
to the processing device 4. ‘

This processing-device 4 is shown in a very simple
basic form in Fig. 4. It comprises a cycle detector 30 which
at the beginning of each resplratory cycie - defined as the
moment at which an inhalation commences - lssues a cycle pu-
lse 31, resetting and starting a controlled cycle time coun-

ter 32 coming from the clock signal of the clock generator 8
(see Fig. 1). A cycle time comparator 33 compares constantly

the count T of the cycle counter 32 with a cycle time standard
value ¢, read from the memory 5. As soon.as T reacnes'the
value c, the comparator 33 issues a cycle time go-signal 34
which 1s fed 1into a'time averaging device 35. During a preset
period of time said device will determine the average and will

feed this into a comparator 36, which, if this average number

is below a certain minimum percentage m, will issue a cycle

time error signal 37. -

In the'lower_branch of Fig. 4 the ratio between the
in- and exhalation time during each respiratory cycle 1s eval-
uated at the same time. For this purpose there are preferably
two frequency dividers 38 and 39 included, which are both con-
trolled By the clock signal with the frequency F. Durlng each
inhalation the frequency divider 38, enabled by the respira-
tory signal 3, issues a pulse signal with frequency F-R/10,

whereby R is a value read from the memory 5 equal to five

times the ratio's standard value r, to an adder entry of a

ratio counter 40, which 1s reset at the beginning of each

cycle. On the otner hand, the frequency divider 39 enabled by

30

the invefted respiratory signal 3 sends during each exhalation

a pulse signal with frequency F/2 to a deduction entry of the

ratio counter 40. When, after successively adding or deducting

35

4 0
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the count of the ratio counter 40 has reached the value zero,
that is to say as soon as the exhalation time is at least e-
qual to the inhalation time multiplied by a facter r, then a
ratio comparator 41 - belng 1n fact a zero detector ~- sends a
ratio go-signal 42, resulting eventually via a time averaglng
device 43 and a comparator 44 1n a ratlo error smgnal 45, 1f

the average number of ratlo errors 1s too high.
The cvcle time and ratioc error signals 37, 45 are fed

+to a decision device 46, which, for instance carrles out a

QY VI U U S PR ——
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.jback mode. During the feed back mode the reccording device 2
.\records the resplratory pattern of the user and the Lnstruc-:

3

laglcal OR function and lssues the starting signal 1f one or‘

:more errcr signals are active.

It will be clear to an exbert in the field of elec&f

ifuronlc ClACults that the przncxple descrlned abhave can of
ficourse be carried aout in many other ways. Especially wltn the
; current mlCrOprOCeSS.r technigues: the processing device 4 Can
:ln an alternatlve embodiment ke provided wltn & processxng =
?unlt wlth a memory in which a computew program 1s stored. Thls

‘nrogram can then determine in real-time the cycle time and tne

ratlo between the in- and exhalat ion time from the respl*atmry
SLgnal 3; ,can compare these paramatera with selected standard

values; can average the result of' these comparisons over a

.fpredetermlned time; and can cause the issue of a starting Slg*

nal dependent on a predetermined decxaxon criterium to the

. control dav1ce 7.

The interactive respilratory regulator 1 possesssas at

least two action modes, viz. a programming mode and a feed

~

tion signal generator 11 sends him, if necessary, Lnstfuctlen

 51gnal5 12. During the programming mode the Lnst“uctlon sxgnal 
. generator 11 is blocked and the possibllity exists TO select

via. an operating device 51 equipped with a keyboard 50, as
shown in Fig. S, a combination of one or more parameter cond1~

tions and a corresponding respiratory pattern. These parameter

standards and respiratory pattern information ars - as alraady

menticned - stored in the memory 5 and correspond with each
other in the form of a number of series of respiratory

patterns and parameter conditions specifically geared to them.

In this manner the user and/or the treating therapist may

choose from a number of respiratory instructlion programs, eééh
ot thch ?omprises a respliratory pattern to ke synthesized .
with the corresponding standard values. |

The respiratoery pattern information stored in the

memory 35 relates to the in~ and exhalation times, the 1r—- and

exha¢atlon rate and/or the pauses following the in- and ex“f

halatlons. These parameters are expressed by the LnStruculan’
signal generator 11 in the faorm of changes 1n the duration and
the pitch of the tone of the instruction signal 12. Dart;cuM'

larly instructive is, for instance, a tone rLncreasing 1n D;tuh
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to indicate an inhalatlon, respectively a tone decreasing in
pitch to indicate an exhalation (see Fig. 3b). '

~ To this purpoSe the control device 7 reads said in-
formation via a data path 9 from the memory 5 and passes-this
via a data path 10 on to the 1instruction signal-generator-ll.
Said generator uses the information 1n the feed back mode; 1f

the starting signal is active, to synthesize the desired res%

‘plratory pattern. Its characteristics are thus determined by

choice through the information selected from the memory with

the keYboard 50. '

Data regarding the selected respiratorY'feed‘back
program can be shown during programming, preferably via a dis~
play unit 52, illustrated in Fig. 5. This display unit 52 can
alsq show, for instance during a'special-instruction mode, the
parameters of the currently recorded respiratory pattern for
the purpose_of an optical feed back to the user or for 1in-

stance the therapist, to make a diagnosis.
In order finally to allow the user or the person sus-

‘ceptible to stress to become accustomed to the instruction

signals, it is also possible to provide a teaching mecde.
During this teaching mode the instruction signal 12 is issued
by the instruction signal generator 11 independently of the
starting signal. The choice between the different modes 1s
simply made via the key board 50. '
The display unit sbhematically shown in Fig. 6 com-
prises the housing 53 in which the electro-acoustic transdu-
cers 15, 16 are hcused.'One of these electro-acoustic transdu*
cers 15, ;6 functions as source, the other as receiver unit;
The electro-acoustic transducers 15, 16 are connected with
each other via the elastic tube 14, which is made, for in-
stance from sllicone polymers. The connectiOn between the tube
14 and the electro-acoustic transducers 15, 16 can be made by
means of the tube connectors 54, 55 mounted 1n the hOusing.'
For securing to chest or abdcmen with the aid of the tube 14,

the housing can be provided with a fastening notch 56, extend-

ing for example over 180° or more over the circumference of

the housing.

As mentioned above, the electro-acoustic transducers

15, 16 may be housed in a housing. Thlis housing may-have the

form of a clasp, whereby the tube 14 is formed 1nto a single

S - S . .
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*arge loop and 1s stretched doubxe around the chest and/or
abdomen.‘mhls is shown in Fig. 7, whereby the tube 14 1is
stretched in a double loop around a person’'s chest and the

E:hou51ng 53 functions as clasp. The tube 14 is brought over an
'onerable distance into the fastening notch 56. The connectinb

lead 58 leads from the ncuSan tm the processxng device 4 (nct
shown) ' | ﬂ*
: ' Accordlng to a favourable embocdiment the 1nteract1ve
resplratcry regulator 1s executed in the form of an automatlt
aevxce comprlslng a control prcqram and presdetermined standard
values. Dependent an the user, for example in the case of |
énildren?or patlents such as,stress.paCLents, trauma patlents

one may deviate rfram the fixed sﬁandard values, the resplrato~

rvy regulator exactly controls the respiration in correspon*

"dence with the parameters (frequency, ratio, pause) 1ncorp0ra~

ﬁed in'the standard values. This‘enables the user, without:

ﬁelp froﬁ a doctor or expert, to operate and use the reaolraw

tofy regﬁlator, which was not possxble with the resolratory

requlatcrs accordling to the prior art. a2
" In Fig. 8 the ratio R, uelnq the lnhalatlon tlme

dxvmded by the exhalation tinme, la plotted against the number
of;respxratlons per minute. This gives a different plcture for'
different user groups. Field A, lndlcatad by a dlscontlnuous

;\Liﬁe, comprises normal, healthy adults while field D, lnd‘” f

cated'byia continucus line, shows the level of respiliration’
acﬁievedsby people going in for sports and yeoga. Ind1v1duals.
wlth irreqgular respiraticn are found in field C, indicated hy
a dot-dasn-llne. Individuals who nyperventllate are found 1n
field B. For children whose chest is not yet full-grown, af 5
similar graph can be made. Thus the apparatus according to. the
inventlon also allows a diagnosig te be made. In addi 1on,}§he
apnaratus can be used for theraoeutlc purposes without any’ ~;

|

tofy pat erns the apnarat45 according to the invention was
also shown_to help people who, through traumat C. experl ences

in the past and in spite of psychotherapy or relaxation ewer-

cises, were unable to breathe in a healthy, regular manne~,;to

breathe calmly and contreolled within 5-10 minutes. In this way

Lt was'pbssiblﬂ Lo achieve a deep relaxation much faster than

when using apparatuses according to the prior arct, which nas a

R -,
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We claim:

1. A recording device for recording movement of parts of the body, a tube having
respective ends and a length and a recording device (2) comprising an elastic hollow tube
(14) adapted to be stretched over part of the user's body, through which sound pulses are
sent with a fréquency being inversely equal to the length of the tube (14), generated and

recorded by electro-acoustic transducers (15, 16) attached at the respective ends of the

tube (14) and electrically connected to a pulse generator (17).

2. A device acCording to claim 1, wherein the recording device (2) is provided with means
to determine, from frequency changes of sound pulses occurring during each cycle of

movement, parameter values of pattern of movement.

3. A device according to claim 2 wherein the recording device (2) is provided with a phase

difference detector (22) measuring phase difference between received sound pulses (19)

and a reference pulse signal (21).

4. A device according to claim 3, wherein, each sound pulse cycle has a start, the
recording device (2) comprises a frequency regulation device (20) effectuating a stable

phase difference of the sound pulses (19) at the start of each sound pulse cycle, with

régard to a reference pulse signal (21).

5. A device according to claim 4, wherein the frequency regulation device (20), together

with a phase difference detector (22) forms a phase-locked loop.

6. A device according to claim 5, wherein the recording device (2) comprises an

amplitude regulating device (23), which guarantees that irrespective of the length of the

tube (14), the sound pulses (19) have a constant intensity.
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