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Description

Signal Filter Method and Apparatus

Technical Field

The present invention relates generally to signal
processing and more particularly to a signal filter
method and apparatus suitable for use with in vivo

catheter-type oximeters.

Background Art
Various catheter-type oximeter apparatus are known

for determining blood oxygen saturation. One such
apparatus is disclosed in U.S. Patent No. 4,114,604 to
Shaw, et al., the disclosure of which is incorporated
herein by reference. Typically with such apparatus, &
catheter is .introduced into.a blood ves;el and the

‘blood within the vessel flows abdut the catheter tip.

The catheter includes a first fiberoptic guide which
conducts radiation from the oximeter apparatus to an
aperture at the catheter tip. The blood flowing about
the catheter tip scatters a portion of the incident
radiation thereon back to a second aperture at the
catheter tip where a second fiberoptic guide transmits
this back-scattered radiation to the oximeter apparatus.
The back-scattered radiation is then analyzed by the
oximeter apparatus to provide a measurement of oxygen
saturation. ,

As the blood under test flows about the catheter
tip, the amount of radiation returning therefrom exhi-
bits pulsatile fluctuations synchronized with the heart-
beat. It is believed that these fluctuations result
from the catheter tip impacting or very closely
approaching the vessel wall. Since the vessel wall
exhibits reflective characteristics not necessarily

related to blood oxygen saturation, these substantial
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fluctuations resulting in greatest part from the re-
flectance of the vessel wall can introduce inaccuracies
into the measurement of blood oxygen.

Various technigues have been utilized in reducing
or eliminating these substantial fluctuations. In one
system, the time constant or span of the oxygen satura-
tion measurement is increased to thereby decrease the
influence that the substantial radiation fluctuations
may have on the oxygen saturation calculation. How-
ever, this technique does not remove from the oxygen
saturation measurement process the erroneous data re-
presented by the substantial radiation fluctuations.
Thus, the oxygen saturation calculation is based at
leaét in part upon erroneous data, thereby adversely
affecting the accuracy of the oxygeﬁ saturation measure-
ment. )

In another oximeter apparatus, the catheter tip
is enclosed'withiﬁ a bage-type structure in an attempt
to prevent the oximeter tip from impacting the vessel
wall. While the cage structure may effectively separate
the catheter .tip from the vessel wall, the structure
also greatly increases the tendency for deposits to
form on the catheter tip, an undesirable result.

Disclosure of the Invention

The method and apparatus of the present invention
overcomes the limitations described above and provides
a signal filter which removes therefrom portions of
the signal indicative of erroneous data. An exemplary :
signal filter method in accordance herewith may in-
clude the steps of receiving the signal, adjusting a
threshhold value by increasing the threshhold a first
predetermined amount when the signal is in a first
predetermined relationship with the threshholé value
and decreasing the threshhold a second predetermined

amount when the signal is in a second predetermined
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relationship with the threshhold. The signal is then
compared with the adjusted threshhold and transmitted
if the signal bears a first predetermined relationship
to the threshhold. 1In one embodiment of the present

5 invention, adjusting the threshhold may include the
steps of comparing the signal to a base line, adjusting
the base line toward the signal, and then establishing
the threshhold as related to the base line. Signal
transmission may be inhibited or a predetermined output

10 transmitted in place of the signal.

A signal filter apparatus in accordance with the
present invention may include means for receiving the
signal, means for adjusting a threshhold by increasing

~ the threshhold a first predetermined amount when the

15 signal is in a first predetermined relatiohship with
the threshhold and for decreasing the threshhold a
second predeteimined amount when the sighal is in-a
second predetermined relationship with the threshhold,
and means for comparing the signal with the adjusted

20 threshhold value and for transmitting the signal if the
signal bears a first predetermined relationship to the
threshhold. The means for adjusting the threshhold
may further include means for comparing the signal to
a base line, means for adjusting the base line toward

25 the signal, and means for determining the threshhold
related to the base line. The apparatus can zl1so in-
clude means for inhibiting the signal or transmitting
a predetermined output if the signal bears & second
predetermined relationship to the threshhold wvalue.

30 I+ ig thus seen that an exemplary methcd and
apparatus in accordance herewith removes fron the
signal those portions of the signal indicativs of
erroneous data.

Further, in accordance herewith, the sicmal filter

35 method and apparatus may be incorporated within an

oximeter method or apparatus to thereby provide an
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improved oximeter method and apparatus less susceptible
to erroneous reflected radiation received at the cathe- ¢
ter tip. -
Thus, it is an object of the present invention to ‘
5 provide a signal filter.
It is another object of the present invention to
provide an improved oximeter method and apparatus.
It is yet a further object of the present inven-
tion to provide an improved oximeter method and appa-

10 ratus emploving a signal filter.

Brief Description of the Drawings-

These and other objects and advantages of the pre-
sent invention are apparent from a consideration of the .

15 entire specification and the following drawings in
which: .

Figure 1 is a block diagram of an oxygen satura-
tion measuréﬁént apparatus suitable for ﬁée with the .
signal filter of the present invention;

20 Figure 2 is an exemplary wave form depicting in-
tensity fluctuations in radiation returning from a
catheter tip;

Figure 3 is an exemplary flow diagram for imple-
menting a signal filter in accordance with the present

25 1invention;

Figure 4 is a portion of Figure 1 of the Shaw,
et al., patent referenced above modified for use with

an alternative embodiment of the present invention;
Figure 5 is an alternative embodiment of the sig-

30 nal filter of the present invention adapted for use

with the modified circuitry of Figure 4. . --

Best Mode for Carrying Out the Invention

With reference now to Figure 1, an oxygen satura-
35 tion measuring apparatus 10, sometimes herein referred

to as an oximeter or oximeter apparatus, is preferably
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a microprocessor bus-oriented system, a configuration
which is well known to those skilled in the art. More
particularly, the apparatus 10 includes a system bus 12
comprising a plurality of conductors for transmitting
address, data, program and control information to
various portions of the apparatus 10. The apparatus 10
is controlled by a central processor 14, which is con-
nected to and substaﬂtially controls the system bus 12.
In an exemplary embodiment, the central processor l4

is a type 6800 manufactured by Motorola Semiconductor
Products, Inc.

The system bus 12 communicates with an optical
module interface 16 which in turn is connected to an
optical module 18. The interface 16 drives a plurality
of light-emitting diodes (LEDs) 20, 22, and 24, which
emit radiation at preselected wavelengths Xx;., X, and

A3 respectively. 'This.;adiat?on is col}ecte@ by ‘
fiberoptic guides 26, 28, and 30, which conduct the
radiation emitted by the diocdes 20-24 to an optical
combiner 32. The optical combiner 32 in turn transmits
radiation through an end cross-section 34 to an optical
integrator 36. A transmitting fiberoptic guide 38 is
coupled to the exit aperture 40 of the optical inte-
grator 36 and the fiberoptic guide 38 consegquently
transmits radiation through a catheter 42 to an aper-
ture within a distal tip 44 of the catheter 42. The
catheter tip 44 is disposed within a blood vessel and
the blood under test flows through the vessel and
about the tip 44.

The radiation emitted from the fiberoptic guide
38 is back-scattered by the blood under test and is
reflected 5y the vessel walls. This back-scattered
and reflected radiation is then received through a
second aperture within the catheter tip 44 by a second
fiberoptic guide 46. The fiberoptic guide 46 transmits

this radiation to a detector 48 which provides a signal
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proportional thereto to the optical module interface 16.

With continued reference to Figure 1, the apparatus
10 further includes various displays 48 responsive to
the system bus 12. Furthermore, the system bus 12 is
connected to an alarm and output circuit 50 which may
provide an audio alert tone for the operator of the ,
apparatus 10, nurse call signals and a suitable auxi-
liary analog output for driving ancillary equipment.
A keyboard and control switches 52 is connected to the
system bus 12 and also is directly connected to a re-
corder 54 and to a power supply 56. The recorder 54
is also responsive to the system bus 12 to produce a
permanent strip chart record of the blood oxygen satura-
tion as measured by the apparatus 10. The power supply
56 provides power throughout the apparatus 10.

The central processor 14, through the system bus
l?{ communicates with a memory 58 which may include
program instructions ﬁbr the central proées%orrlé in.
read-only memory (ROM) and which may further include
temporary or scratch-pad random-access memory (RAM)
for use by the central processor 14 during the opera-
tion of the apparatus 10.

In operation, the apparatus 10 is controlled by
the keyboard and switches 52 to energize the power
supply 56. The optical module interface 16 sequentially
energizeé the diodes 20-24 to seguentially provide
radiation at the three preselected wavelengths X1r &2

and via the catheter 42 to the catheter tip 44.

A
Upon bick-scattering by the blood under test and trans-
mission via the catheter 42 to the detector 48, the
optical module interface 16 converts the analog signal ot
from the detector 48 indicative of radiation intensity

into a digital signal which in the embodiment of

Figure 1 may be 12 bits. This digital signal is then

applied through the system bus 12 as controlled-by the

central processor 14 and is stored into the memory 58.
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The central processor 14 subsequently uses this data

stored in the memory 58 to calculate the blood oxygen
saturation. For example, the central processor 14 may
implement equation 8 from the referenced Shaw, et al.,

patent, which is as follows:

I I I

1 1 3

ag + A (F9) + By (3D Ay (FD)

2 2 2

0os =

Il I, 5 I3
By + By () + B, (§9)° + By (f2)

0 1 12 2 I2 3 12

where AO, Al, A, and A3 are weighting factors or coeffi-
cients, By, By, B, and B, are weighting factors or co-
efficients, and Il, I, and I3 are radiation intensi-
ties from the blood under test measured at wavelengths
Ayr Kpr and Xy respectively, each normalized with
respect to a reference light intensity measurement.
Once the calculaéion is completed; the gentral proces-
sor 14 provides the resulting oxygern saturation (08S)
value to the displays 48, and if enabled, to the re-
corder 54. If the central processor 14 detects that an
alarm condition exists, the alarm and output circuit
50 generates an audio alarm tone or a nurse call signal.

It will be understood by those skilled in the art
that the apparatus of Figure 1 is generally a digital
implementation of the catheter oximeter apparatus and
method which is disclosed in the referenced Shaw, et
al., patent. Such a microprocessor-based bus—-oriented
system will be readily apparent to one skilled in the
art. Moreover, other than three radiation intensities
may be used which can provide an oxygen saturation
measurement through other suitable mathematical rela-
tionships.

With reference now to Figure 2, an intensity
curve 58 of the back-scattered and reflected radiation
from, for example, LED 24 operating at wavelength Y
includes pulsatile fluctuations 60a-604 svnchronized
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with the patient's heartbeat. Although the Ay inten-
sity curve 58 is indicated by a continuous line, it 1is
to be understood that the Xy intensity as detected

by the detector 48 in the exemplary embodiment of
Figure 1 is a series of individual intensity measure-
ments which, when plotted together, form the X4 in-
tensity curve 58 of Figure 2. The pulsatile fluctua-
tions 60a-60d, if of sufficient magnitude, represent
erroneous or unsuitable reflected radiation intensi-
ties which typically result from the catheter tip 44
impacting or very closely approaching the vessel walls
as the catheter tip 44 is moved about within the
vessel during a heartbeat. The Xq intensity shown in
Figure 2 is converted by the optical module interface
16 of Figure 1 into a corresponding digital walue which
may then be utilized by the central processor 14 as

is described below. _ i

. Turning now to Figure 3, a signal filter method

flow diagram as shown therein implemented within the

apparatus 10 of Figure 1 advantageously removes from

the signals the portions thereof which are indicative
of erroneous or unsuitable radiation readings. Hore
particularly, and with continued reference to Tigures

1 and 3, the central processor 14 reads from the sys-

tem bus 12 the radiation intensities from the catheter

tip at, for example, approximately four millisecond

intervals and the control processor 14 sums each of

the radiation intensities individually for a period

of time which can be approximately 32 milliseconds. ‘-
This initially averages the individual radiation in-
tensities and thus slightly smoothes radiation inten-
sities Il’ I2 and I3. The central processor 14 then
compares the intensity I3 with a base line intensity
value which may be temporarily stored within the

memory 58.
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If the intensity I3 is not greater than the base
line intensity value, the central processor 14 de-

creases the base line value according to the following

equation:
BL = BL - Kl~(BL -~I3)

where BL is the base line intensity value and Ky is a
predetermined constant which can equal approximately
0.25 in an exemplary embodiment.

Once the new base line intensity value is deter-
mined, a threshhold intensity value is determined
wherein TH = K4-BL, where TH is the threshhold inten-
sity value and K4 is a predetermined constant which
can equal, for example, approximately 1.5. Once the
threshhold intensity value TH is calculated, the 3z,
intensity I3 is,compared with the threshhold intensity
value. If the imtensity I, is not greater than the
threshhold intensity value, then the intensities Il'
Iz, and I3 are stored by the central processor 14 into
the memory 58. In the embodiment of Figure 1, each
intensity Il’ Iz, and 13 is stored into the memory 58
and may further be separately accumulated to each form
a weighted moving average for the respective wave-
lengths with a period of approximately five seconds.

However, if the intensity 13 is greater than the
threshhold intensity value, then the central processor
14 sets each intensity Il’ 12 and I3 to zero and
stores these zero values into memory as part of the
aforementioned weighted moving averages. It is to be
noted that because egquation 8 referred to sbove from
the referenced Shaw, et al., patent is based on ratios
of reflected radiation intensities, the accumulation
of zero individual radiation intensity values I, I,,

and I, has no influence on the ultimately calculated

blood oxygen saturation.
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With continued reference to Figures 1 and 3, if the
central processor 14 determines that the intensity I3
is greater than the base line intensity value, the cen-
tral processor 14 then determines whether the intensity
I3 has been éreater than the base line intensity value
for a predetermined time period which can be approxi-
mately five seconds, althougﬁ other time lengths may
be suitably selected. This may be accomplished, for
example, by programming the central processor 14 to
measure a time interval in a fashion which is well
known to those skilled in the art. If the intensity
13 ‘
value for the five second time period, then the central

has not been greater than the base line intensity

processor 14 determines a new base line intensity
value according to BL = (1 + KZ)'BL, where K2 is a pre-
determined constant that can be, for example, approxi-
mately 0.004. The new base line intensity value is
then'ésed to calculate a new ﬁhreshholdiintensity .
value which is compared to the intensity I3 as des-
cribed above.

I£, however, the intensity 13 has been greater than
the base line intensity value for the predetermined
time period, then the base line intensity value 1is
increased so that BL = (1 + K3)~BL, where K3 is a pre-
determined constant that can have an exemplary value
of approximately 0.120. Once the base line intensity
value has been adjusted in this way, then the thresh-
hold intensity value is again determined and the re-
maining steps are performed by the central processor
14 as described above.

Thus, it is apparent that the method of Figure 3 o
as implemented by the apparatus 10 of Figure 1 adjusts
a base line iﬁtensity value which generally follows
the low-level portions of the X, intensity I3. As
seen in Figure 2, the X3 intensity I3 plotted-as the

curve 58 thus may be thought to genesrally ride along
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or in relatively close proximity to a base line inten-
sity value represented by a curve 62. The base line
intensity value is continually updated in order to
maintain this relationship. If the X intensity 58
5 is not greater than the base line intensity value 62,
the base line is gradually decreased. On the other
hand, if the X3 intensity 58 is greater than the base
line intensity value 62, then the base line intensity
value is increased by an amount related to the length
10 of time that the X3 intensity has exceeded the base
line intensity value. More particularly, if the 53
intensity 58 has been greater than the base line
intensity value for not longer than the predetermined
time period, then the base line intensity value is
15 slightly increased for each o intensity comparison.
However, if the X3 intensity I3 has been greater than
the base line intensity value for longer than the pre-
determined time period,  then the base liné,intensity T
vdalue is increased relatively quickly with respect '
20 to the previous base line intensity value to thereby
quickly adjust the base line intensity value with res-
pect to the X3 intensity.
Once the base line intensity value is adjusted in
this way, then the threshhold intensity value repre-
25 sented by the dashed line 64 in Figure 2 is determined
with respect to the base line intensity value. If the
Aq intensity 58 is greater than the threshhold inten-
sity value 64, the Xyr E and X3 intensities Il' 12
and I3 are set to zero and are then stored into the
30 memory 58 as part of a moving average accumulation.
Conversely, if the;§3 intensity is not greater than
the threshhold intensity value, then the);l,x_z and
X3 intensities read by the central processor 14 from
the optical module interface 16 are then stored into
35 the memory 58 as part of the moving average accumula-

tion. 1In this way, the threshhold intensity wvalue

e WIPO
ZERNATION
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determines the level above which the X, intensity I3
in particular and the associated xl and Rz intensities
I, and I

1 2
average values for the intensities Il’ I2 and I3 are

are presumed to be invalid. The moving

5 +then used to determine oxygen saturation as described
above.

It is to be understood that the predetermined con-
stants Kl - K4 can be varied according to the particu-
lar system requirements. Moreover, the adjustments

10 to the base line intensity value can be fixed rather
than related to the constants K, - Ky which will be
readily apparent to those skilled in the art. It will
be further apparent that the base line intensity value
BL can be written in terms of the threshhold intensity

15 wvalue TH and the threshhold intensity value TH can
therefore be considered to be adjusted directly with
respeét to the intensity I,., .

Thus, the signal filter method of Figure 3 and the
apparatus 10 of Figure 1 provide an improved oximeter

20 apparatus less susceptible to the pulsatile reflected
radiation intensities indicative of erroneous or un-
useable data. The steps set forth in Figure 3 can,
of course, be implemented using well-known software
technigues with the central processor l4.

25 With reference now to Figures 4 and 5, the appara-
tus disclosed in the referenced Shaw, et al., patent
may be modified to incorporate the signal filter in
accordance with the present invention.

As shown in Figure 4, such an apparatus includes

30 a repetitive pulse generator 66 which sequentially
energizes a plurality of light-emitting diodes (LED'Ss) -
68, 70 and 72. The LEDs 68, 70 and 72 are coupled
through a suitable optical combiner, optical integra-
tor, and catheter as, for example, shown in Figure 1,

35 to provide to a detector 72 back-scattered and-re-

flected radiation from the catheter tip. The LEDs 68,

SUREAT
oMzl
/ N S
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70 and 72 emit radiation at three predetermined wave-
lengths Xy Ay and Xy as previously described above
with reference to Figure 1.
The detector 74 provides a signal representative
5 of the radiation from the catheter tip to an amplifier
76, the output of which is connected to a plurality of

normally open switches 78, 80, 82, 84 and 86 (Figs. 4

and 5). The switches 78 and 80 are controlled by the
generator 66 so as to be closed during the time that
10 +the LEDs 68 and 70, respectively, emit radiation.
Similarly, the switches 82 and 84 are controlled by
the generator 66 so as to be closed during the portion
of time that the LED 72 emits radiation. Lastly, the
switch 86, as controlled by the generator 66, is closed
15 when none of the LEDs 68-72 is emitting, thus forming
a closed loop servo system between the amplifier 76
and an amplifier 88 which establishes a bias voltage
on the amplifier 76 that adjusts- its oufput voltage

to zéro. )

20 The switches 78-82 are in turn connected to nor-
mally closed switches 90-94 respectively. The switch
90 is connected through a resistor 96 to an amplifier
98 and a capacitor 100. sSimilarly, the switches 92
and 94 are connected through resistors 102 and 104

25 +to amplifiers 106 and 108 and to capacitors 110 and
112. The amplifiers 98, 106 and 108 provide Xqyv 52'
and A3 radiation intensity output signals I,, I, and
I3, respectively. _

As shown with reference to Figure 5, the switch 84

30 connects the signal from the amplifier'76 to signal
filter circuitry designated generally 114. The switch
84 is connected through a resistor 116 to an amplifier
118 and a capacitor 120. The output of the amplifier
118 is connected to the anode of a diode 122, the

35 cathode of which is connected through a resistor 124

via a line 142 to a first current source 126, a
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switch 128, a capacitor 130, an amplifier 132 and a
comparator 134. The out rput of the amplifier 118 is
also connected to a second input of the comparator 134.
The output of the comparator 134 controls a timer 136
which in turn controis the switch 128. The switch 128
is also connected to a second current source 138.
The output of the amplifier 132 is connected through
a line 144 to the inverting imnput of a comparator 140,
the non-inverting input of which is connected to the
output of the amplifier 118. The ocutput of the compara-
tor controls the position of the switches 90, 92 and 94.
In operation, when the LED 72 emits radiation and
the switches 82 and 84 are closed, the radiation from
the catheter is detected by the detector 74. The
detector 74 output is amplified by the amplifier 76
which applies a signal through the switch 84 to the
annllfler 118. rr‘he current source 126 contﬁnuously
provides current to the line 142 the 51gnal on this
line being proportional to a base line intensity value

(BL), hereinafter referred to as a base line signal.

The current source 126 increases the base line signal

25

30

by a predetermined amount with respect to time, that
is to say, at a predetermined rate. This base line
signal is scaled or multiplied by the amplifier 132
to provide a threshhold signal (TH) on the line 144
to the comparator 140.

When the output of the amplifier 118 is less than
the base line signal on the line 142, the capacitor
130 discharges through the resistor 124 and the diode
122 to thus decrease the base line signal on the line

142 and in turn proportionally decrease the threshhold -

signal on the line 144. If the output of the ampli-

fier 118 is greater than the base line signal, how-
ever, then the current source 126 provides a first
current to the line 142 to thereby increase the-base

line signal. Furthermore, if the output of the
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amplifier 118 is greater than the threshhold signal on
the line 144, then the comparator 140 controls the
switches 90-94 (Fig. 4) to connect the resistors 96,
102 and 104 to ground to thereby disable the further
5 application of the signal from the amplifier 76
through the switches 78, 80 and 82. In this way, if
the radiation intensity I3 is greater than the thresh-
hold signal on the line 144, indicating that erroneous
radiation information is returning from the catheter,
10 the signals proportional to the radiation intensities
Il, 12 and I3 are removed from the inputs to the ampli-
fiers 98, 106 and 108.
If the output of the amplifier 118 remains less
than the base line signal for more than five seconds,
15 +the comparator 134 and the timer 136 control the sw1tch
128 to connect the second current source 138 to the
line 142. The second current source 138 provides a
fixed current to the line 142 which re‘atlvely au1ckly
increases the base line signal thereon. As with the
20 current socurce 126, the current source 126 ‘increases
the base line signal by a predetermined amount with
respect to time, which is to say, at a predetermined
rate.
Thus it is seen that the signal filter circuitry
25 114, in accordance with the present invention, pro-
vides a base line signal which generally follows the
low-level portions of the radiatioﬁ intensity I3.
A threshhold signal is provided which is related to
the base line signal, and if the radiation intensity
30 I is greater than this +hreshhold signal, then the
signals corresponding to the radiation intensities
Il’ I2 and 13 are not applied to the respective
amplifiers 98, 106 and 108. It is to be further noted
that the circuitry 114 provides an analog implemen-

35 +tation of the signal f£ilter method of Figure 3:~
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Having thus described one embodiment of our inven-
tion in detail, it is to be understood that numerous
equivalents and alterations which do not depart from
the invention will be apparent to those skilled in the

5 art, given the teachings herein. Thus, our invention
is not to be limited to the above description but is

to be of the full scope of the appended claims.
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1. A method for filtering a signal to remove there-
from portions of the signal indicative of erro-
neous data, including the steps of

5 receiving the signal,
adjusting a threshhold by increasing the thresh-
hold a first predetermined amount when the signal
is in a first predetermined relationship with the
threshhold and decreasing the threshhold a second
10 predetermined amount when the signal is in a
second pre&etermined relationship with the thresh-

hold,
comparing the signal with the adjusted thresh-
hold, and , '
15 transmitting the signal if the signal bears a
' first predetermined relationship to the threshhold.

hd 3

5. A method as in Claim 1 wherein the adjusting step
includes
20 varying a base line by a predetermined amount
to adjust the base line toward the signal, and

determining the threshhold related to the base

line.

25 3. A method as in Claim 2 wherein said varying step
includes increasing the base line by a first pre-
determined amount when the signal is greater than
the base line and decreasing the base line by a
second predetermined amount when the signal is

30 less than the base line.

4. A method as in Claim 3 wherein said first prede-
termined amount is varied in accordance with the

length of time that said signal is greater than

35 said base line.
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A method for filtering a signal to remove there-
from portions of the signal indicative of erro-
neous data, including the steps of

receiving the signal,

varving a base line representation by a pre-
determined amount to adjust the base line repre-
sentation toward the signal,

determining a threshhold representation rela-
ted to the base line representation,

comparing the signal with the threshhold re-
presentation,

transmitting the signal if the signal bears
a first predetermined relationship to the thresh-
hold representation, and

transmitting a predetermined output if the
signal bears a second predetermined relationship
to the threshhold ren*esentatlon to thereny re- .
nove from the signal portlons thereof indicative

of erroneous data.

A method as in Claim 5 wherein the varying step

is performed at a predetermined rate.

2 method for filtering a signal to remove there-
from portions of the signal indicative of erroc-
neous data, including the steps oi

receiving the signal,

comparing the signal to a base line represen-
tation,

increasing the base line representation by a
predetermined amount when the signal is greater
than the base line representation,

decreasing the base line represeﬁtation by a
predetermined amount proportional to the differ-

ence between the base line representation and the

o
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signal when the signal is less than the base line
representation,

determining a threshhold representation rela-
ted to the base line representation by a predeter-

mined ratio,
comparing the signal to the threshhold repre-

sentation,

transmitting the signal if the signal bears a
first predetermined relationship to the threshhold
representation, and

transmitting a predetermined output iZ the
signal bears a second predetermined relationship
to the threshhold representation to thereby re-
move from the signal portions thereof indicative

of erroneous data.

An apparatus for filtering a signal. to remove .
therefrom.portions of the signal indicative of
erroneous data including h

means for receiving the signal,

first means responsive to the received signal
for adjusting a threshhold by increasing the
threshhold a first predetermined amount when the
signal is in a first predeterminec relationship
with the threshhold and decreasing the threshhold
a second predetermined amount when the signal is
in a second predetermined relationship with the
threshhold,

second means responsive to the received signal
and responsive to the adjusted threshhold for com-
paring the signal with the adjustead threshhold and
for transmitting the signal if the signal bears
a first predetermined relationship to the thresh-

hold.




PCT/US81/01551

WO 82/01948

- 20 -

An apparatus for filtering a signal to remove
portions of the signal indicative of

therefrom
data, including

for receiving the signal,

erroneous
means responsive to the received signal

means
first
for varying a base line representation by a pre-

determined amount to adjust the base line repre-

sentation toward the signal,
second means responsive to the base line re-
presentation for determining a threshhold repre-
sentation related to the base line representation,
third means responsive to the received signal
and to the threshhold representation for comparing
the signal to the threshhold representation and

10

15 for transmitting the signal if the signal bears
a first predetermined relationship to the thresh-

hold representation.

3
10. An apparatus as in Claim 9 wherein the Zirst means
further includes means for increasing the base

line representation by a first predetermined amount
the base line re-

+the base line re-

when the signal is greater than
when

presentation and for decreasing
presentation by a second predetermined amount

25 the signal is less than the base line represen-
tation.
first

11. An apparatus as in Claim 10 wherein said
predetermined amount is varied in accordance with
the length of time that the signal is greater than

30
the base line representation.

12. An apparatus for filtering a signal to remove
therefrom portions of the signal indicative oZ

35 erroneous data including
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means for receiving the signal,
first means responsive to the received signal

for comparing the signal to a base line represen-
tation, _

5 secpnd means responsive to the first means for
increasing the base line representation by a first
predetermined amount when the signal is greater
than the base line representation and for in-
creasing the base line representation by a second

10 predetermined amount when the signal is greater
than the base line representation for a predeter-
mined time period,

third means responsive to the first means for
decreasing the base line representation by a pre-

15 determined amount proportional to the difference
between the base line representat%on and the ‘signal

- ‘whén.the signal is less than the base line repre-
sentation, ' '
fourth means responsive tc the base line re-

20 presentation for determining a threshhold repre-

sentation related to the base line representation,

fifth means responsive to the received signal
and to the threshhold representation for comparing
the signal to the threshhold,

25 output means responsive to the received signal
for providing an output of the signal representa-
tion when the signal bears a first predetermined
relationship to the threshhold representation and
for providing an output of a second signal when

30 the first mentioned signal bears a second prede-
termined relationship to the threshhold represen-
tation, said threshhold representation thereby
determining the portions of the first mentioned
signal which are indicative of erroneous data.

35
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In a method of determining oxygen saturation of
blood comprising the steps of

producing electro-magnetic radiation at a
plurality of different wavebands,

coupling the radiation of the wavebands to
blood under test,

detecting radiation at each of the wavebands
received back from the blood under test for pro-
ducing a corresponding electrical signal represen-
tative of the intensity of the radiation received
back from the blood under test at the respective
waveband, and

providing an output manifestation of oxygen
saturation according to the relationship between
the electrical signals; .

a method for filtering the electrical signals
for removing therefrom portibﬁs of the signal in-;
dicative of erroneous data, including the steps of

selecting one of the aforementioned electrical
signals,

adjusting a threshhold representation by in-
creasing the threshhold representation a £first
predetermined amount when the selected signal is
in a first predetermined relationship with the
threshhold representation and decresasing the thresh-
hold representation a second predetermined amount
when the selected signal is in a second predeter-
mined relationship with the threshhold representa-
tion,

comparing the selected electrical signal with -~
the adjusted threshhold representation, and ’

verforming the aforementioned providing step
when the selected electrical signal bears a first
predetermined relationship to the threshhoid re-

presentation.
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14. A method as in Claim 13 wherein the adjusting step
includes varying a base line representation by a
predetermined amount to adjust the base line repre-
sentation toward the selected signal, and deter-

5 mining the threshhold representation related to

the base line representation.

15. A method as in Claim 14 wherein the varying step
includes increasing the base line répresentation

10 by a first predetermined amount when the selected
signal is greater than the base line representa-

tion and decreasing the base line representation

by second predetermined amount when the selected

signal is less than the base line representation.

[
w

16. A method as.in Claim 15 wherein the first prede-
termined amount is varied .in accordance with the -
léngth of time that the sélected signal is greater
than the base line representation.

20
17. In a method for determining oxygen saturation of
blood comprising the steps of
producing electro-magnetic radiation at a
plurality of different wavebands,
25 coupling the radiation of the wavebands to
bloocd under test,
detecting radiation at each of the wavebands
raceived back from the blood under test for pro-
ducing a corresponding electrical signal repre-
30 sentative of the intensity of the radiation re-
ceived from the blood under test at the respec-
tive waveband, and
providing an output manifestation of oxygen
saturation according to the relationship between

35 the electrical signals;




WO 82/01948

10

15

20

25

30

35

[
[60]

19.

_trical signal bears a second pr

PCT/US81/01551

- 24 =

a method for filtering the electrical signals
to remove therefrom portions of the signals indi-
cative of erroneous data, including the steps of

selecting one of the aforementioned electrical
signals,

varying a base line representation by a pre-
determined amount to adjust the base line repre-
sentation toward the signal,

determining a threshhold representation rela-
ted to the basgse line representation,

comparing the selected signal with the thresh-
hold representation,

oroviding a first output comprising the afore-
mentioned electrical signals if the selected elec-
trical signal bears a first predetermined rela-
tionship with the threshhold representation, _

providing a second output comprising prede- .
termined electrical signals if the selected elsc-

edetermined rela-
tionship with the threshhold representatio

summing the first output and the second out-
puts to provide summed electrical signals for the
raspective wavebands, and

producing the aforementioned output manifes-
tation of oxygen saturation according to the rela-

tionship between the summed electrical signals.

-

>

fie

At

\ method as in Claim 17 wherein the varving step
P

erformed at a predetermined rate.

A method of determining oxygen saturation of .-
blood comprising the steps of

producing electro-magnetic radiation at a
plurality of different wavebands,

coupling the radiation of the wavebands to

Blood under test,

UREA U
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detecting radiation at each of the wavebands
received back from the blood under test for pro-
ducing a corresponding electrical signal represen-
tative of the intensity of the radiation received

5 back from the blood under test at the respective

waveband, .

selecting one of the aforementioned electrical
signals,

comparing the selected electrical signal to a

10 base line signal,

increasing the base line signal by a predeter-
mined amount proportional to the base line signal
when the selected electrical signal is greater than
the base line signal,

15 decreasing the base line signal by a predeter-

([l
a

-

~he difference be-

('l

mined amount proportional to

tween the base line signal and the selected elec-

trical signal when the selected electrical signal

is less than the base line signal, '
20 determining a threshhold signal related to

base line signal by a predeuer“ined ratio,

ct
o
o

comparing the selected electrical signal with
the adjusted threshhold signal,
» providing a first output comprising the afore-
25 mentioned electrical signals when the selected
electrical signal bears a first predetermined rela-
tionship with the threshhold signal,
providing a second output com prising prede-
termined electrical signals when the selected
30 electrical signal bears a second predete:mined
relationship with the threshhold nal,
summing the first output and the second output

kQ

to provide a summed electrical signal for each

respective waveband, and

35 providing an output manifestation of oxygen




WO 82/01948 PCT/US81/01551

- 26 -

saturation according to a relationship between the -

summed electrical signals.

20. A method as in Claim 19 wherein the signals are

digital.

wn

21. A method as in Claim 19 wherein the signals are

analog.

10 22. In an apparatus for determining oxygen saturation
of blecod comprising -
source means for producing electro-magnetic
.radiation at a plurality of wavelengths,
means adapted to be coupled to the source means

for supplying the radiation therefrom to blood un-

[
w

der test with incident intensities at the respec-
tive wavelengtis, : <.
-detector means .adapted to receive radiation
back from the blood under test for producing
20 signals represantative of the intensitiss of the
radiation received thereby at the respective wave-
lengths, and
determining means responsive to the detector
means for receiving the signals thersfrcm and for
25 determining an output manifestation of oxw¥gen
saturation according to the relationship between
the signals;

an apparatus for £iltering the signals to re-

(]

move therefrom portions of the signals indicativ
30 of erroneous data, including
first means respeonsive to a selected one of ¢ -
said signals for adjusting a threshhold
tation by increasing the threshhold repres
a first predetermined amount when the selected
] —

ignal is in a first predetermined relationship
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with the threshhold representation and for de-
creasing the threshhold representation a second
predetermined amount when the selected signal is
in a second predetermined relationship with the
threshhold representation,

second means rasponsive to the selected signal
and responsive to the adjusted threshhold repre-
sentation for comparing the selected signal with
the adjusted threshhold, and

said detecting means being responsive to the
second means for determining the aforementioned
output manifestation when the selected signal
bears a first predetermined relationship to the

threshhold representation.

In an apparatus for determining oxygen -saturation

of blood comprﬂslng

source means for produci electr o-magneéic
radiation at a plurality of wavele

means adapted to be coupled to the source
means for supolying the radiation therefrom to
blood under test with incident intensities at the

respective wavelengths,

nals representative of the intens
radiation received thereby at the respective
wavelengths, and

determining means responsive to the detector
means for determining an output manifestation of
oxygen saturation according to the relationship
between the signals;

an apparatus for filtering the signals to re-
move therefrom portions of the sicnals indicative

I

of erroneous data, including




WO 82/01948 PCT/US81/01551

- 28 -

first means responsive to at least a selected

o

one of said signals for varying a base line repre-
sentation by a predetermined amount to adjust the
base line representation toward the selected sig-
5 nal,
second means responsive to the base line repre-
sentation for determining a threshhold represen-
tation related to the base line representation,
third means responsive to the selected signal
10 and to the threshhold representation for comparing
the selected signal to the threshhold representa-
tion, and
said determining means being responsive to the
third means for determining the aforementioned
15 output manifestation when the selected signal bears
a first predetermined relationship to the thresh-
hold representation.
_ . o ‘
24. An apparatus as in Claim 23 wherein the first means
20 further includes means for increasi
line representation by a first predetsrmined amount
when the selected signal is greater than the base
line representation ané for decreasing the base
line representation by a second pradetermined
25 amount when the selected signal is less than the

base line representation.

25. An apparatus as in Claim 24 wherein the first pre-

Getermined amount is varied in accordance with the .

30 length of time that the selecte
se

than the ba

o
n
I.-l .

(9]
o]
]
‘...4
t-l.
1]

0
]
(]
u
cl
(0]
8

line representati

26. An apparatus for determining oxvgen saturation of
blood comprising

35 source means for producing slectrec-magnetic
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radiation at a plurality of wavelengths,
means adapted to be coupled to the source means
for supplying the radiation therefrom to blood
under test with incident intensities at the respec-
5 tive wavelengths,
detector means adapted to receive radiation
back from the blood under test for producing sig-
nals representative of the intensities of the
radiation received thereby at the respective wave-
10 lengths,
first means responsive to a selected one of
said signals for comparing the selected signal to
a base line representation,
second means responsive to the first means for
15 incrsasing the base line representation by a first
- " predetermined amount when- the selected-signal is
e entation and for

greater than the base line repre

increasing the base line re n by a second

‘U
)
(]
m wn,
413
o )|
t
fu
r
'_.I

predetermined amount when the elected signal is

2Q greater than +he base line represe entation for a

predetermined time period,
m

ct
)

third means responsive to the Iirs ans Ior
a

s}
o’
'

decreasing the base line representat io pre-

determined amount proportional to the difference
25 between the base line representation and the sig-
nal when the signal is less than the base line
repre sentation,
fourth means respensive to the base line re
presentation Zor determining a threshhecld repre-
30 sentation related to the base line representa ation
by a predetermined ratio,
Zif+th means responsive to the selected signal
and to threshhold represencation Zor comparl ing the
selected signal to the threskhhcld represse ntation,

35 " output means responsive to the se7eCt i signal
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v

for providing a first output comprising the afore-
mentioned signals when the selacted signal bears

a first predetermined relationship with the thresh- s
hold representation and for providing-a second out-

5 put comprising second signals 1f the selected elec-
trical signal bears a second predetermined rela-
tionship with the threshhold representation,

summing means responsive to the Zirst output
and the second output for summing the first output
190 and the second output to provide a summed signal
for each respective wéveband, and -
determining means responsive to the summed sig-
nals for determining an output manifestation of
_ oxygen saturation according to the relationship
15 between the signals. R
27. *An apparatus as in Claim 26 wherein the base line
reéresentaéion and the threshhold rspresentation
are digftal signals.

20
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representation and the threshhold representation
S

are analog signals.
25 29. An apparatus as in Claim 26 wherein the second

means and the third means adjust the base line

representation at predetermined rates.

30
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