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7) ABSTRACT

A device for measuring blood oxygen content comprises a
blood oxygen sensor interface, a signal processing unit, and
a plurality of voltage sampling points. A method for detect-
ing fault in a blood oxygen sensor comprises the steps of:
connecting the blood oxygen sensor to the signal processing
unit; providing voltage signals by the signal processing unit
via a pair of testing terminals, for alternately driving two
LEDs connected in inverse-parallel with each other in the
blood oxygen sensor; sampling the voltages of the pair of
testing terminals, respectively, and determining the fault
relevant to the LEDs based on the relationship of the
voltages; receiving current signals from a photodiode in the
blood oxygen sensor by the signal processing unit via
another pair of terminals, converting the received current
signals into voltage signals, and outputting positive voltage
signals via a reverser and a follower, respectively; and
sampling the positive voltage signals respectively for deter-
mining the fault relevant to the photodiode. Thus, the fault
of the sensor can be detected and determined by employing
a plurality of sampling points without the tissue to be
measured of the human body, thereby the output error due to
the faults of the sensor can be avoided, and the device can
be maintained conveniently.
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METHOD AND DEVICE FOR DETECTING FAULT
IN A BLOOD OXYGEN SENSOR

FIELD OF THE INVENTION

[0001] The present invention relates to a medical instru-
ment, in particular a device for measuring blood oxygen
saturation, and especially to a method for detecting fault in
a blood oxygen sensor.

BACKGROUND OF THE INVENTION

[0002] Tt is very necessary to monitor the state of blood
oxygen for patients in the process of medical operation and
recovery. Generally, this is performed by monitoring the
blood oxygen saturation (namely the oxygen content of
arterial blood). In a human body, the arterial blood pulsates
in the ends of tissues as a result of the pulse wave, and the
oxyhemoglobin (HbO,) and the reduced hemoglobin (Hb)
cause the media to be measured (such as fingers or toes, etc.)
to have different transmittivities of red light and infrared
light. Nowadays, domestic or foreign pulse oximeters opet-
ate by utilizing the above principle, that is: irradiating red
light and infrared light of a certain intensity to the media to
be measured, detecting the transmitted light intensities of the
two lights, and then calculating the blood oxygen saturation
based on the ratio of the density variations of the red light
and the infrared light after the two lights passing through the
media to be measured such as fingers.

[0003] Based on the measuring principle described above,
a device for non-traumatic measurement of blood oxygen
saturation basically comprises a blood oxygen sensor and a
signal processing unit. The key component of the blood
oxygen sensor is a sensor including a light-emitting diode
(LED) and a photosensor. At one side of the sensor, the LED
can provide lights of two or more wavelengths; and at the
other side of the sensor, the photosensor can convert the light
signals passing through the measured media between the
LED and the photosensor and containing the information of
blood oxygen saturation into electrical signals which are
transmitted to the signal processing unit to be digitized for
calculating the blood oxygen saturation.

[0004] FIG. 1 shows the main structure of the blood
oxygen sensor. As shown in FIG. 1, a blood oxygen sensor
1 comprises a sensor head 11, a signal transmission cable 12
and a connector 13. The sensor head 11 comprises a pho-
todiode 111, a first LED 114 (emitting red lights) and a
second LED 115 (emitting infrared lights), the first LED 114
and the second LED 115 being connected in inverse-parallel
with each other. The signal transmission cable 12 comprises
an external shielding layer 126, an internal shielding layer
121, afirst core 122 and a second core 123, the first core 122
and the second core 123 being connected to a cathode pin
112 and an anode pin 113 of the photodiode 111, respec-
tively, for transmitting the current modulated by the photo-
diode 111. Moreover, the first core 122 and the second core
123 are enwrapped by the internal shielding layer 121. The
signal transmission cable 12 further comprises a third core
124 and a fourth core 125 in parallel with the internal
shielding layer 121, the third core 124 and the fourth core
125 being connected to both pins of the first LED 114,
respectively, for transmitting the current which alternately
drives the first LED 114 and the second LED 115. The sensor
head 11 is connected to a signal processing unit 2 (for
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example, a blood oxygen module circuit) via the signal
transmission cable 12 and the connector 13 in turn. Thus, the
lights transmitting through the tissue can be received by the
blood oxygen sensor and converted into electrical signals,
and then supplied to subsequent devices for further process-
ing.

[0005] The normal operation of the oximeter for measur-
ing the blood oxygen saturation is based on the reliable and
fault-free blood oxygen sensor. As the sensor head 11, the
signal transmission cable 12 and the connector 13 are
movable components, they tend to be damaged in use. For
example, the first core 122 and the second core 123 may be
in short-circuit connection with the internal shielding layer
121, or the third core 124 may be in short-circuit connection
with the fourth core 125, or the first LED 114 or the second
LED 115 may be short-circuited. All these faults will cause
the oximeter to operate abnormally and output incorrect
data. Therefore, it is necessary to monitor the fault of the
blood oxygen sensor 1 and output prompt messages in the
signal processing unit 2.

[0006] Generally, the intensities of the current signals
coming from the blood oxygen sensor vary depending on the
intensities of the pulse wave signals of the human body. But
if any of the above-mentioned faults occurs in the sensor, the
photodiode cannot output the light-modulated current sig-
nals whose intensities vary depending on the intensities of
the pulse wave signals of the human body. The signal
processing unit 2 existing in prior arts can judge whether or
not any fault occurs in the sensor on the basis of the above
feature.

[0007] However, there are the following limitations and
disadvantages in the prior arts described above. Only when
the measured part of the human body is positioned in the
sensing range of the sensor can the signal processing unit
judge whether or not any fault occurs in the sensor on the
basis of the characteristic of the pulse wave of the human
body. Furthermore, if the photodiode outputs a signal whose
characteristic is similar to that of the pulse wave as a result
of other factors such as ambient lights, a wrong determina-
tion will be made by adopting the above-mentioned method.
Thus, it’s not sure whether the fault can be found in time
once the fault occurs in the blood oxygen sensor, and this
will affect the monitoring of the blood oxygen of patients.

SUMMARY OF THE INVENTION

[0008] Inview of the limitations and disadvantages in the
prior arts, an object of the present invention is to provide a
method and device for detecting fault in a blood oxygen
sensor. According to the method and device in the present
invention, the faults of the sensor can be accurately detected
in time without the part to be measured of the human body,
and the type of the faults can be immediately determined.
Thus, it’s convenient for the device for measuring blood
oxygen content to output corresponding messages of the
faults or perform corresponding treatments in time on the
basis of the type of the faults, and the reliability and
accuracy of the measurement can be improved effectively.

[0009] In order to achieve the object described above, the
general concept of the present invention is proposed as
follows. Based on the characteristic of positive voltage drop
of two LEDs working in normal operation status, the two
LED:s are alternately driven by a signal processing unit, and
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the voltages to ground of two connecting points in the signal
processing unit are detected, wherein the two connecting
points serve to connect the cathodes and anodes of the LEDs
respectively, thereby the faults relevant to the LEDs that
occur in the blood oxygen sensor can be determined; the two
LEDs are alternately driven by the signal processing unit;
based on the loop current in the photodiode, the current is
converted into two voltages to ground at two interface
terminals by the signal processing unit, and the two voltages
to ground are detected respectively, thereby the faults rel-
evant to the LEDs that occur in the blood oxygen sensor can
be determined.

[0010] According to one aspect of the present invention,
there is provided a method for detecting fault in a blood
oxygen sensor, which is used in a device for measuring
blood oxygen content, comprising the steps of:

[0011] a. making sure that the blood oxygen sensor has
been connected to the signal processing unit, and then
powering on the device for measuring blood oxygen content
to the operating status;

[0012] b. alternately outputting, from the signal process-
ing unit, voltage signals of reverse polarities via a pair of
testing terminals, for alternately driving the two LEDs
connected in inverse-parallel with each other in the blood
oXygen sensor;

[0013] c.sampling voltages to ground of the pair of testing
terminals respectively and generating a group of comparison
voltages V3 and V4 by the device for measuring blood
oxygen content each time the signal processing unit outputs
a voltage signal of one polarity; and

[0014] d. determining the faults relevant to the LEDs that
occur in the blood oxygen sensor on the basis of the
comparison voltages V3 and V4 by the device for measuring
blood oxygen content.

[0015] In the method described above, if it is determined
in the step d that no fault relevant to the LEDs occurs in the
blood oxygen sensor, the method further comprises the steps
of:

[0016] e. receiving current signals from the photodiode in
the blood oxygen sensor by the signal processing unit via
another pair of terminals; converting the current signals
flowing through the pair of terminals into voltage signals via
two current-voltage converters which are connected to one
of the pair of terminals, respectively; then outputting posi-
tive voltage signals via a reverser and a follower, respec-
tively;

[0017] f. sampling the positive voltage signals output from
the reverser and the follower, respectively, and generating
another group of comparison voltages V1 and V2 by the
device for measuring blood oxygen content; and

[0018] g.determining the faults relevant to the photodiode
that occur in the blood oxygen sensor on the basis of the
comparison voltages V1 and V2 by the device for measuring
blood oxygen content.

[0019] According to another aspect of the present inven-
tion, there is provided a device for measuring blood oxygen
content used for detecting fault in a blood oxygen sensor, the
device comprising a signal processing unit and a blood
oxygen sensor interface, in which the blood oxygen sensor
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interface serves to provide input and output signals for
connecting the signal processing unit to the blood oxygen
sensor, and comprises a pair of input and output ports for
providing the driving voltages to operate LEDs in the blood
oxygen sensor, a pair of input and output ports for receiving
currents from a photodiode in the blood oxygen sensor, and
a ground terminal for making shielding layers in the blood
oxygen sensor common ground with the signal processing
unit; particularly, the signal processing unit comprises a
polarity exchange device for exchanging the polarities of the
driving voltages, and the signal processing unit further
comprises at least two voltage sampling points, the voltages
of which are detected to determine the faults relevant to the
blood oxygen sensor.

[0020] In the device described above, the two voltage
sampling points are provided at the pair of input and output
ports in the blood oxygen sensor interface for providing the
driving voltages to operate the LEDs in the blood oxygen
sensor; the signal processing unit further comprises a
reverser and a follower each connected to an output port of
a corresponding one of two current-voltage converting cir-
cuits; the input ports of the two current-voltage converting
circuits are connected to the input and output ports in the
blood oxygen sensor interface for receiving currents from
the photodiode in the blood oxygen sensor, respectively; and
each of the output terminals of the reverser and the follower
comprises a voltage sampling point, respectively.

[0021] According to the method and device described
above, whether or not a fault occurs in the sensor operating
in the device can be determined, without the part to be
measured of the human body, by directly detecting the
voltage parameters of a plurality of key points in the signal
processing unit, and the positions and types of the faults can
be accurately determined. Thus, the device for measuring
blood oxygen content can perform corresponding treatments
based on the type of the faults, the output error due to the
faults of the sensor can be avoided effectively, and the device
can be maintained conveniently.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a schematic diagram showing the main
structure of a blood oxygen sensor; and

[0023] FIG. 2 is a block diagram showing the fault
detecting circuit in a signal processing unit according to the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0024] Now the present invention will be further described
in connection with the preferred embodiments with refer-
ence to the drawings.

[0025] As shown in FIG. 2, a device for measuring blood
oxygen content according to present embodiment comprises
a blood oxygen sensor interface and a signal processing unit
2. The blood oxygen sensor interface serves to provide input
and output signals for connecting the signal processing unit
2 with a blood oxygen sensor, and comprises a pair of input
and output ports for providing the driving voltages to
operate the LEDs in the blood oxygen sensor. The pair of
input and output ports are connected to the two terminals of
a first LED 114 and a second LED 115 connected in
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inverse-parallel with each other in a sensor head 11 via a
third core 124 and a fourth core 125 in a signal transmission
cable 12, respectively (as shown in FIG. 1). The signal
processing unit 2 provides power supplies of reverse polari-
ties for the input and output ports by switching between a
power supply and a ground-resistance via four switch units
K1, K2, K3 and K4, so as to alternately drive the first LED
114 and the second LED 115 to emit lights. During a normal
operation, when the signal processing unit 2 applies VCC to
the fourth core 125 by switching on K1 and K4 and
switching off K2 and K3, the voltage on the third core 124
is (VCC-V ), where V; is the positive voltage drop on the
second LED 115; in contrast, when the signal processing
unit 2 applies VCC to the third core 124 by switching on K2
and K3 and switching off KI and K4, the voltage on the
fourth core 125 is (VCC-V,5p), Where Vg, 1s the positive
voltage drop on the first LED 114. It will be apparent to
those skilled in the art that the four switch units K1, K2, K3
and K4 can be replaced by any other exchange device
existing in the prior arts for changing the polarity of the
driving voltage, the detailed description of which will be
omitted herein.

[0026] The blood oxygen sensor interface further com-
prises a ground terminal for making the shielding layers (the
external shielding layer 126 and the internal shielding layer
121) in the blood oxygen sensor common ground with the
signal processing unit, and a pair of input and output ports
for receiving the current modulated by a photodiode in the
blood oxygen sensor. The pair of input and output ports are
connected to two pins of the photodiode 111 via a first core
122 and a second core 123 in the signal transmission cable
12, respectively. During a normal operation, the light emit-
ted from the first LED 114 or the second LED 115 irradiates
the photodiode 111 to generate a current flowing in the
photodiode 111 only in one direction, thereby “outputting”
the currents of equal intensities and reverse directions
through the first core 122 and the second core 123, respec-
tively. The currents flowing through the first core 122 and
the second core 123 are respectively transmitted to an input
port of a corresponding one of two current-voltage convert-
ing circuits in which the currents are converted into voltage
signals of reverse polarities, and then transmitted at the same
time to a signal amplifier 204 for further processing.

[0027] Generally, the blood oxygen sensor interface is in
the physical form of a connector such as a connector 13 that
can adaptively couple with the blood oxygen sensor. In
addition, the blood oxygen sensor interface can be in the
form of a general connecting line or a distributed line, the
detailed descriptions of which will be omitted herein.

[0028] In order to achieve the object of the present inven-
tion, a plurality of voltage sampling points are provided in
the signal processing unit in the device for measuring blood
oxygen content according to the present embodiment. The
voltages at the voltage sampling points are detected to
determine the faults relevant to the blood oxygen sensor. In
the blood oxygen sensor interface, one of the voltage sam-
pling points can be provided at the input and output ports for
providing the driving voltages to operate the LEDs in the
blood oxygen sensor, respectively. One terminal connected
to the third core 124 is denoted by V3, and the other terminal
connected to the fourth core 125 is denoted by V4. The faults
relevant to the LEDs that occur in the blood oxygen sensor
can be determined by comparing the voltages of V3 and V4.
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[0029] 1In order to determine, without the part to be mea-
sured of the human body, the faults relevant to the photo-
diode that occur in the blood oxygen sensor, another two
voltage sampling points are provided in the device for
measuring blood oxygen content. The signal processing unit
further comprises a reverser and a follower each connected
to an output port of a corresponding one of two current-
voltage converting circuits for converting the voltage signals
of reverse polarities in two ways into positive voltage
outputs of same polarity. The input ports of the two current-
voltage converting circuits are connected to the input and
output ports in the blood oxygen sensor interface for receiv-
ing the inductive current from the photodiode in the blood
oxygen sensor, respectively. Each of the output terminals of
the reverser and the follower comprises a voltage sampling
point V2 and V1, respectively. The two current-voltage
converting circuits are a pair of circuits with the same
configuration parameters. During a normal operation, the
following mathematical expression can be satisfied:
V1=V2=0.

[0030] Therefore, with respect to the device for measuring
blood oxygen content according to the embodiment
described above, a method for detecting fault in a blood
oxygen sensor comprises the steps of:

[0031] a. making sure that the blood oxygen sensor has
been connected to the signal processing unit, and then
powering on the device for measuring blood oxygen content
to the operating status;

[0032] b. alternately outputting, from the signal process-
ing unit, voltage signals of reverse polarities via a pair of
testing terminals, for alternately driving the two LEDs
connected in inverse-parallel with each other in the blood
0Xygen sensor;

[0033] c.sampling voltages to ground of the pair of testing
terminals respectively and generating a group of comparison
voltages V3 and V4 by the device for measuring blood
oxygen content each time the signal processing unit outputs
a voltage signal of one polarity; and

[0034] d. determining the faults relevant to the LEDs that
occur in the blood oxygen sensor on the basis of the
comparison voltages V3 and V4 by the device for measuring
blood oxygen content.

[0035] In the step d, the specific method for determining
the faults is based on two groups of data of V3 and V4 that
are obtained in adjacent two samplings, wherein:

[0036] 1)if V3 always equals to V4, the third core 124 is
in short-circuit connection with the fourth core 125, or the
first LED 114 or the second LED 115 is broken through;

[0037] 2)if V3 always doesn’t equal to V4, and neither of
V3 and V4 equals to zero, no fault relevant to the LEDs
occurs in the blood oxygen sensor;

[0038] 3) if V3 always equals to zero, the third core 124
is in short-circuit connection with the ground; and

[0039] 4)if V4 always equals to Zero, the fourth core 125
is in short-circuit connection with the ground.

[0040] In the method described above, if it is determined
that no fault relevant to the LEDs occurs in the blood oxygen
sensor, the method further comprises the steps of:
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[0041] e. receiving current signals from the photodiode in
the blood oxygen sensor by the signal processing unit via
another pair of terminals; converting the current signals
flowing through the pair of terminals into voltage signals via
two current-voltage converters which are connected to one
of the pair of terminals, respectively; then outputting posi-
tive voltage signals via a reverser and a follower, respec-
tively;

[0042] f. sampling the positive voltage signals output from
the reverser and the follower, respectively, and generating
another group of comparison voltages V1 and V2 by the
device for measuring blood oxygen content; and

[0043] g. determining the faults relevant to the photodiode
that occur in the blood oxygen sensor on the basis of the
comparison voltages V1 and V2 by the device for measuring
blood oxygen content.

[0044] 1In the step g, the specific method for determining
the faults is based on two groups of data of V1 and V2 that
are obtained in adjacent two samplings, wherein:

[0045] 1) if always V1=V2=0, the photodiode and the
signal transmitting lines thereof are in an open-circuit or a
short-circuit condition, for example, the first core 122 or the
second core 123 is in an open-circuit condition, or the first
core 122 is in short-circuit connection with the second core
123;

[0046] 2)if V1 always doesn’t equal to V2, and neither of
V1 and V2 equals to zero, the first core 122 or the second
core 123 is in short-circuit connection with the third core
124 or the fourth core 125;

[0047] 3)ifeither of V1 and V2 always equals to-zero and
the other of them always doesn’t equal to zero, the first core
122 is in short-circuit connection with the ground (the
shielding lines) in case of V1 equals to zero, or the second
core 123 is in short-circuit connection with the ground (the
shielding lines) in case of V2 equals to zero; and

[0048] 4)ifalways V1=V2=0, no fault occurs in the blood
OXygen sensor.

[0049] Based on the method described above, the device
for measuring blood oxygen content according to the present
embodiment can, without the part to be measured of the
human body, determine whether or not any fault occurs in
the blood oxygen sensor as well as the type of the faults by
directly detecting four detection-points V1, V2, V3 and V4.

[0050] The method described above is proved to be prac-
tical in the device for measuring blood oxygen content
existing in the prior arts. The operation of the device for
measuring blood oxygen content can be interrupted at pre-
determined timings for detecting the blood oxygen sensor.
Moreover, corresponding prompt messages can be displayed
according to the type of the faults. Thus, it is convenient for
the maintenance of the device, and output errors due to the
faults of the sensor can be avoided effectively.

[0051] Inaddition, the amplifiers U1 to U5 shown in FIG.
2 can be integrated operational amplifiers, and the capacitors
C1 to C4 can be filter capacitors.

What is claimed is:

1. A method for detecting fault in a blood oxygen sensor,
which is used in a device for measuring blood oxygen
content, wherein the method comprises the steps of:
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a. connecting the blood oxygen sensor to a signal pro-
cessing unit;

b. alternately outputting, from the signal processing unit,
voltage signals of reverse polarities via a pair of testing
terminals, for alternately driving the two LEDs con-
nected in inverse-parallel with each other in the blood
0Xygen sensor,

c. sampling voltages to ground of the pair of testing
terminals respectively and generating a group of com-
parison voltages V3 and V4 by the device for measur-
ing blood oxygen content each time the signal process-
ing unit outputs a voltage signal of one polarity; and

d. determining the faults relevant to the LEDs that occur
in the blood oxygen sensor on the basis of the com-
parison voltages V3 and V4 by the device for measur-
ing blood oxygen content.

2. The method for detecting fault in a blood oxygen sensor
according to claim 1, wherein in the step d, the method for
determining the faults based on two groups of data of V3 and
V4 that are obtained in adjacent two samplings is:

1) if V3 always equals to V4, a third core (124) is in
short-circuit connection with a fourth core (125), or a
first LED (114) or a second LED (115) is broken
through;

2)if V3 always doesn’t equal to V4, and neither of V3 and
V4 equals to zero, no fault relevant to the LEDs occurs
in the blood oxygen sensor;

3) if V3 always equals to zero, the third core (124) is in
short-circuit connection with the ground; and

4) if V4 always equals to zero, the fourth core (125) is in

short-circuit connection with the ground.

3. The method for detecting fault in a blood oxygen sensor
according to claim 1, wherein if it is determined in step d
that no fault relevant to the LEDs occurs in the blood oxygen
sensor, the method further comprises the steps of:

e. receiving current signals from a photodiode in the blood
oxygen sensor by the signal processing unit via another
pair of terminals; converting the current signals flowing
through the pair of terminals into voltage signals via
two current-voltage converters which are connected to
one of the pair of terminals, respectively; then output-
ting positive voltage signals via a reverser and a
follower, respectively;

f. sampling the positive voltage signals output from the
reverser and the follower, respectively, and generating
another group of comparison voltages V1 and V2 by
the device for measuring blood oxygen content; and

g. determining the faults relevant to the photodiode that
occur in the blood oxygen sensor on the basis of the
comparison voltages V1 and V2 by the device for
measuring blood oxygen content.

4. The method for detecting fault in a blood oxygen sensor
according to claim 3, wherein in the step g, the method for
determining the faults based on two groups of data of V1 and
V2 that are obtained in adjacent two samplings is:

1) if always V1=V2=0, the photodiode and the signal
transmitting lines thereof are in an open-circuit or a
short-circuit condition, that is, the first core (122) or the
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second core (123) is in an open-circuit condition, or the
first core (122) is in short-circuit connection with the
second core (123);

2)if V1 always doesn’t equal to V2, and neither of V1 and
V2 equals to zero, the first core (122) or the second core
(123) is in short-circuit connection with the third core
(124) or the fourth core (125);

3) if either of V1 and V2 always equals to zero and the
other of them always doesn’t equal to zero, the first
core (122) is in short-circuit connection with the
ground or the shielding lines in case of V1 equals to
zero, or the second core (123) is in short-circuit con-
nection with the ground or the shielding lines in case of
V2 equals to zero; and

4) if always V1=V220, no fault occurs in the blood

0Xygen Sensor.

5. A device for measuring blood oxygen content used for
detecting fault in a blood oxygen sensor, the device com-
prising a signal processing unit and a blood oxygen sensor
interface, in which the blood oxygen sensor interface serves
to provide input and output signals for connecting the signal
processing unit to the blood oxygen sensor, and comprises a
pair of input and output ports for providing the driving
voltages to operate LEDs in the blood oxygen sensor, a pair
of input and output ports for receiving currents from a
photodiode in the blood oxygen sensor, and a ground ter-
minal for making shielding layers in the blood oxygen
sensor common ground with the signal processing unit;
wherein

the signal processing unit comprises a polarity exchange
device for exchanging the polarities of the driving
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voltages, and at least two voltage sampling points, the
voltages of which are detected to determine the faults
relevant to the blood oxygen sensor.

6. The device for measuring blood oxygen content used
for detecting fault in a blood oxygen sensor according to
claim 5, wherein

the two voltage sampling points are provided at the pair
of input and output ports in the blood oxygen sensor
interface for providing the driving voltages to operate
the LEDs in the blood oxygen sensor.

7. The device for measuring blood oxygen content used
for detecting fault in a blood oxygen sensor according to
claim 5, wherein

the signal processing unit further comprises a reverser and
a follower each connected to an output port of a
corresponding one of two current-voltage converting
circuits; the input ports of the two current-voltage
converting circuits are connected to the input and
output ports in the blood oxygen sensor interface for
receiving currents from the photodiode in the blood
oxygen sensor, respectively; and each of the output
terminals of the reverser and the follower comprises a
voltage sampling point, respectively.

8. The device for measuring blood oxygen content used
for detecting fault in a blood oxygen sensor according to
claim 5, wherein the blood oxygen sensor interface is a
connector (13).
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