wo 2016/015929 A1 |[IN I N0F 0 0O OO0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/015929 A1

4 February 2016 (04.02.2016) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
A61B 5/04 (2006.01) A61B 5/0476 (2006.01) kind of national protection available): AE, AG, AL, AM,
GOIR 31/02 (2006.01) AG61B 5/0488 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
A61B 5/0402 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
. o DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
PCT/EP2015/064354 KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(22) International Filing Date: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
25 June 2015 (25.06.2015) PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
. SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(25) Filing Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English  (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
PCT/CN2014/083240 29 July 2014 (29.07.2014) CN GM, KE, LR, LS, MW, MZ, NA, RW, 8D, SL, ST, SZ,
14187106.1 30 September 2014 (30.09.2014) EP TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(71) Applicant: KONINKLIJKE PHILIPS N.V. [NL/NL]; DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
High Tech Campus 5, NL-5656 AE Eindhoven (NL). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(72) Inventors: SU, Jie; High Tech Campus 5, NL-5656 AE E}I;/IV El{v)[ &?P{\A(IEFI,\IELS%F,TCDG"}S} CM, GA, GN, GQ,
Eindhoven (NL). LIU, Peng; High Tech Campus 5, NL- > > > S ’
5656 AE Eindhoven (NL). HUANG, Tao; High Tech Declarations under Rule 4.17:
Campus 5, NL-5656 AE FEindhoven (NL). ZHOU, Hong B , .
Hou; High Tech Campus 5, NL-5656 AE Eindhoven (NL). ZZ [’eonf";ﬁl[‘;"z’;é’;jﬂemem to. apply for and be granted a
(74) Agents: COOPS, Peter ct al.; Philips IP&S, P.O Box 220,

NL-5600 AE Eindhoven (NL).

Published:

with international search report (Art. 21(3))

(54) Title: SYSTEM, APPARATUS AND METHOD FOR DETECTING A SHORT-CIRCUIT IN A WIRE

100

170

53 160

N )

150
( |/
180
s

200

FIG. 1

(57) Abstract: The invention relates to a system (100) intended to be connected to a wire (110) comprising a signal line (120) and a
shield line (130), a first end of said signal line (120) being intended to be connected to a signal source (140). The system (100) com-
prises a signal generator (150) intended to be connected to said shield line (130), an amplifier (160) having a first input (170), a
second input (180) and an output (190); said first input (170) being connected to a second end of said signal line (120), a voltage
generator (200) connected to said second input (180). The amplifier (160) is adapted to deliver on the output (190), a voltage differ -
ence between the voltage of said second input (180) and the voltage of said first input (170). A a substantially large amplitude
voltage delivered at said output (190) reflects a short-circuit between said signal line (120) and said shield line (130). The invention
also relates to a corresponding method of detecting a short- circuit occurring between the signal line (120) and the shield line of a
wire.
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SYSTEM, APPARATUS AND METHOD FOR DETECTING A SHORT -
CIRCUIT IN A WIRE

FIELD OF THE INVENTION
The invention relates to the field of measurement of electrical signals, in
particular to a system for detecting a short-circuit occurring between a signal line and a shield

line of a wire used during measurement.

BACKGROUND OF THE INVENTION

Measuring electrical signals is done in various fields. For example, in the
medical field, Electrocardiography (ECG) is an interpretation of the electrical activity of the
heart captured by skin electrodes and externally recorded by an electrocardiograph, and the
whole process is a non-invasive recording process.

Measuring electrical signals is often done via a sensor connected to a (Iead)
wire, the wire being used to conduct electrical signal to the device in charge of
measuring/analysing the signal. A lead wire usually includes two metal lines: one is a signal
line and the other is a shield line. The signal line and the shield line are separated by an
insulating layer, so that the signal line and the shield line cannot electrically contact with each
other.

During an electrocardiographic examination, lead wires are used to connect the
electrocardiograph and the skin electrodes to a patient. The lead wire is often twisted by the
various manipulations of the practitioner or the movement of the patient being examined,
resulting in that the insulating layer between the signal line and the shield line may sometimes
break. Therefore, a short-circuit occurs between the signal line and the shield line, the lead
wires is thus referred to as a shorted lead wire. The shorted lead wire may cause incorrect

measured signal, with possible negative consequences on the analysis of the signal.
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There are known solutions to detect a short-circuit in a lead wire. They consist
to remove lead wires from the source of signal, run service procedures (not in normal ECG
acquisition procedure) to check voltage levels on the lead wire has been wrong. Therefore,
those known solutions cannot be used during real time, such as for example during ECG
acquisition. Moreover, those solutions do not always allow detecting intermittent short-circuit,

as the lead wire might not short-circuit during the service test.

OBJECT AND SUMMARY OF THE INVENTION

It is an object of the invention to propose an improved system to detect short-
circuit in a wire between a signal line and a shield line. The invention is defined by the
independent claims. The dependent claims define advantageous embodiments.

The system according to the invention is intended to be connected to a wire
comprising a signal line and a shield line, a first end the signal line being intended to be
connected to a signal source.

The system according to the invention comprises:

- a signal generator intended to be connected to the shield line;

- an amplifier having a first input, a second input and an output; the first input
being connected to a second end of the signal line;

- a voltage generator connected to the second input.

The amplifier is adapted to deliver on the above-mentioned output a voltage
difference between the voltage of the second input and the voltage of the first input. A
substantially large amplitude voltage delivered at the output reflects a short-circuit occurring
between the signal line and the shield line.

With this invention, detection of short-circuit in the wire between the signal
line and the shield line can be done during the data measurement/acquisition is ongoing, for
example during ECG measurement/acquisition. In other words, short-circuit in the wire can
be detected at any time during data measurement/acquisition. Therefore, it does not require an
extra separate short-circuit detection procedure, and it does not require the source of signal,
for example delivered by patients or from various sensors, to be removed during detection.

The invention also relates to an apparatus comprising a system according to the

invention.
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To this end, the apparatus further comprises a display connected to the output
of the system, and wherein the display is adapted to visualize the signal of the output.

This apparatus is advantageous because it allows to trigger a warning (visual,
sound...) indicating that a short-circuit has been detected in the wire. The user can thus
replace the damaged wire.

The invention also relates to a method implementing various steps of a system
according to the invention.

To this end, the method according to the invention comprises the steps of:

- applying a first voltage signal to the shield line;

- calculating a voltage difference signal between the voltage of a second end of
the signal line and a second voltage signal;

- detecting substantially large voltage amplitude of the output signal reflecting a
short-circuit occurring between the signal line and the shield line,

Detailed explanations and other aspects of the invention will be given below.

BRIEF DESCRIPTION OF THE DRAWINGS

Particular aspects of the invention will now be explained with reference to the
embodiments described hereinafter and considered in connection with the accompanying
drawings, in which identical parts or sub-steps are designated in the same manner:

Fig.1 depicts a schematic diagram of a system in accordance with an
embodiment of the present invention;

Fig.2 depicts a schematic diagram of an apparatus comprising a system
according to the present invention;

Fig.3 depicts a flow chart of a method in accordance with the present invention.

The same reference numbers are used to denote similar parts throughout the

Figures.

DETAILED DESCRIPTION OF THE INVENTION
Fig.1 depicts a schematic diagram of a system in accordance with an

embodiment of the present invention.
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According to an embodiment of a first aspect of the invention, there is provided
a system 100 for detecting a short-circuit occurring between a signal line 120 and a shield line
130 of a wire 110.

The wire 110 includes the signal line 120 and the shield line 130. There is an
insulating layer (not shown), such as a rubber layer, covering the signal line 120, between the
signal line 120 and the shield line 130.

A first end of the signal line 120 is intended to be connected to a signal source
140. At this first end, the shield line 130 is disconnected. .

For example, if the measurement is done in the context of ECG data acquisition,
the signal source 140 is generated by human body of the patient, and the wire is contacted to
the human body through electrodes.

A second end of the wire 110 is connected to the system 100.

The system 100 according to the invention comprises an amplifier 160, a
voltage generator 200 and a signal generator 150.

At the second end of the wire 110, the signal line 120 is connected to the first
input 170 of the amplifier 160. The shield line 130 is connected to the signal generator 150 in
the system 100.

The amplifier 160 has the first input 170 connecting to the second end of the
signal line 120 and has the second input 180 connecting to the voltage generator 200. The
amplifier 160 has an output 190. The output 190 is also the output of system 100.

The output 190 corresponds to the difference of the first input 170 and the
second input 180, possibly multiplied by a given amplifying factor.

The signal source 140 preferably generates electronic signal of low amplitude.
For example, signal source 140 may deliver signals having amplitude in the order of the
millivolt or lower.

For example, if the measurement is done in the context of ECG data acquisition,
the signal source 140 generates ECG signal, which corresponds to the electrical impulses
generated by the heart (polarization and depolarization of cardiac tissue) as detected by
electrodes attached to the surface of the skin. ECG signal is a physiological signal often in the

range [0; ImV] in amplitude.
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The signal generator 150 generates a signal which is applied to the shield line
130. The signal could be a continuous (DC) voltage signal, an alternating (AC) voltage signal
or a waveform signal.

The voltage of the signal generator 150 has noticeable difference with the
voltage of the input 170. For example, the ratio between the voltage of the signal generator
150 and the voltage of the first input 170 is larger than two.

The voltage generator 200 is preferably adapted to generate a fixed voltage
value. For a given amplifier 160, it has power supper range as [V1; V2]. V1 and V2 are
chosen from a few millivolts to a few volts. The voltage generated by the voltage generator
200 is in the rage [V1; V2] in amplitude.

When no short-circuit exists in the lead wire, the amplifier 160 receives the
signal source, such as ECG signal, which is amplified. When the signal measured at output
190 is much larger than the normal ECG signal range, such as, for example two times larger,
it can be considered that there is a short-circuit between the signal line 120 and the shield line
130.

Fig.2 depicts a schematic diagram of an apparatus 300according to the present
invention. The apparatus 300 is intended to be connected to a wire 110 comprising a signal
line 120 and a shield line 130, a first end of said signal line 120 being intended to be
connected to a signal source 140.

The apparatus 300 is aimed to detecting a short-circuit occurring between a
signal line 120 and a shield line 130 of a wire 110.

To this end, the apparatus 300 comprises a system 100 as described previously,
the system 100 being intended to be connected to the wire 110.The apparatus 300 also
comprises a display 310 connected to the output 190 of the system 100. The display 310 is
adapted to visualize the signal of the output 190

During normal data acquisition, the output 190 is within normal ECG range.
When a short-circuit occurs between the signal line 120 and the shield line 130, the output
190 becomes out of normal ECG range, as described above, which can be easily noticed in the
ECG waveform as “non-operable” ECG. Therefore, the visualization of large amplitude
output 190 on the display 310 allows to visualize that a short-circuit occurred between the

signal line 120 and the shield line 130.
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Fig.3 depicts a schematic diagram of a method in accordance with the present
invention.

The method comprises:

- a step 401 applying a first voltage signal S1 to the shield line 130;

- a step 402 calculating a voltage difference signal between the voltage S3 of a
second end of the signal line 120 and a second voltage signal S2;

- a step 403 detecting substantially large voltage amplitude of the output signal
reflecting a short-circuit occurring between the signal line 120 and the shield line 130.

The step 401 is preferably adapted to generate the first signal as a signal chosen
among a continuous voltage signal, an alternating voltage signal and a wave form signal.

The step 403 is preferably adapted to generate the second signal as a fixed
voltage signal.

This invention applies, in particular, to any ECG applications including but not
limited to cardiograph, Stress ECG and Holter ECG.

The above embodiments as described are only illustrative, and not intended to
limit the technique approaches of the present invention. Although the present invention is
described in details referring to the preferable embodiments, those skilled in the art will
understand that the technique approaches of the present invention can be modified or equally
displaced without departing from the spirit and scope of the technique approaches of the
present invention, which will also fall into the protective scope of the claims of the present
invention. In particular, although the invention has been described based on an ECG
application, it can be applied to any other electrical measurement equipment. In the claims,
the word "comprising” does not exclude other elements or steps, and the indefinite article "a"
or "an" does not exclude a plurality. Any reference signs in the claims should not be construed

as limiting the scope.
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CLAIMS:

1. A system (100) intended to be connected to a wire (110) comprising a signal
line (120) and a shield line (130), a first end of said signal line (120) being intended to be
connected to a signal source (140), said system (100) comprising:

- a signal generator (150) intended to be connected to said shield line (130);

- an amplifier (160) having a first input (170), a second input (180) and an
output (190); said first input (170) being connected to a second end of said signal line (120);
- a voltage generator (200) connected to said second input (180);

wherein said amplifier (160) is adapted to deliver on said output (190), a voltage difference
between the voltage of said second input (180) and the voltage of said first input (170);
wherein a substantially large amplitude, such as two times larger, voltage delivered at said

output (190) reflects a short-circuit between said signal line (120) and said shield line (130).

2. A system as claimed in claim 1, wherein said signal generator (150) is chosen
among a continuous voltage generator, an alternating voltage generator and a wave form

generator.

3. A system as claimed in claim 1, wherein the ratio between a voltage of said
signal generator (150) and the voltage of said first input (170) is larger than two, wherein no

short-circuit occurs.

4. A system as claimed in claim 1, wherein said voltage generator (200) is

adapted to generate a fixed voltage value.

5. An apparatus (300) intended to be connected to a wire (110) comprising a
signal line (120) and a shield line (130), a first end of said signal line (120) being intended to

be connected to a signal source (140), said apparatus (300) comprising:
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- a system (100) as claimed in any one of claims 1 to 4, said system (100) being
intended to be connected to said wire (110);

- a display (310) connected to said output (190) of said system (100);

wherein said display (310) is adapted to visualize the signal of said output (190).

6. An apparatus as claimed in claim 5, wherein said apparatus (300) is chosen
among the set of apparatus defined by electrocardiogram apparatus, electroencephalogram

apparatus and electromyography apparatus.

7. A method of detecting a short-circuit between a signal line (120) and a shield
line (130) of a wire (110), a signal source (140) being connected to a first end of said signal
line (120), said method comprising the steps of:

- applying (401) a first voltage signal (S1) to said shield line (130);

- calculating (402) a voltage difference signal between the voltage (S3) of a
second end of said signal line (120) and a second voltage signal (S2);

- detecting (403) substantially large voltage amplitude of said output signal

reflecting a short-circuit occurring between said signal line (120) and said shield line (130).

8. A method as claimed in claim 7, wherein said step 401 is adapted to generate
said first signal as a signal chosen among a continuous voltage signal, an alternating voltage

signal and a wave form signal.

9. A method as claimed in claim 7, wherein said step 403 is adapted to generate

said second signal as a fixed voltage signal.
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