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(54) PHYSICIAN RELATED SELECTIVE DATA COMPRESSION

(57) An apparatus includes a network interface and
a processor. The network interface is configured to com-
municate over a communication network. The processor
is configured to receive (i) data, including a medical pa-
rameter acquired as a function of time, and (ii) a selection
of one or more time intervals of interest within the time
period. The processor is further configured to compress
a first portion of the data, which is within the selected

time intervals, at a first resolution, and compress a sec-
ond portion of the data, which is outside the selected time
intervals, at a second resolution, which is coarser than
the first resolution. The processor is additionally config-
ured to transmit the compressed first and second portions
of the data, via the network interface, over the commu-
nication network.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to
processing and remotely displaying patient health data,
and particularly to electrophysiological data compression
for uploading to a remote server.

BACKGROUND OF THE INVENTION

[0002] Various known methods were proposed to fa-
cilitate remote diagnosis of medical conditions, such as
heart problems. For example, U.S. Patent Application
Publication 2014/0194762 describes a method for dis-
playing patient electrocardiogram (ECG) data. The meth-
od includes receiving ECG data including an ECG wave-
form; receiving analyzed ECG data including arrhythmic
events; generating an indication of the detected arrhyth-
mic event; and displaying the indication of the detected
arrhythmic event in relation to the ECG waveform at a
position associated with a time of the detected arrhythmic
event. A system for displaying patient ECG data is also
disclosed.
[0003] As another example, U.S. Patent Application
Publication 2013/0231947 describes an adaptive system
for medical monitoring that distributes data processing
among computing devices connected to a network, to
optimize usage of computational resources, network
communication speed and user experience. Data
processing is distributed into several levels with bi-direc-
tional communication between the levels (computing de-
vices) to coordinate and adjust data compression, filter-
ing, and analysis, as well as the size of buffered data
available for transmission and/or receiving.
[0004] U.S. Patent Application Publication
2017/0300654 describes telemedicine systems and
methods. A controller of the system can establish, using
the transceiver, a telemedicine session with the opera-
tions center using a Transport Morphing Protocol (TMP),
the TMP being an acknowledgement-based user data-
gram protocol. The controller can also mask one or more
transient network degradations to increase resiliency of
the telemedicine session. The telemedicine system can
include a 2D and 3D carotid Doppler and transcranial
Doppler and/or other diagnostic devices, and provides
for real-time connectivity and communication between
medical personnel in an emergency vehicle and a receiv-
ing hospital for immediate diagnosis and treatment to a
patient in need.

SUMMARY OF THE INVENTION

[0005] An embodiment of the present invention pro-
vides an apparatus including a network interface and a
processor. The network interface is configured to com-
municate over a communication network. The processor
is configured to receive (i) data, including a medical pa-

rameter acquired as a function of time, and (ii) a selection
of one or more time intervals of interest within the time
period. The processor is further configured to compress
a first portion of the data, which is within the selected
time intervals, at a first resolution, and compress a sec-
ond portion of the data, which is outside the selected time
intervals, at a second resolution, which is coarser than
the first resolution. The processor is additionally config-
ured to transmit the compressed first and second portions
of the data, via the network interface, over the commu-
nication network.
[0006] In some embodiments, the apparatus further in-
cludes an input device, configured to receive the selec-
tion of the one or more time intervals from a physician.
[0007] In some embodiments, the processor is further
configured to automatically select the one or more time
intervals, based on a given criterion.
[0008] In an embodiment, the received data includes
one or more electrocardiogram (ECG) traces.
[0009] In another embodiment, the processor is con-
figured to select the first resolution based on an average
heart rate calculated over the selected time-intervals.
[0010] In some embodiments, the processor is config-
ured to select the one or more time-intervals based on
one or more indications that an arrhythmia was recorded
during the time-intervals.
[0011] In some embodiments, the first resolution is at
least twice the second resolution.
[0012] There is additionally provided, in accordance
with an embodiment of the present invention, an appa-
ratus including a network interface and a processor. The
network interface is configured to communicate over a
communication network. The processor is configured to
receive over the communication network, via the network
interface, data including a medical parameter acquired
as a function of time, wherein the data includes (i) a first
portion that is within one or more selected time intervals
and is compressed at a first resolution, and (ii) a second
portion that is outside the selected time intervals and is
compressed at a second resolution, coarser than the first
resolution. The processor is further configured to decom-
press the first and second portions of the data, and proc-
ess the decompressed data.
[0013] In some embodiments, the processor is config-
ured to archive the decompressed data.
[0014] In some embodiments, the processor is config-
ured to transmit over the communication network, via the
network interface, the decompressed first and second
portions of the data to a remote processor.
[0015] There is further provided, in accordance with an
embodiment of the present invention, a method, includ-
ing, in a processor, receiving (i) data, including a medical
parameter acquired as a function of time, and (ii) a se-
lection of one or more time intervals of interest within the
time period. A first portion of the data, which is within the
selected time intervals, is compressed at a first resolu-
tion. A second portion of the data, which is outside the
selected time intervals, is compressed at a second res-
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olution, which is coarser than the first resolution. The
compressed first and second portions of the data over a
communication network are transmitted.
[0016] There is also provided, in accordance with an
embodiment of the present invention, a method, includ-
ing, in a processor, receiving over a communication net-
work data including a medical parameter acquired as a
function of time, wherein the data includes (i) a first por-
tion that is within one or more selected time intervals and
is compressed at a first resolution, and (ii) a second por-
tion that is outside the selected time intervals and is com-
pressed at a second resolution, coarser than the first res-
olution. The first and second portions of the data are de-
compressed, and the decompressed data is processed.
[0017] The present invention will be more fully under-
stood from the following detailed description of the em-
bodiments thereof, taken together with the drawings in
which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig. 1 is a schematic, pictorial illustration of a system
for electro-anatomical mapping, in accordance with
an embodiment of the present invention;
Fig. 2 is a pictorial illustration of a physician related
electrocardiogram (ECG) time-intervals of data se-
lected for compression, in accordance with an em-
bodiment of the present invention;
Fig. 3 is a block diagram that schematically illustrates
a work flow during which ECG data is processed and
communicated, in accordance with an embodiment
of the present invention; and
Fig. 4 is a flow chart that schematically illustrates a
method for selectively compressing ECG data and
remotely displaying the selectively compressed da-
ta, in accordance with an embodiment of the present
invention.

DETAILED DESCRIPTION OF EMBODIMENTS

OVERVIEW

[0019] A medical system that generates electrophysi-
ological (EP) data, such as that characterizing a heart or
brain condition, may be required to transmit the data over
a communication network to, for example, an internet
web-based server, for additional processing, such as
storage or analysis. The EP data, e.g., an electrocardi-
ogram (ECG) or an electroencephalogram (EEG), may
be subsequently downloaded to a remote computer and
displayed for review.
[0020] While communicating with the internet web-
based server (also named cloud server or remote server),
the medical system and the remote computer may en-
counter difficulties in both directions, to and from the serv-
er, for example, due to bandwidth limitations of the net-

work. Typically, though, only a fraction of the acquired
displayable data is of clinical significance, so indiscrimi-
nately transmitting all of the displayable data may thus
be inefficient and may cause delays and/or exceed the
available communication bandwidth.
[0021] Embodiments of the present invention that are
described hereinafter provide a method for compressing
medical data, such as the EP data described above, in
a "smart" manner. The method enables the use of links
having a limited bandwidth to upload large amounts of
"smartly" compressed medical data to a cloud server,
and to subsequently download the data to a remote proc-
essor, which decompresses the data and displays the
data on a display located at a remote site.
[0022] The smart compression is based on criteria that
are set by a physician or automatically by a process of
selective compression. In some embodiments, the crite-
ria are specified for selecting time-intervals with data of
interest, as described below.
[0023] In general, the smart, the selective compression
techniques described herein may compress the data by
selectively reducing the quantization of the data (e.g.,
the number of bits used to represent each data value),
reducing the sampling rate of the data, or in any other
suitable way. The compression may utilize any suitable
compression tools. In the present context, any such com-
pression scheme is characterized by a certain resolution.
Finer resolution corresponds to better quality in repre-
senting the original data, but at the price of higher data
volume (and thus transmission bandwidth). Coarser res-
olution corresponds to smaller data volume, at the ex-
pense of some quality degradation.
[0024] In some embodiments, a disclosed local client
system comprises (i) a network interface, configured to
communicate over a communication network, and (ii) a
processor, which is configured to receive (a) data, com-
prising a medical parameter acquired as a function of
time, and (b) a selection of one or more time-intervals of
interest within the time period. The processor is further
configured to compress a first portion of the data, which
is within the selected time intervals, at a first resolution,
compress a second portion of the data, which is outside
the selected time intervals, at a second resolution, which
is coarser than the first resolution, and transmit the com-
pressed first and second portions of the data, via the
network interface, over the communication network.
[0025] In the disclosed description the first resolution
is also termed "high resolution," whereas the second res-
olution is also termed "low resolution." In some embodi-
ments, compressing a portion of data in high resolution
means transmitting that portion of data without com-
pressing the data at all.
[0026] In some embodiments, the EP data comprises
hundreds of ECG channels that were sampled at 32
bit/sec (bps) each. The processor transmits in high res-
olution time-intervals of a portion of the sampled ECG
channels, and transmits the rest of the ECG data in com-
pressed to a lower resolution. The local processor (e.g.,
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client system) transmits in high resolution, for example,
only time-intervals of data that were selected by the phy-
sician for further analysis and/or review.
[0027] The physician may use interactive means (i.e.,
an input device) to select the first portion of data to be
compressed at the first resolution, such as by marking
regions using a mouse, a touchscreen and/or a keyboard.
In an embodiment, one or more selected sections of dis-
playable data are uploaded over the communication net-
work to a cloud server in high resolution, such as 16-32
bps, while the remaining data is transmitted at a coarser
resolution, such as 8 bps.
[0028] Alternatively or additionally, an automatic proc-
ess, such as computer software, may perform a discrim-
inate selection of data for compression, based, for ex-
ample, on guidelines defined and entered via the input
device by the physician. In an embodiment, a set of cri-
teria may be applied, for example, for a software to select
time-intervals of data for transmission in high resolution
for analysis. An example of such a criterion is a recorded
moving average heart rate.
[0029] In some embodiments, smart compression is
further used in a downlink, in which the "smartly" com-
pressed displayable data is discriminately processed
again by, for example, the remote server, which reproc-
esses the low-resolution data so it will be displayed at
even lower resolution, while the high-resolution data is
transmitted at a same high resolution.
[0030] The disclosed method of selective compression
of displayable data by a decision of a physician and/or
automatically according to guidelines the physician de-
termines, may improve procedures for remote medical
diagnosis. Specifically, the disclosed method would as-
sist in decreasing the amount of data transfer, and by so
ease a procedure of remote medical diagnosis.

SYSTEM DESCRIPTION

[0031] Fig. 1 is a schematic, pictorial illustration of a
system 21 for electro-anatomical mapping, in accord-
ance with an embodiment of the present invention. Fig.
1 depicts a physician 27 using an electro-anatomical
catheter 29 to perform an electro-anatomical mapping of
a heart 23 of a patient 25. Catheter 29 comprises, at its
distal end, one or more arms 20, to each of which are
coupled one or more mapping-electrodes 22. During the
mapping procedure, electrodes 22 acquire and/or inject
signals from and/or to the tissue of heart 23, such as of
intra-cardiac ECG. The respective locations of mapping-
electrodes 22 (i.e., where the intra-cardiac ECG signals
are measured) are tracked as well, as described below.
A processor 28 receives these signals via an electrical
interface 35, and processes the information contained in
these signals to construct displayable medical data, such
as an electro-anatomical map 31 and present ECG traces
40 on a local display 26.
[0032] To externally sense electrophysiological data,
a plurality of external electrodes 24 are coupled to the

body of patient 25; for example, three external electrodes
24 may be coupled to the patient’s chest, and another
three external electrodes may be coupled to the patient’s
back. For ease of illustration, only one external electrode
is shown in Fig. 1.
[0033] An example of a system used for tracking the
locations of mapping-electrodes 22 inside heart 23 of the
patient is the CARTO®4 system (produced by Biosense
Webster, Irvine, California). The CARTO®4 system uses
mapping-electrodes 22 to sense potentials induced in
heart 23 by applying voltages between external elec-
trodes 24. Based on the sense potentials and given the
known positions of electrodes 24 on the patient’s body,
processor 28 calculates an estimated location of each of
electrodes 22 within the patient’s heart. The processor
may thus associate any given signal received from elec-
trodes 22, such as an electrophysiological signal, with
the location at which the signal was acquired.
[0034] The example illustration shown in Fig. 1 is cho-
sen purely for the sake of conceptual clarity. Other types
of electrophysiological sensing geometries, such as of
the Lasso® Catheter (produced by Biosense Webster)
may also be employed. Additionally, contact sensors may
be fitted at the distal end of electro-anatomical catheter
29 and transmit data indicative of the physical quality of
electrode contact with tissue. In an embodiment, meas-
urements of some electrodes 22 may be discarded be-
cause their physical contact quality is poor, and the meas-
urements of other electrodes may be regarded as valid
because their contact quality is high.
[0035] Processor 28 typically comprises a general-pur-
pose computer with software programmed to carry out
the functions described herein. The software may be
downloaded to the computer in electronic form, over a
network, for example, or it may, alternatively or addition-
ally, be provided and/or stored on non-transitory tangible
media, such as magnetic, optical, or electronic memory.

PHYSICIAN RELATED SELECTIVE DATA COMPRES-
SION

[0036] Fig. 2 is a pictorial illustration of a physician re-
lated electrocardiogram (ECG) time-intervals of data se-
lected for compression, in accordance with an embodi-
ment of the present invention. Displayed ECG trace 40
shows normal cardiac rhythm 43 interrupted by a period
of arterial fibrillation that is characterized, for example,
by a small dense irregular wave pattern 42 between pe-
riods of normal heartbeats. In an embodiment, using an
interactive means such as a touchscreen display or a
mouse, physician 27 selects a time-interval 52 of to be
uploaded in high resolution 50 to a remote server, while
the rest of the displayed ECG trace 40 will be uploaded,
for example, by a default low resolution 44, as further
described below.
[0037] The example illustration shown in Fig. 2 is cho-
sen purely for the sake of conceptual clarity. Fig. 2 shows
only elements relevant to embodiments of the present
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invention. Other types of displayable medical data, such
as electroanatomical maps, may be selectively com-
pressed to be "smartly" uploaded to a cloud server. For
example, physician 27 may select an area of a displayed
electroanatomical map that contains information about a
tissue site causing arrhythmia, to be compressed in a
high resolution, while the rest of the map is compressed
in low resolution. In another embodiment, processor 28
automatically identifies and selects data, such as in time-
interval 52, and selectively compresses the selected data
in high resolution.
[0038] Fig. 3 is a block diagram that schematically il-
lustrates a work flow during which ECG data is processed
and communicated, in accordance with an embodiment
of the present invention. The displayable data is selec-
tively compressed by a local processor, uploaded by the
local processor, which is connected with a NIC to the
network, to a cloud server, downloaded to a remote proc-
essor that decompresses and displays the selectively
compressed data.
[0039] Fig. 3 shows how acquired data, such as sev-
eral hundred ECG channels of 32 bps, is transmitted to
a local processor 28 via interface 35. In some embodi-
ments, processor 28 calculates respective ECG traces
and/or electrophysiological maps. Physician 27, inspect-
ing the data on local display 26, for example, evaluates
the calculated ECG traces to identify irregularities, se-
lects time-intervals 52 of the ECG traces for processor
28 to compress in high resolution and transmit for addi-
tional diagnosis. Link 46 between processor 28 and dis-
play 26 is two-way, which enables physician 27 to trans-
mit the selection. The resolution can be the original one
or lower, for example, 32 bps or 16 bps. The remaining
data is compressed by processor 28 in low resolution of,
for example, 8 bps.
[0040] Processor 28, which is connected to a commu-
nication network 100 by a network interface, such as a
Network-Interface-Card (NIC) 38, and a link 56, transmits
(i.e., uploads) the selectively compressed ECG traces to
a remote server 60. Compressed data may be uploaded,
for example, with link 56 supporting an upload rate of 10
megabit/sec. In an embodiment, cloud server 60 is bidi-
rectionally connected to network 100 via a NIC 68 and a
link 86. Cloud server 60 receives the selectively com-
pressed ECG traces and performs additional steps of
data manipulation, saving, and archiving. In some em-
bodiments, the selectively compressed ECG traces that
were sent via network 100 to remote server 60 are down-
loaded by a remote user to a remote processor 58, which
is connected to network 100 via a link 66 and a NIC 48,
and are decompressed by remote processor 58 that fur-
thermore presents the decompressed data on a remote
display 69. A medical expert may view the ECG traces
on remote display 69 and provide diagnosis from a distant
location.
[0041] The example block diagram shown in Fig. 3 is
chosen purely for the sake of conceptual clarity. Other
network elements may exist, such as additional servers

and switches. More than one remote location may be
addressed for displaying downloaded data. Transfer of
other types of displayable medical data may also benefit
from selective compression, such as electroanatomical
maps.
[0042] Fig. 4 is a flow chart that schematically illus-
trates a method for selectively compressing ECG data
and remotely displaying the selectively compressed da-
ta, in accordance with an embodiment of the present in-
vention. The process begins with processor 28 calculat-
ing ECG traces to present to physician 27 on local display
26, at a local displaying step 70. Next, physician 27 in-
spects the ECG traces presented on display 26 and se-
lects (e.g., on display 26, using interactive means such
as a pointing and/or time-interval selection tool) time-in-
tervals 52 (i.e., a portion) of the ECG traces to be com-
pressed at high resolution by processor 28, at a selection
of compression in high resolution step 72. Physician 27
selects another portion (e.g., a remaining portion) of the
data to be compressed at low resolution by processor
28, at a selection of compression in low resolution step
74.
[0043] At selective compression step 76, processor 28
executes the selective compression, at high and low res-
olution, as selected at steps 72 and 74. Next, processor
28 uploads the selectively compressed data to cloud
processor 60, at an uploading step 78. In an optional data
remote manipulation step 80, cloud processor 60 per-
forms actions such as additional calculations and/or ar-
chiving. At a downloading step 82, either as predeter-
mined or upon request, cloud server 60 downloads the
selectively compressed data to a remote location for
presentation on a display, for example, for evaluation by
another physician.
[0044] The example flow chart shown in Fig. 4 is cho-
sen purely for the sake of conceptual clarity. In alternative
embodiments, for example, instead of selecting on dis-
play 26, the selection of a displayable data is performed
by a processor employing a software, as described
above.
[0045] Although the embodiments described herein
mainly address selectively compressing electrophysio-
logical data, the methods and systems described herein
can also be used in other medical applications, such as
in the processing of medical images. The methods and
systems described herein can also be used in other fields,
such as in gaming, virtual reality, and automotive appli-
ances.
[0046] It will thus be appreciated that the embodiments
described above are cited by way of example, and that
the present invention is not limited to what has been par-
ticularly shown and described hereinabove. Rather, the
scope of the present invention includes both combina-
tions and sub-combinations of the various features de-
scribed hereinabove, as well as variations and modifica-
tions thereof which would occur to persons skilled in the
art upon reading the foregoing description and which are
not disclosed in the prior art. Documents incorporated by
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reference in the present patent application are to be con-
sidered an integral part of the application except that to
the extent any terms are defined in these incorporated
documents in a manner that conflicts with the definitions
made explicitly or implicitly in the present specification,
only the definitions in the present specification should be
considered.

Claims

1. An apparatus, comprising:

a network interface, configured to communicate
over a communication network; and
a processor, configured to:

receive (i) data, comprising a medical pa-
rameter acquired as a function of time, and
(ii) a selection of one or more time intervals
of interest within the time period;
compress a first portion of the data, which
is within the selected time intervals, at a first
resolution;
compress a second portion of the data,
which is outside the selected time intervals,
at a second resolution, which is coarser than
the first resolution; and
transmit the compressed first and second
portions of the data, via the network inter-
face, over the communication network.

2. The apparatus according to claim 1, and comprising
an input device, configured to receive the selection
of the one or more time intervals from a physician.

3. The apparatus according to claim 1, wherein the
processor is further configured to automatically se-
lect the one or more time intervals, based on a given
criterion.

4. The apparatus according to claim 1, wherein the re-
ceived data comprises one or more electrocardio-
gram (ECG) traces.

5. The apparatus according to claim 4, wherein the
processor is configured to select the first resolution
based on an average heart rate calculated over the
selected time-intervals.

6. The apparatus according to claim 4, wherein the
processor is configured to select the one or more
time-intervals based on one or more indications that
an arrhythmia was recorded during the time-inter-
vals.

7. An apparatus, comprising:

a network interface, configured to communicate
over a communication network; and
a processor, configured to:

receive over the communication network,
via the network interface, data comprising
a medical parameter acquired as a function
of time, wherein the data comprises (i) a first
portion that is within one or more selected
time intervals and is compressed at a first
resolution, and (ii) a second portion that is
outside the selected time intervals and is
compressed at a second resolution, coarser
than the first resolution; and
decompress the first and second portions
of the data, and process the decompressed
data.

8. The apparatus according to claim 7, wherein the
processor is configured to archive the decom-
pressed data.

9. The apparatus according to claim 7, wherein the
processor is configured to transmit over the commu-
nication network, via the network interface, the de-
compressed first and second portions of the data to
a remote processor.

10. A method, comprising:

in a processor, receiving (i) data, comprising a
medical parameter acquired as a function of
time, and (ii) a selection of one or more time
intervals of interest within the time period;
compressing a first portion of the data, which is
within the selected time intervals, at a first res-
olution;
compressing a second portion of the data, which
is outside the selected time intervals, at a sec-
ond resolution, which is coarser than the first
resolution; and
transmitting the compressed first and second
portions of the data over a communication net-
work.

11. The method according to claim 10, wherein receiving
the selection comprises receiving the selection of
the one or more time intervals from a physician using
an input device.

12. The method according to claim 10, and comprising
automatically selecting the one or more time inter-
vals, based on a given criterion.

13. The method according to claim 10, wherein receiving
the data comprises receiving one or more electro-
cardiograms (ECG) traces.
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14. The method according to claim 13, and comprising
selecting the first resolution based on an average
heart rate calculated over the selected time-inter-
vals.

15. The method according to claim 13, wherein selecting
the one or more time-intervals comprises selecting
the one or more time-intervals based on one or more
indications that an arrhythmia was recorded during
the time-intervals.

16. The apparatus according to claim 1 or the method
according to claim 10, wherein the first resolution is
at least twice the second resolution.

17. A method, comprising:

in a processor, receiving over a communication
network data comprising a medical parameter
acquired as a function of time, wherein the data
comprises (i) a first portion that is within one or
more selected time intervals and is compressed
at a first resolution, and (ii) a second portion that
is outside the selected time intervals and is com-
pressed at a second resolution, coarser than the
first resolution; and
decompressing the first and second portions of
the data, and processing the decompressed da-
ta.

18. The method according to claim 17, and comprising
archiving the decompressed data using the proces-
sor.

19. The method according to claim 17, and comprising
transmitting the decompressed first and second por-
tions of the data to a remote processor over the com-
munication network.
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审查员(译) NAGELE，STEFAN

优先权 16/102223 2018-08-13 US

外部链接 Espacenet

摘要(译)

一种设备，包括网络接口和处理器。 网络接口被配置为通过通信网络进
行通信。 处理器被配置为接收（i）数据，该数据包括根据时间获取的医
学参数，以及（ii）在该时间段内选择一个或多个关注时间间隔。 处理器
还被配置为以第一分辨率压缩在所选时间间隔内的数据的第一部分，并
以第二分辨率压缩在所选时间间隔内的数据的第二部分。 比第一个分辨
率更粗糙。 处理器还被配置为经由网络接口​​在通信网络上发送数据的压
缩的第一部分和第二部分。

https://share-analytics.zhihuiya.com/view/9b72dcce-eefb-4289-9005-a3214d1989b7
https://worldwide.espacenet.com/patent/search/family/067658663/publication/EP3611735A1?q=EP3611735A1

