US 20140221862A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2014/0221862 Al

Tambe

(43) Pub. Date: Aug. 7,2014

(54)

(1)
(72)
(73)

1)
(22)

(60)

SYSTEM, SOFTWARE AND METHOD OF
STREAMING ECG/EKG DATA OVER
BLUETOOTH LOW-ENERGY INTERFACE

Applicant: NIMBLEHEART INC.

Inventor:  Sonal Tambe, Saratoga, CA (US)
Assignee: NIMBLEHEART INC.

Appl. No.: 14/174,772

Filed: Feb. 6,2014

Related U.S. Application Data

Provisional application No. 61/761.549, filed on Feb.

6,2013.

Acquisition
Unit

Publication Classification

(51) Int.CL
AGIB 5/00 (2006.01)
AGIB 5/0432 (2006.01)
(52) US.CL
CPC ... AGIB 5/0006 (2013.01); A61B 5/0432
(2013.01)
L01] S 600/523
(57) ABSTRACT

A system, software and method of streaming ECG/EKG data
over Bluetooth low-energy interface.

114
e

O
— 122 [ T
106 A 7 K, S 7
N e ) |B—=| ¢ BE 116
ECG Profiie <:: ECG Frofile 4—t
., {Sarver Maods) ) \_{Client Made} )
1084 r ™ al ™
™ BT 4.0 Stack BT40aPt 11118
interface
N — .
110 Patform & e ) ‘
RTOS Sofware iosiandroid 11120
o — S




Patent Application Publication  Aug. 7,2014 Sheet 1 of 4 US 2014/0221862 A1
FiG. 1
 r—
100 (——) /114
ECG
| Acquisition
\L}
106 o 122
N B ) |——=2| {~  BLE 16
ELG Frofiie <:| ECC Profle 41—
. (Serer i‘v;i«r;e} ) \_{Client Made!
1081 ™ )
“T* BT 4.0 Stack BTA0APE L1118
‘ interface
1 1{}\"""- Pia_ﬁform & . N .. __1 26
RTOS Sofware CSiAndroid
o — —




Aug. 7,2014 Sheet 2 of 4 US 2014/0221862 A1

Patent Application Publication

90z juswisBeugpy puBLIWIOD X

¥0

siomawiel4 yioolan|g aion SOl

’_lmwm

Bul

uondAioag pue uodAioud eleg S3v 1g 821

Juswsbeuey
i21unog sousnbeg
pue BuljpueH Xy eleqg 903

IPUEH SIS XM

80c

AL

¢ 9Olid

00C



US 2014/0221862 A1

dUBlg peppesqui3 g ¢ Uiooishid ’_l 80¢

uondAiseq pue ucndAioulg eleg S3V HG 821 802

90¢ - BulpueH puewiuod x4

BuijpueH jejunon asuanbeg
pue Buusgng ejeg x4 903

juswabeuepy ALY

X| Sniels asiaaQ

Aug. 7,2014 Sheet 3 of 4

PO~

00¢

¢ "Old

Patent Application Publication



Patent Application Publication  Aug. 7,2014 Sheet 4 of 4 US 2014/0221862 A1

400 FIG. 4

ECG 1104 e
Acguisition Unit Mobile Device

Powey Bulton On, Ready fo Pair and in Advetising Mode

:)._-462

Discovery Based O Wresvn BUIDs

— 404

\’F

Pairing Matificaton and Donnection Pamameters info

— 408

N

Request Battery Status

— 408

Fay

Battery Status

}-—410

L Request Sersar Slatus

< — 412

Sen

or Status

%3]

I,

N —414

Beguest Optional Set Confiquration

e —416

et Configuration

N 418

i send Start Caphie

N —~. 420

Perodic Dats With CountiSequence Number Using Matifications

N 422

Battery or Sensor Status Update Nofification as Required

I,

St—424

ECG Diata Sequence Number Missing Query Re-Send

Syne Captore for Missing Sequence Number

e — 426
R

M —428

H

User Stop or Bad Sensor Stalus
Stop Caplure

> —430

Siop Dala Sead, Wail tor Nex¢ Command
Oiscarnect, Go to Low Power Mode After Tanpoud

A

W — 432




US 2014/0221862 Al

SYSTEM, SOFTWARE AND METHOD OF
STREAMING ECG/EKG DATA OVER
BLUETOOTH LOW-ENERGY INTERFACE

BACKGROUND

[0001] Episodic cardiac symptoms, such as arrhythmia, are
triggered by a wide variety of events including stress. In order
for physicians to effectively diagnose the cause of the attack,
they must analyze the particular pattern of the heartbeat
irregularity. Electrocardiographic data is commonly used in
such an analysis. Unfortunately, most arrhythmias are spon-
taneous and unpredictable, making detection nearly impos-
sible while at the physician’s office.

[0002] Portable electrocardiogram monitoring and record-
ing devices for use by persons in outpatient environments
have long been known. These devices include those which
can be conveniently clipped on to a user’s belt for wear
throughout his daily routine. With the unit constantly in place,
the user can simply press a button to start data recording
whether it be periodic charting data or to signal the onset of an
arrhythmia attack.

[0003] Typically, this type of portable unit is equipped with
a sufficient amount of internal memory to record several
minutes of ECG data. The unit can then be taken into the
physician’s office where inspection can be made of the elec-
trocardiogram pattern recorded during the arrhythmia epi-
sode. Recent ECG recording devices have been equipped
with wireless interfaces to relieve the user of the burden of
traveling to the physician’s office or physically connecting to
a computer or phone line. Instead, the wireless interface pet-
mits the ECG data to be transmitted to the physician’s office
or to an analysis unit over a standard wireless network.
[0004] Clinical quality ECG/EKG data can have a band-
width of 4 to 64 Kilo Bits per Sec depending upon the sam-
pling rate. For continuous monitoring applications this
implies tremendous memory and processing power require-
ments. Modern mobile platforms like smart phones and tab-
lets are equipped with good processing power and gigabytes
of memory that can be used to analyze and store ECG data.
[0005] However, in order to use this capability of a mobile
device, an ECG acquisition device needs to send real time
ECG data reliably to the mobile device. Older acquisition
units may stream ECG data real time using wired interface
like USB or Bluetooth Classic technology.

[0006] Bluetooth Low-Energy (BLE), which is a part of the
Bluetooth 4.0 specification, is a more efficient wireless inter-
face that can achieve the same data streaming performance
with optimized battery life and ease of usage.

[0007] However, the currently published profiles over BLE
don’t support real-time streaming of ECG data. Some new
ECG signal acquisition devices process the ECG signal
locally to extract heart rate information and then send it over
BLE interface using a heart rate profile.

[0008] By streaming raw real-time ECG data over BLE
interface this invention allows a more compact implementa-
tion of ECG acquisition unit with longer battery life while
providing the visibility into and flexibility of analysis of full
raw ECG data on a mobile platform for continuous monitor-
ing.

[0009] In this respect, before explaining at least one
embodiment of the invention in detail, it is to be understood
that the invention is not limited in its application to the details
of construction and to the arrangement of the components set
forth in the following description or illustrated in the draw-
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ings. The invention is capable of other embodiments and of
being practiced and carried out in various ways. In addition, it
is to be understood that the phraseology and terminology
employed herein are for the purpose of description and should
not be regarded as limiting.

SUMMARY OF THE INVENTION

[0010] In one embodiment, a system for streaming real-
time ECG data captured by ECG sensors efficiently and reli-
ably to mobile platforms over BLE interface is defined.
[0011] In one embodiment, a software protocol that can be
used for streaming real-time ECG data captured by ECG
sensors efficiently and reliably to mobile platforms over BLE
interface is defined.

[0012] In one embodiment, a method of streaming real-
time ECG data captured by ECG sensors efficiently and reli-
ably to mobile platforms over BLE interface is defined.
[0013] In one or more embodiments, the software protocol
is optimized for the BLE interface to facilitate reliable real-
time transmission of raw ECG data to a mobile platform.
[0014] Inoneormoreembodiments, the BLE software may
run on one or more of the following mobile operating systems
including, but not limited to, i0S, Android, Windows Phone
and BlackBerry.

[0015] Inoneormoreembodiments, the BLE software may
run on one or more of the following operating systems includ-
ing, but not limited to, Linux, OS X and Windows.

[0016] Inoneormoreembodimentsan ECG or EKG signal
is acquired by an acquisition unit. This signal may be trans-
mitted to a mobile device for recording, analysis, storage or
retransmission.

[0017] In one or more embodiments, acquisition unit may
act as a server that generates and streams ECG data and then
communicates this data to the mobile device or other devices
as such.

[0018] In a server mode, a BLE ECG profile may be
acquired stored, manipulated or accessed through the Blue-
tooth stack and manipulated or analyzed by the real-time
operating system (RTOS) software and/or platform.

[0019] The acquisition unit server may include, in one
embodiment, the ECG profile components present in the
device firmware such as: ECG transmission data buffering
and sequence counter handling, device status transmission
management, reception command handling, encryption and
decryption, all written within the Bluetooth 4.0 embedded
stack.

[0020] Inoneormoreembodiments, the mobile device may
act as a client and communicate with the acquisition unit or
other devices as such.

[0021] In client mode, the BLE ECG profile may be
manipulated or accessed through the Bluetooth 4.0 applica-
tion programming interface (API) on the mobile operating
system.

[0022] Inclient mode, in one embodiment, the ECG profile
components of the iOS application may include a module for
ECG data reception handling and sequence counter manage-
ment, reception status handling, transmission command man-
agement, encryption and decryption, all on the 10S core Blue-
tooth framework.

[0023] With respect to the above description then, it is to be
realized that the optimum dimensional relationships for the
parts of the invention, to include variations in size, materials,
shape, form, function and manner of operation, assembly and
use, are deemed readily apparent and obvious to one skilled in
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the art, and all equivalent relationships to those illustrated in
the drawings and described in the specification are intended to
be encompassed by the present invention. Therefore, the fore-
going is considered as illustrative only of the principles of the
invention.

[0024] Further, since numerous modifications and changes
will readily occur to those skilled in the art, it is not desired to
limit the invention to the exact construction and operation
shown and described, and accordingly, all suitable modifica-
tions and equivalents may be resorted to, falling within the
scope of the invention.

[0025] Other objectives, features and advantages of the
invention will become apparent from the following descrip-
tion and drawings wherein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a graphical representation of the ECG
streaming components of an embodiment.

[0027] FIG. 2 is a graphical representation of the ECG
Profile Components of the 10S client application embodi-
ment.

[0028] FIG. 3 is a graphical representation of the ECG
Profile Components in a device firmware server embodiment.
[0029] FIG. 4 is a graphical representation of the data and
command flow if the ECG data streaming of an embodiment.

DETAILED DESCRIPTION

[0030] Referring now to FIG. 1, in one embodiment, the
real-time BLE ECG data streaming system consists of an
ECG acquisition unit 104 wherein a data signal 102 is
acquired.

[0031] The acquired signal 102 may be stored and com-
pared to a BLE ECG profile 106 programmed into the BT 4.0
stack 108 on top of the platform and RTOS software 110.
[0032] This information may be transmitted wirelessly 112
to a mobile device 114. The transmission 112 may be
streamed or sent in discrete packets.

[0033] The acquisition unit 104 may also exchange com-
mand and status data 122 with the mobile device 114.
[0034] The mobile device 114 may act as a client and may
store a, or have a stored, BLE ECG profile 116 accessible
through a Bluetooth 4.0 AP1 118 written on the mobile device
operating system 120.

[0035] Referring now to FIG. 2, in one embodiment, the
mobile device application may act as a client. The ECG
components 200 may comprise an ECG data reception han-
dling and sequence counter management module 202, a
reception status handling module 204, a transmission com-
mand module 206, an encryption and decryption module 208
and a mobile device Bluetooth framework 210.

[0036] Referring now to FIG. 3, in one embodiment, the
device firmware may act as a server.

[0037] The ECG components 300 may comprise an ECG
data transmission buffering and sequence counter handling
module 302, a device status transmission management mod-
ule 304, a reception command handling module 306, an
encryption and decryption module 208 and a Bluetooth 4.0
embedded stack 308.

[0038] Referring now to FIG. 4, in one embodiment, the
data and command flow 400 for the

[0039] ECG data streaming between the ECG acquisition
unit 104 and the mobile device 114 may include a power on,
ready-to-pair, advertising mode 402. Known devices signi-
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fied by their universally unique identification (UUID) may be
discovered 404. Pairing notification and connection param-
eters 406 may then be exchanged. A battery status request 408
and sensor status request 412 may be transmitted and the
respective battery status 410 and sensor status 414 returned.
[0040] An optional configuration setting request 416 and
configuration settings 418 transmission may also be avail-
able.

[0041] A startcapture command 420 commences the acqui-
sition of data with periodic data updates 422, and battery and
sensor status updates 424, received as necessary or scheduled.
[0042] An error tag for missing sequential data 426 and a
resending of the data 428 allows for error correction and
incomplete transmissions.

[0043] A stop capture command 430 and a disconnect or
time out feature 432 may also be available.

We claim:

1. A system for streaming real-time ECG data to mobile
platforms over a Bluetooth Low-Energy (BLE) interface
comprising:

at least one ECG data acquisition unit,

at least one BLE-enabled mobile computational device,

a means for the storage of the ECG data,

a means for processing the ECG data; and

a software protocol wherein the at least one ECG data

acquisition unit may communicate with the at least one
BLE-enabled mobile computational device and the ECG
data may be transmitted to, processed by, analyzed by,
stored on or re-transmitted from the BLE-enabled
mobile device.

2. The system of claim 1, wherein the means for the storage
ofthe ECG datais inherent in the at least one ECG acquisition
unit.

3. The system of claim 1, wherein the means for the storage
of the ECG data is inherent in the at least one BLE-enabled
mobile computational device.

4. The system of claim 1, wherein the means for processing
the ECG data is inherent in the at least one ECG acquisition
unit.

5. The system of claim 1, wherein the means for processing
the ECG data is inherent in the at least one BLE-enabled
mobile computational device.

6. A software product, comprising a non-transitory com-
putational device-readable medium in which program
instructions are stored, which instructions, when read by the
at least BLE-enabled mobile computational device, cause the
BLE-enabled mobile computational device to receive ECG
data, process the ECG data and produce a report on the
acquired data.

7. A method of streaming real-time ECG data to mobile
platforms over a Bluetooth Low-Energy (BLE) interface
comprising:

providing at least one ECG data acquisition unit,

providing at least one BLE-enabled mobile computational

device,

providing a means for the storage of the ECG data,

providing a means for processing the ECG data; and

providing a software protocol wherein the at least one ECG
data acquisition unit may communicate with the at least
one BLE-enabled mobile computational device and the
ECG data may be transmitted to, processed by, analyzed
by, stored on or re-transmitted from the BLE-enabled
mobile device.
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8. The method of claim 7 wherein the step of providing the
means for the storage of the ECG data further comprises the
step of providing a means for storage of the ECG data which
is inherent in the at least one ECG acquisition unit.

9. The method of claim 7 wherein the step of providing the
means for the storage of the ECG data further comprises the
step of providing a means for storage of the ECG data which
is inherent in the at least one mobile computational device.

10. The method of claim 7 wherein the step of providing the
means for processing the ECG data further comprises the step
of providing a means for processing the ECG data which is
inherent in the at least one ECG acquisition unit.

11. The method of claim 7 wherein the step of providing the
means for processing the ECG data further comprises the step
of providing a means for processing the ECG data which is
inherent in the at least one mobile computational device.
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