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METHOD AND SYSTEM AND APPARATUS FOR PATIENT DATA COLLECTION
AND MONITORING

DESCRIPTION

FIELD OF INVENTION

[0001] Embodiments of the present disclosure relate generally to eomputer systems and more
speeifically to a method, system and apparatus for patient data collection and monitoring.
RELATED ART

[0002] The term patient generally refers to a person requiring a care, monitoring and/or attcntion
with respect to health and wellbeing. Several parameters referred to as vitals such as blood
pressure, heart beat counts, sugar levels, as is well known are collected manually from the
patients using respective gadgeis/apparatus. The collected vitals are made available to the desired
peisonnel likes of doctors, nurses, hospital staffs, and care takers associated to the patient. Ofien
more number of patients are monitored simultancously (as in a hospitals) by.the samc doctors,
nurse, and care takers, hospitals (monitoring cntity) or at least by any one of thém‘. 1t 15 desirable
to view/monitor/manage set of paticnts associated with the monitoring entity sinmltancoﬁsly,
together and at a glance.

SUMMARY

[0003] In one aspect, a method of displaying patient information comprising, collecting vitals
from plurality of patients and displaying a pattern having plurality of clusters on a display
device, representing plurality of patients. Each cluster in plurality of clusters comprises a set of
display segments representing a corresponding set of vitals collected from a patient. In an
embodiment, the display segmenis are displayed to provide visually distinguishable tones
indicating the different critical levels of respective vitals. In another embodiment, plurality of
first set of vitals is collected from the corresponding plurality of wearable device which is
attached to the body of plurality of patients. Also, plurality of first sct of vitals is transferred to
the corresponding plurality of mobile device which is in possession of plurality of patients.
Further, plurality of the first set of vitals is transferred from the mobile devices to a server
forming the vitals.

BRIEF DESCRIPTION OF DRAWINGS

[0004] FIG. 1 is an example display formed on a display device in one embodiment.

[0005] FIG. 2 illustratcs. an example cluster of a paticnt.
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[0006] FIG. 3 is an example array of clusters of vitals of patients associated with a doctor,

[0007] FIG. 4 is an example effective warning scorec view of plurality of patients in one
embodiment.

[0008] FIG. 5 is an examplc view provided on a display device in respect of a selected
patient/cluster.

[0009] FIG. 6A is another example view on the display device in respect of a desired patient.
[0010] FIG.‘ 6B 1llusirates another patient specific view that provide the information of the
patient and the status of various data/vital collection devices associated to the selected patient.
[0011] FIG. 6C illustrates the rclation between the color code and the range of vitals for
reference.

[0012] FIG. 7 is a block diagram of a system illustrating the manner in which the vitals are
collected to form clusters in an embodiment.

[0013] FIG. 8A is an example display on thc mobile device that is in communication with the
wearable device.

[0014] FIG. 8B and 8C Mlustraies mobile device views of such seleeted vitals (for example,
pulse rate and oxygen saturation respectively).

[0015] FIG. 9A through 9C are the configuration features provided on the mobile device in one
embodiment.

[0016] FIG. 9D and 9E illustrates the manner in which the wearable dcvice and mobile device
operatc to take more accurate readings from the PSO2 clip.

[0017] FIG. 9F illusirates the manner in which the mobile device retricves the data stered on the
wearable device when the connection to the mobile device is lost.

[0018] FIG. 10 is a block diagram of a wearable device in one cimbodiment.

[0019] FIG. 11 illustrates the manner in which various sub modules which is kept selectively in
the low power mode.

[0020] F1G.12 is a block diagram illustrating the manner in which the mobile device operates to
communicate and control the wearable device in one embodiment.

DETA]LED DESCRIPTION OF THE PREFERRED EXAMPLES

[002 ] FIG. 1 is an example display formed on a display device 100 in one embodiment. The
display is shown comprising, pattern 101 of clusters 110A-110N. Each cluster is shown

comprising set of segments [20A-120K.

N
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(0022] Each cluster 1 10A-110N represents set of vitals of a particular patient (distinctly different
from other). The pattern 101 represents the arrangement of the clusters 110A-110N relating a
patient association to one or more parameters. For example the association may be in terms of
patient’s physical location, criticality, importance, time rclation, doctor, nurse, elc.

[0023] Thus, in one embodiment each row in the pattern 101 may represent the respective floor,
block, ward of a hospital. Aliematively, each row may also represent different hospitals. As a
further alternative, cach row may also represent a doctor or a nurse.

[0024] The segments 120A-120K in each clusters represents a vitals of the patient. Thus, “K”
number of vitals of the paticnts is presented in one cluster to simultaneously sce/view the vitals
of the patients. Such simulianeous viewing multiple vitals of multiple patients in accordance with
patiern 101 enable quick and fastcr attention provided to paticnt’s nceds at least when managed
and monitored cn masse.

{0025] F1G. 2 illustrates an example cluster 110A of a patient. As shown there the cluster is
comprised of vitals 210A-210D. Each vital 210A-210D respectivcly represents skin temperature,
heart rate, oxygen saturation, and the pain level for example. The vitals may be arranged (within
each cluster) in a circular, triangular or any other meaningful formation that provide visible
distinction of cach vitals. In one embodiment, the position of the vitals within the clusters
indicates the type of vitals. The value of the vitals may be represented in the grey level and or
color code. For examplc, in casc of color coding, higher criticality may be represented in red
tones and low criticality may be represented in green fone. Thus, providing the comprehensive
vistble display of vitals of plurality of patients. Aliernatively, in casc of grey level, higher grey
scale may represent the high enticality while lower grey scale may represent the low criticality.
[0026] FIG. 3 is an example array of clusters of vitals of patients associated with a doctor. The
array is shown comprising patients 310A-310E on row 301, and 310F-310J on row 302
associated 1o a docter 320 from group of doctors 340. The row 30l and 302 respectively
represents hospital | and hospital 2 in one embodiment and in an altermate cmbodiment, the row
301 and 302 represents differcnt ward, floor or block within the hospital. As shown there, vitals
350A-350C of cach paticﬁt 310A-310J is clustered into rectangular box for simultancous
viewimg. The vitals 350A-350C are colors coded to indicate the criticality. The vital type is
indicated with the respective graphics 371, 372, and 373. For example, as shown therc the skin

temperature 1s indicated with the graphical thermometer 371, Oxygen saturation is indicated with

9%
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the graphical blood droplet 372, and heart beat count is indicated with the graphical curve 373. |
Accordingly the user is able to quickly read and associate the vitals of patients en masse and
provide attention and service accordingly. In one embodiment, an effective waming score is
determined from the plurality of vitals in each cluster to present an effective warning score view
of a plurality of patients. The effective warning may provide an early waming. As result, a single
representation in terms of varying grey scale or differentiating colors are provided to represent
the overall/effective/early warning or criticality level of the patient.

[0027] FIG. 4 is an example effective/early warning score view of plurality of patients in one
cmbodiment. The array of patients 410 is represented by rectangular icons 450 (or any other
shape). In that, each color 40t- 404 indicates the range of the vitals that is calculated/determined
based on a predetermined carly warning score values. The color Green 401 indicates “Normal”,
the color Orange 402 indicates “abnormal” and the color Red 403 indicates that the patient is
critical. The icon in the color grey 404 represents that the wearable or vital measurement device
is not connected/enabled, for example. Similarly, other quick effective warning views indicating
the different tevels of attention may be deployed. For example, audio beepers, flickering of Teons
and sﬁch other audio visual effects may be incorporated to represent the effective warning score
level. The manner in which the display device displays several details from top level effective
warning view to the particular vital details of a desired patient is further deseribed below.,

(0028] In one embodiment the display device navigates from one view to another through filters
and selections. For example, selection of a doctor 409 on the view 40t may navigate the user to
view 301. Similarly, sclection of a particular paticnt within the cluster may provide further
detatls on each vital in a graphieal form.

[0029] FIG. 5 is an cxample view provided on a display device in respeet of a selected
patient/cluster. As shown there the display view comprises Patient 1D, patient Details, Vitals,
Vitals over time period, and patn indicatton. The patient specific view 501 provides information
on vitals in more detail along with the variations of the vital over a desired time pertod as shown.
[0030] F1G. 6A is another example view 601 on the display device in respect of a desired
paticnt. As shown there, information on one of the vitals (pulsc rate for example) of a desired
patient is further elaborated and data coliected at multiple time slots are enumerated for analysi;
of the user. Accordingly, the doctors, nurse, carctaker and any user may view the health

information of one or more patients at different levels of details. FIG. 6B illusirates another
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patient specific view 602 that provide the information of the patient and the status of various
data/vital collection devices associated to the sclected patient. FIG. 6C illustrates the relation
between the color code and the range of vitals for reference. The manner in which the vitals are
collected to form one or more views described above on the display device is further described
below. _

[0031] FIG. 7 is a block diagram of a system illustrating the manner in which the vitals arc
collected to form clusters in an embodiment. The block diagram is shown comprising wearable
device 710, mobile device 720, server 730, legacy health monitoring devices 740A-740N, data
aggregator 750, uscr display device 760, communication nctwork 770 and GPS system 780. Each
element is further described below.

[0032] The user display device 760 displays the views 101, 201, 301, 401, 501 and 601 and other
information described with reference FIG 1-6. The display device 760 may comprise a
Television, computer monitor, and other large screen display devices embodying suitable
processor and drivers. In another cmbodiment, the display device may comprise mobile deviees
like, laptop, notcbooks, tablcts and mobile phones embodying corresponding sct of software
instructions to provide the views. GPS systems 780 provides the positioning and navigation
aiding signal to determine the position of the one or more device incorporating corresponding
hardware in 1. For example, aggregator 750, wearable device 710 and mobile device 720 may
;:Dmprise position deriving hardware Lo determine its position.

[0033] The legacy health monitoring devices 740A-740N comprises a BP (Blood Pressure)
measuring device, ECG (clectrocardiography/gram) recorder, Glucometer and other apparatus
that are installed for measuring respective vitals at a central facility or around patient in an
emergency ward of a hospital. The lcgacy health monitoring devices 740A-740N may comprisc
built in display devices to view the measured vitals on the spot and an electronic interface such
as-USB, serial bus etc., for providing the measured value to an external electronic device.

[0034] The data aggregator 750, collects the vitals measured on the legacy monitoring devices
749A-740N through one or more electronic interface such as USB, serial bus eic. the data
aggregator 1s provided with clectronic interface of differcnt types in order to interface with larger
number of different types of legacy health monitoring apparatus 740A-740N. The data
aggregator 750 is deployed with suitable supporting processor and other hardware devices to

receive the data in accordance with the respective protocols. For example, serial drivers, USB
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dnivers etc are deployed for transferring data on the respective interfaces. The data aggrecator is
also provided with memory and network interface to store the received vitals of a particular
patient and transfer the same to the server 730 via communication network 770. The data
aggregator may be deployed to provide a user interface to feed in the patient data and other
legacy health monitoring apparatus information for configuration purpose using one or more
known techniques.

[0035] The communication network 770 connects the elements 710-760 for transfer of data
among them. The communication network 770 may comprise, GSM, 4G, Wi-Fi, internet, LAN
and other data network suitable for data connectivity.

[0036) The server 730 receives the vitals over the communication network 770 from plurality of
wearable devices 710, mobile device 720, and data aggregator 740 and generatcs onc or morc
views desertbed in sections above. The views arc then sent to the display devices for display.
Scrver may gencrate the views bascd on the user selection/input received on the display device
and communieated to server via the communication network 770. The server 730 may be
deployed on a standalone computer system, shared computer system, a cloud system, softwarce as
service (SaaS) or on any other computer infrastructure using a known ways.,

[0037] The wearable device 710 coilects vitals from the patient when worn on the body. The
wearable device 710 is deployed with sensors to sense and measurce the vitals such as skin
tc:mperathrc, heart rate, BP, blood oxygen level/oxygen saturation cie., when worn. The sensor 1s
deployed on the wearable device to make appropriate contact with the body 1o measure the vitals.
The wearable device comprises panic and cmergency button for the patient 1o draw attention in
the event of any emergency. In one embodiment, the wearable device communicates with the
mobile device 720 and transfers the vital 1o the mobile device at a regular interval,

[0038] In one embodiment, the wearable device is shown comprising the oxygen saturation
(SPO2) sensor clip 715 interfaced through the SPI cable 716. Accordingly, the clip may be
removed when not needed and when the SPO2 needs to be monitored, the clip may be attached
to the finger flexible through the extended cable 716. The wearable device detects the correct
position of the finger on the clip to climinate any scnsor reading error. .

[0039) In one embodiment, the wearable device stores the data measured when the connectivily
to the network or to the associated mobile device is not available, The storcd vitals are

transferred to.the mobile device when Lthe eonnection is established: with the mobile device.
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[0040] The mobile device 720 reccives the vitals from the wearable device and displays the
vitals in a suitable format. Thus, mobile users may quickly determine the health condition of the
corresponding one or more patient locally without having to eonnect server. Thus, patient may
see, monitor, maintain the health. and manage the wearable device through the mobile device. In
one embodiment, mobile device may also provide a user interface to a patient to feed in other
information such as pain level etc. The manner in which the mobile device may display health
information for the use of patient and for local use by doctors/nurse or caretaker is further
described below.

[0041] FIG.8A is an cxample display on the mobile device 720 that is in communication with the
wearabte device 710. The view formed on the display is shown comprising vitals pulse/heart rate
810, oxygen saturation 820, skin temperatures 830 and pain scorc 840. The respective graphical
indicator indicators 801-804 matches to that of the graphical indicators on graphics 371, 372, and
373 described in above sections. As a result, the vitals collected on the wearable devices are
readily viewed in real time on the mobile device that are associated or linked 1o corresponding
wearable device. Tn addition, the mobile device provides for reeeiving user inputs. As shown the
icons 391, 892, 893 respectively receive the request for caretaker or nurse aitention, panic
attention, and pain input. The icons 896 and 8§97 provide the status of the wearable device in
respect of battery power and connectivity respectively. For example, the wearable deviee may be
deployed with replaceable coin cells, accordingty, the icon 896.may represents the coin ccll
voltage level. The mobile device further provides views of particular vitals when selected by
tapping on the vitals 810-840. FIG. 8B and 8C illustrates mobile dcvice views of such selccied
vitals {for example, pulse rate and oxygen saturation respectively}). As shown there the current
mecasured valuc .of the pulse rate and oxygen saturation arc depicted in larger size covering
substantially half the screen and the range of the selected vital over a period of time are
displayed on the remaining part of the screen. The manner in which the mobile device 720
providces for associating and configuring the wearable device 710 is further described below.
[0042] FIG. 9A through 9C are the configuration featres provided on the mobile device in one
embodiment. In that FIG. 9A illustrates the manncr in which a wearable device may be
connected /associated to a mobite device, The listing 901 indicates the list of wearable device
that arc within the network communication (Bluetooth for example) and are available for

connection. The wearable device 902 represents the connected wearable device or the wearable
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device that is.currently associated with the mobile device. Thus, it may be appreciated that the
mobile device and wearable device may be selectively paired as and when required. The
wearable device thus paired remains connected and exchange the vitals with the corresponding
mobile device.

(0043] FIG. 9B illustrates the manner in which the wearable device may be configured to
monitor for a time period. As shown there, the icon 911 and 912 receives the time period for
which the pain needs to be managed and. vitals need to be monitored. For example, as shown
both monitoring is set to one hour. Accordingly, the wearable device activates the sensors to
measure the vitals and transmit the same to the mobile (or store the value when the connection is
not established) similarly, the mobile device will maintain the pain management profile active to
recetve user (an this case the patient) pain level.

[0044] FIG. 9C illustrates the manner in which the details of the paticnt, doctor in charge, care
taker details, and the wearable device profile may be set on the mobile device. Thus, provide
flexibility of associating a wearable device with the mobile device for combined use on ad-hoe
basis. Further, hospitals may reuse the same infrastructure (wearable device and mobile device
for example) time and again. The manner in which the wearable device may be implemented to
measure the vilals and may be configured to operate in association with the mobile device is
further deseribed below.

[6045] FIG 9D and 9E iHustrates the manner in which the wearable device and mobilc device
operate to take more accurate readings from the PSO2 clip 715. As shown in FIG. 9E, the mobile
device 720 display warning to indicate the finger is not placed accurately in the clip 715 and
enable the patient to place the finger accurately for retaking the measurement. IN figure 9E,
mobile deviee 720 display messages indicating the measurement is being made and guide the
patient to keep the hand immobile for accurate reading. Accordingly, the wearable device and
mobile device operate interactively 10 take accuraie PSO2 reading. F1G.9F illustrates the manner
in which the mobilc device retrieves the data stored on the wearable device when the connection
to the mobile device 720 is lost. The mobile device presents the display as-shown to indicate that
the vitals data that are stored in the wearable devicc is being updated/ restored. Mobile device
may further save vitals for reference and upload the vital to the server as and when the

connecction 1s. established with: the server.
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[0046]. FIG. 10 1s a block diagram of a wearable device in one embodiment. The wearable device
is shown comprising skin temperature sensor 1010, optical biosensor 1020, panic button 1030,
reset button 1040, power management subsystem 1050, wireless subsystem 1060, and processor
1070. In that, optical biosensor 1020 collects various measurements such as Sp02, pulse rate, cte.
The optical biosensor 1020 may be implemented to with infrared LED, Red LED and/or photo
diodc as scnsor front end and AFE4490 as signal processing front end. The optica! bioscnsor or
SPO2 1020 may be interfaced to the main wearable through a flexible and removable) interface
as shown with 716. The wircless subsystem 1060 connects with Mobile device and transfers the
measured data between the Wearable device and rest of the world. In onc embodiment the
wireless subsystem 1060 comprise a Bluetooth RF frontend, Bluetooth (BLE) protocot Stack and
a 2.5 GHz, band pass filter. The power management subsystem 1050 compriscs battery
management that manages the power drawn from a button cell such as CR2032. The panic butten
1030 provides simple user interface for nurse call or cmergeney notification for caretaker or
chinician. The processor 1070, controls the hardware and data collection from skin temperature
sensor 1010, optical bioscnsor 1020, acccleromcter, panic button 1030, reset button 1040, usecr
interface LEDs and butions for output and input respectively. The processor 1070 may further
comprise memory o store the vitals when the wireless subsystem 1060 indicates no connectivity.
Further, the wearable device may comprise memory chip (not shown) Lo storc the measurcments
(vital). The wearable dcvice comprises low power hardware for long battery life low,
maintenance cost, simple mechanism to hold batiery which can be easily replaced, Low
maintenance cffort by low skilled labour, Embedded Software intcgration for simple uscr
interface via Smartphone/mobile device, 24 hrs vital data backup when wireless subsystem 1060
and mobilc connection is not established.

[0047] In operation, Wearable device upon user input (reset), device is initialized. Embedded
software 1s downloaded and executed by the processor 1070. The processor 1070 loads the BLE
protocol s/w to the BLE device. Through mobile APP S/W interfacc uscr configuration is scat to
the processor 1070 via BLE interface. The processor 1070 shuts down all devices until it is time
for next measurement. When 1t is due for measurement, user is alerted for immobilizing the arm,
H/W enables each peripheral device, takes measurement, aggregates data into user data structure
and sent to mobile device via BLE. When the user wants to force a measurement, mobile device

sends data collection intimation to wearable device. In other times, each of the hardware sub
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modules are kept in low power mode for reducing the overall power consumption during idle
time. As illustrated with reference to FIG.9D and 9E, the wcarable device detects the inaccurate
position of the figure with thin the PSO2 chp 1020/715 and send s a message to the mobile
device. The mobtle device then displays the waming as in FIG. 9D for example. Similarly,
when the PSO2 measurement is progress, the wearable device sends a signal/message to mobile
device indicating the status as mcasurcnient in progress. Accordingly, the mobile device 720
may display the status as tn FIG. 9E for example. The manner in which various sub modules are
kept in the low power mode selectively is illustrated in FIG.11. As shown the example
components forming the hardware of the wearable are selectively made active and sicep mode to
provide longer battery life. Manner in which the mobile device is configured to operate with the
wearable device is further described below.

[0048] F1G.12 is a block diagram illustrating the manner in which the mobile device operates to
commumcate and control the wearable device in onc embodiment. 1In block 1201, the mobilc
device is configured with the frequency of reading the data from the wearable device and the
phone numbecrs for contacting under emergency. In block 1202, the mobile device is cnabled to
send notification under present conditions arising out of vitals, panic button, battery level,
wearable status cte. [n block 1203A, mobile device checks if the vitals received are out of bound.
In block 12038, mobile deviee display the vital in red if yes. In block 1204A, the mobile device
checks if the panic button is pressed. 1f yes, in block 1204B, the mobilc deviee blinks red alert
and send SMS to the concerned phone numbers. In block 1205A, the mobile device checks if the
battery level in the wearable. If yes, in block 1205B, the mobile device scts alert notification. In
block 1206A, mobile device checks if the wearable is out of the range of the mobile device. If
yes, tn bloek 1206B the mobile device sets alert indicating the wearable device is disconneeted.
In block 1207, the mobile device checks whether the manual trigger button is pressed. In the
block 1208, the mobile device checks if the umer set 1s tngeered. In the block 1209, if yes for
any one, the mobilc deviee sends a request signal to wearable device to send the details of the
measured vitals. In response the mobile device may receive data from the wearable device or

mobile deviee may resend the request after a pre specified wait period or send an alert that the

wearable device is not responding as in block 1210. Accordingly, the mobile device repeats the =

above actions. In one embodiment, the mebile device connccts to the server 730 over GSM or

other communication network and vploads the data so received from the wearable and also
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received on.the mobile device interface. Accordingly, the vital information and other patient
related information is made available to other user through the server in the ways deseribed in
the sections above.

[0049) While various embodiments of the present disclosure have been described above, it
should be understood that they have been presented by way of example only, and not limitation,
Thus, the breadth and scope of the present discltosure should not be limited by any of the above-
discussed embodiments, but should be defined only in accordance with the following claims and

their equivalents.
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CLAIMS

I/We Claim,

A method of displaying patient information comprising:

Collecting vitals from plurality of patients physically positioned for medical carc; and
Displﬁying on a display device a pattern comprising plurality of clusters representing
corresponding plurality of paticnts, in that each cluster in the plurality of elusters
comprising set of display segments representing a corresponding set of vitals collected
from a patient in the plurality of patients, in that the display segments are displayed to
provide visually distinguishable toncs to indicate the different critical levels of the
respective vitals such that, plurality of patient’s health conditions are determined at a
single glance to the display device.

The method of claim | further comprising:

Collccting plurality of first set of vitals from the corresponding plurality of wearable
device attached to the body of the plurality of patients;

Transferring the plurality of the first sct of vitals to corresponding plurality of mobilc
devices in posscssion of the plurality of patients; and

ransferring the plurality of the first set of vitals from the plurality of mobile devices to a
scrver to form the vitals,

The mcthod of claim 2 further comprising collecting a second set of vitals from a data
aggregator connccted to set of legacy health monitoring devices, wherein at least some
vitals in the first set and the sccond sct of vitals form the set of vitals represented on the
segments within one cluster of the patient.

The method of claim 3, further comprising displaying first set of vitals and the sceond set
of vitals on thc mobile device that ts in connection with the wearable device attached to
the body of the patient for collecting the first set of vials,

The method of claim 4, wherein the first set of vitals comprisc skin temperature, pulse
rate, and blood oxygen level.

The method of claim 5, wherein the second sct of vitals comprises the ECG, glucometer

blood pressure reading.



WO 2017/195212 PCT/IN2017/000100

7. The method of ciaim 6, further comprising displaying each cluster effective health index
with a single scgment in that the tone of the single segment represent the effective health
determined from the first set and the second set of vitals of a patient.

8. The mcthod of claim 7, whercin the pattern comprising plurality of groups with cach
group corresponding io one parameter comprising floor of a hospital, ward of a hospital,
hospital, doctor, nurse, criticality, cimergencey.,

8. The method of claim 8, wherein a cluster is made part of the group based on the position
information collected from at least one of wearable device, data aggregator and mobile
device. |

10. Method, system and apparatus providing one or more features as described in the

paragraphs of this speeification.
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