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TITLE 

 

METHOD AND SYSTEM FOR FRAILTY DETECTION  

 

CROSS-REFERENCE TO RELATED APPLICATIONS AND PRIORITY 5 

[001] The present application claims priority from Indian patent application 

no. 202021026765, filed on June 24, 2020.  

 

TECHNICAL FIELD 

[002] The disclosure herein generally relates to patient monitoring and, more 10 

particularly, to frailty detection using pedometer sensor data, PIR sensor data, and door 

sensor data.  

 

BACKGROUND 

[003] Elderly population suffer from various health problems, and many of 15 

them live independently. Early detection of diseases and treatment helps in saving 

many lives. Frailty, which is a condition of being weak, is a common situation that 

majority of the elder people are in. However, this frailty may be indicative of various 

other diseases as well. As a result, detection of frailty in the elder people may help 

ensure that timely treatment is provided to them, and this in turn may help avoid many 20 

situations which would have happened otherwise.  

[004] Many systems exist which can perform the patient monitoring for frailty 

detection. Some of these existing systems rely on clinical data. However, one 

disadvantage with such approaches is that frequent clinical data collection for 

monitoring health of the user may inconvenience. Approach being used by different 25 

systems also may vary from one another, in terms of types of information collected, 

approach used for processing the collected data and so on. Some of the state of the art 

systems may make certain assumptions during the monitoring. For example, a system 
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may be configured to believe that if a person being monitored stays inside a room for 

a certain time period, say 30 minutes, the user is sleeping. This may not be true always, 

and can lead to false results.   

 

SUMMARY 5 

[005] Embodiments of the present disclosure present technological 

improvements as solutions to one or more of the above-mentioned technical problems 

recognized by the inventors in conventional systems.  For example, in one embodiment, 

a processor implemented method for frailty detection is provided. In this method, 

initially a Passive Infrared (PIR) sensor data and door sensor data are obtained, from a 10 

plurality of PIR sensors and door sensors respectively, positioned at different locations 

of a building where a user being monitored is located, as a first input via one or more 

hardware processors. Further, a pedometer data with respect to movement of the user 

is obtained as a second input, via the one or more hardware processors, using one or 

more pedometer sensors. Further, the PIR sensor data and the door sensor data are 15 

processed to generate  a room movement data model, a day-time bedroom-stay data 

model, and an outdoor home movement model, for the user, via the one or more 

hardware processors. Further, the pedometer data is processed to generate a user 

activity model for the user, via one or more hardware processors. Further, weights are 

assigned to one or more data points deduced from the room movement data model, the 20 

day-time bedroom stay data model, the outdoor home movement model, and the user 

activity model, and then a weighted cumulative percentage value is calculated for each 

of the one or more data points, based on the assigned weights and measured value of 

each of the one or more data points. Further, a cumulative frailty percentage value is 

calculated based on the weighted cumulative percentage value of the one or more data 25 

points. Further, the user being monitored is determined as having frailty if the 

cumulative frailty percentage value exceeds a frailty threshold. 
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[006] In another aspect, a system for frailty detection is provided. The system 

includes one or more hardware processors, a communication interface, and a memory 

storing a plurality of instructions. The plurality of instructions when executed cause 

the one or more hardware processors to obtain a Passive Infrared (PIR) sensor data and 

door sensor data, from a plurality of PIR sensors and door sensors respectively, 5 

positioned at different locations of a building where a user being monitored is located, 

as a first input. The system further obtains a pedometer data with respect to movement 

of the user as a second input, via the one or more hardware processors, using one or 

more pedometer sensors. The system then processes the PIR sensor data and the door 

sensor data to generate  a room movement data model, a day-time bedroom-stay data 10 

model, and an outdoor home movement model, for the user, via the one or more 

hardware processors. The system then generates a user activity model for the user, by 

processing the pedometer data via one or more hardware processors. The system then 

assigns weights to one or more data deduced from the room movement data model, the 

day-time bedroom stay data model, the outdoor home movement model, and the user 15 

activity model, and then a weighted cumulative percentage value is calculated for each 

of the one or more data points, based on the assigned weights and measured value of 

each of the one or more data points. The system further calculates a cumulative frailty 

percentage value is calculated based on the weighted cumulative percentage value of 

the one or more data points. Further, the system determines the user being monitored 20 

as having frailty if the cumulative frailty percentage value exceeds a frailty threshold.  

[007] In yet another aspect, a non-transitory computer readable medium for 

frailty detection is provided. The non-transitory computer readable medium is 

comprised of a plurality of instructions, which when executed, case one or more 

hardware processors to perform the following method for frailty detection. In this 25 

method, initially a Passive Infrared (PIR) sensor data and door sensor data are obtained, 

from a plurality of PIR sensors and door sensors respectively, positioned at different 

locations of a building where a user being monitored is located, as a first input via one 
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or more hardware processors. Further, a pedometer data with respect to movement of 

the user is obtained as a second input, via the one or more hardware processors, using 

one or more pedometer sensors. Further, the PIR sensor data and the door sensor data 

are processed to generate  a room movement data model, a day-time bedroom-stay data 

model, and an outdoor home movement model, for the user, via the one or more 5 

hardware processors. Further, the pedometer data is processed to generate a user 

activity model for the user, via one or more hardware processors. Further, weights are 

assigned to one or more data points deduced from the room movement data model, the 

day-time bedroom stay data model, the outdoor home movement model, and the user 

activity model, and then a weighted cumulative percentage value is calculated for each 10 

of the one or more data points, based on the assigned weights and measured value of 

each of the one or more data points. Further, a cumulative frailty percentage value is 

calculated based on the weighted cumulative percentage value of the one or more data 

points. Further, the user being monitored is determined as having frailty if the 

cumulative frailty percentage value exceeds a frailty threshold. 15 

[008] It is to be understood that both the foregoing general description and the 

following detailed description are exemplary and explanatory only and are not 

restrictive of the invention, as claimed.  

 

BRIEF DESCRIPTION OF THE DRAWINGS 20 

[009] The accompanying drawings, which are incorporated in and constitute 

a part of this disclosure, illustrate exemplary embodiments and, together with the 

description, serve to explain the disclosed principles: 

[010] FIG. 1 illustrates an exemplary block diagram of a frailty detection 

framework for frailty detection, according to some embodiments of the present 25 

disclosure. 

[011] FIG. 2 is a functional block diagram of a system of the frailty detection 

framework, according to some embodiments of the present disclosure.  
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[012] FIGS. 3A and 3B (collectively referred to as FIG.3 and method 300) 

illustrate steps involved in the process of frailty detection by the system of FIG. 2, in 

accordance with some embodiments of the present disclosure.  

 

DETAILED DESCRIPTION OF EMBODIMENTS 5 

[013] Exemplary embodiments are described with reference to the 

accompanying drawings.  In the figures, the left-most digit(s) of a reference number 

identifies the figure in which the reference number first appears.  Wherever convenient, 

the same reference numbers are used throughout the drawings to refer to the same or 

like parts.  While examples and features of disclosed principles are described herein, 10 

modifications, adaptations, and other implementations are possible without departing 

from the scope of the disclosed embodiments.  It is intended that the following detailed 

description be considered as exemplary only, with the true scope being indicated by 

the following claims.   

[014] Referring now to the drawings, and more particularly to FIG. 1 through 15 

FIG. 3, where similar reference characters denote corresponding features consistently 

throughout the figures, there are shown preferred embodiments and these embodiments 

are described in the context of the following exemplary system and/or method.   

[015] FIG. 1 illustrates an exemplary block diagram of a frailty detection 

framework for frailty detection, according to some embodiments of the present 20 

disclosure. The frailty detection framework 100 is configured to perform the frailty 

detection of a user, based on movements of the user between rooms of a building the 

user is located at, and movements of the user out of the building. For explaining the 

process, the building is considered as home of the user. The frailty detection framework 

100 includes a system 101, one or more pedometer sensors, one or more Passive 25 

Infrared (PIR) sensors, and one or more door sensors.       

[016] The pedometer sensors collect information on counts of steps being 

taken by a user being monitored, when the user is on the move. The pedometer sensors 
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may be present in one or more gadgets being attached to the user. For example, the 

pedometer sensors are present in a wearable gadget (for example, a smartwatch) of the 

user. The PIR sensors are installed at various selected locations of the house, such that 

the user’s movement in and out of each room (or selected rooms) can be tracked. The 

door sensors are installed at main door of the house, such that the user’s movement can 5 

be tracked whenever the user is going out of the house and is coming back in. All the 

sensors (i.e. the one or more pedometer sensors, one or more Passive Infrared (PIR) 

sensors, and one or more door sensors) are configured to communicate with the system 

101 and transmit the collected information (i.e. the step count and the information on 

the user movements) to the system 101 in real-time, or at fixed time intervals, as 10 

configured. The system 101 is configured to process the data collected from the 

sensors, and determine whether the user has frailty or not. By processing the collected 

data, the system 101 may determine and analyze day-time activities and night-time 

activities performed by the user, and in turn determine whether the user has frailty or 

not. For the purpose of differentiating the activities as day-time activities and night-15 

time activities, the system 101 may be configured to consider time between 7AM to 

7PM as day time, and time between 7.01 PM to 6.59 AM as night time, any given day. 

The timings can be configured as per requirements. Based on the collected sensor 

information, the system 101 assesses movement of the user within the Home, time 

spent by the user in a Bedroom from 6am to 6 pm, and time spent on Outdoors by the 20 

user, and based on these parameters, the system 101 further determines the frailty of 

the user. 

[017] FIG. 2 description explains the components of the system 101, and FIG. 

3 description, in reference to FIG. 1 and FIG. 2 explains the steps involved in the 

process of frailty detection being performed by the system 101.  25 

[018] FIG. 2 is a functional block diagram of a system of the frailty detection 

framework, according to some embodiments of the present disclosure. The system 100 

includes one or more hardware processors 202, communication interface(s) or 
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input/output (I/O) interface(s) 203, and one or more data storage devices or memory 

201 operatively coupled to the one or more hardware processors 202. The one or more 

hardware processors 202 can be implemented as one or more microprocessors, 

microcomputers, microcontrollers, digital signal processors, central processing units, 

state machines, graphics controllers, logic circuitries, and/or any devices that 5 

manipulate signals based on operational instructions. Among other capabilities, the 

processor(s) are configured to fetch and execute computer-readable instructions stored 

in the memory. In an embodiment, the system 101 can be implemented in a variety of 

computing systems, such as laptop computers, notebooks, hand-held devices, 

workstations, mainframe computers, servers, a network cloud and the like.  10 

[019] The communication interface(s) 203 can include a variety of software 

and hardware interfaces, for example, a web interface, a graphical user interface, and 

the like and can facilitate multiple communications within a wide variety of networks 

N/W and protocol types, including wired networks, for example, LAN, cable, etc., and 

wireless networks, such as WLAN, cellular, or satellite. In an embodiment, the 15 

communication interface(s) 203 can include one or more ports for connecting a number 

of devices to one another or to another server. 

[020] The memory 201 may include any computer-readable medium known 

in the art including, for example, volatile memory, such as static random access 

memory (SRAM) and dynamic random access memory (DRAM), and/or non-volatile 20 

memory, such as read only memory (ROM), erasable programmable ROM, flash 

memories, hard disks, optical disks, and magnetic tapes. In an embodiment, one or 

more components (not shown) of the system 101 can be stored in the memory 201. The 

memory 201 is configured to store a plurality of operational instructions (or 

‘instructions’) which when executed cause one or more of the hardware processor(s) 25 

202 to perform various actions associated with the code analysis being performed by 

the system 101. The system 101 can be implemented in a variety of ways as per 

requirements. Various steps involved in the process of frailty detection being 
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performed by the system 101 are explained with description of FIG.3. All the steps in 

FIG. 3 are explained with reference to the system of FIG. 2. 

[021] FIGS. 3A and 3B (collectively referred to as FIG.3 and method 300) 

illustrate steps involved in the process of frailty detection by the system 101 of FIG. 2, 

in accordance with some embodiments of the present disclosure. The system 101 5 

obtains (302) the PIR and door sensor data as a first input.  

[022]  The system 101 also obtains (308) the pedometer sensor data, as a 

second input. In an embodiment, the system 101 obtains the first input and the second 

input, simultaneously. At step 304, the system 101 processes the raw PIR and door 

sensor data collected as input at step 302 to extract feature data to generate a first 10 

feature dataset.   

observation_timestamp sensor_id observation_value resident_id location 

10/31/2018   15:08 ADS1**** Yes AXXXX LivingRoom 

10/31/2018   15:10 ADS2**** No AXXXX Bedroom 

10/31/2018   15:11 ADS3**** Yes AXXXX Kitchen 

10/31/2018   15:12 ADS4**** Yes AXXXX Bed 

Table. 1 

[023] A few examples of feature data that are extracted by the system 101 

from the raw sensor data input are given in Table. 1. Based on the extracted data, the 

system 101 generates the feature dataset, the feature dataset may comprise one or more 15 

of ObservationTS, ResidentID, Date, Hour, Minute, Second, Day, Week, Month, Year, 

Weeday/Weekend, FromLocation, Tolocation, Timespent, RoomChangeIndicator, 

“Daytime (Y/N)”, “Timeperiod” i.e. whether it is morning 6.00 am to 9.00 pm or 

Afternoon 3.00 pm to 6.00 pm, and so on. Such data collected over a period of time 

provides information on where the user spent time over a period of time. An example 20 

of the first few columns of feature dataset is given in Table. 2. 
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10/31/2

018    

15:08 

AXX

XX 

1 4 3 28 Bedroom

_master 

Bedroom

_master 

N E9to6 

10/31/2

018    

15:10 

AXX

XX 

1 4 3 29 Bedroom

_master 

Living_ro

om 

Y E9to6 

10/31/2

018    

15:11 

AXX

XX 

1 4 3 30 Living 

room 

Kitchen Y E9to6 

10/31/2

018    

15:12 

AXX

XX 

1 4 3 31 Kitchen Toilet_ro

om 

Y E9to6 

 

    Table. 2 

[024] The first feature dataset may also contain additional information such 

as but not limited to a room change indicator (Y/N) which, time difference (in seconds, 

or minutes, or hours, as pre-configured), weekend/weekday, and so on. If the From 5 

location and To location are ‘Bedroom_master’ over a period of time, then that means 

the user remained in the master bedroom over that time period, and the room change 

indicator would be ‘N’. Similarly if the From location is ‘Living room’ and To location 

is ‘Kitchen’ over a period of time, then that means the user moved from the Living Room 

to the Kitchen over that time period, and the room change indicator would be ‘Y’. In 10 

order to track whether the user is moving out of the house, another parameter ‘door’ 
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location could be used. An algorithmic representation of the process of generating the 

first feature dataset is given as: 

Sum of Raw Sensor Data for "n" number of days: 

 X_SRn = XSRd1 + XSRd2 + XSRd3 + ......XSRdn 

Where,  5 

X stands for input.  

XSRd1 refers to sensor input for day 1 

X_SRn is sum of all sensor inputs from day 1 to n days. 

 

X_SRn is input to Feature Engineering function (FE_func) which gives a 10 

Featured Engineered Sensor Output (Z_fesd) 

Z_fesd = FE_func(X_SRn)  

[025] Z_fesd, is termed as the first feature dataset, and can be used to build:  

• a room movement data model, 

• a day-time bedroom stay data model, and 15 

• an outdoor home movement data model 

[026] Steps involved in building each of the aforementioned data models is 

given below: 

1) Room movement data model (process 1 data): 

[027] Whenever the user moves from one room to another one (for example, 20 

from Kitchen to Living room), this movement of the user is considered as a ‘room 

movement’. In Z_fesd, the room change indicator represents the room movement of the 

user. In order to get information on the room movement, the system 100 queries the 

first feature dataset. The following query is used: 

RoomChangeInd = "Y" & group by Date 25 

 

[028] This query fetches a resultset which includes information on all the 

room movements by the user, grouped by date. An example of the resultset generated 

by the query is given in Table.3.  
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Date RoomChangeCounts 

4/1/2018 13 

4/2/2018 54 

4/3/2018 22 

4/4/2018 28 

 

     Table. 3 

[029] This resultset of this query as termed as ‘ResultRoomMovement’. The 

system 101 then calculates a median of a RoomChangeCounts feature of the 

ResultRoomMovement. Median is selected because it is less susceptible to data noise. 5 

Further, the system 101 calculates an average room movement count as: 

 

AvgRoomMovement = median (ResultRoomMovement:RoomChangeCounts) 

 

[030] The system 101 further calculates a Total Count of the 10 

RoomChangeCounts feature from the ResultRoomMovement as: 

 

TotalCountRoomMovement = count(ResultRoomMovement:RoomChangeCounts) 

 

[031] The system 101 then calculates value of 15 

ReducedRoomChangeAverageCounts, which helps the system 101 in determining how 

much change has happened in the room movements, and specifically to determine 

whether there is a decrease in room movement of the user, based on number of 

instances of the room movement. The system 101 is configured to interpret reduced 

room movement over a period of time as an indication of the user being weak and not 20 

being active. The system 101 calculates the value of 

ReducedRoomChangeAverageCounts as:  
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ReducedRoomChangeAverageCounts = ResultRoomMovement:RoomChangeCounts 

< AvgRoomMovement  

 

[032] While calculating the value of ReducedRoomChangeAverageCounts, 

the system 101 checks, for each date, whether the corresponding room movement count 5 

is below the average room movement, and the result is captured. An example of result 

resultset of the ReducedRoomChangeAverageCounts is given in Table. 4. 

 

 

 Table. 4 10 

[033] Further, the system 101 calculates value of 

ReducedRoomMovementCount as:  

 

ReducedRoomMovementCount=count 

(ReducedRoomChangeAverageCounts:RoomChangeCounts) 15 

 

[034] The system 101 further determines percentage reduction in the 

Roomchange movement of the user as:  

 

GetReducedRoomChangePercentage=(ReducedRoomMovementCount/TotalCountR20 

oomMovement) * 100 
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[035] Reduction in room movement patterns is represented as  Z_FR1, which 

is deduced from the room movement data model using a function FR_RM used for 

determining reduction in room movement patterns. 

 

  Z_FR1 = FR_RM(Z_FESD) 5 

 

2)  Day Time Bedroom Stay data model (process 2 data) 

[036] The day time bedroom stay is another parameter which 

indicates/represents frailty of the user. The ‘Day Time Bedroom stay’ represents time 

the user spends in his/her bedroom during the day time.  The system 101 interprets that 10 

is the user is spending long hours inside the bedroom during the day time, then the user 

may have frailty. As mentioned earlier, the system 101 is configured to consider time 

between 6.00 am to 6.pm as the day time. For example, if the user stays in master 

bedroom from 6.00 am to 8.00 am, the system 101 considers time of 7200 seconds as 

“Day Time Bedroom stay”. The system 101 determines the “Day Time Bedroom stay” 15 

based on “FromLocation”, “ToLocation” ,”RoomchangeInd”  and “TimePeriod” 

features from the first feature dataset, by querying the first feature dataset. The query 

used by the system 101 to obtain this information is give as: 

 

RoomChangeInd = "N”, FromLocation = “master_bedroom”, ToLocation = 20 

“master_bedroom”, TimePeriod in ["M6to9","M9to12","A12to3","E3to6"] & group 

by Date. 

 

[037] This query gives a result set with all sensor data with above conditions 

sorted by Date (each day).  The system 101 obtains time (in seconds) the user spent 25 

inside the bedroom, on each day over a period the user being monitored. A sample of 

the ‘Day Time Bedroom stay’ data is given in Table. 5.  
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Table. 5 

[038] The resultset for Day Time Bedroom stay query is termed as 

‘ResultDaytimeBedroomStay’ 

[039] The system 101 calculates median of the BedroomStayinSeconds 5 

feature of the ResultDaytimeBedroomStay resultset. Median is selected because it is 

less susceptible to data noise. 

 

AvgDaytimeBedroomStay=median(ResultDaytimeBedroomStay: 

BedroomStayinSeconds) 10 

 

[040] The system 101 further calculates the Total Count of the 

DaytimeBedroomStayCounts feature of the ResultDaytimeBedroomStay resultset as: 

 

TotalCountDaytimeBedroomStay = count (ResultDaytimeBedroomStay : 15 

BedroomStayinSeconds) 

 

[041] Further, the system 101 determines change in pattern of the Bedroom 

Daytime Stay. By analyzing the change in pattern of the Bedroom Daytime Stay, the 

system 101 determines if there is an increase in the Daytime Bedroom Stay. The system 20 

101 interprets that if the user is spending more time in the bedroom during the day 

time, then the user is inactive, and this may be a sign of frailty. The system 101 

determines that the user spends excess time inside the bedroom during the daytime, on 

any given day, if the  daytime bedroom stay movement is exceeding 

AvgDaytimeBedroomStay, and this is represented as: 25 
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ExcessDaytimeBedroomStayAverageCounts=ResultDaytimeBedroomStay 

:BedroomStayinSeconds > AvgDaytimeBedroomStay 

 

[042] Result of checking the excess bedroom stay is captured in the 5 

resultsetExcessDaytimeBedroomStayAverageCounts, and a sample is given in Table. 

6. 

  

                                                         Table. 6 

[043] The system 101 then calculates total count of the increased daytime 10 

bedroom stay, which is a feature of the resultset 

ExcessDaytimeBedroomStayAverageCounts, as: 

IncreasedDaytimeBedroomStayCount=count 

(ExcessDaytimeBedroomStayAverageCounts:BedroomStayinSeconds) 

 15 

[044] Further the system 101 determines percentage increase in the daytime 

bedroom stay, as:  

GetIncreasedDaytimeBedroomStayPercentage= 

(IncreasedDaytimeBedroomStayCount / TotalCountDaytimeBedroomStay) * 100 

 20 

[045] Increase in the daytime bedroom stay is represented as Z_FR2, and is 

obtained by processing data in the Day Time Bedroom Stay data model using a function 

FR_DBS. FR_DBS refers to finding increase in Daytime bedroom stay, and returns a 

numerical percentage.  

  Z_FR2 = FR_DBS (Z_FESD) 25 
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3) Outdoor home movement model (process 3 data) 

[046] The system 101 generates the Outdoor home movement model to 

understand outdoor home movement of the user, i.e. the system 101 determines how 

many times the user is going outside of the home. The activity of going out of the home 5 

may be interpreted by the system 101 as an indication of the user’s social movement. 

For example, if the user is identified as going out of the home, based on data from the 

door sensor, this is considered as “Outdoor Home Movement”. The system 101 detects 

the Outdoor Home Movement by querying the first feature dataset to get information 

on “ToLocation” feature. Query that may be used by the system 101 to get the required 10 

information for detecting the Outdoor Home Movement is: 

ToLocation = "Door" & group by Date.  

[047] This query provides a resultset with all sensor data with above 

conditions sorted by Date (each day) number for the given set of data. A sample of the 

resultset is given in Table.7.  15 

  

                                                         Table. 7 

[048] This resultset is termed as ‘ResultDoorMovement’. The system 101 

then calculates average door movement as: 

AvgDoorMovement = median (ResultDoorMovement:DoorMovement) 20 

 

[049] The system 101 then calculates total count of the 

DoorMovementCounts feature of the ResultDoorMovement resultset, as: 

 

TotalCountDoorMovement = count (ResultDoorMovement:DoorMovement) 25 
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[050] The system 101 further determines how much change has happened in 

the Door movements. By checking the change in door movements, the system 101 

assesses whether there is a decrease in door movement. The system 101 is configured 

to interpret that if there is a decrease in door movement, then the user is less active or 5 

inactive, and this in turn is interpreted as an indication of frailty. The system 101 checks 

if the door movement is less than the average door movement, and if yes, then 

determines that the door movement is less. This is calculated as:  

 

ReducedDoorMovementAverageCounts = ResultDoorMovement:DoorMovement < 10 

AvgDoorMovement 

 

[051] The result is captured in the resultset 

ReducedDoorMovementAverageCounts, and a sample is given in Table.8. 

  15 

 

Table. 8 

[052] The system 101 then calculates a Total Count of the Reduced Door 

Movement feature of the resultset ReducedDoorMovementAverageCounts, as:  

 20 

ReducedDoorMovementCount=count 

(ReducedDoorMovementAverageCounts:DoorMovement) 

 

[053] Further, the system 101 determines percentage reduction of the outside 

home movement of the user, as: 25 
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GetReducedDoorMovementPercentage = (ReducedDoorMovementCount / 

TotalCountDoorMovement) * 100 

 

[054] The percentage reduction of the outside home movement of the user is 5 

represented as Z_FR3, and is determined by the system by processing contents of the 

Outdoor home movement model using a function FR_DM, wherein FR_DM refers to 

finding Reduction in outdoor movement patterns. FR_DM will return a numerical 

percentage.  

  Z_FR3 = FR_DM(Z_FESD) 10 

 

[055] The system 101 tracks walking steps of the user, based on the pedometer 

data. The system 101 obtains/collects raw pedometer data from the pedometer sensors 

as input at step 308. At step 310, the system 101 processes the pedometer sensor data 

and extracts feature data from the pedometer sensor data to generate a user activity 15 

model, at step 310. The user activity model includes information on step count of the 

user. While processing the pedometer sensor data, the system 101 assesses signs of 

frailty based on movement of the user within the house through number of steps taken. 

[056] While processing the pedometer sensor data, the system 101 initially 

extracts feature data, and further from the extracted feature data, the system 100 20 

generates the user activity model. Dataset of the user activity model is also termed as 

‘Process 4 data’. Process of generating the second feature dataset i.e. the process 4 data 

is explained below. 

  

objectUniqueId observationData observationDate

Rxxx_Stepcounts 67 11/7/2018

Rxxx_Stepcounts 88 11/8/2018

Rxxx_Stepcounts 51 11/9/2018

Rxxx_Stepcounts 77 11/10/2018

Rxxx_Stepcounts 78 11/11/2018

Rxxx_Stepcounts 56 11/12/2018
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    Table. 9 

[057] The raw data collected from the pedometer sensor contains data such as 

but not limited to objectUniqueID, observationDate, and observationData as in Table. 

9. This data is processed by the system 101 to generate the  user activity model, which 

contains time series data on parameters such as but not limited to residentID, Day, 5 

Week, Month, Year, and Weekday/Weekend information. A sample of the user activity 

model is given in Table. 10.  

resident

ID 

NoofSt

eps 

Observat

ion Date 

Mon

th 

WeekdayN

ame 

Da

y of 

wee

k 

week

No 

Ye

ar 

WeekE

nd 

Rxxx 31 1/1/2019 1 Tuesday 1 1 201

9 

N 

Rxxx 9 1/4/2019 1 Saturday 5 1 201

9 

Y 

Rxxx 99 1/13/201

9 

1 Monday 7 2 201

9 

N 

Table. 10 

[058] The user activity model provides insight on movement of the user in 

terms of number of steps taken on weekly, monthly, yearly, day wise and even 10 

weekend, when a query analysis is performed on the user activity model at step 312.  

[059] In an algorithmic representation, sum of raw sensor data for "n" number 

of days is represented as: 

 

X_WRn = XWRd1 + XWRd2 + XWRd3 + ......XWRdn 15 

Where,  

X is input data.  

XWRd1 refers to data from the pedometer sensor for day 1 

X_WRn is sum of all inputs from the pedometer sensors from day 1 to n days 

 20 
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[060] X_WRn is input to a Feature Engineering function (FE_func) which 

gives a Featured Engineered Wearable Output (Z_FEWD) which is output of Process 

4. Z_FEWD acts as input to Process 5. 

 

Z_FEWD = FE_func(X_WRn)  5 

 

[061] Z_FEWD is further processed by the system 101 to generate the user 

activity model, which is also termed as process 5 data. The user activity model gives 

information on number of steps. 

 10 

5) User activity model 

[062] The system 101 considers the wearable data i.e. number of steps 

obtained from the pedometer sensor data, in combination with the PIR sensor data and 

the door sensor data to determine frailty of the user being monitored. By processing 

the information on the number of steps, the system 101 identifies how much the user 15 

walks every day, i.e. during day-time (6.00 am to next day morning 6.00 am. It 

considers 24 hours.  Since the day wise walking steps might subject to outliers and to 

get a stable data, we aggregate the walking steps on weekly basis. 

[063] From the second feature dataset Z_FEWD, the system 101 obtains 

weekly data of the walking steps by querying for Weekno and Noofsteps data. The 20 

system 101 may use the following query to fetch the required data:  

Group by WeekNo & NoofSteps  

[064] This query gives a resultset with all wearable data with above conditions 

sorted by WeekNo and NoofSteps the user walked during the week. Sample data is 

given in Table. 11. 25 
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         Table. 11 

[065] This resultset is as ResultWeekWiseWalkingSteps 

[066] By processing data in the user activity model, the system 101 calculates 

average number of walking steps in a week as median of the NoofStepsinWeeks feature 5 

of the ResultWeekWiseWalkingSteps resultset. Median is selected because it is less 

susceptible to data noise. 

AvgNoWalkingStepsinWeeks=median 

(ResultWeekWiseWalkingSteps:NoofStepsinWeeks) 

[067] Further the system 101 calculates the Total Count of the 10 

NoofStepsinWeeks feature of the ResultWeekWiseWalkingSteps resultset as: 

TotalCountWalkingStepsinWeeks=count 

(ResultWeekWiseWalkingSteps:NoofStepsinWeeks) 

[068] Further, the system 101 determines how much change has happened in 

the Walkingsteps of the user on a weekly basis. Based on this information, the system 15 

101 further assesses whether there is a decrease in walking capacity of the user. The 

system 101 is configured to interpret decrease in the walking capacity (in terms of 

walking Steps) of the user as a sign of weakness, and in turn as an indication of frailty. 

The system 101 determines the DecreaseWalkinginSteps as:  

DecreaseWalkinginStepsAverageCounts  = ResultWeekWiseWalkingSteps: 20 

NoofStepsinWeeks < AvgNoWalkingStepsinWeeks 

[069] The result is captured in the resultset 

DecreasedWalkingStepsAverageCounts, and a sample data is given in Table. 12. 

  

WeekNo NoofStepsinWeeks

1 572

2 471

3 463

4 316

5 392
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                 Table. 12 

[070] The system 101 then calculates the Total Count of the 

NoofStepsinWeeks feature of the above resultset 

DecreasedWalkingStepsAverageCounts, as: 5 

DecreasedWalkingStepsWeeksCount=count 

(DecreasedWalkingStepsAverageCounts:NoofStepsinWeeks) 

[071] The system 101 then determines, based on pattern of walking count 

observed from the decreased walking steps count calculated, percentage decrease of 

the number of walking steps, as:  10 

 

GetDecreasedWalkingStepsWeeksPercentage= (DecreasedWalkingStepsWeeksCount 

/ TotalCountWalkingStepsinWeeks) * 100 

[072] Calculated value of GetDecreasedWalkingStepsWeeksPercentage is 

represented as Z_FR5, and algorithmic representation of calculation of Z_FR5 is given 15 

as: 

   Z_FR5 = FR_ WSC (Z_FEWD) 

 

where, FR_WSC is a function, and refers to finding increase in Walking step counts 

on weekly basis. FR_WSC returns a numerical percentage.  20 

[073] At step 314 the system 101 further assigns weights to each of process 1 

data, process 2 data, process 3 data, and process 5 data. The process 1 data, process 2 

data, process 3 data, and process 5 data are also referred to as ‘data points’. The 

objective of assigning weightage is to give more specific preference to certain 

WeekNo NoofStepsinWeeks

1 572

2 471

3 463

4 316

5 392
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processes, which may be defined as per preference. The weightage values may be 

considered as hyperparameter values which are subject to change based on one or more 

factors such as but not limited to Assisted Living environment, Culture, habits of the 

user being monitored, and Geography of this implementation.  

[074] In an embodiment, the weights are assigned as:  5 

• Process 1 - Room movement  - 30% 

• Process 2 – Day Time Bedroom Stay – 30% 

• Process 3 – Outdoor Home Movement – 20% 

• Process 5 – Walking Steps – 20% 

[075] After assigning the weights, at step 316, the system 101 calculates 10 

weighted cumulative percentage for each of the different process data, and sFurther, at 

step 320, the system 101 compares and checks if the cumulative frailty percentage 

exceeds a threshold percentage. Here, value of the threshold percentage is pre-

configured, as per requirements. For example, the value of threshold percentage is 40. 

This threshold of 40% is to be considered as a hyperparameter value, which is subject 15 

to change based on the Assisted Living environment, Culture, habits of the user being 

monitored, and Geography of this implementation and so on.  

[076] If during the comparison, the system 101 identifies that the cumulative 

frailty percentage exceeds the threshold percentage (i.e. 40%), the system 101 

interprets that the user is:  20 

• spending less time in moving between the rooms 

• spending more time in Bedroom during the day time 

• spending less time in moving out of his home 

• showing a decrease in number of steps  

[077] The system 101 then validates the assessments made. In order to 25 

perform the validation, the system 101 fetches output of the 4 processes: 

 

Process 1 output is stored in GetReducedRoomChangePercentage 
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Process 2 output is stored in GetIncreasedDaytimeBedroomStayPercentage 

Process 3 output is stored in GetReducedDoorMovementPercentage 

Process 5output is stored in GetDecreasedWalkingStepsWeeksPercentage 

 

[078] Then the system 101 calculates the cumulative percentage values as:  5 

Cumlative_ReducedRoomChangePercentage = GetReducedRoomChangePercentage 

* 0.30 

Cumlative_IncreasedBedroomStayPercentage=GetIncreasedDaytimeBedroomStayPe

rcentage * 0.30 

Cumlative_ReducedDoorMovementPercentage=GetReducedDoorMovementPercenta10 

ge * 0.20 

Cumlative_ReducedWalkingStepsPercentage=GetDecreasedWalkingStepsWeeksPer

centage * 0.20 

[079] Further, value of the cumulative Frailty Percentage is calculated as: 

WeightedCumlative_FrailityPercentage=Cumlative_ReducedRoomChangePercentag15 

e+Cumlative_IncreasedBedroomStayPercentage+Cumlative_ReducedDoorMovemen

tPercentage + Cumlative_ReducedWalkingStepsPercentage 

[080] Further, the weighted cumulative frailty percentage is compared with 

the threshold percentage.  

 If WeightedCumlative_FrailityPercentage >= 40 20 

 Frailty = “Y” 

Else 

 Frailty = “N” 

i.e. if Cumlative_FrailityPercentage exceeds the threshold value of 40%, it 

means that the user is showing the indication of Frailty.  25 

[081] Algorithmic representation of frailty detection is given as:  

[082] The weighted cumulative percentage is calculated by assignment of 

weights as: 
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Weigh_Cum_FR = 0.30 * Z_FR1 + 0.30 * Z_FR2 + 0.20 * Z_FR3 + 0.20 * 

Z_FR5 

If Weigh_Cum_FR >=  40 

     Frailty = Yes 

Else: 5 

     frailty = No 

[083] The system 101 may then communicate to the user or any other 

authorized person, information on the frailty assessment, using a suitable interface. For 

example, the system 101 may send an alert (SMS, or an alarm and so on) to the user, 

and/or to a doctor, and/or to a friend/relative of the user, and so on, as configured. The 10 

system 101 may also be configured to store information on results of the frailty 

assessment performed from time to time, so that the health condition over a time can 

be compared.  

[084] Various steps in method 300 may be performed in the same order as 

depicted, or in any alternate order possible. In another embodiment, one or more steps 15 

in method 300 may be omitted. 

Experimental results: 

[085] In order to verify effectiveness of the frailty detection being performed 

by the system 101, a test-set of 9 subjects were selected, and frailty detection was 

performed using the system 101, during which the system 101 collected various sensor 20 

data over a period of time, and performed the frailty analysis based on the collected 

data. Further, a qualitative analysis was performed by conducting a series of surveys 

over a period of time falling under the time period during which the sensor data was 

collected by the system 101 for the frailty detection. Based on the survey results, a 

frailty index was calculated after each survey, and a change in frailty between the two 25 

surveys was calculated, and frailty of the user was determined based on the change in 

frailty. Table. 13 shows values of different parameters estimated by the system 101 and 

corresponding frailty index calculated, wherein the frailty index indicates whether the 
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user has frailty or not. Table.14 shows survey results and assessment. Results from 

Table.13 and Table. 14 when combined, gives indication of accuracy with which the 

frailty detection was carried out by the system 101.   

User 

ID 

Time 

period 

Room 

Move

ment 

Reduct

ion 

Bedroo

m Stay 

Increase 

Door 

Moveme

nt 

Reducti

on 

Frailty 

percentage 

Average  

frailty 

percentage 

Frailty? 

1 11/2017 

– 7/2018 

48 50 49 48 45 Y 

8/2018 – 

3/2019 

47 50 30 42 

2 11/2017 

– 7/2018 

49 49 0 34 33 N 

8/2018 – 

3/2019 

47 49 1 33 

3 11/2017-

7/2018 

48 50 6 36 41 Y 

8/2018 – 

3/2019 

49 50 44 44 

4 11/2017-

7/2018 

47 50 19 39 41 Y 

8/2018 – 

3/2019 

48 49 31 43 

5 11/2017-

7/2018 

47 49 27 41 41 Y 

8/2018 – 

3/2019 

48 50 25 41 



27 

 

 

 

6 11/2017-

7/2018 

48 49 34 44 42 Y 

8/2018 – 

3/2019 

49 49 25 41 

7 11/2017-

7/2018 

49 50 39 46 47 Y 

8/2018 – 

3/2019 

49 49 46 48 

8 11/2017-

7/2018 

49 50 26 42 41 Y 

8/2018 – 

3/2019 

49 49 21 40 

9 11/2017-

7/2018 

47 49 40 45 46 Y 

8/2018 – 

3/2019 

48 50 49 48 

          Table. 13 

Reside

nt ID 

Surve

y 1 

Date 

Survey 1 

Frailty 

Index 

Survey 2 

date 

Survey 2 

Frailty 

Index 

Change in 

Frailty 

between two 

surveys 

Frailty 

change 

1 4/10/

2018 

0.3157894

73684211 

12/27/20

18 

0.342105

26315789

5 

0.026315789

4736842 

More frail 

2 4/4/2

018 

0.1621621

62162162 

12/20/20

18 

0.297297

29729729

7 

0.135135135

135135 

More frail 
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3 3/15/

2018 

0.1081081

08108108 

12/13/20

18 

0.135135

13513513

5 

0.027027027

027027 

More frail 

4 3/21/

2018 

0.1052631

57894737 

12/20/20

18 

0.210526

31578947

4 

0.105263157

894737 

More frail 

5 4/5/2

018 

0.0270270

27027027 

12/17/20

18 

0.054054

05405405

41 

0.027027027

027027 

More frail 

6 5/16/

2018 

0.1578947

36842105 

12/11/20

18 

0.368421

05263157

9 

0.210526315

789474 

More frail 

7 5/11/

2018 

0.1052631

57894737 

12/17/20

18 

0.105263

15789473

7 

0 No change 

8 4/6/2

018 

0.0789473

68421052

6 

12/18/20

18 

0.052631

57894736

84 

-

0.026315789

4736842 

Less frail 

9 3/21/

2018 

0.1621621

62162162 

12/17/20

18 

0.189189

18918918

9 

0.027027027

027027 

More frail 

Table. 14 

[086] The frailty change in Table.14 is measured as: 

Value of ‘change in frailty’ > 0: More Frail 

Value of ‘change in frailty’ < 0: Less Frail 

Value of ‘change in frailty’ = 0: No change 5 

[087] Based on data in Table. 13 and Table. 14, it was identified that the 

system 101 predicted frailty accurately for 6 out of 9 subjects.  
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[088] The written description describes the subject matter herein to enable any 

person skilled in the art to make and use the embodiments.  The scope of the subject 

matter embodiments is defined by the claims and may include other modifications that 

occur to those skilled in the art.  Such other modifications are intended to be within the 

scope of the claims if they have similar elements that do not differ from the literal 5 

language of the claims or if they include equivalent elements with insubstantial 

differences from the literal language of the claims.  

[089] The embodiments of present disclosure herein addresses unresolved 

problem of frailty detection in elderly people. The embodiment thus provides a 

mechanism in which frailty detection is performed based on data from PIR sensors, 10 

door sensors, and pedometer sensors. Moreover, the embodiments herein further 

provides a mechanism of assessing activity levels of the user based on the data from 

PIR sensors, door sensors, and pedometer sensors, and determining based on the 

activity level of the user, whether the user has frailty or not.   

[090] It is to be understood that the scope of the protection is extended to such 15 

a program and in addition to a computer-readable means having a message therein; 

such computer-readable storage means contain program-code means for 

implementation of one or more steps of the method, when the program runs on a server 

or mobile device or any suitable programmable device. The hardware device can be 

any kind of device which can be programmed including e.g. any kind of computer like 20 

a server or a personal computer, or the like, or any combination thereof. The device 

may also include means which could be e.g. hardware means like e.g. an application-

specific integrated circuit (ASIC), a field-programmable gate array (FPGA), or a 

combination of hardware and software means, e.g. an ASIC and an FPGA, or at least 

one microprocessor and at least one memory with software processing components 25 

located therein. Thus, the means can include both hardware means and software means. 

The method embodiments described herein could be implemented in hardware and 
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software. The device may also include software means. Alternatively, the embodiments 

may be implemented on different hardware devices, e.g. using a plurality of CPUs.   

[091] The embodiments herein can comprise hardware and software elements. 

The embodiments that are implemented in software include but are not limited to, 

firmware, resident software, microcode, etc. The functions performed by various 5 

components described herein may be implemented in other components or 

combinations of other components. For the purposes of this description, a computer-

usable or computer readable medium can be any apparatus that can comprise, store, 

communicate, propagate, or transport the program for use by or in connection with the 

instruction execution system, apparatus, or device.   10 

[092] The illustrated steps are set out to explain the exemplary embodiments 

shown, and it should be anticipated that ongoing technological development will 

change the manner in which particular functions are performed.  These examples are 

presented herein for purposes of illustration, and not limitation.  Further, the boundaries 

of the functional building blocks have been arbitrarily defined herein for the 15 

convenience of the description.  Alternative boundaries can be defined so long as the 

specified functions and relationships thereof are appropriately performed.  Alternatives 

(including equivalents, extensions, variations, deviations, etc., of those described 

herein) will be apparent to persons skilled in the relevant art(s) based on the teachings 

contained herein.  Such alternatives fall within the scope of the disclosed embodiments.  20 

Also, the words “comprising,” “having,” “containing,” and “including,” and other 

similar forms are intended to be equivalent in meaning and be open ended in that an 

item or items following any one of these words is not meant to be an exhaustive listing 

of such item or items, or meant to be limited to only the listed item or items. It must 

also be noted that as used herein and in the appended claims, the singular forms “a,” 25 

“an,” and “the” include plural references unless the context clearly dictates otherwise.   

[093] Furthermore, one or more computer-readable storage media may be 

utilized in implementing embodiments consistent with the present disclosure.  A 
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computer-readable storage medium refers to any type of physical memory on which 

information or data readable by a processor may be stored.  Thus, a computer-readable 

storage medium may store instructions for execution by one or more processors, 

including instructions for causing the processor(s) to perform steps or stages consistent 

with the embodiments described herein.  The term “computer-readable medium” 5 

should be understood to include tangible items and exclude carrier waves and transient 

signals, i.e., be non-transitory.  Examples include random access memory (RAM), 

read-only memory (ROM), volatile memory, nonvolatile memory, hard drives, CD 

ROMs, DVDs, flash drives, disks, and any other known physical storage media.   

[094] It is intended that the disclosure and examples be considered as 10 

exemplary only, with a true scope of disclosed embodiments being indicated by the 

following claims.   
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We Claim:  

1. A system (101) for frailty detection, the system comprising: 

one or more hardware processors (202); 

a communication interface (203); and 

a memory (201) storing a plurality of instructions, wherein the plurality of 5 

instructions when executed cause the one or more hardware processors to: 

obtain a Passive Infrared (PIR) sensor data and door sensor data, from 

a plurality of PIR sensors and door sensors respectively, positioned at 

different locations of a building where a user being monitored is located, 

as a first input; 10 

obtain a pedometer data with respect to movement of the user, using one 

or more pedometer sensors, as a second input; 

process the PIR sensor data and the door sensor data to generate a room 

movement data model, a day-time bedroom-stay data model, and an 

outdoor home movement model, for the user; 15 

wherein the room movement data model comprises calculated 

information on median average room movement, a total room 

movement count over a pre-defined period of time, change in movement 

pattern indicating decrease in movement of the user, and total count of 

reduced movement of the user within the room, 20 

wherein the day-time bedroom-stay data model comprises calculated 

information on time spent by the user in the bedroom in seconds, total 

count of daytime bedroom stays over a period of time, change in 

bedroom stay pattern indicating increase in amount of time spent in the 

bedroom by the user, and total count of instances in which the user was 25 

identified as spending increased amount of time inside the bedroom, 

wherein the outdoor home movement model comprises calculated 

information on a median average door movement, a total count of door 
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movements, a change in outdoor movement pattern indicating decrease 

in an outdoor movement of the user, a count of instances in which 

reduced outdoor movement was detected, and a percentage decrease in 

outdoor movement of the user; 

process the pedometer data to generate a user activity model for the user, 5 

wherein the user activity model includes information on step count of 

the user over a period of time; 

assign weights to one or more data points deduced from the room 

movement data model, the day-time bedroom stay data model, the 

outdoor home movement model, and the user activity model, wherein 10 

the data points comprises the total count of reduced movement of the 

user with the room, the total count of instances in which the user was 

identified as spending increased amount of time inside the bedroom, the 

percentage decrease in outdoor movement of the user, and the step count 

of the user over a period of time;  15 

calculate a weighted cumulative percentage value for each of the one or 

more data points, based on the assigned weights and measured value of 

each of the one or more data points; 

calculate a cumulative frailty percentage value, based on the weighted 

cumulative percentage value of the one or more data points; and 20 

determine that the user has frailty if the cumulative frailty percentage 

value exceeds a frailty threshold.  

2. The system (101) as claimed in claim 1, wherein the system determines the 

change in the movement pattern of the user in terms of the total room movement 

count below the median average room movement, and a percentage change in 25 

room movement, wherein the percentage change in room movement is 

computed based on number of instances of room movement below the median 

average room movement and the total room movement count.  
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3. The system (101) as claimed in claim 1, wherein the system determines the 

change in bedroom stay pattern as a percentage change based on number of 

instances of the bedroom stay exceeding a median average of bedroom stay and 

instances in which the user was identified as spending increased amount of time 

inside the bedroom. 5 

4. The system (101) as claimed in claim 1, wherein the system determines the 

decrease in the outdoor movement of the user as a percentage change computed 

based on number of instances of door movement below the median average 

door movement, and the total count of door movements. 

5. A non-transitory computer readable medium for frailty detection, wherein the 10 

non-transitory computer readable medium comprising a plurality of 

instructions, which when executed, cause: 

obtaining, via one or more hardware processors, a Passive Infrared 

(PIR) sensor data and door sensor data, from a plurality of PIR sensors 

and door sensors respectively, positioned at different locations of a 15 

building where a user being monitored is located, as a first input; 

obtaining, via the one or more hardware processors, a pedometer data 

with respect to movement of the user, using one or more pedometer 

sensors, as a second input; 

processing the PIR sensor data and the door sensor data to generate a 20 

room movement data model, a day-time bedroom-stay data model, and 

an outdoor home movement model, for the user, via the one or more 

hardware processors; 

wherein the room movement data model comprises calculated 

information on median average room movement, a total room 25 

movement count over a pre-defined period of time, change in movement 

pattern indicating decrease in movement of the user, and total count of 

reduced movement of the user within the room, 
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wherein the day-time bedroom-stay data model comprises calculated 

information on time spent by the user in the bedroom in seconds, total 

count of daytime bedroom stays over a period of time, change in 

bedroom stay pattern indicating increase in amount of time spent in the 

bedroom by the user, and total count of instances in which the user was 5 

identified as spending increased amount of time inside the bedroom, 

wherein the outdoor home movement model comprises calculated 

information on a median average door movement, a total count of door 

movements, a change in outdoor movement pattern indicating decrease 

in an outdoor movement of the user, a count of instances in which 10 

reduced outdoor movement was detected, and a percentage decrease in 

outdoor movement of the user; 

processing the pedometer data to generate a user activity model for the 

user, via one or more hardware processors; 

assigning weights to one or more data points deduced from the room 15 

movement data model, the day-time bedroom stay data model, the 

outdoor home movement model, and the user activity model, wherein 

the data points comprises the total count of reduced movement of the 

user with the room, the total count of instances in which the user was 

identified as spending increased amount of time inside the bedroom, the 20 

percentage decrease in outdoor movement of the user, and the step count 

of the user over a period of time;  

calculating a weighted cumulative percentage value for each of the one 

or more data points, based on the assigned weights and a measured value 

of each of the one or more data points; 25 

calculating a cumulative frailty percentage value, based on the weighted 

cumulative percentage value of the one or more data points; and 
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determining that the user has frailty if the cumulative frailty percentage 

value exceeds a frailty threshold.  

 

 

 5 


