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1. Introduction

AP-NURSE is a simple and modular monitoring tool used for patients suffering from Alzheimer’s and
Parkinson’s disease for home and medical application. It encompasses ambient sensors, which can monitor
activity patterns, gas, temperature and sound aspects. Its aim is to simplify the work of home caregivers or
nurses by monitoring basic interactions of the patient with their environment during night or job duties and
provide fast alert about possible dangers and support independent living of frail elderly. This document aims
to collect the most important information regarding the construction of the data and control nursing unit of
AP-NURSE and the related software solutions. It consists of 5 thematic pars, starting from the overview of
the AP-NURSE system and the requirements influencing the design, following a detailed description of the
construction of electronic parts and ending with the definition of the methodology and cases for laboratory
testing of AP-NURSE.

2. Overview of the AP-NURSE system

The AP-NURSE digital tool is designed for multiple areas of application, therefor two versions of the system
are being developed, the AP-NURSE Home and the AP NURSE Care. AP-NURSE Home is designed for home
use and the AP-NURSE Care for centers. AP-NURSE Home is a set of simple and cheap small monitoring
devices that monitor several environmental factors of patient surroundings and are placed at home of frail
elderly or a patient to ease the everyday life of caregivers, who are usually family members. AP-NURSE Care
represents a set of small monitoring devices that monitor several environmental factors of patient
surroundings, placed at care center to ease the daily and specifically nightly duties of the caregiving
personnel. It is assumed that the caregiving personnel controls the condition of the patients from the
nursing/control room on a PC or using a mobile device, visualizing the parameters of AP-NURSE utilizing a
simple traffic light logic. The system is configured in a way that online measured sensor data below and
above thresholds are sent to dedicated servers for further analysis. The features of AP-NURSE Home & Care
are shown in Table 1.

Table 1: Features of AP-NURSE Home & Care

XA XL XA
AXC XRAX
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The flowcharts of AP-NURSE Home and Care are shown in Figure 1 and Figure 2. In case of any emergency
detected by AP-NURSE Home, a caregiver is notified by a simple rubber watch/bracelet. It is assumed that
patients live with a caregiver (likely a family member), therefore to ease the life and not to disturb the
caregiver’s partner (husband, wife) during the night, the bracelet warns a caregiver by vibrating pattern
(for communication RF433MHz module with hard encoded addresses is used). In case of the AP-NURSE Care,
the caregiving personnel monitoring the conditions of the patients from the nursing room is notified on her
computer or mobile app. The conditions of the monitored patients are evaluated using a simple traffic light
logic, while green light represents normal condition, orange light abnormal condition and red light critical
condition requiring action.
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Figure 1: AP-NURSE Home flowchart
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Figure 2: AP-NURSE Care flowchart
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Figure 3: AP-NURSE sensor logic

condition events

The AP-NURSE sensor logic is shown in Figure 3. Abnormal and critical conditions shown above means, that
every single sensor can trigger such event. The final alert, which is later visible to caretaking personnel is
created from those events and other environment variables (for example duration between events). These

events also with specific sensors are presented later in this deliverable.
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3. Requirements on the system design

3.1. Electronic survey

Both AP-NURSE Home and Care consist of a set of sensors carefully selected to identify the most important
events that could occur, when the patients’ behavior differs from normal conditions, i.e. the patients stands
up, turns on the light, falls down, opens the window etc. The selection of appropriate sensors is based on
the experience of project partners operating care centers and social homes in Bratislava, Warsaw and
Olomouc. In order to collect information from the potential user of AP-NURSE and project partners involved
in the testing of devices an electronic questionnaire using the LimeSurvey online platform was created. The
questioner consists of 65 questions divided into 8 thematic groups. The structure of the survey is as follows:

Partner identification
Type of diseases
loT solutions

o Experience with loT solutions

o loT data transfer

o Application of loT technologies

loT sensors
o Motion sensors
=  Motion alarms
o Sound sensors
= Sound alarm
o Light sensors
= Light alarm
o Gas sensors
= Gas alarms

o Sensor of opening /closing a device
= Alarm of opening / closing a device

o Temperature sensors
= Temperature alarm
o Humidity sensors
= Humidity alarm
o Pressure sensors
= Pressure alarms
e Notifications
o Sound notification
o Fire notification
e Data storage
e Even identification
o Onscreen
o On a bracelet
e Other comments

The questionnaire is only accessible through a unique URL address and TOKEN, which serve to identify the

partner filling the survey. The URL for the survey is as follows:

e http://147.175.126.100:7122/index.php/553396/lang-en

The illustration of the questions from the survey can be seen in Figure 4 - Figure 11
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CE-Life D.T1.2.1 Survey

This s a survey on needs of care-taking centers involved in the niCE-Life project dealing with patients suffering from
Parkinson’s and Alzheimer diseases. To start the survey, click the "next" button.

[ e—

100%

Are you involved (a: regular or associated partner) in the niCE-Life Intereg CE project?

niterrcy -
CENTRAL EUROPE ==

niCE-life

® Yes O No

Please idents

your partnership in the niCE-Life Intereg CE project.

Select
Regular partner @®
Asaociated partner o

Please choose your institution.

Chaase one of the following answers

Flease choose.

Peirzalka Municipal District of Bratislava - Gapilal city of Slovakia
Brmo University of Technology

The University Hospital Olomauc
Slovak University of Technology in Bratislava
LEPIDA SCPA

Local Health Authorithy of Bologna

Insitute for elderly care and shelter

Samaritan Burgenland Depariment of Home Care
Miasto Stoteczne Warszawa
National Institute of Public Health
Other

LimeSurvey is Free soff
Donate

niCE-Life D.T1.2.1 Survey

This is a survey on needs of care-taking centers involved in the niCE-Life project dealing with patients suffering from
Parkinson’s and Alzheimer diseases. To start the survey, click the "next" button.

] —

100%

Are you involved (as rezular or associated partner) in the niCE-Life Interez CE project
mierrecy -

CENTRAL EUROPE ==
niCE-life

® Yes O No

Pleaze identify your partnership in the niCE Life Intersg CE project.

Resular partner
Ascociated partner ®

Select
(o]

Please choose your institution.

Chooss one of the following answers

Please choose.

St Cyril and Method Hospital, Bratisiava
Bralislava seff-governing region

Gentral European Insitute of Technology

St Anne Univesrity Hospital

Emilia Romagna Regional Agency for Health and Social Gare
Association of associations for the development volunteering
Health care cenler Maribar

Municipality of Maribor

LimeSunvey is Free soffw
Janale.

ALZHEIMER UNITED ITALY ONLUS
European Local Institution and Social Action in Europe
Other:

niCE-Life D.T1 urvey

‘This is a survey on needs of care-taking centers involved in the niCE-Life project dealing with patients suffering from
Parkinson's and Alzheimer diseases. To start the survey, click the "next” button.

] —)

100%

Does your institution take care of patients suffering from chronic disease: or frailty elderly?

® Yes O No

patients zuffer from. (If multiple options apply, pleaze select "Other” and specify)

Choose ona of the following answers

Alzheimer disease

Parkinson's disease
Frailty elderly
Other.

« Previous | [ Next »

Exit and clear survey

Resume later

This is a survey on needs of care-taking centers involved in the niCE-Life project dealing with patients suffering from
Parkinsons and Alzheimer diseases. To start the survey, click the "next” button.

] S—

1003

Does your institution have experience with using [oT (Internet of Things) solutions for menitoring the conditions and the behaviour of
57

® Yes O No

Pleaze characterise the basic features of your system.

Used for patients with the following diseases: ||

Features of the used IT soulution:
Semsors used:
Advantages of your system:

Dizadvantages of your system:

4 Previous || Next »
Exit ana clear survey

Resume later

Figure 5: Questions related to experience with loT technologies
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niCE-Life D.T1.2 1 Survey

This is a survey on needs of care-taking centers involved in the miCE-Life project dealing with patients suffering from
Parkinson's and Alzheimer diseases. To start the survey, click the "next” button.

o] —

100%

Does your ToT zystem apply data transfer capabili

® Yes QO No

Please indicate how data transfere is ensured,

Chck any that apply
[ API (Application Programming Interface)
) JSON (Java Script Object Notation)

O text file
O xml file

e —

4 Previous | [ Next »
Exit and clear survey

Resume laer

niCE-Life D.T1 rvey

This is a survey on needs of care-taking centers involved in the niCE-Life project dealing with paticnts suffering from
Parkinson’s and Alzheimer diseases. To start the survey, click the "next” button.

Do you consider aplying IoT solutions to monitor the condifions and the behaviour of your patients in the fufure?

® Yes

If such monitoring device was available, which power supply option would be the most prefered for you?

Check any that apply
Wall outlet
Battery

L —

Should mch a monitoring device apphy nultiple operational modes, e g, day, night, patient out of the room, ste.:

® Yes O Ne

Please describe each required mode:

« Previous | [ Mext »
Ext and clear survey.

Resume later

Figure 6: Questions related to the application of l1oT technologies

niCE-Life D.T1.2.1 Survey

This is a survey on needs of care-taking centers involved in the miCE-Life project dealing with patients suffering from
Parkinson’s and Alzhcimer diseases. To start the survey, elick the "next” button.

[ S—]

0%
100%

In case of applying IoT monitoring systems to aveid any harm of the patients, what fypes of actions should be monitored?

Check any that apply
Motion
O Sound.
O Light
O Gas (CO, COy, propane-butane, eic.)
) Opening/closing of abjects.
O Temperature
O Humidity

O Pressure

L —

4 Previous | [ Next »
Exit and dlear sumvey

Resume ater

niCE-

ife D.T1.2 1 Survey

This is a survey on needs of carc-taking centers involved in the niCE-Lifc project dealing with patients suffering from
Parkinson's and Alzheimer diseases. To start the survey, click the "next" button.

Y —

100%

Please indicate events to be monitored by motion sensors and coment on each thicked option.

Check any that zpply

‘The patient iz moving in the ream [xx

‘The patient is gefing up from the bed

[ The patient crazses a border (a.g. door) [

(] The patient does not show any sign of movement [

) The patient is moving stypically  (tremor: bradvkinesia, freezing of [ )
it

O Other [

« Pravious | | Next
Exit and clear survey

Resume later

Figure 7: Questions related to loT sensors (1)
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niCE-Life D.T1.2.1 Survey

niCE-Life D.T121

This is a survey on needs of care-taking centers involved in the niCE-Life project dealing with patients suffering from
Parkinson’s and Alzheimer diseases. To start the survey, click the "next" button. This is a survey on needs of care-taking centers involved in the niCE-Life project dealing with patients suffering from
Parkinson’s and Alzheimer diseases. To start the survey, click the "next” button.

[ —
o v — )

100%

Please indicate what category of alarm should be triggered for the nurse or caregiver when one or multiple events occur

om the motion sensor ‘Would it be required for the monitoring equpment to warn the patient / care giving person by sound notifications?

Check any that apply ® Yes O Mo

poc
Critical behavionr

To whom should the sound notification be provided?

rooc
Abnormal behaviour Thepatient  The care giving person Both
20000 Please select [o] ® [o]
Normal behaviour

Pl il zhould be emitted at which i ing sign with spoken i tionz, remi ke any
‘medication, calm down spoken message trizzered by particular event, etc.):

Pleaze indicate the combination of eveat: (in addition to metion) that apply.

[ Previous | (e v )

[« Provous | [Nt s |

[(Exitand clearsurvey |

[ Estt and clear survey |

| Resume later |
[ Resumerater |

Figure 8: Questions related to loT sensors (2)

niCE-Life D.T1.2.1 Survey niCE-Life D.T1.2.1 Survey

This s a survey on needs of care-taking centers involved in the niCE-Life project dealing with patients suffering from This is a survey on needs of care-taking centers involved in the niCE-Life project dealing with patients suffering from
Parkinson’s and Alzheimer diseases. To start the survey, click the "next" button. Parkinson’s and Alzheimer diseases. To start the survey, click the "next" button.
[ ] 0
100%
Wauld it be required for the monitori ipment to ient in caze of a fi ? Would it be required for the monitoring equipment to store data on a local drive?
® Yes O No @ Yes O Ne
Please make any coment related to the previous question. Please indicate vour requirements for data storage and transfer:
e/, 4
[« Previous | [ Next » | [ 4 Previous | [ Mext » |
| Exit and clear survey | | Exitand clear survey |
| Resume later | | Rasumelster |

Figure 9: Questions related to the identification of fire events
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niCE-Life D.T1..

This i & survey on needs of care-taking centers invelved in the niCE-Life project dealing with pasients suffering from
Parkinson's and Alrheimer diseazes. To stare the survey, click the "zext” button.

This is & survey on needs of cars-taking cenrers imvelved in the miCE-Life project dealing with pasients suffering from
Parkinson's and Alrheimer diseases. To start the survey, click the "next” butcon.

iving p ing bekaviar itcred pasicai? l

hwch ey Hat wgE
O N zatificatian
B Groen ght o= e scrcen

giver i ueing breosist ’

Tlezar chozaz baw the far af

Stk ey et
B Xazatificaton
[ Green Exht o the braseler

O Medat ablarm bezp

e —
e —

I Plezac choase baow the shmermal behaviar of the paticat sheuld be indicated whan the paraghver It using brazelst . ’
"Wihat chould be indioated for ihe nuree [ canghing perean during Bbnormal behaviar of the monitarod patisnt?
Stk ey Bt wEy

O Yellaw light an the braccles
Chmek wny et ey B3 Mild vibration ef the Eraczles
O Intemac vikratios of the bracckt

e —

O Yellaw light an the maniterieg seres
O Medmt alarm bisp
B Alarm mais

O e where the beherics wan shaesred

O ¥ame af the paticnt

O Map & becatios whers the behavier wan skacrred
O Mzsmags e pager amart phesc applicatian

L —

I& ucing braoelet. i

Pleaac choans baw the critical bckaviar of i indi n

ek woy Bt agEy

& Reod light an the bracdce
O Intmmac vibratios of the braccict

O Sauad notificatics of the braccict

e —

'What ehouid be indinatnd for the nursa [ oarghing percan during oritiel behavior of the monidemd petiont? I

= LT Pleaas choass bavw the basery lovel of the brasslst sbauld bis indizated.

[ Ried ligks an the menitarinz sereen

O Alarm mais: ek wey St aEE

O Raem where the behavies was obacrred O The batiery indicatsr sheuld flaah all thc time, alas in th caac: when i fally Tevad will b =

O Sarme af e putcnt by the calor ar anceher geaper sign
Ei Mip ta bacatios whre the bhavier wan okacered
O Mesmags 2 pager smart phess applicatian

e —

Dlwhh—_v' =di v mmild il i i i may diade
O Chely lew batizey iadicatar vl fasd

e —

4 Pravious
Exd anad Cigar Surein
FREssuma later
Fsuma latar

Figure 10: Questions related to event identification

niCE-Life D.T1

1 Survey

This is a survey on needs of care-taking centers involved in the niCE-Life project dealing with patients suffering from
Parkinson’s and Alzheimer diseases. To start the survey, click the "next” button.

o> (I )

100%

If you have any i B Iying 10T solutions to your patients, please indicate it below in the text field,

[ Previous | et > |
[ Exitand dear suvey )

[ Resume mer |

Figure 11: Comments
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3.2. Overview of collected data

3.2.1. Partner identification

The results related to partners having the electronic survey completed are shown in Figure 12.

Answer

Petrzalka Municipal District of Bratislava - Capital city of Slovakia (A1)

Brno University of Technology (A2)

The University Hospital Olomouc (A3)

Slovak University of Technology in Bratislava (A4)
LEPIDA SCPA (AS)

Local Health Authorithy of Bologna (AB)

Institute for elderly care and shelter (AT)

Samaritan Burgenland Department of Home Care (A8)
Miasto Sto?eczne Warszawa (AD)

Mational Institute of Public Health (10)

St. Cyril and Method Hospital, Bratislava (B1)

Bratislava self-governing region (B2)

Central European Insitute of Technology (B3)

St. Anne Univesrity Hospital (B4)

Emilia Romagna Regional Agency for Health and Social Care (BS)
Association of associations for the development volunteering (B6)
Health care center Maribor (BT)

Municipality of Maribor (B8)

Municipality of Olomouc City (B9)

Olomouc Region (B10)

ALZHEIMER UNITED ITALY ONLUS (B11)

European Local Institution and Social Action in Europe (B12)
Other

Mo answer

Figure 12: Involved institutions

3.2.2. Types of deceases

Count

SO0 COoONODODOoOOoOoOO0OOD DODDDODOOMNDN

33.33%
0.00%
33.33%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
33.33%
0.00%
0.00%
0.00%
0.00%
0.00%

The results related to the types of diseases of patients taken care by the involved partners are shown in

Figure 13 and Figure 14. Comments made by the respondents are listed below Figure 14.

Answer Count
Yes (Y) ]
Na (M) 0
Mo answer 0
Not displayed 0

Figure 13: Involvement of the partner in care taking

Percentage

100.00%
0.00%
0.00%
0.00%
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Answer Count Percentage
Alzheimer disease (A1) 0 0.00%
Parkinson's disease (A2) 0 0.00%
Frailty elderly (A3) 3 50.00%
Other 3 50.00%
Mo answer 0 0.00%
Mot displayed 0 0.00%
ID Response

H“ All mentioned

29 ™

48 all kinds of elderly

Figure 14: Chronical diseases taken care
Description of the patients suffering from Alzheimer’s disease:
e The patient lives in his own reality, lost, without contact, or difficult contact with the environment.
Description of the patients suffering from chronic disease:
o Confusion, loss of self-care, need of accompanying, supervision, etc. Counselling for family
members.

3.2.3. Experience with loT solutions

The results related to the experience of involved partners with IoT solutions are shown in Figure 15 - Figure
17.

s ¥es5 [2)

= Mo [4)

& Mo answer (4}
et displayadial

Answer Count Percentage
Regular parimer (A1) 4 86.87%
Associated partner (A2) 2 33.33% 2
Mo answer 0 0.00%:

Mot displayed i) 0.00%:

Figure 15: Experience with loT solutions for monitoring of patients

Answer Count Percentage
Answer 2 33.33%

Mo answer o 0.00%

Mot displayed 4 ae8.87%

Figure 16: Diseases of patients for which the system was used
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Diseases of patients for which the loT system was used:
o Dementia of elderly.

e Not mentioned.

Answer Count Percentage
Answer 2 33.33%

Mo answer 0 0.00%

Mot displayed 4 88.87%

Figure 17: Features of the used loT system

Features of the loT system:

e Mechanically controlled from the client's bed.

e Signalization.
Advantages of the used IoT system:

e Information are provided to the care giver without requiring his/her presence in the client’s room.
Disadvantages of the used loT system:

e The system is not capable of identifying the level of danger and the problem of the client.

The results related to data transfer capabilities, considerations of future use, power supply options and the
use of multiple operation modes of the IoT solution are shown in Figure 19 to Figure 21 respectively.

= ves (o)

= Mo [2)

& Mo answer (3}
Mot displayad (al

Answer Count Percentage

Yes (Y) 0 0.00%

No (N) 2 33.33% -
No answer 0 0.00%

Not displayed 4 66.67%

Figure 18: Data transfer capabilities of the loT system
Indication, how data transfer is ensured:

e No response.
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= o5 [3)

= ME [1)

s Mo answer (0)

Mot displayad Lol
Answer Count Percentage
Yes (Y) 5 83.33%
No (N) 1 16.67%
No answer 0 0.00%
Not displayed 0 0.00%
1

Figure 19: Consideration of using loT solutions for monitoring the conditions of patients in the future

» wiall outlet (2)

= Battery (4]
» Cther (0}
Saried
Answer Count Percentage
Wall outlet (SQ001) 2 33.33%
Battery (SQ002) 4 66.67%
Other 0 0.00%
Not displayed 1 16.67%

Figure 20: Which power supply option would be preferred for the loT system

s ve5 [3)

m Mo [2)

& No answer (0]
Met displayad i1l

Answer Count Percentage

Yes (Y) 3 50.00% )
No (N) 2 33.33% -
No answer 0 0.00%

Not displayed 1 16.67%

Figure 21: Use of multiple operation modes of the loT system
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Indication of possible operation modes of the loT system:
e Response 22:

o Day: monitoring of patient activity, detection of a fall position, monitoring of body
temperature, ambient temperature.

o Night: monitoring of patient activity, detection of a fall position, monitoring of body
temperature, ambient temperature, ambient light, patient out of the room.

e Response 31:

o Day: Movement of the patient in the room, in the premises of the care center and outside
the care center. Optionally, monitoring of health conditions.

o Night: Movement of the patient in the room and in the premises of the care center.
Optionally, monitoring of health conditions.

e Response 45:

o Detection, whether the patient is out of the room.

o loT based monitoring of health conditions and environment - COPD, pneumonia, etc.
e Response 51:

o Maybe cameras which monitor the moves patient in the room.
3.2.4. loT sensors
The results of question related to the use of 10T solutions are presented in this chapter. The results related

to the types of loT sensors are shown in Figure 22. The results related to the use of individual sensors are
shown in Figure 23 to Figure 29.

= Matian [5)
Answer Count Percentage . f‘:’g‘::?;;l
Motion (SQ001) 5 83.33% g:spis;; e mie] (8
Sound (SQ002) 4 66.67% - I&f:nin%ﬂ:‘!aslng af
Light (SQ003) 2 33.33% . 19::;23;;“ .
Gas (CO, CO2, propane-butane, etc.) (SQ004) 4 66.67% HurnKdity (23
Opening/closing of objects (SQ005) 2 33.33%  Pressure (3]
Temperature (SQ006) 4 66.67% 2:,:, tal
Humidity (SQ007) 2 33.33%
Pressure (SQ008) 1) 50.00%
Other a 0.00%
Not displayed 1 16.67% I

Figure 22: Types of sensors used in case of the loT solution
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s The patiell':utgs micying in
the raom (=2

v The patlant is qeting u
frﬂmpthebﬁdﬁg aup

W Thedprtlcnl: Crasses &
border (=g, dacr] (5]

» Tha patiant deas not show
any sign of mavement [5]

» The patlent is moying
atypcally {kramor,
br-ad?:mma. freazing of
gait, falll [5)

o Othear (o)
Serian

Figure 23: Movement sensor use cases
Combination of events for the movement sensor:
e |D22: temperature, pressure, tipping position.
e D31

o Critical condition: fall, increase of temperature, change of physiological functions,
bradykinesia, freeze of walking, etc.

o Abnormal condition: movement outside the monitored area, change of physiological
functions.

e |D45: | do not know which combinations.
e ID51:
o Critical condition: red light.

o Abnormal condition: yellow light.
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# Tha patient is screaming. (4]
# Tha patient breaks an
nhqe-:tie-.u wi redanw 3, [4]

# Tha patientturns |:|n ar
:audlEIe- aguiprment (2.0,
T, Faed i, &e.l, 18]

» Other (o]
» Seried

Figure 24: Sound sensor use cases
Combination of events for the sound sensor:

e ID31: Critical condition: The patient is screaming, intensive sudden noise (slamming) not
corresponding to the usual behavior and health condition of the patient.

e |D45: | do not know which combinations.

e |D51: Critical condition: red light and sound alarm - aggression / released gas.

& The patient burn= onfaff
the flight. {2)

= The patient tums o an
aguipment (a.g, T¥], (2]

= Jthar, (0}
« SEried

Figure 25: Light sensor use cases
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= Laaking CO2 (=]

= Laaking CO [2])

= Laaking Froapans-Butane [3)
athar (10

= Laried

Figure 26: Gas sensor use cases

s Yes [4)

= M (0]

& Mo answer (0}
Met displayad (2]

Answer Count Percentage
Yes (Y) 4 66.67%

No (N) 0 0.00% -
No answer 0 0.00%

Not displayed 2 33.33%

Figure 27: Necessity of warming the patient in case of gas release
Comments related to Figure 27:

e |D31: Fire at the home environment of the patient is a dangerous event, hence it should be signalized
too.

e |D43: Maybe should be also the above average electricity power consumption warning.

e |D48: Family member or caregiver should be warned too using sound and light alarm.
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oo (2]

Wwindaw (2]

Fridge (1]

Cwen 1(2)

Anothar pat bway (0l
Crthimr §0)

Saried

Figure 28: Opening/closing event use case

't

s Critical behawiour (2]

= aAbnermal bahawiour [2]

= Mormal behayiour (00
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Figure 29: Conditions signalized by temperature sensors
Indication of combination of events for the temperature sensor:
e ID31:
o Critical condition in case of fire.
o Abnormal condition in case of significant increase of temperature.

e ID45: In combination with motion - when the patients are lying longer time without movements
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Indication of events monitored by humidity sensors:
e ID31: Measurement of air humidity in the center of social care.

e ID45: It can monitor a patient’s home, for example, water leak but depends on who will help them
to solve the problem.

Indication of combination of events for the humidity sensors:
e ID31: Measurement of the change of humidity from the reference defined by the Ministry of health

e |D45: Maybe it can show on the monitor, that something has happened but it could not send some
alerts directly do to the nurse or maybe it can send info to the family members.

Indication of events monitored by pressure sensors:

e ID45: It can maybe measure gas, but it can be solved by a new cooker which doesn’t need gas but
is fully electric.

o ID48: The pressure sensor can be used also for a water leak.
Indication of combination of events for the pressure sensors:

e |D45: combination with humidity.

3.2.5. Notifications

The results related to the notifications provided by the loT solution are shown in Figure 30 - Figure 32

s Yoz [5)

= No (0]

n Mo answear [0)
Mot displayed (1)

Answer Count Percentage
Yes (Y) 5 83.33%

No (N) 0 0.00%

No answer 0 0.00%

Not displayed 1 16.67%

Figure 30: Requirement for warning the patient or the care giving personnel by sound notification
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= The patient (00
= The care giving persan (2)
= Both (%]
o answer (0]
= kot displeyedi 1]
Answer Count Percentage
The patient (A1) 0 0.00%
The care giving perscn (A2) 2 33.33%
Both (A3) 3 50.00%
No answer 0 0.00%
Not displayed 1 16.67%

Figure 31: Requirement for warning the patient or the care giving personnel by sound notification
Indication of the type of noise that should be emitted in case of sound notification sensors:

e |D31: The notifications for patients in their home environment should be spoken instructions, such
as warnings about taking the medicine or in case of fire.

e |D43: Depend on situation, just to be sure, that the patient is responding.
o ID45: Push notification on the phone - it depends on how critical the situation is.

e |D48: The warning sign with spoken instructions reminder to take any medication individual
reminders (to eat, to make a call).

= Yes (4]

im Ne (1)

‘= Mo answer (0) :
Mot displayed [1) |

Answer Count Percentage

Yes (Y) 4 66.67%

No (N) 1 16.67% 2 -
No answer 0 0.00%

Not displayed 1 16.67%

Q
Figure 32: Requirement for warning the patient in case of fire event
Comments related to Figure 32:
e |D31: No comment.

e |D43: Nothing new.

e |D45: It should warm him by the sound and automatically call the family member.
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3.2.6. Data storage

The results related to the requirements for data storage are shown in Figure 33.

Answer Count Percentage

Yes (Y) 3 50.00%

No (N) 2 33.33% 2
No answer 0 0.00%

Mot displayed 1 16.67%

Figure 33: Requirement for data storage

Special requirements for data storage:

e |D31: To delete data after 3 days.

e |D45: To monitor behavioral changes and to use analysis SW to predict it.

3.2.7. Event identification

= Yes (3]

= No (2)

= No answer (0)
Not displayed [1)

The results related to event identification, either to the care giving person or on a bracelet, are shown in

Figure 34 - Figure 41.

Answer

No notification (SQ001)

Green light on the screen (5Q002)
Modest alarm beep (SQO003)
Other

Not displayed

Figure 34:

Count Percentage

33.33%
66.67%
0.00%
0.00%
16.67%

- 00 &N

n -

Indication of normal behavior for the nurse / care giver

= Mo notification (2)
= Graen light on the screan (4)
= Madest alarm beep (0}
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= Ok &N BRObA

4 = ellow light on the
rmonitoring screen (4)
= Modast alarm beap (4)

Answer Count Percentage 3 B :Lzrr: :':I:ree (tﬂh)e behavior
Yellow light on the monitoring screen (SQ001) 4 66.67% - :::n:b::;}\::iiii:’ent (2)
Modest alarm beep (SQ002) 66.67% = Map to location whare tha
Alarm noise (SQ003) 0.00% behaviarwas observed (4)
Room where the behavior was observed (SQ004) 66.67% 24 :;:s:gaeptpzi‘g:tgl:g,’aﬁ)aﬂ
Name of the patient (SQ005) 33.33% = Other (0]
Map to location where the behavior was observed (SQ006) 66.67% . SeriaB
Message to pager/smart phone application (SQ007) 66 67%
Other 0.00% 1
Not displayed 16.67%

0 fo ]

Figure 35: Indication of abnormal condition for the nurse / care giver

= = Red light on the
monitoring screen (5)
= Alarm naisa (5)
= Room where the behavior
Answer Count Percentage 3 was cbserved (5]
Name of the patient (4)
Red light on the monitoring screen (SQ001) 83.33% - ’l;q:hpa&?u‘??;;agbﬁ:’s:dtﬁj
Alarm noise (SQ002) ) 83.33% « Message to pager/smar
Room where the behavior was observed (SQ003) 83.33% . phone application (5)
Name of the patient (SQ004) 66 67% 7 Other (0]
Map to location where the behavior was observed (SQ005) 66.67% = Serie?
Message to pager/smart phone application (SQ006) 83.33%
Other 0.00% |
Naot displayed 16.67%
0

Figure 36: Indication of critical condition for the nurse / care giver

—owms B

= Mo notification (2)

= Green light on the
bracelet’(3

w Other (D)
Serie3

Answer Count Percentage

No notification (SQ001) 2 33.33%

Green light on the bracelet (SQ002) 3 50.00% 2
Other 0 0.00%

Not displayed 1 16.67%

0

Figure 37: Indication of normal behavior on a bracelet
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o
4 -
= Yellow light on the
bracelet (1
= Mild wibration of the
braczlet (2
3 = Intense vibration of the
Answer Count Percentage bracelet (0
. = Other (0)
Yellow light on the bracelet (SQ001) 1 16.67% . Sericd
Mild vibration of the bracelet (SQ002) 2 33.33%
Intense vibration of the bracelet (SQ003) 0 0.00% 2
Other 0 0.00%
Not displayed 4 66.67%

Figure 38: Indication of abnormal condition on a bracelet

o -

= Red light on the bracalet (1)

» Intense vibration of tha
bracelet [2)

= Sound rotification of the
bracelet [2

= oOther (0}
= Seried

Figure 39: Indication of critical condition on a bracelet

Answer Count Percentage
Red light on the bracelet (SQO001) 1 16.67%
Intense vibration of the bracelet (SQ002) 2 33.33%

Sound notification of the bracelet (SQ003) 2 33.33%

Other 0 0.00%

Not displayed 4 66.67%
Answer Count Percentage
The battery indicator should flash all the time, also in the case when is fully charged and 0 0.00%
battery level will be differentiate by the color or another proper sign (SQ001)

Low battery in the bracelet should be indicated by mild vibrations with flashing warning 1 16.67%
diode (SQ002)

Only low battery indicator will flash (SQ003) 1 16.67%
Other 0 0.00%
Not displayed 4 66.67%

The battery indicator
should Flash all the
time, also in the case
wher is fully charged and
battery lavel will ba
differentiate by the

color or ancther proper
sign [0)

Low battery in the
bracelet should be
indicated by mild
vibraticns with flashing
warning dinde [1)

only low batte

indf‘gator will ﬂr:-:ysh (1)

Other (0)

Figure 40: Indication of the battery level of the bracelet
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n Yes (2]

= Mo (D)

= Mo answer (0)
Mot displayed [4)

Answer Count Percentage

Yes (Y) 2 33.33%

No (N) 0 0.00% 27
No answer 0 0.00%

Mot displayed 4 66.67%

Figure 41: Requirement for the bracelet to be connectable to a smartphone

3.2.8. Other comments

Special comments on the use of 10T solutions are as follows:

e ID31: Setting up signalization options based on the requirements of the user.

3.3. Summary of collected data

The survey has been completed by 6 users representing 3 institutions, the Petrzalka Municipal District of
Bratislava, The University Hospital Olomouc and the Municipality of Olomouc City. Among them, 3
institutions are involved in the care of patients suffering from frail elderly and 3 have experience with all
listed chronical diseases (Alzheimer disease, Parkinson’s disease and Frailty elderly).

Regarding the behavior of treated patients, the partners responded that their patients live in their own
reality, lost, without or in limited contact with their environment. They also suffer from confusion, loss of
self-care, need of an accompanying person and separation.

Two out of six respondent claimed that they already have experience with loT solutions for monitoring the
conditions of their patients. The system is mainly used for patients suffering from dementia. It is a simple
system controlling the clients bed and serving for signalization of behavioral changes. Its advantage is that
information are provided to the care giver without requiring his/her presence in the client’s room. However,
the system is not capable of identifying the level of danger and the problem of the client. In addition, the
system does not have data storage capability.

Five out of six respondent claimed that they would use IoT solutions for monitoring the conditions of their
patients / clients in the future. 66.67 % of the respondent claimed that the most suitable option for power
supply would be from battery, while 33.33 % selected wall outlet and 16.16 % prefer both options. 50 % of
the respondents would also prefer multiple operation modes of the IoT system making possible different
regimes for day and night or distinguishing between immobile and mobile patients. Regarding the sensors,
the most important once are the motion (5 counts), sound (4), gas (4), temperature (4), pressure (3) light
(2), humidity (2) and the opening/closing event (2) sensor. The respondent found important for the
movement sensors to be combined with temperature and noise sensors. 66.67 % of respondents also claimed
that in case of gas release or fire event, it would be important to notice not only the care giver or the family
member, but also the patient himself. In case of humidity sensors, it is important to measure the difference
of the level of humidity from the one defined by the Ministry of health.
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Five out of six respondent found the loT solution important to provide sound notifications both to the patient
and the care giver. Only 33 % of respondents think that it is appropriate to notify only the care giver. They
claimed that notifications of patients in their home environment should be in a form of spoken instructions
and also push notification should be available on the smartphones of family members. The majority of
respondent claimed that in case of a fire event, the loT solution should notify the patient and call his/her
family members.

In case of system that provides notification on a smartphone or PC/laptop, normal behavior of the patient
should be signalized by green light on the screen. Abnormal condition of the patient should be signalized by
yellow light on the screen, with modest alarm beep and by message on mobile phone. In some cases, it
would be also preferable to provide a map to the location where the behavior was observed. The critical
condition should be signalized by red light, strong alarm and by message to pager/smart phone. It would be
also important to provide information on the patient, i.e. name, room number, map.

When bracelet is used for notifications, the respondent claimed the normal behavior should either be not
signalized or signalized by green light on the bracelet. Abnormal condition should be indicated by yellow
light and mild vibration of the bracelet. Critical condition should be signalized by strong vibration, red light
and loud sound on the bracelet. The users indicated, that low battery level of the bracelet should be also
indicated by flashing light or vibration. 33 % of respondent claim the bracelet to be connectable to a
smartphone.
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4. Construction of AP-NURSE units

The construction of the AP-NURSE units is divided into two branches based on the proposed systems
(Home and Care). The AP-NURSE Home porotype was developed based on the former deliverable
D.T2.2.2 [1], where the brief description and schematics for the development were shown. The whole
system was designed from the scratch, including the definition of the PCB boards and all other assembly
processes. In the case of AP-NURSE Care, the porotype was based on the M5STACK platform that achieves
high modularity and provides high level of inter-connectivity. In the following sub-sections, the possible
modifications and versions of AP-NURSE Home & Care are explained including hardware, software, server
and casing descriptions.

4.1. AP-NURSE Home

One of the goals of AP-NURSE Home is to become an affordable monitoring system for patients suffering
from Alzheimer’s and Parkinson’s disease treated at their home environments. Therefore, the components
for the construction of devices were chosen cost-efficiently aiming to decrease the total price of the whole
monitoring system. Regarding the first idea, purpose of the system would be to monitor multiple premises
at the patient’s home and possible monitoring layout grid is shown in Figure 42. The purpose of each node
is different, and an example of the monitoring sensor compositions is shown Figure 43. The AP-NURSE Home
porotype was developed in a maximal configuration manner, i.e. if required, all sensors should be connected
to one node. The signalization of possible events is provided on the bracelet worn by the caregiver via radio
transmission, where the flashing yellow light represent abnormal and the red light critical condition of the
patient. The event is also indicated by vibration of the bracelet. Further information about the event
signalization can be found in the deliverable [1]. If required, AP-NURSE Home might be further extended to
be applicable in care centers, where bracelet signalization is not effective. Therefore, the AP-NURSE Home
may support data collection on server and remote alert notification using HTTPS requests. The prototype
features also day/night mode, where the mode can be switched manually or can be triggered automatically,
if the internet network is available. The automatic day/night mode switch is required for application in care
centers, where many nodes are in operation simultaneously. The possible versions of AP-NURSE Home are
presented in the next sub-section.

Patient U T %
bedroom | Node 3 5
3
-\
Node 1 Q prd
bl o
2 S
(] * -
Bracelet \I u
warning
Caregiver
bedroom

Figure 42: AP-NURSE Home monitoring layout grid
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Figure 43: AP-NURSE Home node designs example

4.1.1. Versions

The versions of AP-NURSE Home have been selected based on specific needs of potential users, especially
the Home for elderly at the Mlynarovicova street, operated by the Petrzalka Municipal District of Bratislava.
Insights and remarks obtained from the representatives of the Home for elderly, played an important part
in the design of AP-NURSE Home. The current version of AP-NURSE Home consists of two self-developed
motherboards (PCB circuit boards), one design for the main sensor device and one design for the bracelet.
The main sensor device is by default capable of mounting all sensors that were proposed for AP-NURSE
Home:

e PIR - movement

o force / pressure

e noise

e gyroscope

e gas, smoke

e BME - temperature, humidity
o light

A series of tests of sensors and their settings were prepared and they are described later in Chapter 5 in
more detail. Alerts, which are results of occurred events are based on the logic defined in previous chapter.
The alerts are not only sensor-based, but rather event-based, as it is defined in Table 2. The table includes
all versions, which are expected to be tested at the Home for elderly and also at the STU testing
environment. Since the final settings of devices depends on testing, here on the basic functionality and
sensor outputs are described. All scenarios are tested and experimental sensor are to be evaluated
(gyroscope, noise).

Page 26



miterreg

European Union

CENTRAL EUROPE s
niCE-life

Table 2: Versions of AP NURSE Home

day

night

night
AP1 -
under the bed day
(mobile)

night

night
mobile

day /

night

night

day /
night
AP2 -
doors to toilets in
patient's room

day /
night

day /
night

day /
night

day /
night
day /
night
AP3 -
under the bed imobile
(imobile)

day /
night

night

day /
night

night

AP4 - night
common rooms,
stairs, forbidden

zones for patients day
day

night
AP5 -
doors to common

toilet or bathroom mobile / imobile  night

doors
night
day /
night
night

AP6 -

kitchen

night
night

patient got up from the bed

patient got up from the bed 1 10
fall from the bed 1 0=0
walking in the room 1 0
walking in the room 1 0
walking in the room 1 0
smoking
loud noise

temperature drop

entering the bathroom 1
stuck in the bathroom 0=0
leaving the bathroom 1
patient got up from the bed 1 1>0
walking in the room 1 1
smoking
loud noise

temperature drop

movement 1
loud noise
movement 1
loud noise

entering the common bathroom 1

stuck in the common bathroom ~ 0=0

leaving the common bathroom 1

gas leakage / smoke detection

movement 1

loud noise

light

b xp PP %xXP X

x P

PO XP XX

Page 27



uli.ér’lt.‘g_

CENTRAL EUROPE e
niCE-life

Brief description of AP-NURSE Home versions:

= AP1 version is meant to be placed under the mobile patient’s bed, to monitor basic movement around
the room, noise and patient’s movement in the bed.

= AP2 is designated for mobile patient’s bathroom door. Opening the door will trigger the sensor and
based on the time delay and optional noise sensor will trigger the alert.

= AP3 is similar to AP1 version, but it is for immobile patients.

= AP4 should be placed in common places like stairways or hallways to monitor mostly movement in the
night.

= AP5 is similar to AP2 but with different alerts setting.
= AP6 is designed to be used in a kitchen like environment, aimed mostly on gases and smoke.

As can be seen, there are six main proposed versions of AP-NURSE Home, which are divided based on the
mode, possible event in near their proximity and patient’s mobility. The selected sensors are: movement,
force, noise, light gas and temperature sensor. Alert in each device is estimated based on the sensors
response, in table marked “1” as triggered and “0” as not triggered. Symbol “>” represents transition from
one state to another, while “=" stands for keeping the state of the sensor for a certain (not defined yet)
time.

4.1.2. Hardware

AP-NURSE Home is based on the NodeMcu ESP8266 microcontroller that monitors the environment via
multiple sensors attached. The hardware components and connectivity schemes of the sensors to ESP
microcontroller were briefly described in [1]. The list of components with their technical description are
summarized in Table 3.

Table 3: List of AP-NURSE Home components

USB adapter ER-RPA10055A The USB adapter supplies the voltage to the
AP-NURSE Home sensor board through micro
USB port. The output voltage and current is 5V
/ 3A DC.

Power bank - 4400 mAh The power bank can be installed to the sensor
board for the power supply. The power bank
contains pass-through feature that enables
continuous charging from the power-outlet. If
the loss of power supply in power outlet
occurred, the power bank restarts itself and
starts to power supply the sensor board. The
output voltage and current is 5V / 1A DC.

NodeMcu ESP8266 The NodeMcu unit integrates the chip ESP8266
as its main unit. It contains the Xtensa LX106
32-bit processor with 80 MHz clock frequency.
The 1 MB compiled code can be stored in this
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microcontroller for the operation and analysis
of different events signalized by the
connected sensors. In total 11 GPIO pins are
placed on ESP8266. The operational voltage
range is between the 3.3 - 5V and the current
is 12 mA.

The communication between the sensor board
and the bracelet is provided via RF 433 MHz
radio. The operation voltage of the
transmitter is 3 - 12V, the current 9 - 40 mA,
the transmission power 25 mW, the maximal
frequency error +150 kHz and the transmission
range is 90 m in open spaces. The operating
voltage of the receiver is 5 V and maximal
current is 5.5 mA [2].

HT12E and HT12D (20 SOP-A version)

The encoder and the decoder provide correct
communication between RF 433 transmitter
and receiver. To ensure a proper
communication, both oscillation circuits has to
be correctly setup. Currently the encoder
oscillator utilizes 1 MQ resistor and the
decoder uses 68 kQ) resistor. More information
about the oscillator setup can be found in [1].
The encoder working voltage is 2.4 - 12V,
standby current 0.1 pA (at 5 V) and the output
high voltage is on the level 3 V [3]. The
decoder working voltage is 2.4 - 12 V, maximal
operation current 1 pA, maximal standby
current 400 pA and the output high voltage is
in the range of 3.5 - 5 V [4]. Using these
components, 7 devices can be operated in
parallel. Each transmitting device can send 4
different signals through the AD8-AD11
switches.

PCF8591 analog extender

PCF8591 is used as analog extender for the
NodeMcu ESP8266. NodeMcu ESP8266 contains
only one analog input and therefore, the
extender will provide additional analog
connections for multiple analog sensors, if
required, through I2C protocol. The operation
voltage is 2.5 - 6 V and the input voltage from
the analog sensor is 1 V [5].

The function of the buzzer is to produce
acoustic alarm during critical and abnormal
conditions. The working voltage is 3.5 - 5.5V
and the maximal operation current 25 mA [6].
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BME280 Atmospheric Sensor is a combined
digital humidity (from 0 to 100 % relative
humidity with +3 % accuracy), pressure (from
300 to 1100 hPa) and temperature sensor
(range from -40 to 85 °C with +1 °C accuracy).
This sensor achieves high performance in all
applications requiring the measurement of
above-mentioned variables. If necessary,
BME280 can operate in sleep, normal and
forced mode (performing one measurement
and returning to the sleep mode). The working
voltage of the sensor varies is from 3.3 V to 5,
the working current 400 mA, standby current
200 pA [7].

HC-SR505 PIR Sensor

HC-SR505 Mini PIR Motion Sensor is
photosensitive sensor that can monitor the
person’s presence in the sensing area
(approximately conic angle 100 degrees to the
distance 7 m). The operational temperature is
in the range from 20 to 80 °C, therefore the
indoor application is considered in case of the
AP-NURSE Home version. It supports operating
voltage range between 4.5 - 20 V with current
lower than 50 pA [8].

Two types of gas sensors are considered for
AP-NURSE Home. The first one is the MQ-5 gas
sensor that can detect LPG, LNG, natural gas,
iso-butane, propane with high sensitivity (e.g.
the resistivity of the sensors lowers 4.5 times
when the concentration of LPG increases from
200 to 10000 ppm) [9]. Its application in AP-
NURSE Home is in kitchen, where the patient
may accidently turn on the gas stove. The
second gas sensor is the MQ-135, which is
suitable for detecting smoke and other gases
such as NHs, NOy, alcohol, benzene, CO, CO,,
etc. [10]. The operation voltage of both
sensors is 5V with the consumption lower than
800 mW. The standard detection conditions
are at 20 °C and 65 % relative humidity for
both sensors.

MPU6050 accelerometer

MPU6050 sensor is a 6-axis motion tracking
device that combines 3-axis gyroscope and 3-
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axis accelerometer. The power supply working
voltage is in the range from 2.375 to 3.46 V,
working current 500 pA. The application of the
MPU6050 is to monitor movement of the
patient. The possible location of this sensor
can be in areas where the patient has to cross
some kind of boundary (e.g. door or window)
or can be placed in the bed under the mattress
to monitor the sleep behavior of the patient

[11].

Sensor KY-038 is used for the detection of
noise in the area. The working voltage of the
sensor is 5.0 V. The detection range is
approximately 30 - 130 dB. The sensor
supports the setup of the threshold when the
signal is generated, therefore it can be easily
optimized for appropriate environment [12].

GL5528 photo-resistor is used for the
detection of light. The principle is simple, the
lighting of the sensor will change the
resistivity of the photo-resistor and the change
of the voltage is registered by the NodeMcu
ESP8266. The maximum input voltage of the
photo-resistor is 150 V. The resistivity value in
the dark is 1 MQ and in the light between 8-20
kQ. The lightning is measured between 10 and
100 lux [13].

FSR 402 Force Sensor FSR402 force sensor is used for the
measurement of the applied force on any kind
m of surface or object. The operation voltage is

3.3 V. This sensor can be used for the

E 4 monitoring of barrier that should not be
M‘ crossed by the patient. For example, during
< night, the patient should not leave the
@ “ apartment, so this sensor can be placed under

' %, the door-mat in the hallway. This sensor can

@ % measure the mass in the range from 100 g to

10 kg [14].

After the testing all of the chosen components, the circuit schematics were designed for both the sensor
board (Figure 44) and for the bracelet (Figure 45). Based on these schemes, prototype PCB circuit boards
were designed for manufacturing. The PCB porotypes of the sensor board and the bracelet board are shown
in Figure 46 from top and bottom view. The graphical design of the whole sensor board prototype with all
components, except the sensors is shown in Figure 47. The sensors will be connected to the appropriate
headers directly or by extending cables to ensure effective and portable casing design of whole device. In
this design two buttons will be embedded in the casing, one restart button and one programmable event
button. Day/night switch is also embedded in the casing. Inside of the casing there is an address switcher,
which is used to change the signal addresses of the encoder for the parallel communication of multiple
nodes. The power supply of the sensor board may be direct from the wall outlet or from battery.

Page 31



miterreg @

CENTRAL EUROPE e
niCE-life

1 2 3 ‘ 1
GND
o = Icl
¥ dayinight » 30 NOISE Vi L1 aprowp  vourt2
R AD - ADC_EX DO_-_GPIOI6 fors; > 1 33— vouT.1
RIL 3 DI - GPIOS 21 VIN
10K L1
bucze: ) 3V IDIITSICIR
A . D4_-_GPIO2_/ TXDI : 2 = A
e ma]ew” SPICINT_/_SD DI ¥DD3V3 3 oo ]av. CicolUSE : sV
ELITS P (s SPIMOSI 7 SD CMD GND 4 TR |||L|\]’)
SPI MISO / SD DO DS - GPIOL4 / TISPICLK. gyl -
SPI_CLK_ SD_CLK D6b_-_GPIOI2Z¢_HSPIQ ety ==t e g L Cl R4
GND_1 D7 - GPIOT3 Dl =5 ok 430R
VDD3V3 L D§ - GPIOIS ¢ TXD2 el U T Lo encode =
7 % 19 bure . c2 =3 C4
Tro] NRY - G BLE el P IR A7ul | 47uk a
‘ GND 2 GND 3 —'—||I-CND S ZroweR —
VDDSV VDD3V3 2 | LED
3V 113990103 3
GND
T 3V3 3v3 Vi
E Gias 1 —
S - 5
B 2 B
e
4
Terminal § 15
1K
L iv0
—_ RIS k. —
K Terminal
= 7
e GND 1
18T-4 L00nF
5V
¢ VRI C
NOL2STAN-103-3030: 7,
A0 Ic2
AIND VDD [e—{3v3
AL AQUT [0 OUT
4 AIN2  VRLI
2 V3 3 AIN3 AGND |13 _L]g‘%“}:
Day/Night g — a0 EXT [—F
L Eg et S E— 0sc L JI+ i —|
o Cabigne == i Ser. [ ST
; oD Teader 3 3 ‘\'§S spa |2 SDA
- - P3 GRD a2 - : R
= . — PCFS591T 2512 RS K7
GND J e GND T
' 3v3
-I-_RH Header 3 == V3
qam—] YCC GhD
“'GND — DATA Tille
[ i D
OUT 1o encoder 2 — RF wans o = =
[ICOUT (o eucoder L oeE Sz Number Revision
A
Dulc: 36,8 2020 T Sheet of
File: CUserst *AP_NURSE base station_sch ailoc
1 | 2 | 3 4

Figure 44: AP-NURSE Home sensor board schematics
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a) Top view b) Bottom view

Figure 46: AP-NURSE Home PCBs
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Power supply

Day/night switch
Address switcher

Restart button

a) Top view b) Bottom view

Figure 47: AP-NURSE Home Design of PCB sensor board

The graphical design of the board of the bracelet prototype, with all components except the vibration
module, is shown in Figure 48. The vibration module will be connected next to the CR2330 battery holder.
Like the sensor board, the bracelet module also includes address switcher enabling changing the address of
the decoder for parallel communication of multiple nodes. One switcher is embedded into the casing and
its function is to turn on the device. The function of the button embedded in the casing is to monitor the
battery level of the bracelet. The R2, R3 and R4 resistors (from schematics in Figure 45) are used for proper
monitoring of the battery level.

. Battery holder
Address switcher

Battery level
button

Turn on/off
switcher

a) Top view b) Bottom view

Figure 48: AP-NURSE Home Design of PCB bracelet board

The functional porotype was created and the sensor board porotype is shown in Figure 49. Additional
antenna was attached to increase the distance of the radio transmission communication and, based on the
frequency (433 MHz) the antenna should have length approximately 16 cm. The bracelet prototype is shown
in Figure 50. Two separate battery holders were used for the testing of different voltage inputs and in the
future, compact casing will be embedded to the prototype.
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Figure 49: AP-NURSE Home sensor board prototype

a) Top view

S g

b) Bottom view

Figure 50: AP-NURSE Home bracelet prototype

4.1.3. Software

The AP-Nurse Home unit is fitted with a custom built firmware based on the ESP8266 Arduino core. It is
capable of handling data acquisition with the use of a variety of supported sensors. Its firmware supports
configurable multi-level alert warnings triggered by external or internal events such as:

1.

© N o s W N

Motion

Light

Noise

Smoke

Gas

Pressure

Ambient temperature and humidity

Wi-Fi connection loss
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In case of user demand, the firmware also supports data collection and remote alert notification using HTTPS

requests. A more detailed description of the firmware is shown in Figure 51.

e :
I Data Update event occurred Alert Handling

Identify alert level

@nd send notification

Reading sensors

time to
update data

Standby

Standing by for
data update

unknown command

status ok alert handled

button press detected

Button Handling HTTPS request |

Identify button Sending collected
command data

config command

( Unit Configuration \

User WIi-FI network and
sensor threshold
configuration

Figure 51: AP-NURSE Home firmware state diagram

configuration complete

On device boot, the esp8266 initialises its peripherals and the AP-Nurse Home control module. After the
unit is booted, the Wi-Fi network connection is in order. On successful network connection the firmware
enters its main program loop. The main loop consists of two alternating states: unit standby and data update.
During the standby state, the unit stands by either for a data update, button command interrupt or collected
data dispatch HTTPS request. Once data update has been initiated, the firmware reads all connected sensor

outputs and evaluates them. The process of data update is shown in Figure 52.
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(Check network cnnnection}—(Read sensors)

Check alert flags

(Rd sensor oulput)

Threshold exceeded

Set alert flag

Event occured

Alert handling

(retum ALERT_CODE) (relum STATUS_OK)

a) Data update b) Sensor reading
Figure 52: AP-NURSE Home data processing diagram

During the data update phase, the firmware also verifies the network connection. In case of a sensor value
overrun or network connection loss, an alert flag is set. The alert flags are subsequently evaluated and alert
handling is triggered as it is shown in Figure 53.

Decode alert level

. level 1 connection loss ( X
Set encoder input 1 and 2 L )kRetry network connection

uccesfull
level 2

(Set encoder input 1 - 4)

Figure 53: AP-NURSE Home alert handling diagram

Alert notification is provided by controlling four data inputs of the HT12E RF communication encoder that
subsequently transmits the given notification. The AP-NURSE Home firmware also features a button handler
able to distinguishing between multiple button commands consisting of a short and long button press. The
present version of the firmware is however configured only to respond to a long button press. Alternative
button commands and their function will be the subject of future testing. The long button press command
triggers the unit configuration mode. The unit configuration uses a local server accessible through a Wi-Fi
access point generated by the unit (Figure 54). Once connected, the unit can be configured using any
standard internet browser.
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Figure 54: AP-NURSE Home unit configuration
Casing

The AP-NURSE Home casing is designed to cover and secure the hardware. The following requirements have
been established and applied in the design:

The AP-

Simple construction: The casing is designed to be printed on the 3D printer. The supports are not
required. The model is possible to print with most of the 3D printers’ types.

Easy access: All controllers are easily accessible from the top side. The top cover is possible to open
fast and easy with no requirements for screwing. The additional demounting of the parts is not
necessary. All frequently used controllers are possible accessible from the exterior of the casing
box.

Easy mounting/demounting: Except the control board, the parts are mounted/demounted with no
additional mounting/demounting requirements for other parts.

Wiring elimination: The positioning of the peripheries is designed to eliminate the wiring length.
The position of the peripheries is therefore as close as possible to the connectors on the control
board.

Stable parts fixation: The control board is fixed by the screw. Other parts are fixed by the pressure
of the casing box tops and by the soft glue.

Box fixation: There are holes from the bottom side of the box to provide the screw-based fixation
on the wall.

NURSE Home consist of AP-NURSE Home base and AP-NURSE Home wearables.

AP-NURSE Home base casing consist of three parts - battery holder, box base part and box cover part (Figure
55). Battery holder is designed to be fixed on the wall by the screws or just situated on the table or another
flat area. The parts are fixed together with a screw-free fixation system, just by pressing them together.
The battery may be inserted or removed also when the whole system is mounted together. The dimensions
of the mounted system are 8.6 cmx 5.4 cm x 7.6 cm.
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a; Mounted casing box for the AP-NURSE-HOME

base. 1. Box cover part, 2. Box base part, 3.

. .p ’ part, b; Removed box cover part from the AP-NURSE-

Temperature+humidity+pressure sensor, 4. Reset .
. . HOME base. After removing the cover part,
button, light sensor, connector for deformation .. .
. additional controllers are accessible on the PCB
sensor, PIR sensor, 6. Gas sensor, 7. Voice sensor,
8. Battery, 9. Battery and module holder

Figure 55: AP-NURSE Home base casing

a; Mounted casing box for the AP-NURSE-HOME b; Removed box cover part from the AP-NURSE-
wearables. 1. Box base part, 2. Box top cover part, HOME wearables. After removing the cover part,
3. Reset button, 4. Fixation slot, 5. Button slot 6. additional controllers are accessible on the PCB

Strap slot
Figure 56: AP-NURSE Home wearables
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AP-NURSE Home wearables (see Figure 56) casing consist of three parts - box base part, box bottom cover
part and box top cover part. Battery is accessible by opening the box bottom cover part. The reset button
is accessible from the outside the box, the other buttons located on the PCB are accessible after removal
of the top cover part. The parts are fixed together with a screw-free fixation system, just by pressing them
together. The dimensions of the mounted system are 4.4 cm x 6.0 cm x 1.9 cm.

4.2. AP-NURSE Care - M5STACK

Since the AP-NURSE Care system aims to be used in social homes and care centers, where patients suffering
from Alzheimer’s and Parkinson’s diseases are treated, it encompasses multiple modules able to monitor
several environmental indicators at the same time. The client solution consists of one or multiple sensor
units (SU), a central unit (CU), and a communication gateway. A sensor unit is a small handy device that is
placed in a dedicated position in the patient's environment (bedroom, stairs, kitchen, etc. - see Figure 57).
It is responsible for the measurement of various parameters, such as temperature, light intensity, noise,
etc. In addition to monitoring environmental parameters, the sensor units communicate with the central
unit using a wireless interface. This unit is placed in the nursing room and collects parameters from
individual sensor units. The processed data and all respective warnings and notifications can then be
displayed on a PC or using a mobile APP. Figure 42 shows the diagram of possible locations of individual
devices. It enables the display of collected data, which it then transfers to a dedicated server, where the
measured data is processed.

Kitchen

SuU_4 Nurse-desk
»
Hall © Entrance
»
U)
; c ;
Restriced Room_2 M| Room_1
area _
WC
suz] sut]||

Figure 57: AP-NURSE Care monitoring layout grid
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4.2.1. Versions

In order to fulfil the widest possible spectrum of use cases in care centers, AP-NURSE Care has to be adapted
into a set of sensor unit and central unit configurations. These configurations are based on the AP-NURSE
Home versions described in Table 2. The sensor unit configurations are shown in Figure 58 - Figure 60. These
configurations cover four cases defined in the chapter describing AP-NURSE Home. AP1, AP2, AP4 and AP6.
The AP3 and AP5 versions are not considered for AP-NURSE Care.

1. AP1 - under the bed

PIRSENSOR (\\
AN
@

GPIO

HUMAN SENSOR GROVE

PIR sensor

FSR sensor
M5Stick-C - o o
@ Ll
\!
ANALOG
&DIGITAL
GROVE OUTPUT

Light sensor

Figure 58: AP-NURSE Care sensor unit - AP1 version

The combination of PIR motion sensor, light sensor and a force sensitive resistor for monitoring of a person
location and a bedroom bed occupation. This allows identification of undesirable states, such as when a
person falls from his/her bed.

2. AP2 - doors to toilets in patient”s room

S

MSSTACK

N\
s

DISTANCE VIS3LOX
X SENSOR GROVE/I2C
M5Stick-C
ToF sensor

Figure 59: AP-NURSE Care sensor unit - AP2 version

The AP2 version of the sensor unit is designed to monitor and react to a door threshold passage using a time
of flight sensor.
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3. AP4 - common rooms, stairs, forbidden zones for patients

>

PIR SENSOR

I

-

GPIO
HUMAN SENSOR GROVE
M5Stick-C PIR sensor

Figure 60: AP-NURSE Care sensor unit - AP4 version

The AP4 version of the sensor unit features motion detection using a PIR motion sensor.

4. AP6 - kitchen

©

MSSTACK
i

2

HUMAN SENSOR GROVE

MQ-135 Smoke sensor

PIR sensor

M5Stick-C

MQ-4 Methane gas sensor
Figure 61: AP-NURSE Care sensor unit - AP6 version

The APé6 version of the sensor unit allows quick detection of fire and dangerous gas using the MQ-4 methane
gas and a MQ-135 air quality sensor. This also features motion detection using a PIR motion sensor.
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The AP-NURSE Care central unit has been adapted into three separate versions, Standalone, Lite and Utility.

They are shown in Figure 62- Figure 64:

1. Standalone

M5Go Lite
Figure 62: AP-NURSE Care central unit - Standalone version

The standalone version of the central unit consists of a singular M5Go Lite node.

2. Lite

SHT30

10~90 %RH/ %28

-40~120°C

BMP280 INTERFACE

Environmental sensor

M5Go Lite

Figure 63: AP-Nurse Care central unit - Lite version

The Lite version of the AP-NURSE Care central unit features the SHT30 sensor for ambient temperature and

humidity measurement.

3. Utility

e

PR\
>

4/

FACH

INTERFACE

Pulse oximeter

’ Q\Q

s <«

@

40-120°C
BMP280

Environmental sensor

M5Go Lite W
SN
\v E N
o\
‘9
MLX90614
<70°C~380°C PH2.0-4P/12C

NCIR sensor

Figure 64: AP-Nurse Care central unit- Utility version
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The Utility version of the central unit features, besides the SHT30 ENVII, MAX30100 pulse oximeter and a
NCIR sensor for utility heartrate and body temperature measurements.

4.2.2. Hardware

M5Stack is a modular stackable product development toolkits based on ESP32 (The world’s most popular Wi-
Fi SoC, upgrade of ESP8266). The M5 ecosystem consists of the main controller “core”, stackable modules
and bases, grove compatible sensors “units” and different applications for industry loT. M5Stack is
committed to provide easy-to-develop and cost-effective loT devices

4.2.2.1. Operation scheme

Since the AP-NURSE Care system aims to be used in social homes and care centres, where patients suffering
from Alzheimer’s and Parkinson’s diseases are treated, it encompasses multiple modules, able to monitor
several environmental indicators at the same time. The operation scheme of AP-NURSE Care based on the
M5STACK platform is shown in Figure 65. The solution consists of one or more sensor units, a central unit
and a communication gateway for connection to the network. The sensor part consists of a power supply
element, a control unit (mb5stick) and sensors connected via a HUB. These devices are connected to the
central unit via wireless network. The wireless communication between the central and sensor units can be
handled using either Wi-Fi or BLE (Bluetooth low energy). The effectiveness of said wireless interfaces is a
subject of future testing.

The central unit also periodically sends the information obtained from the sensor units to the server and at
the same time displays any notifications. The information sent to the server is evaluated and plotted in a
graph that can be displayed on a PC or mobile phone.

Sensor unit 1 Central Unit

M5GO
,_-»a/'

M5StickC

/0 J\
Sensor unit 2 Sensor unit 3 Sensor unit 4

M5StickG M5StickC M5StickC

Figure 65: AP-Nurse Care implementation using the M5Stack platform and an online evaluation system

In addition to this implementation the AP-NURSE Care can be configured for a standalone service. In this
mode, the Care system is able to operate without the usage of the online evaluation system.
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Sensor unit 1 .
Central Unit Sensor unit 4

—\—
N

Sensor unit 2

P < I
p

Sensor

T v Dy

Connector HUB

4> <
M5StickC |

o |

Figure 66: AP-Nurse Care standalone implementation using the M5Stack platform

Sensor|  |Sensor|

M5StickC

4.2.2.2. Core units

The main core units of the AP-NURSE Care solution are the M5StickC and M5GO. M5StickC is a mini M5STACK
core unit, powered by ESP32 microcontroller, which is a single 2.4 GHz Wi-Fi and Bluetooth combo chip and
integrates a 4-MB SPI flash. It is a portable, easy-to-use, open-source, loT development board. M5stickC is
one of the core devices in the M5Stack product series. The Hat ENV unit is the core unit used to detect the
temperature, humidity, air pressure and magnetic field. This product relates via 12C protocol that allows
the user to obtain 4 types of environmental data thru just 2 pins, together with the tiny body, which makes
it a powerful application for environmental data collection. It is built in a continually growing hardware and
software ecosystem. It has a lot of compatible modules and units, as well as the open-source code. The
M5Stick-C core unit is shown Table 4.

Table 4: M5Stick-C core unit

M5Stick-C M5 Mini-CORE based on ESP32 chip, including WiFi
and Bluetooth.

Power input 5V @ 500mA

Ports USB Type-C, GROVE(I2C+1/0+UART)
ESP32

4 MB Flash

6-Axis IMU SH200Q

Red LED

IR transmitter

Microphone

Buzzer

2 Buttons, 1 Reset

Display (0.96-inch color, TFT LED)

2.4G Antenna

95 mAh @3.7V (Lipo Battery)

Extendable Socket

Wearable & Wall mounted
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M5GO is a full-feathered, highly integrated, upgraded development board that provides plenty of hardware
resources, such as LCD screen, speaker, Led bar, 16M flash, microphone, and more. This M5STACK
development board can be programmed by using Arduino IDE, WebIDE UIFlow, Micropython, and Blockly. It
greatly simplifies the development process for those projects, which require a joint hardware and software
solution. The M5GO unit is shown in Table 5.

Table 5: M5GO unit

M5GO M5GO controller itself is already a full-feathered,
highly integrated, upgraded development board
which provides plenty of hardware resources.

ESP32 240 MHz dual core, Wi-Fi, Bluetooth
Power input 5V @ 500mA

Ports: USB Type-C, GROVE(I2C+1/0+UART)
Display (2-inch color, TFT LED)

16 MB Flash

Microphone

3 Custom Buttons

TF card slot (16G Maximum size)

2.4G Antenna

500 mAh @3.7V (Lipo Battery)
Extendable Pins & Holes

Wearable & Wall mounted

ESP32 IoT

MicroPython / Arduino
Programming Over Internet

4.2.2.3. Sensors

In order to meet the requirements of using AP-NURSE Care in care centers, the core units will be equipped
with several simple but robust M5STACK sensors. The number of sensors per one module is limited to 5
pieces. The configuration of sensors will depend on the specific application. The list and the description of
M5STACK sensors can be found in Table 6.

Table 6: M5STACK sensors

NCIR Temperature Sensor Unit e Operating voltage: 4.5 to 5.5V

W ) e Measuring object temperature range: -70°C ~ 380°C

Q" \ e Measuring ambient temperature range: -40 to 125 °C

® '\\4\ e Measurement accuracy at room temperature: +0.5°C
‘¢

e Field of view: 90°
MLX90614
-70°C~380°C PH2.0-4P/12C

Time-of-Flight Ranging Unit e Measure absolute distances up to 2m

¢

DISTANCE VIS3LOX
SENSOR GROVE/I2C

e The wavelength of laser: 940nm
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PIR Motion Sensor

@

MSSTACK

IO\

HUMAN SENSOR GROVE

Detects the distance: 500cm
latency time: 2s

Sensing range: < 100°

Quiescent current: < 60uA
Operating temperature: -20 - 80 °C

Mini Heart Rate Unit

INTERFACE

Programmable Sample Rate and LED Current for Power Savings
Ultra-Low Shutdown Current (0.7pA, typ)

Advanced Functionality Improves Measurement Performance
High Sample Rate Capability

Fast Data Output Capability

Light Unit with Photo-resistance

< -
\&g\‘ ol

ANALOG
&DIGITAL
GROVE OUTPUT

10K adjustable resistor

larger and accurate range of light intensity

3-Axis Digital Accelerometer
N

e 12C

accelerometer INTERFACE

Ultralow power

3-axis accelerometer

resolution (13-bit)
measurement at up to +16G

I2C digital interface

Single tap/double tap detection
Activity/inactivity monitoring

Free-fall detection

90°/ 180° IR Reflective Unit

N Q%o @

P e " ‘
N
mmsnsQ

Infrared
photoelectric PO rt B
switch sensor INTERFACE

Vertical Layout
IR limit switch
Fast response time

High sensitivity

Mini GPS/BDS Unit

Support single system positioning of BDS/GPS/GLONASS satellite
navigation systems, or multi-system joint positioning in any
combination

Support D-GNSS differential positioning
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r‘ﬁfﬁ"
il
CEN

=
MSSTACK

INTERFACE

e Dual-Core 64-bit RISC-V RV64IMAFDC (RV64GC) CPU /
400Mhz (Normal)

M5STICKV K210 Al camera

e Dual Independent Double Precision FPU

. o Neural Network Processor (KPU) / 0.8Tops

7 e Field-Programmable 10 Array (FPIOA)
i e e Dual hardware 512-point 16bit Complex FFT
i

MAX98357
FLASH 16M
ST7789 IPS LCD CAMERA

e SPI, I12C, UART, 12S, RTC, PWM, Timer Support
e AES, SHA256 Accelerator

e Direct Memory Access Controller (DMAC)

e  Micropython Support

e Firmware encryption support

Mini Dual Button Unit * 2 buttons

GROVE

4.2.2.4. Connection and power expanders

Grove-T is a T-shaped hub used to connect multiple sensors to the M5StickC core unit. It is also used for
GROVE port expansion. Grove-T is just a hardware expander. The communication of multiple sensors is
maintained through a software solution. 1 to 3 HUB expansion Unit is used for GROVE port expansion. HUB is
just a hardware expander same as Grove-T just with 3 HUB ports. The Grove-T and the HUB expansion unit
are shown in Table 7.
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Table 7: Grove-T and HUB expansion unit.

Grove-T Grove-T is a T-shaped hub

==

M5STACK

N\

HUB expansion Unit 1 to 3 HUB Expansion Unit
)
M5STACK
N \‘
N\ - B~
R o
/

18650 C HAT is a rechargeable battery base, designed for M5stickc with built-in 18650 large capacity
rechargeable lithium battery. It can provide long-term endurance for the equipment. The base is designed
with the plug-in structure of the HAT series, which can be used to maintain reliable connection with the
M5StickC. The bottom is equipped with a USB type C charging interface, which is convenient and can quickly
charge the battery. The USB port of the battery base is only used as a charging interface, and does not have
UART function. There are many types of mounting holes on the back of the base, which can be easily
installed by the user into all types of planes.

Power C HAT is a charging module specially designed for m5stickc, with built-in IP3005 high-precision
lithium battery protection IC and IP5209 power management IC. It uses the 12C communication protocol to
carry out data transmission with mb5stickc of the host computer and can check the voltage, current, and
other information. The back battery seat of the module can be installed with two batteries, which can be
charged by the charging module and can also be used as a charging treasure to provide external power
through the battery. The module is equipped with an independent switch, which can be opened once and
closed twice. The 18650 C HAT and the Power C HAT are shown in Table 8.
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Table 8: 18650 HAT and Power C HAT

18650 HAT

4

i

M5STACK

Port USB Type-C

Chargeable

Battery replaceable

2200mAh rechargeable battery

Power C HAT

()

MS5STACK

Port USB Type-C
Battery testing
Mobile power bank
Battery charger
IIC Address 0x75

independent switch

4.2.3. Software

The AP-NURSE Care sensor unit and central unit are fitted with a modified version of the M5STACK UIFlow
firmware based on the MicroPython 1.11 operating system supporting OTAP (over the air programming) for
convenient unit software upgrades. The AP-NURSE Care sensor unit is capable of handling data acquisition
with the use of a variety of supported sensors. Its firmware supports configurable multi-level alert warnings
triggered by external or internal events. A more detailed description of the firmware is shown in Figure 67.
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Development Fund

event occurred slEa

[ Device Boot

| Data Update

Identify alert level and

SEILITIERTETE send notification

unit control interface
initialisation

LES:!Z peripheral and

time to
update data

status ok alert handled

Standby

-
( Wireless Setup

Standing by for
data update

unknown command |data request |data sent

button press detected

: ' : N\
Button Handling (Data Advertisement
Identify button Sending collected data
command to central node

config command

~

( Unit Configuration

User sensor threshold
configuration

LB LE/WiFi initialisation

configuration complete

Figure 67: AP-NURSE Care sensor node firmware state diagram

The AP-NURSE Care central unit firmware reads data collected by a sensor unit in set intervals. Moreover it
reacts to alert notifications issued by the sensor node and handles them accordingly to the alert level as
shown in Figure 68. The AP-Nurse central unit firmware also handles periodical ambient temperature and

humidity readings and utility heartrate and body temperature readings.
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Identify button
command

utllity measurement
command

config command

| unit Cnnﬁguraﬁnn\l | Utility Measurement ,l
unknown command | jear WiiFi network ‘ Utility heartrate and body button press detected
configuration temperature measurement
i

‘ configuration
| complete

[ Network Connection succesful iyl SECE
_ Standing by for
Wi-Fi network connection data lpdate _-\_\—_-\\‘-‘t\

time for
measurement

time to
update data

time to
send data

\

data sent data received

- ™, ™
Network Handling ( Data Request r Environment Measurement
failed | received alert | Sending collected Reading data collected M i & aty alert handled
data and handling by sensor unit and humidity
network connection

network error out of range

Alert Handling

Identify alert level
and handle notification

Figure 68: AP-NURSE Care central unit firmware state diagram

Data update and sensor reading by the sensor unit is handled analogously to the AP-Nurse Home unit, as
shown in Figure 69.

(ChECk alert ﬂags}—(Read 53"30"5) (Rd sensor output)
Threshold exceeded
Alert handling Set alert flag

Event occured

[retum ALERT_CODE) (relum STA'IUS_OK)

a; Data update b; Sensor reading
Figure 69: AP-NURSE Care data update and sensor reading diagrams

Alert handling is enabled by an alert code unique for different types of events. Details of the alert handling
process are shown in Figure 70. Example of alert notification is shown in Figure 71.
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event occured alert received

( Decode Alert Level \

Assign alert an alert code
according to the trigger event

( LED Nomﬂcation (Noﬂﬁcatlon Message
Set LED bar colour Print alert notification to
S = ™\ according to alert level unit d|splay
( Advertise notification
Send alert notification to
the central unit ///
Sensor unit alert handling Central unit alert handling

Figure 70: AP-NURSE Care sensor and central unit alert handling process

= -

: Status

: DOOR 1:

: Status OK

: Status 0O

: Status

: Status

: Status

: Status
Status
Status
Status O
Status

s

1
1
1
1
1
1
1
1
1
1
1
1

OK

LED bar alert notification M5Go display alert notification
Figure 71: AP-NURSE Care Alert notification

The configuration of both the sensor unit and central unit is triggered by a long button press. As seen in the
case of AP-NURSE Home unit, configuration uses a local server accessible through a Wi-Fi access point

generated by the unit. Once connected the unit can be configured using any standard internet browser.
Example of the AP-NURSE Care unit configuration can be seen in Figure 72.
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Wi-Fi
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' AP-Nurse-Home

m 100 €l il 66% @ 13:24

¢ A 192.168.4.1/settings D]

Wi-Fi Settings

Please enter your password by selecting the
SSID.

W0 % % .l il 62% @ 13:41

{ A 192168.4.1/config @

Sensor configuration

Please select sensor and submit new
threshold value

Connected, no Internet

SSID: | Fyzika-je-lahka v Sensor: Light v
- Password: e Submit Threshold: 281 | Submit |
L 4 g:l;aje»lahka 8
¥  TP-LINK_3B26 8
v TP-LINK_D1C2 ]
v ASUS ]
v hackerman TP-Link_19CE ]
+  Abi2G 8
— BNET ]

Figure 72: AP-NURSE Care unit configuration
4.2.4. Server

We designed a solution for the management and analysis of 10T devices divided into three communicating
parts. The client part, which allows the client to easily and intuitively manipulate the devices via a web
browser. The server part, which processes requests from the client, collects the necessary data from the
loT devices or modifies their devices, and supplies the client part with the required device information. The
loT device interface represents the loT devices themselves and their system settings.

The server is designed in the programming API, which allows the client web application to communicate
with the server based on requests and responses.

For the simplicity of the transfer of the entire IS environment and further implementation of the entire
server system, it was designed as a virtual server of the VMware (https://www.vmware.com) service with
HW requirements (see below). The requirements for running the IS Server software based on “Docker”
(https://www.docker.com) is a platform for developers and system admins to build, run, and share
applications with containers. The use of containers to deploy applications is called containerization.
Containers are not new, but their use for easily deploying applications is. Containerization is increasingly
popular because containers are: flexible, lightweight, portable, loosely coupled an ease scalable. We can
increase and automatically distribute container replicas across a data centre. Main requirement for our IS
was secure solutions. Docker Containers apply aggressive constraints and isolations to processes without any
configuration required on the part of the user.

As database was used a MariaDB Server (and its predecessor MySQL) has been used around the world for over
20 years, there are huge amounts of learning resources and documentation available. MariaDB Platform is
the complete enterprise open source database solution, with the versatility to handle transactional,
analytical or hybrid transactional/analytical workloads as well as relational or document data, and the
ability to scale from standalone databases and columnar data warehouses to fully distributed SQL databases
executing millions of transactions per second and performing interactive, ad hoc analytics on billions of
rows (https://mariadb.com).
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Optimal HW parameter for server:

- 2xCPU (CPU Intel Xeon E5420 2.5GHz)
- 3GB RAM

- 50GB disk

Software installation:

- VMware version 5.5

- CentOS Linux release 7.8.2003 (Core)
- min. version Docker 19.03.12

- database Maria DB 10.1.45-MariaDB

The IS serves for the visualisation of data gathered by a custom configured AP-Nurse Care system. It allows
for adding an arbitrary number of data loggers (sensor units) communicating with the IS through a registered
device (central unit). Example of the IS data visualisation interface is shown in Figure 73.

- * Log out
L0 Devices D Device name: Nurse-Care1 Loggers
Type: AP-Nurse Care Central Unit
ax Collections
Bedroom1 ¥
Device Hardware Key: 22mky26sdsg478zv5pqdqveh
‘ Notifications Device Mac Address: testDevice6 Door1 v
o Aboit State: 0 Ok 3
Environment ¥
Hallway1 v
Utility_Reading v

Date and time

Last hour Last 6h Last 12h Day Week Month

Date range B Time range ®

(oo [

Figure 73: IS data visualization interface

Here a user can see the registered device details such as its type and more importantly the system status
shown under the “State” label. Moreover, monitoring of the entire system is accessible through charts of
the gathered measured data as shown in Figure 74.
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Loggers
Bedroom1

MAC Address: Bedroom1
. Display data
Motion (Log)
Pressure (PSI)

Light (lux)

Date and time

Last 6h Last 12h Day Week Month

A Date range E Time range ®

Motion

—1 Motion

: RN ﬂ

;

Figure 74: IS data preview

As shown in Figure 75, there exist 3 levels of notification. System status indicates normal condition, when
no alert notification occurred. In case of a sensor unit generated alert notification the system status shows
normal or critical condition alert with further alert details (Figure 76 and Figure 77).

Critical condition

Abnormal condition

MNormal condition

Figure 75: System status indication

= - Log out
Lo Devices 0 Device name: Nurse-Care1 Loggers
Type: AP-Nurse Care Central Unit
. "
an Collections Bedroom1 o
Device Hardware Key: 22mky26sdsg478zv5pqdgveh
‘- Notifications Device Mac Address: testDeviceb Doorl v
State: Alert: Environment - Temperature
© About | o
Environment ~
MAC Address: Environment
. Display data
Temperature (°C)
Humidity (%) O

Hallway1 v

Utility_Reading v

Figure 76: Critical condition notification
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= ™ Log out
L0 Devices
Hallway1 v
an Collections
Utility_Reading v
A Notifications
Date and time
o About Last 6h Last 12h Day Week Month
Date range E Time range ®
Temperature
] Temperature
2y
- |- Q-

Level 1 Alert —

10
omel‘ZAlen —_ T
CAES)

%

FELS
RS
™

&
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L

o [ o

Figure 77: Alert trigger example

4.3. AP-NURSE care - Waspmote

Due to not finalized public procurement of major components of the Waspmote solution in Petrzalka and
Warsaw, all related activities were postponed and will be describe in the subsequent deliverables.
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5. Testing

5.1. Testing environment

Both systems, AP-NURSE Home and Care, are designed to be deployed in an interior and mainly in rooms
where patients spend the most of their time. To test all sensors, micro-controllers, communication modules,
their workability in real environment and also not to bother the clients and the staff of care centres, special
testing room was designed and prepared at STU. In a phase of testing, it is very important to gain practical
experience with all prototypes and to validate the prepared scenarios or test cases. Therefore, the testing
has to go through all initialization events, event chains, predictable or non-predictable sequences of the
events, proposed caregivers’ responses, and should validate the thresholds and also the ability of the whole
system to operate in case of multiple events. Thus the testing environment has to be as similar as it is
possible to the real testing site. According to the project schedule, the first testing will be carried out
locally at STU. If cases occur, when the local testing is inefficient, the testing will continue at the selected
care centre in uninhabited rooms. The main features and equipment of the testing room are as follows:

e Adjustable bed (can be used as a sofa)

e Open and lockable cabinets

e Armchair and office chairs (spatial barriers, wheelchair)

e Tables (caregiver monitoring desk)

e Washbasin

e Shelves (with good or worse access)

e Basic household appliances (available in Care centres - coffeemaker, radio, TV)
e Power sockets (limited number and access)

e Openable Window

e Sunblind (to simulate day/night cases)

The primary arrangement of the testing room is shown in Figure 78- Figure 81.
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Figure 78: Testing room - bed, armchair, open cabinet, small table

Figure 79: Testing room - tables, chairs, shelves, coffeemaker, phone
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Figure 80: Testing room - washbasin, exit doors, chairs, coat hanger

Figure 81: Testing room - lockable cabinet, washbasin
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5.2. Testing procedure
The testing procedure developed for the AP-NURSE Home and Care devices consist of the following two
phases:

1. Function tests

2. Test cases

5.2.1. Function tests
5.2.1.1. AP-NURSE Home function tests

Functional test must be performed on every AP-NURSE Home device. The listed tests verify the basic
functionality and performance of the developed device. These tests are based on the events according to
schemes presented in Figure 82 - Figure 85. There are four basis event flow tests from which function test
are derived and specified in Table 9. All function test must be performed at least 10 times and the results
must be evaluated in the test protocols. The results of the function test performed for each device, are also
recorded in a test protocol. In the event flow charts, the following marking are used:

e Grail infill box - sensor board functionality

e White infill box - bracelet board functionality (AP-NURSE Home wearable)
Event flow test 1 - EFT-H-1
Event flow test 1 verifies:

e turning on/off whole device

e paring functionality

e putting device into stand by regime

EFT-H-1 tests are specified in Table 9.

Sensor board day/ Sensor board set
night switch | mode (day or night)
Bracelet board stops
B let board and End
| Adapter switch on »| Sensor board on > racelet boar a.n > flashing and "
sensor board paired e Stand by for event
vibrating
A
True
Start Bracelet hoard capable of pairing
with sensor board?
4 False
Bracelet board
» Bracelet board turn »| EBracelet board on N Bracelet board » flashing and e

an/off switcher unpair vibrating
"

Figure 82: AP-NURSE Home event flow 1
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Event flow test 2 - EFT-H-2

Event flow test 2 verifies:

e unpairing due to the loss of signal

o sensor board turned off

o sensor board reset

o bracelet board turn off

e unpairing due to the increase of distance between receiver and transmitter

EFT-H-2 tests are specified in Table 9.

Rise of distance
between bracelet

board and sensor
board

Start
Stand by for event

Adapter switch off

Sensor board off

Sensor board reset

button pressed

Bracelet board
flashing and
g‘q vibrating

Bracelet board

Event flow test 3 - EFT-H-3

turned off by
switcher

End
Bracelet board
unpair
No information
about unpair

Figure 83: AP-NURSE Home event flow 2

Event flow test 3 verifies watch functionality of displaying battery level. Specific tests are specified in

Table 9.

Start
Bracelet board on

Battery level button
pushed

Show energy level
by 3 diodes

Figure 84: AP-NURSE Home event flow 3

End
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Event flow test 4 - EFT-H-4
Event flow test 4 verifies:
e filtering abnormal condition and critical condition
e day/night event filtering
e abnormal condition/ critical condition alarm trigger
e alarm signalization / alarm muting
e time delay to device to back into stand by regime

Specific tests are specified in Table 9.

Bracelet hoard fiashes| Bracelet board vibratel Bracelet board flashes| Bracelet board vibrate|
abn, cond. alarm an abi. cond. slarm on abn, cond. alarm off abn. cond. alarm off

* 0y

ry r'y

T
rue v v

Sensor board button Sensor board alarm
push muted

Time delay
»| Abnormal condition p| Sensar board event < Trigger abnorm
filter cond. alarm?

False

Start
Stand by for event

False I

sensor board button Sensor board alarm Sensor board crit.
" " Sensor board event Trigger erit. »| »  Time del
CLIATETT e e m,,gf.‘a,m-; push muted cond. alarm off ime delay

filter
a

Start
Stand by for event

Yy r Y

True
h 2 A 4

Bracelet hoard fiashes| Bracelet board vibratel Sensor board erit. Bracelet board flashes| Bracelet board vibrat
arit. cond. alarm on erit. cond. alarm on cond. alarm beep an crit. condl. alarm off crit_cond. alarm off

wh ad L'

Figure 85: AP-NURSE Home event flow 4
Specialized tests and sensor tests - ST-H
Specialized tests that cannot be categorized in any of above categories:
e unpairing distance in case of clear distance between bracelet board and sensor board.
e unpairing distance in case of distance with barriers between bracelet board and sensor board.

e testing of PIR movement sensor with collimator. Collimator provides tighter angle in which
movement sensor triggers alarm. This can be applied as a barrier crossing the detection area.

e functionality of each sensor, triggering an abnormal condition and a critical condition.

5.2.1.2. AP-NURSE Care function tests

Functional test must be performed on every AP-NURSE Care device. The listed tests verify the basic
functionality and the performance of the developed device. These tests are based on the events presented
in schemes in Figure 86 - Figure 90. There are five basis event flow tests from which function test are
derived and specified in Table 10. All function test must be performed at least 10 times and the result must
be evaluated in test protocol. The results of the function test performed for each device are also recorded
in a test protocol. In the event flow charts the following marking are used:

e Grail infill box - sensor unit functionality

e White infill box - central unit functionality
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e Blue infill box - other communication device such as PC or smartphone
Event flow test 1 - EFT-M-1
Event flow test 1 verifies:

e turning on/off sensor unit

EFT-M-1 tests are specified in Table 10.

Start' Sensor unit push on/ Sensor unit on Sensor unit boot Ser]sor .I.JnIF LED Er}d
Sensor unit off off button signalization Sensor unit stand by,

Figure 86: AP-NURSE Care event flow 1

Event flow test 2 - EFT-M-2
Event flow test 2 verifies:
e turning on central unit
e pairing central unit with sensor unit

EFT-M-2 tests are specified in Table 10.

End
Stand by and
| request data every
minute from sensor,
unit

Central unit connect
to sensor unit

I True

Start Central unit push ) Central unit display Central unit connect Central unit capable of pairing
Central unit off " buttons Central unit on on to default wifi > with sensor unit?

l False

Display information
about unsuccessful
connection on
display

Figure 87: AP-NURSE Care event flow 2
Event flow test 3 - EFT-M-3
Event flow test 3 verifies:
e turning off central unit
e unpairing due to the increase of distance between sensor unit and central unit
e turning sensor unit off
e resetting sensor unit

EFT-M-3 tests are specified in Table 10.
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Rise of distance

between sensor unit
and central unit

Central unit unpair

from sensor unit

Central unit signalize

unparing on display

Start
Stand by for event
Central unit
connected to sensor,
unit

Central unit off

Central unit
unpaired from
sensor unit

End

Sensor unit push on/

off button

Central unit unpair

Central unit signalize

from sensor unit

unpairing on display

Sensor unit boot  f——

Sensor unit LED
signalization

Sensor unit reset

button

Central unit unpair

from sensor unit

Central unit signalize

unparing on display

Sensor unit reset

Central unit connect
to sensor unit

Event flow test 4 - EFT-M-4

Event flow test 4

verifies:

Figure 88: AP-NURSE Care event flow 3

e manual wi-fi access point creation

EFT-M-4 tests are specified in Table 10.

Start
Stand by for event
Central unit
connected to sensor
unit no wifi
connection

Central unit push
button A

Central unit creates
access point to wifi

with local server

Connection to
access point with

any device on
address 192.168.4.1

Insert name and
password into log in

formin browser

Show connection
logs in browser

Event flow test 5 - EFT-M-5

Event flow test 5

verifies:

Figure 89: AP-NURSE Care event flow 4

o filtering abnormal condition and critical condition

e day/night event filtering

e abnormal / critical condition alarm trigger

e alarm signalization / alarm muting

EFT-M-5 tests are specified in Table 10.

End
successful wifi
connection
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Central unit display
alert

n&

Central unit send
alert to server

n"n

A 4

Central unit mute
alert

Sensor unit send

Abnormal condition ~
data to central unit

Central unit
evaluate event

Trigger abnorm.
cond. alarm?

Start
Stand by for event
Central unit
connected to sensor
nit wifi connectio
established

Sensor unit send
data to central unit

Central unit
evaluate event

Trigger crit.
cond. alarm?

Central unit display

| Central unit send

alert

el

alert to server

af

Central unit mute
alert

Figure 90: AP-NURSE Care event flow 5

Specialized tests and sensor tests - ST-M

Special tests that cannot be categorized in any of above categories:

e unpairing distance in case of clear distance between central unit and sensor unit

e unpairing distance in case of distance with barriers between central unit and sensor unit

e functionality of each sensor, triggering an abnormal condition and critical condition

5.2.1.3. List of function tests for all AP-NURSE devices

Start
Stand by for event
Central unit

connected to sensor
nit wifi connectios
established
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Table 9: Overview and description of function tests of for AP-NURSE Home devices
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Table 10: Overview and description of function tests of for AP-NURSE Care - MSTACK devices
e I

e e — JE——
et e it ot ikt S E——

| =i i o et J—— e S
rrae S et it ———
rras S et it a2 p—— S —
rrae S o o e ———
rra o it . e e S ——
e psplseteyrt = — e

Ty 0 bR e Lt fltar ware A by for et Careral Unk @reid T wear Ut
R - PO, b O T T e —
e - P, e et Wt et e e SR e —
T - e g ‘@t sbromul cedtion.

B e == E—

Tl - e g ‘@t sbromul cedtion.

e TR e g ‘@t sbromul cedtion.

T - e g ‘@t sbromul cedtion.

B = — E—

g s e et e —— SR

B = P U

St i ey 50 0 e, it . = s e o e e e = B ——
Tl weme ik o, sk v e e ek, T T o £ A8 batetn e SEAS peeral ke i e k. o

Page 2



-

il s aad
é?%\i Lij @(\ ?j Iu I ’V{é ?y&\}ﬂ -
European Union
opean Regional

|
1
CENTRAL EUROPE s
niCE-life

5.2.2. Test cases

To simulate the behaviour of AP-NURSE devices a series of test cases were created. These test cases serve
as a tool to find out specific threshold values for sensors and to test overall practical usage of the AP-NURSE
devices. The selection of tests cases was driven by three criteria, the location in which the AP-NURSE devices
are to be deployed, the type of the patient (mobile/immobile) and by the monitoring regime (day/night).
For all tests cases 3 locations were defined:

e Room
o AP1 - under the bed (mobile patients)
o AP2 - doors to toilet in patient”s room
o AP3 - under the bed (immobile patients)
e Common areas
o AP5 - doors to common toilet or bathroom doors
o APé6 - kichen
e Forbidden areas

o AP4 - common rooms, stairs, forbidden zones for patients

According to the specific application, individual alerts can be muted. For example: walking in the room
during the daylight. However, in general, the system must detect all events and it’s up to logic layer of
device to choose whether to trigger an alert. The list of selected test cases for both AP-NURSE Home and

Care are shown in Table 11.
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Table 11: Test cases

2

S

F

Home { Care:

Home { Care:

Home { Care:

Home { Care:

Home 1 Gare:

Home { Care:

Home { Care:

Home { Care:

Home { Care:

Home { Care:

Home { Care:

Home { Care:

Home { Care:

Home { Care:

Home { Care:

Home ¢ Care:

Home { Care:

Home { Care:

Home { Care:

Home { Care:

Home { Care:

care

nder the bed

i the room

Ritchen Bathroom

itchen

Bathroom door

attached to the
mattress

day mobike:

patient Hing in the: bed

paticnt got up from the bed

night otk patient g In the bed  patient got up from the bed
any mobie/imobRe  patient Hisg i the: Bed fall from the bed
night  mobliefimcbiic  patient Hing in the bed Hall from the bed
ient from the
oy || mun et v e
patient got up from the:
night otk - walking in the: Foom i the dark
day/ night  mobRelimCbR:  patient i the Bedroom amoking
day/ night  mobRelimoblie  patient Hing in the: Bed et i the bed
day / might patient 1 TV o screamiing |
night  mobllelimoblle  patient in the bedroom Tousd TV i the: might
day/ Right mobRefimobe ot important. e open window
e from Rettle b beft over 50 it
day e i rint ot water
o L5 does ROt automatidy L off
day/ Right mobRefimobe ot important. tire
show e of G | umentiated
day / might  mobRe imoble ot important
room |
day/ Right mobRefimobe ot important. fall of furnitre
day / might mobie ot important Tpen water tap
day / might e ot important. Ieaking Ratural gas
day / might otk ot important entering bathroom
day / might e entering Bathroom stuck/fall In Bathoom
day / might otk entering BOtRFOOM  QROIRCT Erson SRt on th bed
day / might e entering tolet detection of toliet se:
day ¢ might mobie entering room Setection bariere crossing

explanatory notes:

1.

check mark - sensor detects change of state /

X

xPb xpb

>

x P

specilic oke.

show e of Cod

specilic noe.

detection cer long time

mdctected exit from the
EQURFOGM for for 3 Woag T

specilic noe.

cross - detection of state change was expected but did not occur in a specific time x

tilde - optional detection that can help recognize the event with more probability

abnormal condition
critical condition A

Test Case examples:

Test case 4 - fall from the bed during night

Patients is lying in the bed and suddenly fall down from the bed. Movement sensor detects
movement in the room, pressure sensor under the patient matrices detect downfall of
pressure. Noise sensor might detect short specific sound. Patient did not turn on the lights

in the room. Critical condition alert is triggered.

2. Test case 10 - Loud TV in the night

Noise sensor in patient room with television detent high signal values. Combination with
sensors capable of measuring light might be also helpful. Abnormal condition alert is

triggered.

Page 2



interreg M

CENTRAL EUROPE s
niCE-life

5.2.3. Testing methodology

Overall testing consists of the following steps:
1) Function tests for every AP-NURSE device

e processing of the device test report protocol

e evaluation of the correct functioning of the device

e correction of possible production defects of the equipment -> new function testing

2) Performing Test case testing for selected AP-NURSE devices

e processing of the device test report protocol

e evaluation of sensor triggering values

e processing of conclusions and proposals for corrections and repairs

3) Output control of the device

e Automated testing of devices

AP-NURSE Function Testing protocal

[Device: | |Date: |

Ilesx e | [Name: |
Notes:

TESTS

[Weme  [Result[Wotes

EFT-1-1

EFT-12

EFT-1-3

EFT-1-4

EFT-1-5

EFT-1-6

EFT-1-7

ETF-2-1

ETF-22
ETF-3-1

ETF-3-2

ETF33

571

5T-2

T3

514

515

5T6

AP-NURSE Case Testing protocal

Cevice: |

Date: |

Test site: |

Mame: |

Notes.

TEST case

ST-7

5T-8

Al

A2
A3

explanatory note Unexpected resull T~ expected resull

explanatory note B - Gnevpected result T evpected result

Figure 91: AP-NURSE function testing protocol (left) and test case (right) protocol
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6. Conclusion

This document summarizes the construction of data and control nursing unit as well as the software of the
AP-NURSE Home and Care devices. It consists of five chapters, i.e. introduction, overview of the AP-NURSE
platform, requirement on the system design, construction of the AP-NURSE device and testing. The
requirements on the system design were created based on the results of an electronic survey, created using
the LimeSurvey open platform, consisting of 65 questions in 8 thematic groups. The survey was completed
by 6 respondents from the PetrZalka Municipal District of Bratislava, The University Hospital Olomouc and
the Municipality of Olomouc City. Among them, 3 institutions are involved in the care of patients suffering
from frail elderly and 3 have experience with all listed chronical diseases (Alzheimer disease, Parkinson’s
disease and Frailty elderly). The construction of AP-NURSE units is divided into two branches based on the
proposed systems (Home and Care). To express the needs of caregivers, 6 version of AP-NURSE Home were
created, among which 4 are also available in case of AP-NURSE Care. The versions of AP-NURSE represent
six use cases, for which the system can be utilized. The signalization of events, in case of both Home and
Care solutions is based on a simple traffic light logic, where green light represents normal, yellow light
abnormal and red light critical condition. For both AP-NURSE Home and Care, issues related to the used
hardware, the software development, the casing and the server are comprehensively described. The last
chapter of the document is dealing with the testing of AP-NURSE devices in laboratory conditions, for which
special testing room was designed and prepared at STU. The testing procedure consists of function tests, to
verify whether the hardware was assembled in a proper way and the software implements the required
functionality, and test cases, simulating real conditions of patients a verifying the functionality of the whole
solution. The test cases are defined in accordance with the AP-NURSE versions (AP1-6) reflecting various
testing locations, types of patients and daily regimes. Although, according to the goals of the project, the
AP-NURSE Care solutions should be follow two directions of development, only the M5STACK platform is
described in the document. Due to not finalized public procurement of major components of the Waspmote
solution in Petrzalka and Warsaw, all related activities were postponed and will be describe in the
subsequent deliverables.
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