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1. Motivacion

« Ayuda a la evaluacion y recuperacion de
pacientes con cancer.

Quimioterapia Radioterapia
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2. Estado del Arte

KPS (Karnofsky's Performance Status) - 1949

Asintomatico 100
Capaz de realizar actividad normal 90
Actividad normal con esfuerzo 80
Incapaz de realizar actividad normal o trabajar, se vale por si mismo 70
Asistencia ocasional, se hace cargo de la mayoria de sus necesidades 60
Considerable asistencia, frecuentes cuidados medicos 50
Imposibilitado. Cuidados especiales y asistencia. 40
Gravemente imposibilitado. Hospitalizacion indicada. 30
Muy enfermo. Precisa hospitalizacion 20
Moribundo 10
Exitus 0

[2.1] Karnofsky DA Burchenal JH. The clinical evaluation of chemotherapeutic agents in can-
cer. Evaluation of chemotherapeutic agents., pages 191-205, 1949. New York Columbia
University Press.
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2. Estado del Arte

ECOG (Eastern Cooperative Oncology Gropp) - 1960
Actividad normal sin limitaciones 0

Limitacion de actividades que requieren un gran esfuerzo fisico. Capaz de
realizar trabajos ligeros (esfuerzo fisico).

Capaz de realizar todas las actividades de autocuidado. No puede realizar 2
trabajos aungue sean ligeros (esfuerzo fisico). Permanece levantado mas del
50% del dia.

Limitacion en las actividades de autocuidado. Sintomatico. Confinado a vida 3
de cama-sillon mas del 50% del dia.

Completamente imposibilitado. Precisa hospitalizacion. Encamado la mayor 4
parte del dia.

Exitus S

[2.2] C.G Zubrod et al. Appraisal of methods for the study
of chemotherapy of cancer in man: Comparative therapeutic trial of nitrogen mustard and
triethylene thiophosphoramide. Journal of Chronic Diseases, 11(1):7-33, 1960.
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2. Estado del Arte

IPAQ

IPAQ 3: Actividad Fisica Alta
IPAQ 2: Actividad Fisica Moderada
IPAQ 1: Actividad Fisica Baja

Actividad Fisica medida en METmin

[2.29] IPAQ scoring protocol - International Physical Activity Questionnaire.
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2. Estado del Arte

HR = HRTESE
HRI = . 100 [%) S— ,
H Rospnoe— H Wi Clasificacion Pasosl/dia
Sedentario <5000

[2.36] Dr Juha Karvonen and Timo Vuorimaa. Heart Rate Baja Act. 5000 - 7499
and Exercise Intensity During Sports Activities. Sports :
Medicine, 5(5):303-311, November 2012. Media Act. 7500 — 9999
[2.42] Catrine Tudor-Locke and David R. Bassett Jr. How Alta Act. 10000 — 12499
many steps/day are enough? Sports medicine, 34(1):1-
8, 2004. Muy Alta Act. >12500
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2. Estado del Arte

 Ludificacion (Gamification):

THE ENGAGEMENT LOOP THE PROGRESSION LOOP

RECOVERY

FEEDBACK rest [/ QU

REST /QUEST

ONBOARDING

[2.57] Kevin Werbach and Dan Hunter. For the Win: How Game Thinking Can
Revolutionize Your Business. Wharton Digital Press, October 2012.
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3. Diseno del Sistema

S. Moreno Gutiérrez

Objetivos:

e Disenar un sistema con orientado a un conjunto wearable
+ smartphone.

e Sentar las bases de una implementacion de gamificacion.
* Desarrollar algoritmos para inferencia IPAQ.
 Desarrollar algoritmos para inferencia de ECOG y KPS.

« Poner el foco de los resultados en las tendencias mas alla
de los valores absolutos.
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 Mercado de wearables crece un 171.6% entre 2014 y
2015 (Fuente: IDC)

 Los smartphone mantienen sus ventas.

Smartphone sales value worldwide from 2013 to 2016
(in billion U.S. dollars), by region

450
400 J 38.4 Developed APAC
350 38,1 M China
Western Europe
300 B Middle East & Africa
250 B Emerging APAC
200 55,8 51,1 Morth America
B Central & Eastern Europe
150 W Latin America
100
7z 76,9
50
; X 2
2013 2014 2015 2016*

Grado Ing. Electrénica Industrial. Trabajo de Fin de Grado




Automatic Performance Status Evaluation.

3. Diseno del Sistema

S. Moreno Gutiérrez

Wearable seleccionado:
Sony Smartband 2 SWR12
Precio: 129.00 €

« Medicion de:
- Ritmo cardiaco (HR)

- Pasos

- Reconocimiento de
Actividad

- Calorias gastadas
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3. Diseno del Sistema

S. Moreno Gutiérrez

Desarrollo de software,

tratamiento de los

datos y algoritmos: ? ‘
SQLite

- Android

- MATLAB

- Base de datos SQLite
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3. Diseno del Sistema

S. Moreno Gutiérrez

Google FIT:

...
Google
Fitness Store

Android Device

- Sensors API
- Recordlng API N Android App
- History API | |

Android Fitness APIs

- Sessions API

- BLE (Bluetooth
Low Energy) API

- Config API

Sensor Adapters

Android Sensors

Wearable Devices
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S. Moreno Gutiérrez

Datos Instantaneos Datos Agregados

(TYPE) (AGGREGATE ) =iz

activity (int—enum)
ACTIVITY _SEGMENT ACTIVITY _SUMMARY duration (int—ms)
num_segments (int—count)

CALORIES_EXPENDED CALORIES_EXPENDED calories (float—kcal)

average (float—bpm)
HEART RATE_BPM HEART RATE_SUMMARY max (float—bpm)
min (float—bpm)

STEP_COUNT_DELTA STEP_COUNT _DELTA steps (int—count)
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S. Moreno Gutiérrez

Diseno de la
integracion de la
LUd iﬁcac iO,n . iProhibido Fumar!

Dale una patada a esos cigarrillos

QuestList

5 veces completada

iDate un paseo!

Cualquier momento es bueno para
una escapada

* Interfaz atractiva para el
paciente.

5 veces completada

ijAy! Como el agua
Nada como un buen vaso de agua

para mantener el organismo a pleno
rendimiento

« Engagement and
progression loops.

4 4 4

 Fomentar la actividad
directa del paciente y su 6

interaccion. T o o

Grado Ing. Electrénica Industrial. Trabajo de Fin de Grado




é PATIENT

- Sex (String)
- Age (int)
- Weight (int)
- Body Surface (double)
- Type of Cancer (String)

ID j History Number
for cross relating
Patient's DB with
SmartBandData's
[B]=]

- Intensity Mean (float)
- Intensity Max (float)
- Intensity Min (float)

- Activity detected (int)
- METs Google (float)
- METs IPAQ (float)

- Steps Delta (int)

N Gamified ‘
Ul
- — —
A
e =4 o E—
6 Google Fit
WEARABLE PHOME
Service Query
HR Activity Steps Calories
Mean/Min/Max Detected Counted Expended
|
Y ! ﬂ
Y
Patient's Input
in Sing Up Screen Kcal to METs
Karvonen's
: METs - IPAQ Formula
Intensity »> : : :
Formula inferring (Compendium of
Physical Activities)
Intensity
Mean/Min/Max METs IPAQ
Yyv
SMARTBAMNDDATA
- ID } History Number (LIUID)
SE—N - Start Time (long) METs Google
PATIEMT - End Time (long)
- Date (String)
- ID / Histery Number (UUID) - HR Mean (float)
- Mame (String) - HR Max (float)
- Last Narme (String) —> - HR Min (float)
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3. Diseno del Sistema

S. Moreno Gutiérrez

.

Patient's DB SmartBand's DB

&
DOCTOR'S DATA Activity
DISPLAYING INTERFACE Seq.

Effort METs Correlation
Evaluation Google WS IPAQ

leep P& & MET Evdluation

racking PA Intensity PA Intensity

Detection k 4 \ 4 Detection
ECOG and KPS IPAQ
ALGORITHM ALGORITHM
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4. Implementacio'n S. Moreno Gutiérrez

del sistema

OncoRecord:
|
configuracion -
Manifest: Gradle:
Permissions Dependencies
Enables Google Fit
API
! ACCESS MNETWORK _STATE Supports android:support:app-compat .
Enables
HR.
Monitori
= INTERMNET ig;g:sng android.gms:play-services-fitness |4
Supports
Enables Android
L3 BODY_SEMSORS ersion android:isupport:design -
Compa- Supports
tibility PP
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4. Implementacio'n S. Moreno Gutiérrez
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OncoRecord - Recording API

Main:
Recording API Client

* SCOPES *
FITNESS FITNESS
BODY_ ACTIVITY
READ READ
WRITE WRITE
Records
Records * ¢
Y
HR Steps Delta Activity Calories
rmonitoring Count Detected Expended
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4. Implementacion

del sistema

 OncoSalud (OncoHealth) -

Service Query

Data Processing

« Implementacion e S
en servicio para v
consulta ! L
automatica. o

- Date (String)
- HR Mean (float)
-HR Max (float)

- ID / History Number (ULID)
- Name (5String)

- Last Mame (String) > - HB Min (ﬂoa&l}l :
i - Intensity M t
Ryt D / History Number - Intensity Max (foat)
y Ageh I?'t ) for cross relating - Intensity Min (float]
- Weight Lint Patient's DB with Activity detected (int]
- Body Surface (double) SmartBandData's - Activity detected (in

- METs Google (float)
- METs IPAQ (float)
- Steps Delta (int)

- Type of Cancer (String) DB

<>

SmartBand's DB

<>

Patient's DB
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4. Implementacio'n S. Moreno Gutiérrez

del sistema

e OncoSalud - Servicio

« Para depuracién se ha utilizado la clase AsyncTask

SetServiceAlarm
AlarmManager.setRepeating();

INTERVAL HOUR

Grado Ing. Electrénica Industrial. Trabajo de Fin de Grado



Automatic Performance Status Evaluation.

4. Implementacio'n S. Moreno Gutiérrez
del sistema

ON - -

OncoHealth

Choose account for Universidad de Granada
OncoHealth

Data dump for the History API
@ Salvador Moreno Ready .

smoreno94@gmail.com Connected!!!
Range Start: 22/06/2016
Range End: 22/06/2016
Add account Number of returned buckets of
DataSets 1is: 12
Data returned for Data type:
com.google.step_count.delta
Data returned for Data type:
com.google.heart_rate.summary
Data returned for Data type:
com.google.calories.expended
Data point:

Type:
com.google.calories.expended
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« Ejecucion de la consulta:

4500

000 g ™

%OOHTI;HWH?I
TLITITAN"

3000 l

T B Duration of execution (ms)
l —— Media (Duration of execution
|

(ms))
2500

2000

Elapsed Time (ms)

1500 Execution Time:

1000

= (3400 £ 400) ms
500

0
1 2 345 6 7 8 9101112131415

Sample
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Inferencia de IPAQ:

1. Consulta en la base de datos SQLite*

2. Adaptaciéon de frecuencia de muestreo de los
datos.

3. Deteccidn de dias.
4. Agrupaciéon de datos por dias.*

5. Segmentacion semanal.*

- *Intensidad. de la Act. detectada y MET - IPAQ
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20 i o £ = =
—* Intensity (%)
45+ ? —= METs IPAQ |
—= Daily division
40_ P ]
L]
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35 7 o -
[
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30 o -
.
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[} i I I Q ff “" \ O |ﬂ| o b * I .|" l.l:g:- q ‘ |lI [n
15 i | I3 O S | T I 4k th | .
1 f ot el || T |
10 n P oo nifll ¢ Al ‘ 'Ei !ll k l i :l *q | 9 o —
b o ‘ (0 Iyl i\l + &
51~ |5 ‘l " '"l il L 1} || | vl ML H
I| 5! | gl i' R IR (DR - '; ' Y TR | W
0 'llaiﬂ!' i “l ||| I l d I i | ' I | : II || i :.'ﬂ __'_ B : M i | | | ” Hl
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

Time (HH)
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Validacion de METs inferidos:

25

Fearson = 0.8505 Fearson = 0.9306
Rho-Spearman = 0.2271 Rho-Spearman = 0.9343
20 Tau-kKendall = 0.2203 } i = (LA31E }
o *
_1ar - - i
11
= * #* #* #*
]
T
— 10 * 7 i #* 7
#EH  #* 4 4k Wk
5 L - - -
* % EEE * #* * % F W
I:I I " I I I “ I" I EIE ‘“ * || I EIE I e EIE 1 1 1 1 1
1] 9 10 15 4 3] g 10 12 14 16
Google MET Google MET
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Tiempo de actividad fisica detectada:

12 SO PPN ST o S PP SRR T .
: : ; : : : 5 1

< o

@ © -
[ [ I
i i i

o
'S
!

Strict Light Activity Time (Hours)

AR ERREE EREREE

2 4 6 8 10 12 14 16 18
Time (Days)
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4. Implementacion

del sistema

Inferencia de ECOG y KPS:

1. Consulta en la base de datos SQLite.*

2. Adaptacion de frecuencia de muestreo de los
datos.

3. Deteccidn de dias.
4. Agrupacion de datos por dias.*

5. Segmentacion semanal.*

- *Actividad detectada, Intensidad. de la Act.
detectada y StepsDelta
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Tiempo fuera de cama detectado:

2b I I I I I I I
: ; 5 5 : : 5 | T 2= 0%
T > 0%
T 5 1%
20_‘ ................................................. ........................ S _6 >2% H
: P : 5 :
— ¢ : ST 3%
L] : !
5 > 4%
=] : .
% B v T [EEERTON: RO AT |—e - 59 U
E
=
Fand
2
E 10_ ............................................................................................................................................................................................ —]
=
o
2
&
5_ ............................................................................................................................... . B [ —
0
2 4 6 8 10 12 14 16 18
Time (Days)
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Proporcion diaria fuera de cama:

0.8 _ _ ! ! ! ! !

e
~
]

e
o
I

e
o
I

Proportion of Active Time
[=]
-
!
S
e

o o :
M (7]

I I

D )
Lo
i i

=
—
I

=

Time (Days)
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RULE BASE LEGEND
IPAQ | Proportion | Steps | ECOG | KPS Steps Count Intensity
5 0 100 sc > 12.500 5 Very High
4 0 100 10.000< sc <12.500 4 High
>=0.5 3 0 100 7.500< sc <10.000 3 Normal
2 0 100 5.000< sc <7.500 2 Low
3 1 0 100 Sc <5.000 1 Very Low
5 0 100
4 0 100 IPAQ Intensity
<0.5 3 0 100 3 High
2 0 90 2 Moderate
1 1 90 1 Low
5 0 100
4 0 100 Proportion Legend
>=0.5 3 0 100 >=0.5 More than 50% active time out of bed
2 1 90 <0.5 Less than 50% active time out of bed
2 1 1 80
5 0 100 ECOG Legend
4 0 100 0 Best (Asymptomathic)
<0.5 3 1 90 1
2 2 80 2
1 2 70 3
5 1 90 4
4 1 90 5 Worst (Exitus)
>=0.5 3 2 80
2 2 70 KPS Legend
1 1 2 60 100 Best (Asymptomathic)
5 2 70 90
4 2 70
<0.5 3 3 60
2 3 50 10
1 4 40 0 Worst (Exitus)

[2.42] Catrine Tudor-Locke and David R. Bassett Jr. How many
steps/day are enough? Sports medicine, 34(1):1-8, 2004.
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del sistema

Resultados de su aplicacion:

Semana l Semana 2
ECOG KPS ECOG KPS
>0% 1 90 2 70
>1% 2 70 2 70
>2% 2 70 2 70
>3 % 2 70 2 70
>4 % 2 70 2 70
>50% 2 70 2 70
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5. Conclusiones

e Multitud de dreas en un mismo sistema.
e Extensa revision del estado del arte.

« Evaluacién de las necesidades con consejo de
expertos.

« Planteamiento del diseno de la ludificacion.
« Android, SQLite y MATLAB.

e Solucién sin precedentes en un area de mucha
necesidad y de gran impacto social.
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6. Trabajo Futuro

« Solicitud de patente.

« Presentacion ante el comité ético del hospital
Virgen de las Nieves.

« Mejora de la interfaz de ludificacion.

« Utilizacidon de l6gica difusa en la base de reglas
ECOG - KPS.

e« Publicacién de resultados.
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2. Estado del Arte

AVISIBILITY

Peak of Inflated Expectations

Plateau of Productivity

Slope of Enlightenment

Trough of Disillusionment

Technology Trigger TIME
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—o 3 0%
45_ ..................................................................................... —a % 1%
— 5 2%
4_ ....................................................................................................... , ..................................................................................... _e >3?‘
—< 5 4%
3.5_ ....................................................................................................... L
g > 5%
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g
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Ll :
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0.5_ ....................................................................................................... ....................................................................................................... —
0.5 1 15 2 2.5

Time (Weeks)
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100
: : : — > 0%
90_ .................................................. .................................................... ................................ J— >1%_
; ; — > 2%
80_ ...................................................................................................... , .................................................... ................................. S >3%_
i — > 4%
70_ ................................................. Y .
g > 5%
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"
o e P e |
q 50
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10_ ....................................................................................................... ....................................................................................................... —
0 |
0.5 1 1.5 2 2.5

Time (Weeks)
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2. Estado del Arte

 Ludificacion:
Gamification Web [nterest

Source: Google Trends

R g L

& rﬁﬂ" rﬁ‘-";' ,591" f&’*’“’ f@“ﬂ’ rf:?* r@“" F S

S ,’L ﬁ;ﬁ?
@“99 r&"‘s’s} rfs?*“" r@{" r@“’ & rﬁ“"ﬁ@* @’*“ @ﬂﬁ@@
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2. Estado del Arte

e loT & mHealth
loT Web Interest

Source; Google Trends

100

@ﬁ@@&&@ﬂ”ﬁﬂ’&ﬁ

oy 4! "":.r "'-. "y oy
& & r&"‘:”ﬁ r&“’“" @“j’ r&“j’ rﬁa“f rﬁ?f r@“’“g o © & @“ﬁf &
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Month loop
m=1

START )

NO

Day loop
d=1

A

Obtain date vector from
Unix Time source
timeStamp. Define empty index.

indexDayData = []
[~ Manth, Day, Hour] = datevec(timeStamp)

Storage sample for the timestamp found.

indexDayDatalend+1)=k
exitHourLoop = 1

m-++ YES
YES
Y
d++ exitHourLoop == 17
MO
YES
Hour loop - h 5
b= o > > 237 h-++
NO
Data loop
k=0
ket - k = Number of YES
[l elements in data 7
A

Does data time match
time set in loop?

YES

Hourlk) == h && Daylk) == d
&8 Month(k) == m 7

‘;C END >

42



START

Number of elements (n.o.e)
in metsIPAQ is higher than
n.o.e in activitylntensity?

A

i = n.o.e metsIPAQ?

data = [startTimeMets(i), endTimeMets(i),

i++

A

metsIPAQ(I), 0]

Y

YES

i=noe

ji++

Y

activitylntensity?

YES

startTimeMets(i) <
timeStampActivitylntensity(j) <
endTimeMets(i)

Insert activity Intensity in corresponding
time interval.

datali,4) = activityintensity(j)

NO

j==noe

activitylntensity &&
i=1

It's assumed same activity Intensity
thanin previous data.

data(i,4) = datali-1.4)
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del sistema

OncoHealth : OncoHealth

Universidad de Granada Universidad de Granada

Last name Introduce your last name

Patient's Profile
Age |Insert Age

Name |ntroduce your name

Sex (O Male (O Female
Last name Introduce your last name

Height Insert your height in cm

Age |nsert Age

Weight Insert your weight in kg

Sex (O Male O Female
Type of cancer Insert your type of cancel

Height Insert your height in cm

Weight Insert your weight in kg CANCEL DONE
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