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loT in Healthcare
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loT is a system of interrelated computing devices,
mechanical and digital machines, objects, animals
or people that are provided with unique identifiers

I ntrOd u Ct|0 N (UIDs) and the ability to transfer data over a

network without requiring human-to-human or
human-to-computer interaction.




What is the loT i

The interconnection via the
Internet of computing devices
embedded in everyday objects,
enabling them to send and
receive data.
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What can loT do for

healthcare?

Remote monitoring in the healthcare sector
Interactions with doctors have become easier and more efficient.
Reducing the length of hospital stay.



four-step basic

architecture
loT

Step 1: deployment of interconnected
devices that includes sensors, actuators,
monitors, detectors, camera systems etc.
These devices collect the data.

Step 2: aggregated and converted sensors
data to the digital form for further data
processing.

Step 3: pre-processed data, standardized and
moved to the data center or Cloud.

Step 4: analyzed Final data, Advanced
Analytics applied to this data, get business
insights for effective decision-making.
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A functional framework of a health information service model

The Internet of Things for Health Care: A Comprehensive Survey, IEEE Access, 2015




loT World Forum Reference Model

Levels

00

Q0O O

¥

Center

Application =
(Repaorting, Analytics, Control) - -

Data Abstraction
(Aggregation & Access)

Collaboration & Processes
(Involving People & Business Processes)

FOFoED
FIOTE

Data Accumulation
(Storage)

Edge Computing

(Data Element Analysis & Transformation)

Connectivity

(Communication & Processing Units)

Physical Devices & Controllers
(The “Things” in loT) iy Sensors, Devices, Machines,
Intelligent Edge Nodes of all types

http://cdn.iotwf.com/resources/72/1oT_Reference_Model_04 June_2014.pdf



Basic Premise

Devices
Standards based
send and receive data interacting with the approaches are required
Network to enable the loT industry

where the data is transmitted, normalized, and filtered using
Edge Computing

before landing in
Data storage / Databases

accessible by

Applications

which process it and provide it to people who will

Act and Collaborate

http://cdn.iotwf.com/resources/72/1oT_Reference_Model_04 June_2014.pdf



Important Areas of
| research for healthcare
Wireless Healthcare ' 'wea:'-.ih_!é ' SySte m S

Technologies systems Sensors

* Mobile and wearable sensors for data collection
used for human physiological status monitoring.

*  Wireless communication technologies for data
transmission.

* Open-source platforms for support data storage,
visualization, analytics, numerous features for
device management, and security.

Mobile Sensors

Internet of Things Architectures, Technologies, Applications, Challenges, and Future Directions for
Enhanced Living Environments and Healthcare Systems: A Review, 2019.




loT platforms
and operating
systems

‘ loT Platforms and Operating Systems ‘

Brillo SiteWhere Ubuntu Core
* Numerous open-source : o ] - ! "
platforms and DeviceHive Contiki loTivity
operating systems that | . |
aim to provide support ; " r ' B .
for di Netbeast Platformio DSA
different systems, data | ' S N
confidentially, safety, - 1 N y
fusion, and Kaa RIOT - Calvin-Base
dissemination. | . | |

b

ThingsBoard| = ARM mbed Cylon.js
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Device

IoT Platform Karapemenit Security Open-Source Data Collection Integration Analytics Visualization Storage
SiteWhere ) SSL, Spring Security v Mqﬁeiﬁiefy{gp’ REST API X v
DeviceHive J JSON Web Tokens v REST API, MQTT REST API, MQTT V N vV
Platformio v SSL v RESTAPLMQTT | tegi‘;g:;“é‘;}‘; - X X X
RIOT X b vV COAP, MOQTT REST API b X X
ARM mbed 4/ 555;{]&3,‘;(;509 ) REST API, MQTT REST API X X X
Ubuntu Core 4/ RSA, 55H ) MOTT, AMOQP REST API b X -/
loTivity v DTLS/TLS v Message Queue REST AFPI v/ % X
DSA x Basic Authentication v HTTP REST API v X vV
Calvin-Base v b vV REST API HTTP Calvin Script v # 3
Cylon.js v X v REST API, MQTT REST API x X X
Brillo N x V REST API REST API N N v
Contiki v x v REST API REST API vV x x
Netbeast Vv TLS/SSL N HTTP, MQTT REST API N V V
Kaa v TLS/DTLS ] MQTT, CoAP REST API v v v
ThingsBoard J TLS v MQTT, CoAP, HTTP REST API v N vV

loT platforms and operating systems

comparison




Healthcare trends

BANN
3G/4G/5G

seamless and secure BLOWPAN  Wircless— (it b

. e WSN
connectivity across individual M/
patients, clinics, and BL/BLE §

. . RFID/NFC
healthcare organizations ,
. . Wireless

chronic diseases H @ |
ea r|y diagnosis Q) Gateway Medical Server Database

er Terminal

real-time monitoring

medical emergencies

Chronic
Disease

m——
Internat

Patient

||-- ™

Connected

The Internet of Things for Health Care: A Comprehensive Survey, IEEE Access, 2015



Sae
healthcare

An loT Equipped Hospital Model: A New Approach for E-governance Healthcare Framework,
International Journal of Medical Research & Health Sciences, 2019.
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loT in Healthcare

v
v v

Services ittt + Applications

—p- Ambient assisted living & ¢
Single-condition Clustered-condition

—» Internet of m-health

I O I = Adverse drug reactions

v

Glucose level sensing =3 Rehabilitation system

v

h e a |t h Ca re = Community healthcare oo > ::::;:::m

Blood pressure

S e rVi C e S a n d Children health | _monitoring Wheelchair

Body temperature
=p| Bodytemp

=P information | management
applications

monitoring

Ly Wearable device access = Imminent healthcare
Oxygen saturation

—» Semantic medical access e monitoring Smartphone healthcare

solutions

Indirect emergency
—> healthcare

Embedded gateway
configuration

Embedded context
-> prediction

Health Care: A Comprehensive Survey, IEEE Access, 2015
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Healthcare systems
open issues

Side

Network T

Security

and Privacy
Attacks

Software Cryptanalysis

Internet of Things Architectures, Technologies, Applications, Challenges, and Future Directions for
Enhanced Living Environments and Healthcare Systems: A Review, 2019. -



1 loT Healthcare Network

Physical configurations,
application scenarios, activities,
and use-cases

Software organization of the
system as a whole and
hierarchical model reflecting

Library, framework, and
environment

loT
healthcare
network
(loThNet)
Issues
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On Body Sensors

Health-1oT Cloud

7y Maobile
Service Patient
MNetwork

(ASN)

* Remote monitoring in wearables and personalized health care.
* AnloThNet topology with an intelligent healthcare gateway.

The Internet of Things for Health Care: A Comprehensive Survey, IEEE Access, 2015



Optical distance
sensor

Pressure sensor

ooy j Data preprocessing. g oy A
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Smart shoes

User wearing IoT devices
and sensors

Caregiver

Cloud computing architecture related to healthcare

A study on medical Internet of Things and Big Data in personalized healthcare system,
Health Information Science and Systems, 2018.



Mobile healthcare architecture
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Patient’s wearing
Sensors
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Mobile devices
Collects streaming data from
sensors and upload raw data to
cloud
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Cloud computing
Aggregate data and alert
generation

Hospital Doctors
Provides guidelines to the

patients’

A study on medical Internet of Things and Big Data in personalized healthcare system,

Health Information Science and Systems, 2018.
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loT-based healthcare monitoring
architecture

* Things

il |

~

==

Network

Operating system

Operating system

il |

Cloud

]

L LL Client

Operating system

Operating system

Wireless protocols Wireless protocols Security Wireless protocols
e Security
Wearable Climati Security /I ,/\/@i
ToT umnatic s |llll
i Sensors
' (‘; g)) Analytics Predictive
maintenance
Temperature sensors é
. - = Doctor’s
Environmental sensors Service providers Hospuals guidelines
Gateway
RFID Storage Storage
A study on medical Internet of Things and Big Data in personalized healthcare system, 25

Health Information Science and Systems, 2018.




Big Data architecture related to
healthcare

Wearable

IoT sensors

Doctors Remote users Ambulance

i i r

climatic
SENSOors

Data
mtegration/
visualization

Environmental
SENSOIS

Temperature
SENSsOrs

GPS sensors

A study on medical Internet of Things and Big Data in personalized healthcare system,

Health Information Science and Systems, 2018. 26



Architectural elements of healthcare loT

systems

Device Layer Fog Layer

® Vital Signs ® Data Preprocessing

® Sleep Monitoring ® Local Notification

® Environmental Info ® Protocol Conversion

® Fall Detection and ® Data Filtering and
Activities Mining

Cloud Layer

_Storage

® Data Storage

® Data Analytics

® Decision Making

® Medical Caregivers
Interface

Editorial, Internet-of-Things and big data for smarter healthcare: From device to architecture, applications and analytics,

Future Generation Computer Systems, 2018.
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Fog computing-based healthcare

monitoring architecture
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TABLE 1: Wireless technologies for [oT systems.

Standards Operating Frequency Data Rate Range Power Consumption Battery Time
IEEE 802.15.4 868/915 MHz, 2.4 Gz 250 kbps 10 to 300 m Very Low Months-year
Wi-Fi 241t058GHz 11-105 Mbps 10 to 100 m High Hours

Bluetooth 24GHz 723 Kbps 10m Very Low-Low Days-Weeks

TABLE 2: Web technologies for IoT systems.

Transport ; Resource . . e s

~ ) 51 / b CCeSS ~

Protocol i Messaging Method Constimpition uccessful Applications

: 10 Ks Flash or ;

HTTP RESTful TGP Request/Response RAM Smart home and grid

5 10 Ks Flash or s g s ) 2

CoAP UDP Request/Response RAM Used in Field Area Networks (FAN)

MQTT TGP L MEUESLE i Remote monitoring and controlling of devices
Public/Subscriber RAM

XMPP TCP Sequest lespense 10ks FliSh °" " Remote management of major appliances (white goods)
Public/Subscriber RAM

Wireless & Web technologies
for loT systems

Framework for E-Health Systems in loT-Based
Environments, Wireless Communications and
Mobile Computing, 2018

29




Achieving Interoperability of High-Quality Data
Acquired by loT Medical Devices

1 Data Collection

device 3

device 1

device_1
collected

darazat_3

Data Cleaning

device_2

-

3 Data Quality Estimation

device_1
e
0
-

cleaned

device

cataset_2

4 Data Interoperability

device_2

2 datazet_1_HL7 FHIR
reliable dataset_3_HLT FHIR

dataset_3_HLT FHIR

connected
devices

Figure 1. Architecture of the proposed mechanism.

Data Collection

known -I‘“_'“‘.-.q-. .“.4"--._,_.._.“ e Q. ..“'.. -_._.w- T T e : Eulieﬂed
devices ;  Bluetooth  “devices types, APls *, data collectio Data * data
. - / specifications * i :, isiti Aconnecte
device_4 __unknowng. - Interface specifications Mapping methods Acquisition : d
= devices it i devices

Figure 2. Data collection stage.

loT in Healthcare: Achieving Interoperability of High-Quality Data Acquired by loT Medical Devices,
Sensors, 2019.
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Data Cleaning

‘I.J_‘_“,_....n.....h..,_____lw.h PN o e M, ﬂlEaﬂEd
collected Data “identified Data " corrective ¢ Data . data
d e s — . _——— T i i
data ~_ Validation . errors %  Cleaning . actions *-_ Completion . faulty
et d -‘h'.h""-i-p-nuu-u-'-""'"“.*.ﬁ u‘"- .............................. " data

Figure 3. Data cleaning stage.

Data Quality Estimation

...................... X

connected . T : g ., faulty e

devices Devices " availability| Data “  data 7~ Overall Data “. cleaned,

faulty . Availability - metrics *  Reliability . 1CC w. Quality . reliable

data T -'“"‘"~--..,.....I...‘..----"'"H- measurements e et data
cleaned

data

Figure 4. Data quality estimation stage.
loT in Healthcare: Achieving Interoperability of High-Quality Data Acquired by loT Medical Devices, 31

Sensors, 2019.



Data Interoperability

............
Lqmi i,
i b,
g,

HLZFHR /" Structural  syntactic
e e, Resources £ similarities —————,
cleaned, / Ontology % & hMapper S overall . IR
reliable Creation _.-'; datasets | .- ""“*- _P Uﬂtﬂlﬂﬂ data
data R & ontological Semantic “'""-., semantic ‘»““aEPE’..’
form _.Hx Mapper . similarities

......
..............

Figure 5. Data interoperability stage.

loT in Healthcare: Achieving Interoperability of High-Quality Data Acquired by loT Medical Devices,
Sensors, 2019.
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Framework EEPIS Wireless Sensor Networks (EWSN) ]

WBAN
IEEE 802.15.6

| WPAN I

Application and Transport Layer:
Application, service, security

Network Layer:
Routing, Clustering

Medium Access Control (MAC)
Sublayer:

CSMA/CA, Superframe scheduling,
Guaranteed Time Slot (GTS), TDMA,
Quality of Service (QoS)

Physical (PHY) Layer:

BER, SNR, RSSI, LQ], interference,
mitigation, fault-tolerant,
coexistence

f

Zigbee

IEEE 802.15.4

Internet of Things (10T

J

|
Cross-Layer Design

UTopology
ULocalization

U Mobility
Management

O Security
UHardware
UAnalitycal Model
LHomogeneous,
Heterogeneous
LUnderwater
QVisualization
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Scientific Research and Project.
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Year

2019

2018-2020

2018-2020

2018-2019

2018-2019

Title

Smart Farming: Implementasi environment Monitoring Analitics Real-time restorasi
gambut pada konsesi perkebunan RIAU menggunakan Wireless Sensor Network dan
teknologi loT untuk mengidentifikasi potensi kebakaran lahan dan hutan

Partition LEACH Algorithm for Environmental Monitoring based on Wireless Sensor
Network. (Chief).

Implementasi Teknologi Portable Ubiquitous Health (U-Health) Dengan Layanan Cloud
Untuk Mendukung Smart Health Buatan Indonesia. (Chief).

Implementasi Vehicle as a Mobile Sensor Network terintegrasi dengan Smart
Environment Monitoring and Analytics in Real-time (SEMAR) system sebagai Pemantau
Permukaan Jalan dan Lingkungan untuk mendukung Smart City. (Member).

Smart Fishpond Monitoring and Control System in Real Time Based on loT With MQTT
Protocol Data Transmission. (Member).

Funding

Penelitian Kerjasama Perguruan Tinggi (PKPT) - Dengan
Polbeng, KemenristekDikti. SK: T/140/E3/RA.00/2019

International Research Collaboration and Scientific
Publication - Penelitian Kerjasama Luar Negeri (PKLN),
KemenristekDikti (76,5). SK: 0045/E3/LL/2018; Penelitian
Dasar Kemenristekdikti. SK: T/140/E3/RA.00/2019;B/87/E3
/RA.00/2020

Penelitian Terapan Unggulan Perguruan Tinggi (PTUPT),
KemenristekDikti (120). SK: 0045/E3/LL/2018; T/140/E3
/RA.00/2019; B/87/E3/RA.00/2020

Penelitian Terapan Unggulan Perguruan Tinggi (PTUPT),
KemenristekDikti. SK: 0045/E3/LL/2018; T/140/E3
/RA.00/2019

Penelitian Kerjasama Perguruan Tinggi (PKPT) - Dg
Poliwangi, KemenristekDikti. SK: 0045/E3/LL/2018;
T/140/E3/RA.00/2019






E-Health Sensors in Lab EWSN

(libelium product)

Patient
Position Sensor Fulse and Oxygenin  Blood Pressute Sensor
{Accelerometer) Blood Sensor (SPO2) 'Sph'.fgmomaﬂc-meler:

o

e-Health Sensor Shield

' p for Arduino and Raspberry Pi

Galvanic
Skin Response
Sensor (GSR - Sweating)

\ Body Temperature
Sensor

Airflow Sensor (Breathing) Electrocardiogram Sensor (ECG)  Glucometer Sensol



E-Health Sensors in Lab EWSN

(libelium product)
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Design and Implementation of Hypothermia Symptoms Early Detection with Smart Jacket based on

Wireless Body Area Network

(IEEE Access, Agustus 2020)

~

System architecture.
Ho

ARDUINO

4 oy "7, Motification
: — I Michans L @ e
l:‘;';"b'
User %}
Group Notification " 1

Usq'r's .Smartphinno
L)

User Personal

(Friends of "A" users)
Group Member

————— Wireless

" Wired

_________________________

1

:

: Temp Sensor
: MLX90615

I

1

]

o g " " " -

1

1

1

1

Buck Gonverter:
Motor Driver 1
1
1
1
1
1
1

Battery Li-Po Peltier



Parasute Jacket. Heart Sensor , —
Jacket made of parachute material Contains the heart sensor Pulse
for protecting body and components Sensor to get heart rate data
from water

32.33° 93 bom

Body Temperature Heart Rate

F Temperature Sensor 32.18" Rest
Contains the temperature sensor Jncket Heater p—
; MLX80615 to get body temperature
data
Heating Element. e - The Black Box
Contains heating element Peltier and Contains an Arduine Mano R3, Motor ou are e, stop for & mament and warm your bocl 1o
temperature Sensor D318B20 to get Driver, Buck Converter, and avoid hypothermia
jacket temperature data = Bluetooth BLE to control all action
in this jacket
Welcome back Radit!
Electric Jacket
eoce ) , e0e

eooe
Radit's 22 Dec 2019, 08.05 WIB

Histo ry Moderate Hypothermia

Heart.

Sorry, | am very sad when you are infected with
hypothermia today at -7.2776001, 112.7936068. Do not
forget to eat healthy food and rest until your health
improves. Keep the spirit in doing your daily activities :)

Moderate Hypothermia
=)

7.2776001,112.793

Lenovo

Furst,

Come out of the cold environment, keep your head and
neck closed. Apply a mild heat balm to the head, neck,
chest, armpits and between the thighs.

Moderate Hypothermia

Jul -1.2776001 1127936068

Severe Hypothermia Second,
e ——— Use hot water bottles ar warm moist towel, To warm
80.73 v yourself up.
Severe Hypothermia Third,
You should continue this treatment for a while. You
START Ll TRTTEO01 1127536068 should be checked by a doctor.
Moderate Hypothermia Body Condition When Attacked

-7.2766425 1127931992

293 854,

Bytan's Graup

Severe Hypothermia

Jul 7.2766823 ,112.7931654

You are the ownert

&

& &, & &, % & 2

&
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Implementation of oximetry sensors for Cardiovascular

(EMITTER International Journal of Engineering Technology, July 2020)

Load Monitoring when Physical Exercise

J

Monitoring system design

REST API

MQTT hook

MQTT
REST API

ATMOUD1

T %CVL =

ATMO002 Note

Classification of working heart rate

Heart Rate Work(bpm)

Sitting/Very Light 60-70

Light 70-100

Moderate 100-125

Heavy 125-150

Very Heavy 150-175

Extremely Heavy #1756

Oxygen Saturation Range

Sp02 Range(%)

Low 70-90

Medium 91-94

High 95-100

cardiovascular load (cardiovascular =%CVL)
HRwork—HRrest %100

HPEmax—HRrest

HRwork : Work Heart Rate

HRrest : Resting Heart Rate

HRmax : Maximum Heart Rate
% CVL classification

% CVL Classification

<30% No Fatigue

30% s/d 60% need for improvement (Fatigue Level 1)

60% s/d 80% work in no time (Fatigue Level 2)

80% s/d 100% urgent action is required (Fatigue Level 3)

>100% no activity allowed




18T Spertman Menianng

Realtime Monitoring During Exercise

Cr

Realtime monitoring interface

Detak Jantung Saturas| Oksigen CVL%

Detak Jantung Saturasi Oksigen CVL%

0 0 ) 83 . : 19
Very Light NO FATIGUE = Light N B HIGH NO FATIGUF
Physical Condition of Volunteers
User User 1 User 2 User 3 User 4 User 5 User 6
Age(years) 29 19 28 19 32 27
BMI(Height/
Weight) 175/58 173/59 174/88 170/53 160/62 160/50
HR
Resi{bpni) 66 96 74 64 81 76
HR
Maks(bpm) 191 201 192 201 187 193
Wil Without | Without . Without | Without
arming , i Warming . g
Note U Warming | Warming U Warming | Warming
i Up Up il Up Up




Design and Integration of Portable Health Sensors
(International Conference on Advanced Engineering and Technology (ICATECH), September 2020)
(not yet published)

- J

@_..

Temperature
M

Q¥ —

Cloua
Elecromyogram E-heaith Shield —
-

e Arduino Nano 1
' ——— — —_—
Electrocardiogram ’ \
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Health Monitoring and Early Diseases Detection on Dairy Cow Based on Internet of Things and Intelligent
System
(International Electronics Symposium (IES) 2019)
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Medical Health Record Protection Using Ciphertext-Policy Attribute-Based Encryption and Elliptic Curve

Digital Signature Algorithm
(EMITTER International Journal of Engineering Technology, July 2019)
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Mobile Monitoring of Toddler’s Body Temperature For Early Effort of Febrile Seizure Prevention
(International Seminar on Application for Technology of Information and Communication (iSemantic)

2019)

\

Fig.1. General system design.
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AT-Mo: Wireless Data Collection System For Physiology Monitoring of Athlete
(International Electronics Symposium (IES) 2019)
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Design and Development of Portable Spirometer
(IEEE International Conference on Consumer Electronics — Taiwan (ICCE-TW), May 2018, Taiwan)
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Building Platform Application Big Sensor Data for e-Health Wireless Body Area Network
(International Electronics Symposium (IES), September 2016)
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Table 1. Hive and MySQL Table Comparison

LOAD DATA
Data Size Hive MySQL
100 Mb 9 sec 7 sec
400 Mb 74 sec 249 sec
800 Mb 257 sec 1042 sec
1.2Gb 182 sec 1881 sec
COUNT DATA
Data Size Hive MySQL
100 Mb 7 sec 1 sec
400 Mb 17 sec 6 sec
800 Mb 22 sec 13 sec
1.2Gb 27 sec 21 sec

B o
L | o I - |

na

Load Data Performance

___-—'_'/_

L | L i R - |

100mb

—— D — fl'-hla:i

1.2gb

Figure 10. Load Data Performance




[

Portable Electrocardiogram sensor monitoring system Based On
Body Area Network

(2016 International Conference on Consumer Electronics-Taiwan)

\

e GOAL:

— heartbeat using electrocardiogram (ECG) sensor, Raspberry
Pi, mini singleboard computer.

ECG

E-Health
e wre |

..T Raspberry Pi

Fig 1. System Architecture of Portable ECG
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Implementation of Blood Glucose Levels Monitoring System

Based on Wireless Body Area Network
(2016 International Conference on Consumer Electronics-Taiwan)

\
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Fig. 1. System Design



Monitoring System of Patient Position Based On

Wireless Body Area Sensor Network
(2016 International Conference on Consumer Electronics-Taiwan)
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" Mobile Monitoring of Muscular Strain Sensor Based on Wireless R

Body Area Network

(2015 International Electronics Symposium (IES))

" Y,
e GOAL:

— Muscle strain sensor Electromyogram (EMG)
monitoring

— Help doctor or health workers in monitoring
patients, athletes and sportsmen in using the
Electromyogram EMG to be
easilyaccessible and
can be carried anywhere.
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Wireless Body Area Network for Monitoring Body Temperature, Heart Beat and Oxygen in Blood
(2015 International Seminar on Intelligent Technology and Its Applications (ISITIA))
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Result Table

Xbee module

“*

Xbee to arduino
shield

1 1rial 24 packet | 24 packet | 24 packet | 16 packet | 14 packet
data data data data data

2% trial 24 packet | 23 packet | 18 packet | 24 packet | 9 packet
data data data data data

3% trial 24 packet | 24 packet | 22 packet | 24 packet | 11 packet
data data data data data

4% tri 24 packet | 24 packet | 20 packet | 18 packet | 14 packet

rial

data data data data data

& grial 24 packet | 23 packet | 24 packet | 20 packet | 13 packet
data data data data data

24 packet | 24 packet | 22 packet | 20 packet | 12 packet
Average n:'l::ta ,?:ta ::t; ::ta :h

The Average Number of Received Packet

B 10 meter

B 20 meter

m 30 meter

W10 meter

E 50 meter

Distance vs. the Average Number of Received Packet



Implementation of Energy Efficiency Based on Time Scheduling to Improve Network Lifetime in Wireless
Body Area Network (WBAN)
(EMITTER International Journal of Engineering Technology 2015)
ACS712 Current Sensor
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Body Sensor
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Figure 1. System diagram 802.15.4 e-health Arduino UNO As .
End Device shield Kivg
Az -
— \— pobd
AU L
Xbee Pro 2 Server ni
802.15.4 Input from PwRs |
temperature
PAN sensor
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Figure 4. End Device System with Xbee 802.15.4 Pro series 2.

Figure 2. PAN Coordinator system with Xbee 802.15.4 series pro 2




Comparison of Electrical Energy used in non C5P, DCM and C5P in scenario 1
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Figure 11. Energy consumption for non CSP,DCM, and CSP in scenario 1
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Implementation of Body Temperature and Pulseoximeter Sensors for Wireless Body Area Network
(Sensors and Materials, International Journal on Sensor Technology, 2015)
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Fig. 1. (Color online) System design architecture.
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Fig. 2 (left). (Color online) E-health sensor device.
Fig. 3 (right). Body temperature sensor output.
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