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Available Technologies
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Available Technologies

https://doi.org/10.1016/j.snb.2015.01.036

Printed Electronics

Traditional printing techniques

v Environmental friendly

https: //do i.org/10. !390/517030534

DOI: 10.1126/sciadv 1602076

v Large scale: Low-cost and ease of
redesign

v Flexible substrates




Available Technologies

Printed Electronics

Traditional printing techniques

v Environmental friendly

https: //do i.org/10. !390/517030534

DOI: 10.1126/sciadv 1602076

v Large scale: Low-cost and ease of
redesign

https://doi.org/10.1016/j.snb.2015.01.036

v Flexible substrates

X Size
X Low performance




Why printed?

Environmental
friendly

Flexible Large-scale ()




Internet of Things (loT)

Things connected to Things — possible to access data to remotely monitor and
control our physical world

Smart cities Industrial Control

ﬁ % Logistics -
isil

Domotics

e-Health

gz

from $655.8 billion in 2014 to $1.7 trillion in 2020
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Sensors in the loT

* Wide spectrum of parameters to be covered — light, radiation, pressure,
acceleration, temperature, gases, humidity, blood pressure, heart rate...

* Rapid increase in the number of sensors: In 2020, 25 Billion connected

"Things" will be in use

* Desirable features: Low-cost, environmental friendly, low power consumption
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Technological solution

Silicon technology Printed Electronics
Conventional IC-CMOS technology Traditional printing techniques

v Miniaturization v Environmental friendly

v"IC integration
v Well-established

v Large scale: Low-cost and ease of
redesign
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Hybrid Electronics
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Novel Materials
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Interdisciplinary Research
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Examples of printed devices

Laminating Pouche

LINA Electrode
2 Kapton Tape

Romero, Francisco J., et al. "Inexpensive and flexible nanographene-based electrodes for ubiquitous electrocardiogram
monitoring." npj Flexible Electronics 3.1 (2019): 12 0.00 L I 1 ! L
10° 10’ 107 10° 10*
Bending cycles [#]
Bobinger, Marco R., et al. "Flexible and robust laser-induced graphene heaters photothermally scribed on
bare polyimide substrates." Carbon 144 (2019): 116-126

25

PEDOT:PSS

Goliya, Yash, et al. "Next Generation Antennas Based on Screen-Printed and Transparent Silver Nanowire
Films." Advanced Optical Materials (2019): 1900995

Laser-rGO
Romero, Francisco J., et al. "Design, fabrication and characterization of capacitive humidity sensors based on Rivadeneyra, Almudena, et al. "Cost-Effective PEDOT: PSS Temperature Sensors
emerging flexible technologies." Sensors and Actuators B: Chemical 287 (2019): 459-467 Inkjetted on a Bendable Substrate by a Consumer Printer." Polymers 11.5 (2019): 824.
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Application to biosignals

E-health applications

Embedded systems for wearable and
portable applications

Health: self-monitoring, telemonitoring
Analysis of physical activity

Tracking professional activity

iHealth Wristworn Pulse Oximeter, Ambulatory Heart and Blood Pressure Monitor




Application to biosignals

E-health applications:

Two out of five users feel naked when they don’t have their wearables on, whilst around

a quarter even sleep with them

On other occasions
Sleeping in bed
While having dinner
While shopping
Outside at cafes, etc
At work or college
While traveling

While exercising

Morning in bed

Source: Ericson Consumerlab,
Wearable Technology and The

0% 10% 20% 30% 40% 50% 60% 70%  InternetofThings, 2016



Application to biosignals

Some types of biosignals: g,&-\d
] Electroencephalogram /—"?‘/ {
* Electrocardiogram, ECG (EEG)  Gaivanic skin Response
-""'-q' S~ s s (GSR)

* Electroencephalogram, EEG Clectromiogram 4

(EMG)

Electrooculogram, EOG

Electromyogram, EMG soad ol puss”
— /‘

Temperature

Electrocardiogram
(ECG)

A

Adapted from “Audiovisual content generation controlled by physiological signals for clinical and artistic
applications”. In: Proc. of the 3rd summer workshop on Multimodal Interfaces (eNTERFACE 2007)
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Electrocardiogram (ECG)

* Most important technique in the
diagnosis of cardiovascular diseases
* Generated from electric fields

R l i:[ Depolarization . Repolarization

R
5
_kA,/\._
QS

(1) Atrial depolarization, initiated

resulting from cardiac muscle activity L @ Ventrcular depolaizaton
AV node R P .R
-

* Requires systems with:
 Analog interface for acquisition

_}LAFT
Q

(5) Ventricular repolarization
begins at apex, causing the

(2) With atrial depolarization
complete, the impulse is
delayed at the AV node.

and filtering i —

* Digital interface for processing AL A ; ’\ :
and filtering parameter . — B i
extraction L —

DOI: 10.30991/1JMLNCE.2018v02i03

1




Electrocardiogram (ECG)

Typical ECG signal recorded on the skin surface

* Most important technique in the o
diagnosis of cardiovascular diseases R

e Generated from electric fields
resulting from cardiac muscle activity

* Requires systems with:
 Analog interface for acquisition

and filtering

* Digital interface for processing
and filtering parameter S
extraction -

DOI: 10.14569/1JACSA.2016.070325
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Acquisition systems

Acquisition of biosignals with low-cost reconfigurable technologies:
e ECG acquisition with a Field Programmable Analog Array (FPAA) and a Field
Programable Gate Array (FPGA)




Acquisition systems

Acquisition of biosignals with low-cost reconfigurable technologies:
e Portable instrumentation for real-time fetal ECG signal acquisition (fECG)
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Frecuencia cardiaca m

Principal

Secundaria

T T T T T T T
578.000 580.000 581.000 582,000 583.000 584.000 585.000
ms

Mostrar:

|7 Detecdien El Ganig s Limpiar Grafico - = Puerbo
-

Canal 2 ;
[ Manocromo ¥|canal 2 Reintento solicitud M: 10

[Pl ctale [ canal 3 Gestion de capturas Reintento solicitud M: 10

[“|canal 4 Reintento solicitud M: 10

= = Reintento solicitud M: 10
0 Abrir et e Manitor Cagh.lra Desconectar

Reintento solicitud M: 10
“entana temporal. 75 Guardar Reintento solicitud M: 10

A s siniir : ol Ganancla eneral &
[¥] Animacidn: Calibracidn finalizada, 4 g

© Por ramo (7 Continua Exportar =] ica 0]

2




Acquisition systems

First prototype
* Prototype instrument for measuring:

* Blood oxygen saturation
 ECG

* The device includes data storage and
transmission to a mobile phone via Bluetooth




Acquisition systems

* Prototype instrument for measuring:
* Blood oxygen saturation
* ECG

* The device includes measurement storage
system and transmission to a smartphone via
Bluetooth

Second prototype

https://doi.org/10.3390/s19071590




App for mobile phone

Android Apps:

Prototyping and testing
BLE Connection

l!ul.u;lh-;- . Il|';i-l-&l‘.-*;‘r Ganant

EJW 7 |.| 1
Rreestalado Umbral;  FUmbral  Preprocessde:
RAUBtiniv., Univers  Soft Wanderin

Fracuencia cardiaca: :
ppm

(48 sPO2 BLE

DISCONNECT

Peripheral: SPO2 BLE
RSSI: -68db
Address: 00:A0:50:00:00:00
Status: connected

0
ted 2017.06.17 14:40:50.793

SPO02: 98%
BPM: 43 bpm
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ECG Signal Processing

ECG processing amplitude:

Range: 0.1-5 mV
Pulsations: 0.5-3.5 Hz
BW: 0.01-250 Hz
Artifacts and noise
Interference movement
Wandering

(1) Atrial depolarization, initiated
by the SA node, causes the

(2) With atrial depolarization
complete, the impulse is
delayed at the AV node.

(3) Ventricular depolarization
begins at apex. causing the
QRS complex. Atrial
repolarization occurs.

I:[ Depolarization . Repolarization

R
T
_}LA/\__
QS

(4) Ventricular depolarization
is complete.

P “ T
Q

{B) Ventricular repolarization
begins at apex, causing the
Twave.

R
.
/\_A/’\
Qg

f_i ) Ventricular repolarization
is complete.

p




ECG Signal Processing

Development of digital ECG processing

. Original signal
algorithms for: o
TP Tt
0.5} R
* Heart rate detection: S e
. Estimated BW using A7
* Threshold based technique 4 g _
. o o . L - =S g T —]
 Technique based on classification ST el e
4
by clustering . BWadnosecomeciedsgnal
0 ;“(“\MI‘W w'-"u‘(\m *,-Ym,‘[—\A\-T_--AJI\n warﬂ.’b,’u Lw.rnjrw.)r Jw-mtw
 Noise removal: i I PR IR0 B B LRGN N
. 0 1 2 3 4 _l_:mﬁg{s} [ T a8 8 10
° TEChanues baSEd On Wave|Et https://doi.org/10.1016/j.dsp.2013.07.010
transform
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fECG Signal Processing

Non-invasive fetal electrocardiography:
* Maternal ECG (MECG) and Fetal ECG (FECG) components in Abdominal ECG
(AECG) signal

Abdominal electrodes
AE,- AE,

Signal
processing
system

Vehobrvbebnt

Estimated fECG signal

Amplifiers [fm—— Hh;__‘,/-&-"‘r

FSE ] Reference fECG signal

DOI: 10.3389/fphys.2018.00648
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fECG Signal Processing

Non-invasive fetal electrocardiography:
* Processing techniques similar to ECG:

1 T T T T ; Y T T
©
S OMWM
a . .
= W5 455 46 465 47 475 48 485 49 495 50 * Noise removal using wavelet-
5! — T 71— based techniques
g OMWM * Detection of the fetal QRS
[« . o
2 A A L 1 L A 1 1 L -
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Time (s)

https://doi.org/10.1371/journal.pone.0199308
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fECG Signal Processing

* Clustering-based technique for detection of fetal QRS complexes:
» Capable of detecting in very noisy environments and/or in the presence of
artefacts

S o T T I T T
T1 L  E I

https://doi.org/10.1371/journal.pone.0199308



Practical example

e Skin electrodes fabrication based on laser induced graphene on polyimide




Practical example

e Skin electrodes fabrication based on laser induced graphene (LIG) on polyimide

* After LIG, silver (Ag) paste is Fabricated electrodes
deposited on the edge of the 1
electrode to enhance o
conductivity

CO. Laser

Kapton Tape

Strechable adhesive

LIG electrode
AgihgCl contact

* The electrodes are cutted and — wire
Wlth ad hESive fllm attaChEd to https://doi.org/10.1038/s41528-019-0056-2
the skin
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Practical example

e Skin LIG electrodes employed for ECG acquisition using Biosignalsplux




Future works

* Ubiquitous real-time fECG and mECG monitoring with a flexible and printed device
with remote data access by wireless transmission

Pregnancy belt (Source: Carriwell)
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