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JLM Innovation GmbH

* Founded 2004 in Tibingen
* Independent Small Enterprise (SME)

e Software and hardware for
smart sensors, sensor systems and sensor networks in the area of
chemical sensing

* Focus on measurement systems /-platforms for gas sensing in research
and development
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Developments of JLM Innovation — Sensor systems

Sensor systems and sensor networks based on a broad
range of technologies

- QMB, SAW, MOS,
T t= e y ﬂ EC, CP, FET, IR, ...

o S—
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Products of JLM Innovation — Software

» Software for data acquisition and data analysis
‘ PC-SOftware (WindOWS / OSX) (R oy o B e Tk
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Research projects

LCaos

Volgacore

SniffPhone

TropSense

04 /2011 -03 /2015
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Why mobile?

Electronics for mobile phones is the Exhibit 4
Single market. that exceeds any other Samsung Galaxy Series Phone Shipment Estimates
market (incl. household and automotive) s0 £ ”:“:’mmm
In numbers. 35 T mGalaxy 54

1 1 W Galaxy Mote 2

B Galaxy S3

Succeeding to bring a gas sensor into T e
the mobile phone market is going to U neaess
make that company instantly the market B H
leader in chemical sensors in terms of o
numbers. ST 1

0 ; ; a3 190 19 B3N

1211 2011 301 4{]11 1'-‘2)12 2012 3012 4012 12132 2Q13e 301324013

Why hasn‘t It already happenedr)?? & = Morgan Stanley Research estimates Source: Company Data, Morgan Stanley Research
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The first chemical sensor in a mobile phone?

The Samsung S4 released in 2013 already included a
temperature and humidity sensor.

An earlier phone with a humidity sensor is the Lenovo F-01C
sold exclusively in Japan by one carrier in 20009.

http://opensignal.com/blog/2013/06/12/the-story-of-how-temperature-and-humidity-sensors-made-it-into-the-samsung-galaxy-s4/
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The first chemical sensor in a mobile phone?

The Samsung S4 released in 2013 already included a temperature and
humidity sensor.

An earlier phone with a humidity sensor is the Lenovo F-01C sold
exclusivey in Japan by one carrier in 20009.

Sensirion developed the SHT-C1 specifically to meet the challenges of the
mobile phone market.

To foster the uptake Sensirion developped the drivers for Android
themselves and contributed them to the Android project (available on
Github)

Siemens already announced working on a gas sensors for mobile phones in
2004, mentioning alcohol, bad breath, fire detection and ozone.

¢ e

JimIinnovation

http://opensignal.com/blog/2013/06/12/the-story-of-how-temperature-and-humidity-sensors-made-it-into-the-samsung-galaxy-s4/
https://android.googlesource.com/kernel/tegra/+/b445e5296764d18861a6450f6851f25b9ca59dee/drivers/hwmon/sht21.c
http://www.i4u.com/6548/siemens-alcohol-testing-mobile-phone
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http://opensignal.com/blog/2013/06/12/the-story-of-how-temperature-and-humidity-sensors-made-it-into-the-samsung-galaxy-s4/
https://android.googlesource.com/kernel/tegra/+/b445e5296764d18861a6450f6851f25b9ca59dee/drivers/hwmon/sht21.c
http://www.i4u.com/6548/siemens-alcohol-testing-mobile-phone

Why the humidity sensor in the $4 didn‘t make it into the S5?

When Samsung released the S5 in 2014 the humidity sensor was gone.

® o 00 g
@ Tl
[ fi1245 8

Too expensive?

St e Life companion
idn‘t it work?

Some users complained about bad performance.
Most users didn‘t know about it or didn‘t care!

Not enough value to the end user!
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A deeper look into the Sensirion SHTC1 on the Samsung S4

* The sensor is located near the microphone (using the same hole)

* Reduced in size, supply voltage (1.8V) and cost compared to the
established SHT21

» The data protocol has slightly changed (different checksum)

* Not connected directly to the main processor, but via a sensor hub
microcontroller (Atmel) via 12C

» Activated on-demand, only when the user (/ an app) is asking for the
data

» The final data provided to the user is altered compared to the
measurement data. Data fusion from other sensors or state
information is used to improve the accuracy (not avilable in the GPL -3
code)! N
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Minimum requirements to meet on a mobile phone

Hardware requirements

* Supply voltage 1.8V

e Low power consumption (<1mW continuous)

* Fast on-off cycles

* Smallest possible size (typical sizes < 10 mm?)

* Digital interface (maybe analog if combined with sensor hub uC)
Software requirements

* Drivers integrated into android hwmon (or 10S)
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Specific challenges for chemical sensors on mobiles phones

* Must survive production process (250°C in reflow oven during PCB
production)

* Must survive reliability testing

* Must survive during phone lifetime (several years)
* No factory calibration in mobile phone

* No recalibration during lifetime

* Must function in varying backgrounds (inside, outside, different climates,
carried in pocket or purse, ...)
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The main challenge

Provide value to the end user!

e Differentiating factor for the phone
 Attractive to a large part of the end customers

* Improving
* Personal wellbeing (health, fitness)
» Safety
e Coolness / social / gadget

JlmInnovation
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The task of the sensor company

Providing a full solution

* Sensing element incl. interface

» Application / driver / smartphone app (at least reference implementation)
Managing expectations of customer (phone manufacturer) and end user
 Different demands in different societies (US / Europe / Asia)

* Multi functional sensor (one application might not be enough)
Application support to the phone companies

e Listening to customer feedback / partnership

* Providing integration / software / marketing support

JimIinnovation
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Potential applications for gas sensors in mobile phones

Existing applications of gas sensors, that could be ported to the mobile
phones

* Breath alcohol measurement

* Diabetes / Ketosis / Halitosis (health)
 Air quality (comfort)

 Air quality (safety)

* Fire detection / threat warning
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Players on the market: Sensirion

Announced the multipixel gas sensor SGPC10 for release in 2016

2 Sensors
(AH & Temp.)

ADC
Calibration

S

H ML

Established product: humidity sensor New: smaller humidity sensors New: mulipixel gas sensor
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Players on the market: Bosch

Announced the BME680 combined temperature, humidity, pressure and
gas sensor for release in 2016

New:
BMEG680 combined environmental sensor incl.
algorithm / software support package

Established product:
BMP180 pressure sensor
BME280 pressure and humidity sensor

JlmInnovation
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Players on the market: Figaro

First classical MOX gas sensor manufacturer.

Established product:
Wide product line of
TGS gas sensors

New (2014):
TGS 8100 Mems air quality sensor
small SMD package 1.8V compatible
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Players on the market: AMS (AppliedSensor)

AMS bought AppliedSensor in 2014, mentioning mobile phone market as
one driver.

Established products:
AS-MLx MEMS gas sensors

: 277
IAQ smart gas sensors for automotive New: ??:

Combination of MOX gas sensor and humidity sensor
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Players on the market: SGX (e2V, MiCS)

Release of an SMD MOX sensor (too large for mobile phone)

Sid |
| eee

4

Established products:

New:
MiCS MEMS MOX sensors

SMD packaged sensors, multisensors
SMD modules
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Players on the market: Cambridge CMOS Sensors

Newcomer targeting directly mobile phone market

CCS 801, CCS 802, CCS 803 SMD MEMS MOKX sensors, smallest size, power, <1.8V
CCS811 Smart MOX gas sensor 1.8V 12C

JlmInnovation
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Sniffphone project

Heterogeneous sensors array linked with
breath collector, microfluidics cell and pump

Mobile with Add-

https://www.sniffphone.eu

JmInnovation 25
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User Expectations for a mobile health device

e Quick
* Fast startup
* Quick measurement
* Immediate results

e Reliable

* No user calibration

* Works throughout the lifetime of the phone
(2 years)

* Painless / Convenient
e Self — Control
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Sensor requirements

* Fast startup: <10s

* Long lifetime: > 2 years

* No (limited) recalibration

* Varying environmental conditions
* Small size: few mm?

* Mass market producibility
* CMOS compatible
* Packaging
* Use established production technologies!
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New concepts needed

* Better materials (stability, sensitivity, selectivity)

* New operation modes
* Discontinuous
e Startup / cleaning
* Cycling / virtual sensors

* New sampling concepts
* Breath, skin, eye, ear, urine
* Active, passive, separation, enrichment

* Signal processing (filtering, feature extraction)
e Data fusion
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SMARTPHONE FEATURES

Capacity Up to 128 GB
RAM Up to 4 GB Microphone
CPU 64-bit processors Camera
Up to 2 GHz octa-core technology Accelerometer
Connectivity 4G LTE Barometer
NFC Touch ID
Bluetooth > . .
801.11 b/g/n - Wi-Fi agnetometer
GPS 3-axis gyroscope

Light sensor

1\ Sh¢

Proximity sensor
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Rich capabilities available on the smartphone

* Auxiliary sensors for data fusion:
* Movement: Accelerometer, Gyroscope
* Environmental conditions: Temperature (Barometer, Humidity)
e Location: GPS, Wifi, Inside, Outside
* Time (Time of day)

e Rich data sources:
* Local environmental data
* Personal tracking information (activity, heart rate, Sp02)

* Internet connectivity:
* Access to databases
 Server based analysis / consolidation (in the cloud)
» Updating of algorithms / firmware / operation modes
 Communication with medical practitioners / supervision
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SniffPhone Horizon 2020 research project (2015 — 2018)

M O b I I € P h one Heterogeneous sensors array linked with
d d d -oNn breath collector, microfluidics cell and pump

Point Of Care /
Consumer

Screening /

Monitoring Mobile with Add-
On SniffPhone

Miniaturization, & :
integration and cost | ol e
reduction | - I e
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Scope / goals of the Sniffphone project

* Array of GNP sensors (resistive gold nanoparticle sensors @ RT)
* Microfluidics chamber

* Miniature pump

* Plug-on module for Android and IOS

* Data Analysis

 Communication Infrastructure

Target disease: Gastric / Colorectal Cancer
* Clinical studies
» Reference analytics / bio marker identification (offline GC/MS, online PTR/MS)
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REMOTE SCREENING AND MONITORING EXHALED BREATH

Upload data

% JONES, T

Over Internet

e |\ : 600
4 -: 1 §
\ Contact Pl : '
s @ with the @
\ user in \

Remote
analysis
of the
clinical
data

; case of
Monitoring exhaled positive
breath results

Results -
delivered
to the
doctors
Sent over

Internet
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Clinical studies

* Breath sampling under controlled conditions (initially with Volgacore

instrument)
* |dentification of suitable sensors b, N
* |dentification of Biomarkers e

e Optimisation of Breath sampling

e Generation of a database for
model building
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Buffered sampling

I r |

Sampling point (0.2 ml/sec)

Total pipe volume = 65.7ml
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Lab Setup — Exhalation Monitoring

 Comparison of three
different breath profiles

1,01

* The timing of different
exhalations is
completely different

0,99

dp/do
o
(o)
~

0,96

0,95

0,94

0,93
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Smart Sensor Model
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Characteristics of Common Interfaces

1Wire RS232 RS485 CAN Ethernet

jlm In nOVOTIOn Jan Mitrovics, JLM Innovation GmbH
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Typical constraints in smart sensor systems

Low program memory (ROM)

Very low data memory (RAM)

Low computing performance

Deterministic real time performance requirements

Low power consumption / Sleep modes

Unattended operation / no recalibration / no reference

Extended temperature range and environmental conditions

Self testing / long lifetime

JimIinnovation
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Data analysis in chemical sensor systems

Feature
R extra_ctlon X, Pattern
max, min, area, ... Recognltlon
(_)5 PCA, LDA, ANN, ...
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> final result
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Pre-Processing: Filters

Filters are often applied to reduce noise in the signal

Clean signal
* Noisy signal
MA3

— MA30

—— Median5

Moving Average X. =— g
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Pre-Processing: Linearization

Many simple pattern recognition algorithms rely on linear calibration curves.

Non linearities in the transducer or electronics are often well known.
— Linearization during pre processing is a simple yet very effective method

Yiin = CONSt: f(y)

-

(@)

>

Chy

) )

5 o

= 5 r

: y=f(x) M) 3 Yi = In(y)
Q
N r
5 Yin =Y
'5 ’ 2

Yin =Y
Input e.g. concentration Input e.g. concentration
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Feature Extraction: Basic Features

* The complete response curve contains a lot of redunancy.

* In order to compute robust results, we want to remove as much redundancy as possible, while
preserving a maximum of information!

N

Signal at a
certain point

in time Maximum

Sensor signal

Peak height

Baseline

Minimum

time
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Feature Extraction

* Criteria for good features
* High correlation to the desired information
* Low correlation to other features

 Robust

* Not susceptible to noise
* Reproducible (e.g. masks variations in flow, temperature, memory effects ...)

 Linear with changes in input signal
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Common Features related to signal strength

Maximum:
* directly related to the size of the input value

Signal Height (Maximum — Baseline):
* removes offset and additive baseline drift from the sensor response
* typical use: measurements with changing background

Relative Signal Height (Maximum — Baseline) / Baseline:
* weights the signal height with changes in baseline
* may be used to counteract linear drift effects, that affect baseline and sensitivity in the same way
* scaling of different sensors to similar sensitivity
* typical use: metal oxide sensors sensor

These features are often combined with
+“* averaging over a number of measurement points to reduce noise
+* In(feature) or other linearisation functions
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Feature Extraction: Signal shape

* Fourier Transformation

* Determines model parameters
X(K) of the response

» X(Kk) give information about signal shape

* Signal projection into wavelets: <x(f)al}'m,n (f)> = J‘_m x(O,,, (Hdt
* Wavelets are scaled and shifted versions of a SRS
X r = xﬂlen IPmn r
‘mother wavelet’ ® m;m;< ’ > ()
. Wavelets are able to e>_<p-lore ’Fhe signal at Y ()=2"" 2"t —n)
different levels of detail in a time-frequency ’
plane m is a scale parameter

Making use of the signal shape may reveal additional "> shift paspmeter |

i [ 1s the mother wavelet /!~
information. @ J\
However, the robustness of the generated features

needs to be evaluated and validated.
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Drift / Stability

Drift: A slow non-random change in signal with time. (IUPAC)

Drift may affect all properties of the response of a
Sensor
* Sensitivity (Slope of the calibration curve)
* Baseline (Offset of the calibration curve)
* Response times
* Influence of cross sensitivities
* Noise

Stability: The ability of a sensor / system to produce the same
signal under the same conditions over longer periods of time.
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Recalibration

Drift is changing the calibration function of a sensor over time.

Recalibration tries to re-establish a working calibration of the sensor (system) with a limited
number of recalibration measurements.

Simplest form of recalibration:

Adjustment of sensitivity by averaging over a number n of recalibration measurement using
a calibration sample of constant concentration.

calibration factoF %to Z X0 kal
kal —
X
%t Z t,kal

re-adjustmant of measuremen%;

= X- fkal

Calibration samples should be as similar as possible to the test samples.

Calibration strategies need to take the properties of the sensors into account!
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Modulation / Virtual Sensors

Increase information content by modulation of

operation parameters:

* Heater temperature

e Sensor potential

e External modulation (e.g. light, flow,
pressure)

Modulation may occur due to operating

requirements:

* Non continuous operation

* Power reduction

* External influences (e.g. movement, sample
changes)

JlmInnovation
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Connected sensors, Data fusion

Data fusion with additional data

* |dentification of environment (state of device, ambient concentrations
from online sources, location awareness)

* Exchange of data from neighbor devices (smart net)

e Data collection, cloud, big data
* New calibration strategies
* Localized distribution
* Improvement of signal to noise
» Citizen data
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