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Artificial intelligence
> What does artificial intelligence mean?
> Where is artificial intelligence applied?
> Where is artificial intelligence needed?
> Our main application, our lives.

@

Disease diagnosis

> Breath analysis.

> Lung cancer diagnosis.

> What are the mathematics within?

Main results

> Concentration of chemicals.
> Diagnosis of diseases.
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has managed to create an artificial brain that
( :O |e plays a video game better than a human player,
g without having received any instructions on what

the game is about.

Games

IBM'sw Watson computer defeated the best
participants in the history of the American
guestion and answer contest Jeopardy.
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The University of Science and Technology of China have
developed a machine capable of obtaining better results
than humans in an intelligence test.

UNIVERSITY OF

4P CAMBRIDGE

The University of Cambridge has an algorithm capable of discovering
your age, gender, profession, level of intelligence, political opinion and
sexual orientation through your faceboolc activity.
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what oloes Artr,ﬁcual, mteLLz,@ewce mean?

AYti/‘ﬁ«OiaL m’c@LLiggwcg (Al) makes it possible for machines to Learn ‘fYDWL

8)(‘P€Y£CVLGC, adjust to new inputs, and perform tasks as humans oo. Most of the examples
of Al You hear about today are Largely based on ‘PVCdiGti\/ﬂ QMLg.SLS anol dCC‘P
LanV\iV\;@. Through the use of these technologies, computers can be trained w perform
specific tasks by processing large amounts of data and

recogunizing patterns within.

AN

Diagnosis Results  ~  Conclusion



_— Breath Biopsy Confer

(‘M j{:;nmu

Learn from experience

Predictive analysis, and deep Learning

&. Recognizing patterns bg processing data

Results Conclusion

Al >

Diagnosis



o Breath Biopsy Confer

('!nr“ f[rm Hll'Ht I|ﬂ 1

| Learn from experience

Predictive analysis, and deep Learning

&‘ Recogwnizing patterns bg processing data

i1y )

9 *' iy
Traini

Al N~ Diagnosis > Results >~  Conclusion




- Breath Biopsy Conference

elll? X \F L

where is Artificial intelligence needed?

Al . Results N Conclusion

Diagnosis >



" Breath Biopsy Conference '/j/.‘

{’G%UNIVERSIDAD “* 1 W) LT B P
() couiribieise = SRR Aot

Al N~ Diagnosis > Results >~  Conclusion



s Breath Biopsy Conference '//j/ ‘{

fo % ég)li/IVPifJEFiﬂnNgﬁ (‘!n{(} j,[:; umuuz A‘

DDDDDD

B LArge

Hmounfs of
velevant data

are rgogwed

Al N~ Diagnosis > Results >~  Conclusion




Mawy potential benefits

Al N Diagnosis Results  ~  Conclusion



{6
N

The point is to develop ntelligent
applications

Al N Diagnosis Results ~  Conclusion



X 0 - Breath Biopsy Conference

COMPLUTENSE &'!n(! J,m fi u i

Where - Artuﬁo,,m twteLLngewoe neededl?

ur,
%rlontesgﬂi

N\

Results Conclusion

Al

Diagnosis




_— Breath Biopsy Confer

(qg}u 1@ a;mur»-

what are the main applications which make owr LE\/BS
better?

N Diagnosis

Al Results Conclusion




_— Breath Biopsy Conference

(‘k{g 1@.1mn o
what are the main applications whteh WAA lQE oWy LL\/BS

better?

Vhat Do We Need to Live?

* Water
— Clean
- Uncontaminated

- 21% Oxygen
— Free of pollution

* Shelter
* Food ~ Clothes/housing
— A variety ~ Protection from heat/cold/rain

— Fresh

Al N Results Conclusion
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M. Izquierdo, M. Lastra, E. Gonzalez, J.C. Cancilla, M.
Pérez, J.S. Torrecilla. Convolutional decoding of
thermographic images to locate and quantify honey
adulterations. Talanta (Accepted).

M. lzquierdo, M. Lastra, E. Gonzalez, S. Padrana, J.C.
Cancilla, J.S. Torrecilla. Visible imaging to

convolutionally discern and authenticate varieties of Need tO LIVG?

rice. Food Control 110 2020 106971.

* Air M. Lastra, E. Gonzélez, M. lzquierdo, J. C. Cancilla, J.S. Water
— 21% Oxygen Torrecilla. Cognitive chaos on spectrofluorometric data ~ Clean
4 to quantitatively unmask adulterations of a PDO - Uncontaminated
= Freeofpollution ;1 oo0r Food Control 108 2020 106860.
Shelter
* Food M. Lastra, M. Izquierdo, A. Torreblanca, R. Aroca, J.C. — Clothes/housing

Cancilla, J.E. Sepulveda, J.S. Torrecilla. Cognitive
fluorescence sensing to monitor the storage conditions
— Fresh and locate adulterations of extra virgin olive oil. Food
Control 103 2019 48-58.

— Protection from heat/cold/rain

— A variety

M. Izquierdo, A. Villa, M. Lastra, R. Aroca, J.C. Cancilla,
J.S. Torrecilla. Intelligent real-time quantification of
cheese whey in rivers and reservoirs in Madrid (Spain).
Sensors & Actuators: B. Chemical 298 2019 126895.
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Non-invasive
Painless Safe
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How can we diagwnose Like this?
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Please think how You would diagunose a disease using just
one of Your senses, thew two of them, and thew three, and...
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what are the mathemiaties within?

Advanced artificial intelligence based feature selection
software. It enables the determination of:

1. Most important features or variables that chavacterize o
sggtem,

2. The optimal estimative model.

Discriminating features

Al Y Diagnosis Results >  Conclusion
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what are the mathemiatics within?

-~

1. Eliminating noise, anomalous data or redundant features
Statistical tools

1.1. ANN based calculations
The algorithm and its application is being patented

1.1.1. Statistical analysis
Comparison of estimation errors and/or success rates

Most The best
important LAES A% estimative
features AU T/ model

Al ~  Diagnosis Results 7" Conclusion
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Statistical
analysis of the

database
Discriminating ”
features «

The nature of both Estimative
algorithms are
similar

model

‘ 1
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Under patent request
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Advantage over other feature selection methods

Feature selection algorithms AlgoTron
ReliefF, Kruskal-Wallis, Chi2...

Independent
variables selected

Algo Pack

In contrast with other feature
selection algorithmes, this
approach ensures that the
optimal variables are found for
Estimative the system as the model itself
Model is used for the selecting task.
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Artificial Sensing Intelligence with Silicon Nanowires for
Ultraselective Detection in the Gas Phase

Bin Wang,” John C. Cang

D of Chemical Engi
3200003, krael
D of Chemicl Engi C

© Supporting Information

ABSTRACT: The use of molecularly modified Si nanowire
field effect transistors (SiNW FETs) for selective detection in
the liquid phase has been successfully demonstrated In
contrast, selective detection of chemical species in the

phase has been rather limited. In this paper, we show that the
application of artificial intelligence on deliberately controlled
SiNW FET device parameters can provide high selectivity
toward specific volatile organic compounds (VOCs). The
obtained selectivity dlows identifying VOCs in both single-
component and multicomponent environments as well as

Jose S. Torrecilla,* and Hossam Haick® "

and Russell Berrie Nanotechnology Institute, Technion-Israel Institute of Technology; Haifa

University of Madrid, Madrid 28040, Spain

estimating the constituent VOC concentrations. The effect of the structural properties (functional group and/or chain length) of
the molecular modifications on the accuracy of VOC detection is presented and discussed. The reported results have the
potential to serve as a launching pad for the use of SiNW FET sensors in real-world counteracting conditions and/or

applications

KEYWORDS: Field effect transistor, sensor, artificial neural network, selective, volatile organic compound, vapor

" flicon nanowire field effect transistors (SINW FETs) are
emerging as promising candidates for signal transduction
and recognition of (bio)chemical species.’ ¥ SINW FETs
provide several advantages over other sensing strategies,
attributed to the methodical controllability over the sensing
signals by means of gate voltages,''"” the ability to provide
multiple device features to evaluate sensing signals,” the low
power consumption of the SNW FET, and to the extreme
‘miniaturization features of the device dimensions.™

Implementation of the SiNW FETs for selective detection in
liquid phase has been demonstrated. Functionalization of the Si
NWs with amine/oxide,” biotin,” antigen,” or calmodulin® has
allowed realtime selective (or specific) detecton of pH,
streptavidin, antibody, and calcum ions, respectively, in a liquid
phase. Also, functionalization of SNW FETs with tyrosine
kinase,” antibody receptor,” or peptide nucleic acids (PNAs)"
allowed selective detection of Abl tyrosine kinase, influenza-A.
virus, or DMNA, respectively, in biclogical samples. In these
applications, the receptors attached to the SiNW's surface bind
specifically with the targeted (bio)molecule of interest, mostly
through the “lock-andkey” approach, *'* and transduced via
the FET platform as a change in the electrical signal(s)

In contrast to the liquid phase, it has been a challenge to
obtain selective SINW FET sensors for gaseous chemical
species, such as, volatile organic compounds (VOCs) that are
associated with environmental pollution, quality control,
explosive materials, or various diseases.®'** As an inter-
mediate way to increase the selectivity toward a specific VOC

| ACS Publications & 2014 Ameresn hemed sociesy 933

of interest, arrays of crossreactive (that is, semiselective)
sensors in conjugation with pattern recognition methods have
been utilized.*'"™** This approach mimics the human
nlf:cmr][ system and is often referred to as “electronic
nose” ¥ Excellent progress in the electronic nose field
has been achieved during the past two deades but increased
selectivity remains elusive, especially when the targeted VOC
exists in an environment that includes counteracting con-
taminants or VOCs. Theoretically, increasing the number of the
cross-reactive sensors in the array might lead to some
improvements in the selectivity.* Nevertheless, increasing the
number of sensors increases the power comsumption and
complicates the device circuitry and the related computation
parts. Additionally, the higher the number of the sensing
elements, the higher the rick of overfitting toward the analyzed
data (ie., ases where the applied algorithm desaibes random
errors or noise instead of the undedying reltionship),™
particularly in cases where the sample size is limited.

Here, we present an approach that allows highly accurate
selective detection as well as estimation of VOC(s)
concentrations in both single-component and multicomponent
mirtures. The approach relies on the use of multiple
independent parameters of a specific moleculadly modified
SINW FET (eg, voltage threshold, V,, hole mobility, u,,

Received: November 21, 2013
Revised:  January 9, 2014
Published: January 17, 2014
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Figure 3. (a) Schematic dlustration of an ANN mode for VOC recognition. (b) Hot plots of logarithm Eundidean distance at VOC concentration of
Ps/p. = 0.08. (¢) Euclidean distance of ANN outputs using sensor S3 to identify hexane, bexanol, octane, and their binary and temary mixtures. All
the tested VOC concentrations are at p,/p, = 0.08. Inset: Schematics of the relationship among single VOCs and their binary and ternary mixtures in
ANN outputs.
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A Highly Sensitive Diketopyrrolopyrrole-Based Ambipolar
Transistor for Selective Detection and Discrimination

of Xylene Isomers

Bin Wang, Tan-Phat Huynh, Weiwei Wu, Naseem Hayek, Thu Trang Do,
John C. Cancilla, Jose S. Torrecilla, Masrur Morshed Nahid, john M. Colwell,
Oz M. Gazit, Sreenivasa Reddy Puniredd, Christopher R. McNeill, Prashant Sonar,*

and Hossam Haick*

Xylenes, which include three isomers, ie. o-xylene, m-xylene,
and pxylene, are impontant petrochemicals! Individual and
mixed xylene isomers are widely used as chemical intermedi-
ates to make polyesters and as solvents in the printing, rubber,
and leather industries, as well as in household products (aer-
osol paints and lacquers).!! Volatilization of xylenes in air can
impair the human respiratory system, the central nervous
system, liver, kidneys, eyes, and skin”! The U.S. National Insti-
tute for Occupational Safety and Health (NIOSH) has recom-
mended long- and shortterm exposure limits for xylenes of
100 and 150 ppm. respectively? Though xylene isomers have
similar structural and physical properties, they have different
industrial applications./!! Moreover, the three xylene isomers
are metabalized by different pathways in the body?! Hence, the
detection and discrimination of xylene isomers is essential in
environmental monitoring and healthcare 2

In principle, high-resolution gas chromatography (HRGC)
can be used to detect and discriminate xylene isomers¥
However, it requires expensive equipment and well-trained
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operators, making HRGC unsuitable for environmental moni-
toring. A number of metheds, including mass sensor arrays,!
chemiresistor sensor arrays®l sensors based on metal oxide
semiconductors,”! and cataluminescence sensor arrays,® have
been developed for cost-effective detection of xylene isomers.
Although selective detection has been achieved with arrays
of sensors, their detection limits are always very high (eg.
10% 10%, and 400 ppm as reported in refs. [7c]. [S]. and [6]
respectively). 5 ppm p-xylene has been detected using cobalt-
doped zinc oxide nanowire based sensors.™ However, such
metal-oxide-semiconductor-based sensors work only at a rela-
tively high temperature (=400 °C) and no selectivity regarding
the other isomers of xylenes has been reported for these sen-
sors. Therefore, detection of xylene isomers with high selec-
tivity and sensitivity below the health-risk threshold level of
100 ppm remains a significant challenge. A reliable selective
sensor for the detection of mixed xylene isomers. widely used
as solvents in the chemical industry, is lacking as well.

“We report here a sensor based on an ambipolar diketopyrrolo-
pyrrole (DPP) copolymer field-effect transistor (FET) to selec
tively and sensitively detect xylene isomers at 40 ppm, which
is below the NIOSH longterm exposure limit for xylene iso-
mers. The rationale behind this approach is that an ambipolar
FET that can operate alternatively in n-channel and p-channel
modes has been adopted for the generation of double-sensing
parameters in hole and electron changes, rather than using a
unipolar FET!" Therefore, it is reasonable that an ambipolar
FET sensor would provide more degrees of freedom to enhance
the selective detection of structurally highly similar chemicals,
e.g., between isomers. Indeed, by combining multiple sensing
parameters derived from hole and electron effects obtained
from the one ambipolar FET with a pattern-recognition algo-
rithm, chemical fingerprints for each of the xylene isomers can
be taken to clearly discriminate between structurally similar
isomers. The ambipolar FET sensor can also selectively detect
solvents of binary and ternary o-, m-, and p-xylene mixtures at
different ratios via vapor sensing.

An  alternating copolymer, poly(diketopyrrelopyrrole-ter-
thiophene) referred to as PDPPHD-T3 (Figure la), was syn-
thesized by Stille coupling, using hexyldecyl-substituted DPP
flanked with thiophene as previously reported’® (see also
“Experimental Section” below and Supporting Information,
Section 51). Polymer characterization data can be found in
Section 51 and Figure 51-55 of the Supporting Information.

Ady. Mater. 2016, 28, 4012-4018
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Figure 2. Time-dependent responses as expressed by: a) AViy., b) Aie/piet, C) ASS,, d) AVis 1, ) At /lis, and f) ASS;, of a PDPPHD-T3 FET after expo-
sure to different xylene isomer vapors at varying concentrations. PCA score plots for the three xylene isomers at 40 ppm. g) Six sensing parameters
(AVi by AVihe, A flins, Ao/ oo, ASSp, and ASS,) obtained by one PDPPHD-T3 sensor were used. h) Only electron-response parameters (AVi,e, Alie/pety
and ASS,) were used. i) Only hole-response parameters (AV,,;, A/l and ASS;) were used. j) Euclidean distance of ANN outputs using a sole
PDPPHD-T3 ambipolar FET sensor to identify o-xylene, m-xylene, p-xylene, and their binary and temnary mixture solvents.
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ABSTRACT: Multiple sdercsis (MS) is the most common chronic newrological
d:mase aﬂ'enmg young adults MS diagnosis is based on dinical characteristics and
of the cerebrospinal fuids (CSF) or by magnetic resonance

mugng (MRI) of the brain or spinal cord or both. However, neither of the cument
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@ . . (d)
8 @ e
e ®
disgnostic procedures are adequate 28 3 rowtine tool to determine disease state. Thus, a8 - T &6 !
diagnostic biomarkers are needed. In the current study, a novel approach that could £ t
meet these expectations is presented The ap b is based on analyss ‘ a4 P @ 2 e 1
of valatile erganie compounds (VOCs) in breath Exhaled breath was collected from ot t ] .
204 participants, 146 MS md 58 healthy control individuals. Analysis was p o2 gl 1
‘,_ apl P etry (GC-MS) and manomatedal- based sensor array. Predictive models were derived from a0 Gty L] & .
the sensors, using artificial mm]netwﬂss(ﬁN'Ns} GC-MS analysis revealed sgnificant differences in VOC abundance between o e S & g oW Auc =3
MS patients and control. Sensor data analysis on training sets was able to discriminate in binary comparisons between MS Control WS-Retapse hr P ) Yy an "
patients and controls with accurades up to 90%. Blinded sets showed 95% positive predictive valse (PPV) between MS- 1:Speciticity
remission and control, 100% sensitivity with 100% negative predictive value (NPV) between MS not-treated (NT) and control,
and 86% NPV between relapse and control. Posible links between VOC biomarkers and the MS pathogenesis were established. MS-NT s Coninal
Preliminary results suggest the applicability of a new nanotechnology-based method for MS diagnostics o . I:f]
KEYWORDS: Bumurken, breat, dingnoss, mltiple sderm s, s, gpecromery, wlitile organic ampomd s PR TN gt
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e (3 Tt ess £
B INTRODUCTION cases, detected lesions may 'be enmsm on MRI show anly g B
Multiple sderosis (MS) is the most common chromic small plaques on pathol N Fur = 0iq o 3 ioi—
neurological disease affecting young adults, with usual onset central nervous system (CMNS) lesions that are related to H f 1 |
at the age of 20— 50 years old, and is more common in women other etiologies (e.g,jmhmua,smemic hupus erythematosus 02 8, %99 1 24
(about 3 times more than in men).'* The diagnosis of MS is (SLE), Behcet's disease, vasculitis ete) and can appear very P &oes 3 l.
based on clinical charactedstics. History and physical m’l" “’ M5 leslon: on mJ”“h’? them often dﬂlc..]:.m be 1 1 AUC = 7
examination are the most significant Factors in determining distinguished from one another” Moreover, MBI s an Control MENT vz 8z o4 ae | as o
expensive procedure that is not availsble for routine medical i-Specificity

the diagnosis of the disease, but there are several ancillary d fol
" T . et care a O+
1;_]"”“"”’5'“"’-"‘5 that assist the dinican in establishing the Another de" test is analysis of the presence of IgG Figure & Results of the ANN model training sst in distinguishing berween samples. The fillowing comparisons are presented: (3, 4] MS remission
iagnoss. . — . oligoclonal bands (VCBs), extracted from cersbrospinal fulds (n =95) vs contral (i = 44 (by &) MS relapse (n = 14) vs contral (= 37}; (g £) M5 NT (n=23) vs control {n = 41), represented in a duster
The oot F =T ool for tion of MS e N o5 formation (left) and a ROC curve (right). The red dashed line & the set threshald per trining.
disgnoss i magnetic resonance imaging (MRI) of brain or (CSF), by means of eectrophoresis This test involves
spinal cord.’ MRI is considered the test-of-choice to support performing 3 hembar puncture, which is an invasive procedure,
the clinical diagnosis of MS, applying the McDonald’s accompanied by pain and discomfost to the patient and

disgnostic edteris, with d Hom of di i ™ potentially infection, and can lead to newrological complica-
time and space of charscteristic lesions is to bl

the disgnosis ' Characteristic lesions on MRI are fyund in 70— Received: May 16 2017

95% of patients diagnosed with MS.* Most lesions detected on Acceped:  Augst 3, 2017

MBI comelate with MS pathologic lesions. However, in some Published: August 2, 2007
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ABSTHACT: Two of the biggest challenges in medicine today are the need 1
to detect diseases in a noninvasive manner and to differentiate between
patients using a single diagnostic tool The current study targets these two

challenges by developing a molecularly modified silicon nanowire fed %o"ﬂ
effect transistor (SINW FET) and showing its use in the detection and — )
chsification of m disease breal i cancer, e cancer, -
asthuma, and chronie abstructive p..:?::dgzl The ’fa?:zudmi I

FETs are charadedsed and optimized based on a training set that comrelate "

their sensitivity and selectivity toward volitile oganic com pounds (VOCs)

linked with the vadous disease breathprints. The best sensors obtained in

the training set are then examined under real-world dinical conditions,

using breath sumpl 374 subjects. Analysis of the dinical samples show that the optimized SNW FETs can detect and
discriminate between almost all binary compadsons of the diseases under exmination with =80% accuracy. Owerall this
approach has the potential to support detection of many diseases in a direct harmless way, which can reassure patients and
prevent n il ti igati

EEYWORDS: nanowire, sawsor, disease concer, diagnosis, braath, volatile organic compotend

the comeat disgnosis s ey in the onset of 3 disease = disesses. A diggostic tool that does not involve any needle,
possible, whether the diseaserelited symptoms are surgery, active materal(s), or radicactive exposure would have a
absent or not evident” Symptoms are not aways duamcteristic significant benefst.
of one particular disease * For example, patients with different A highly promising approsch that could meet the afore-
respirstory disases, such & malignant or besign tumers o mentioned need is based on the detection and dasification of
substantially less severe diseases, may have similar symptoms, the disease breathprint, namely the chemical profiles of highly
for example, cough, cdhest pain, dificully bresthing, «tc These

P]lyxicj.ma are aways challenged by the need to gve find a disgnostic tool capable of distinguishing between these

- ko) A

symptoms may be charscteristic of lung cancer (LC), pneu- Received: May 11, 2016

monia, ashma, and cdwonic obstructive pulmonary disease Accepted  July 6, 2016

(COPD ). Therefore, it i of particular dinical importance to Published: July &, 2016
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Figure §. Sensitivity (red; 2 d g i, m, p), specificity (blue;b, e, h k n,
q), and accuracy (green; ¢, £ i1, 0, r} for hinary comparisons between
the response of S1-56 to breath smples of volunteers from all
groups: LC, GO, AC, and healthy control Classification was obtained
by ANN analysis (each row comesponds to a different sensor: top row
(& by <) corresponds to 51, the second (4 e, f) to 52 oc.). In this
chssification, all stages of a disease were considered as one group
(without staging). Mumbers in white are the values, for eomple, the
value in the red box relaing GC and cntrol is the sensitivity of their
comparison, the vahue in the blue b is the specificity, and that in the
green box is the accuracy. NOTE: In comparing any of the groups
with the “contrd” group, the later was deady comidered the
“negative” growp, while the othes were considersd the “positive”
groups. In comparing one of the cancer growps (LC or GC) to AC, the
tommer was considered the “positive” and AC the “negative” goup.
Finally, in comparing the 2 types of cancer, LT was taken as the
“positive” group, and GC the “negative” goup. The vahes of the
comparisons are reviewed in Supporting Information, Table §3.
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Unique profile of skin volatile biomarkers for non-invasive

and point-of-care detection of tuberculosis
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Tuberculosis (TB) iz an infectious dizease that threatens >10 million people
annually. Despite dramatic advances in TB diagnostics, millions of patients cpe o .pe . .
continue to receive incomplete or delayed diagnosis, as the physical signs and Artificial neural network results of the global classifier. a, boxplot of ANN estimation
symptoms of T8 are not specific. Many existing bio-diagnostic tests are slow, score of the model. Each point represents one sample. The central solid line represents
have low sensitivity and'or specificity, and can be too expensive or complex for . . .. .
resource-limited settings. Here we report on a new diagnostics pathway and Youden's cut-point. The dashed line represents modified cut-point to meet the WHO
related sensing tools enabling a non-invasive, affordable, fast and highly criterion of sensitivity above 90%. Samples above the cut-point are classified as Non-TB
accurate way of detecting TB. The approach relies on TB-specific volatile d h I h d I b I h . I f d f d I
organic compounds (VOCs) that are detected, identified and quantified from air an €a t y an Samp €s elow t e CUt-pOInt are classitie as confirme pu monary
trapped above the skin (the “skin headspace”). A specifically-designed active TB samples. b, ROC curve of model with mathematically optimal Youden's cut-
Id | th findi int int-of. di: i d . e . .
pemoaiay oul ot (e [ninas o | pomoreme daaness = point (black arrow) and the modified (green arrow). ¢, boxplot of ANN estimation score of
iscriminating between confirmed active pulmonary TE status and controls
with 92.3% sensitivity, 80.4% specificity and 84.9% overall accuracy, fulfilling the model for subpopulation with QFT positive status. d, boxplot of ANN estimation score

the requirements of a triage TB test according to the World Health Organization
(WHO) guidelines.

of the model for subpopulation with QFT positive and HIV negative statuses. e, boxplots
of ANN estimation scores for selected confounding factors. QFT- QuantiFERON-TB Gold
test.
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Artificial tntelligence can Lead to reliable algorithms
to distinguish breath patterns from groups of
patients versus controls for a wide set of illnesses, as

well as identify potential biomarkers.

S Still so much work to be done...

Diagnosis Results ~  Conclusion



f— Breath Biopsy Conference

1 A

.. the best results are Yet to
COVAL o.o




A ’ ?«;Q{eack UNIVERSIDAD
nalyzing Complex Systems COM PLUTENSE

MADRID

Thank you very much

1/ I\ A e Y Sr\\\_\
Artificial Intelligence in the early diagnosis
of diseases through Breath analysis

Dr. José S. Torrecilla, MSc, MBA

Department of Chemical Engineering
Complutense University of Madrid
Madrid, Spain
jstorre@ucm.es



