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SYSTEM AND METHOD FOR ANALYZING SPECTRAL DATA USING ARTIFICIAL
INTELLIGENCE

CROSS-REFERENCE TO RELATED APPLICATIONS

6601} This application is related to and claums priotity from the following US patents and
patent applications; this application claims priority from U.S. Patent Application No. [8/828,382,
filed September 9, 2024, which claims priority and the benefit of U.S. Provisional Patent
Application No. 63/541,177, filed Septeraber 28, 2023, each of which s incorporated herein by
reference in its entirety.

BACKGROUND OF THE INVENTION

16602} 1. Field of the Invention

6063} The present invention relates to spectroscopic analysis techniques, and more
specifically to artificial intelligence-based spectroscopic analysis for multi-clement and mult-
macromalecule systems in biological analyvtes, especially medical fluid and breath samples.
(004} 2. Bescription of the Prior At

[LHEERS i is generally known in the prior art to provide spectroscopic analysis for various
substances, including medical fhads, in order to determine a chemical composition of those
samples. Furthermore, it is known to provide artificial intelligence analysis technigues for
analyzing results of techniques such as mass spectrometry.

0006} Prior ast patent documents mchade the following:

(G007 US Patent Pub. No. 2021/0231597 for Fluid property sensor and fluid particle sensor
by mventors Emokpae et al ., filed Januwary 22, 2021 and published July 29, 2021, discloses a
method, system and apparatos for sensing fhads. A floid sensor is configured to analyze a flnd
utifizing impedance spectroscopy. Capacitive impedance of fluids is sensed and measured.
Inductive impedance of suspended particles in fluids 1s measured. An clectrochemical fingerprint
of the properties of the fluid or of the particles within the fluid is generated. Fluid analvtics data
i3 generated from sensor signal data of the fluids under test. Trainable artificial intelligence
algorithms arc used to gencrate fluid analytics data.

[B008] US Patent No. 11,698,370 for Home toilet svstem for monitoring unne components in
real time while urination by inventors Goldman ¢t al., filed September 29, 2021 and issued July
11, 2023, discloses a system for urine sample analysis, where the system may nchide one or
yoore transmitters for transmitting radiation; one ot more sensors that are configured to receive
received radiation that passed through the urine sample and to generate detection signals
indicative of an intensity of the received radiation at multiple frequencies; detaching clements

that are configured to detach the one or more transmitters and the one or uore sensors to a toilet
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bowl; and a processor that is configured to participate m the urine sample analysis for
determining a content of the urine sample based on the detection signals.

136091 US Patent Pub. No. 2023/0034263 for Compositions and methods for spatial profiling
of biological materials using time-resolved lumsinescence measurernents by inventors Zhao et al,
filed November 19, 2020 and published February 2, 2023, discloses compositions, mchuding
products of manufacture and kits, and methods, for in situ spatial profiling of biological materials
such as DNA, RNA and protein in cells, tissues, and organisms for investigating biology and for
conducting biomarker/drug discovery and development, and for chinical pathology and diagnosts.
In alternative embodiments, provided are compositions, meluding products of manufacture and
kits, and methods, for spatially determining, visualizing or guantitying target biological materials
comprising in situ staining of a biological sample with one or a plurality of probes that are
labeled with light-emitting moieties that exhibit or are encoded with distinet luminescence
lifetime {and, optionally, spectrum) characteristics; followed by time-resolved luminescence
taging, measurernent and analysis.

(6016} 1S Patent Pub. No. 2022/0268751 for Apparatus and method for multimode
analytical sensing of items such as food by inventors Farkas ot al, filed February 25, 2022 and
published August 25, 2022, discloses a multimode biological sample inspection apparatus and
method. The apparatus includes av illumination hardware arrangement comprising transmission
and sensing hardware configured to tnspect a biological sample using at feast two modes from a
group comprising a fluorescence imaging mode, a reflectance imaging mode, a scattering
tmaging mode, and a Raman tmaging mode, and processing hardware configured to operate the
iomination hardware arrangement according (o a protocol comprising inspection settings of the
at least two modes. The processing hardware receives scan results from the tlumination
hardware arrangement and identifies attributes of the biological sample by constructing a
multidimensional dataset comprising at least one spatial dimension and at least one spectral
dimension from the scan results and analyzing the multidimensional dataset. The processing
hardware 1s configured to craploy the attributes of at least one biological sample and alter the
protocol.

LEIBY US Patent No. 10,209,178 for Optical system for parameter characterization of an
element of body fluid or tissue by mventors Carvalho Sousa et al,, filed January 31, 2014 and
issued February 19, 2019, discloses a biophotonc device for the point-of-care, real-time, non-
invasive determination of parameters with diagnostic relevance, in particular an optical system
for parameter characterization of an clement of body fluid or tissue comprising an optical device
which comprises: a light source for emitting light onto the clement; and a spectrometer for

recording the spectrum of light from the element, said hight from the clement being of
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transmittance, reflectance or Raman scatiering of the emitted hight by said element; the optical
system further comprising a data processing module configured to: convert the recorded
spectrum by a conversion matrix into a standardized spectram, wherein said conversion matrix
has been obtained by calibrating the optical system spectrum response against a spectrum
reference; pre-process the converted spectrum; correlate, for parameter quantification, the
converted pre-processed spectrum with pre-obtained spectral bands for each parameter; said
spectrurn being contained within uv-vis-rir wavelengths. Also methods of operating said system.
06812} US Patent No. 11,650,195 for fierative medical testing of biclogical samples by
wnventors Kaditz et al,, filed September 26, 2018 and 1ssued May 16, 2023, discloses a system
performing one or more magnetic resonance {MR) measurements on at least a portion of a
biological life form. Morcover, the system quantitatively stoulates an MR response of at least the
portion of the biological life form, and compares the one or more MR measurements and the
quantitative simulation to obtain a first test result. Next, the system determines one or more
additional medical tests to perform. In respouse, the svstem accesses the biological sample m
storage, and performs the one or more additional medical tests on at least a second portion of the
biological sample to obtain one or more additional test results. Furthermore, the svstem computes
a second test result based at least in part on the first test result and the one or more additional test
results, where the second test result has an improved accuracy relative to the first test result.
{6013} US Patent Pub. No. 2021/0149361 for Real time monitoring of product purification by
inventors Jungbauer et al | filed April 4, 2017 and published May 20, 2021, discloses a method
and device which allows in real-time the deterraination of concentration, purity and potency of a
biological product during punfication and/or concentration processes in order to intervene into
the process, either for process control or real time release. The properties of the process stream
are continuously mouttored by at least two online sensors and with the aid of oultivanate
statistical analvsis so that concentration, purity and potency s determined 1o real time.

{6014} US Patent Pub. No. 2022/0203407 for Sorting based on chemical composition by
inventors Jungbauer et al., filed March 16, 2022 and published June 30, 2022, discloses systems
and methods for classifying and sorting materials in order to produce a collection of matentals
that are composed of a particular chemical composition in the ageregate. The system may utilize
a vision system and one or more sensor systems, which may implement a machine leaming
system i order to wdentify or classify cach of the matenials. The sorting ts then performed as a
function of the classifications.

[G815] US Patent Pub. No. 2023/0222654 for Machine [earmning systems and methods for
assessment, healing prediction, and treatment of wounds by inventors Fan et al., filed March 2,

2023 and published July 13, 2023, discloses machine learming systems and methods for
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prediction of wound healing, such as for diabetic foot ulcers or other wounds, and for asseasment
implementations such as segmentation of images into wound regions and non-wound regions.
Systems for assessing or predicting wound healing can include a light detection element
configured to collect light of at least a first wavelength reflected from a tissue region including a
wound, and one or more processors configured to generate an image based on a signal from the
light detection element having pixels depicting the tissue region, determine reflectance intensity
values for at feast a subset of the pixels, determine one or more quantiative features of the subset
of the plurality of pixels based on the reflectance intensity values, and generate a predicted or
assessed healing parameter assoctated with the wound over a predetermined time interval,

6016} US Patent No. 11,337,643 for Machine leaming systems and techniques for
roultispectral amputation stic analysis by mventors Fan et al., tiled August 24, 2020 and issued
May 24, 2022, discloses certain aspects relating to apparatuses and techniques for non-invasive
and non-contact optical imaging that acquire a plurality of images corresponding to both different
times and different frequencies. Additionally, alicmatives described herein are used with a
variety of tissue classification applications inchuding assessing the presence and severity of tissue
conditions, such as necrosis and small vessel disease, at a potential or determined amptation
site.

SUMMARY OF THE INVENTION

{6017} The present invention relates to spectroscopic analysis technigques, and more
specifically to artificial intelligence-based spectroscopic analysis for multi-element and multi-
macromelecule systems in biological analvies, especially medical fluid and breath samples.

{361 8] ¥t 13 an object of this invention to provide automatic analysis of spectrographic test
results to identify chemical compositions of sample flaids, especially medical fhuds in order to
improve speed and accuracy of results o patients.

{6019} In one embodiment, the present invention is directed to an artificial mtelligence (Al-
based system for automatically identifving biological molecules 1n a fluid sample, including one
or more servers configured to receive multi-dimensional training data from one or more
spectrometers or chemical analysis devices, and an AT module on the one or more servers
configured to automatically develop characteristic profiles for a phurality of molecules or sets of
molecules based on the multi-dimensional training data, wherein the one or more servers receives
expenimental data for a medical fluid sample from a testing spectrometer, and wherein the Al
moduale automatically generates a report with indications of present identified molecules based on
comparison of the experimental data to the characteristic profiles for the plurality of molecules or

sets of molecules.
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3026} In ancther embodiment, the present invention s directed to an artificial intelligence
{AD)-based method for antomatically identifying biclogical molecules in a fluid sample, including
ORIC Of more servers recetving multi-dimensional training data from one or more spectrometers or
chemical analysis devices, an Al module on the one or more servers automatically developing
characteristic profiles for a plorality of molecules or sets of molecules based on the mult-
dimensional training data, the one or more servers receiving experimental data for a medical thud
sample from a testing spectrometer, and the Al module automatically generating a report with
wmdications of present identified molecules based on companson of the experimental data to the
characteristie profiles for the plurality of molecules or sets of molecules.

16021} In vet another embodiment, the present invention is directed to an artificial
intelligence (Al)-based svstem for amtomatically identifving biological molecules in a thud
sample, including one or more cloud servers configured to receive training data from one or more
spectrometers or chemical analysis devices, and an Al module on the one or more cloud servers
configured to automatically develop characteristic profiles for a plurality of molecules or sets of
molecules based on the traimng data, wherein the training data received from the one or more
spectrometers or chemical analysis devices is combined with public datasets and/or additional
third party datasets, wherein the one or more cloud servers receives experimental data for a
medical fluid sample from a testing spectrometer, and wherein the Al module automatically
generates a report with indications of present identified molecules based on comparison of the
experimental data to the characteristic profiles for the plurality of molecules or sets of molecules.
6022} In another embodiment, the present invention is directed to methods to analyze
functional groups of chemicals in a mixture of compounds and compositions.

16823] These and other aspects of the present invention will become apparent to those skilied
in the art after a reading of the following description of the preferred embodiment when
considered with the drawings, as they support the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[6024] The patent or application file contains at least one drawing executed i color. Copies
of this patent or patent application publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee.

6025] FIG. 1 itlustrates a chart of intensity versus wavelength for analysis of bidistilled
water at different temaperatures and pressures generated by the present invention.

6926} FIG. 2 illustrates a chart of intensity versus wavelength for analvsis of molecular
biology grade {(MBG) water at different temperatures and pressures generated by the present

tvention.
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06627} FIG. 3 idlustrates a chart of intensity versus wavelength, comparing nommalized peaks
of bidistitied and molecular biology grade (MBG) generated by the present invention.

13028} FIG. 4 illustrates a chart of intensity versus wavelength, comparing normalized peaks
of sodium chlonide (NaCl) at different concentrations, pressures, and plasma power conditions
generated by the present invention.

6029} FIG. 5 illustrates a zoomed-in intensity versas wavelength chart for sodiwm chloride
at different pressures, concentrations, and plasma power conditions, focused around a peak at 589
nm generated by the present mvention.

13630} FIG. 6 iHustrates a chart of intensity versus wavelength, comparing samples with
dATP at different pressure, concentration, and plasma power conditions relative to a water
baseline generated by the present invention,

(6031} FIG. 7 illustrates a chart of intensity versus wavelength, comparing samples with
dATP at different pressure, concentration, and plasma power conditions relative to a water
bascline, zoomed in around 360 nm, generated by the present invention.

[6032] FIG. 8 illustrates a chart of mtensity versus wavelength, comparing saraples with
JATP, dCTP, dGTP, dTTP relative to a water baseline generated by the present invention.
16033] FIG. © illustrates a chart of intensity versus wavelength, comparing samples with
dATP, dCTP, dGTP, dTTP relative to a water baseline, zoomed in between 300 and 400 nm,
generated by the present invention.

[0034] FIG. 10 dhustrates a chart of intensity versus wavelength, comparing samples with
acetone, ethanol, and MBG water generated by the present mvention.

[6835] FIG. 11 illustrates a chart of intensity versus wavelength, comparing samples with
acetone, cthanol, and MBG water, zoomed in between 350 and 650 nm, gencrated by the present
invention.

(6036} FIG. 12 tllustrates a chart of intensity versus wavelength, comparing samples with
acetone and ethanol, zoomed in between 350 and 650 nm with the water baseline subtracted,
generated by the present invention.

[0837] FIG. 13 dlustrates a chart of intensity versus wavelength, comparing samples with
acetone and ethanol, zoomed in beteeen 330 and 650 nm nonmalized at a peak at 482 nm,
generated by the present invendion.

6638) FIG. 14 illustrates a chart of intensity versus wavelength, comparing samples with
acetone and ethanol, zoomed 1n between 465 and 500 nm, showing a peak umque to the ethanol
signature at approximately 485 nm, generated by the present invention.

[6039] FIG. 15 15 a schematic diagram of a system of the present jnvention.

DETAILED DESCRIPTION
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3046} The present invention is generally directed 1o spectroscopic analysis techniques, and
more specifically to artificial intelligence-based spectroscopic analysis for multi-element and
muiti-macromolecule systems in biological analvtes, especially medical fluid and breath samples.
6041} In one embodiment, the present invention s directed to an artificial mielligence (AD)-
based svstem for automatically identifving biological molecules in a fluid sample, including one
or more servers configured to receive multi-dimensional training data from one or more
spectroraeters or chemical analysis devices, and an AT module on the one or more servers
configured to automatically develop charactenistic profiles for a plurality of molecules or sets of
molecudes based on the multi-dimensional training data, wherein the one or more servers receives
experimental data for a medical fluid sample from a testing spectrometer, and wherein the Al
raodule antomatically generates a report with indications of present identified molecules based on
comparison of the experimental data to the charactenistic profiles for the plurality of molecules or
sets of molecules.

[00473] In another embodunent, the present invention ts directed to an artificial intelligence
{Al}-based method for antomatically identifying biological molecules in a fluid sample, mcluding
one or more servers recetving multi-dimensional training data from one or more spectrometers or
chemical analysis devices, an Al module on the one or more servers antomatically developing
characteristic profiles for a plurality of molecules or sets of molecules based on the mult-
dimensional training data, the one or more servers receilving experimental data for a medicad thud
sample from a testing spectrometer, and the Al module antomatically generating a report with
indications of present identified molecules based on coraparison of the experimental data to the
characteristic profiles for the plurality of molecules or sets of molecules.

16043} In yet another embodiment, the present invention is directed to an artificial
intelligence (Al)-based system for automatically identifving biological molecules in a fluid
sample, including one or more cloud servers configured to receive training data from one or more
spectrometers or chemical analysis devices, and an AT module on the one or more cloud servers
configured to automatically develop characteristic profiles for a plurality of molecules or sets of
molecules based on the training data, wherein the training data received from the one or more
spectrometers or chemical analysis devices is combined with public datasets and/or additional
third party datasets, wherein the one or more cloud servers receives experimental data fora
medical fluid sample from a testing spectrometer, and wherein the Al module automatically
generates a report with imndications of present identified molecules based on comparison of the
experimental data to the characteristic profiles for the plurality of molecules or sets of molecules.
[0044] Spectroscopic techniques are a quintessential method of analyzing chemical

composition of samples. Various spectroscopic technigues relv on different techniques to treat a
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sample and rely on different phenomena of molecules in order to identify the sample. For
exampie, infrared (IR) spectroscopy involves emitting infrared radiation on a sample and then
detecting the absorbance of the radiation from the molecules within at different wavelengths. The
vibrational modes of particular functional groups or bond types within the matenial tend to absorb
infrared radiation at different wavelengths, allowing for determination of at least properties of
one or more chemical components within the sample. Most commonly, spectroscopic tests are
performed for samples with one or only a fow unknown components, allowing for stmpler, albernt
not always very simple, investigation of the composition of a small number of chenueals.
However, difficulty arises in these technigues where there are many components having different
functional groups, especially where those different components are larger and have more
functional components.

6045} Ditficultics anse, in part, because samples with many types of molecules tend to
produce a high density of peaks within the technique that are difticult for a human operator to
accurately distinguish or determine whether higher peaks indicate multiple components with the
same functional group or a single component having the group, but having high concentration.
For medical fluids, these issues have partially been resolved by utilizing a wide array of tests for
the same sample types, where the vanety of tests are able to detect the presence or absence of
specific molecules or classes of molecules. For example, for blood analysis, a wide varicty of
tests, from enzyvmatic tests and flow cyvtometry, to Raman spectroscopy and bevond are used to
provide a more comprehensive view of the blood sample. However, the use of this wide variety
of test techniques also necessitates higher expense and longer time than is ideal for mfornung
patients about potentially serious issues that require resolution. Most commonly, not all of these
tests are capable of being performed in the doctor’s office or hospital, extending the time even
further to account for transport of samples and communication with an extemal lab. Therefore, a
method 1s needed to sumplify analysis of medical fhuds to utilize a single device (or arelatively
low number of devices) in order to reduce time and money required for analysis.

(G046} Referring now to the drawings in gencral, the dlustrations are for the purpose of
describing one or mare preferred embodiments of the invention and are not intended to limit the
nvention thereto.

16047} The present invention includes a device {e.g., a computer. a smart phone, a tablet, a
smart watch, ctc ) including a processor and a memory operable to receive and analvze
spectrographic test data from at least one spectrographic analvsis device, especially a
spectrophotometric analysis device. In one embodiment, the device imchudes at least one server in
network comuunication directly with the at least one spectrographic analvsis device, or through

an intermediary device, such as a computer, tablet, smart phone, etc. In this embodiment, analysis
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1s able to be done remotely, providing for additional computational power that is potentially not
feastble using an in-house compuater. In one embodiment, the at least one server includes at least
one guantum processor operable to assist in performing analysis on the spectrographic test data.
[6048] The present invention is operable to produce a multi-dimensional dataset of spectral
data or other chemical analysis data generated by one or more spectrometers or other chemical
analvsis devices. This multi-dimensional data allows the Al model of the present mvention to
leverage diverse and orthogonal infonmation from cach dimension in the dataset to allow fora
final classification of molecules or compounds m a medical fluid sample. In one embodiment, the
dataset is multimodal, meaning that the system of the present invention is capable of combining
different analysis modalities (e.g.. UV spectra, Raman spectra, IR spectra, mass speg, ¢tc.)
whether produced by a single device or multiple different devices. This combination of multiple
modalities allows the system to become more gramular and precise in its evaluations. In addition
to different spectral or other analysis data, the multi-dimensional dataset is further able to take
into account additional modalities, including patient demographics (e.g.. race, sex, age, etc.},
patient medical history, patient vitals, and/or other parameters, which often assist in providing
additional context to the measurements taken of the medical fhud. In one embodiment, patient
demographic data or other similar data 1s connected to the chemical analysis {¢.g., spectroscopic
data} as maetadata in order to allow for association of the patient demographics with the particular
samples. The multi-dimensional dataset is able to be generated at the chemical analysis devices
or at the server itself as it combines data from different data sources.

[0049] The present invention is preferably able to be used for analysis of medical fluids (e,
fluids generated by a human body or the body of another, non-human animal). Furthermore, the
term “fluid”™ as used herein is used to refer to both gasses and liquids. Examples of medical fluids
able to be analyzed by the present mvention include blood, saliva, urine, sweat, lyraph, anwniotic
fluid, synovial fluid, muecus, semen, and/or other medical fluids. Examples of spectroscopic
techniques whose results are able to be examined according to the present invention include
ultravicict-visual (UV/Vis) Spectroscapy, near infrared (NIR) spectroscopy, infrared (IR}
spectroscopy, Raman spectroscopy, mass spectrometry, nuclear magnetic resonance (NMR)
spectroscopy (inclading contimaous wave, Fourier-Transform, sohid state NMR, magic-angle
spinning NMR, etc.), X-ray spectroscopy, optical emission spectroscopy (QES), atomic emission
spoctroscopy (AES), Mosshauer spectroscopy, and/or other forms of spectroscopic and
spectrophotometric techniques. In one embodiment, the medical fluid sample 15 fonized via a
non-thermal plasma source, including a strong electric ficld, as described in U.S. Provisional
Patent Application No. 63,533,053, which 1s tncorporated herem by reference in ifs entirety.

However, one of ordmary skill in the art will understand that the fovention of the present

el
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nvention 1s not inherently limited to use with medical fluids and 15 able to be used to identify
biclogical contaminants in other uses cases, including, but not limited to, determining the guality
of water.

[6656] The processor includes at least one artificial intelligence module operable to
automatically analyze the spectrographic test data and dentify one or more likely chemical
composition represented by the spectrographic test data. In one embodiment, the at least one
artificial intelligence module produces a plurality of potential chemical compositions of the
sample with associated likelihoods for each composition based on closeness of match to previous
data, or a model built based on analysis of previous data. In one embodiment, the at least one
artificial intelligence module is trained based on previous spectrographic test data stored in at
lcast one database and/or in the raemory of the device. Preferably, this previous spectrographic
test data corresponds with samples with known chemical compositions, such that the at least one
artificial intelligence module is able to correlate the output spectrographic test data with the
known chenucal composition to build a more accurate model. In this way, the system develops a
characteristic profile for cach molecule, or set of molecules such that, under similar conditions
and showing similar spectra, the system is able to identify particolar molecules with a particular
degrec of certainty. In onc embodiment, the training data further includes synthetic data (i.c, data
not from actual tests) in order to expediie the model learing straple spectra of common
molecuales. The vse of an artificial intelligence module is especially important for medical fluids,
which frequently have many complex molecules in them that are unlikely to show stmple peaks
that are casily understood ot reasoned out by a researcher {(due to factors such as density of peaks
and greater noise).

13051} In one embodiment, data produced by spectrometers or other chemical analysis
devices associated with the present wvention are able to be brought into a single cloud
environment, optionally also including additional public dataset or other supportimg datasets
produced by third parties in order to aggregate and strengthen the power of the model of the
present invention to allow for the most powerful models for spectral data ever known. In one
crabodiment, the report is able to include not only an identification of which molecules are
present, but also an indication of the concentration of those molecules and/or a probability value
associated with the identification to indicate a degree of certainty to which the model identified
the reported molecule.

6032} In one embodiment, the system is operable o produce interactive reports detailing
what chemicals or molecules are present in a sample in ditferent formats depending on the

preference of the reader or consumer of the data.
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[B053] In one embodiment, the at least one artificial mntelligence module utilizes principal
components analysis (PCA) and/or linear discriminant analysis (LDA} for feature compression in
order to feed mto the downstream machine learning {ML) model used by the present invention.
[6054] The system is operable to utilize a plurality of learning techniques mcluding, but not
limtted to, machine leaming (ML), artificial mtelligence (Al), deep leaming (DL), neural
networks (NNs), artificial neural networks (ANNs), support vector machines (§VMs),
transfoomers {¢.g., generative pre~-tramed transfommers), Markov decision process (MDP),
random forest, multiple layer perceptron, recurrent neural networks, generalized adversarial
networks, and/or nataral language processing (NLP). The svstem is operable to use any of the
aforementioned learning techniques alone or in combination.

[6035] Further, the system is operable to utilize predictive analytics technigues including, but
not limited to, machine learming (ML}, artificial intelligence (A1), neural networks (NNs) {e.g.,
long short form memory (LSTM) neural networks}, transtormers {e.g., generative pre-trained
transformers), deep learming, hustorical data, and/or data minung to make future predictions and/or
models. The system 1s preferably operable to recommend and/or perform actions based on
historical data, external data sources, ML, AL NNs, and/or other learning techmigues. The system
is operable to witlize predictive modeling and/or optimization algorithms including, but not
limited to, heunstic algornithums, particle swarm optimization, genetic algorithias, technical
analvsis deseriptors, combinatorial algorithms, quantum optimization algortithms, iterative
methods, deep leaming technigues, and/or feature selection techniques.

[3036] FIGS. 1-14 provide exaraples of spectral data able to be mcomporated tndo the present
invention to identify particular molecules and demonstration of the ability of sach spectra to
distinguish the presence and/or concentration of particular molecules based on

6057} FIG. 1illustrates a chart of intensity versus wavelength for analysis of bidistilled
water at different temperatures and pressures generated by the present invention. FIG. 2
illustrates a chart of intensity versas wavelength for analysis of molecular biology grade (MBG)
water at different temperatures and pressures gencrated by the present mvention. FIG. 3
illustrates a chart of intensity versus wavelength, comparing normalized peaks of hidistilled and
molecular biology grade (MBG) generated by the present imvention. As shown m FIGS. 1.3, the
device disclosed in the present invention has safficient sensitivity to detect even different peaks
between differently purttied or ionized levels of water, demonstrating a high capability for
detection of other molecules. For the purposes of analysis, the MBG water spectrawas used as a
baseline for detecting other molecules as discussed further below.

[6058] FIG. 4 dlustrates a chart of intensity versus wavelength, comparing nommalized peaks

of sodium chlonde (NaCl) at different concentrations, pressures, and plasma power conditions
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generated by the present nvention. FIG. 5 illustrates a zoomed-in intensity versus wavelength
chart for sodium chloride at different pressures, concentrations, and plasma power conditions,
focused around a peak at 589 nm generated by the present invention. By checking the peak at
difterent conditions, including concentrations, pressures, and plasma power conditions, the
system demonstrating relatively consistent peaks in the spectrum, but with the peaks having
different intensities depending on those conditions. The charts in FIGS. 4-5 demonstrate that,
generally, bigher peaks are detecting at higher concentrations, allowing the system to have an
ability to distinguish amounts of certain chemicals, i addition to wdentify their presences based
on characteristic peaks.

6055] FIG. 6 illustrates a chart of intensity versus wavelength, comparing samples with
JATP at different pressure, concentration, and plasma power conditions relative to a water
baseline generated by the present invention. FIG. 7 ilustrates a chart of intensity versus
wavelength, comparing samples with dJATP at different pressure, concentration, and plasma
power conditions relative to a water baseline, zoomed v around 360 nm, generated by the
present invention, FIGS. 6 and 7 show characternistic peaks that are higher than baseline peaks for
the water sample, showing detection of the dJATP.

16060] FIG. 8 illustrates a chart of intensity versus wavelength, comparing samples with
dATP, dCTP, dGTP, dTTP relative to a water baseline generated by the present invention. FIG. ¢
illustrates a chart of intensity versas wavelength, comparing samples with dATP, dCTP, dGTP,
dTTP relative to a water baseline, zoomed in between 300 and 400 nm, generated by the present
wmwvention. FIGS. 8-9 demonstrate that the systent 15 not ondv capable of detecting a compound
present versus 3 water baseline, but also differentiation between ditferent, but similar,
compounds.

6061} FIG. 10 itlustrates a chart of intensity versus wavelength, comparing samples with
acetone, ethanol, and MBG water generated by the present mvention. FIG. 11 lustrates a chaxt
of intensity versus wavelength, comparing samples with acetone, cthanol, and MBG water,
zoomed in between 3530 and 630 nun, generated by the present invention. FIG. 12 illustrates a
chart of itensity versus wavelength, comparing samples with acetone and ethanol, zoomed
between 350 and 650 nm with the water bascline subtracted, generated by the present nvention.
FIG. 13 iHlustrates a chart of intensity versus wavelength, comparing samples with acetone and
cthanol, zoomed 1 between 350 and 650 nio normalized at a peak at 482 nm, generated by the
present invention. FIG. 14 illustrates a chart of intensity versus wavelength, companng samples
with acetone and ethanol, zoomed in between 465 and 500 nm, showing a peak unigue to the

cthanol signaturc at approxumately 485 nm, geverated by the present invention. FIGS 10-14
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demonstrate the present tvention’s ability to differentiate between different strople orgamic
compounds, and particularly between different volatile organic compounds (VOCs).

103062} FIG. 15 is a schematic diagram of an crabodiment of the invention ilustrating a
computer system, generally described as 808, having a network 816, a plurality of computing
devices 828, 8380, 848, a scrver 856, and a database 878,

6063} The server 838 is constructed, configured, and coupled to enable communication over
a network 810 with g plurality of computing devices 820, 838, 840, The server 850 includes a
processing unit 831 with an operating system 852, The operating system 832 enables the server
830 to commumicate through network 818 with the remote, distributed user devices. Database
878 is operable to house an operating systom 872, memory 874, and programs 876.

6064} o onc embodiment of the invention, the sysiem 800 includes a network 814 for
distributed communication via a wireless communication antenna 812 and processing by at least
one mobile communication compuiing device 838, Alternatively, wircless and wired
communication and connectivity between devices and components described herein include
wireless network communication such as WI-FI, WORLDWIDE INTERQOPERABILITY FOR
MICROWAVE ACCESS (WIMAX), Radio Frequency (RF) communication including RF
identification (RFID), NEAR FIELD COMMUNICATION (NFC), BLUETOOTH including
BLUETOOTH LOW ENERGY (BLE), ZIGBEE, Infrared (IR) communication, celiular
communication, satellite commumication, Universal Scrial Bus (USB), Ethemet communications,
communication via fiber-optic cables, coaxial cables, twisted pair cables, and/or any other type of
wircless or wired communication. fn another embodiment of the invention, the system 808 isa
virtualized computing system capable of executing anv or all aspects of software and/or
application components presented herein on the computing devices 820, 838, 848, In certain
aspects, the computer systom 804 is operable to be implomented using hardwarc or a
combmation of software and hardware, either in 3 dedicated computing device, or integrated mito
another entity, or distnbuted across multiple entities or computing devices.

(0065} By way of example, and not limitation, the computing devices 820, 830, 840 arc
ntended to represent various forms of electronic devices including at least a processor and a
memory, such as a server, blade server, mainframe, mobile phone, personal digital assistant
(PDA). smartphone, desktop computer, netbook computer, tablet computer, workstation, laptop,
and other similar computing devices. The components shown here, their connections and
relationships, and their functions, are meant to be exemplary only, and are not meant to himit
implementations of the invention described and/or clatmed in the present application.

[0866] In one embodiment, the computing device 828 includes components such as a

processor 868, a system memory 862 having a random access memory (RAM) 864 and a read-
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only memory (ROM) 866, and a system bus 868 that couples the memory 862 to the processor
860. In another embodiment, the computing device 838 is operable to additionally nclade
componernts such as a storage device 898 for storing the operating system 892 and one or more
application programs 894, a network interface unit 896, and/or an input/output controller 898
Each of the components is operable to be coupled to each other through at least one bus 868, The
input/output controlier 898 is operable to receive and process input from, or provide output to, a
number of other devices 899, ncluding, but not imited to, alphanumeric jnput devices, mice,
electronic styvluses, display units, touch screens, ganing controllers, jov sticks, touch pads, signal
generation devices {e.g., speakers), augmented reality/virtual reality {AR/VR) devices {e.g.,
AR/VE headsets), or printers.

6067} Bv way of example, and not imitation, the processor 860 is operable to be a general-
purpose microprocessor {¢.g., a central processing unit {CPU)), a graphics processing unit
{GPU), a microcontrolier, a Drigital Signal Processor (BSP), an Application Specific Integrated
Curcuit {ASIC), a Ficld Programmable Gate Array (FPGA}, a Programmable Logic Device
{(PLD), a controller, a state machine, gated or transistor logic, discrete hardware components, or
any other suitable entity or combinations thereof that can perform calculations, process
instructions for execution, and/or other manipulations of information.

[6068] In another tmplementation, shown as 848 in FIG. 15, multiple processors 868 and/or
multiple buses 868 are operable to be used, as appropriate, along with multiple memories 862 of
multiple types {e.g., a combination of a DSP and a microprocessor, a plurality of
DUCKOPIOCESSOTS, ONC OF MOTS MICTOProcessors m conjunction with a DSP core).

[3869] Also, multiple computing devices are operable to be connected, with each device
providing portions of the necessary operations (e.g., a server bank, a group of blade servers, ora
roulti-processor system}. Alternatively, some steps or methods are operable to be performed by
circuitry that 1s specific to a given function.

{6076 According to various embodiments, the computer systemn 388 1s operable to operate in
a networked environment using logical connections to local and/or remote computing devices
820, 830, 840 through a network 818. A computing device 838 is operable to connectto a
network 818 through a network interface unit 896 connected (o a bus 8§68, Computing devices are
operable to communicate communication media through wired networks, direct-wired
connections ot wirclessly, such as acoustic, RF, or infrared, through an antenna 897 in
communication with the network antenna 812 and the network interface umit 896, which are
operable to include digital signal processing circuitry when necessary. The network mterface unit

896 is operable to provide for communications under vartous modes or protocols.

14



WO 2025/071913 PCT/US2024/045977

[6071] In one or more exemplary aspects, the mstructions are operable to be implemented in
hardware, software, firmware, or any combinations thereof. A computer readable medim is
operable to provide volatile or non-volatife storage for one or more sets of instructions, such as
operating systems, data structures, program modules, applications, or other data embodving any
one or more of the methodologies or functions desenbed herein. The computer readable medium
is operable to inchude the memory 862, the processor 868, and/or the storage media 898 and is
operable be a single medium or multiple media {¢ 8., a centralized or distributed computer
systern) that store the one or more sets of instructions 808, Non-transitory computer readable
media includes all computer readable media, with the sole exception being a transttory,
propagating signal per se. The instructions 990 are further operable to be transmitted or received
over the network 816 via the network interface unit 896 as communication media, which is
operable to include a modulated data signal such as a carmner wave or other transport mechanism
and includes any delivery media. The term “modulated data signal” means a signal that has one
or maore of its characteristics changed or set in a manner as to encode information in the signal.
[B672] Storage devices 890 and memory 862 include, but are not linuted to, volatile and non-
volatile media such as cache, RAM, ROM, EPROM, EEPROM, FLASH memory, or other solid
state memory techniology; discs {e.g., digital versatile discs (DVD), HD-DVD, BLU-RAY,
compact disc (CD), or CI-ROM) or other optical storage; magnetic cassetics, magnetic tape,
magnetic disk storage, floppy disks, or other magnetic storage devices; or any other medium that
can be used to store the computer readable instructions and which can be accessed by the
computer systermn 844,

3673} In one embodiment, the computer system 8080 is within a cloud-based network. In one
embodiment, the server 858 1s a designated physical server for distributed computing devices
820, 830, and 848. In onc embodiment, the server 858 is a cloud-based server platform. Inone
embodiment, the cloud-based server platform hosts serverless functions for distributed
computing devices 828, 838, and 8480,

G074} In another embodiment, the computer system 808 is within an edge computing
network. The server 838 is an edge server, and the database 878 is an edge database. The edge
server 888 and the edge database 878 are part of an edge computing platform. In one
embodiment, the edge server 858 and the edge database 870 are designated to distributed
computing devices 820, 830, and 849. In one embodiment, the edge server 886 and the edge
database 878 are not designated for distributed computing devices 828, 838, and 848, The
distribuied computing devices 828, 838, and 848 connect to an edge server in the edge computing

network based on proxinuty, avaitlabiiity, latency, bandwidth, and/or other factors.
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3875} 1t 1z also contemplated that the computer system 884 is operable 1o not melude all of
the components shown in FIG. 15, is operable to include other components that are not explicitly
shown in FIG. 15, or is operable to wiilize an architecture completely different than that shown in
FIG. 15. The vanous illustrative logical blocks, modules, elements, circuits, and algorithms
described in connection with the embodiments disclosed herein are operable to be implemented
as electronic hardware, computer software, or combinations of both. To clearly illustrate this
wterchangeability of hardware and software, various tllustrative components, blocks, modules,
cireuits, and steps have been described above generally in terms of their functionality. Whether
such functionality is implemented as hardware or software depends upon the particalar
application and design constraints imposed on the overall systerm. Skilled artisans may
implement the descabed functionality in varving wavs for each particular application (e .g.,
arranged in a different order or partitioned in a different way), but such implementation decisions
should not be interpreted as causing a departure from the scope of the present invention.

[6876] Certain modifications and improvements will occur to those skilled i the art upon a
reading of the foregoing description. The above-mentioned examples are provided to serve the
purpose of clarifying the aspects of the invention and it will be apparent to one skilled in the art
that they do not serve to limit the scope of the invention. Al modifications and improvements
have been deleted herein for the sake of conciseness and readability but are properdy within the

scope of the present invention.
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CLAIMS
The invention claimed is:
1. Anartificial intelligence (Al}-based system for automatically identifving biological
molecules n a fhuid sample, comprising:
one or more servers configured to receive multi-dimensional trainming data from one or
more spectrometers or chemical analysis devices; and
an Al module on the one or more servers configured to antomatically develop
characteristic profiles for a plurality of molecules or sets of molecules based on the
multi-dimensional traming data;
wherein the one or more servers receives experimental data for a medical fluid sample
from a testing spectrometer; and
wherein the AT module automatically generates a report with indications of present
dentitied molecules based on comparison of the experimental data to the
characteristic profiles for the plurality of molecules or sets of molecules.
2. The system of clavm 1, wherem the one or more servers include cloud servers, and wheremn
the multi-dimensional training data received from the one or more spectrometers or chemical
analysis devices is combined with public datascts and/or additional third party datasets.
3. The system of claim 1, wherein the multi-dimensional training data includes paticnt
demographic data associated with the multi-dimensional training data.
4. The system of claim 1, wheremn the multi-dimensional training data includes data related to
multiple different modalities of spectroscopic or other chemical analysis.
5. The svstem of claim 1, wheren the report includes certainty values associated with each of
the present identified molecules.
6. The system of claim 1, wherein the AT module includes one or more machine leaming (ML)
models, deep leaming (DL) models, neural networks (NNs), support vector machines (SVMs),
and/or transformers.
7. The system of claim 1, wherein the one or more spectrometers includes one or more
ultraviolet-visual (UV-VIS) spectrometers, one or more Raman spectrometers, one or more
wnfrared (IR} spectrometers, one or more mass spectrometers, one or more nuclear magnetic
resonance (NMR) spectrometers, one or more X-ray spectrometers, one or more optical emission
spectrometers {OES), one or more atomic cmission spectrometers (AES), and/or one or more
Mossbauer spectrometers.
8. The system of claim 1, wherein the one or more servers includes at least one quantum

PTOCCSSOT.
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9. An artificial intelligence {Al}-based method for awtomatically identifving biological
molecules in a fluid sample, comprising:
OnC of more servers receiving multi-dimensional training data from one or more
spectrometers or chemical analysis devices;
an Al module on the one or more servers automaticallv developing characteristic profiles
for a plarality of molecules or sets of molecules based on the multi-dimenstonal
traimng data;
the one or more servers receiving experimental data for a medical fluid sample froma
testing spectrometer; and
the Al module automatically generating a report with indications of present identified
maolecules based on comparison of the experimental data to the characteristic profiles
for the plurality of molecules or sets of molecules.
19. The method of claim 9, wherein the one or more servers include cloud servers, and further
comprising combining the mulit-dimensional training data received from the one or more
spectrometers or chemical analvsis devices with public datasets and/or additional third party
datasets.
11. The method of claim 9, wherein the multi-dimensional {raining data includes patient
demographic data assoctated with the multi-dimensional training data.
12. The method of claim 9, wherein the malti-dimensional training data mchudes data related to
multiple different modalities of spectroscopic or other chemical analysis.
3. The method of clamm 9, wherein the report includes certainty values associated with each of
the present identified molecules.
14. The method of claim 9, wherein the Al modude inchudes one or more machine learning (ML}
models, deep leaming (DL) models, neural networks (NNs), support vector machines (SVMs),
and/or transformers.
15, The method of claim 9, wherein the one or more spectrometers includes one or more
ultravicict-visual (UV-V1S) spectrometers, one or more Raman spectrometers, one of more
nfrared (JR) spectromcters, one or more mass spectrometers, one or more nuclear magnetic
resonance (NMR) spectrometers, one or more X-ray spectrometers, one of more optical emission
spectrometers (OES), one or more atomic emission spectrometers (AES), and/or one or more
Meossbauer spectrometers.
16. The method of claim 9, wherein the one or more servers includes at least one guantum
PIOCESSOL,
17. An artificial ingelligence {Aly-based system for automatically identifving biological

molecules i a fluid sample, comprising:
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one or more cloud servers configured to receive training data from one or more
spectrometers or chemical analysis devices; and
an Al module on the one or more cloud servers configured to automatically develop
characteristic profiles for a plurality of molecules or sets of molecules based on the
training data;
wherein the training data received from the one or more spectrometers or chemical
analysis devices 1s combined with public datasets and/or additional third party
datasets;
wherein the one or more cloud servers recetves experimental data for a medical thud
sample from a testing spectrometer; and
wherein the Al module automatically generates a report with indications of present
wdentified molecules based on comparison of the experimental data to the
characteristic profiics for the plurality of molecules or sets of molecules.
18. The svstem of claim 17, wherein the tramming data includes paticnt demographic data
associated with the training data.
19. The system of claim 17, wherein the training data includes data related to pudtiple different
modalities of spectroscopic or other chemical analysis.
20. The svstem of claim 17, wherein the report includes certainty values associated with cach of

the present identified molecules.
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