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TITLE OF THE INVENTION

SYSTEMS AND METHODS FOR REAL-TIME TRANSLATION OF AQUATIC SENSOR
MEASUREMENTS TO PROBABLE CAUSES VIA COMBINATION OF CAUSE-AND-EFFECT
QUERIES AND LANGUAGE MODEL BASED SEMANTIC SIMILARITY

FIELD OF THE INVENTION

[0001] The present invention relates to data collection and analvsis in aquatic
environments. More particularly, the present invention provides a system and device
for acquiring location-based data on water quality, contaminants, and flora presence
and providing data analysis and assessment of potential causes of water quality issues

and anomalies shared across network devices in real time.
BACKGROUND OF THE INVENTION

[0002] Agquatic biomes, encompassing oceans. rivers, and lakes, play a vital
role in maintaining the equilibrium of our planet's ecosystems. However, the
increasing effects of climate change are causing rapid transformations in these
environments, surpassing the natural adaptation capacities of resident organisms.
Such changes have significant imphications for aguatic ecosvstems and industries
reliant on them, such as agriculture and {ishing. To ensure healthy crop growth and
the sustenance of thriving fish populations, it is imperative o maintain optirnal water

quality.

[0003] Recogmizing the critical imporiance of waler guality, the present
mvention aims to revolutionize the process of data collection and analysis in aguatic
environments. By leveraging cutting-edge techuology, this system seeks o enhance
the efficiency and accuracy of data processing, thereby aiding in the identification of

potential problems and fostenng environmental sustainability.

[0004] While certain systems currently exist to assist in this type of data
accumulation and analvsis, current svstems suffer from several drawbacks, mcluding
the inability 1o assess polential causes of water quality issues in real time and at the
daia collection site. For example, Chinese Patent Publ. Mo, CN103175513B describes

a system for monitoning hvdrology and water quality of a river basin utilizing the
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internet of Things. mcluding fixed and flowing sensors mounted i the river basin.
{Chinese Patent Pobl. WNo. CIN109470701 A describes a svstem that performs biological
montioring of watgr treatment, including generating photos of pre-treated samples

through the online monitoring device.

[0005] Neither of these svstems, nor anv others currently available for
collecting and processing aquatic environmental data, vtilize advanced data analysis
technigues, such as cause-driven searching, vecior embedding methods. or other
sophisticated algorithims and Al-based analysis to assess and 1dentify the potential

causes of water quality issues and anomalies.

[0006] Accordingly, there remains a need in the art for a data collection and
analysis system that can acquire location-based aquatic environment data, process,
store, and analy ze that data using advanced techniques, and provide system users with
an assessment of potential causes of any water quality issues and anomalies, all in real

fime and on location.
SUMMARY OF THE INVENTION

[0007] It is therefore an object of the present invention to assist environmental
and scientific analysis of water quality issues rapidly, on site, and utilizing advanced
algorithms and machine learning to provide the most reliable and useful assessments
to environmental analysts and agents in real time and at the location of data
collection. It is a further object of the present invention to provide a system that
learns and improves over time, utilizing machine learning and Al-based analysis to
improve the reliability and thoroughness of its assessments, reports, and remedial

recommendations.

[0008] The present invention thus provides an innovative Aquatic Data
Analysis and Reporting System, referred to throughout as AquaTranslate, and
comprises a state-of-the-art rover designed to collect comprehensive aguatic data.
Equipped with advanced sensors, the rover is capable of measuring essential
parameters such as temperature, pH, and total dissolved solids (TDS). These data

points serve as crucial indicators of water guality.



WO 2024/253874 PCT/US2024/030978

-3-

[0009] Omne innovative aspect of AquaTranslate lies 1 its Al-based software,
which undertakes the intrigcate task of analvzing the collected data. Leveraging
sophisticated algorithms, the soflware generates comprehensive reports that elucidate
the significance of the daia points gathered. The system alse emiploys machine
iearning techrnuques to wWdentify and highlight potential issues within the water, such as

the presence of algae or waste.

[0010] By sireamlining the data collection and analysis process,
AquaTranslate empowers researchers, environmentalists, and industries to proactively
address water quality concems. Rapid and accurate identification of problems allows
for tmely inerventions, reducing the negative impact on aquatic ecosystems and the

industries dependent on them.

[0011] AquaTransiate thus presenis a novel system that addresses the urgent
need for efficient aguaiic data analysis. By facilitating improved understanding of
water guality 1ssues, this invention has the potential to contribuie to environmental
sustainabiiity, safeguarding aquatic biomes and supporting industries vital to our

global food supply.

[0012] Preferable embodiments of the present invention thus comprise a rover
and specialized software designed to analyze and process data collected from aquatic
environments. The rover is responsible for gathering various types of aquatic data,
including but not limited to temperature, pH, and TDS (total dissolved solids) data.
The present invention employs advanced algorithms to translate the collected data
into comprehensive reports. Additionally, the system generates a list of potential
issues or concerns related to the quality of the water being analyzed. The software
component of the AquaTranslate System utilizes a combination of C++ programming
language, specifically tailored for Arduino and sensor measurements, as well as
Python programming language for AquaTranslate's natural language processing

capabilities and querying Google search.

[0013] Preferable embodiments of the AquaTranslate system include a
software system for real-time analysis of anomalous water quality that uses Cause-

driven searches utilizing a search engine to identify potential causes of water quality
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anomalies. A breadth-first search algorithm is used to generate many automated
queries to a search engine (such as Google) that produce a list of search results. The
system then summarizes search results using language model-generated vector-based
comparisons that group items with high semantic similarity, referred to as vector

embedding methods. to generate possible causes for anomalous water quality.

[0014] Preferable embodiments of the system then formulate queries to the
web search engine, and the system groups potential causes by utilizing specific
domain knowledge related to aquatic or marine environments. The inclusion of
domain knowledge specific to aquatic or marine environments helps to enhance
system performance and improve the reliability of the system’s assessments and

recommendations.

[0015] The present invention also preferably includes a hardware system
enabling the real-time operation of the software system, which includes a low-cost.
stable aquatic vehicle (also referred to as “rover” in text), preferably using a pontoon-
boat structure with onboard electrical and computing units. The electrical units
preferably include brushed motors that are used to propel “in-air” propellers that drive
the rover. For rovers of such size, “in-air” motors and propellers require less power to
propel the boat when compared to propellers mounted underwater, as underwater
propellers face more hydrodynamic drag and require more expensive motors thereby

increasing the cost of the rover.

[0016] The rover of the present invention is preferably equipped with at least
two motors, and a user from land can preferably control the speed and direction of the
vehicle using a radio controller that controls the operation of each of the motors. The
rover also preferably includes one or more sensor units. The sensor units preferably
consist of sensors to collect data on water temperature, pH, and total dissolved solids
in addition to a microcontroller that collects GPS data. Each sensor unit preferably is
attached to a separate Arduino microcontroller that executes a C++ module for

collecting the sensor measurements.

[0017] A Raspberry Pi computer is also preferably mounted on-board the

rover to communicate with the Arduino microcontrollers and execute a Python
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software that translates sensor measurements into natural language based description
of potential causes. The Raspberry Pi system is preferably remotely controllable
(using a messaging software framework) such that a user from land can send a control
message to the on-board software in the waterborne rover to execute the

AquaTranslate software system.

[0018] Upon generation of probable causes creating the environmental factors
detected by the sensor measurements, the AquaTranslate system operating in the
aquatic environment (such as river) notifies the user standing on land (such as
riverbank) via a text message over bluetooth or cellular interface. The system’s
analysis and messaging preferably include an assessment of the most likely cause(s)
of the environmental factors and, in some preferable embodiments, remedial actions
that can be taken immediately or over the long term to resolve the water quality issues

or anomalies.

[0019] The one or more computing units utilized by the AquaTranslate
system, such as Arduino microcontrollers and Raspberry Pi, are specifically selected
and designed to have minimal volume and weight, enabling attachment to an
autonomous or human-guided rover operating in aquatic environments. Such design
increases the floating stability of the rover and minimizes the rover’s on-board power
requirements extending the operating range of the rover and the data collection and

analysis system as a whole.

[0020] As those of skill in the art will appreciate, the present invention is not
limited to the embodiments and arrangements described above. Other objects of the
present invention and its particular features, arrangements, and advantages will
become more apparent from consideration of the following brief description of the

drawings and detailed description of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 depicts arover and sample data analysis and schematic of the

AquaTranslate system according to preferable embodiments of the present invention.

[0022] FIG. 2 depicts various design options for a rover according to the
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preferable embodiments of the present invention depicted in Fig. 1.

[0023] FIG. 3 depicts features of a rover according to the preferable

embodiments of the present invention depicted in Figs. 1-2.

[0024] FIG. 4 depicts features of a rover according to the preferable

embodiments of the present invention depicted in Figs. 1-3.

[0025] FIG. 5 depicts a schematic of a circuit diagram for the features of the
rover according to the preferable embodiments of the present invention depicted in

Figs. 1-4.

[0026] FIG. 6 depicts a data flow schematic for the transmission and
processing of acquired data according to the preferable embodiments of the present

invention depicted in Figs. 1-5.

[0027] FIG. 7 depicts computing unit features utilized with the AquaTranslate
system according to the preferable embodiments of the present invention depicted in

Figs. 1-6.

[0028] FIG. 8 depicts a schematic diagram of the process of converting
acquired data to output report according to the preferable embodiments of the present

invention depicted in Figs. 1-7.

[0029] FIG. 9 depicts a schematic illustration of the AquaTranslate system’s
use of querying through a search engine according to the preferable embodiments of

the present invention depicted in Figs. 1-8.

[0030] FIG. 10 depicts a schematic illustration of the AquaTranslate system’s
use of querying through a search engine according to the preferable embodiments of

the present invention depicted in Figs. 1-9.

[0031] FIG. 11 depicts a schematic illustration of the AquaTranslate system’s
extraction of applicable terms identified through repeated search engine queries
according to the preferable embodiments of the present invention depicted in Figs. 1-

10.

[0032] FIG. 12 depicts a schematic illustration of the AquaTranslate system’s



WO 2024/253874 PCT/US2024/030978

-7-

extraction of common factors using the principle of semantic similarity obtained by
querying language models according to the preferable embodiments of the present

invention depicted in Figs. 1-11.

[0033] FIG. 13 depicts a schematic illustration of the AquaTranslate system’s
extraction of common factors using the principle of semantic similarity obtained by
querying language models according to the preferable embodiments of the present

invention depicted in Figs. 1-12.

[0034] FIG. 14 depicts a exemplary report produced by the AquaTranslate
system based upon data acquired and processed from one or more aquatic biomes
according to the preferable embodiments of the present invention depicted in Figs. 1-
13.

[0035] FIG. 15 depicts an overhead view of an area selected for exemplary
assessment by the AquaTranslate system according to the preferable embodiments of

the present invention depicted in Figs. 1-14.

[0036] FIG. 16 depicts an exemplary data collection and analysis as provided
by the AquaTranslate system according to the preferable embodiments of the present

invention depicted in Figs. 1-15.
DETAILED DESCRIPTION OF THE INVENTION

[0037] The following detailed description illustrates and describes the present
invention by way of example, not by way of limitation of the principles of the
invention. This description will enable one skilled in the art to make and use the
invention and describes several embodiments, features, arrangements, adaptations,
variations, alternatives, and uses of the invention, including what is presently believed
to be the best mode of carrying out the invention. Those of skill in the art will
appreciate other variations and arrangements possible without straying beyond the
principles of the invention, and the present invention is not limited to those

embodiments and arrangements described hereafter.

[0038] Preferable embodiments of the present invention utilize two

microcontrollers or sensor units to collect data, which is sent to a Raspberry Pi. The Pi
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receives the numerical TDS (total dissolved solids) and pH data approximately 20
seconds after the rover is in the water. This data is provided to the AquaTranslate
software system. The software system categorizes the numerical data into a set of
strings. Next, a starter search is made using the string previously categorized. String
variables such as “high pH™ are replaced in a certain format that all the automated
searches follow. The format that all AquaTranslate search engine queries follow is
“What causes™ + the problem such as “high pH” + “in” + the location, such as
“rivers”. This all adds up creating the search engine query “What causes high pH in
rivers”. Then AquaTranslate uses a web-search API, such as Google, Bing, Yahoo. or
the like, to submit the search engine query, parse the HTML response and save the

answer.

[0039] A designed algorithm is then preferably used to take the previous
query result and identify the main “branching variables" from the results. For
example, the results from the query “what causes high pH in rivers™ is “In general.
chemicals, minerals, pollutants, soil or bedrock composition, and any other
contaminants that interact with a water supply will create an imbalance in the water's
natural pH of 7.” Preferable embodiments of the AquaTranslate code use Spacy, a
natural language processing library, which uses machine learning to extract the nouns
such as “chemicals”, “minerals”, “pollutants™, “soil”, and “bedrock composition.” The
algorithm will then input these variables into their own search such as “what causes

chemicals in rivers”. The same variables are preferably stored in a list for possible

problems.

[0040] Preferable embodiments of the algorithm will iterate a maximum of
five times but will stop when either the results are quite similar or the search engine
does not provide a useful answer. Finally, AquaTranslate will create and provide a
report compiling the sequence of searches for their results, with a list containing terms
that are possible aquatic problems. This process is preferably repeated twice to

provide a list of possible problem terms for both TDS and pH.

[0041] Preferable embodiments of the AquaTranslate system and invention
finish the process by cross-analyzing both lists to identify similar terms in both lists.

This task is preferably performed using OpenAl’s davinci language model. The search
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results obtained in the previous step are converted on-the-fly into a query, and the
query is sent to OpenAl language model server, which groups similar terms into
separate lists based on their semantic similarity. The three lists containing the most
terms, along with the numerical data are texted back to the user over bluetooth or

cellular network, all while the AquaTranslate rover is in the water.

[0042] Certain exemplary embodiments of the present invention have been
described herein in considerable detail to provide those skilled in the art with the
information needed to apply the novel principles of the invention and to construct and
use such exemplary and specialized components as are required. While the_present
invention has been described with reference to particular embodiments and
arrangements of parts, features, and the like, it is not limited to these embodiments or
arrangements. Indeed, modifications and variations will be ascertainable to those of
skill in the art, all of which are to be understood as within the spirit and scope of the

present invention.
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What is claimed is:

1. An aquatic data analysis system comprising:

a walterborne craftl navigable through an aquatic environment, the waterborne
craft comprising one or more sensors for acquiring data on the aquatic environment;

an aquatic environment analysis module comprising one or more algorithms for
analyzing anomalies in the aquatic environment by processing the data on the aquatic
environment acquired by the one or more sensors of the waterborne craft, assessing the
associated water and other aquatic material, and identifying anomalies found therein:

an inquiry module comprising one or more algorithms for generating one or
more queries to identify potential causes of the anomalies identified by the aquatic
environment analysis module, running the one or more queries on one or more internet
search engines, and accumulating the results of the one or more queries; and

an assessment module comprising one or more algorithms for summarizing the
results of the one or more queries using language model generated vector-based
comparisons, grouping the potential causes of the anomalies utilizing accumulated
system knowledge specific to aquatic environments into one or more causal groups, and
generating an assessment of the one or more causal groups;

wherein the one or more sensors of the waterborne craft are in electronic
communication with at least one of the aquatic environment analysis module, the
inquiry module, and the assessment module enabling real-time operation of the
aquatic data analysis system as the waterbome craft navigates throughout the aquatic

environment.
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Fig. 6: Data flow: From sensors {o
AguaTransliate input

De motors allow rover to move
in the water

TDS and pH data is collected by
two arduinos

Continuous data is saved in an SD
card

TDS and pH data from 20 seconds
after rover is in water is collected

Data is transferred to Raspberry
Pi
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Fig. 8: Conversion from raw sensor data to output

Two data points are inputted into software

TDS and pH data is categorized info
high/low statements

First Stem search is made
{ex. What causes high pH in rivers)

Google snippet from search is extracted

Spacy NLP is used to extract Proper Nouns
based off of a filtering list.

Extracted Nouns are saved in a “possible
problems” list, and used to propel new
searches,

Two term lists are created: One for possible
problems related to the TDS measurement,
and one for the pH

List are cross-referenced using OpenAl's
using the davinei model

Terms common in both lists are sent to
user for suggestions of possible problems
in the water, along with the numerical data.
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Fig. 9: lllustration of automated querying of a
search engine
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Fig. 10: HNlustration of automated querying of
a search engine {additional example)
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Fig. 12: Extracting common factors using the
principle of semantic similarity and obtained
via querying a language models
(example 1)
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Fig. 13: Extracting common factors using the
principle of semantic similarity and obtained via
guerying a language models
{example 2)
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Fig. 14: lllustration of final output based on
sensor measurements
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Fig. 15: Hypothesis for stargrass field experiment

Growth of underwater stargrass (invasive
species) affects water quality and
consequently is impactiul for agriculiure and
fish health

Boat launch
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collection in Kennewick, WA
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Data analysis from stargrass
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