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Abstract: A patent portfolio focusing on sensors for the measurement of fruit properties was generated
and analyzed with the aim of contributing to a better understanding of the trends in the development
and application of sensors intended for measuring fruit properties and their changes. A patent
portfolio of 189 patents, utility models and patent applications was formed. Three groups of patents
were identified: (i) sensor-based measurement of individual parameters, (ii) multisensor solutions for
the simultaneous monitoring of multiple relevant aspects and (iii) solutions integrating sensor-derived
data with artificial intelligence tools and techniques. The analysis of the patent portfolio pointed out
the main driving forces of technology strengthening in the field of fruit property measurement. The
development of sensing technologies enables the real-time, rapid and cost-effective determination
of ever-increasing and more sophisticated sets of fruit properties and environmental conditions.
Solutions integrating different sensing technologies into multisensor systems for monitoring fruit
quality, ripening or freshness as holistic concepts opens avenues for the introduction of a new
approach to fresh produce management. Increasing numbers of solutions introducing the application
of artificial intelligence tools such as computer vision, machine learning and deep learning into the
fresh produce supply chain contribute to the possibilities of substituting human decision-making at
points of relevance for fresh produce management with optimal evidence-based solutions.

Keywords: artificial intelligence; fruit quality; fruit properties; patent portfolio; sensors

1. Introduction

The development of sensing technology and smart sensors and their implementation
in production systems provide added value to any production system [1]. Thus, the
development of sensing technologies is the driving force of the industrial transition toward
Industry 4.0, and further to Industry 5.0 [2]. Sensors are irreplaceable tools for automatic
data acquisition. Sensors enable the real-time measurement and collection of data which,
via further data processing, analysis and modeling, support evidence-based decisions and
provide directions for optimization and long-term improvements [3]. The development
and implementation of sensors within any food system can enable advanced detection of
diverse indicators of safety, quality and degradation, and thus prevent and/or reduce losses
and extend produce shelf life [4]. The implementation of sensors in fresh fruit supply chains
can replace most conventional laboratory methods for the direct measurement of fruit and
environment properties with remote, rapid and nondestructive methods, providing real-
time data availability at acceptable costs [5]. Thus, the development of sensors is a central
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driving force for innovation, not only for the fresh produce supply chain but also for other
industries. The development of sensors is the backbone of a megatrend described as “the
smart concept” [2]. Industrial equipment and their networks being equipped with different
sensors represents a new concept of the economy described as a sensor economy, or, in
short, the sensorconomy [6].

Integrating sensors into fresh produce supply chains leads to the creation of compre-
hensive databases capturing dynamic changes in fruit quality and safety, influenced by
environmental conditions and treatments [7]. Databases serve as valuable resources for
leveraging artificial intelligence tools to model fruit processes accurately, as is the case
postharvest [8]. Through harnessing the power of computer vision, machine learning and
deep learning, these insights have the potential to empower data-driven decision making
across fresh produce supply chains. In this way, the combination of sensing technologies
and data modeling contributes to further increases in the shelf life, quality and safety
of the products and the automation of support processes [9]. Therefore, information on
technology strengthening in the field of sensors for the measurement of fruit properties is
of upmost interest.

Patent portfolio analysis, including the identification of the underlying trends, portfo-
lio structure and patent contents, is a powerful tool for the assessment of the technological
strength of an industrial sector [10]. Insights into innovation trends and the technical
feasibility of commercial devices based on the analysis of patent portfolios is already avail-
able in several emerging technological fields [11], for example, nano-sensors [12], fuel cell
vehicles [13], new space missions [14] and blockchain technologies in the food supply
chain [15].

In our recent research, we already performed patent portfolio analysis for the applica-
tion of sensors at the postharvest stage of fresh produce processing [16]. Latent-Dirichlet-
allocation-based topic modeling clearly pointed out three directions of sensor applications
in fresh produce processing postharvest: (i) sensors supporting the automation of fruit
handling, (ii) sensors enabling fruit storage monitoring and, (iii) sensors intended for moni-
toring fruit properties and their changes. The obtained results pointed out the diversity
of sensing solutions intended for monitoring fruit properties, including the ones intended
for the sensor-based measurement of individual parameters, multisensor solutions for
simultaneously monitoring multiple relevant aspects, as well as solutions integrating
sensor-derived data with artificial intelligence tools and techniques [16]. Although the
general trends and structure of the patent portfolio were identified, individual sensing
solutions intended for the postharvest monitoring of fruit properties and their changes
were not analyzed and discussed in detail, although necessary for the identification of
development trends within this currently fast-developing field.

With the aim of contributing to a better understanding of the trends in the development
and application of sensors intended for measuring fruit properties and their changes, in the
present research, we provide a deep and insightful analysis of the upgraded and refined
patent portfolio in the field of sensor-based measurement of fruit properties.

2. Materials and Methods

A portfolio of patents focusing on fruit property testing sensors was generated in May
2023 by searching for titles and abstracts in PatSnap [17], using two diverse multistep ap-
proaches for extraction and refinement (Figure 1). Patents from the same simple family were
represented in the patent portfolio only once using the patent with the earliest application
date. In the first approach, the searching of the patent database was performed in a manner
which resulted in very wide coverage, resulting in a database which was subsequently
subjected to further refinement using computer-based techniques, as presented in our
previous work [16]. This patent portfolio was further manually refined in order to exclude
patents not directly related to the topic of interest. In the second approach, which was
applied to upgrade the patent portfolio obtained via computer-based techniques, the patent
database search was narrowed in the search phase by including the following additional
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search words: “postharvest”, “quality”, “stress”, and “size”. The obtained database was
then refined manually. No limit regarding the observed period was applied. The obtained
patent portfolios were merged and duplicates were removed. The final patent portfolio
consisted of 189 documents with 67 approved patents, 33 utility models, and 89 patent
applications submitted in recent years, with the first patent approved in 2000.
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Figure 1. Scheme of patent portfolio extraction.

The obtained patent portfolio was further divided into three groups that were defined
based on findings from our previous research [16]: (i) sensor-based measurement of individ-
ual parameters, (ii) multisensor solutions for simultaneous monitoring of multiple relevant
aspects, and (iii) solutions integrating sensor-derived data with artificial intelligence tools
and techniques. Computer-based topic modelling using latent Dirichlet allocation was
attempted, but due to the huge diversity of patents it was unsuccessful.

The characterization of trends in the patent portfolio included analyses of appli-
cation trends by year, the distribution of patents across patenting authorities, the most
frequently used IPC codes and simple family size. The groups of patents that were formed
were compared in terms of document types, patenting trends and patenting authori-
ties. Patents within each group were further structured, and the content of patents was
systematically analyzed.

3. Results and Discussion
3.1. Patent Portfolio Characterization

The patent applications in the analyzed patent portfolio were submitted to 20 different
patenting authorities. China was in the lead, with more than 60% of patents originating
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from this country (Figure 2). The remaining regions with high numbers of patents in the
field of sensor-based measurement of fruit properties were Asia (India, 13%; Indonesia,
6%; Japan and South Korea, 3%) and the Americas (including the US, Brazil and Chile).
European countries were represented in the patent portfolio with shares of less than 2%
(Germany, Spain and Great Britain) and less than 1% (Poland, Serbia and Russia).
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Figure 2. Distribution of patents from analyzed portfolio across patenting authorities.

The first patent in our portfolio was from 1998. The number of patents per year
remained fewer than 10 until 2015. From 2015 until 2018, the number of patents slightly
increased, and a significant increase was noted from 2018 on (Figure 3). Data regarding the
number of patents in 2022 (43) and 2023 (1) were not included, since these figures, due to
the latency of the patenting process and the inclusion of data in patent databases, are still
increasing and are not final.
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Figure 3. Number of applications per year.

An overview of the most frequently used IPC codes is provided in Table 1. The most
frequently used IPC code to describe inventions in the analyzed patent portfolio is G01N21
(investigating or analyzing materials via optical means, i.e., using sub-millimeter waves,
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infrared, visible or ultraviolet light). This IPC code was used in roughly one third (32%) of
the analyzed patents, indicating that the sensing devices that were most frequently used
to test fruit properties were based on optical technologies. For a significant number of
patents (30%), IPC code G01N33 (investigating or analyzing materials via specific methods
not covered by groups) was used, from which no conclusions could be made about the
sensing technology. IPC code G01N27 (investigating or analyzing materials via electric,
electrochemical or magnetic means) was used for more than 20% of patents, IPC code
G01N3 (investigating strength properties of solid materials via the application of mechanical
stress) for 8.5% of patents, and IPC code G01N29 (investigating or analyzing materials
via ultrasonic, sonic, or infrasonic waves) for 7.5% of patents in the analyzed portfolio.
It is obvious that there was no specific IPC code directly related to the use of sensors for
the measurement of fruit properties. This poses a challenge for potential users of such
innovations in terms of searching patents quickly and efficiently. However, the structure of
IPC codes shows that optical, electric, mechanical and sonic sensing technologies account
for almost 70% of patented inventions in the field of developing sensors for testing fruit
properties, while all other sensing technologies account for roughly 30%.

Table 1. Most frequently used IPC codes (https://ipcpub.wipo.int [accessed on 25 November 2023]).

IPC Codes WIPO IPC Code Description Number of Patent
Applications

G01N21 Investigating or analyzing materials via optical means 61

G01N33 Investigating or analyzing materials via specific
methods not covered by groups G01N 1/00-G01N 31/00 56

G01N27 Investigating or analyzing materials via electric,
electrochemical, or magnetic means 40

G01N3 Investigating strength properties of solid materials via
the application of mechanical stress 16

G01N29 Investigating or analyzing materials via ultrasonic, sonic
or infrasonic waves 14

The number of patents from the analyzed portfolio expressed as simple family size
(Figure 4) shows that the vast majority of patent applications were submitted to only one
patenting authority. However, there were several patents with a large family size, meaning
that they were submitted to more than one patenting authority.
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Figure 4. Patents with simple family size from analyzed patent portfolio.

Patents with a simple family size of five or more are presented in Table 2. An interesting
observation is that among the patents with large simple family size, although the majority
come from China, there were no patents from this country. The most valuable patents
originated from different countries and in different years.

https://ipcpub.wipo.int
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Table 2. Patents with largest simple family size.

Patent Title Simple
Family Count

Application
Year

RS63664B1
Fruit or vegetable optical analysis
method and device and automatic

sorting device
28 2018

BR112014023454B1
Ethylene gas sensor, method of

capturing ethylene and method of
production of a sensor

15 2013

RU2740333C2

Device for measuring parameters of
product quality and method of

measuring parameters of product
quality

14 2017

BR112021026843A2 Strain products. Limit measurement
of vegetable 10 2020

ES2445752T3
Method and apparatus for

determining quality of fruit and
vegetable products

8 2006

GB2498086B
Device and method for

nondestructive detection of defects
in fruits and vegetables

5 2012

US11415545B2 Gas sensor system and method 5 2018

3.2. Structuring of Patent Portfolio

Patent abstracts within each of the three pre-defined groups (sensor-based measure-
ment of individual parameters, multisensor solutions for simultaneous monitoring of
multiple relevant aspects and solutions integrating sensor-derived data with artificial intel-
ligence tools and techniques) were carefully analyzed, and subgroups of patents disclosing
sensing technologies developed for similar purposes were formed (Figure 4).

The first group included patents in which sensors or devices for rapid measurement of
individual properties common in the analysis of fruits were disclosed. Represented param-
eters for characterizing fruit or its storage environment included: measurement of physical
properties (size, dimensions, shape, weight), measurement of firmness/hardness, presence
of visible or hidden defects (bruises, moldy core), analysis of fruit composition (moisture,
sugar, acids, other constituents), safety parameters (pesticides, heavy metals, pathogens)
and the composition of the gaseous phase surrounding fruit (respiration gases, ethylene,
ethanol, volatiles). When developing sensors for measuring individual parameters, it is
expected that values responding to values obtained via conventional, standardized, routine
analytical methods will be obtained. Thus, it is of utmost importance to calibrate the
sensors in this group and validate the results [18].

The second identified group comprised patents in which multiple signals from one or
more sensors were used together with powerful computing to characterize the condition
(quality level, ripeness, freshness) of fruit or its ongoing processes (maturation, quality
deterioration) as complex properties in real-time. In this way, novel indicators of condition
or processes were derived, enabling and introducing a quite different approach to fruit
management [19].

The third group included patents that combined sensor-derived data with advanced
data processing tools, and introduced artificial intelligence tools (such as computer vi-
sion, machine learning and deep learning) into the management of fresh produce. These
innovations pave the way for automated data-driven management [20–22].

Patent applications intended for the analysis of commonly used fruit properties such
as size, firmness, defects or safety, or for the determination of the composition of the
atmosphere surrounding fruits (Group I; Figure 5) account for almost half (47.6%) of the



Horticulturae 2024, 10, 30 7 of 20

identified patent portfolio. Within this group, the most numerous patents were those that
disclosed the use of sensors for analyzing fruit safety (33%), followed by those disclosing
inventions for determining fruit firmness (20%), while inventions for analyzing fruit and
the surrounding atmospheric composition, determining size and shape and for identifying
defects accounted for a smaller percentage of patents.
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Patents intended for the determination of fruit quality, maturity or freshness in general
(Group II; Figure 5) and based on complex parameters derived from an analysis of measured
sensor responses, accounted for a significant share of the identified patent portfolio (39.7%).
Devices and sensors for identifying quality levels or quality changes were disclosed in the
majority of patents, accounting for more than 60% of the total number of patents in this
group. Ripening-related solutions were represented in almost 35% of the patent portfolio,
while sensor-based solutions related to freshness were represented the least.

Patents in which artificial intelligence tools such as machine learning or deep learning
were coupled with sensor-based measurement accounted for a smaller share of the patent
portfolio (12.7%).

3.3. Patent Portfolio Characterization

In Group I, related to sensors for rapid measurement of individual parameters, patent-
ing activity started in 2000 and is characterized by several applications per year until 2015,
when the number of patents started to increase more rapidly (Figure 6, left). Patenting
of inventions in which (multiple) sensors were used for determining complex properties
(Group II) started later, in 2005, but there has been more of an increasing trend over the
past few years compared to sensors for determining individual parameters. Patents related
to the application of sensors coupled with artificial intelligence tools (Group III) started to
emerge after 2015, and since then the number of such patent applications has increased.

The share of patents, utility models and patent applications within identified groups
also differed (Figure 6, right). The group of patents that included sensors for determining
individual parameters accounted for a much larger share than utility models, while the
group in which sensor-based data were used to describe complex properties with utility
models have approximately the same share as patents. Notably, in the group related to
the use of artificial intelligence tools for processing sensor-based data, most of the patent
applications were quite new and still waiting for approval; there is a quite low number of
already approved patents and utility models.



Horticulturae 2024, 10, 30 8 of 20

Horticulturae 2023, 9, x FOR PEER REVIEW 8 of 21 
 

 

3.3. Patent Portfolio Characterization 
In Group I, related to sensors for rapid measurement of individual parameters, pa-

tenting activity started in 2000 and is characterized by several applications per year until 
2015, when the number of patents started to increase more rapidly (Figure 6, left). Patent-
ing of inventions in which (multiple) sensors were used for determining complex proper-
ties (Group II) started later, in 2005, but there has been more of an increasing trend over 
the past few years compared to sensors for determining individual parameters. Patents 
related to the application of sensors coupled with artificial intelligence tools (Group III) 
started to emerge after 2015, and since then the number of such patent applications has 
increased.  

The share of patents, utility models and patent applications within identified groups 
also differed (Figure 6, right). The group of patents that included sensors for determining 
individual parameters accounted for a much larger share than utility models, while the 
group in which sensor-based data were used to describe complex properties with utility 
models have approximately the same share as patents. Notably, in the group related to 
the use of artificial intelligence tools for processing sensor-based data, most of the patent 
applications were quite new and still waiting for approval; there is a quite low number of 
already approved patents and utility models. 

  
Figure 6. Comparison of identified groups via patenting trends (right) and structure of documents 
(left). Group I: sensors for rapid measurement of individual parameters; Group II: sensor-based 
determination of complex properties; Group III: sensors coupled with artificial intelligence tools. 

Regarding patenting authorities, in all three groups the highest number of patents 
originated from China (Figure 7). However, there was a larger share of patents from China 
(69%) in Group I (sensors for determining individual parameters) than in Group II (sen-
sor-based modeling of complex parameters) (56%), while the share in Group III (artificial 
intelligence-based processing of sensor data) was even smaller (50%). The second country 
with a large share of patents was India, with opposite trends between groups and the 
largest share in the group of patents related to the use of artificial intelligence. Patenting 
authorities in other countries have much smaller shares. 

R² = 0.8485

R² = 0.8648

R² = 0.7588

0

2

4

6

8

10

12

14

16

18

20

1995 2000 2005 2010 2015 2020 2025

Nu
m

be
r o

f p
at

en
t a

pp
lic

at
io

ns

Years

Series1 Series2 Series3

Poly. (Series1) Poly. (Series2) Poly. (Series3)

0%

20%

40%

60%

80%

100%

I II III

Sh
ar

e 
of

 d
oc

um
en

ts
, %

GROUP

Patents Utility models Applications

Figure 6. Comparison of identified groups via patenting trends (right) and structure of documents
(left). Group I: sensors for rapid measurement of individual parameters; Group II: sensor-based
determination of complex properties; Group III: sensors coupled with artificial intelligence tools.

Regarding patenting authorities, in all three groups the highest number of patents
originated from China (Figure 7). However, there was a larger share of patents from
China (69%) in Group I (sensors for determining individual parameters) than in Group
II (sensor-based modeling of complex parameters) (56%), while the share in Group III
(artificial intelligence-based processing of sensor data) was even smaller (50%). The second
country with a large share of patents was India, with opposite trends between groups and
the largest share in the group of patents related to the use of artificial intelligence. Patenting
authorities in other countries have much smaller shares.

3.4. Analysis of Patent Portfolio via Identified Groups
3.4.1. Group I: Sensors for the Measurement of Individual Parameters

This group comprised patents disclosing sensors for the detection or measurement of
(a) fruit safety parameters, (b) fruit firmness, (c) fruit composition, (d) fruit damage, (e) fruit
size and shape and (f) gaseous phase surrounding or produced by the fruit.

(a) Fruit safety: hazardous compounds from the environment, including heavy metals
and residues from inputs for agricultural production such as pesticides increase public
concern related to health risks, with agricultural production positioned as a source and
the most critical stage for transmitting food safety problems along the supply chain [23].
Mitigating the risks of chemical hazards such as pesticides, heavy metals and microbial
pathogens requires rapid screening methods [24].

In the observed portfolio, a significant number of patents focused on pesticide and
heavy metal detection (Table 3). Patents related to pesticide detection employed various
sensors, including aptamer sensors, molecularly imprinted electrochemical sensors, flu-
orescent array sensors, ratio fluorescence sensors, photonic crystal sensors and sensors
based on nanomaterials. The methods of detection included electrochemical, fluorescence,
photonic crystal and adhesive tape methods.
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Figure 7. Comparison of identified groups via share of patenting authorities. Group I: sensors for
rapid measurement of individual parameters; Group II: sensor-based determination of complex
properties; Group III: sensors coupled with artificial intelligence tools.

Table 3. Analysis of patents disclosing sensors for measurement of individual properties for fruit
safety analysis.

Group Description Patent Number, Application Year

Contaminants
pesticide detection

CN103105331B, 2013; CN103529114B, 2013; CN103940866B, 2014;
CN104764775B, 2015; CN106248756B, 2016; CN106290509B, 2016;
CN211348168U, 2019; CN112961905A, 2021; CN113624752B, 2021;
IN201811006552A, 2021; IN202011014611A, 2021; CN112945917A,
2021; CN114958361A, 2022

heavy metal detection CN111289500A, 2018; IN201821043176A, 2018; CN211235788U, 2019;
CN109959684B, 2019;

Sensor type

aptamer CN106770571A, 2016; CN113624812A, 2021; CN114002282A, 2021
molecularly imprinted
electrochemical CN104764775B, 2015; CN106248756B, 2016; CN106290509B, 2016

fluorescent array CN112945917A, 2021
ratio fluorescence CN114958361A, 2022
photonic crystal CN111289500A, 2018
sensors based on nanomaterials IN202241063002A, 2022

Method of detection

electrochemical CN104764775B, 2015; CN106248756B, 2016; CN106290509, 2016;
IN202011014611A, 2020; IN201811006552A, 2021

fluorescence CN112945917A, 2021; CN114958361A, 2022
photonic crystal CN111289500A, 2018
adhesive tape CN111855638B, 2020

Method of use handheld IN201811006552A, 2014; IN202011014611A, 2014; CN104515771B,
2014; IN201821043176A, 2018

Invention sensor production CN106770571A, 2016, CN113624812A, 2021, CN114002282A, 2021

In contrast to traditional food safety approaches, some inventions in the portfolio
were designed to be handheld. Additionally, some patents described the sensor production
process, with their intended use for various devices.

(b) Fruit firmness: one of the properties characterizing changes in fruit is the loss of
firmness [25]. Nondestructive methods of measuring fruit firmness have gained popularity
in recent years, as they allow fruit quality to be assessed without causing damage [26].
Nondestructive fruit firmness sensors have the potential to determine ripeness and quality
objectively and efficiently [27].

Patented inventions related to fruit firmness testing are numerous, and include both
destructive and nondestructive methods (Table 4). Some patents revealed innovations in
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firmness testing through traditional destructive approaches, while the majority explored
nondestructive methods. Nondestructive methods involve various sensors, including
acoustic vibration sensors, piezoelectric beam sensors and multisensor solutions. Two
patented inventions incorporated flexible finger sensors. Some patents in this domain
described components of firmness testing devices without specifying the type of sensor,
enabling the devices to be upgraded with any firmness sensor solution. These patents ad-
dressed firmness measurement for specific fruits such as apples, pears, kiwis, watermelons
and spherical fruits and vegetables in general.

Table 4. Analysis of patents for measuring individual properties disclosing sensors for fruit firmness
analysis.

Group Description Patent Number, Application Year

Type of method

destructive MX308086B, 2008; CN110779862B, 2019

Nondestructive
CL47603B, 2000; CN106885847B, 2017; JP6970328B2, 2017;
CN104034587B, 2017; CN109932333B, 2019; CN112485140B, 2020;
CN113281206A, 2021; CN113504141A, 2021

Type of sensors

acoustic vibration CN106885847B, 2017
piezoelectric beam CN106885847B, 2017
multisensor CN109932333B, 2019
flexible finger CN112485140B, 2020
upgradable CN205301107U, 2015

Specific purpose sensors

apple CN109932333B, 2019; CN112485140B, 2020; CN113281206A, 2020;
CL47603B, 2020

pear CN112485140B, 2020; CN113281206A, 2021
kiwi CN113504141A, 2021
watermelon CN110779862B, 2019
spherical fruits and vegetables CN104034587B, 2014

(c) Fruit composition: timely and accurate information on fruit composition is relevant
in several aspects. Fruit composition determines its maturity and related storability [28,29],
nutritive profile [30], acceptability for consumers [31] and its value as raw material for
processing [32]. Information regarding changes in the composition of metabolites during
fruit processes provides valuable input for fresh fruit supply chain optimization [33].

Patents in the domain of fruit composition testing primarily utilized near-infrared
spectroscopy (NIRS) and multispectral imaging for nondestructive measurement of the
sugar content in various fruits, including oranges, apples and others (Table 5). Inventions
aimed at detecting sugar in fruits encompassed those designed for measuring its content
in oranges as well as fruit in general. The analyzed patent portfolio also encompassed
inventions for determining several compounds that were important for fruit production,
management or processing. Examples included waxberry fruit acidity testing, electrochem-
ical sensors for detecting indoleacetic acid and salicylic acid in tomatoes, ascorbic acid
estimation in fruits, immunosensors for detecting capsaicin in peppers and molecularly
imprinted electrochemically modified electrodes for measuring gibberellin and detecting
nitrate and moisture content in fruits.

(d) Fruit defects: mechanical injuries occur during production, harvesting, handling
and postharvest stages in fruit supply chains, and internal physical or pest-related damage
highly influences the market value and storability of fruit [34]. The development of
nondestructive measurement techniques for assessing fruit damage can help in quality
evaluation and in preventing economic losses [35].
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Table 5. Analysis of patents measuring individual properties disclosing sensors for fruit composition
analysis.

Group Description Patent Number, Application Year

Constituent

sugar JP5170379B2, 2007; CN105092518B, 2015; JP5170379B2, 2007; CN105092518A, 2015;
CN105092518B, 2015

acidity CN114235720A, 2021; CN113588743A, 2021; IN202211027894A, 2022
capsaicin CN111579626B, 2020
gibberellin CN102706927B, 2012
nitrate TW202007963A, 2018
moisture CN212207158U, 2020; CN114894849A, 2022

Inventions related to fruit damage testing utilized a variety of sensors, including
acoustic, time-resolved fluorescence spectroscopy, machine vision, microwave and thermal
sensors (Table 6). These patented innovations included devices for detecting frostbite in
apples, defects in fruit appearance, defects in fruits and vegetables and decay. Notably, all
damage assessment inventions employed nondestructive methods, allowing for multiple
measurements on a single fruit and enabling the monitoring of damage development. The
use of acoustic and machine vision sensors was demonstrated in apple-related applica-
tions, while microwave and thermal sensors were designed for more general fruit and
vegetable testing.

Table 6. Analysis of patents for measuring individual properties disclosing sensors for fruit defect
detection.

Group Description Patent Number, Application Year

Physiological related
apple frostbite detection CN113588785A, 2021
appearance CN103323457B, 2013
defect detection GB2498086B, 2011; CN105241555B, 2015

Nondestructive assessment

acoustic sensor CN113588785A, 2021
machine vision sensor CN103323457B, 2013
microwave sensor GB2498086B, 2011
thermal sensor CN105241555B, 2015

(e) Fruit size and shape: the ability to assess and detect fruit size and shape in real-time
for bulk quantities of fruit is crucial to maximize market value [36] and is indispensable for
efficient fruit grading and packaging [37].

All patented inventions for fruit assessment were nondestructive (Table 7). A laser
sensor-based solution involved the measurement of distances and the creation of 3D
models. A color sensor-based solution assessed fruit appearance using advanced color
analysis. A weight sensor-based solution indirectly estimated size based on weight. A
spectrometer-based solution analyzed the reflected light spectrum for size and quality
evaluation, while a camera-based solution captured images for automated size and shape
analysis. Displacement sensor-based solutions measured position variations to evaluate
fruit size and shape. The relevance of these sensors varied based on the specific type of
fruit. For example, a weight sensor was commonly used for pomelos, as their size and
weight are closely related. A color sensor was well-suited for tangerines, for which color is
a critical indicator of quality. Grapes, on the other hand, benefited from camera technology
due to their small size and the need for bulk assessment. Laser sensors and displacement
sensors were applied to various fruits to capture detailed shape variations. All disclosed
sensing technologies facilitated quality control and ensured consistent standards across
fruit types.
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Table 7. Analysis of patents for measuring individual properties disclosing sensors for fruit size and
shape measurement.

Group Description Patent Number, Application Year

Type of sensor

laser sensor-based CN109466910A, 2017
color sensor-based CN107018754A, 2017
weight sensor-based CN217191016U, 2021
spectrometer-based CN217766054U, 2022
camera-based KR101131523B1, 2010
displacement sensors-based CL45443B, 2001; CN104664559B, 2015
weight sensor CN217191016U, 2021

(f) Analysis of composition of gases: an analysis of the gas composition in the envi-
ronment where fruit is stored or the gases produced by fruit can provide comprehensive
insight into fruit processes including ripening [38], respiration [39] and quality deteriora-
tion [40,41], and enable precise implementation of various postharvest measures [42] and
treatments [43]. A range of specialized devices and methods for the detection of ethylene
and other gases have been patented.

Ethylene sensors were featured in several patents, including one that introduced a
method and device for measuring ethylene concentration in fruit samples, another that
described a portable ethylene-detecting instrument for enhanced convenience in ethylene
level monitoring, one that presented an ethylene gas sensor and a method for efficient
detection, one focusing on selective detection with a gas sensor that can identify acetylene
and ethylene, and one that utilized a nano-sized composite film for ethylene detection
(Table 8). Conversely, there were patents that focused on methods for detecting multiple
gases with broader applications. One patent described a semiconductor gas sensor and
a gas sensing method that can detect various gases, such as hydrogen, carbon monoxide
and nitrogen dioxide. Another introduced a gas sensor designed to detect a range of gases
including methane, propane and butane, while another presented a comprehensive gas
sensor system that can detect various gases including carbon dioxide, methane and propane.

Table 8. Analysis of patents for measuring individual properties disclosing sensors for the analysis
of gases.

Group Description Patent Number, Application Year

Gasses

ethylene
CN100485380C, 2004; BR112014023454B1,
2013; TH1901004041A, 2019;
CN112255299B, 2020

methane, propane, and butane TWI374265B, 2008
carbon dioxide, methane, and propane US11415545B2, 2018
hydrogen, carbon monoxide, nitrogen
dioxide GB2584892B, 2019

acetylene and ethylene EP3956655A1, 2020

3.4.2. Group II. Sensor Based Determination of Complex Properties

This group comprised patents disclosing sensor-based solutions that enable the as-
sessment of complex fruit properties such as (a) changes in fruit quality, (b) ripeness and
maturation processes and (c) freshness and deterioration.

(a) Fruit quality is a multifaceted attribute that is unique to each fruit, and even each
cultivar, which requires the evaluation of various parameters to determine overall desir-
ability [44]. Quality is a critical attribute influencing consumer acceptance. Fruit quality is
assessed based on parameters such as size and shape, uniformity [36], firmness [25], ab-
sence of visible or hidden defects [35], skin and flesh color [45], taste, flavor and aroma [41],
soluble solid content, acidity, pH and other aspects to do with nutritive value, storabil-
ity and processing properties. Assessing fruit properties along the supply chain enables
suppliers to deliver high-quality, safe produce to consumers [46].
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Patents targeting the complex assessment of fruit quality rely on two approaches.
The first approach involves the use of sensing techniques that provide signals based on
which aspects of fruit quality are being assessed (Table 9). Most of the disclosed inventions
were based on optical methods. Patents included methods for measuring the near-infrared
spectral area, visible light area or a combination of both. Patents in this group included the
use of laser light sources, electroluminescent diodes or other light sources. Data obtained
at different wavelengths were further processed to obtain values related to internal fruit
quality, in some cases expressed as a combination of common quality parameters such
as firmness or brix, and in other cases, in the form of indices such as a maturity index or
fruit grading criteria for example, good/bad or ripe/not ripe. In addition to spectroscopic
methods, approaches using color, acoustic or vibration sensors for quality assessment were
also disclosed, but the number of patents describing such solutions was much lower.

Table 9. Analysis of patents disclosing inventions for determining complex properties of quality.

Group Methods/Parameters Patent Number, Application Year

Optical methods

NIRS *
JP4589897B2, 2006; CN102928357B, 2012; CN205808924U,
2015; CN209640219U, 2018; CN211989773U, 2019;
IN202041056094A, 2020

VLA ** ES2445752T3, 2006; IDS00202106753A, 2021
NIRS + VLA CN102928357B, 2012; RS63664B1, 2017
laser light sources CN103197576B, 2013
electroluminescent diodes RS63664B1, 2017
other light sources CN214150434U, 2020

Internal fruit quality
firmness or brix ES2445752T3, 2006
fruit grading CN102928357B, 2012
maturity index IDS00202106753A, 2021

Sensor
types

color BR102014013727B1, 2014; US10885675B1, 2014;
CN214374273U, 2023

vibrational CN110865158A:2019, 2019
acoustic IN202031037302A, 2021

Multi-
sensors/Different
sensing principles

spectrograph CN114047147A, 2021
CCD camera. position sensor CN216350641U, 2021
gas sensor array, visual sensor CN111220496A, 2020
camera, multi-sensors IN201921010554A, 2019
gas sensor array, Raman spectrometer CN205939922U, 2016
hardness, sugar degree,
spectrophotometric detection module CN205262888U, 2015

color, pesticide detection CN113418870A, 2021
3D camera CN113426693A, 2021
multi-sensing CN113426693A, 2021; CN216350641U, 2021
grading devices RU2740333C2, 2017; CN111325241A, 2021

Determination of fruit
quality in the field/at
harvest

quality testing devices

ES2445752T3, 2006; BR102014013727B1, 2014;
CN103954681B, 2014; BR102014013727B1, 2014;
CN110865158A, 2019; CN211989773U, 2019; CN211374704U,
2019; CN110108650A, 2019; CN210720136U, 2019;
IN202031037302A, 2020; IN202011038678A, 2020;
CN111220496A, 2020; CN214150434U, 2020;
IN202041056094A, 2020; CN114047147A, 2021;
IDS00202106754A, 2021; IDS00202106754A, 2021;
CN115420607A, 2022

classification/grading equipment JP4589897B2, 2006; CN102928357B, 2012; CN205808924U,
2015

* NIRS—near-infrared spectroscopy ** VLA—visible light area.

The second group of sensor-based solutions for complex quality assessment were
solutions that integrated multiple sensors for measuring different fruit properties that
operated on different sensing principles. The combinations of sensors in the disclosed
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inventions were quite diverse and included, for example, (i) spectrograph, light source,
photoelectric sensor and camera; (ii) CCD camera and position sensor; (iii) weighing sen-
sors, three-dimensional camera, laser projector and color sensor; (iv) gas sensor array and
visual sensor; (v) camera and multiple sensors; (vi) gas sensor array and Raman spectrome-
ter; (vii) hardness, sugar and spectrophotometric detection modules; and (viii) color and
pesticide residue detection units. Integrating different cameras, such as a three-dimensional
camera and CCD camera, enabled the determination of diverse quality parameters through
further processing of obtained images. Solutions that integrated gas sensors or nondestruc-
tive sensor-based measurement of firmness related to quality were disclosed in a number
of patents.

Patents intended for the detection of quality as a complex set of fruit properties
disclosed solutions with different purposes, including a multisensor solution integrated
into conveying or grading devices, or devices used to determine fruit quality in the field or
at harvest, and multisensor-based stand-alone devices for fruit quality testing; some patents
disclosed evidence regarding the possibility of determining fruit quality using multiple
sensors. Some patents in this group disclosed portable or hand-held devices with integrated
optical sensors, while others disclosed devices intended to be integrated into conveyer lines
and fruit classification/grading equipment. Some indicated the possibility of attaching
devices to vehicles such as drones, tractors, crawlers and other vehicles or integrating
sensors into wearable gloves and other ways to facilitate operation. Some inventions were
related to improvements regarding temperature correction of measurement performance.

(b) Fruit ripening and maturation involves various physical and chemical changes that
affect the quality and shelf life of fruit. Physical changes include changes in color, texture
and composition. In the case of ripening, similar to quality, there have been attempts to
generalize ripeness or maturity based on the response of sensor-based measurements. Most
disclosed inventions were intended for detecting fruit ripeness based on diverse sensor-
based measurements and transforming the obtained results into information regarding
ripeness through various mathematical modeling approaches. Sensors used for measuring
signals used to predict ripeness include electronic noses, ultrasonic sensors, sound sensors,
resonance frequency sensors, photoelectric sensors for ethylene respiration gases and
volatiles and sensors for color and shape (Table 10). The majority of disclosed inventions
were intended for general application to determine fruit ripeness, but there were also
inventions developed for specific fruits, such as the sound-based determination of ripeness
of melons and watermelons, color expression-based determination of apple ripeness by
shape and color, a stereoscopic vision system for determining the ripeness of bananas
at harvest and temperature and gas composition based determination of the ripeness of
bagged bananas.

Some inventions were related to monitoring fruit maturation in orchards and de-
termining optimal harvest times. Disclosed solutions included combinations of sensors
measuring different ripening-related parameters such as relative humidity and temper-
ature, combined with an electronic nose device or a bioelectric sensor to measure sugar,
polyphenol and chlorophyl. Other solutions were based on measuring ethylene release and
use ultrasonic sensors.

There were also solutions for monitoring the maturation process of fruit in the supply
chain. Sensing solutions used for data measuring included color sensing using RGB
sensors and different combinations of gas composition measuring sensors. Data processing
methods included simple utilization of preprogrammed thresholds, mixed signal analytical
models or machine learning algorithms.

The most sophisticated solutions included gas or image analysis for the purpose of
management of fruit processes such as the ethylene quantity needed for maturation or the
reduction of electricity consumption.

(c) Fruit freshness is a holistic attribute that integrates a complex assessment of how
recently the fruit was harvested and how well its properties have been preserved. Loss of
freshness is perceived as spoilage, rotting, loss of turgor, development of an unpleasant odor,
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loss of firmness etc. Preserving the freshness of fruits and vegetables depends on several
factors, including temperature, humidity and ethylene concentration [47]. Loss of freshness
can be quantified by parameters including visual properties, intensity of respiration or the
synthesis of volatile compounds characterizing postharvest processes [41].

Table 10. Analysis of patents for determining complex properties disclosing inventions for fruit
ripening and maturation analysis.

Group Description Patent Number, Application Year

Ripeness prediction
sensors

electronic noses IN202111034865A, 2021; CN114813857A, 2022
ultrasonic sensor MY172615A, 2008
sound sensor (melons and water melons) IDP000077750B, 2017
resonance frequency sensor JP7017720B2, 2020
photoelectric sensors ID201400571A, 2013
ethylene sensors (bananas) CN216209001U, 2021
sensors for respiration gases CN103575690B, 2013
sensors for volatiles CN213813430U, 2020
sensors for color (apple/bananas
ripeness) KR102010843B1, 2015

sensors for shape (apple ripeness) N114813857A, 2022; CN112990063A, 2021

Optimal harvesting time
sensors Various sensors BR102019019768A2, 2019; CN113960121A, 2021;

IN202211002188A, 2022; IN202211073101A, 2022

Monitoring maturation in
supply chain

RGB sensors ES2537826A1:2013, 2013
gas composition CN104020257B, 2014; IN201921054403A, 2019

Data processing

preprogrammed thresholds ES2537826A1, 2013
mixed signal analytical model CN104020257B, 2014
machine learning algorithms IN201921054403A, 2019
gas analysis CN105182849B, 2015
image analysis IN201921051174A, 2019

The first group of inventions intended for characterizing freshness comprised different
constructions and integrations of multiple sensors that acquired data on the environmental
conditions in which fruit was stored and used formulas or mathematical models to trans-
form the measured data into information that can be used to assess fruit freshness or predict
remaining shelf life (Table 11). Patents in this group often included the specific postharvest
purpose for such inventions, such as integrating them into fruit grading equipment in order
to separate fruit that has lost freshness from the rest or providing information about lots in
which rotten fruits were present and their location.

Table 11. Analysis of patents for determining complex properties disclosing inventions for freshness
detection.

Group Description Patent Number, Application Year

Fruit characteristics

mathematical models for fruit
freshness

CN207798803U, 2017; CN106970189B,
2017; CN109239058B, 2018

remaining shelf life IN3377MUM2014A, 2014
lost freshness IN202111055707A, 2021
rotten fruits IN202111050864A, 2021
volatiles: ethanol CN104833780B, 2015
color sensitive odor
components CN105241821B, 2015

conjugated hydrocarbons and
esters US20220026389A1, 2021

rotten fruit or vegetable IN202011013341A, 2021

The second group of inventions included sensors for detecting the composition of
volatiles such as ethanol, color-sensitive odor components, conjugated hydrocarbons and
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esters. The relationships between detected odor compounds and freshness indicators such
as rotting were determined through experimental investigations of these parameters with
different volatile compound concentrations or measurements at different points. Some
patents specified the purpose of postharvest measurement, such as alerting users to rotten
fruits and vegetables.

3.4.3. Group III. Sensor Coupled with Artificial Intelligence

Artificial intelligence involves the use of computers to simulate behaviors charac-
terizing human intelligence such as learning and decision-making [48]. A prerequisite
for developing AI solutions is the existence of big datasets. The introduction and wide
application of sensor-based fruit measurement has led to the creation of multidimensional
databases, paving the way for the development of artificial intelligence solutions for fruit
handling and management.

An analysis of patents related to the use of sensors for measuring fruit properties re-
vealed that the artificial intelligence related solutions included those based on (a) computer
vision, (b) machine learning and (c) deep learning.

(a) Computer vision applications refers to the processing of images obtained from
cameras to derive conclusions in order to identify the properties of observed objects, similar
to the processing of inputs through human eyes by the brain. In addition, the development
of multispectral, hyperspectral, three-dimensional and other types of cameras enable
even more sophisticated inputs to be obtained which are processed via computer vision
techniques into information about the observed object [49].

In some patents in the identified portfolio, computer vision techniques were used to
pre-process images obtained from RGB visual sensors, lasers, color infrared sensors, cam-
eras, multispectral devices or even photographs taken with hand-held mobile equipment
(Table 12). Machine learning and deep learning techniques were commonly used to further
process the data obtained via computer vision techniques. However, the inputs for machine
learning and deep learning applications were not limited to data from preprocessed images;
data obtained from multiple sensor devices and networks were also used as inputs for
artificial intelligence-based models.

Table 12. Analysis of patents disclosing inventions in which sensors were coupled with artificial
intelligence tools.

Group Description Patent Number, Application Year

Computer vision

RGB visual sensor CN103065149B, 2012
color sensor IN201741037959A, 2017
hand-held mobile equipment CN111487247A, 2020
infrared sensors CN216286776U, 2021
camera AU2021103379A4, 2021
multispectral device CN113450281A, 2021
laser IN202211071351A, 2022

Machine learning
fruit odor CL52053B, 2012; CN115470817A, 2022; IN202211071351A, 2022

fruit ripening patterns CN107340717A, 2017; CN110850028A, 2019; IN201921054403A,
2019; AU2021103379A4, 2021; CN113884447A, 2021

Deep learning

fruit phenotyping CN103065149B, 2012
storability and transportability CL52053B, 2012
predicting fruit ripeness IN201741037959A, 2017
predict fruit quality CN107340717A, 2017
naturally vs. artificially ripen fruits IN202011041193A, 2020
fresh produce supply CN111487247A, 2020
fruits classification CN111325241A, 2020
determining optimal harvest time CN115015495B, 2022
fruit traceability AU2021103379A4, 2021
identify fruits quality deterioration IN202211071351A, 2022
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(b) Machine learning involves probability theory, statistics, approximation theory,
convex analysis, algorithm complexity theory and other disciplines to optimize the perfor-
mance of computers when simulating human learning behaviors to acquire new knowledge
and reorganize existing knowledge structures, with the aim of continuously improving the
performance by establishing a learning system for specific tasks [50].

Within the observed patent portfolio, machine learning was used, for example, to
derive information on fruit odor from data obtained via micro-electromechanical gas
sensors, cuticle permeability from data obtained via image processing, and spongy tissue
from data obtained via electrochemical and laser-based sensors (Table 12). Machine learning
was also used for predicting fruit ripening patterns. As an input for machine learning-based
prediction of ripening based on gas composition, diverse data obtained from multisensor
networks and image processing were used. Machine learning was also used to develop
applications for the nondestructive prediction of sugar content in fruit based on data from
sensors that recorded fruit and environmental properties.

(c) Deep learning is an advanced approach that can be used for solving the problem
of processing multilayered big datasets. Deep learning uses artificial neural networks to
achieve multilayer perceptrons within multiple hidden layers in datasets to discover the
characteristics of data distribution by forming higher-level attributes through combinations
of low-level features [51]. Deep learning was used in the studied patent portfolio to predict
fruit ripeness from color-based and ethanol release measurements and to distinguish
between naturally and artificially ripened fruits (Table 12).

The disclosed inventions were developed with the intention of substituting human
decision-making at relevant points in order to manage fresh produce supply chains, such
as determining optimal harvest time, classifying fruits optimally, performing fruit pheno-
typing, predicting fruit quality, supporting fruit traceability, identifying individual fruits
with deteriorated quality and assessing how fruit can be stored and transported.

Applying artificial intelligence-based models to the management of fresh produce sup-
plies also implies solutions for data acquisition and processing through cloud computing
or by integrating the whole system with the user’s mobile phone.

3.5. Limitations

Regarding the present research, several limitations should be kept in mind: (i) the
lag period in the patenting process and the appearance of patents in searchable databases
meant that results related to the most recent period were still changing. (ii) The analysis
was performed on a still-emerging innovation and the most relevant patent applications
submitted in the most recent period pending patent approval were included in the anal-
ysis, but some of them might not be approved, or the novelty of some patents might be
challenged in court. Nevertheless, the very clear trends presented here will not be affected
to a significant extent. (iv) Since the inventor and owner of a patent may come from any
country, not necessarily the one where the patent application is submitted, the distribution
of the origin of inventions may be somewhat different than the distribution of patenting
authorities presented in the manuscript.

4. Conclusions

From a snapshot of patenting activities in the field of new sensing technologies be-
ing developed for measuring fruit properties of fresh produce, it can be concluded that
advances in this area have the potential to substantially change the landscape for the
development of this technology in general.

Sensing technologies enable real-time, rapid and cost-effective determination of ever-
increasing and more sophisticated sets of fruit properties and environmental conditions.
The development and availability of sensing technology solutions for determining more
comprehensive and sophisticated parameters will undoubtedly result in the development
of sorting, packaging and storage solutions and change the practices of monitoring fruit
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processes, produce quality parameters and safety and environmental aspects and contribute
to the availability of more comprehensive datasets.

Solutions that integrate different sensing technologies in multisensor systems for
monitoring fruit quality, ripening, or freshness as a holistic concept opens avenues for
introducing a new approach to fresh produce management. Acquiring a larger data
pool, enabled via sensing technologies and their integration into a wireless multisensor
network, is a way to open new frontiers in processing data obtained through the sensor-
based measurement of fruit properties. Data acquisition and processing enhance our
ability to optimize, plan and control the processes in fruit supply chains and to prevent
undesired spoilage, contamination or decay, including the utilization of data acquired
for predicting fruit processes, thus providing a solid base for their improvement. Such
inventions support the transformation of fresh produce supply chains in line with Industry
4.0 objectives to introduce evidence-based decision-making and to interconnect machinery
and data analytics.

Increasing the number of solutions introducing the use of artificial intelligence tools
such as computer vision, machine learning and deep learning in fresh produce supply
chain management will enhance the possibility of substituting human decision making at
relevant points for fresh produce. These trends will result in conforming fresh produce
supply chain management to the objectives of Industry 5.0 in order to leverage the creativity
of human experts in collaboration with efficient, intelligent and accurate machines.
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44. Ubiparip Samek, D.; Pezo, L.; Mastilović, J.; Kovač, R.; Zoranović, T.; Vlahović, B. Modelling fruit and vegetable consumption in
Serbia. Food Feed. Res. 2022, 49, 127–137. [CrossRef]

45. Kleih, A.K.; Sparke, K. Visual marketing: The importance and consumer recognition of fruit brands in supermarket fruit displays.
Food Qual. Pref. 2021, 93, 104263. [CrossRef]

46. Raimbekov, Z.; Syzdykbayeva, B.; Rakhmetulina, A.; Rakhmetulina, Z.; Abylaikhanova, T.; Ordabayeva, M.; Doltes, L. The Impact
of Agri-Food Supply Channels on the Efficiency and Links in Supply Chains. Economies 2023, 11, 206. [CrossRef]

47. Ahmad, M.S.; Siddiqui, M.W.; Ahmad, M.S.; Siddiqui, M.W. Factors affecting postharvest quality of fresh fruits. In Postharvest
Quality Assurance of Fruits: Practical Approaches for Developing Countries; Springer International Publishing: Cham, Switzerland,
2015; pp. 7–32. [CrossRef]

48. Zhang, C.; Lu, Y. Study on artificial intelligence: The state of the art and future prospects. J. Ind. Inform. Integr. 2021, 23, 100224.
[CrossRef]

49. Tian, H.; Wang, T.; Liu, Y.; Qiao, X.; Li, Y. Computer vision technology in agricultural automation—A review. IPA 2020, 7, 1–19.
[CrossRef]

50. Lu, L.; Xu, L.; Xu, B.; Li, G.; Cai, H. Fog computing approach for music cognition system based on machine learning algorithm.
IEEE Trans. Comput. Soc. Syst. 2018, 5, 1142–1151. [CrossRef]

51. Zhang, S.; Yao, L.; Sun, A.; Tay, Y. Deep learning based recommender system: A survey and new perspectives. ACM Comput.
Surv. 2019, 52, 1–38. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.postharvbio.2005.03.001
https://doi.org/10.3390/metabo10050187
https://www.ncbi.nlm.nih.gov/pubmed/32397309
https://doi.org/10.1595/205651318X696684
https://doi.org/10.1155/2019/2520179
https://doi.org/10.5937/ffr49-38160
https://doi.org/10.1016/j.foodqual.2021.104263
https://doi.org/10.3390/economies11080206
https://doi.org/10.1007/978-3-319-21197-8_2
https://doi.org/10.1016/j.jii.2021.100224
https://doi.org/10.1016/j.inpa.2019.09.006
https://doi.org/10.1109/TCSS.2018.2871694
https://doi.org/10.1145/3158369

	Introduction 
	Materials and Methods 
	Results and Discussion 
	Patent Portfolio Characterization 
	Structuring of Patent Portfolio 
	Patent Portfolio Characterization 
	Analysis of Patent Portfolio via Identified Groups 
	Group I: Sensors for the Measurement of Individual Parameters 
	Group II. Sensor Based Determination of Complex Properties 
	Group III. Sensor Coupled with Artificial Intelligence 

	Limitations 

	Conclusions 
	References

