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Abstract
As a global and vital part of modern life, the food process industry continues to evolve and develop, adopting newly 
developed tools and technologies to improve efficiency and ensure food safety while minimizing environmental impact 
and striving towards sustainability. Food processing is essential for preparing and preserving food for an ever-growing 
population. Artificial intelligence and machine vision technologies have emerged as promising tools in the food process 
industry, offering opportunities for enhanced quality control, increased productivity, and improved traceability. This ar-
ticle discusses the implementation of artificial intelligence and machine vision in the field of food process engineering, 
showcasing how these technologies can optimize processes, improve quality control, and contribute to sustainability in 
food production. 
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1.	 Introduction
The food industry plays a crucial role in supplying the 
ever-growing global population with safe and nutritious 
food. The human population has reached 8 billion people 
on November 15. 2022 and World Population Prospects 
2022 published by the United Nations Department of Eco-
nomic and Social Affairs predicts that by 2058 there will 
be 10 billion people on the planet [1]. With climate chang-
es resulting in extreme weather, the food industry will be 
tested to find novel foods and technologies to satisfy the 
increased demand for food. Traditionally, food processing 
has relied heavily on thermal processing techniques such 
as pasteurization and canning to ensure food safety and 
extend shelf life. However, these processes require lots of 
energy and can result in nutrient loss and changes in the 
sensory properties of food products. Moreover, traditional 
food processing methods may not be sufficient to meet the 
growing demand for diverse and convenient food prod-
ucts [2]. To reduce energy consumption, and environmen-
tal footprint and increase efficiency and sustainability as 
well as food quality and shelf-life, the food industry is 
turning toward novel food processing technologies em-
ploying high hydrostatic pressure, pulsed electric fields, 
irradiation, ultrasonication, cold plasma, hydrodynamic 
cavitation, microwaves, radio frequency heating, ohmic 
heating, ozone treatment and supercritical fluids such as 
carbon dioxide and water [3].

Artificial intelligence (AI), a term that was used first by 
John McCarthy in 1955, in his proposal for a summer re-
search project on the concept of thinking machines, which 
was held at Dartmouth College in 1956 gathering leading 
minds in computer science and cognitive psychology, to 
create a machine capable of performing tasks that would 
typically require human intelligence [4]. Researchers have 
underestimated the complexity of such tasks and progress 
in the field was slower than expected, resulting in the “AI 
winter” from the late 1960s to the late 1990s. During this 
period, AI research and development faced significant 
challenges and funding was reduced. However, during 
the late 1980s and early 1990s, there was a resurgence 
in AI research and development, boosted by the growing 

processing power of digital computers and progress in 
computer science. In recent years, there has been signifi-
cant progress in AI research, driven by advancements in 
machine learning and various related disciplines. These 
advancements have opened up new possibilities for the 
food industry, particularly in the field of food processing 
[5][6]. The purpose of this paper is to outline the various 
applications of AI and machine vision technologies in the 
food processing industry.

2.	 Artificial Intelligence
The field of artificial intelligence has evolved within com-
puter science, concentrating on the creation of systems 
that can carry out functions traditionally associated with 
human intelligence. This involves various skills such as 
solving problems, identifying patterns, comprehending 
natural language, and acquiring knowledge through expe-
rience. Artificial neural networks (ANN) serve as the cor-
nerstone of artificial intelligence, functioning as computa-
tional models that draw inspiration from the architecture 
and operations of the human brain [7]. ANNs are made 
from interconnected artificial neurons organized in lay-
ers (Fig. 1a.). Input layer which receives raw input data, 
where each neuron corresponds to one of the features of 
input data. Hidden layers of neurons (one or more), are 
located between input and output layers on ANN. The 
neurons in this layer receive inputs from the preceding 
layer through weighted connections, utilizing an activa-
tion function to generate outputs that are transmitted to 
the subsequent layer (Fig. 1b.). The output layer, which 
is the last layer of the artificial neural network (ANN), 
generates the network’s output. Each neuron in this layer 
corresponds to a specific class or value that the ANN aims 
to recognize or forecast.

Each neuron within these layers has associated weights 
and biases that are adjusted during the training process. 
The neuron’s activation function defines how it reacts to 
the sum of the weighted inputs. Common activation func-
tions include the sigmoid, tanh, ReLU, and softmax [8].
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Fig. 1. Generalized structure of ANN (a) and artificial neuron (b)

Neuronal connections facilitate the transfer of output from 
one neuron to become the input for another neuron. The 
strength and sign of these connections are determined by 
the weights, which are adjusted during the training phase 
so that the network can learn to make accurate predic-
tions or decisions. This training usually involves a process 
known as backpropagation, where the error between the 
predicted output and the actual output is computed and 
used to update the weights of the network through an op-
timization algorithm such as gradient descent [9][10].

The structure and design of an ANN play a crucial role in 
its ability to learn and perform tasks accurately.

Typically, AI systems are categorized into two types weak 
or strong AI [11][12]. Weak AI, or narrow AI refers to 
AI systems that are designed and trained for a specific 
task, such as image recognition or speech recognition. 
Conversely, strong AI, also known as general AI, refers 
to a machine that possesses the capability to utilize in-
telligence across a wide range of problems, rather than 

being limited to addressing a single specific issue. This 
variant of AI can grasp, learn, and implement knowledge 
in various areas, yet it has not been completely realized 
and is still the focus of continuous research. The field of 
AI includes a range of subfields that target different com-
ponents of human intelligence, with the key ones being:
•	 Machine learning relies on algorithms to enable 

machines to learn from data and make predictions. 
Learning can be done with supervised, unsupervised, 
or reinforcement learning techniques. Recently, deep 
learning techniques that utilize deep neural net-
works—characterized by multiple hidden layers—
have surfaced as effective tools for modelling intricate 
patterns within data. [13].

•	 Computer vision systems have a goal to enable ma-
chines to perceive and understand visual information 
such as images or videos. These systems use image 
processing algorithms to extract meaningful features 
from the visual input and can be applied in various 
tasks such as object recognition, image classification, 
and machine vision [14][15]. These systems have 
wide applications in various industries.

•	 The field of robotics emphasizes the design and devel-
opment of machines that can physically interact with 
their environment. These machines are equipped with 
sensors, actuators, and algorithms that allow them to 
perceive their surroundings, make decisions, and carry 
out tasks autonomously [16][17].

•	 Natural language processing aims to enable machines 
to understand and generate human language. This field 
involves the development of algorithms and models 
that can process and analyse text, speech, and other 
forms of language data [18][19].

•	 Expert systems are AI systems that emulate the de-
cision-making ability of human experts in a specific 
domain. These systems use knowledge representation 
and reasoning techniques to provide solutions and rec-
ommendations based on their expertise [20].

AI aims not only to simulate intelligence but also to ex-
tend human capabilities by processing large amounts of 
data at a speed that far exceeds what humans can do. AI 
applications are diverse and span multiple industries, in-
cluding healthcare, transportation, finance, manufacturing 
and, as your document discusses, food processing.

3.	 Machine Vision Systems
Machine vision systems are being incorporated in vari-
ous industries, including the food industry, typically in 
conjunction with machine learning or ANN to enhance 
automation and improve quality controlMachine vision 
systems typically consist of two main components: the ac-
quisition of images and the processing of those images. 
The acquisition phase involves various sensor types de-
signed to capture images of food products [21] comple-
mented by suitable lighting sources. The image processing 
phase involves applying different methods, ranging from 
statistical to machine learning and deep learning models 
to effectively analyse and interpret the captured images.
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Machine vision systems use various types of sensors to 
capture images for analysis. The choice of sensor depends 
on the specific requirements of the application, such as 
resolution, speed, sensitivity, and environmental condi-
tions. Several kinds of sensors are frequently employed in 
machine vision systems:
•	 Charge-Coupled Device Sensors: These sensors are 

known for their high-quality images and excellent 
light sensitivity. CCD sensors are commonly used in 
applications requiring precise measurements, inspec-
tion, and high-resolution imaging [22].

•	 Complementary Metal-Oxide-Semiconductor Sensors: 
CMOS sensors are generally more cost-effective and 
consume less power compared to CCD sensors. They 
are capable of faster processing speeds and are used 
in applications where high frame rates and integration 
with on-chip processing circuits are required [22].

•	 Infrared Sensors: These sensors capture images based 
on infrared light, which is not visible to the human 
eye. They are useful for applications in low-light con-
ditions or where temperature differentiation is impor-
tant [23].

•	 X-ray Sensors: Used for inspection purposes where 
penetrative imaging is necessary, such as detecting 
flaws inside metal parts or inspecting packaged goods 
for contaminants [24][25].

•	 Thermal Imaging Sensors: Capture images based on 
the heat emitted by objects. They are used in appli-
cations ranging from medical diagnostics to industrial 
inspection where temperature variations need to be 
monitored [26][27][28].

•	 Line Scan Sensors: Instead of capturing a whole im-
age at once, these sensors capture data line by line to 
create an image. Line scan cameras are suitable for 
inspecting objects moving at high speeds on a produc-
tion line, such as webs of materials or cylindrical parts 
[29].

•	 Time-of-Flight Sensors: These use the time it takes for 
light to travel to an object and back to calculate dis-
tance. ToF cameras are useful in 3D imaging and can 
help with object recognition, volume measurement, 
and collision avoidance in robotic applications [30]
[31][32].

•	 3D Sensors: Utilize various technologies, such as laser 
triangulation or stereovision, to create three-dimen-
sional images of objects. They are used in complex 
inspection tasks where depth information is critical 
[33][34].

•	 Ultraviolet Sensors: UV cameras can capture images 
using ultraviolet light, which can be used to highlight 
certain features that are not visible with standard light-
ing conditions [35].

•	 Multispectral and Hyperspectral Sensors: Capture 
image data at specific frequencies across the electro-
magnetic spectrum. These sensors can detect chemical 
composition or moisture content and are used in appli-
cations such as agricultural monitoring [36][37][38].

The importance of lighting in machine vision cannot be 
overstated, as it plays a critical role in the effectiveness 

of the imaging system. Proper lighting is essential for 
capturing high-quality images that are needed for accu-
rate analysis. The choice of light source will depend on 
the specific requirements of the application [39]. Several 
pivotal outcomes can be attained by implementing effica-
cious illumination within machine vision systems, under-
scoring its significance:
•	 Feature Enhancement: Lighting can be configured to 

emphasize specific features on the subject being im-
aged, such as edges, colours, or textures, which are 
critical for accurate detection and measurement.

•	 Consistency: Consistent lighting ensures that images 
are captured with uniform brightness and contrast, 
which is essential for reliable comparison and analy-
sis, especially in applications where precise measure-
ments or consistent quality checks are required.

•	 Contrast: Proper lighting enhances the contrast be-
tween the object and its background, facilitating easier 
identification and processing by the vision system.

•	 Image Clarity: Good lighting reduces shadows and 
glare that can obscure details and degrade the qual-
ity of the image. With clear images, machine vision 
systems can detect defects, sort products, and guide 
robots with greater precision.

•	 Speed and Efficiency: Adequate lighting allows for 
faster shutter speeds, which is crucial for imaging fast-
moving objects on production lines without motion 
blur, thus improving the throughput and efficiency of 
industrial processes.

•	 Reduction of Noise: Optimal lighting conditions en-
able the camera to operate with lower ISO settings and 
shorter exposure times, reducing the amount of noise 
in the captured image and increasing the signal-to-
noise ratio.

•	 Safety and Non-destructive Inspection: In some ap-
plications, the correct lighting can allow for the safe 
and non-destructive inspection of products, such as us-
ing X-ray or infrared light to inspect packaged goods 
without opening them.

•	 Flexibility: By manipulating lighting conditions, a ma-
chine vision system can be adapted to different tasks 
and environments, making the system more versatile 
and capable of handling a wide range of inspection du-
ties.

In summary, lighting in machine vision is pivotal in en-
suring that the system performs as expected. It affects 
virtually every aspect of the image-capturing process, 
thereby influencing the success of applications that rely 
on machine vision technology [40].

After image acquisition, machine vision systems typically 
include several major steps (Fig. 2.) for processing and 
interpreting visual information: image pre-processing, 
segmentation, feature extraction, pattern recognition/clas-
sification, and decision-making [39].

Image pre-processing includes various techniques to en-
hance the quality and clarity of acquired images before 
further analysis [41]. The most common methods for im-
age pre-processing include grayscale conversion, noise 
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reduction, histogram equalization, image enhancement, 
and image normalization [39].

Fig. 2. Major steps for processing and interpreting visual 
information in machine vision systems.

Segmentation is the process of partitioning an image into 
meaningful regions or objects to simplify further analy-
sis. Segmentation techniques determine the boundaries 
and regions within an image, allowing for more efficient 
and accurate recognition of objects or features of inter-
est. Segmentation techniques can be based on intensity 
thresholds, edge detection, region growing, or clustering 
algorithms [42][43][44][45]. Feature extraction involves 
extracting relevant visual features from the segmented 
regions, which can include shape, texture, colour, or spa-
tial relationships [46][47]. These features are then used 
to characterize and describe the objects or regions of in-
terest in the image. Pattern recognition/classification is 
the step in which machine learning algorithms or other 
mathematical methods are applied to identify and classify 
objects or patterns based on the extracted features from 
the previous steps [48]. This step involves comparing the 
extracted features with a pre-defined set of criteria or pat-
terns to determine the class or category to which an object 
belongs. Decision-making is the final step in the machine 
vision process, where a decision or action is made based 
on the classification or recognition results [39].

4.	 Application of AI and Machine Vision in 
the Food Processing Industry

The food processing industry, similar to other processing 
sectors, relies on obtaining raw materials and converting 
them into final food products. However, unlike in other 
processing industries, the raw materials in the food indus-
try are perishable and susceptible to spoilage [49]. This 
underscores the importance for the food processing indus-
try to optimize its operations and ensure quality control 
throughout the production process [50]. The strategy of 
managing the food chain is often described as “from farm 

to table” or from “field to fork,” highlighting the critical 
need for maintaining strict time frames for ensuring qual-
ity and safety during food processing from harvesting or 
production until it reaches consumers’ plates. Artificial 
intelligence has emerged as a powerful tool in the food 
processing industry to address these challenges and en-
hance various aspects of the production process such as:

•	 Food quality and safety determination (raw materi-
als): AI systems can analyse and evaluate the quality 
of food products based on various parameters such as 
appearance, texture, taste, and aroma [51]. This can 
help ensure that only high-quality and safe raw mate-
rials are used in the production process. Also, AI can 
be used to monitor and inspect finished food products, 
ensuring that they meet the required quality standards.

•	 Control tools: AI can be used to monitor and control 
various aspects of food processing operations, such 
as temperature, humidity, pressure, and other critical 
variables. This ensures that the production process is 
optimized for efficiency and consistent quality.

•	 Food processing: AI can optimize and automate vari-
ous processes in food processing, such as ingredient 
mixing, cooking, packaging, and labelling, to improve 
efficiency and consistency [52][53].

•	 Food sorting and Packaging: AI can automate the sort-
ing process of food products based on quality, size, 
colour, or other characteristics [51].

•	 Predictive maintenance and optimization of food pro-
cessing equipment: AI can analyse data collected from 
sensors and machines to predict when maintenance or 
repairs are needed, reducing downtime and maximiz-
ing equipment efficiency [51][54].

•	 Sales forecasting and supply chain management: AI 
can analyse historical data, market trends, and con-
sumer behaviour to accurately forecast sales demand 
and optimize the supply chain, ensuring efficient pro-
duction and minimizing wastage [55][56].

•	 Generally, AI can be employed in almost all parts, if 
there is enough data for model development, the prob-
lem can be reduced to optimization, classification, 
pattern recognition or decision-making. These appli-
cations of AI in the food processing industry have the 
potential to significantly improve efficiency, quality, 
and safety throughout the entire production process, 
ultimately leading to higher customer satisfaction and 
a more sustainable food industry [55]. Furthermore, 
the integration of machine vision in food process en-
gineering allows for real-time monitoring and analysis 
of food products [57]. This enables quick detection 
and response to any quality or safety issues, ensuring 
that only safe and high-quality products are delivered 
to consumers. In summary, AI and machine vision 
have numerous applications in food process engi-
neering, including improving traceability, detecting 
contaminants, ensuring employee safety and hygiene, 
optimizing production processes, and enhancing over-
all quality and efficiency. In recent years, machine 
learning and machine vision have played a crucial role 
in enhancing various aspects of the food processing 
industry [47][58].
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5.	 Challenges and Opportunities in AI-Driven 
Food Engineering

Artificial intelligence-driven food engineering has the 
potential to revolutionize the food industry by improving 
productivity, efficiency, and quality. But, as with all new 
technologies, there are some challenges and opportunities 
that need to be addressed [21]. 

One of major the challenges in implementing AI-driven 
food engineering is the availability and quality of data. 
High-quality data is crucial for training AI models and 
ensuring accurate results. Advanced artificial intelligence 
models require extensive data sets, posing challenges in 
terms of acquisition, storage, and processing. This also 
results in increased expenses and complexity during the 
implementation phase. AI models also require diverse 
and representative data to avoid bias and ensure fairness 
in their predictions [59]. Designing artificial intelligence 
models capable of managing the inherent variability in 
food products and processes presents a significant chal-
lenge. Initial investment and infrastructure requirements 
for implementing AI are also challenges and might be bar-
riers for small and medium-sized enterprises that need to 
be addressed [60].

A related issue that arises is the lack of skilled profes-
sionals who possess knowledge in both the technological 
and food science dimensions of AI-driven food engineer-
ing[51]. Integrating AI technology into established food 
processing systems can present challenges and often de-
mands considerable adjustments or upgrades [21]. Com-
plying with stringent food safety and quality regulations 
when implementing AI technologies can be difficult. It is 
common for AI-driven systems to exhibit limited inter-
pretability, posing difficulties in comprehending and ar-
ticulating the reasoning that underlies their decisions [51]. 
AI recently received a lot of media attention and raised 
many questions which can result in scepticism or ethical 
concerns among consumers regarding AI in food produc-
tion, affecting market acceptance. 

Despite these challenges, there are also significant op-
portunities in AI-driven food engineering. Utilizing AI 
technology in the food industry can result in improved 
productivity and greater efficiency [57]. It can auto-
mate repetitive complex tasks such as sorting, grading 
and packaging of food by enabling machines to handle 
products with variability [61][62][63][5][64]. AI can also 
optimize processing parameters, leading to improved 
quality and reduced waste [57]. Enhanced quality con-
trol can be achieved with AI systems capable of detect-
ing defects, contaminants, and foodborne pathogens in 
real-time, ensuring safer products for consumers [65]
[6]. Additionally, AI can help in product development by 
analysing consumer preferences and trends, allowing for 
more personalized and innovative food options [6][66]
[67]. Furthermore, AI can assist in supply chain manage-
ment by predicting demand, optimizing inventory levels, 
and improving logistics [68][69][70][71]. In summary, AI 
and machine vision have the potential to revolutionize the 
food processing industry by enhancing productivity, im-
proving product quality and safety, and optimizing supply 
chain management.

6.	 References
[1]	 United Nations Department of Economic and Social Affairs, 

Population Division. World Population Prospects 2022: 
Summary of Results. UN DESA/POP/2022/TR/NO. 3. (2022)

[2]	 Alamu, E.O., Mooya, A., “Food Processing Technologies and 
Value Addition for Improved Food Safety and Security”. In: 
Nhamo, N., Chikoye, D., Godwe, T. Smart Technologies for 
Sustainable Smallholder Agriculture. Academic Press, 2017, 
pp. 201-210

[3]	 Hameed, F., Ayoub, A., Gupta, N. Novel food processing 
technologies: An overview. International Journal of Chemical 
Studies, 6, (2018) 770-776.

[4]	 McCarthy, J., Minsky, M., Rochester, N., Shannon, C. E. A 
Proposal for the Dartmouth Summer Research Project on 
Artificial Intelligence. Association for the Advancement of 
Artificial Intelligence, 27, (1955), pp. 1-12

[5]	 Varsha S., Sandeep, S., Rijwan, K.  Modelling Techniques 
to Improve the Quality of Food Using Artificial Intelligence. 
Journal of Food Quality, 2021, (2021), pp. 1-10

[6]	 Mounika, A., Priyanka, P., Prmeela, K. Recent advances and 
applications of artificial intelligence and related technologies 
in the food industry. Applied Food Research, 2, (2022), p. 
100126

[7]	 Bishop, C.M. Neural networks and their applications. Review 
of Scientific Instruments, 65, (1994), pp. 1803-1832

[8]	 Weijters, A.J.M.M., Hoppenbrouwers, G.A.J. Backpropagation 
networks for Grapheme-Phoneme Conversion: a nontechnical 
introduction. In: Braspenning, P.J., Thuijsman, F., Weijters, 
A.J.M.M. (Eds.) Artificial Neural Networks: An Introduction 
to Ann Theory and Practice. Springer-Verlag, (1995), pp. 12-36

[9]	 Huang, Y. Advances in Artificial Neural Networks – 
Methodological Development and Application. Algorithms, 
2, (2009), pp. 973-1007

[10]	Zou, J., Han, Y., So, SS. Overview of artificial neural 
networks. Methods Mol Biol, 458, (2008), pp. 15-23.

[11]	Searle, J.R. Minds, brains, and programs. Behavioral and 
Brain Sciences, 3, (1980), pp. 417-424

[12]	Gams, M. Strong vs. Weak AI. Informatica, 19, (1995), pp. 
479-493

[13]	LeCun, Y., Bengio, Y., Hinton, G.E. Deep learning. Nature, 
521, (2015), pp. 436-444. May. 2015

[14]	Hussien, R.M., AL-Jubouri, K.Q., Gburi, M.A., Qahtan, 
A.G.H., Jaafar, A.H.D. Computer Vision and Image 
Processing the Challenges and Opportunities for new 
technologies approach: A paper review. Journal of Physics: 
Conference Series, 1973, (2021), pp. 012002-012002

[15]	Kagami, S. High-speed vision systems and projectors for real-
time perception of the world. 2010 IEEE Computer Society 
Conference on Computer Vision and Pattern Recognition - 
Workshops, San Francisco, CA, USA, 2010, pp. 100-107

[16]	Ren, F., Bao, Y.  A Review on Human-Computer Interaction 
and Intelligent Robots. World Scientific, 19, (2020), pp. 5-47

[17]	Albustanji, R.N., Elmanaseer, S., Alkhatib, A.A. Robotics: 
Five Senses plus One—An Overview. Robotics, 12, (2023), 
pp. 68-68

[18]	Beysolow, T. What Is Natural Language Processing? In: 
Applied Natural Language Processing with Python. Apress 
Berkeley CA, USA, (2018), pp. 1-12



26 Engineering Power

[19]	Singh, S.K., Mahmood, A. The NLP Cookbook: Modern 
Recipes for Transformer Based Deep Learning Architectures. 
IEEE Access, 9, (2021), pp. 68675-68702

[20]	Liao, S. Expert system methodologies and applications—a 
decade review from 1995 to 2004. Expert Systems with 
Applications, 28, (2005), pp. 93-103

[21]	Zhu, L., Spachos, P., Pensini, E., Plataniotis, K.N. Deep 
learning and machine vision for food processing: A survey. 
Current Research in Food Science, 4, (2021), pp. 233-249

[22]	Kozacek, B., Grauzel, J., Frivaldský, M.. The main capabilities 
and solutions for different types of the image sensors. 2018 
ELEKTRO, Mikulov, Czech Republic, 2018, pp. 1-5

[23]	Abdullah, M.Z. Computer vision and infrared techniques 
for image acquisition in the food and beverage industries 
Computer vision technology for food quality evaluation. In: 
Sun, DW. (Ed.) Computer Vision Technology in the Food and 
Beverage Industries, Woodhead Publishing, (2012), pp.3-26 

[24]	Strum, A., Fenigstein, A., Rizzolo, S.  Complementary metal-
oxide-semiconductor (CMOS) X-ray sensors. In: Durini, D. 
(Ed.) High Performance Silicom Imaging (2th ed.). Woodhead 
Publishing, (2020), pp. 413-436 

[25]	Chou, H.P., Lai, D.T., Hsu, C.I. A CCD Based X-ray Imaging 
System For Industrial Applications. 1993 IEEE Conference 
Record Nuclear Science Symposium and Medical Imaging 
Conference, San Francisco, CA, USA, (1993), pp. 222-226,

[26]	Gowen, A., Tiwari, B.K., Cullen, P.J., McDonnell, P.J., 
O’Donnell, P.J. Applications of thermal imaging in food 
quality and safety assessment. Trends in Food Science and 
Technology, 21, (2010), pp. 190-200

[27]	Gade, R., Moeslund, T.B. Thermal cameras and applications: 
a survey. Machine Vision and Applications, 25, (2013), pp. 
245-262

[28]	URL:https://www.flir.eu/discover/instruments/process-
quality/thermal-imaging-cameras-in-the-food-industry/ 
(25.5.2024.)

[29]	Liu, Y., Kong, J.Y., Wang, X.D., & Jiang, F. Research on 
image acquisition of automatic surface vision inspection 
systems for steel sheet. 2010 3rd International Conference on 
Advanced Computer Theory and Engineering (ICACTE), 6, 
pp. 189-192

[30]	Golnabi, H. Role of laser sensor systems in automation and 
flexible manufacturing. Robotics and Computer-Integrated 
Manufacturing, 19, (2003), pp. 201-210

[31]	Alenyà, G. Foix, S.C., Torras, C. Using ToF and RGBD 
cameras for 3D robot perception and manipulation in human 
environments. Intelligent Service Robotics, 7, (2014), pp. 
211-220

[32]	Li, L. Time-of-Flight Camera - An Introduction. SLOA190B 
Texas Instruments, (2014), pp. 1-10

[33]	Vázquez-Arellano, M., Griepentrog, H.W., Reiser, D., 
Paraforos, D.S. 3-D Imaging Systems for Agricultural 
Applications—A Review. Sensors, 16, (2016), pp. 618-618

[34]	Karabegović, I., Vojić, S., Doleček, V. 3D Vision in Industrial 
Robot Working Process. 2006 12th International Power 
Electronics and Motion Control Conference, Portoroz, 
Slovenia, 2006, pp. 1223-1226 

[35]	Kuroda, R., Sugawa, UV/VIS/NIR imaging technologies: 
challenges and opportunities, Proc. SPIE 9481, Image Sensing 
Technologies: Materials, Devices, Systems, and Applications 
II, 948108, (2015)

[36]	Amigo, J.M., Grassi, S. Configuration of hyperspectral 
and multispectral imaging systems In: Amigo, J.M. (Ed.) 
Hyperspectral Imaging, Data Handling in Science and 
Technology, Elsevier, 32, (2019), pp. 17-34

[37]	Wieme, J., Mollazade, K., Malounas, I., Zude-Sasse, M., Zhao, 
M., Gowen, A.A., Argyropoulos, D., Fountas, S., Van Beek, 
J. Application of hyperspectral imaging systems and artificial 
intelligence for quality assessment of fruit, vegetables and 
mushrooms: A review. Biosystems Engineering, 222, (2022), 
pp. 156-176

[38]	Abbott, J.A. Quality measurement of fruits and vegetables. 
Postharvest Biology and Technology, 15, (1999), pp. 207-225

[39]	Golnabi, H., Asadpour, A. Design and application of industrial 
machine vision systems. Robotics and Computer-Integrated 
Manufacturing, 23, (2007), pp. 630-637

[40]	Martin, D. A Practical Guide to Machine Vision Lighting. 
Advanced illumination, (2013), pp. 1-21

[41]	Liu, Y.X., & Zhou, P. Application of Machine Vision System 
in the Precision Inspection. Advanced Materials Research, 
546-547, (2012), pp. 1382 - 1386

[42]	Yan-Li, A. Introduction to Digital Image Pre-processing 
and Segmentation. 2015 Seventh International Conference 
on Measuring Technology and Mechatronics Automation, 
Nanchang, China, (2015), pp. 588-593 

[43]	Chandra, J., Supraja, B.S., Bhavana, V. A A Survey on 
Advanced Segmentation Techniques in Image Processing 
Applications, 2017 IEEE International Conference on 
Computational Intelligence and Computing Research 
(ICCIC), Coimbatore, India, (2017), pp. 1-5

[44]	Mittal, H., Pandey, A.C., Saraswat, M., Kumar, S., Pal, R., 
Modwel, G. A comprehensive survey of image segmentation: 
clustering methods, performance parameters, and benchmark 
datasets. Multimedia Tools and Applications, 81, (2021), pp. 
35001-35026

[45]	Sevak, J.S., Kapadia, A.D., Chavda, J. B., Shah, A., Rahevar, 
M. Survey on semantic image segmentation techniques,” 
2017 International Conference on Intelligent Sustainable 
Systems (ICISS), Palladam, India, (2017), pp. 306-313

[46]	Shih, F.Y. Image Segmentation. In: F.Y. Shih (Ed.) Image 
Processing and Pattern Recognition. IEEE Press, (2010), pp. 
119-178

[47]	Brosnan, T., Sun, D. Improving quality inspection of food 
products by computer vision––a review. Journal of Food 
Engineering, 61, (2004), pp. 3-16

[48]	Bhamare, D., Suryawanshi, P. Review on Reliable Pattern 
Recognition with Machine Learning Techniques. Fuzzy 
Information and Engineering, 10, (2018), pp. 362-377

[49]	Rong, A., Akkerman, R. Grunow, M. An optimization 
approach for managing fresh food quality throughout the 
supply chain. International Journal of Production Economics, 
131, (2011), pp. 421-429

[50]	He, Y., Huang, H., Li, D., Shi, C., Wu, S. J. Quality and 
Operations Management in Food Supply Chains: A Literature 
Review. Journal of Food Quality, 2018(1), (2018), pp. 1-14

[51]	Mavani, N.R., Ali, J.M., Othman, S., Hussain, M.A., Hashim, 
H., Abd Rahman, N. Application of Artificial Intelligence in 
Food Industry—a Guideline. Food Engineering Reviews, 14, 
(2022), pp. 134–175.

[52]	Zhu, L., Spachos, P., Pensini, E., Plataniotis, K.N. Deep 
Learning and Machine Vision for Food Processing: A Survey. 
Current Research in Food Science, 4, (2021), pp. 223-249



Vol. 18(4) 2023 27

[53]	Banga, J.R., Balsa-Canto, E., Moles, C.G., Alonso, A.A. 
Improving food processing using modern optimization 
methods. Trends in Food Science & Technology, 14, (2003), 
pp. 131-144

[54]	Davies, A., Thomas, P., Shaw, M. The utilization of artificial 
intelligence to achieve availability improvement in automated 
manufacture. International Journal of Production Economics, 
37, (1994), pp. 259-274

[55]	Livieris, I.E., Kiriakidou, N. Kanavos, A. Vonitsanos, G. 
Tampakas, V. Employing Constrained Neural Networks 
for Forecasting New Product’s Sales Increase. 5th IFIP 
International Conference on Artificial Intelligence 
Applications and Innovations (AIAI), Hersonissos, Greece, 
(2019) pp. 161-172

[56]	Niaki, A.A., Rashidaee, S.A. The Role of Predictive 
Maintenance in the Continuity of the Food Enegy Water 
Nexus; A Case Study. 2019 Iranian Conference on Renewable 
Energy & Distributed Generation (ICREDG), Tehran, Iran, 
(2019), pp. 1-5

[57]	Addanki, M., Patra, P., Kandra, P. Recent advances and 
applications of artificial intelligence and related technologies 
in the food industry. Applied Food Research, 2, (2022), 
100126

[58]	McClements, D.J., Barrangou, R., Hill, C., Kokini, J.L., Lila, 
M.A., Meyer, A.S., Yu, L. Building a Resilient, Sustainable, 
and Healthier Food Supply through Innovation and 
Technology. Annual Review of Food Science and Technology, 
12, (2021), pp. 1-28

[59]	Weidner, N.U. Artificial Intelligence, Machine Learning, and 
Gender Bias. In: The International Encyclopedia of Gender, 
Media, and Communication (Eds. K. Ross, I. Bachmann, V. 
Cardo, S. Moorti and M. Scarcelli). Wiley&Sons, (2020)

[60]	Agbai, C.M. Application of artificial intelligence (AI) in food 
industry. GSC biological and pharmaceutical sciences, 13, 
(2020), pp. 171-178

[61]	Guo, Z.M., Zhang, M., Lee, D., Simons, T. Smart Camera 
for Quality Inspection and Grading of Food Products. 
Electronics, 9, (2020), pp. 1-18, 505. 

[62]	Campos, M., Ferreira, M.J., Martins, T., Santos, C.P. 
Inspection of bottles crates in the beer industry through 
computer vision. IECON 2010 - 36th Annual Conference on 
IEEE Industrial Electronics Society, (2010), pp. 1138-1143

[63]	Sivaranjani, A., Senthilrani, S., Ashokumar, B., Murugan, 
A. An Improvised Algorithm For Computer Vision Based 
Cashew Grading System Using Deep CNN. 2018 IEEE 
International Conference on System, Computation, 
Automation and Networking (ICSCA), Pondicherry, India, 
(2018), pp. 1-5 

[64]	Tho, T.P., Thinh, N.T., Bich, N.H. Design and Development of 
the Vision Sorting System. 2016 3rd International Conference 
on Green Technology and Sustainable Development (GTSD), 
Kaohsiung, Taiwan, (2016), pp. 217-223

[65]	Ali, M.M., Hashim, N., Aziz, S.A., Lasekan, O. Quality 
Inspection of Food and Agricultural Products using Artificial 
Intelligence. Advances in Agricultural and Food Research 
Journal, 2, (2021), pp. 1-17

[66]	Soltani-Fesaghandis, G., Pooya, A. Design of an artificial 
intelligence system for predicting success of new product 
development and selecting proper market-product strategy 
in the food industry. International Food and Agribusiness 
Management Review, 21(7), (2018), 847-864

[67]	Kumar, I., Rawat, J., Mohd, N., Husain, S. Opportunities 
of Artificial Intelligence and Machine Learning in the Food 
Industry. Journal of Food Quality, 2021(1), (2021), 4535567 

[68]	Monteiro, J.M.R., Barata, J. Artificial Intelligence in 
Extended Agri-Food Supply Chain: A Short Review Based 
on Bibliometric Analysis. Procedia Computer Science, 192, 
(2021), pp. 3020-3029

[69]	Sharma, S., Gahlawat, V. K., Rahul, K., Mor, R. S., Malik, 
M. Sustainable Innovations in the Food Industry through 
Artificial Intelligence and Big Data Analytics. Logistics, 5(4), 
(2021), 66.

[70]	M. Woschank, E. Rauch and H. Zsifkovits. “A Review 
of Further Directions for Artificial Intelligence, Machine 
Learning, and Deep Learning in Smart Logistics. 
Sustainability, 12(9), (2020), pp. 3760-3760

[71]	Kollia, I., Stevenson, J., Kollias, S. AI-Enabled Efficient and 
Safe Food Supply Chain. Electronics, 10(11), (2021), pp. 
1223-1223



28 Engineering Power

Engineering Power – Bulletin of the Croatian Academy of Engineering
Publisher: Croatian Academy of Engineering (HATZ), 28 Kačić Street,

P.O. Box 14, HR-10001 Zagreb, Republic of Croatia
Editor-in-Chief: Prof. Vedran Mornar, Ph.D., President of the Academy

University of Zagreb, Faculty of Electrical Engineering and Computing
Editor: Prof. Bruno Zelić, Ph.D., Vice-President of the Academy

University of Zagreb, Faculty of Chemical Engineering and Technology
Guest-Editor: Prof. Želimir Kurtanjek, Ph.D., University of Zagreb, Faculty of Food Technology and Biotechnology (retired)
Activities Editor: Tanja Miškić Rogić
Editorial Board: Prof. Vedran Mornar, Ph.D., Prof. Vladimir Andročec, Ph.D., Prof. Bruno Zelić, Ph.D., Assoc. Prof. Mario Bačić, Ph.D., 

Prof. Neven Duić, Ph.D.
Editorial Board Address: Croatian Academy of Engineering (HATZ), “Engineering Power” – Bulletin of the Croatian Academy of 
Engineering, Editorial Board, 28 Kačić Street, P.O. Box 14, HR-10001 Zagreb, Republic of Croatia
E-mail: hatz@hatz.hr
Graphical and Technical Editor: Tiskara Zelina, Ltd., Zelina	
Proof-reader: Miroslav Horvatić, MA	 Press: Tiskara Zelina, Ltd., Zelina

Circulation: 200

Vol. 18(4) 2023 –	 ISSN 1331-7210 (Print)
	 ISSN 2718-322X (Online)


