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Abstract— The digitalization of agriculture, known as
Agriculture 4.0, is revolutionizing the way agricultural
products are produced, managed, and marketed. This
transformation is driven by the integration of advanced
technologies, such as the Internet of Things (1oT), Artificial
Intelligence (Al), big data, and digital twins. Digital twins,
virtual replicas of physical systems, enable farmers to simulate
and optimize agricultural operations in real-time, enhancing
their decision-making process. Al plays a crucial role in
analyzing vast amounts of data collected from wireless sensor
networks, allowing for precision agriculture and addressing
global challenges, such as food security and climate change.
The adoption of digital technologies also facilitates traceability
and transparency in the agricultural supply chain, ensuring
food safety and quality. Among the emerging technologies,
holography stands out as a promising tool for intelligent
agriculture. Digital holography techniques, such as
computational holography, iterative holography, Fourier-
based holography, Computer-Generated Holography (CGH),
Deep Holography (DH), and tensor holography, offer
immersive and realistic experiences for users. The integration
of holography with Al and other technologies has the potential
to revolutionize digital agriculture by providing real-time
monitoring, management, and interaction with crops.
However, the development and implementation of these
technologies must be inclusive, sustainable, and focused on
enhancing the quality of life for all individuals. This study
presents a communication algorithm flowchart and a system
proposal to elucidate the interaction between a user and a
holographic system, demonstrating the potential of holography
not only in digital agriculture but also in effective human
learning and communication.

Keywords-Agriculture 4.0; Internet of Things (loT);
Artificial Intelligence (Al); Digital twins; Holography; Large
Language Models (LLM).

l. INTRODUCTION

The digitalization of agriculture, also known as
Agriculture 4.0, revolutionizes how agricultural products are
produced, managed, and marketed. This transformation is
based on the integration of advanced technologies, such as
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the Internet of Things (loT), Artificial Intelligence (Al), big
data, and digital twins to improve the efficiency,
sustainability, and profitability of the agricultural sector [1].

Digital twins, virtual replicas of physical systems, are
instrumental in agriculture. They enable farmers to simulate
and optimize agricultural operations in real-time, a feature
that significantly enhances their decision-making process [2].
These digital replicas collect data from Wireless Sensors
Networks (WSN) distributed in fields and agricultural
machinery, providing detailed information on soil
conditions, weather, plant growth, and crop health [3]. By
analyzing these data, farmers can make informed decisions
about irrigation, fertilization, and pest control, resulting in
more efficient resource use and higher productivity [4].

Al plays a crucial role in analyzing these vast amounts of
data. Machine learning algorithms can predict crop yields
based on historical data, optimize planting schedules, and
even detect early signs of diseases or pest infestations in
crops [5]. These Al-driven ideas allow precision agriculture,
where water, fertilizers, and pesticides are used more
effectively, reducing costs and minimizing environmental
impact; this is accomplished thanks to the different
technologies used, such as sensors, Global Positioning
System (GPS) or the Internet of Things application (1oT) [6].

The adoption of digital technologies in agriculture not
only improves crop management but also has the potential to
address global challenges, such as food security and climate
change [7]. This potential is underscored by a report from the
United Nations Food and Agriculture Organization (FAO),
which predicts a 70% increase in global food demand by
2050 [8]. Integrating technologies like artificial intelligence
and big data in agriculture can help predict crop yields,
optimize fertilizer and pesticide use and reduce food waste,
contributing to a more sustainable future [9].

Moreover, digitalization facilitates traceability and
transparency in the agricultural supply chain, ensuring the
safety and quality of food that will guarantee consumer
confidence [10]. Modern consumers demand detailed
information about the food's origin and quality. Through
blockchain and other distributed ledger technologies, it is
possible to track every stage of a product's lifecycle, from
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farm to table, ensuring the authenticity and quality of the
final product [11].

The use of drones and 10T sensors in agriculture has also
enabled more precise and real-time monitoring of fields,
contributing to more effective management and reduced
operational costs [12]. This technology provides farmers
with critical data that can be used to improve planning and
decision-making, thereby increasing productivity and
reducing environmental impact, as in the case of water,
where more than half of water consumption is attributed to
crop irrigation. The improvement of the irrigation system
will be essential to reduce consumption; this can be achieved
thanks to different monitoring technologies, in this case, the
monitoring of evapotranspiration [13].

Al, a key player in the digitalization of agriculture, also
aids in automating repetitive tasks, such as weeding,
harvesting, and sorting of produce. This practical application
of Al saves time and ensures high precision and efficiency in
these tasks, freeing human labor for more complex decision-
making processes [14].

The digitalization of agriculture represents a significant
opportunity to transform the agricultural sector, enhancing
efficiency, sustainability, and resilience to global challenges.
Integrating advanced technologies, such as digital twins and
Al, promises to optimize farming operations and prepare
them for a more sustainable and technologically advanced
future [15].

One of these digital technologies could also be
holograms. Holography is an application of optical physics,
specifically the science of interference and diffraction of
light and waves. It enables the creation of three-dimensional
(3D) images, which, in contrast to two-dimensional (2D)
images, provide enhanced detail and information due to the
depth and relief characteristics of holograms. Furthermore,
holography is a technology applicable to diverse fields and
sectors, rendering it a multidisciplinary concept. These
applications encompass medicine, engineering [16], and
agriculture [17]. As with other technologies, this
multidisciplinary concept has evolved into digital
holography, advancing classical holography to a more
sophisticated level. Digital holography possesses the
capability to integrate real and virtual aspects of the world
through its 3D resolution, positioning this technology within
mixed reality systems. This technology can significantly
enhance user engagement due to low latency, as users can
interact vividly with holograms through immersion without
the need of special glasses, thereby stimulating multiple
human senses simultaneously through haptics, smell and
taste. This type of multi-sensory technology is called
mulsemedia. Moreover, an additional advantage of
augmented reality technology, such as holography is its
capacity for integration with multiple other technologies, a
concept commonly referred to as multimodal technology or
interface [18].

This research is organized as follows: Section | provides
an introduction of Agriculture 4.0, emphasizing the
transformation and digitalization of traditional agriculture
with means of digital technologies, such as loT, Al and
specifically holography. In Section Il, the related work

regarding intelligent agriculture and farming, LLM, various
types of digital holography are discussed. The chatbot-
integrated holographic system applied to digital agriculture is
being proposed in Section Il along with the system's
architecture and communication algorithm. Section IV
presents the simulation results and evaluates the performance
of different language models. Finally, Section V concludes
the paper with a summary of the findings, implications of Al
and holography in digital agriculture and suggestions for
future research directions.

Il.  RELATED WORK

In recent years, the integration of advanced technologies
into agriculture has gained significant attention. A
noteworthy contribution is the intelligent agriculture system
developed by Xu et al. [17]. This innovative system employs
holograms to provide real-time monitoring and management
of crops. By projecting holographic data related to crop
growth, soil conditions, and irrigation needs, farmers are
empowered to make informed decisions without the
necessity of being physically present in the field. This
advancement not only enhances agricultural management
efficiency but also significantly reduces water resource
consumption. Looking ahead, future developments in the
field of intelligent agriculture could include the integration of
Al for predictive analysis and the use of drones for remote
monitoring. Such advancements exemplify the potential of
technology to transform traditional agricultural practices into
more sustainable and efficient methods, showcasing a
promising future for the industry.

The importance of accessibility in digital environments is
further emphasized in research by Alabi et al. [19], which
focuses on visually impaired users. Their study highlights the
critical role of assistive technologies, including screen
readers and adaptive user interfaces, in facilitating access to
information. Implementing these technologies shows that
improving digital accessibility can lead to greater
participation by all users, particularly those with disabilities.
His research findings underscore the need for inclusive
design on digital platforms and the responsibility of
developers to ensure that the needs of various user groups are
considered. By prioritizing accessibility, developers can
create more equitable digital environments. It is intended to
use this type of technology in libraries to avoid
discrimination in these environments.

The development of tools aimed at improving
communication for individuals with speech disabilities has
also seen significant advancements. [20] Janai et al.
introduced a sophisticated text-to-speech and speech-to-text
conversion tool that leverages advanced natural language
processing algorithms. This tool provides rapid and accurate
conversion between text and voice, facilitating smoother user
interactions. Its implementation across various applications
has positively impacted the daily lives of those relying on
such technologies, highlighting the importance of innovation
in communication aids. By enhancing accessibility, these
tools empower individuals with speech disabilities, fostering
more significant inclusion in society.
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Another significant area of development is in the realm
of Large Language Models (LLM), as presented by Brown et
al. [21]. Their work on models like GPT-3 represents a
groundbreaking shift in how machines comprehend and
generate human language. With their transformative
potential, these models utilize vast datasets and sophisticated
deep learning algorithms to produce coherent and
contextually relevant text, which has transformed numerous
applications, from content generation to academic research
assistance. The capabilities of large language models extend
far beyond mere Natural Language Processing (NLP); they
also facilitate human-computer interaction, making
technology more intuitive and user-friendly. This
technological leap has opened avenues for new research,
creativity, and productivity across various fields.

As previously noted by Xu et al. [17], the utilization of
digital holography can be a significant asset in agriculture.
The digitalization of classical holography has given rise to
various holographic  techniques [22]. Computational
holography employs computers to generate holograms. This
technique offers the advantage of adapting and manipulating
holographic projections through computational parameters;
however, considering the substantial data requirements of
holographic projections, high bandwidth is necessary, which
can be addressed through the use of algorithms and Deep
Neural Networks (DNN) [23].

Iterative holography also utilizes specific algorithms,
such as the Gerchberg-Saxton algorithm. As the name
suggests, iterative  holography continuously  refines
projections to reconstruct a holographic image, phase object,
eliminate twin images (although beneficial in agriculture
[24]), and overcome physical barriers and obstacles of the
real world [25]. While this technique may result in poor
image quality methods, such as the Constrained Complex
Total Variation (CCTV) regularizer exist [26] to preserve
image resolution.

Another method of creating holograms digitally without
the use of lenses is Fourier-based holography [27], in which
a reference wave enables the retrieval of phase information
about any type of wave, such as light, electron, and X-ray,
scattered by an obstacle, simply by using Fourier Transform
to reconstruct images.

The method shown in [28] is applicable to various
disciplines and provides the capability to generate Computer-
Generated Holography (CGH), which leads to the next type
of digital holography. The CGH method can work with
incoherent light and generating high-quality holograms
through the use of algorithms. Its flexibility and versatility
make it suitable for Virtual Reality (VR) and Augmented
Reality (AR) [29].

Next, there is Deep Holography (DH), which also utilizes
DNN to execute phase aberration corrections. Additionally,
DH not only gives rise to other types of digital holography,
such as tensor holography, but it also addresses one of the
major challenges in holograms, which is the elimination of
twin images [30]. Considering the importance and relevance
of twin images in agriculture, holography may be a suitable
technology in digital agriculture.

Finally, very similar to CGH is tensor holography, which
is the most realistic form of digital holography. Tensor
holography employs DNN and Machine Learning (ML) and
can also be referred to as a physics-informed DNN
technique. This technique has the capacity to project real 3D
volumetric images in air, making it not only the most
computationally intensive digital holography technique but
also the most intricate. Scholars argue that tensor holography
requires 4000 pairs of RGB-depth images for training and
provides the full potential of holographic video
communication, thus enabling maximum user engagement
and satisfaction [30][31]. Tensor holography is the type of
holography that is desired to achieve revolutionizing digital
agriculture. As discussed by Huang et al. [32], holography
provides 6 Degrees of Freedom (DoF), involving an
immersive and realistic experience in 3D movement and
rotation, physically allowing users to engage with
holographic projections. This again supports the relevance of
holograms in digital agriculture.

While the advancements across these domains—
intelligent agriculture, digital accessibility, communication
tools, and language models—demonstrate the profound
impact of technology on society, it's important to note that
they also come with potential risks and challenges. For
instance, large language models can potentially perpetuate
biases in the training data, leading to unintended
consequences. As we continue to innovate, it is crucial to
ensure that these technologies are inclusive, sustainable, and
enhance the quality of life for all individuals. Embracing a
collaborative approach in developing solutions can pave the
way for a more equitable and accessible future.

Ill.  PROPOSED SYSTEM FRAMEWORK

Large language models have proven to be a great
advancement for artificial intelligence, and natural language
processing. Numerous tools, such as ChatGPT, Gemini and
Microsoft Copilot are already available for aiding users with
faster research by interpreting multiple sources of
information and answering questions. Other tools are
already being studied to help health professionals to study
for clinical education, practice, vascular research and
scientific writing [33]. This study proposes a system to
make information about different kinds of trees more
accessible for people, especially biology students. It is
composed of holograms, each of a different species of tree,
that are connected to large language models that can answer
questions about themselves. Tools for text to speech and
speech to text enable the tree to talk with participants
without the necessity of text input and output. The general
knowledge of Al makes it ready to answer not only possible
unexpected questions, but also follow up ones.

A more interactive and playful approach to learning
might lead to better comprehension and knowledge retention
as other studies suggest [34]. A conversation between a
human and a tree allows the user to ask for clarification, or
to adapt the technicality of the conversation based on the
user's speech. More advanced Al are capable to, in addition
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to answering questions correctly, interpreting a character,
with correct usage of wordplay and even puns related to
trees, which contributes to the immersion of the experience.

Figure 1 presents a chatbot-integrated holographic
system capable of generating auditory and visual responses
through a holographic tree to enhance user interaction. The
system initiates with a spoken user input received by a
microphone and transmitted in an audio stream via Wi-Fi to
the Access Point (AP). The AP subsequently retransmits it
to the embedded system. The user input is then converted
into text through a voice-to-text translator module. This text
serves as the input for the Chatbot. The chatbot's core
comprises a language model that analyzes and interprets the
input and generates a response based on NLP algorithms.
By evaluating the probability distribution of subsequent
words, the model ensures conversational coherence and
contextual relevance.

The text response is transformed into speech using a text-
to-voice module, creating an auditory interaction.
Concurrently, the system generates a holographic tree image,
and the audio data is transmitted to the speakers over a Wi-Fi
network from the embedded system with synchronized
transmission to facilitate a conversation with the Chatbot-
integrated holographic tree. The holographic tree is animated
to match the output speech. The system is proposed to be
viewed in an indoor environment, so when the holographic
projector is not placed in the same room as in the Wireless
Access point, other considerations due to wall loss must be
taken into account [35][36]. Overall, the theoretical
implications of this system are significant and support
educational applications.
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Figure 1.

Figure 2 represents a communication algorithms
flowchart to illustrate the interaction between a user and a
holographic system (in this case, a holographic tree). During
the initialization phase, the system initiates the interaction
and receives and interprets user input. Upon receiving user
input, the system proceeds to the system processing stage,
wherein NLP and speech recognition are utilized to process
the user input, which may be a question or a command. User
inputs can be as straightforward as: "Hello, can you tell me
about your life as an orange tree?". The subsequent step,
"Holographic tree response?”, is the point at which the
system evaluates whether it can generate a response to the
user's input. If a response can be generated, the system
proceeds to provide the user with a visual holographic
response, which may be factual, educational, or procedural,
based on the information retrieved from its database. If the
user input is excessively complex or intricate, the system will
propose that the user reformulate the prompt. Should the user
decline, the system will proceed directly to the finalization
stage to conclude the interaction without generating a
response. If the user opts to proceed with a new prompt or
input, the system will resume the cycle from the user input
stage.

During the holographic tree response stage, the system
creates an immersive volumetric 3D hologram or tensor
hologram, as previously explained. The system's response is
adaptive, dynamic, and interactive, enhancing user
experience through engagement. Following this stage, the
user has the option to continue the interaction or terminate it.
Should the user wish to continue, the system
loops back to the input stage and maintains the flow of
interaction, leading to deeper engagement. However, if the
user opts to end the interaction, the system transitions to the
finalization stage, concluding the cycle. This design enables
the system to process various types of queries, including
factual and complex questions.
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Figure 2. Communication algorithms flowchart framework between a
user and a holographic tree.
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It is a versatile system applicable to diverse domains and
topics. To contribute with immersion, text to speech tools
have also evolved to better pronounce words, add intonation,
pauses and stress to the voice. Neural networks are also
employed to this task, as they are capable of generalizing
patterns that are not always present on the learning phase
[37]. Advancements were also made with multilingual
models, an extremely useful feature in our use case since
LLM are capable of synthesizing text in multiple languages
[38]. Those same models can also simulate different voices
from short audio files, to add variety for different types of
trees.

By combining those three consolidated technologies with
holograms, it is possible to build a prototype of the proposed
system and test its performance based on some metrics:
answer correctness, its preciseness and character impression.

Other metrics, such as response time were considered,
but all tested models presented near-real time answers,
sometimes even faster than human interaction timings, thus it
was not measured. This study conducted evaluations on three
pertinent and freely accessible large language models:
OpenAl's ChatGPT, Google's Gemini, and Microsoft's
Copilot. The same set of prompts were input across all of
them to avoid inconsistencies. The models were asked to
"Pretend that you are an apple tree that talks. I'm going to ask
you questions about your biology and you should answer as
you were this tree". Afterwards, the three models were asked
a series of questions on the subject.

All the models were able to answer the questions
correctly. However, only ChatGPT and Microsoft Copilot
played a role of a talking tree. Google Gemini answered in
the first person, as requested, but did not simulate the ludic
text of a cartoonish tree.

As an example, Table 1 presents the answer to the
prompt mentioned in the last paragraph. Questions about
apple trees were made, from simple ones, such as “What
varieties of apple trees exist”, to more technical ones: “What
amount of organic matter in the soil is necessary for the
proper development of the apple tree and its fruit?”” The Als
could answer both types of questions precisely, with no
contradiction between them.

On average, the answers from the three systems were two
paragraphs long. Copilot had more succinct answers and
GPT the longest ones. None of them had single-line answers,
even for the most direct questions, i.e., “How much water do
your need to grow healthily?”. Overall, the answers are the
length expected from an informative conversation.

IV. SIMULATION RESULTS

Figure 3 represents the recorded time measurements for
each module during the testing phase. The elements are
ordered according to their occurrence in the proposed
interaction. Initially, the Speech-to-Text (STT) delay
represents the time between the conclusion of human speech
and the completion of its transcription. Subsequently, the
GPT Start to Answer delay indicates the interval between
prompt input and the initial output from GPT.

TABLE I. ANSWERS TO THE INITIAL PROMPT
. Model Answer
Chat GPT  Ah, welcome beneath my branches! |

am a humble apple tree, deeply rooted
in the soil, stretching my limbs toward
the sky. What curiosities do you bring?
Ask away, and | shall answer as best as
a tree can!

Gemini Okay, I'm ready to be an apple tree!
Ask me anything you'd like to know
about my life.

Copilot Alright, I'm an apple tree! My branches

are adorned with lush green leaves, and
| bear delicious apples. Ask away, and
I'll do my best to share the secrets of

my tree-ish life with you! @ ™ @

Third, the total time for a complete answer represents the
duration required for the conclusion of GPT operation. This
period is not critical for application, as the Text-to-Speech
(TTS) module can commence operation as soon as the first
phrase is available. Lastly, the TTS Start Delay denotes the
time between text input and the initiation of audio output.

Lastly, the TTS Start Delay denotes the time between
text input and the initiation of audio output. It is noteworthy
that the entire system can exhibit rapid response times to the
user due to the potential for task parallelization. The STT
module operates concurrently with user speech, resulting in
its delay being perceptible only upon the cessation of speech.
Similarly, the GPT delay is noticeable only until the
completion of the first phrase, at which point, in conjunction
with the TTS delay, the system will begin vocalization. The
GPT completes the entire answer in approximately 14
seconds, which is significantly faster than the conclusion of
TTS.

Response Timings (seconds)
14.27

¥}
L

1.57
1.21

STT Delay GPT Start to Answer GPT Complete Answer  TTS Start Delay

Figure 3. Measured response times for STT, GPT and TTS modules.
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Consequently, it can be inferred that the response time
delays are sufficiently low to maintain the fluidity of human-
like conversation.

As previously noted by scholars [22], transmission delay
has a significant impact on user engagement and satisfaction,
particularly in the context of enhancing agricultural
management efficiency. This graphical representation leads
to the conclusion that special attention must be directed
towards delay time when incorporating Al and holographic
technology in intelligent agriculture to ensure an efficiency
in human-Al interactions.

V. CONCLUSION

In this article, we propose an interactive hologram system
to present information about plants to humans. This system
enables dynamic interaction between humans and machines
to learn more effectively, in a ludic way. To do so, four core
technologies must be combined: holograms, large language
models, text-to-speech and speech-to-text tools. Holograms
provide three-dimensional images from the plants studied for
better visualization and comprehension of the physical
aspects of the tree, in addition to better immersing the user in
their learning experience.

Large language models are an efficient way of garnering
information, organizing and presenting it to a human in a
conversation in the most natural way. Their capabilities of
synthesizing text have been used in several areas and can
help swiftly accessing information combined from various
sources. Tests were conducted with them to extract
information about apple trees. The results show how not only
do they return precise, correct answers, but also can interpret
arole of a cartoonish talking tree, enhancing the experience.

Text-to-speech tools are responsible for receiving the
output of the LLM and synthesizing voice. It is crucial for
the user experience to have, in addition to the correct
pronunciation, intonation, pauses and stress capabilities.

Neural networks have also been employed in the state-of-
the-art models due to their potential of extracting patterns
from data and generalizing for unseen information. It is also
possible for a single network to speak multiple languages,
featured with the LLMs.

The experiment is promising, and more research is
important to better implement it. For future work, more
advanced features could be considered, such as interaction
between two plants that have symbiotic relationships. Open
source LLM models are also considered to better adjust them
to the task. In addition to it, designing tree models with faces
that have moving mouths could be an important step towards
its implementation.

In the context of holography, a critical consideration for
future development is the resolution of current technical
constraints in data transmission and latency to facilitate
holographic communication and the implementation of
interactive holographic projections, especially in digital
agriculture. This has consistently proven to be a significant
factor during system evaluations when measuring STT, TTS,
and GPT modules in human-Al interactions. Our future work
will be focused on improving the GPT response time and
testing other Conversational Al and Al Chatbots.
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