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Abstract: - Tree modeling architecture is regarded as the core element in smart green infrastructure (SGI) projects
with great landscape spatial planning and forest monitoring functionality. A low-cost Al chatbot-based
application prototype strategy was used to present and implement a novel, proof-of-concept, automated tree CAD
modeling architecture with blockchain integration method. A tree CAD model made up of four 2D tree-frames
forms the basis of the suggested parametric tree modeling methodology, with a demarcation between these frames
at 45° (division angle), on which recorded tree-leaves color and texture have been assigned. A fully automated
“Voice-to-CAD programming Al chatbot prototype” technique was employed, as a user-defined routine, at the
top of an off-the-shelf CAD platform, to create tangible tree-model NFT tokens for building up an “Internet-of-
Trees” thematic blockchain. In contrast to established methods based on diffusion models for tree growth
simulation, the proposed "Blockchain/Merkle hash tree" tracks tree geometry growth and leaves texture change
temporarily with simple parametric transactions (controlled Merkle hash tree scaling) and has great modification
and redesign ability for SGI, forest, and pocket-park planning intelligence. This adds functionality and value to
the CAD-blockchain integration industry.
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1 Introduction technique has been implemented as a user-defined
add-in software routine at the top of an off-the-shelf
CAD platform. In this domain, the term
“decentralized tree modeling” (DeTMo) is
introduced, for the first time in literature, to describe
the concept “tree modeling: from shared knowledge
to sustainable SGI value”.

When compared to conventional 3D tree
modeling techniques (terrestrial, drone, and close-
range photogrammetry, laser scanning, etc.), the add-
in planning intelligence, the outstanding data

Tree modeling architecture offers advantages to
smart green infrastructure (SGI), forest, and
landscape spatial planning and design. Blockchain
technology (BC), in this domain, enables
collaborative engineering, data integrity, information
confidence, and environmental data intelligence.

As a low-cost application study that impacts the
digital landscape architecture design infrastructures
and forest monitoring, a proof-of-concept automated
tree modeling architecture and BC integration : : .
technique was given. A tree CAD model made from integrity and .conﬁdence, Fhe_ ofﬂme relaxed error-
four 2D tree-frames with a 45 ° (division angle) free CAD design, the superiority in terms of time and
demarcation between them, on which recorded tree cost, and the satisfactory tree modeling accuracy and
texture has been allocated, forms the basis of the plain Merkle hash tree magnification for smart forest
suggested parametric tree modeling technique. monitoring and la'nds.cape archi.tecture applications

To generate tangible tree-model NFT tokens for were all noted as significant ﬁndmgs:
constructing a thematic Internet-of-Tree models Because the core "Blockchain/Merkle hash
(IoTr-models) blockchain, a fully automated "Voice- tree" tracks tree geometry growth and texture change

to-CAD programming” Al chatbot prototype temporarily ~ with  straightforward  parametric
transactions (controlled hash tree
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magnification/scaling), the proposed parametric tree
modeling architecture adds flexibility, functionality,
and value to the comprehensive CAD-BC integration
industry. It also supports metaverse functionality
(same-data sharing; decentralized, parallel, and
coordinated design; data validation; modification and
redesign ability; scalable Al practicality; and
planning intelligence). The primary contributions are
thought to be distributed simulation, environmental
data intelligence, and off-the-shelf smart forest
surveillance.

The suggested method for parametric tree CAD
modeling in relation to a ground reference point
(GRP) for tree CAD geometry deployment (geo-
referenced tree-CAD frames) makes use of speech-
to-text batch commands and event-driven routines
(such as design level/layer, weight, color, style,
reference point, width, and height). As a result, the
suggested method significantly lowers expenses,
optimizes time, and enables the operation and upkeep
of a straightforward and useful thematic blockchain
with all that this entails at the level of distributed and
cooperative design.

The suggested method undoubtedly generates
less realistic tree CAD models; however this
drawback has no bearing on applications related to
SGI, smart forests, agriculture, or landscape
architecture, [1], [2], [3], [4], [5], [6], [7], [8], [9],
[10]. Tree architecture modeling streams data
analytics frameworks, hybrid learning, fraud
concerns, and blockchain safety and opportunities
challenges, [11], [12], [13], [14], [15].

The primary goal of the study is to provide an
experimental method for incorporating tree-images
into 2D CAD frames that are mutually perpendicular
and linking them into a thematic blockchain
specifically designed for IoTr models.

Thanks to a scalable and relatively
straightforward "Merkle hash tree" that temporarily
tracks tree geometry growth and texture change using
plain parametric transactions of generic tangible tree-
model NFTs, the suggested tree model adds new
value and environmental intelligence to the CAD-BC
integration market, [4], [16], [17], [18], [19].

The notable significance of this study lies in the
simple, transparent, and plain “Blockchain/Merkle
hash tree” structure supporting collaborative and
distributed tree architecture for monitoring landscape
architecture, environmental intelligence, smart
forest, VR, and digital documentation applications
where there are no requirements on the accuracy of
the tree representation, [9], [10], [20], [21], [22],
[23], [24, [25], [26].

The remainder of the paper is structured as
follows. In "Related Work," (Section 2), published
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knowledge about sketch-based synthetic trees,
diffusion models for growth simulation, text-to-3D
tree models’ generation, and CAD-BC integration,
spatial analysis, and tree visualization is discussed. In
Section 3 (“Method and Tools”), the proposed off-
the-shelf “Voice-to-CAD programming Al chatbot
prototype” technique and its “Tree CAD
programming: The adverbs-verb-nouns metaphor”
implementation are introduced. A tree CAD
modeling case study and the conceptual loTr-models
theme blockchain outline design (experimental
approach) are  described in  Section 4
("Experiments"), which is followed by a qualitative
and quantitative comparison analysis as an loTr-
models evaluation test. Lastly, the article's main
conclusions, findings, relevance, contributions,
limitations, and recommendations for additional
research are covered in Section 5 ("Discussion and
Conclusions").

2 Related Work

According to [27], [28], [29], [30], and [31], the
established techniques for dynamic plant and tree 3D
geometry growth simulation and controllable text-to-
3D generation are based on L-systems with diffusion-
guided Gaussian splatting models.

Particularly:

Sketch-based synthetic trees. Data scarcity is a
barrier in many plant phenotyping problems [32], and
synthetic data can be used to replace or supplement
real data for downstream models, as recent research
has increasingly shown [33], [34]. Numerous
methods have been used to create synthetic plants.
Using their photorealism for 2D images, generative
methods such as GANs (generative adversarial
networks, [35]) and diffusion models, [36], as leading
generative Al techniques, have produced images for
training phenotyping Al [37]. Although they offer a
foundation for the creation of complex biological
structures, structural plant modeling techniques -
most notably L-systems [38]- must be combined with
other CAD modeling techniques to generate
photorealistic 3D models.

To obtain precise geometry and detailed control
over picture content, recent efforts, [30], [31]
combine image-to-image generative Al with 3D
morphological modeling techniques. However,
because of the intricate structures of plants and
substantial opacity from any one perspective, 2D
phenotyping has severe limits, and the CAD-BC
integration for a thematic loTr-models framework
remains complicated and not scalable.

Using GANs to learn the mapping between
sketches and photos is one popular method. Recent
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publications [39], [40] use pre-trained T21 models for
sketch-based visual synthesis. These models use the
sketch to direct the diffusion model when given a text
prompt and a sketch, producing results that match the
spatial arrangement of the sketch and the text query.

We go one step further in this paper by
demonstrating sketch controlling in the context of
voice-to-text-to-2.5D CAD production for the first
time. We see that Sketch2Mesh [41] is a similar work
that concentrates on 3D modeling generation from
sketches. Our study, however, focuses on producing
plain 2.5D scenarios that are conditioned on both a
visual signal (four raster images) and a written
chatbot prompt, which is more flexible, offering great
CAD-BC integration scalability.

Diffusion models for growth simulation. The
newest trend in generative models for producing
varied, excellent content is diffusion models, [42].
Particularly, they have recently been utilized to create
cutting-edge text-to-image (T2I) models (such as
Imagen, [43]) with the aid of extensive datasets.
When the user provides a natural language text cue,
these models may produce high-quality photographs
of items and scenes.

Many studies try to guide pre-trained text-to-
image (T2I) diffusion models to support additional
input conditions, driven by the success of these
models. A recent study called ControlNet, [40]
suggests using additional condition inputs, such as
edge maps, segmentation maps, drawings, etc., to
regulate the large image diffusion model (also known
as Stable Diffusion). According to [40], [42], and
[43], using text prompts (as Al chatbots) and
condition raster imagery to describe and regulate 3D
tree generation is still an open and difficult subject
not suitable for thematic IoTr-models blockchains,
despite advancements in programmable 2D T2I
generation.

Text-to-3D tree models’ generation. According to
[42] and [43], multimedia content creation has
advanced significantly in recent years. In the interim,
there has been an increase in interest in text-to-3D
modeling due to recent significant developments in
T2I generation and NeRF-based 3D reconstruction,
[40], [43]. For the construction of T2I, extensive
paired text-image data is provided, but comparable-
scale paired text-3D data are not yet accessible.
PlantDreamer, [30] optimizes underlying 3D
representations by utilizing cross-modal knowledge
and pre-trained T2I diffusion in 2D image generation
for text-to-3D synthesis. In this way, the requirement
for training data is eliminated, but, nevertheless, the
3D output is typically less lifelike.
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Using both low- and high-resolution diffusion
priors in a coarse-to-fine method, Control3D, [31]
significantly enhances the text-to-3D generation
quality and controllability for users that correspond
to the input text prompt. Nevertheless, Control3D
and similar techniques are unable to use additional
freehand interfaces to manage the 3D generation
process. Instead, we address a new and difficult topic
in this paper: using a simple voice-to-CAD
programming Al chatbot prototype to guide the
voice-to-text-to-2.5D process.

Nevertheless, the 3D mesh is extremely
complicated and challenging for most CAD end-
users to create. On the other hand, our suggested
technique, based on four orthogonal CAD frames
which are shown as a sketch, is easier to understand
and utilize plain and scalable “Merkle hash tree”
structures for thematic loTr-models BC. The most
relevant studies, but without an Al chatbot utility,
that use plain orthogonal CAD frames and raster tree
images to direct the tree modeling creation process
are, [10] and [23].

CAD-Blockchain integration, spatial analysis, and
tree visualization. In [14], [15], and [44], the authors
proclaim that a smart urban transformation requires
tree visualization data, and according to [9], [10], and
[45], tree geometry is essential for GIS (spatial)
analysis for forest, landscape architecture, and pocket
parks projects. Data integrity, collaborative,
distributed, and verified digital design are supported
by BC in intelligent CAD projects, according to [12],
[13], and [14]. Additionally, a scalable digital design
requires a CAD-BC integration strategy, according to
[46], [47], and [48]. The "collaborative tree design-
blockchain integration” issue is thoroughly covered
in this literature, but no low-cost integration solution
is mentioned.

Similar to this, the authors of [25], [49], and
[50] talk about data for structural monitoring in
asynchronous communication, while the authors of
[5], [6], and [7] talk about how BC adoption affects
smart city intelligence and the building information
modeling (BIM) process without mentioning trees as
the fundamental representation core element of a
green-oriented urban environment.

The current study claims that tracking tree
texture change and monitoring 3D tree shape growth
in almost real-time is an ideal off-the-shelf
distributed and collaborative environment, but it
requires time, money, expertise, intelligence, and a
challenging "Blockchain/Merkle hash tree."

In [8], [51], and [52], the authors describe in
detail methods for linking digital twins and assets
(environmental data simulation) to a 3D model for
structural monitoring, assessment of visual landscape
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quality, and urban adaptive transformation, but no
information is given about a potential Blockchain
integration for environmental data (tree) intelligence.

Lastly, taxonomy and ontology-based
approaches, distributed platforms, operation
management, and decision-support models for

sustainable urban investment optimization may be
helpful in urban transformation processes, according
to [13], [53], [54], [55], and [56]. However, no
implementation details for collaborative, intelligent,
and distributed environments are provided.

3 Method and Tools

Nowadays, text-by-voice techniques use Al cloud
APIs, driven by high-tech giants like Google, to
accurately translate speech into text.

3.1 The voice-to-CAD programming Al
chatbot prototype
In the proposed tree modeling-tokenization
framework for SGI with CAD-BC integration
functionality, facilitated by a personalized pull-down
menu, the voice-to-CAD programming segment uses
Google’s speech-to-text Python API to generate
customized key-in CAD intelligence that is
embedded in a simple (ASCII) text file and displayed
in an Al chatbot dialog, enhancing transparency and
provability (the state or quality of being logically
demonstrable or provable) to CAD programming
assets. Following this, this key-in CAD intelligence
initiates specific event-driven CAD routines for tree
modeling, setting up a tree-model NFT wallet,
creating tangible tokens, and adding to the thematic
personalized "loTr-models" BC.

Figure 1 displays the personalized pull-down
menu “Smart Green Infrastructure/my Al Chatbot;
Tree CAD modeling; BC Tokenization”.

Window SmartGreeninfrastructure Help
Smart Forest Projects
myAl CHATBOT

A, The Tree Architecture FRAMES (Tree Modeling) =

B. Raster Images (Tree Colouring and Texturing)

C.myloTr-models Thematic Blockchain >

i |H 3

Key-in x|

my Al CHATBOT{

1. Setup an NFT Cloud Wallet
2. CREATE a Tree-model NFT Token
3. ADD the NFT Token to loTr-models Blockchain

Fig. 1: The “SGl/chatbot; modeling; tokenization”
pull-down menu. Source: created by the authors
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Particularly, our technique converts simple
English speech notes such as "Place Point", "Place
Block", "Rotate", "Assign Image", "Attach Texture",
"Setup NFT Wallet", "Create NFT Token", and "Add
NFT Token to my-Blockchain", into relative text
sequences displayed on an Al chatbot prototype
dialog (“Ctlr-Shift” triggering), and following
tokenizing relative CAD commands, as digital assets,
for CAD programming and tree modeling (Figure 2).

-

Modify Menu ltem

Label |my Al CHATBOT [¥ Enabled

Key-n:
dialog loTr-modelsCHATBOT

[~ SubMenu Attached ‘ Attach Tool Box... ‘

[X Control [~ Ak [¥ ihlft beoslerator: |

‘ Reset ‘ ‘ Cancel‘

Fig. 2: The “my Al Chatbot” dialog. Source: created
by the authors and MicroStation® CAD software

This vector parametric modeling technique
offers great CAD  flexibility (geometric
transformations like tree model “move”, “rotate”,
“mirror”, “scale”, etc.), excellent tree modeling
functionality (tree dimensions, color, and texture),
and impressive support for a scalable "loTr-models"
BC with plain tree model NFT tokens. This removes
the requirement for a costly (in terms of time, money,
and resources) point-by-point design in CAD tree
modeling architecture.

It is important to emphasize that, even though
existing software such as real-time 3D tree modeling
generators like “Tree 1t”, [57] and CAD software
platforms like Bentley's MicroStation and Autodesk's
AutoCAD, [1], [9], [10], [58], [59], does not support
CAD-BC integration, our approach has developed a
code in MDL (“MicroStation Development
Language” / a low-level C-like CAD-oriented
language for event-driven drafting, design, and
modeling add-in intelligence), on top of the
conventional computer-aided design environment
that supports “voice-to-CAD programming” tree
modeling and BC tokenization (Figure 3).
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SPEECH cmd#1, "Place Point"

SPEECH cmd#2, "Place Block"

SPEECH cmd#3, "Rotate"

SPEECH cmd#4, "Assign Image"

SPEECH cmd#5, "Attach Texture"
SPEECH cmd#6, "Setup NFT Wallet"
SPEECH cmd#7, "Create NFT Token"
SPEECH emd#8, "Add NFT Token to BC"

" et
- A

Eim i W e S e b S T P

1-
I

Fig. 3: MDL code fragment. Source: created by the
authors

For generic 2.5D tree modeling, our approach is
based on a relative design of four rectangular CAD
tree-frames that are perpendicular to each other. A
ground reference point (GRP) with coordinates 0,0,0
(i-e., a local datum for an intelligent relative-to-GRP
tree modeling deployment) is geo-referencing this
tree-frames architecture (Figure 4).

5

Bl={0" 6710l o| 5T T 5T | a1 8121l T

Fig. 4: The perpendicularly-centered four orthogonal
tree CAD frames (views: TOP, FRONT, RIGHT,
ISOmetric). Source: created by the authors

The next step is to assign inexpensive tree
photography (e.g., jpg images from smartphones) to
these frames so they can be used as tree imaging and
texturing. Following, the so-called "IoTr-models"
dedicated blockchain stores this general tree format
as a concrete tree-model NFT digital asset/token (tree
CAD model tokenization). The first phase of a ten-
tree smart forest application (a multi-tree modeling
architecture) is shown in Figure 5.

This multi-tree modeling is common in SGI
projects and is supported by a pull-down option in the
main menu’s “Smart Green Infrastructure” item (see
Fig. 1).
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Al Chatbot Top View

= o || B

Fig. 5: The ten (10) perpendicularly-centered
compound orthogonal tree CAD frames for a smart
forest application (view: TOP). Source: created by
the authors

For visualization and digital documentation
projects pertaining to tree landscapes, forests,
monument landscapes rich in trees, and various
landscape architecture applications, the modeling and
visualization accuracy of the suggested 2.5D tree
CAD modeling framework is satisfactory, sufficient,
and acceptable for environmental intelligence
without exceptional tree-shape modeling and
visualization requirements.

3.2 Tree CAD programming: The adverbs-
verb-nouns metaphor

To employ Al user-CAD communication
functionality, like oral and written conceptual
metaphors in human communication, we are
introducing an “adverbs-verb-nouns” CAD
programming metaphor.

Hence, the system CAD variables level (LV),
color (CO), weight (WT), and style (LC) are engaged
as "adverbs" parameters in the proposed 2.5D CAD
modeling process. Following, several commands
(Place Point, Place Block, Rotate, Assign, Attach,
Setup, Create, Add) are operated as "verb" functions.
Finally, the frame's georeferencing point X, Y, and Z
coordinates (GRP), the tree's height (Height) and
widths (Widthl, Width2), and the raster images
(Imagel, Image?2) for the color and the texture of the
tree leaves utilize the “nouns” part of the introduced
metaphor.

At the heart of the Al chatbot prototype, as our
CAD “adverbs-verb-nouns”  programming
implementation technique, is an ASCII batch text file
(e.g., “TreeModeling-Tokenization.bat”) produced
by the AI chatbot (with the “copy myAlchatbot
FileName” function) and located at the periphery of
the host CAD platform. This ASCII file is suitable for
sequential top-down CAD programming (Figure 6).
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Fig. 6:
ASCII batch text file with CAD key-in commands
produced by the Al chatbot following an “adverbs-
verb-nouns” programming technique. Source:
created by the authors
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4 2.50 Tree CAD Model Tokanization for Smart Green Infrastructure
/i A Voice-to-CAD Programming Al Chatbot Prototype
H TresModeling-Tokenization.bat: The ASCIl batch text file with CAD key-in commands
Jf produced by the Al chetbot following an “sdverbs-verb-nouwns™ progremming technigua
Ji'@ 2026 - D. Varveris, P. Xofis, V. Basdekidou
Herigin = GPSX coordinate; Yorigin= GPSY coordinate; Zgrigin = GPS Z coordinate
' GAD Programming Routine
mySmart2.30TreeCADModel-Tokenization (¥orgin, Yergin, Zepgn, Widthl, WidthZ,
Haight, Image1, Image2, Image3, Imagad, Tree-Leaves-Taxture, Tree-Leaves-Color) {
Lw=0; CO=20; LC=0; WT=3 //The Adverbs

Place Point JiThe Verk
X¥Z=0,0,0 J{ The Mouns
Lv=10; CO=34; WT=0 JiThe Adverbs
Place Block HiThe Verb

X¥NZ=Yarizin. Yorigin, Zosigin/ The Mouns [flatbed plotter’s referencing metaphor)
DL=Width1,0,Haight Jf The Mouns for tha #1 CAD trae-frama
Copy-Rotate Ji The Verb for the #3 CAD tree-frame
Angle=45 4 The Moun
XNZ=Yprigin. Yosigin, Zedigin/ The Mouns (flatbed plotter’s referencing metaphor)
DL=0.Width2 Height Jf The Mouns for the #2 CAD tree-frama
‘Copy-Rotate 4 The Verb for the #4 CAD tree-frame
Angle=45 4 The Moun
Ji Tree Imagery assignment from smart phone photography [pgl
ASSIGH Image1; ASSIGM Image2; ASSIGN Imaged; ASSIGN Imagad
£iTree Texture attachment
ATTACH Tree-Lesves-Taxture; ATTACH Trea-Leaves-Color
Ji Architectural lighting [glebal/sourcedsolar)
Setup Global-lighting; Setup Source-lighting
Setup Solar-lighting (GPS X¥.Z coordinates; Universal Time Zona)
i Metaverse fly-through functionality
Setup Fly-through
HiTree-Tangible NFT ("Internat-of-Tree models" Blackchain)
Ji The Cloud Wallat setup
SETUP 2.50TreaCADModel NFT Cloud Wallat
HiTokenization (2.5TreeCADModel protection & a hash guaranteed uniqueness
‘CREATE Tangible 2.50TreeCADModel NFT Token
Jf Thematic "Internet-cf-Tees models” Blockchein updating (MFT Taken)
ADD Tangible 2.50TreeCADModel NFT Token to “lglr-models"” Blockchain
i

(TreeModeling-Tokenization.bat) The

As an alternative to an Al chatbot prototype, the

ASCIl command file for the 2.5D tree CAD
modeling and “loTr-models”
executed from a CAD software platform prompt (i.e.,
a key-in dialog box) by typing a link-string. For
instance,

tokenization can be

@c://SGl/TreeModeling-Tokenization.bat
The low-cost CAD platform MicroStation®

(Bentley Systems, Inc.) -because of its adaptivity,
usability, and thematic customization functionality-
was used as the hosting software environment for the
Al chatbot prototype implementation, the event-
driven CAD procedures,
programming of the proposed framework.

and the command-line

The introduced novel “Smart Green Infrastructure

with IoTr-models Blockchain” method, implemented
by the “Voice-to-CAD programming Al Chatbot
prototype”
tokenization” Web3 (decentralized web built on
blockchain technology) application because it
operates with planning intelligence with Internet of
Things (IoT) efficiency in real-time, while utilizing
simple phrases from the English language.

technique, is a “smart modeling and
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Even more, it is flexible because it can be
performed offline in a safe, relaxed, and friendly
way, as an ASCII batch file with “verbs” obsessed
with domain-dependent CAD functions, [1], [6], [9],
[10], [29], [30], [31].

4 Experiments

The proposed method for SGI and its implementation
chatbot technique has been assessed by a 2.5D tree
CAD modeling with BC tokenization case study. The
Section is completed with performance comparison
and analysis for the proposed method’s validation.

4.1 2.5D tree CAD modeling — Case study
Figure 7 demonstrates the proposed method’s
rendering functionality. Tree architecture lighting has
been added for real-world appearance.

Fig. 7: Smart forest with architectural lighting (three
digital cameras in Isometric view) Source: created by
the authors

Furthermore, Figures 8 and Figure 9
demonstrate the method’s acceptable tree modeling
for environmental data intelligence, forest
monitoring, and landscape architecture (e.g., pocket
parks).

Fig. 8: 2.5D tree CAD modeling — A night view for
a landscape architecture project (pocket park).
Source: created by the authors
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Fig. 9: 2.5D tree CAD modeling — A photorealistic
view for a landscape architecture pocket park.
Source: created by the authors

4.2 “Internet-of-Tree Models” blockchain:
The outline design

Figure 10 shows the 2.5D tree CAD model
tokenization's outline design. A hash value generated
by the SHA256 cryptographic technique is used to
identify each 2.5D tree model as a block in the loTr-
models chain, [9], [10].

2.5D Tree CAD Model Tokenization
The “Merkle Hash Tree” Blockchain Structure

A typical block in the proposed “Internet-of-Tree Models” thematic blockchain,
interpreted by the *“Al Chatbot Prototype” and the “TreeModeling-
Tokenization.bat” ASCI| batch text file (see Figure 6). Located at the client level into
a Smart Green Infrastructure’s “cloud” for a client-server blockchain architecture.

The Block header (Block Hash)

The previous Hash

The root of the “Merkle Hash Tree”

7 N

Hash-01 Hash-23

/N /N

Hash-0 Hash-2 Hash-3

1 I

2.50TreeCADModel.}  2.5DTreeCADModel.l 2.50TreeCADModel.2 2.5DTreeCADModel
Adistributed user  Another distr. user  Another distr. user Another distr. user

Fig. 10: 2.5D Tree CAD Model Tokenization: The
“Merkle hash tree” blockchain structure. Source:
created by the authors

Many 2.5D Tree CAD Models are provided as
transactions by distributed users in a collaborative
design environment and they are tokenized -hashed
in the proposed “Merkle Hash Tree”- for Smart
Green Infrastructure and Smart Forest projects.

Hence, the “loTr-models” thematic blockchain is
composed of a linked list of blocks of transactions
tracking tree geometry growth and temporal texture
change, [49], [60], [61]. The “Root of Hash Tree”

Hash-1
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points to a “Merkle hash tree” chain of transactions,
[23] (Fig. 10).

It is crucial to understand that the "Merkle hash
tree" in the tree CAD modeling tokenization (see Fig.
10) is comparatively plain, simple, compact in its
extension, manageable, and scalable (i.e., supports a
controlled magnification), [1], [9], [13], [48].

For rich-in-trees green infrastructures, urban
parks, and forests, the loTr-model "Merkle hash tree"
is built using a bottom-up methodology. As a result,
each leaf node (the Hash-0, Hash-1, Hash-2, and
Hash-3 in Fig. 10) is a hash of transactional data,
which includes the color (tree-leaves coloring) and
texture (tree-leaves texturing) modification of the
leaves, as well as the periodically recorded tree
geometry growth (i.e., the tree dimensions).
Additionally, the hash of its prior hashes is the non-
leaf node (Hash-01 and Hash-23 in Fig. 10).

The proposed “Merkle hash tree” blockchain
structure is a binary one; hence, it always needs an
even number of leaf nodes.

Hash-01 = hash (Hash-0 & Hash-1)
Hash-23 = hash (Hash-2 & Hash-3)

Notes

1. The hash function SHA256 (a cryptographic
technique) has been used for the hashing (hash values
Hash-0, Hash-1, Hash-2, Hash-3, Hash-01, and
Hash-23).

2. The first block in "loTr-models" tokenization,
known as "Block 0" or the "genesis block," served as
the basis for the other blocks in the proposed chain.
The "loTr-models" thematic blockchain (tree-model
NFT tokens ledger) begins with this block, also
referred to as the basic block.

4.3 Evaluation
We conducted a comparative evaluation of our
“Voice-to-2.5D tree CAD modeling” framework and
two “text-to-3D generation” methods suitable for tree
modeling (PlantDreamer, [30] and Control3D, [31]).
Our evaluation was focused on four key aspects:
(1) the tree modeling quality in terms of 3D geometry
accuracy and texture fidelity (qualitative
assessment),
(i1) the faithfulness and loyalty of the visual
appearance, and the alignment and consistency of the
tree modeling when initialized with real-world point
“clouds” compared to the captured ground-truth
(qualitative assessment),
(ii1) the blockchain tokenization functionality in
terms of “Merkle hash tree” structure and scalability
(quantitative assessment), and
(iv) the tree modeling computational time (approx. in
minutes) (quantitative assessment).
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4.3.1 Qualitative comparison and analysis

The qualitative contrasts are shown in Figure 11. As
shown in this figure, PlantDreamer and Control3D
show much better tree modeling quality in terms of
3D geometry accuracy and texture fidelity. The
faithfulness and loyalty of the visual appearance, and
the alignment and consistency of the 3D tree model
is great.

The 2.5D DeTMo framework, on the other hand,
struggles to produce accurate and realistic 3D
textures, which results in false visual appearances,
even if it can produce 2.5D trees with a substantial
and decent appearance.

Conical Tree

Fig. 11: Qualitative comparisons on text-to-3D
generation Source: created by the authors

Flowering Tree

PlantDreamer.

Control3D

2.5D DeTMo

4.3.2 Quantitative comparison and analysis
Additionally, we carried out a bibliography-based
study to quantitatively evaluate the “2.5D tree CAD
model tokenization” framework against the two text-
to-3D tree models generation methods.

Sacrificing 3D modeling accuracy, fidelity, and
consistency for simplicity, our evaluation criteria, for

quantitative =~ comparison, are referred to
computational time as it taken from bibliography
referred to computational performance (see

PlantDreamer, [30] for approx. 30 min run time, p.7;
and Control3D, [31] for approx. 60 min training time,
p.1152) and to tree model tokenization (Merkle hash
tree’s structure and scalability) because we do
believe that decentralized tree modeling (DeTMo) is
the future.
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Table 1 presents the results of the quantitative
comparison.

Table 1. Quantitative comparison

(Tree model tokenization) Computational
Merkle Hash Tree time
Structure Scalability | (approx. in min)
PlantDreamer | Complicated Limited 30 min, [30]
Control3D Complicated Limited 60 min, [31]
2.5DDeTMo Plain Excellent 25 min
Source: Created by the authors
In general, our “2.5D tree CAD model
tokenization” framework, in terms of DeTMo

tokenization and computational time, significantly
outperforms the other two text-to-3D model methods
with plain “Merkle has tree” structure, excellent
blockchain scalability, and shorter computational
time.

5 Discussion and Conclusions

Results and Findings. Tree modeling quality: The
proposed 2.5D tree CAD modeling framework

provides reasonable visual appearance and
functionality for smart green infrastructure (SGI)
projects, forest monitoring, and landscape

architecture applications. However, it sacrifices 3D
modeling accuracy and texture fidelity compared to
advanced text-to-3D generation methods like
PlantDreamer  and  Control3D.  Blockchain
tokenization: The framework introduces a plain and
scalable "Merkle hash tree" structure for tree model
tokenization. This structure is compact, manageable,
and supports decentralized tree modeling (DeTMo)
for collaborative design environments.
Computational efficiency: The 2.5D tree CAD
modeling  framework  demonstrates  superior
computational efficiency, completing tasks in
approximately 25 minutes compared to 30 minutes
for PlantDreamer and 60 minutes for Control3D.

Contributions and Significance. Innovative voice-
to-CAD programming: The study introduces a novel
Al chatbot prototype that converts voice commands
into CAD programming instructions, enabling
efficient and user-friendly tree modeling and
blockchain  tokenization.  Decentralized tree
modeling (DeTMo): The framework supports the
creation of a thematic "Internet-of-Trees" BC,
enabling collaborative and distributed tree modeling
for SGI and smart forest projects. Low-cost solution:
The framework is implemented on an off-the-rack
CAD platform (MicroStation®), making it
accessible, practical, efficient, and affordable
compared to expensive commercial 3D modeling
methods. Scalability: The plain "Merkle hash tree"
structure ensures excellent scalability for blockchain-
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based tree model tokenization, making it suitable for
large-scale SGI projects.

Limitations. Modeling accuracy: The 2.5D tree
CAD modeling framework produces less accurate
and less realistic tree models compared to advanced
3D modeling techniques. Texture fidelity: The
framework struggles with generating precise and
lifelike textures, which may limit its application in
projects requiring high visual accuracy. Limited real-
world testing: The study primarily focuses on proof-
of-concept and experimental validation, with limited
real-world implementation.

Suggestions for Improvements and Further
Study. Enhancing texture fidelity: Future studies
could examine cutting-edge generative or agentic Al
techniques, such as GANs or diffusion models, to
improve texture realism. Expanding real-world
applications: Conducting field tests in diverse SGI
and forest monitoring projects to validate the
framework's practical utility and scalability.
Integration with other CAD platforms: Extending the
framework to support other CAD platforms, such as
AutoCAD, to increase accessibility and adoption.
Improving 3D modeling accuracy: Investigating
methods to enhance the accuracy of tree geometry
and 3D modeling while maintaining computational
efficiency.

Conclusions. The study presents a novel and cost-
effective "Voice-to-CAD programming Al chatbot
prototype" for 2.5D tree modeling and blockchain
tokenization. The framework has limitations in terms
of modeling accuracy and texture fidelity, despite its
many benefits in terms of computational efficiency,
tokenization scalability, and collaborative design.
The proposed method is particularly suitable for SGI,
smart forest monitoring, and landscape architecture
applications where high precision is not critical.
Future research should focus on improving texture
realism, expanding real-world applications, and
enhancing 3D modeling accuracy to broaden the
framework's applicability and impact.
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