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Abstract 

In recent years, artificial intelligence (AI) has become widely accessible, with powerful 
AI tools integrated into common ICT services and new AI-based applications emerging 
almost daily, often freely available. The Architecture, Engineering, Construction, and 
Operation (AECO) sector is no exception, as numerous studies highlight AI-enhanced 
applications supporting various aspects of the industry. While many focus on visualization, 
AI is also increasingly contributing to design and construction processes. This paper 
explores the process of architectural form generation using Rhino 3D, leveraging Python 
scripting for parametric geometric modeling. ChatGPT-3 was utilized to generate Python 
scripts compatible with the Rhino 3D Python Editor, benefiting from its ability to integrate 
mathematical concepts with programming logic and respond to textual programming 
prompts. Through this approach, a series of complex geometric forms was modeled, 
visually examined, and selectively 3D printed. Following an introduction to the relevant 
mathematical concepts and digital tools (ChatGPT, Python, and Rhino 3D), the paper 
details the methodology for guiding AI through parametric modeling. Since achieving the 
desired results is not always straightforward, specific strategies for controlled, purpose-
driven interaction with ChatGPT are outlined. The study is illustrated with characteristic 
examples, and the generated architectural forms are analyzed, discussing the advantages 
and limitations of the approach. The paper concludes by examining the evolving 
technological skillset required for contemporary architectural design in the AI era. 

Key words: AI, Python, Architecture, Geometry, Form-finding 
 

                                                           
1 Dr, Associate Professor, University of Belgrade – Faculty of Architecture, Serbia, 
mirjana.devetakovic@arh.bg.ac.rs, 0000-0001-7928-0102 
2 Dr, Assistant Professor, University of Belgrade – Faculty of Architecture, Serbia, 
jelena.ivanovic@arh.bg.ac.rs, 0000-0001-8046-9703 
3 Dr, Associate Professor, University of Belgrade - Faculty of Architecture, country, djordje@arh.bg.ac.rs, 
0000-0002-8943-5398 
4 Teach. Assistant, University of Belgrade – Faculty of Architecture, Serbia, djordje.mitrovic@arh.bg.ac.rs, 
0000-0001-5156-6133 

doi.org/10.62683/SINARG2025.198 

    

Research paper 
 

1345



International Conference SINARG 2025, Niš, 11-12 September 2025 

 
 

1. INTRODUCTION    

Artificial intelligence and its wide usage is a phenomenon that could be examined in 

almost every aspect of the human activity in the digitalized world. It is present, sometimes 

invisible, in services ranging from simple email correspondence, to complex managing of 

urban life. The appearance of freely available, user oriented chat bots in recent years, 

additionally challenges fields like education, medicine, marketing, music creation, language 

assistance, data analysis, content writing and many others. 

In this study, one professionally-controlled usage of AI is demonstrated. It relates mostly 

to an assistance to Python coding for the Rhino 3D software. The main framework of the 

study is geometric form-finding as a part of architectural design. The experimental work was 

completed in the summer 2023 and 3D printing was realized in spring 2024. 

 
Figure 1 A set of geometric forms created by combining mathematics, AI, Python and 

Rhino 3D 

In the study, a series of geometric forms have been created (Figure 1) and several 

different knowledge aspects were mutually used: 

• Mathematical/geometry-wise (regarding parametrization of spatial curves and 

surfaces), 

• AI-wise, 

• Python-wise (regarding programming), 

• Rhino 3D–wise (regarding modelling and visualization), and 

• 3D printing-wise  

Each of the knowledge aspects is analysed in the following sections. 
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In this research it is assumed that spatial curves play a crucial role in forming a tectonics 

of architectural form, defining often its structural elements, shell geometries and decorative 

parts.   

Relying on mathematical knowledge with which architects are equipped, in this study, well 

known, parametrically defined curves have been examined, relying on their potential to 

contribute to architectural form-finding by their relatively unexpected appearance. 

It is important to stress that the examination process relies on significant previous 

experiences of the authors in both fields of architectural 3D modelling and various aspects of 

coding. 

2. MATHEMATICAL / GEOMETRY-WISE ASPECT 

Differential geometry, serving as a mathematical discipline dedicated to the study of 

smooth shapes and spaces, empowers architects with the capacity to craft sleek, refined 

forms through its foundational principles. By employing differential equations, architects can 

precisely manipulate the geometry of structures and surfaces within digital environments, 

enhancing both the accuracy and efficiency of design iterations, ultimately leading to the 

creation of more refined and optimized architectural solutions. 

In this study, a key focus lies in exploring the parametric representation of curves and 

surfaces, a method widely applied in computer graphics, CAD, and mathematical modelling, 

for describing shapes in three-dimensional space. This method expresses points on a curve 

or surface as functions of one or two parameters, respectively. To be more precise, a space 

curve can be described by a vector function of a single parameter �: �(�) = (�(�), �(�), �(�)), 

where � varies over some interval, while �(�), �(�) and �(�) are functions that define the 

coordinates of points on the curve. A helix is a common example of a space curve whose 

equations can be given as: �(�) = � cos �, �(�) = � sin � and �(�) = ��, where � is the radius 

of the helix, � is the pitch, and � is the parameter. 

This mathematical concept is quite basic but sufficient for the subject of this study, and 

we certainly assume that architects are proficient in this knowledge, as well as knowing the 

realm and the aesthetics of space curves and surfaces [1], especially the ones widely used 

in architecture [2]. For a deeper understanding and exploration of more complex 

mathematical concepts that can also be applied in generating architectural form, we 

recommend a [3] and [4]. 

However, the essence of this work lies not in the application of complex mathematical 

theory, nor in deep familiarity with the next two tools discussed in the following sections, but 

rather in the synergy of understanding fundamental concepts from all three fields, enabling 

architects to optimally leverage their expertise in shape generation without the intervention of 

mathematicians and programmers, exploring, programming, and creating seemingly 

independently. 

3. AI-WISE ASPECT 

In this study, AI is used to assist in the process of Python coding for Rhino 3D. The AI 

chatbot was ChatGPT, version 3, which is freely available on the Internet. 
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A chatbot is defined as a software application or web interface that is designed to mimic 

human conversation through text or voice interactions [5] ChatGPT is one of the most well-

known chatbots, developed by OpenAI Company. It appeared in the late 2022 and was 

dramatically quickly widespread [6].  

The interaction with ChatGPT was called here “conversation” [7]. The conversations were 

conducted in English language. 

The conversation with ChatGPT normally started with a mathematical/geometry 

introduction. This step was very important in terms of focus the chatbot on the desired area. 

Here are the examples of the introductory questions asked: 

• “Could we talk this time about space curves?” 

• “Could you, please, list the well-known space curves with their parametric 

representations?” 

• “Could you give an example of space curve, represented parametrically (X, Y, Z)” 

• …. 

It is possible to say that, in this area, ChatGPT deals with a considerable body of reliable 

knowledge. Here’s an example of conducted a simple (helix-related) conversation (Figure 2): 

 
Figure 2 An example of a conversation with ChatGPT about a helix space curve, 

represented parametrically 
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After such a simple introduction and double checking the validity of the information 

provided, the conversation continued towards the Python for Rhino3D coding (Figure 3). 

 
Figure 3 An example of a code created by ChatGPT that could be executed within 

Rhino 3D to generate a helix 

In addition, ChatGPT gave an explanation of the created code (Figure 4). This helped 

very much to understand the structure and elements of the proposed code. 
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Figure 4 An explanation of the created code used to model a helix in Rhino 3D 

The coding process, however, is not always and necessarily easy and successful [8]. It 

needs to be pre-controlled, validated within the Rhino 3D software and if it works properly, a 

recommendation is to get ChatGPT back informed about the fact that the coding was satisfied 

(Figure 5). This step is very important, since, within one conversation, ChatGPT memorizes 

and learns from its own mistakes. 

In some cases, the created script simply does not work properly. Then, ChatGPT should 

be informed about the error, in order it to refine the script in the next steps. 

On the other hand, a script can be edited in the Rhino 3D Python Editor manually, and 

copied back to ChatGPT. In such situation, ChatGPT analyses the given script and returns 
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comments. These are two equal ways to teach or train the ChatGPT within the extended and 

repetitive conversation. 

Finally, there are cases when ChatGPT persistently makes mistakes creating scripts that 

don’t work. Such problems can be overcame by: 

• Editing the script manually, according to available Python coding skills 

• Starting the scripting process from the very beginning, redefining textual instructions 

• Applying alternative parametric definitions 
 

 
Figure 5 A part of the conversation with ChatGPT in which it was informed about the 

code that worked properly 

4. PYTHON-WISE ASPECT 

Python is a versatile and widely-used programming language known for its simplicity and 

readability. Its syntax is designed to be readable and straightforward, making it an excellent 

choice for beginners and experienced developers alike. It is an interpreted language which 

means code is typically executed line-by-line. This allow for quick testing and debugging [9]. 

Python is extensively used in many CAD applications, including Rhino 3D, a popular 3D 

computer graphics software. Python scripting in Rhino provides powerful tools for automating 

tasks, manipulating geometry, and creating custom functionality. RhinoScriptSyntax is a 

Python library that mirrors the functionality of RhinoScript, making it easier for users familiar 

with RhinoScript to transition to Python. It provides a straightforward API to access and 

manipulate Rhino objects and properties [10]. 

Here’s an example of the Python script written with the assistance of ChattGPT that 

creates a multi-loxodrome form: 
 

import rhinoscriptsyntax as rs 

import math 

import Rhino 
 

# Define parameters 

sphere_radius = 100 

k = 0.5  # Curvature parameter 

angle_increment_degrees = 5  # Angle increment in degrees 
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# Convert angle increment to radians 

angle_increment = math.radians(angle_increment_degrees) 
 

# Center of the sphere 

center = [0, 0, 0] 
 

# Initialize an empty list to store points 

loxodrome_points = [] 
 

# Calculate points along the loxodrome curve 

for angle_degrees in range(-600, 600, angle_increment_degrees): 

    angle = math.radians(angle_degrees) 

    x = sphere_radius * math.cos(angle) / math.cosh(k * angle) 

    y = sphere_radius * math.sin(angle) / math.cosh(k * angle) 

    z = sphere_radius * math.tanh(k * angle) 

    loxodrome_points.append([x, y, z]) 
 

# Add points and spheres to Rhino scene 

for i, point in enumerate(loxodrome_points): 

    #rs.AddPoint(point) 

    # Calculate the radius based on the distance from the middle 

    t = abs(i - len(loxodrome_points) / 2) / (len(loxodrome_points) / 2) 

    # Invert the t value to get opposite behavior 

    t = 1 - t 

    radius = 1 + t * 10  # Interpolate between 0.15 and 1 for the radius 

    #rs.AddSphere(point, radius) 
 

# Add a polyline to represent the loxodrome curve 

loxodrome_curve = rs.AddPolyline(loxodrome_points) 
 

# Create a group consisting of the curve and spheres 

group_objects = [loxodrome_curve] + rs.AllObjects(select=True) 
 

# Rotate and make copies of the group 

for i in range(6): 

    angle = i * 60 

    rs.RotateObject(group_objects, center, angle, [0, 0, 1], True) 
 

print("Loxodrome curve and spheres created with opposite radii.") 
 

This script, executed in the Rhino 3D Python Editor, created the form shown in Figure 6. 

Once created and executed, such script could be easily alternated in terms of changing 

characteristics parameters (in this case angle of rotation, number of rotated items, radii of 

spheres, etc.). For being able to manipulate geometric form that way, it is recommendable to 

well understand the structure and elements of the script [11]. 

Despite possible imperfections and errors in the Python coding for Rhino 3D, it is 

important to stress that AI represented here by ChatGPT, serves as an efficient programming 

assistant that returns considerable scripting results if it is professionally human-guided. It 

nevertheless saves enormous coding time and helps users that are not programmers to 

benefit from the Python functionalities [12].  
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Figure 6 A multi-loxodrome form created from the script executed in the Rhyno 3D 

Python Editor 

5. RHINO 3D MODELLING, VISUALIZATION AND 3D PRINTING 

 

To reach the aim of this investigation successfully, possession of Rhino 3D modelling 

skills is needed. Although the process of modelling is automated and entirely performed by 

the Python Editor component, it is necessary to carefully control the display, to choose 

appropriate viewpoints, etc. It is also desirable to well understand the process of Rhino3D 

modelling performed by the Python script, when some details ought to be alternated 

manually.   

In this study the process of visualization entirely relied on the software`s defaults 

(regarding scene material, light, ambient shadow…). The results obtained in that way, were 

satisfactory and affirming obtained geometric forms. 

 
Figure 7 The 3D printed multi-loxodrome form 
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A rigid control of the model preceded the printing process, including the checking of its 

consistency, minimal dimensions, global dimension, etc. Once the digital model was fine-

tuned and finalized, it was considered for 3D printing.  As an example, only several models 

was exported in the .stl format and 3D printed.  3D prints were produced within the 3D 

IMPULS (Serbian National Laboratory for 3D printing) at the Faculty of Mechanical 

Engineering in Kraljevo [13]. 

6. CONCLUSIONS 

This study demonstrates the potential of synergy between mathematics, AI, Python 

programming, Rhino3D, and 3D printing in the domain of complex geometric forms creation. 

This interdisciplinary approach not only enhances our ability to design intricate shapes, but 

also opens new horizons in various fields such as architecture, engineering, and digital art. 

The study indicates and goes parallel with other studies [14], that programming and usage 

of AI might be a set of very useful, even necessary skills for the architects in the near future. 

The further research might be directed towards the question in what sense could this 

methodology be used to develop a generative system of emergent forms, in which the result 

is unknown but intended to be discovered. 

The integration of mathematics, AI, Python, Rhino3D, and 3D printing signifies a 

transformative shift in the design and fabrication of complex geometric forms. This approach 

fosters innovation and efficiency, enabling the creation of structures that are both 

aesthetically pleasing and functionally robust. 

The research presented is foreseen as part of incorporating the coding methods in 

architectural 3D modelling in both academic education and professional activity. It also tends 

to enrich the basic digital literacy of modern-day architects. 
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