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Abstract

In this paper, we manufacture biomimetic avian-marine device for the first time. The structures are formed by understanding
flying fish and planar wing integration. The plastic frustum gives bio inspired wing mechanics of flying fish. The modular
readymade air plane provides the biomimetic avian structure. Here, we combine the liquid spray perfume to study solid-liquid
placements. The liquid spray perfume are enclosed in plastic bottle. The liquid perfume are together with solid plastic tubes and
plastic trees. The structural canvas are detailed with textile, plastic trays, plastic containers and polymers. The entire assembly
are mounted on wood table. We do not use fluid networks. The biomimetic architecture are for decorative installations. Here we
develop computer aided design (CAD) digital twin to 3D representation model of camera image. The model uses human
perception method with the function call trimesh. The method provides the coordinates of the camera image in excel document.
In this study, we develop python code to convert coordinates in excel to 3D model. We develop language model text to 3D
objects. We develop artificial intelligence codecs that simple convert the language text to 3D objects. Our model are run on
computer laptop. The simulation time is 45 s. The model matches the actual object. Our work can find applications in Augmented
Reality (AR) exhibitions, generative mixed-media manufacturing, retail display design and bio-inspired material studies.
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1. Introduction

Bio-inspired design, or biomimicry, traditionally focuses
on transferring natural mechanics into functional engineering
solutions. The nature inspired design and art towards mechan-
ics are studied [1, 2]. The structures that emerge from the multi
physics design are new [3]. The advantage of multi physics
technology to include plastics, metal alloys, liquid perfume
sprays, textiles, polymers and ceramics opens the topic in easy
settings. The benefits of the structures should range in large

medium of comforts [4, 5]. Regional installation of fibrous
polymers able the new landscape in modern ways [6-9]. The
scope of packaging materials from the microscopic to bulk
scale installation provides the ability to selection of periodic
elements in the economic regime and environment. There are
studies in India towards outdoor and domestic land use to-
wards uplift of economy. Recent studies show the merge me-
chanics of robot and animals [10]. The steps to integrate in the
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facility of landscape shows the promise of engineering com-
patibility to shapes, structures and elements [11-15].

The language to computer aided design from actual image
to model needs thorough establishments. The text to image
and digital twin to replica actual objects are looked in detail
[16]. The precise twin in virtual model completes the estab-
lishment to provide structures in city domain. Bio inspired de-
sign welcome the notion from 3D complex structures. The
digital twin of graphene membranes are studied [17]. Artifi-
cial intelligence (Al) emergence to design and contribute in
the computer aided design language are advantageous to the
wide applications [18-20]. The ai models offers human direct
language and have reduced the lines of code. The codecs are
studied with python for the solid, liquid and gas domains. The
sheet, rolls and nature inspired complex structures are pro-
vided in the virtual model with elements to develop the city
and enhance the environment.

In this paper we provide benchtop set up of biomimetic fly-
ing fish and wing objects. The framework integrates rigid pol-
ymer aircraft models, passive fluid containers, and contrasting
textile textures into a cohesive visual ecosystem that mirrors
the transitional nature of avian-marine organisms. We study
liquid perfume sprays. The plastic tree and tubes are in contact
with the liquid. The liquid, plastic trees and the solid tubes are

enclosed in the bottle. The bottle material are transparent plas-
tics. By utilizing the spray-applied fluid boundaries, we can
visually monitor real-time boundary layer transition delays
and fluid separation zones directly across the multi-environ-
ment profiles of the liquid perfume bottle. In this study we
model the biomimetic structures. We develop digital twin. The
computer aided design 3D model matches the actual object for
the first time. Our work can find applications to build low cost
airports. They are built in less traffic regions. The biomimetic
design provide coordinates to the micro—aerial vehicles
(MAYVs). The wing design provides bio design for fins.

2. Materials and Methods

The two airplanes are purchased from Hamleys, India. The
liquid spray perfumes are purchased from Home center, India.
The liquid perfume have plastic tube and plastic trees. They
are bio compatible. We use two liquid perfumes. The plastic
frustum are purchased from Murugan stores, India. The textile,
polymers and plastic containers are provided from Indian In-
stitute of Technology Madras facility. Figure 1 shows the bi-
omimetic structure.

Figure 1. Manufacture of decorative assembly that are inspired from biomimetic design.

3. Computer Aided Design

3.1. Human Perceptron Method

Human perceptron method uses the in built function of tri-
mesh in python. Trimesh gives the map of the coordinate lo-
cations of the object. The object in our model is the upload
image. The approach of trimesh are similar to understand face
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coordinates to replica the features of the human face that in-
clude eyes, nose and mouth. The trimesh and python import
software have the adjustments of colors over the years. We
save the coordinates of the object in excel file.

import cv2

import numpy as np
import 0s

import trimesh
import pandas as pd
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def  build_clean_industrial_twin(image_path,
put="figure_la_twin_clean.obj",
ure_la twin_render_clean.jpg",
ure_la_twin_data.xlsx"):
if not os.path.exists(image_path):
print(f"\n[ERROR] Could not find file: '{im-
age_path}™)
return

obj_out-
jpg_output="fig-
excel_output="fig-

print("\n==== PHASE 1: Generating Cleaned 3D Sur-
face ====")

color_image = cv2.imread(image_path)

h, w, _ =color_image.shape

# Pre-processing and aggressive blur to eliminate rough
pixelation spikes

filtered_color = cv2.bilateralFilter(color_image, d=9,
sigmaColor=75, sigmaSpace=75)

gray_image =
cv2.COLOR_BGR2GRAY)

color_image rgh =
cv2.COLOR_BGR2RGB)

cv2.cvtColor(filtered_color,

cv2.cvtColor(filtered_color,

# 1. Background Masking: Identify the dark wooden ta-
ble surface

_, thresh cv2.threshold(gray_image,
cv2.THRESH_BINARY)

mask = cv2.GaussianBlur(thresh.astype(float) / 255.0,
(15, 15), 0)

45, 255,

# 2. Compute Height Map and force background table
to flat 0.0 ground plane

normalized_height = 255.0 - gray_image

depth_metric = (normalized_height / 255.0) * 0.4 #
Max height 40cm

depth_metric = depth_metric * mask # Multiplied by
mask to zero out the table spikes!

# Generate 3D grid vectors
X, Y = np.meshgrid(np.arange(w), np.arange(h))
focal_length = max(w, h)

x_3d =(x-w/2)*15/focal_length
y 3d=(y-h/2)*1.5/focal_length
z_3d = depth_metric

vertices = np.stack((x_3d, y_3d, z_3d), axis=-1).re-
shape(-1, 3)
vertex_colors = color_image_rgb.reshape(-1, 3)

print("Triangulating structural layout faces...")
faces =]
for i in range(h - 1):
for j in range(w - 1):
VO=i*w+j
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vi=v0+1
v2=(i+1)*w+j
v3=v2+1
faces.append([vO, v2, v1])
faces.append([v1, v2, v3])

faces = np.array(faces)

# Compile mesh and clean floating edge pieces

twin_mesh trimesh. Trimesh(vertices=vertices,
faces=faces, vertex_colors=vertex_colors)

twin_mesh.remove_unreferenced_vertices()

# Save the 3D asset

twin_mesh.export(obj_output)

print(f*-> SUCCESS: Cleaned 3D Model file saved to:
{obj_output}")

# PHASE 2: INSTANT OPENCV SHADED REN-
DERING

print("\n====
tive Snapshot

grad_x = cv2.Sobel(depth_metric, cv2.CV_64F, 1, 0,
ksize=3)

grad_y = cv2.Sobel(depth_metric, cv2.CV_64F, 0, 1,
ksize=3)

PHASE 2: Rendering Cleaned Perspec-

shading =
grad_y**2)))

shading = (shading - shading.min()) / (shading.max() -
shading.min() + 1e-5)

shading = 0.3 + 0.7 * shading # Ambient lighting
boost

np.sin(np.arctan(np.sgrt(grad_x**2  +

shaded_colors (color_image_rgb.astype(float) *
shading[:, :, None]).astype(np.uint8)

shaded _colors_bgr = cv2.cvtColor(shaded_colors,
cv2.COLOR_RGB2BGR)

cv2.imwrite(jpg_output, shaded _colors_bgr)
print(f"-> SUCCESS: Cleaned Render snapshot saved

to: {jpg_output}™)

# PHASE 3: INTEGRATED INDUSTRIAL DATA
LOG EXPORT TO EXCEL

print("\n==== PHASE 3: Exporting Structural Data
Matrices to Excel
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print("[1/2] Converting coordinate meshes to spread-
sheet arrays...")

# Step interval downsamples size to keep sheets opti-
mized and highly readable
step_interval = 4

X_log, y_log, z_log =], [I. []
r_log, g_log, b_log = I, [], I

for r_idx in range(0, h, step_interval):
for ¢_idx in range(0, w, step_interval):
# Log structural positions relative to center
baseline points
x_log.append(c_idx - w // 2)
y_log.append(h // 2 - r_idx)

# Map clean relative height profile conversions
in centimeters

z_log.append(round(depth_metric[r_idx, c_idx]
*100.0, 2))

# Append individual color profile signatures

r_val, g_val, b_val = color_image_rgb[r_idx,
c_idx]

r_log.append(r_val)

g_log.append(g_val)

b_log.append(b_val)

# Structure database values

twin_dataframe = pd.DataFrame({
"Spatial_X_Position": x_log,
"Spatial_Y_Position": y_log,

"Structural_Height_cm": z_log,
"Color_Channel_Red": r_log,
"Color_Channel_Green": g_log,
"Color_Channel_Blue": b_log

b))

print(f"[2/2] Writing data values to worksheet...")

twin_dataframe.to_excel(excel_output, index=False,
sheet_name="3D Twin Height Log")

print(f"-> SUCCESS: Data spreadsheet matrix saved to:
{excel_output}")

print("\n

")
print("Pipeline Complete! The spikes have been flat-
tened and logs saved.")

print("

")

if _name__ =="_main__ "
# Corrected function call to perfectly match the defined
name above
build_clean_industrial_twin("figure 1 a.jpg", "fig-
ure_la_twin_clean.obj", "figure_la_twin_render_clean.jpg"”,
"figure_la_twin_data.xIsx")

Figure 2 shows the digital twin model of the biomimetic
actual structure. Digital twin is a computer model. They are
also virtual objects. We upload the image of the actual object.
The codes are written to obtain the model. The simulation time
is 45 s. We run the python code in our laptop. The model
matches the actual object.

Figure 2. Digital twin of biomimetic structure.

Figure 3 shows the excel file. We have few lines of all the row coordinates. The excel file size is 754 KB.
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Spatial_X_Position

| Spatial_Y_Position | Structural_Height_cm |Color_ChanneI_Red

Color_Channel_Green | Color_Channel_Blue ‘

-394
-350
-386
-382
-378
-374
-370
-366
-362
-358
-354

236
296
236
296
296
296
296
256
236
236
296

32
31.69
24.47

24
23.84
23.69
23.53
23.37
23.37
23.06
23.06

56

63
116
119
123
124
125
126
125
126
126

51
51
96
98
98
100
101
101
102
104
104

36
35
74
75
74
74
77
79
80
81
80

Figure 3. Excel document.

3.2. Rebuild from Excel File the Software
Model Output

Code

import cv2

import numpy as np
import 0s

import pandas as pd

def rebuild_image_from_specific_excel(excel_path="fig-
ure_la twin_data.xlIsx", output jpg_path="rebuilt_from_ex-
cel.jpg"):

# SAFETY GUARD: Check if Excel exists in current
folder

if not os.path.exists(excel_path):

print(f"\n[ERROR] Could not find your spread-
sheet file: '{excel_path}™)

print(f"The script is looking inside this folder:
{os.path.abspath(excel_path)}")

print("Please verify the file name is spelled exactly
correctly.\n")

return

print(f"[1/3] Extracting structural matrices from '{ex-
cel_path}'...")

# Read the data rows using pandas engine

df = pd.read_excel(excel_path, sheet_name="3D Twin
Height Log")

# Reverse engineer grid bounds by tracking unique po-
sition arrays

unique_x = np.sort(df["Spatial_X_Position"].unique())

unique_y np.sort(df["Spatial_Y_Posi-
tion"].unique())[::-1] # Invert Y back to standard image layout

w_grid = len(unique_x)
h_grid = len(unique_y)
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print(f*-> Found Grid Dimensions: {h_grid} rows x
{w_grid} columns ({len(df)} total data nodes).")

print("[2/3] Reconstructing spatial color and depth sur-
faces...")

# Initialize empty base arrays to hold structural varia-
bles

depth_metric =
dtype=np.float64)

color_image_rgbh
dtype=np.uint8)

np.zeros((h_grid, w_grid),

np.zeros((h_grid, w_grid, 3),

# Map geometric locations to indices via lookup dic-
tionaries for rapid speed loops

x_to_col = {x val: idx for idx, x_val in enumer-
ate(unique_x)}

y to_row = {y val: idx for idx, y val in enumer-
ate(unique_y)}

# Map spreadsheet data fields back into image matrices
for _, row in df.iterrows():

r=y to_row[row["Spatial_Y_Position"]]

¢ = x_to_col[row["Spatial_X_Position"]]

# Recalculate physical elevation back to standard
relative depth units

depth_metric[r, c] = row["Structural_Height_cm"]
/100.0

# Remap RGB texturing

color_image_rgb[r, c] =[
int(row["Color_Channel_Red"]),
int(row["Color_Channel_Green"]),
int(row["Color_Channel_Blue"])

]

print("[3/3] Re-applying surface shading and exporting
picture...")

# Measure structural slope change rates via Sobel con-
volution grids

grad_x = cv2.Sobel(depth_metric, cv2.CV_64F, 1, 0,
ksize=3)

grad_y = cv2.Sobel(depth_metric, cv2.CV_64F, 0, 1,
ksize=3)
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# Build surface contrast shadow vectors

shading = np.sin(np.arctan(np.sqrt(grad_x**2  +
grad_y**2)))

shading = (shading - shading.min()) / (shading.max() -
shading.min() + 1e-5)

shading = 0.3 + 0.7 * shading
match bright workshop lighting

# Ambient boost to

# Overlay shaded matrix curves onto our color arrays

shaded_colors = (color_image_rgb.astype(float) *
shading[:, :, None]).astype(np.uint8)

shaded colors_bgr = cv2.cvtColor(shaded_colors,
cv2.COLOR_RGB2BGR)

# Upsample pixels up smoothly via cubic interpolation
to remove pixelation noise blocks

final_output_img = cv2.resize(shaded_colors_bgr,
(w_grid * 4, h_grid * 4), interpolation=cv2.INTER_CUBIC)

# Save image
cv2.imwrite(output_jpg_path, final_output_img)
print(f"\n[SUCCESS] Image successfully rebuilt from
Excel columns at:\n--> {os.path.abspath(output_jpg_path)}")
if _name_ =="_ main_"™:
rebuild_image_from_specific_excel()

Output image
Figure 4 shows the computer model biomimetic structure.
We obtain the model image from the coordinates of the upload

LIDDED CONTAII
PP POLYMER
{Model ID: PPL-C

image. The upload image is the camera image of the actual
structure. The coordinates are stored in excel file. The simula-
tion time is 35 s. The model matches the actual object.

N 2 ¢
Figure 4. Rebuilt computer aided design biomimetic structure from
excel file only.

3.3. Language Model Text to 3D Objects

We use the text to image model by typing in the google ai
mode software. The command lines given by us are here. We
use nano banana image technology.

The text written by us: We provide the upload camera im-
age. We want 3D digital twin art. Give 3D image.

Figure 5 shows the 3D model developed from the language
method.

S
FLUID DISPENSER 1 (CLEANSER):
(Model ID: Disp-A-002

Status: 85% Full)

FLUID DISPENSER 2 (SANITIZER):
(Model ID: Disp-8-002
Status: 92% Full)

DUCK FIGURINES:
CERAMIC
(Decorative)

TEXTILE RUNNER:
WOVEN COTTON
(Model ID: WVR-Run-001)

RN

Figure 5. Digital twin art 3D object obtained from language model text.
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3.4. Artificial Intelligence Codec Text to Image
Model

We then develop artificial intelligence codec command
lines that are given here. We use google ai mode online soft-
ware.

The text written by us: Step 1: upload camera image. Step
2: give 3D image.

Figure 6 shows the 3D model developed from the artificial
intelligence codec text method. The model matches the actual
object.

Figure 6. Computer aided design artificial intelligence method to
model biomimetic structure. We use nano banana image technology.

We have to mention that we need to obtain the excel docu-
ment having the coordinates of the codec method in our future
work. The coordinates to 3D model needs further study. In this
way we should integrate nano banana image technology to ex-
cel and python software. They provide the pixel generation
software for broader applications.

4. Results and Discussion

To achieve an authentic bio-inspired look without mechan-
ical parts, the structural design leverages the physical princi-
ples of the flying fish. The schematic representation of the
parts of the biomimetic architecture are given in Figure 7. The
symmetrical fluid anchors are the two liquid perfume sprays.
The liquid perfume spray are enclosed in plastic bottle. The
liquid perfume spray also contain in them solid tubes and plas-
tic trees. The polymer, textile and plastic containers represent
the structural focal canvas. We have flying fish bio-inspired
structure and planar wing airplanes. Figure 1. shows the bio-
mimetic structure.
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[ Symmetrical Fluid Anchors ]
(Twin Polymer Vessels)
|
\%
[ Structural Focal Canvas |
(Textile Contrast Base)
|
v
[ Bio-Inspired Flying Fish Models ]
(Planar Wing Adjustments)

Figure 7. Schematic representation of the biomimetic architecture.

5. Conclusion

To conclude we study biomimetic structures. We manufac-
ture bio inspired aviation—marine device for decorative struc-
tures. The components are purchased. The structure consists
of plastic frustum that represents flying fish and modular plas-
tic air planes. We integrate transparent plastic containers, tex-
tile and polymers to build our architecture. We use liquid
spray perfume to understand the combine rule of solids and
liquids. We develop computer aided design 3D model. Here
we use trimesh to wrap the object, divide to channel domains
and provide coordinates. The coordinates provide the 3D soft-
ware image. The model matches the actual structure. We de-
velop artificial intelligence codecs that use text to 3D model.
The simulation are run on computer laptop. Our work provides
balanced harmony between natural form and industrial mate-
rial.
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