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Abstract 
In this paper, we study light weight material plastics. We study different shapes. They include connector, frame, 
ring, triangle shape, star and wheel. The shapes when assembled form the manual controlled robot. We de-
velop human perceptron method to collect data of the dimensions, color and shape features of the robot. We 
include the method to develop 3D computer aided design (CAD) model. The structural similarity index (SSIM) 
is 0.42 giving good accuracy to actual object. We develop correlation model between the dimension and pixel. 
The pixel conversion factor is 19.2 pixels/mm. The calculated pixels for overall connector length of 50 mm are 
960 pixels. We understand the relation between meter scale shape component of the robot to the pixel for the 
first time. We design an integrated 3D camera system. We use the neural network hardware rules to obtain the 
weight of individual connector pair segment to be used for training the segment movement. The segment neural 
network moves individually in x, y and z directions. The laser distance meter is used to record and store in excel 
sheet the x, y, z movement. The distance meter has Bluetooth enabled. The integrated system has laptop with 
python to visualize the given object. We visualize 3D image. We obtain high resolution camera image compa-
rable to actual object. The weight for the connector pair segment in the neural network hardware predicts the 
new x, y and z, respectively. The advantages of lightweight materials are they can be frequently assembling or 
disassembled. There is no need to use physical wiring concept. It is easy to scale the shape and complete robot 
from millimetre to meter.  

Keywords: Artificial Consciousness (AC), Artificial Intelligence (AI), Cognition, Cognitive System (CS), Semantic Artificial In-
telligence.

Introduction
Robot device has many components. Each component has dif-
ferent shape. The dimensions of the components are given. The 
shape of the component helps to assemble two components to-
gether. Hence the shape of robot components has to be studied. 
The shape and number of components in the robot device de-
pends on the task [1,2].

The robot can be manual control, electric control and fuel con-
trol. The fuel can be solid, liquid, polyethylene, fluid and gas. 
The structure design of the component in the computer is must. 
3D computer aided design of the component should resemble 
the actual object. Generally, the size of the robot components 

vary from micrometre to few cm. Humanoid robot components 
are meter size. The assembly gives the manufactured robot of 
structures that the shapes comply. The science of geometry from 
similar shapes are usual in buildings and towers. The study of 
shapes at different positions gives fit rather any other compati-
bility aspects of structure [3,4]. 

The known function that is natural for robots are predominant 
shape movement to different positions with respect to the struc-
ture. The structure is fixed at given location. Recent studies are 
understanding the location of the shape in the structure [5,6]. 

There are studies to understand the stress in the robot compo-
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nents. The force, torque and velocity of the component are avail-
able. The study of overall robot movement is available [7-10]. 

The optimisation of material to construct the component and ro-
bot are looked in detail. The size and scale of the robot are with 
regard to the availability of the raw materials and mould shapes. 
Lightweight materials make soft robots. The robots are many 
walkers, bots, locomotors and four legged quadrupedal robots 
[11-14].

The tasks studied for the robots are terrain locomotion, pack-
age delivery and truck movers. The scan of robot structures 
are resourceful. The fact that robot needs task to work and it 
is machine to use towards art relevance are insightful. Swarm 
robots are designed to be independent and aware of the group 
to complete its task. Robots are used to image micro and nano 
morphology from samples of millimetre size [15-18].  They are 
used in air travel. There are works to draw inspiration of nature, 
animals, petals, plants to the robots and understanding to equal 
task from the locomotion methods. The control aspects of the 
robot are studied [19-32]. The locomotion can be controlled by 
electric motor for plant petal motion equals. The energy of the 
locomotor based from plant design are efficient and energy ap-
plied. Nowadays neural network architecture is studied [33-34]. 
The ecosystem to inspire robot design to perform the art includes 
the next integration. The art task robot with the ecosystem drives 
the understanding of healthy environment manufacturing. 

In this paper we study the design of components of the robot. We 
study toy small size components. We study different shapes that 
include connector, triangle shape, ring, frame, star and wheel. 
We develop 3D computer aided design model of the compo-
nents. We design various shapes. We develop human perceptron 
method to obtain the 3D design for different shapes for the first 
time. The dimension of the component are mm to cm size. We 
study the structural similarity index between actual component 
and 3D model. We develop high resolution 3D image. In this 

study we design complete robot to perform human task. We de-
velop the design for 3D camera device.

The rest of the paper is outlined as follows. Section 2 discusses 
the materials and methods. The necessary theory is elucidated 
in Section 3. A detailed discussion of the design and component 
analysis are given in Section 4. The application design is provid-
ed in section 5. Finally, conclusions are presented in Section 6.

Materials and Methods
We use the material made of plastics. The toy robot size plastics 
are purchased from Hamleys, India. The toy shapes are large 
connectors and small connectors. The colors are pink, orange, 
and purple. We also study the shapes of ring, frame, star and 
wheels. The colors are orange, white, purple and green. We mea-
sured the object using scale and micrometer. The micrometer 
and Bosch GLM bluetooth enabled distance meter are purchased 
from Progressive Trading corporation, India. The camera images 
are taken using OM camera. The camera is purchased from Ke-
sari Scientific Chemicals, India. 

Theory 
Human Perceptron Method
In this method the participants collect the data of the objects. 
The data of the components of toy robot are taken. For each 
component we collect and write the dimensions, shape, number 
of those components used in the study and colour as given in 
Table 1. We do not collect the sound data. Here, we study 11 
shapes. The shapes are connectors, ring, frame, triangle shape, 
star and wheel. We study three small connectors of different col-
or.  Human perceptron method uses senses of the person. They 
include eyes and hands. The eyes show the shape and color of 
the object. The hands are used to measure their dimensions. Ta-
ble 2 shows the senses of the person used for each component. 
The learning rule is predominantly the shape. The logic function 
is that if the component belongs to that shape. 

Table 1: Components of the toy robot of small size. The brackets show the number of each component studied. 
Components Dimensions Color

Large connectors 
(1)

Shaft diameter = 4 mm, neck diameter = 2mm, overall length = 50 mm, neck length = 3 mm, 
connector horizontal length after neck = 5 mm, connector C length = 3 mm, C width = 3 mm 

and C height = 4 mm. 

Pink

Small connectors 
(3)

Shaft diameter = 4 mm, neck diameter = 2mm, overall length = 25 mm, neck length = 3 mm, 
connector horizontal length after neck = 5 mm, connector C length = 3 mm, C width = 3 mm 

and C height = 4mm. 

Pink, 
orange and 

purple
triangle shape (1) Equilateral length for all sides. Inner side length = 45 mm, outer side length = 55 mm, diame-

ter = 5 mm and thickness = 5 mm.
Yellow

Big ring (1) outer diameter = 50 mm, inner diameter = 40 mm and thickness = 5 mm Lime
Small ring (1) outer diameter = 35 mm, inner diameter = 25 mm and thickness = 5 mm Purple
Big frame (1) Inner length = 40 mm, inner width = 40 mm, outer length = 50 mm, outer width = 50 mm, 

depth = 5 mm and thickness = 5 mm.
Green 

Small frame (1) Inner length = 30 mm, inner width = 30 mm, outer length = 40 mm, outer width = 40 mm, 
depth = 5 mm and thickness = 5 mm.

White

star (1) Length = 30 mm, width = 30 mm, depth = 5 mm, diameter = 5mm and joining length = 10 
mm. Numbers are 10 to describe the object star. Color is purple.

Purple

wheel (1) Outer diameter = 36 mm, inner diameter = 30 mm and thickness = 10 mm. The inner hole has 
outer diameter = 10 mm and inner diameter = 6 mm. The spoke length = 10 mm, width = 2 

mm and height = 10 mm. There are 4 spoke lengths.

Gray
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Table 2: Human Senses used for Each Component.
Components Human senses

 eyes hands ears
Large connectors   

Small connectors   

triangle shape   

Big frame    

Small frame   

Big ring   

Small ring   

star   

wheel   

3D Computer Aided Design Model of the Shapes 
We used python. We used def function. The important lines of 
the design are given below. They represent the connector and its 
dimensions. We use mm scale. 
    main_length, main_diameter = 50, 4
    neck_length, neck_diameter = 3, 2
    z_neck_top_end = main_length + neck_length 
    z_neck_bottom_start = -neck_length
    tip_height_30 = 4.0 
    slant_length_50 = 3.0 
   bar_color = 'deeppink'
To represent the C clamp, sine and cosine functions with their 
dimensions are used. The color used is deeppink. 
For small size connector we use separate def function.  
    main_length, main_diameter = 25, 4
    neck_length, neck_diameter = 3, 2
    z_neck_top_end = main_length + neck_length 

    z_neck_bottom_start = -neck_length
    tip_height_30 = 4.0 
    slant_length_25 = 3.0 
   bar_color = 'deeppink'
To represent the C clamp, sine and cosine functions with their 
dimensions are used. The color used is deeppink. 

Pixel Detailing
In this study we relate the image of the small size shapes to the 
pixel. We relate the image file to their pixel resolution in both 
width and height. We relate the individual dimensions of the 
shape to its pixel. We calculate the pixel used for each dimension 
in the shape. Here, we consider the large connector. The color of 
the connector is pink. The pixel properties of the image of the 
large connector are 960 pixels width by 1280 pixels height. The 
image is jpg file. The overall length of the large connector is 50 
mm as given in Table 3. 

Table 3: Relationship Between the Dimensions of the Large Connector Shape and Their Pixel.
Feature Name Dimension (mm) Calculated Pixels

Main Shaft Diameter 4.0 76.8
Neck Diameter 2.0 38.4
Overall Length 50.0 960.0

Neck length 3.0 57.6
Connector horizontal length after neck 5.0 96.0

Connector C length 3.0 57.6
Connector C width 3.0 57.6

C height 4.0 76.8

 The pixel to relate each dimension is obtained using conversion 
factor. The conversion factor is given in Eq (1). 

	         (1)		
	
where  Reference width pixels are 960 pixels. The reference 
dimension in mm for the large connector shape is the overall 
length. Here, the overall length is 50 mm. The conversion factor 
is 19.2 pixels/mm. 

To obtain the calculated pixels for individual dimension of the 
large connector shape we use Eq (2). 

	                                                                                                  

For instance, the main shaft diameter is 4 mm. The calculated 
pixels are 76.8 as given in Table 3. The calculated pixels for 
individual large connector dimensions are given in Table 3. 

Results and Discussion
Figure 1 (a) shows the large pink connector. The connector has 
shaft type object. The shaft length is 50 mm and its diameter is 
4 mm. The connector has neck and C clamp beyond the shaft. 
The neck length is 3 mm. The neck diameter is 2mm. There is 
horizontal object above the neck of length 5 mm and diameter 5 
mm. The C length is 3 mm and their width is 3 mm. The C height 
is 4mm. Figure 1 (b) shows the incorrect shape obtained using 
present chrome ai mode. Figure 1 (c) shows the computer aided 
design model of the connector. Here, we use human perceptron 
method

(2) 
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   (a)	                                    (b)                                    (c)

Figure 1: (a) Pink Large Connector, (b) Chrome ai Mode Method (c) 3D CAD Model Obtained using Human Perceptron Method

Figure 2 (a) shows the small pink connector. The connector has 
shaft type object. The shaft length is 25 mm and its diameter is 
4 mm. The connector has neck and C clamp beyond the shaft. 
The neck length is 3 mm. The neck diameter is 2mm. There is 

horizontal object above the neck of length 5 mm and diameter 
5 mm. The C length is 3 mm and their diameter is 3 mm. The C 
height is 4mm. Figure 2 (b) shows the CAD model of the small 
pink connector. 

   (a)	                                                 (b)                                    

Figure 2 (a) Pink Small Connector and (b) CAD Model

Figure 3 (a) Shows the Orange Small Connector. The Dimensions are Similar to Pink Small Connector given in Figure 2 (a). Figure 
3 (b) Shows the CAD Model. We Define the Colour to Orange in the Model. 

   (a)	                                                 (b)                                    
Figure 3: (a) Orange Small Connector and (b) CAD Model

Figure 4 (a) Shows the Purple Small Connector. Figure 4 (b) shows the CAD model. We define the color to purple in the model. 

   (a)	                                                 (b)                                    
Figure 4: (a) purple small connector and (b) CAD model
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Figure 5: (a) shows the yellow triangle shape. The outer length of the triangle is 55 mm. The inner length is 45 mm. We study equi-
lateral triangle. The diameter of the triangle is 5 mm.  Figure 5 (b) shows the CAD model of the yellow triangle shape.  

   (a)	                                                 (b)                                    
Figure 5: (a) Triangle Shape and (b) CAD Model

Figure 6:(a) shows the large size ring. The color is lime. The outer diameter of the ring is 50 mm. The inner diameter is 40 mm. The 
thickness of the large ring is 5 mm.  Figure 6 (b) shows the CAD model of the lime ring.  

   (a)	                                                 (b)                                    
Figure 6: (a) big ring and (b) CAD model

Figure 7: (a) shows the small size ring. The color is purple. The outer diameter of the ring is 35 mm. The inner diameter is 25 mm. 
The thickness of the small ring is 5 mm.  Figure 7 (b) shows the CAD model of the purple ring.  

   (a)	                                                 (b)                                    
Figure 7: (a) Small Ring and (b) CAD Model

Figure 8: (a) shows big frame of green color. The outer length is 50 mm. The outer width is 50 mm. The inner length is 40 mm. The 
inner width is 40 mm. The thickness is 5 mm and depth is 5 mm. Figure 8 (b) shows the CAD model.   

   (a)	                                                 (b)                                    
Figure 8: (a) big green frame and (b) CAD model
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Figure 9: (a) shows small frame of white color. The outer length is 40 mm. The outer width is 40 mm. The inner length is 30 mm. 
The inner width is 30 mm. The thickness is 5 mm and depth is 5 mm. Figure 9 (b) shows the CAD model.   

   (a)	                                                 (b)                                    
Figure 9: (a) small frame and (b) CAD model

Figure 10: (a) shows star. They have 10 lengths. Each length is 30 mm, width is 30 mm and depth is 5 mm. The diameter is 5 mm. 
The joining length is 10 mm. The color of the star is purple. Figure 10 (b) shows the CAD model.  

   (a)	                                                 (b)                                    

Figure 10: (a) star shape and (b) CAD model

Figure 11: (a) shows wheel of gray color. The wheel outer diameter is 36 mm, inner diameter  is 30 mm and thickness is 10 mm. The 
inner hole have outer diameter of 10 mm and inner diameter of 6 mm. The spoke length is 10 mm, width is 2 mm and height is 10 
mm. There are 4 spoke lengths. Figure 11 (b) shows the CAD model.   

   (a)	                                                 (b)                                    
Figure 11: (a) wheel and (b) CAD model

Figure 12: (a) shows the GUI layout to select the shapes of the 
robot toy small size shapes and their respective CAD model. The 
list continues as shown in Figure 12 (b). We have 11 shapes of 
the robot components. They are large connector, small connec-
tors of pink, orange and purple color.  There are yellow triangle 

shape, big ring and small ring. We have studied big and small 
frame, star and wheel. The color elements are available in the 
CAD model. The CAD shapes become visible on click of the 
button in the GUI layout. 
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 (a) 

 (b) 

Figure 12: (a) GUI for the (a) list 1 shapes, (b) list 2 shapes of the robot components and the button click to visualize their CAD 
model 

Similarity Index of the Shapes with Computer Aided Design 
Modxel
We use python structural similarity index (ssim) between two 
images module. We use skimage.metrics module in python. The 
structural similarity index is given by Eq (3). 

                  (3)	
		
where x and y are two images. Here we consider the shape of the 
robot object big ring of lime color with its background. We used 
the same background in the computer aided design 3D model. We 

ensured the pixel width and height are 326 by 371 in the actual 
(x) and 3D computer aided design model (y). The two images 
are jpg images. We used python code.  are the average 
intensity of images x and y.  and  are the variance of the 
images x and y.  are the covariance between x and y.  and 

 are constants. We used python default  and  constants. 
We obtain structural similarity index of 0.42 that is medium 
similar of the actual and 3D computer aided design model of 
the lime ring. The reason we believe is due to the luminance and 
light effects only. Figure 13 shows the comparison between the 
actual and 3D computer aided design model of the lime ring with 
the similar black color background. 

(a)
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(b)

Figure 13: Comparison between the (a) actual and (b) 3D computer aided design model of the lime ring shape of the robot having 
same black background. We understand the structural similarity index between the actual and model. 
Scaling the Shapes and Relating to Pixel
In this section we consider the large connector. The overall 
length of the connector is 50mm. We model a scaled version of 
the connector. The overall length is 5 m. The scaled connector 

image pixels width are 4000 pixels and height are 4000 pixels. 
The image is jpg file. The individual dimensions of the scaled 
connector shape are given in Table 4. 

Table 4: Relationship between the dimensions of the scaled connector shape and their pixel.
Feature Name Dimension in mm Calculated Pixels

Main Shaft Diameter 400.0 320.0
Neck Diameter 200.0 160.0
Overall Length 5000.0 4000.0

Neck length 300.0 240.0
Connector horizontal length after neck 500.0 400.0

Connector C length 300.0 240.0
Connector C width 300.0 240.0

C height 400.0 320.0

The pixel to relate each dimension is obtained using scale con-
version factor. The scale conversion factor is given in Eq (4). 

 	
	                                                                                    (4)
where  Reference width of the scale image of the connector 
are 4000 pixels. The reference dimension in mm for the scaled 
connector shape is the overall length. Here, the overall length is 
5000 mm. The conversion factor is 0.8 pixels/mm. 

To obtain the calculated new pixels for individual dimension of 

the scaled new shape we use  Eq (5). 

 	                                                                                                                                                   
                                                                                                  (5)
For instance, the main shaft diameter is 400 mm. The calculated 
pixels are 320 as given in Table 4. The calculated pixels for indi-
vidual scaled connector dimensions are given in Table 4. 

Figure 14 shows the CAD model of the scaled connector. The 
overall length is 5000 mm. The dimensions are given in Table 4. 

Figure 14: Scalable connector of metre dimensions. 
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Application: Robot Neural Network-Based Camera Manu-
facturing 
Here, the connectors are used to join. The c clamp in the con-
nector attaches to the horizontal bar of another connector. We 
use three such pairs. Each pair constitutes x, y and z component. 
They are positioned in such manner. The c clamp on the hori-
zontal bar slides in the respective direction. This is manual op-
eration. The combined three pairs make the manually controlled 
robot. The operation of the manually controlled robot is to move 
in the x, y and z directions to help complete the human task.

The material used for the robot are plastic connectors. The neu-
ral network hardware is available in the device. The weight pa-
rameter to move in the x direction are controlled by the x con-
nector pair dimensions and their mass. Similarly, the weights 
are obtained for the y and z directions. The predict movement 
in the x direction are obtained based on the weight parameter 
of the x connector pair, their mass and dimensions. In the same 
manner the predict movement in the y, z direction is obtained 
from their connector pairs, mass and dimensions, respectively. 
Here, the weight parameters are independent of each direction. 
The movement of the x, y and z connector pairs are independent. 
The movement of each connector pair happens sequentially to 
complete the human task. We design the manually controlled ro-

bot neural network device. In our design we place the plastic tray 
on the connector pair. We consider three plastic trays. We place 
Bosch GLM Bluetooth distance meter on each of the plastic tray. 
The distance meter in the x connector pair gives the x distance. 

Similarly, the distance meter in the y connector pair gives the y 
distance and distance meter in the z connector pair gives the z 
distance. The three distance meters x, y and z, respective output 
are stored in the laptop in our device. The x, y, z at each location 
of purple ball is measured. The diameter of the purple ball is 
70 mm. The manually controlled robot neural network hardware 
provides fine resolution x, y and z points with spacing of 0.5 
mm. We obtain 140×140×140 points in x, y and z directions re-
spectively. The movement of the x connector pair with tray and 
distance meter are used for this purpose. In the same manner the 
movement of the y connector pair with tray and distance meter 
are used. The movement of the z connector pair with tray and 
distance meter are used for similar purpose. The fine resolution 
x,y,z array points are stored as excel file in the laptop. We install 
python in the laptop. We use mayavi and matplotlib python vi-
sualization code to obtain high resolution accurate 3D visual of 
the ball. We obtain 3D camera image using our device for the 
first time. Figure 15 shows the schematic representation of the 
manual controlled robot neural network 3D camera device. 

Figure 15: Schematic of the Camera Device to Output 3D Camera Image. 

Conclusions
To conclude we study the components of the robot. We develop 
3D computer aided design model for various shapes. The struc-
tural similarity index between the actual and 3D model are stud-
ied. We obtain good accuracy.  We develop correlation between 
the pixel and dimensions of the component. We study the com-
ponent from mm to meter size. We develop design for the 3D 
camera device. Our work is on light weight plastics. Our work 
can find applications in sensors, energy, transport, displays and 
packaging industry. 

Acknowledgments 
There is no funding for this work.

Author Contributions 
Nandigana V. R. Vishal: Conceptualization, Data curation, For-
mal analysis, investigation, methodology, resources, software, 
supervision, validation, visualization, writing – original draft, 
writing – review and editing. 

Conflicts of Interest 
The authors declare no conflict of interest.

Data Availability
The data from the current study are available from the corre-
sponding author upon reasonable request.

References
1.	 Pane, S., Garcia, P. W., Belce, Y., Chen, X. Z., & Luis, J. 

P. (2021). Powering and fabrication of small-scale robotics 
systems. Current Robotics Reports, 2, 427–440.

2.	 Aygul, C., Guven, C., Frunzi, S. A., Katz, B. J., & Nemitz, 
M. P. (2025). A framework for soft mechanism driven ro-
bots. Nature Communications, 16, 1–11.

3.	 Rus, D., & Tolley, M. T. (2015). Design, fabrication and 
control of soft robots. Nature, 521, 467–475.

4.	 Wehner, M., Truby, R. L., Fitzgerald, D. J., Mosadegh, B., 
Whitesides, G. M., Lewis, J. A., & Wood, R. J. (2016). An 
integrated design and fabrication strategy for entirely soft, 
autonomous robots. Nature, 536, 451–455.



 

www.mkscienceset.comPage No: 10 Glob J of Res Sci Eng Humanit 2026

Copyright: ©2026 Nandigana V R Vishal. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

5.	 Boschetti, G., & Sinico, T. (2025). Dynamic modeling and 
parameter identification of a SCARA robot including non-
linear friction and ball screw spline coupling. Journal of In-
telligent and Robotic Systems, 111, 1–28.

6.	 Polzin, M., Guan, Q., & Hughes, J. (2025). Robotic locomo-
tion through active and passive morphological adaptation in 
extreme outdoor environments. Science Robotics, 10.

7.	 Doroftei, I., & Ion, I. (2013). Design and locomotion modes 
of a small wheel-legged robot. Nature-Inspired Mobile Ro-
botics, 1, 609–616.

8.	 Jensen, M., Nielsen, M. M. S., Grønvall, N. N., Tirado, J., 
Jørgensen, J., & Babu, S. P. M. (2025). Dual actuator wave-
like navigator: An untethered soft crawling robot for multi-
surface locomotion. Advanced Intelligent Systems, 7, 1–13.

9.	 Karakadıoglu, C., Askari, M., & Ozcan, O. (2020). The ef-
fect of large deflections of joints on foldable miniature robot 
dynamics. Journal of Intelligent and Robotic Systems, 100, 
15–28.

10.	 Matthews, D., Spielberg, A., Rus, D., Kriegman, S., & Bon-
gard, J. (2023). Efficient automatic design of robots. Pro-
ceedings of the National Academy of Sciences, 120, 1–7.

11.	 Stella, F., Achkar, M. M., Di Santina, C., & Hughes, J. 
(2025). Synergy-based robotic quadruped leveraging pas-
sivity for natural intelligence and behavioural diversity. Na-
ture Machine Intelligence, 7, 386–399.

12.	 Sihite, E., Kalantari, A., Nemovi, R., Ramezani, A., & 
Gharib, M. (2023). Multi-modal mobility Morphobot (M4) 
with appendage repurposing for locomotion plasticity en-
hancement. Nature Communications, 14, 1–15.

13.	 Said, M., Aeschliman, S., & Stathopoulos, A. (2023). Ro-
bots at your doorstep: Acceptance of near-future technol-
ogies for automated parcel delivery. Scientific Reports, 13, 
1–15.

14.	 Goddard, M. A., Davies, Z. G., Guenat, S., Dallimer, M., 
et al. (2021). A global horizon scan of the future impacts 
of robotics and autonomous systems on urban ecosystems. 
Nature Ecology & Evolution, 5, 219–230.

15.	 Stentz, A., Bares, J., Singh, S., & Rowe, P. (1999). A robotic 
excavator for autonomous truck loading. Autonomous Ro-
bots, 7, 175–186.

16.	 Williams, R. M., Li, G., Long, R., Du, W., & Lucas, C. G. 
(2025). Embodied large language models enable robots to 
complete complex tasks in unpredictable environments. Na-
ture Machine Intelligence, 7, 592–601.

17.	 Pluhacek, M., Garnier, S., & Reina, A. (2025). Decentralised 
construction of a global coordinate system in a large swarm 
of minimalistic robots. Swarm Intelligence, 19, 333–360.

18.	 Moschetti, M., Lemiasheuski, A., Bajer, E., Porohovoj, 
I., Maab, R., et al. (2025). Robot-assisted automated seri-
al-sectioning and imaging for 3D microstructural investiga-
tions. Advanced Engineering Materials.

19.	 Ramirez, J. P., & Hamaza, S. (2025). Multimodal locomo-
tion: Next generation aerial–terrestrial mobile robotics. Ad-

vanced Intelligent Systems, 7, 1–15.
20.	 Manoharan, S., Lemecho, B., Fadlelmula, M. M., & Sub-

ramanian, V. (2025). Tumbleweed-inspired robots with hy-
brid mobility for terrestrial exploration. Nature Communi-
cations.

21.	 Dottore, E. D., Mondini, A., Rowe, N., & Mazzolai, B. 
(2024). A growing soft robot with climbing plant–inspired 
adaptive behaviors for navigation in unstructured environ-
ments. Science Robotics, 9.

22.	 Meder, F., Baytekin, B., Dottore, E. D., Meroz, Y., Tauber, 
F., Walker, I., & Mazzolai, B. (2023). A perspective on plant 
robotics: From bioinspiration to hybrid systems. Bioinspira-
tion & Biomimetics, 18, 1–13.

23.	 Bianchi, G., Agoni, A., & Cinquemani, S. (2023). A bio-
inspired robot growing like plant roots. Journal of Bionic 
Engineering, 20, 2044–2058.

24.	 Fiorello, I., Liu, Y., Kamare, B., & Meder, F. (2025). Har-
nessing chemistry for plant-like machines: From soft ro-
botics to energy harvesting in the phytosphere. Chemical 
Communications, 61, 6246–6259.

25.	 Hedayati, H., Suzuki, R., Rees, W., Leithinger, D., & Sza-
fir, D. (2022). Designing expandable-structure robots for 
human–robot interaction. Frontiers in Robotics and AI, 11, 
1–22.

26.	 Truby, R. L. (2021). Designing soft robots as robotic materi-
als. Accounts of Materials Research, 2, 854–857.

27.	 Rothemund, P., Kim, Y., Heisser, R. H., Zhao, X., Shep-
herd, R. F., & Keplinger, C. (2021). Shaping the future of 
robotics through materials innovation. Nature Materials, 20, 
1582–1587.

28.	 Wallin, T. J., Pikul, J., & Shepherd, R. F. (2018). 3D print-
ing of soft robotic systems. Nature Reviews Materials, 3, 
84–100.

29.	 Liu, A. T., Hempel, M., Yang, J. F., & Strano, M. (2023). 
Colloidal robotics. Nature Materials, 22, 1453–1462.

30.	 Diouf, A., Belzile, B., Saad, M., & St. Onge, D. (2024). 
Spherical rolling robots—Design, modeling, and control: 
A systematic literature review. Robotics and Autonomous 
Systems, 175, 1–15.

31.	 Bena, G., & Goodman, D. F. M. (2025). Dynamics of spe-
cialization in neural modules under resource constraints. 
Nature Communications, 16, 1–11.

32.	 Schneider, G., & Wrede, P. (1998). Artificial neural net-
works for computer-based molecular design. Progress in 
Biophysics and Molecular Biology, 70, 175–222.

33.	 Bayat, F., Prezioso, M., Chakrabarti, B., Nili, H., Kataeva, 
I., & Strukov, D. (2018). Implementation of multilayer per-
ceptron network with highly uniform passive memristive 
crossbar circuits. Nature Communications, 9, 1–7.

34.	 Kuznar, D., Szczygiel, R., Maj, P., & Kozioł, A. (2023). De-
sign of artificial neural network hardware accelerator. Jour-
nal of Instrumentation, 18.


