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Graphical Image Rendering: Modeling, Animation of 

Facial or Wild Images 

 

Abstract-In this comparative study, we intend 

to analyze different methodologies to perform 3-

Dimensional modeling and printing, by using 

raw images as input without any supervision by 

a human. Since the input consists of only raw 

images, the foundation of the methods is finding 

symmetry in images. But the images that seem 

symmetric are not symmetric due to the 

perspective effect and utterance of other factors. 

The method uses factors like depth, albedo, 

point of view, and lighting from the input image 

to formulate 3D shapes. A 3D template model 

with feature points is created, and by deforming 

the 3D template model, a 3D model of the 

subject is then reconstructed from orthogonal 

photos. The number and locations of the proper 

amount of feature points are derived. Procrustes 

Analysis and Radial Basis Functions (RBFs) are 

used for the deformation. Images are then 

mapped onto the mesh following the 

deformations for realistic visualization. 

Characterization of the input image shows an 

asymmetric cause of shading, lighting, and 

albedo rendering the symmetry of images. The 

experiments show that using these methods can 

give exact 3D shapes of objects like human 

faces, cars, and cats. 

Keywords—Machine Learning, Unsupervised 

Learning, 3D Shapes, Image 

Modeling,Graphical Animation, Image 

Processing. 

 

1. Introduction 

One of the most well-liked topics in the 

disciplines of computer animation and reverse 

engineering is three-dimensional human body 

modeling. There is several 3D scanning, direct 

modeling, example-based model construction, 

and other techniques that can be used to obtain 

3D human data. Because of its ease of use and 

usefulness, image-based 3D human modeling is 

among the most alluring techniques. Although 

numerous methods have been used on the face, 

few experiments have been conducted. The 

upper body has fewer dominating feature points 

than the face or the head, making image-based 

upper body modeling more challenging. 3D 

printing, one of the fastest-growing technologies 

that are making a huge impact in human history, 

is the process of making a real-world physical 

object from a 3D digital model. We can create a 

lifelike 3D model using just a few images of the 

subject. Using the concepts of image-based 

heads. Using numerous photos of an individual, 

we demonstrate effective algorithms to create a 

3D model. A template model with feature points 

and segments is created for this purpose. Using 

orthogonal photos of the subject, we distort the 

template model to obtain the subject's 3D 

information. It works by creating many thin 

layers of any material and then laying them over 

successively until the proper physical object is 

made. Presently, 3D modeling and printing are 

used in many fields such as medicine, 

automotive, aerospace, etc.  

Technology has been progressing at a good rate, 

with respect to many factors such as: 

 

• Materials: The variety of materials that may 

be used for it do have increased 

significantly. In addition to metals and 

plastics, even materials like biodegradables, 

composites, and living cells can be used in 

3D printers for printing. 

• Speed: Some complex designs still take hours 

or days, but simpler designs can be produced 

in minutes. 

• Quality: Objects with very fine details can be 

made using high-resolution printers. The 

surface finish of the objects has also 

improved. 

• Accessibility: New 3D printers that are low in 

cost and open-sourcesoftware have made it 

easy for the public like educators to get 

access to the technology 

• Sustainability: As per the current studies,it’s 

more sustainable than traditional 

manufacturing methods, as it can produce 

objects using less energy and less waste. 

However, more research is needed on it. 

 



International Journal of Computer and Communication Technology(IJCCT), ISSN: 2231-0371, Vol-9, Iss-1 

65 

 

Overall, 3D printing, and modeling technology 

has shown rapid growth in a short amount of 

time. With the technology evolving, it will find 

more applications in a much wider range of 

industries. Various techniques used are: 

 

1.1 Techniques used:  

1. Fused Deposition Modeling (FDM): Raw 

material used in this technique is 

thermoplastic filament. It works by melting 

the filament and extracting it from a nozzle 

upon a build platform, layer by layer, to 

make the 3D object. First, a digital 3D 

model is created using CAD (Computer 

aided design) software, and then this model 

is sliced into a sequence of 2D layers, and 

the resulting layout is then used as input in 

the FDM printer. The filament is then 

inserted in the printer and heated to a certain 

temperature, almost to its melting point. The 

nozzle moves in the X,Y, and Z axes, 

according to the 3D model, and molten 

plastic is deposited on the build platform. 

The molten material solidifies rapidly, and 

the object is created. This technique can 

create complex designs and geometries and 

prototypes. One disadvantage of this 

technique is that layer lines are visible on 

the object with some imperfection and not so 

smooth surface finish. 

 

2. Stereolithography (SLA): Liquid 

photopolymer resin is used to create solid 

3D objects in this technique. A process 

known as photopolymerization is used by 

SLA printers. Light energy is used to 

transform liquid resin into a solid object, 

layer by layer. The first step is to create a 3D 

model using CAD software. Afterward, this 

model is sliced in a sequence of 2D layers, 

and the resulting layout is used as input in 

the SLA printer. The build platform in this 

technique is put in a liquid photopolymer 

resin. The liquid resin is solidified with the 

help of a laser beam, and it sticks to the 

build platform (Lamotte et al, 2022). The 

object is made layer by layer, by 

continuously repeating the process by 

lowering the platform slightly after each 

round. The excess resin is removed by 

washing it in a solvent and the resulting 

object is exposed to UV lightto harden it. 

Objects created by this technique are highly 

detailed and have smooth surfaces. Complex 

objects are also created with high 

accuracy.The drawback ofthis technique is 

that it is not cost and time efficient. 

 

3.Digital Light Processing (DLP): This 

technique is like SLA. Here, a projector is used 

to create a 2D image of each layer of the 

required object which is then exposed to UV 

light to solidify the liquid material. Initially, a 

digital 3D model is produced using CAD 

software. Again, the model is sliced into a string 

of 2D layers, and the layout produced is used to 

make a string of grayscale images. A digital 

light projector is used to project these images on 

the surface of the liquid resin. The light 

projector displays all the layers of the object as a 

2D image, one by one. They are then exposed to 

UV light. Each layer is solidified one by one, 

and the build platform is lowered after each 

layer. Excess liquid is washed off and again the 

object is exposed to UV light for further 

hardening. This technique is used to produce 

objects with high accuracy and good surface 

finish. It is fast as compared to SLA. However, 

it is not cost-efficient and generates a lot of heat 

which sometimes reduces the object’s accuracy. 

 

4.Selective Laser Sintering (SLS): In this 3D 

printing technique, a laser is used to sinter 

powdered materials like ceramics, metals, and 

plastics, to produce 3D solid objects. Initially, a 

digital 3D model is produced using CAD 

software. Again, the model is sliced in a string 

of 2D layers, and the resulting cross-section is 

used as the blueprint for the SLS printer. The 

build platform is coated with a thin layer of the 

required powdered material.  A laser beam is 

aimed at the surface of the powder, which 

solidifies and fuses it into the geometry of the 

object’s first layer. The process is repeated by 

adjusting the build platform until the object is 

completed. Excess powder is then removed from 

the object. It is used particularly for objects that 

require high strengths like temperature or 

chemical resistance. It generates a lot of heat 

during the process which lowers the accuracy. 
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5.Electron Beam Melting (EBM): A high-

energy electron beam is used in this technique to 

blend metal powders into a solid object. To 

avoid oxidation and contamination the process 

takes place inside a vacuum chamber. The first 

step is to create a 3D model using CAD 

software. Afterward, this model is sliced in a 

sequence of 2D layers, and the resulting layout 

is used as input in the EBM printer. The build 

platform is covered with a thin layer of 

powdered metal.  An electron beam is aimed at 

the powder surface, which melts it and blends 

together in the shape of the first layer of the 

object. The process is repeated layer by layer, 

adjusting the position of the build platform. Any 

excess waste material is removed. EBM printing 

is a good option for complex geometries and 

objects requiring high strength. This technique 

requires specialization to maintain and expertise 

to operate, thus increasing its cost. 

 

6.Binder Jetting: In this technique, a liquid 

binder is used to blend powdered material to 

form a solid object. The process is done by 

putting layers of powdered material and then 

applying a binder to blend the particles together. 

The first step is to create a 3D model using 

CAD software. Afterward, this model is sliced 

in a sequence of 2D layers, and the resulting 

layout is used as input in the Binder Jetting 

printer. The builder platform is coated with 

powdered metal. The head of the printer then 

applies a liquid binder selectively to the powder 

layer in the shape of the first layer of the object. 

The process is repeated layer by layer, adjusting 

the position of the build platform. Any excess 

waste material is removed. The object is then 

treated in an oven to harden the binder and 

blend the powder particles together properly. 

This technique is useful for creating large 

objects rapidly and cost-efficiently with a 

variety of materials. The objects produced in 

such a way are not as durable as compared to 

other techniques. 

 

There are some non-conventional 3D printing 

techniques as well. Although these are limited in 

number presently, they will increase as 

technology evolves and more innovation in the 

field takes place. These are discussed below: 

 

Continuous Liquid Interface Production 

(CLIP): Liquid polymer resins are used in this 

technique that are exposed to UV light to 

produce solid objects. Unlike traditional 3D 

printing techniques, which work by creating 

layers of materials, CLIP allows the creation of 

parts continuously, which reduces the 

production time. 

 

Bioprinting: In this technique, living cells and 

other biomaterials are used to create 3D objects 

that can be fruitful in the medical sector. 

Bioprinting can even be used in the future to 

create replacement tissues and organs for 

patients. 

 

Carbon Fiber Printing: In this technique, a 

blend of carbon fiber and polymer resin is used 

to create materials that are strong and 

lightweight. Hence, this technique can be used 

to create mechanical parts. This technique is 

majorly used in the automotive and aerospace 

industries, where reducing weight is essential 

for performance. 

 

Powder Bed Fusion: In this technique, a layer 

of powder is spread over a build platform and 

then a laser is used to selectively heat and melt 

the powder to produce a solid object. This 

technique is popularly used in metal 3D 

printing, where parts with complex geometries 

can be created (Blain et al, 2021) (Shangzhe et 

al, 2020). 

 

Inkjet 3D printing: In this technique, inkjet 

printers are used to deposit droplets of any 

material on a substrate to produce a 3D 

structure. This technique can be used with a 

wide range of materials such as metals, 

ceramics, and polymers. 

 

By creating a single 3D image from imaging 

data, it was shown how 3D modeling and 

printing can be used with various imaging 

modalities. The above-discussed 3D modeling 

and printing methods were used to create the 

prototype approaches. To clearly illustrate the 

anatomical features and to allow for uniformity 

when comparing the models, a phase was 

chosen from each data set for modeling. 
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1.2 Micro and Nanomanufacturingis another 

important field in which 3D printing and 

modeling can show a massive impact. Although 

3D printing is in its early ages in this field, with 

rapid growth, it has the potential to 

revolutionize this industry. Micro and 

nanomanufacturing is the fabrication of objects, 

devices, and structures, that have dimensions in 

micrometer (µm) and nanometer (nm) range, 

respectively. Micro and nanomanufacturing are 

essential as they allow the manufacturing of 

objects, devices, and structures with distinctive 

properties that are not possible using traditional 

manufacturing techniques.  Further, traditional 

methods are more time-consuming and 

expensive. 3D printing resolves all these issues 

by allowing the creation of complex geometries 

reducing time and cost. Some of the applications 

are as follows: 

 

• Microfluidic Devices: One of the most 

important uses of it in this field is to create 

microfluidic devices with complex designs 

while giving precision and accuracy. 

Microfluidics is the manipulation of fluids in 

small quantities using tiny channels in a 

system. Microfluidic devices are important 

in the fields of biotechnology, chemical, and 

medical analysis. 

 

• Microelectromechanical Systems (MEMS): 

MEMS are minute electrical and mechanical 

elements, on a single chip. It enables the 

manufacturing of MEMS with complex 

structures, with high precision and detailing, 

while also reducing the cost and complexity 

of manufacturing them. MEMS are used in 

sensors, microphones, and actuators. It also 

improves micro and nanomanufacturing for 

a wide range of fields such as optics, 

electronics, and material science. 

 

Comprehensive overview of 3D printing 

 

Printing Formats: 3D printing can be done 

using several formats. Following are some 

common popular formats: 

 

1. Standard Tessellation Language (STL): It 

is the most common file format used for 3D 

printing. 3D models in this format are 

represented as a collection of triangles and 

this format is compatible with most of 

thesoftware and 3D printers. 

2. Object File Format (OBJ): This format is 

also widely used and is compatible with 

most 3D printing software. Along with 3D 

geometry, it can print Software to store color 

and texture information. 

3.3D Manufacturing Format (3MF): 

Thisformat is relatively new, and it enables a 

more efficient representation of models created 

using 3D printing and is faster and more 

reliable. 

 

4.Additive Manufacturing File Format 

(AMF): Advanced features such as colors, 

material, and texture information. Multiple 

materials can be used in this format. 

5.Polygon File Format (PLY): It is used in 3D 

printing and 3D scanning. It stores color and 

texture information and uses triangular mesh 

geometry.  

 

Presently, the STL file format is commonly used 

as it is generally most compatible with all 

software. 

 

Material Selection and Processing Challenges 

in 3D Printing:  

Material selection depends on the specific 

technology being used and the uses of the 

printed objects. The following are the common 

challenges in material selection and processing 

in the procedure of 3D printing: 

 

• Material Compatibility:Varied 

technologies need different materials. 

Some materials might not be appropriate 

for specific printing methods or require 

certain conditions for printing.  

• Material Properties: Material 

properties such as brittleness, softness, 

thermal conductivity, toughness, and 

strength can largely impact the 

performance and quality of the resulting 

object. So,the material should be 

selected as per the requirements of the 

resulting object. 

• Processing Temperature: The 

temperature at which the material is 

processed must be in the range of the 3D 
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printer. Some materials require high 

temperatures for processing, hence 

limiting the type of 3D printers that can 

be used (Tewari et al, 2018). 

• Printing Speed: Printing speed has a 

huge impact on the quality of the printed 

results. Printing too fast results in poor 

layer adhesion, whereas printing too 

slow results in excessive cracking. 

• Post Processing: Depending on the 

material used and the required 

applications of the printed object, post-

processing like sanding, polishing, etc. 

might be needed to improve the quality. 

• Material Cost: Certain expensive 

materials limit their usage in certain 

applications. 

 

Biomaterials and sustainable materials too can 

revolutionize it in various fields. Further, 

functionally graded materials (FGMs) (FGMs 

are those materials that show a gradual 

transition in microstructure, composition, and 

their properties across their volume) are being 

introduced that involve the usage of multiple 

materials having different properties deposited 

layer by layer, to generate a gradient within the 

printed object. Complex shapes and good 

internal structures can be created with this 

technique. Smart materials such as Shape 

memory alloys (SMAs), Electroactive Polymers 

(EAPs), Conductive inks, shape-changing 

polymers, and self-healing polymers are also 

being introduced to further improve the 

potential and applications of 3D printing. Using 

computer-aided design, three-dimensional 

printing, commonly referred to as additive 

manufacturing, creates a physical thing from a 

digital blueprint (CAD).  Layer by layer, a 

repeating 2D framework is constructed up until 

a 3D creation is finished. Like any ordinary 

metal or plastic item, the product is 

distinguished by its stiffness and lack of 

flexibility in shape. The 4D printing method is 

substantially the same as 3D printing; it makes 

use of the same 3D printers and uses the same 

computer program to drop material in layers 

until a three-dimensional structure is created. To 

sum up, selecting the correct material as per the 

requirements is critical to get good quality 3D 

parts that have the desired properties.With 4D 

printing, a new dimension is added where the 

structure's shape can alter over time. To enable 

the 3D print to alter things in response to a 

particular stimulus, such as heat, water, or light, 

special materials, and specialized designs must 

be incorporated into the program. A hydrogel or 

shape memory polymer is a programmable 

ingredient that could change its physical shape 

or thermal-mechanical properties in response to 

user input or autonomous sensing. Large 

volumes of water can be absorbed by hydrogels, 

which can also be programmed to contract or 

expand in response to changes in the 

environment. When a stimulus is provided, 

shape memory polymers can recover their 

original form from a deformed state (Tran et al, 

2018) 

 

1.3 4D printing is a process in which the 

objects made from 3D printing are programmed 

in such a way that they are made dependent on 

time and can respond to environmental stimuli, 

such as exposure to air, water, or heat. 4D 

printing is a relatively new technology and its 

field is still in its very early ages. But there have 

been some key advancements such as: 

1.New Materials: Continuous experimenting is 

being done by researchers with a wide range of 

materials that are suitable for 4D printing. 

Materials such as shape memory polymers, 

liquid crystal elastomers, and hydrogels are 

under experimentation. Such materials may be 

programmed in response to environmental 

stimuli. 

2.Improved Printing Techniques: Highly 

precise and controlled printers are being 

developed to achieve 4D printing. 

3.Applications in Medicine: 4D printing is 

very important in the development of implants 

and medical equipment. Research is being done 

on producing stents and tissues that can expand 

and contract in response to changes in the 

human body such as blood flow. 

4.Soft Robotics: Robots that can move in 

response to environmental stimuli, that can be 

used in various fields are being created using 4D 

printing. 

5.Environmental Sustainability: 4D printing 

creates objects that change themselves 

according to the environment. This reduces the 

wastage and increases the lifespan of the 
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product. So environmental sustainability is 

achieved. 

 

Overall, 4D is very early in its ages but is 

evolving very rapidly. While there are many 

technological barriers left to overcome, this 

technology has the potential to change the 

manufacturing industry. The present 

technologies that are used for 4D printing are: 

 

• Fused Deposition Modeling (FDM): 

FDM uses shape memory polymers that 

are capable of transforming shapes in 

response to stimuli. 

 

• Stereolithography (SLA): SLA is used in 4D 

printing using hydrogels that are capable of 

transforming shape in response to stimuli. 

 

• Selective Laser Printing (SLS): SLS is used 

in 4D printing using shape-memory alloys 

that are capable of transforming shapes in 

response to temperature. 

 

• Multi-material 3D Printing: It allows the 

objects to be printed with multiple materials, 

which is beneficial for producing 4D printed 

objects with varied properties. For instance, 

a 4D printed object can be coated with a 

layer of both shape-memory polymer and 

hydrogel one over another, to make the 

object capable of transforming shape in 

response to both heat and humidity. 

 

• Direct Ink Writing: This technique is used to 

print objects in 4D printing using liquid 

crystal elastomers that are capable of 

transforming shape in response to variations 

in temperature or an applied electric field.  

 

The choice of the technique used depends on the 

requirements and applications of the material 

being used. Materials that are currently used for 

4D printing are: 

 

1. Shape Memory Polymers: These are 

materials that can be programmedto recall 

their original shape and return to it when 

exposed to specific stimuli. These are 

capable of transforming shape in response 

to heat and light. 

 

2. Hydrogels: These are materials that can 

absorb and hold large quantities of any 

liquid. They are used in 4D printing for 

their ability to transform shapes in 

response to changes in temperature, 

humidity, or pH. 

 

3. Liquid Crystal Elastomers: These 

materials are used in 4D printing as they 

can transform their shape in response to 

varying temperatures and applied electric 

fields. 

4. Smart Materials: These materials are used in 

4D printing as they can transform their 

shape in response to stimuli such as 

temperatures, light, and pressure. 

 

5. Metal Alloys: Metal alloys, such as shape-

memory alloys, are capable of being used in 

4D printing as they can transform their 

shape in response to external stimuli and are 

beneficial in creating complex structures 

with high levels of precision and detailing. 

 

The above-mentioned materials are used in 4D 

printing due to their unique properties, and their 

ability to transform shapes and sizes in response 

to external stimuli. With more advancement, 

new materials will be introduced for 4D 

printing. Like 3D printing, scientists and 

engineers have inspired 4D printing techniques 

from nature and biological systems. Following 

are some of the techniques used in 4D printing 

inspired by nature: 

 

• Origami-inspired Folding: It is the art 

of paper folding. This technique has 

inspired 4D printing as origami patterns 

are utilized to create 3D printed 

structures that are flat and capable of 

folding into complex shapes when 

exposed to external stimuli. For 

example, self-folding boxes and medical 

prosthetics and implants 

 

• Biologically Inspired Materials: 

Materials like shape-memory polymers 

(that can recall their original shape), are 

inspired by biological systems and their 

features like “remembering” and 
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changing shapes such as protein change 

shapes in living organisms in response to 

stimuli. 

 

• Biomimetic Structures: It is the process 

of following natural systems and 

structures. In 4D printing, biometric 

structures are created by observing the 

geometry of natural systems to make 

them capable of transforming shape and 

making them adaptable to changes in 

conditions. 

Most of the objects that we are surrounded by 

are symmetric.  

In various objects, we find bilateral symmetry, 

rotational symmetry, radial symmetry, etc. 

These symmetries are very well comprehended 

by the human brain which can easily 

differentiate between them. Whereas detecting 

the Likeness of the visible object in images 

using machines and developing robust 

algorithms remains a challenging task at present, 

the pivotal challenge is that structurally 

symmetric objects do not usually reciprocate 

symmetric images. Rather, the object in 

question is imaged under a specific orientation 

of view, and, for warp objects, with a particular 

stance, it is observed that many deep learning 

networks work to identify images as 2D 

textures. Here, 3D modeling can explain the 

variance of images and improve our 

understanding of images. We understood that 

there were some challenges during the 

experiment. Firstly, no prior information is 

present about the image like key points, or 

segmentation. Learning without supervision 

eliminates the requirement for image 

annotations. Secondly, the algorithm should be 

robust and should use only single-view images 

for forming 3D objects. Segregating the objects 

into symmetric and non-symmetric helps in 

breaking down the image at the elementary 

level. If an object is symmetric the 3D 

remodeling is easier and can be accomplished 

using stereo reconstruction. Usually, the objects 

are not fully symmetric due to facts like facial 

expression, posture, and hairstyle. To add 

further, the illumination and the albedo can be 

asymmetric. To retain the symmetric nature of 

the articles, the model utilizes the illumination 

aspect to retrieve the shape. The utilization of a 

high-density map allows this acquisition to take 

the probability that the pixel of the given image 

possesses a symmetric counterpart. 

The extracted elements from the raw image are 

integrated into an end-to-end learning 

formulation. The formulation is exhibited on 

several data sets like human faces, cats, and 

cars. This process can be utilized to reconstruct 

high-fidelity 3D models as opposed to those 

methodologies that don’t bank on existing 

understanding of the image. 

 

2. Literature Review 

We see that the methods and algorithms used to 

generate 3D models from single-view raw 

images without any external supervision are 

quite robust. The experiments portray how the 

deformable 3D models are an outcome of 

successful conversions of single-view raw 

images. The conception of various features of 

the raw image like illumination, albedo, and 

generating a probability map at pixel level 

proves to be superior to its counterparts, which 

only use key points to reconstruct 3D objects. 

This method helps in understanding the image in 

a refined way, which in return provides better 

results in forming 3D objects. The model can be 

further modified to reconstruct complex objects, 

where it can be utilized for multiple and varied 

standard viewpoints. 

The actual challenge is posed by images with 

low pixel density as the probability map will be 

inefficient to predict relations with neighboring 

pixels, which further results in a lower standard 

of 3D reconstruction. These images have been 

considered in high illumination. The distorted 

images that have been used show the descending 

standards of the 3D model (Croitoru et al, 

2017). 

Moreover, images with extreme facial 

expressions tend to form a lower standard of 3D 

reconstruction. The images with turbulence and 

motion may show distortion in 3D models. In 

other papers, with similar research, we found 

that the model is modified and equipped to learn 

and extract from raw images with variable 

point-of-view images. Ambiguities also provide 
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the learning edge to the model in the pose 

retrieval due to symmetries. These advances 

pose to be superior to the above and show a 

better result in retaining accuracy. This study 

aimed to assess and validate 3D modeling and 

printing technology to produce 3D models of 

humans and images in the wild. 

3. Objective 

 

The goal of the comparative study is to get the 

3D model from an unconstrained collection of 

dimensional images of humans, cats, dogs, and 

synthetic cars to get a high-fidelity output with 

better facial expressions, gesture, and viewpoint. 

Along with we will propose the future 

advancement that is to be made in the present 

model based on the attributes and constraints 

used so far. The primary issues and potential 

solutions for the creation of 3D representations 

from aerial photographs are discussed in this 

research. For accurate 3D modeling, close-range 

photogrammetry has long dealt with either 

manual or automated image measurements. In 

many application fields today, laser scanners are 

also becoming a regular source of data input, but 

image-based modeling is still the most 

thorough, affordable, portable, adaptable, and 

widely used method. This study presents the 

complete pipeline for 3D modeling from 

terrestrial picture data, considering various 

methods and examining all the phases involved. 

 

4. Methodology 

 

The aim is to make a controllable generative 

model from the unconstrained and unstructured 

set of images of an object category, such as 

human and cat images from different 2D image 

domains from various viewpoints. The goal of 

the experiment is to receive an input of 2D 

images of an object instance and produces an 

output as a decomposition of it into 3D 

representation taking into consideration the 

image formation process (i.e., perspective 

projection, occlusion, light transport) and use 

regular information to extricate appearance into 

3D shape, albedo, shading, and illumination. 

 Fig1. 3D reconstruction from single-view 

Images 

Various methods and experiments are involved 

to generate the 3D representation from given 

datasets of 2D images which are as follows: 

4.1 Lifting AutoEncoders (LAE) bring 

Non-Rigid Structure from Motion 

In this model, we have used a deep learning-

based approach that retrieves a three-

dimensional, surface-based, deformable 

template of an object from an unorganized set of 

images, directing to controllable photorealistic 

image synthesis (Hernandez et al, 2017). 

 

Fig2. Appearance synthesis in a canonical 

coordinate system and the deformable template 

paradigm 

4.2 Disfiguration Autoencoders (DAEs): from 

image collections to deformations  

The resulting model extricates shape and 

appearance in an entirely unsupervised manner 

and gives a compacted correspondence between 

images and the recondite template. More details 

for training DAEs (Tulsiani et al, 2017) (Gaur et 

al, 2017). 
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4.3 LAEs: 3D structure-from-deformations 

The issue of recuperating the 3D dimensions 

of an item category from an unconstrained 

collection of images has been resolved with the 

help of DAEs to identify identical points across 

these image sets and address the issue by 

practicing a network to diminish an equitable 

function that is prestige from non-rigid structure 

from motion (NRSFM). The main observation is 

that DAEs provide an image representation on 

which NRSFM enhancement objectives can be 

practiced. Concerning NRSFM, it's more useful 

to see a discernable, non-rigid object category 

(Cai et al, 2016) 

4.4 Architectural Choices 

We utilize convolutional neural systems with 

five layers in picture encoders, which relapse 

the extension coefficients. 

4.4.1  First Dataset 

The confront datasets that are utilized comprises 

a side see, different see,and recordings of the 

individual, and these data were utilized for 

expression-identity disentanglement tests but 

not for the 3D lifting portion. 

• Celeb Faces Attributes (CelebA) (Omkar 

et al, 2012): This dataset contains 

approximately 200k in-the-wild pictures and 

these datasets are utilized to prepare DAE. A 

little subset of this dataset, Meshless 

Advection using Flow directional Local grid 

(MAFL) [14], was too discharged which 

contains explanations for five facial points 

of interest. The preparation set of MAFL has 

been utilized for assessment experiments. 

• Multi-PIE (Ralph et al, 2010):multi-PIE 

comprises pictures of 337 subjects with 7 

facial expressions, and each one of them is 

captured beneath 15 perspectives and 19 

distinctive lighting conditions altogether.  

• Annotated Facial Landmarks in the Wild 

(AFLW2000-3D) (Pascal et al, 2009) : This 

dataset contains 3D fitted faces. These 3D 

fitted faces are for the primary 2K pictures 

of the AFLW dataset. This information set is 

employed for the translation of the finished 

shapes with the assistance of 3D point-of-

interest localization glitches. 

Qualitative Results 

The poses are changed with LAE by providing a 

given face image and LAE recovered the 3D 

figure which can control the views of the faces 

in different poses. 

 

Fig3. Pose Manipulation 

And further refinement network has been 

upgraded by modifying the images by adding 

more facial details and maintaining the 

characteristic gesture of the given faces. 

Face manipulation results 

In this section, some results by changing the 

expressions and posing potential spaces. 

 

Fig4. Face Manipulation 

Autoencoding pipeline 

In this method, raw images are only to be used 

and the training aim is reconstructive. The 

model was trained by combining the following 

four factors which are described below to 

provide the input images. As there are many 

objects that are bilaterally symmetric. Though, 

the object's formation can never be completely 

symmetric. 

It can be done by applying the following four 

methods: 
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(a) Photo-geometric autoencoding 

(b) Image formation model 

(c) Probably symmetric objects 

(d) Perceptual loss 

4.4.2Second Dataset 

Here, both the Human dataset and Wildlife have 

been considered: 

• CelebA: This is a broad-scale dataset 

consisting of 200k human face images. 

• Dense Face Alignment in the Wild 

Challenge(3DFAW): It consists of 

23000 images with sixty-six 3D key 

point clarifications which are used in this 

method for 3D predictions. 

• Base Face Model (BFM): BFM is an 

artificial face model. It is used in this 

method as in-the-wild datasets lose 

ground truth. So, the Base Face Model 

determines the excellence of 3D 

reconstructions. 

• Two cat face datasets: First one 

consists of 10k images with 9 key points 

annotations and the second consists of 

dog and cat images which contain 1.2k 

images of a cat with bounding box 

annotations and the cat images have 

been cropped over the head for this 

method. 

• ShapeNet: ShapeNet consists of 35k 

images of artificial cars with different 

viewpoints. 

It shows the reformation results ofhuman faces 

from CelebA, cat faces from synthetic cars from 

ShapeNet and 3DFAW. The redeveloped 3D 

faces contain fine appearances of ears, nose,and 

eyes in the existence of severe facial 

expressions. 

 

Fig6. Reconstruction 

This model determines the canonical view of the 

objects which are concurrent about their vertical 

centerline of the images. This method 

recognizes symmetry planes accurately 

irrespective of the existence of unsymmetrical 

texture and lighting effects. 

 

Fig7. Visualization 

These methods are wholesome in many 

challenging scenarios (e.g., extreme facial 

expression, lighting effects, abstract drawing, 

and shady gestures), failures are observed in 

cases during training, it was assumed a simple 

Lambertian shading model, ignoring shadows 

and secularity, which leads to inaccurate 

reconstructions under extreme lighting 

conditions or highly non-Lambertian surfaces. 

Extricating noisy dark textures and shading is 

often difficult. The models are only able to 

demonstrate 3D shapes from 2D images up to 

certain angles i.e., front, right, and left view 

only. 

 

5 Limitations 

There is no doubt that 3D printing has many 

advantages, but presently, there are also 

limitations to the technology. Following is some 

of the significant limitations of 3D printing: 

• Size Limitations: 3D printers, which are 

mostly available to consumers, are capable 

of only producing objects having limited 

sizes. Most of these printers have a build 

volume of approximately 200x200x200 mm. 

3D printers capable of producing large-size 

objects are available but are very few, very 

expensive, and not readily available. 

• Material Limitations: Although 3D printers 

are capable of printing with a wide range of 

materials, it is still very less as compared to 

traditional manufacturing methods. Some 

materials such as metals and ceramics are 

not easy to print with, and the quality of the 

resulting print may not be as good. 
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• Time Limitations: 3D printing is a slow 

process. The time range for printing simple 

designs and having small sizes could be 

hours and several days for complex designs 

and having large sizes. 

• Cost Limitations: Although the cost of 3D 

printing has reduced significantly over the 

last few years, it is still very expensive when 

compared to traditional manufacturing 

processes. 

• Quality Limitations: When compared to 

traditional manufacturing methods, the 

objects produced are not as good in quality. 

3D-printed objects may have visible layer 

lines, surface defects, and other 

imperfections that lowers their functionality 

and appearance.  

 

5.1 Software Issues in 3D Printing: The most 

critical role in the 3D printing process is played 

by the software, as 3D models that are printed 

by the 3D printers are created by the software. If 

any issue occurs in the software, then the 3D 

printing process does not undergo smoothly. 

Common software issues in 3D printing are: 

 

Designing errors are common and can result in 

segments that are quite difficult or impossible to 

print, or that require extensive and expensive 

support structures, which downgrade the quality 

of the final product. 

• Incorrect File Format: 3D printers need 

specific file formats to print proper 3D 

models. If the file present is not in the 

correct format, the printer will be unable to 

read it properly which results in failed 

prints. 

• Incorrect Printer Settings: 3D printing 

software enables users to change printer 

settings. If these settings are configured 

incorrectly for the specific design or the 

material for any segment, the print quality 

may not be good enough or the whole 

printing process may fail. 

• Printing Software Bugs: 3D printing 

software are also prone to bugs like any 

other software. These bugs can interrupt the 

printing process resulting in low-quality 

prints. 

• Connectivity issues: The software used for 

3D printing requires a stable internet 

connection to function properly. 

Connectivity issues cause breaks in the 

process and can also stop the printer from 

maintaining a connection to the software, 

altogether.  

 

Overall, software issues can significantly impact 

the process of 3D printing and can alter the 

quality of the results. It is important to use 

reliable software along with correct 

configuration settings. More study is required in 

this field to include more techniques that are 

inspired by nature and biological systems in 4D 

printing. Although 4D printing is a powerful 

technique that can revolutionize the 

manufacturing industry, there are limitations 

such as: 

 

5.2 Material Limitations: The materials 

available for 4D printing are limited and these 

materials have limited applications presently. 

• Printing Speed: 4D printing is a very slow 

process even when compared to 3D printing. 

And when compared to traditional 

manufacturing methods, it is extremely 

slow. 

• Complexity:The creation of complex 4D 

printed structures is a demanding task that 

requires high skills and expertise. So, a 

limited number of people can access it and 

the chances of errors are high. 

• Testing and Validation: As 4D printing is a 

relatively new technology, it is challenging 

to predict how the resulting object will 

behave over time and under varied 

conditions. It might not show the intended 

performance. 

• Cost: Overall cost of 4D printing technique, 

considering all the requirements and factors, 

is too high. 

 

To conclude, 4D printing is an emerging 

technology that is powerful enough to 

revolutionize the manufacturing industry, but it 

has multiple limitations to it, presently. New 

techniques and materials must be developed to 

get the full benefits of this revolutionary 

technology. 

 

For example, let us consider the case of metallic 

materials. While there are many advantages of 
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using metallic materials in 3D printing, 

limitations such as their high equipment and 

material cost, their limited number of metals 

being compatible, their complex printing 

process, their post-printing processing 

requirements, and their quality control 

challenges, are some barriers that limit the use 

of metallic materials in 3D printing. There have 

been several advancements in the materials 

capable of being used in 3D printing to 

overcome the above-mentioned constraints. 

Advanced polymers such as PEEK and ULTEM 

have been recently introduced. New hybrid 

metals, like metal-polymer blends, are under 

development to combine the characteristics of 

both materials. Ceramics are a good option for 

3D printing and the latest advancements in 3D 

printing techniques have allowed the creation of 

complex ceramic objects. 

6 Way Forward 

Optimization Strategies of 3D Printing 

Techniques:  

Evolution has been the most important 

phenomenon in nature and nature has evolved to 

the level where it has complex and sophisticated 

structures. These structures have important 

properties such as high strength, self-

healingfeatures, flexibility, and responsiveness 

to environmental/external stimuli. These 

properties have encouraged researchers to 

innovate new materials and techniques using 3D 

printing that impersonate these structures and 

properties found in nature. The practice known 

as biomimicry is used to advance 3D printing. 

Biomimicry is the practice of taking inspiration 

from nature and the biological system to solve 

complex problems and innovate new products, 

techniques, and technologies. 

 

Techniques inspired by nature that are used in 

3D printing to design structures with advanced 

properties are: 

 

1. Topological Optimization: This technique 

utilizes algorithms inspired by the patterns 

shown in the growth of bones and other 

biological structures to optimize 3D 

printing. 

2. Voronoi Tessellation: This technique utilizes 

a mathematical tool inspired by the cellular 

structure inside biological organisms to 

create complex geometries using 3D 

printing. 

3. Self-Assembly: Nature has shown to evolve 

structures into complex geometries using 

self-assembly and the same technique is 

applied in 3D printing. 

4. Bio-inspired materials: Nature has evolved 

structures that show properties such as self-

healing and changing strength and 

researchers mimic these properties in 

materials for 3D printing. 

5. Additive Manufacturing of Living Cells: 

The extracellular matrix found in biological 

tissues is replicated using certain techniques 

in 3D printing. 

 

Nature-inspired algorithms that are being used 

to mimic the nature and biological systems to 

optimize various factors of 3D printing are: 

 

• Genetic Algorithms: These algorithms work 

on the principles of natural selection to 

enhance the parameters of the 3D printing 

process, like, printing speed and 

temperatures. It works by bringing about a 

population of potential solutions and picking 

out the fittest individuals to produce the next 

of solutions. 

• Ant Colony Optimization: This algorithm is 

motivated by the behavior of ants. Like ants 

leave chemical substances trails to guide 

other ants toward the food source. This 

technique is utilized in 3D printing to 

optimize the pathway of the printer head, 

reducing the time and material required. 

• Particle Swarm Optimization: This 

algorithm is motivated by the collaborative 

behavior of a flock of birds or swarm of 

insects. In 3D printing, this technique is 

used to optimize the printing pathway, 

reducing the time and travel distance. 

• Artificial Neural Networks: These 

algorithms are formed from the pattern of 

biological neural networks in the brain. 

Artificial neural networks are trained to 

predict the way of behaving of the 3D 

printing processes, based on input 

parameters like printing speed and 
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temperature. This helps in enhancing the 

printing process by predicting and doing 

correction of errors even before they occur. 

• Fractal Geometry: It is a mathematical 

concept inspired by the repetitive patterns 

seen in nature, like the branching pattern of 

a tree and the coastline of a continent. In 3D 

printing, this is utilized to design complex 

geometries that can be printed while 

reducing the amount of material required. 

 

Overall, researchers use nature as a rich source 

of inspiration to innovate new materials and 

techniques for 3D printing, by analyzing and 

observing structures and properties. Nature-

inspired techniques are being continuously 

observed and developed in 3D printing to create 

innovative and advanced techniques in 3D. 

Several algorithms are also utilized by 

observing the nature and biological systems to 

optimize various factors of 3D printing 

processes. Efficiency, improvement, and 

increase in applications can be seen using these 

algorithms. To conclude, 3D printing is a 

revolutionary and powerful technology, but it is 

not yet fully developed and has limitations. As 

the technology continues to evolve, these 

limitations may be overcome, but presently, 

several factors must be considered while using 

3D printing (Leitner et al, 2005) 

 

7.Equations and Dataset used 

 

● Dataset Comparison and Formula 

Used 

 

Fig8. Comparison 

Here,we have taken different datasets into our 

consideration, and CelebA being the largest 

dataset 200k various manipulations were 

observed. AndMAFL, was also released which 

contains annotations for five facial landmarks in 

itself. 

Followed by other datasets as presented above. 

● Mathematical Computation 

Reconstruction of Image with reprojection 

lighting. 

𝛪 =  𝛱(∧ (𝑎, 𝑑, 𝑙), 𝑑, 𝑤) (1) 

Loss interpretation of Source Image and 

reconstructed Image.  

ℒ(Ι̂, Ι, 𝜎) =  −
1

|Ω|
∑ ln

1

√2𝜎𝓊𝜐
𝓊𝜐𝜖Ω exp−

√2ℓ1,𝓊𝜐

𝜎𝓊υ
(2) 

The reference frame of the camera for 3D 

projection is mapped to pixel p in the Image 

formation model.  

𝑝 ∝ 𝛫𝛲,𝐾 = [
𝑓 0 𝑐𝑢
0 𝑓 𝑐𝜐
0 0 1

] ,

{
 
 

 
 𝑐𝑢 =

𝑊−1

2
′

𝑐𝜐 =
𝐻−1

2
′

𝑓 =
𝑊−1

2 tan
𝜃FOV
2

 (3) 

The Perceptual loss in assumed Gaussian 

distribution. 

ℒp
(𝑘)(Ι̂, Ι, 𝜎(𝑘) =

−
1

|Ω𝑘|
∑ ln

1

√2𝜋(𝜎𝑢𝜐
(𝑘)
)
2𝑢𝜐∈Ω𝑘 exp −

(ℓ𝑢𝜐
(𝑘)
)
2

2(𝜎𝑢𝜐
(𝑘)
)
2   (4) 

Set of 2D focuses on a cartesian network in 

natural directions. 

ℒreg = 𝜆scale∑ ||𝜎𝑘||2 +
𝐾
𝑘=1

𝜆shape∑ ||∑ 𝑠𝑠
𝑘𝔹𝑠𝑆

𝑠=1 ||𝐾
𝑘=1

2
   (5) 

 Regularization loss in model learning. 

ℒlux = ℒshading
smooth + ℒshading

consistensy
+ ℒalbedo + ℒL        

(6) 

 

7.Potential Applications 

3D printing technology is not fully developed 

yet. It is still a technology that is under 

development. However, it is continuously 



International Journal of Computer and Communication Technology(IJCCT), ISSN: 2231-0371, Vol-9, Iss-1 

77 

 

evolving. Some of the sectors in which 3D 

printing is widely used presently are as follows: 

7.1 Architecture Sector: 3D printing 

technology is now being utilized in creating 

large-scale construction projects. Following 

are a few ways in which 3D printing is used 

in architecture: 

i) Model Making: 3D printing is used by 

architects for creating precise and detailed 

models of their project designs. This allows 

the architects to test and visualize their 

project designs before starting and identify 

any potential design issue. 

ii) Prototyping: 3D printing technology 

helps in prototyping building components. It 

allows architects to test and improve their 

designs before the actual construction 

begins. 

iii) Building Components: 3D printing 

technology is used to design building 

components such as columns and beams. 

Using 3D printing, these components can be 

modified according to the design 

requirements. Components can be made 

much faster and efficiently than traditional 

manufacturing methods. 

iv) Sustainable Construction: As 3D printing 

is more efficient than the traditional 

manufacturing methods, the amount of 

material wasted is reduced and the 

production process is done in an energy 

efficient manner. So, it is a great way to 

improve sustainability in construction 

works. 

v) Historic Preservation: 3D printing 

technology helps in the preservation of 

historic buildings by generating their precise 

3D models. This helps architects better 

understand these structures and help them 

preserve those structures for the future. 

7.2 Medical Sector: 3D printing technology has 

shown rapid advancement in the medical 

sector. Following are a few ways in which 

3D printing is used in the medical sector: 

i) Medical Implants: 3D printing technology 

is widely used to create medical implants 

like joint placements and dental implants, 

that are customized as per the patient’s 

unique anatomy. It improves the outcomes 

and reduces complications. 

ii) Prosthetics: Customized prosthetics can 

be created using 3D printing technology in 

an affordable way. These prosthetics are 

made as per the patient’s needs and sizes 

and are produced much faster as compared 

to traditional prosthetics. 

iii) Surgical Planning: 3D printing 

technology helps create precise models of 

the patient’s anatomy. These models help 

the surgeons to visualize the patient’s 

anatomy better. Surgeons can also practice 

on these models and do the surgery more 

precisely and improve outcomes and reduce 

complications. 

iv) Tissue and Organ Engineering: 3D 

printing technology can be explored as a 

possible way to create functional tissues and 

organs that can be used in transplantation. 

More study is needed in this field. 

v) Medical Education: Medical models and 

simulations are generated using 3D printing 

technology. Medical students and 

professionals can practice procedures on 

these models and gain experience in a safe 

environment. 

7.3 Aerospace Engineering: 3D printing 

technology has a significant contribution in 

aerospace. Following are a few ways in 

which 3D printing is used in aerospace: 

i) Prototyping: Prototypes of new designs 

can be created quickly by 3D printing which 

are then tested and refined before beginning 

their actual production. 

ii) Light Weight Components: 3D printing 

can help aerospace companies create light 

weight components that have complex 

geometries that are difficult to be produced 

using traditional manufacturing methods. 

This reduces the weight of the aircrafts and 
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spacecraft, hence improving their 

performance. 

iii) Reduced Production Time and Cost 

Savings: 3D printing significantly reduces 

the time it takes to design parts and can 

speed up the production cycles. Many tools 

are eliminated and less wastes are generated, 

so cost is reduced. 

iv) Customization: 3D printing allows the 

manufacturing of highly customized 

components that are tailored for the specific 

requirements of the aircraft or spacecraft. 

This improves performance and 

maintenance costs are reduced. 

7.4 Automotive Engineering: 3D printing 

technology is widely used in this industry in the 

followingways: 

i) Prototyping: 3D printing helps engineers 

create prototypes of new designs, which are 

then tested before putting them into 

production. This reduces cost and time it 

takes to develop new vehicles. 

ii) Customization: Highly customized parts 

and created and tailored to the specific 

requirements of the vehicle or customer. 

This enhances performance and customer 

satisfaction. 

iii) Tooling: Low volume tools for injection 

molding, casting and other production 

processes are produced using 3D printing. 

This helps reduce the cost of producing tools 

and saves time. 

iv) Light Weight Components: Using 3D 

printing, automotive companies can produce 

light weight parts with complex geometries 

better than the traditional processes. This 

reduces the weight of the vehicle, reduces its 

cost and improves fuel efficiency. (T. Vetter 

et al, 1997) 

v) Aftermarket Parts: 3D printing is used to 

produce replacement parts for vehicles that 

are older or rare, which are no longer in 

production or difficult to find. This reduces 

the cost of customization of these vehicles. 

7.5 Agriculture Sector: 3D printing is used in 

the agriculture sector in the following ways: 

i) Precision Farming Tools: 3D printing is 

used to create precision farming tools like 

drones, robots and sensors. These help 

farmers detect diseases, monitor crops and 

improve irrigation and fertilizer use. 

ii) Replacement Parts: 3D printing is used to 

manufacture replacement parts for farming 

machinery. It reduces maintenance costs and 

downtime. 

iii) Customized Equipment: 3D printing 

helps in creating customized tools that are 

suitable for the particular agricultural 

operation and farmer. 

iv) Soil Sensors: Soil sensors can be created 

using 3D printing that can help farmers 

monitor important factors such as soil 

moisture, nutrient levels and temperature. 

This optimizes crop yields. 

v) Hydroponics Systems: 3D printing creates 

customized hydroponics that are used to 

grow crops in geographical locations where 

conventional farming techniques are not 

feasible. 

7.6Fashion: 3D printing technology helps in 

creating customized clothing and its 

accessories. It can create unique designs that 

are difficult to achieve with traditional 

manufacturing processes. 

7.7 Biomedical and Pharmaceutical Firms: 

3D printing can largely impact this sector, 

which in turnwould largely impact the 

medical sector and the general public. It is 

used in this sector as follows: 

i) Customized Prosthetics and Implants: 3D 

printing helps in innovating prosthetics and 

implants in a more efficient way than the 

traditional ones, for the benefit of the 

medical sector. 

ii) Drug Delivery System: 3D printing is in 

use to develop medicine delivery systems to 

make them efficient to release them at 

certain times and in specific quantities. This 
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helps in precise dosing and increases 

effectiveness of the treatment. 

iii) Tissue Engineering: Better functional 

replacement tissues can be created using 3D 

printing, providing new innovations to the 

medical sector. 

iv) Laboratory Equipment: 3D printing is 

very useful in creating innovative laboratory 

equipment that can be customized as per the 

needs of specific experiments. This helps 

improve the efficiency of the experiments, 

and gives better results that are largely 

beneficial for the medical sector. 

v) Research Tools: 3D printing allows 

researchers to create precise models of 

molecules and cells. It allows researchers to 

study them in more detail and helps them to 

study disease mechanisms and new potential 

drug targets. 

7.8 Food: Custom food products and their 

designs are being created using 3D printing 

technology. 3D bioprinting  also enables the 

creation of plant based meat substitutes. This 

technique enables precise control of the 

texture and flavor of the resulting product 

and helps reduce the negative environmental 

impact of conventional meat production. 

4D printing is a new and emerging technology 

that has the potential to take 3D printing to the 

next level. The main objective of 4D printing is 

to program the printed objects so that they can 

change themselves over time in response to 

external stimuli. Following are some potential 

applications of 4D printing: 

• Self-Assembling Structures: 4D printing 

allows to create Self assembling structures. 

These can be very useful for the engineers 

and architects in construction and 

manufacturing. The printed object using 4D 

printing can adjust itself to any shape or size 

according to the external stimulus. 

• Responsive Clothing: 4D printing can 

create clothing that adjusts to changes in the 

environment they are used in (like changing 

their size and shape) 

• Medical Sector: 4D printing allows to 

create medical implants that can be allowed 

to expand or contract according to the 

changes in the patient’s body. 

• Smart Materials: Materials that can change 

their properties according to external stimuli 

can be made using 4D printing. This can 

revolutionize the manufacturing industry. 

• Environmental Sensors: 4D printed 

environmental sensors can be used to study 

the environment and improve its quality. 

Certain sensors can be designed to change 

their properties when exposed to certain 

harmful chemicals in the air. 

• Biomedical and Pharmaceutical Firms: 

4D printing has the potential to transform 

the biomedical and pharmaceutical firm way 

of developing products for the medical 

sector in the following ways: 

i) Drug Delivery Systems: 4D printing can 

provide drug delivery systems to the medical 

sector that can respond to changes in the 

body over time. For example, such a system 

can release certain drugs as a response to 

changes such as body temperature or pH. 

ii) Tissue Engineering: 4D printing can 

provide actual functioning tissues that can 

change their dimensions according to the 

changes in the body, to the medical sector. 

iii) Self Assembling Devices: 4D printing 

enables creating devices that can actually 

change their properties and can be used to 

do surgeries and medical procedures in a 

more efficient way. 

iv) Prosthetics and Implants: 4D printing 

provides implants and prosthetics that can 

change according to the body over time, to 

the medical sector. 

v) Smart Pills: 4D printing enables the 

creation of smart pills that can change their 

properties such as releasing the quantity of 

drugs and their size for better absorption in 

the body according to the changes in the 

body. 

8.Case Stusies 
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8.1 GE Aviation Produces a 3D Printed 

Nozzle for the LEAP Engine (2014) 

In 2014, GE Aviation produced a 3D printed 

fuel nozzle for the LEAP Engine, which is now 

in use in Boeing and Airbus aircrafts. A jet 

engine fuel nozzle does not appear to be a very 

important thing, it only appears to be a normal 

mechanical part, size of the palm of a hand, but 

it was the most important and revolutionary 

piece of technology for GE history. It gave rise 

to the world’s bestselling commercial jet 

engines. GE aviation showed the world the 

impact 3D printing can produce on the 

manufacturing industry. 

In 2008, CMF International, a 50-50 joint 

venture took place between GE Aviation and 

France’s Safran Aircraft Engines. CMF 

International was working on developing the 

LEAP engine. It was a new commercial jet 

engine that was designed to burn less fuel than 

the already existing engines and would also 

reduce the number of emissions. Mohammad 

Ehteshami was the head of engineering at GE 

Aviation at that time, and he rapidly figured out 

that the success of the engine would largely 

depend on the many characteristics of the 

labyrinthine passages within the tip of the fuel 

nozzle, which was designed in such a way that 

the jet fuel is mixed with air in the most 

efficient way. Top professional engineers were 

on-board for its design, and they designed a 

walnut-sized object that enclosed 14 elaborate 

fluid passages. It looked elegant but the final 

part manufactured came up with flaws. The tip’s 

internal geometry was too complex. The same 

design was tried to be casted multiple times, but 

it came up with flaws each time. Traditional 

methods were unable to make it precisely. That 

time, GE Aviation used 3D printing for only 

prototypes and not printing anything for 

commercial use.  

The team of engineers worked closely with the 

3D printing pioneer Greg Morris, and designed 

a 3D printer to get the fuel nozzle’s 

specifications. With the old methods, the tip was 

by welding together 20 pieces, but now it was 

made as a single piece with 25% reduction in 

weight, 30% cost efficient and five times more 

durable. The team worked rapidly to meet the  

LEAP program schedule and made sure to get 

the certification from the Federal Aviation 

Administration for the part. The orders were 

coming in bulk for the LEAP engine to GE 

Aviation, and GE Aviation had to figure out, to 

get its 3D production operations ready for mass 

production.  A new team of 100 employees, 

including aviation experts to metallurgists, 

started to work on this complex process and in 

2015, a fully operated 3D printing facility only 

for 3D printed nozzles was built in Auburn. 

GE Aviation showed the world the importance 

of 3D printing. Although the part that was 

needed appeared to be like a normal part, its 

precision was necessary to achieve the required 

goals. The precision that could not be achieved 

by the traditional manufacturing methods was 

achieved by 3D printing and the whole aviation 

industry was revolutionized.  

8.2 Bugatti used 3D Printing to manufacture 

a brake caliper with a 40% weight savings  

Bugatti is one of the most extraordinary car 

companies around the Globe. Bugatti cars are so 

unique because every single part used in their 

cars is made to save weight and run faster. The 

development of supercars that Bugatti 

manufactures pushes not only the automotive 

performance, but also the need of materials for 

making vehicle components. The already 

existing brake design of Bugatti made from high 

strength aluminum alloy and titanium pistons 

were excellent, but Bugatti felt that there was 

margin for improvement. The new calipers were 

meant to minimize weight while maximizing 

stiffness. 

The company’s engineers designed another 

version of it that would be made of Titanium. It 

would have high tensile strength and would 

weigh 40% less as compared to the aluminum 

ones. Unfortunately, Titanium and its alloys are 

too hard to be casted or forged using even the 

most advanced techniques in conventional 

methods. Bugatti turned to additive 

manufacturing, commonly known as 3D 

printing, that would utilize lasers to blend 

titanium alloy powder into accurate, precise and 

complex shapes. (Alvertos et al, 1991) 
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It took only months to convert this idea to a 

prototype. After the computer modeling was 

done by Bugatti, the data files were sent to 

Laser Zentrum Nord for the final processing and 

to print them using the largest printer able to 

handle Titanium. According to Bugatti, it took 

only 45 hours to print the caliper. The printer 

layed down 2,213 layers of Titanium alloy 

powder and the laser blended the alloy into the 

cross section of the caliper, one at a time. After 

this, the excess powder was removed and heated 

to a temperature of about 700℃ and then 

lowered to 100℃ to balance the structure. The 

calipers were then sent back to Bugatti for the 

final processing (mechanical, chemical or 

physical) to further improve it. 

The impact of 3D printing was highlighted in 

front of the world when Bugatti, the supercar 

company that has always pushed its limit to 

manufacture something unique, approached 3D 

printing to manufacture its components. 

9. Result 

For close range applications, many methods for 

the collecting, processing, and visualization of 

3D information from images have been 

investigated. The key benefits of image-based 

modeling and printing over laser scanning are 

that the sensors are typically affordable and 

accessible, and that 3D data can be reliably 

recovered no matter the size of the item. 

Although image-based modeling can create 

accurate and realistic-looking models, 

sometimes even models that are comparable to 

those produced by laser scanning, it still 

requires a lot of human interaction because the 

majority of the current computer algorithms 

have not yet been tested in practical 

applications. Without making assumptions 

about the contour of the surface, automatic IBM 

also cannot capture detail on unlabeled or 

featureless surfaces. It is challenging to choose 

automated approaches for practical applications 

since in practice it is typically impossible to 

properly evaluate their performance. Due to the 

work being put into those procedures, this may 

eventually change, but until then, quasi 

techniques are strongly advised. Parts of the 

process that can be easily completed by humans, 

like extracting seed points and topographic 

surface segmentation, persist interactive in 

semi-automated approaches, while those that are 

best completed by computers, like feature 

extraction, point communications, image 

registration, and modeling of segmented 

regions, should be automated. There are still 

many issues to be resolved in order to accurately 

transform a recorded spatial information into a 

three-dimensional polygonal model that can 

meet demanding modeling and visualization 

requirements. Also, each of the currently 

available tools for modeling and visualizing 3D 

objects is tailored to a particular class of data. 

Without dense point clouds, commercial 

"reverse engineering" packages fail to produce 

accurate meshes. As a result, mesh production 

and editing frequently take substantially longer 

than point measurement. Geometric and 

radiometric aberrations, as well as problems 

with interactive visualization and computing at 

high frame rates, all have an impact on 

photorealism or visual quality. These problems 

are still active study areas in computer 

animation. Without simplification and/or 

inventive rendering approaches like managing 

the LOD, it is typically not feasible to 

accomplish both photo-realism and fluid 

navigation with current computing and graphics 

hardware. Of course, hardware is continually 

getting better, but to keep up with the demand 

for ever realistic detail, model sizes are growing 

more quickly. The outcome of the comparative 

study between these methods results in the 

formation of 3D models from the single-view 

images with varying datasets of humans, cats, 

dogs, and cars. The output obtained from the 

method works well in the case of different facial 

expressions and others give the output even in 

the extreme lighting, roughly convex shape, 

asymmetric texture, and dark texture with 

detailed facial expressions. 

 

10. Discussion 

We have reviewed the model of the symmetrical 

deformable object classes. The primary 

preferred position of this methodology is that it 

is adaptable and powerful enough that it upholds 

learning symmetric articles in an unaided way, 

from crude pictures, despite variable 

perspective, distortions, and intra-class varieties. 

We have likewise portrayed ambiguities in 

posture recuperation brought about by balances 
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and built up a learning definition that can deal 

with them.  

Keeping all perspectives and reviews in mind 

the model can procure high-consistency 

monocular 3D diversions of individual things. 

Moreover, keeping a solo strategy for lifting an 

object classification into a 3D portrayal, 

permitting us to get familiar with a 3D 

morphable model of appearances from a 

disorderly photograph assortment(Chao et al, 

1992). We have seen that we can utilize the 

subsequent model for controllable control and 

altering of noticed pictures. Profound picture-

based generative models have demonstrated the 

ability to convey photorealistic blend results 

with considerably more assorted classifications 

than faces - we foresee that their mix with 3D 

portrayals like LAEs will additionally release 

their potential for controllable picture union. 

Keeping all viewpoints and reviews in concern 

the model can procure high-consistency 

monocular 3D diversions of individual things.  

11. Conclusion 

In this whole paper, we have made various 

comparisons to analyze different methodologies 

to perform 3D modeling, by using raw images 

as input without any supervision by a human. 

Keeping all various methodologies in our mind, 

3D demonstrating is an innovation that is 

continually created and is getting open to the 

majority. Beginning from the film business to 

designing fields, experts expected to picture 

their creation before continuing to model 

development. This permits them to break down 

their work and roll out the vital improvements 

before acquiring significant expenses related to 

the experimentation techniques for its 

development. The two methods we have used 

broadly are Autoencoding Pipeline and Lifting 

AutoEncoders (LAE).CelebA(Celeb Faces 

Attributes) being the common dataset used in 

both and Photo-geometric autoencoding being 

the best way out for 3D modeling reason being 

it has large scale datasets of humans, cat, dogs, 

and synthetic cars and it gives output even in 

case of extreme facial expression, lighting 

effects, roughly convex shape, and dark texture. 

It also detects the asymmetric planes of the 

images and gives a more realistic output3D 

modeling does have a huge impact on the 

Influence of the Advertising Healthcare and 

Entertainment Industry. Since its beginning, 3D 

displaying has been a significant main thrust for 

innovative progression. Presently it is 

conceivable to plan and interface with practical 

models of modern ventures. Today, with 3D 

displaying you can mimic various situations 

relying upon the venture. Certain plan 

programming will permit us to utilize different 

materials for a plan and test them 

independently.  Here, in this paper, we have to 

keep all planes of perception. 3D plans 

additionally assist when scaling and estimations 

are the subjects of conversation. Not simply 

fabricating organizations, genuine domains have 

joined the fleeting trend of utilizing 3D 

demonstrating for their undertakings now. Prior, 

3D plans were utilized to deliver a sensible 

model of a structural plan. In case we’re 

employing the 3D model for liveliness, then 

over-convoluted math must be utilized for exact 

results. Here, we have seen accomplishments 

with photorealistic 3D models. The innovations, 

such as circulated соmрuting, аugmentedreаlity, 

аndman-made brainpower аre being асquаinted 

with the evolution of 3D displaying. We 

shоuldрreраreоurselvesfоr а few 

аdditiоnаlаdvаnсementsаrоund the 3D sрасe. 

The outcomes recorded sоfаrаreastounding, sо 

we саnexрeсt many certifiable аррliсаtiоns in 

the new future. 

Аnd, In this way, we саnkeeрvаriоus 

innovations associated with this revealing 360 

degree view. 
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