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ABSTRACT 

The aim of this Project is to Develop a 360-degree throwable image acquisition device. 

The 360 degree throwable image acquisition device is a novel technology designed to 

capture panoramic images from any angle. This device utilizes 16 cameras that can be 

thrown into the air and captures high-resolution images in all directions as it rotates in the 

air. The captured images are then stitched together using advanced software to create a 

seamless panoramic image that can be viewed from any perspective. This device is 

compact, lightweight, and easy to use, making it ideal for capturing images in a variety of 

settings, including real estate, tourism, and entertainment. 

Our proposed device is not only addresses the high cost issue of current market players but 

is also durable and has a larger battery life. We aim to launch it in the commercial market 

and compete on the basis of lower prices and better image quality. 
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CHAPTER 1: INTRODUCTION 
 

In today's world, capturing high-quality 360-degree images and videos has become an 

essential part of various industries such as recreation, landscape photography, 

professional sports, architecture, home security systems, search-and-rescue, and 3D 

mapping applications. However, the existing devices in the market are expensive, bulky, 

and have long image stitching times, which limits their use and applicability. 

Therefore, the motivation behind this project is to design an inexpensive and durable 

image acquisition throwable device that can capture high-quality 360-degree images, 

support faster image stitching, and overcome the limitations of existing devices. After 

researching and exploring different options, we decided to opt for an image acquisition 

device as our FYP project. The immense potential of the concept to cater to a diverse 

range of applications and departments made it an exciting prospect for us. 

The proposed throwable 360-degree image acquisition device will have a durable, 

impact-resistant casing that can withstand drops from up to 10ft. It will support high- 

resolution HD images and faster image stitching times, making it an ideal option for 

capturing high-quality 360-degree images and videos. Additionally, the device will have 

a rechargeable and replaceable battery with a longer battery life, making it convenient to 

use on the go. It will also support MicroSD card storage and selfie stick usage. 

The development of this device can significantly facilitate and make user-friendly various 

industries and departments, such as the recreation, landscape photography, professional 

sports, architecture, home security systems, search-and-rescue, and 3D mapping 

applications. We aim to design and develop a working prototype of the device that meets 

the objectives and specifications outlined in this report. 
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In conclusion, the design and development of this throwable 360-degree image 

acquisition device can have immense potential in various fields and applications, and we 

look forward to exploring its possibilities through this project. 

 

 
 

 

 
 

Figure 1 3D view of the final model 
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CHAPTER 2: LITERATURE REVIEW 
 

MATERIAL: 
 

The design and development of a throwable 360° image acquisition device require careful 

consideration of material selection for both the inner and outer surfaces. The material 

selection process involves choosing the most suitable material that satisfies the design 

and functional requirements of the device. The inner surface material selection 

determines the durability, impact resistance, and overall functionality of the device, while 

the outer surface material selection affects the aesthetics, grip, and overall feel of the 

device. In this section, we will discuss the available material options for the inner and 

outer surfaces and their relevant properties. 

Inner Surface Material Selection: 
 

The inner surface material selection is critical in determining the durability and impact 

resistance of the device. The chosen material should be able to withstand the impact of 

being thrown up to a height of 10 feet without sustaining any damage. The following are 

some material options for the inner surface: 

a) Nylon: 

 
Nylon is a synthetic polymer that is known for its excellent tensile strength, abrasion 

resistance, and toughness. It is also lightweight and flexible, making it an ideal material 

for the inner surface of the device. Nylon has a high resistance to impact and can 

withstand high stress and strain without breaking. It is also resistant to chemical and 

environmental degradation, making it an excellent choice for outdoor applications.[8] 

b) Polyurethane: 

 
Polyurethane is a versatile polymer that is known for its excellent mechanical properties, 

including high tensile strength, abrasion resistance, and toughness. It is also lightweight 
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and flexible, making it an ideal material for the inner surface of the device. Polyurethane 

has a high resistance to impact and can withstand high stress and strain without breaking. 

It is also resistant to chemical and environmental degradation, making it an excellent 

choice for outdoor applications.[5] 

c) Thermoplastic Elastomers (TPEs): 

 
TPEs are a group of materials that combine the properties of rubber and plastic. They are 

known for their excellent flexibility, impact resistance, and toughness. TPEs can be easily 

molded into different shapes and sizes, making them an ideal material for the inner 

surface of the device. They are also resistant to chemical and environmental degradation, 

making them an excellent choice for outdoor applications.[6] 

Outer Surface Material Selection: 
 

The outer surface material selection is crucial in determining the aesthetics, grip, and 

overall feel of the device. The chosen material should be able to provide a comfortable 

grip and a non-slip surface to prevent accidental drops. The following are some material 

options for the outer surface: 

a) Acrylonitrile Butadiene Styrene (ABS): 

 
ABS is a commonly used thermoplastic polymer that is known for its toughness, impact 

resistance, and heat resistance. ABS is a copolymer made up of three monomers: 

acrylonitrile, butadiene, and styrene. The combination of these monomers results in a 

material that has good mechanical properties, such as high tensile strength and impact 

resistance.[3] 

In the context of the throwable 360-degree image acquisition device, ABS can be used as 

a material for the device's casing. The use of ABS can provide the necessary impact 

resistance and durability required for the device to withstand accidental drops and 
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impacts. ABS can be molded into different shapes and designs, allowing for the device to 

have a sleek and ergonomic design. The material can also be coated with various finishes, 

such as a matte or glossy finish, to enhance its aesthetic appeal. 

However, ABS do have some limitations. It is not as resistant to UV light as other 

materials, which can cause it to yellow over time. Additionally, ABS can be prone to 

warping and cracking under high stress or temperature conditions. To overcome these 

limitations, additives or reinforcements can be added to the ABS material to enhance its 

properties. For example, the addition of carbon fibers or glass fibers can increase the 

material's strength and stiffness, while the addition of UV stabilizers can improve its 

resistance to UV light. 

b) Thermoplastic Polyurethane (TPU): 

 
Thermoplastic Polyurethane (TPU) is a flexible and durable material that can be used for 

the outer shell of the throwable 360° image acquisition device. TPU has excellent 

abrasion resistance and is resistant to oils and greases. It is also a good shock absorber 

and can withstand high impact forces. TPU can be molded into different shapes and sizes, 

making it an ideal material for a device with a complex geometry like the throwable 360° 

image acquisition device.[7] 

One of the main advantages of TPU is its flexibility. This allows it to absorb impact 

forces and prevents damage to the device. TPU also has good resistance to UV rays, 

which makes it suitable for outdoor applications. It is also resistant to chemicals and can 

withstand exposure to solvents and oils. 

Another advantage of TPU is its ability to be molded into different shapes and sizes. This 

allows for more design flexibility and customization of the device. TPU can also be 

easily processed by injection molding, which makes it cost-effective for mass production. 
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c) Silicone Rubber: 

 
Silicone rubber is a flexible and durable material that can be used for the outer shell of 

the throwable 360° image acquisition device. It is resistant to high temperatures and can 

withstand exposure to UV rays and other weathering conditions. Silicone rubber also has 

good resistance to water and chemicals, making it suitable for outdoor applications.[9] 

One of the main advantages of silicone rubber is its flexibility. This allows it to absorb 

impact forces and prevents damage to the device. It is also a good insulator, which makes 

it suitable for electronic applications. Silicone rubber can also be molded into different 

shapes and sizes, which makes it an ideal material for a device with a complex geometry 

like the throwable 360° image acquisition device. 

Another advantage of silicone rubber is its ability to resist high temperatures. This makes 

it suitable for applications where the device may be exposed to extreme heat, such as 

outdoor photography. Silicone rubber also has good resistance to chemicals, which makes 

it suitable for use in harsh environments. 



7  

 

 

Comparison chart for different types of plastics: 
 

 
Figure 2 Comparison of different types of plastics 
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• Nylon: It is a tough and durable plastic, making it an ideal material for the 

housing and locking mechanism of the throwable image acquisition device. Its 

high tensile strength and elongation at break make it resistant to impact and 

deformation, and its melting point makes it suitable for use in high-temperature 

environments. 

• Polycarbonate: Its high impact strength, transparency, and ability to withstand 

extreme temperatures make it ideal for use in the lens and outer layer of the 

device. 

• ABS: It is a versatile plastic that is lightweight and has good impact resistance, 

making it suitable for use in the inner layer and locking mechanism of the device. 

• Silicone Rubber: Its excellent water and heat resistance make it ideal for use in 

waterproofing the device. 

• TPU: It is a flexible and durable material that provides good shock absorption and 

can be used as the outer layer of the device. 

• PP: Its low density and high resistance to chemicals make it an ideal material for 

the housing of the device. 

• PS: Its low cost and ease of manufacturing make it a suitable material for the 

inner layer and locking mechanism of the device. 

In conclusion, the material selection for the throwable image acquisition device should be 

based on the specific requirements of the device, such as impact resistance, 

waterproofing, and shock absorption. Each material has its advantages and disadvantages, 

and the appropriate material should be selected based on its properties and potential 

applications in the context of the device. 
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Comparison of different materials based on hardness and impact strength: 
 

As we can see from the table, Polycarbonate has the highest impact strength, followed by 

ABS, Nylon, and then Silicone Rubber. However, Nylon has the highest hardness, 

followed by ABS, Polycarbonate, and then Silicone Rubber.[2] 

Hardness is the resistance of a material to permanent indentation or scratching, and is 

measured on the Shore D scale. Impact strength, on the other hand, is the ability of a 

material to resist fracture when subjected to a sudden impact or shock. 

In terms of material selection for a throwable image acquisition device, both hardness and 

impact strength are important factors to consider. The device needs to be able to 

withstand impacts from being thrown, while also being hard enough to resist scratches 

and damage from regular use. Based on the table, Nylon may be a good choice for 

hardness, but its lower impact strength may make it less suitable for a device that needs 

to withstand impacts. Polycarbonate and ABS both have high impact strength, making 

them good choices for a 

device that needs to be 

impact resistant. Silicone 

Rubber has 

lower hardness and impact 

strength compared to the 

other materials, so it may 

not be the best choice for a 

device that needs to be 

durable and impact 

resistant. 

Figure 3 Comparison between different materials based on hardness and impact strength 
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Comparison of different materials based on thermal conductivity and coefficient of 

thermal expansion: 

Thermal conductivity is a measure of a material's ability to conduct heat, while the 

coefficient of thermal expansion is a measure of how much a material expands or 

contracts with changes in temperature. 

From the table, we can see that silicone rubber has the highest coefficient of thermal 

expansion, indicating that it expands significantly with changes in temperature. This 

property may not be desirable for our image acquisition device as it may affect the 

accuracy of the images. 

In terms of thermal conductivity, Nylon, Polycarbonate, and Silicone Rubber have higher 

values compared to ABS, TPU, PP, and PS. This means that Nylon, Polycarbonate, and 

Silicone Rubber are better at conducting heat and are therefore more suitable for 

applications where heat dissipation is important.[3] 

In terms of coefficient of thermal expansion, Nylon, ABS, TPU, and PP have similar 

values while Polycarbonate, Silicone Rubber, and PS have lower values. Materials with 

higher CTE values are more prone to thermal expansion and contraction when subjected 

to temperature changes. This can be a concern when designing a device that needs to 

maintain dimensional stability over a wide temperature range. 

Based on these properties, Nylon, ABS, TPU, and PP are suitable materials for our 

project due to their impact resistance and durability, while Polycarbonate and Silicone 

Rubber may be more suitable for applications where heat dissipation is important. 



11  

 

 
 

 
 

Figure 4 Comparison of different materials based on thermal conductivity and coefficient of thermal expansion: 
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Comparison of Weight and Cost of Different Materials: 
 

The weight and cost of the materials used in the design of the throwable image 

acquisition device are also important considerations. The following table compares the 

weight and cost of various materials: 

 
 

Material 

 
 

Weight (g/cm^3) 

 
 

Cost ($/kg) 

 
 

ABS 

 
 

1.04 

 
 

1.2 

 
 

Polycarbonate 

 
 

1.2 

 
 

3.5 

 
 

Nylon 

 
 

1.15 

 
 

2.5 

 
 

Aluminum 

 
 

2.7 

 
 

3.5 

 
 

Steel 

 
 

7.85 

 
 

1.5 

 

 
As shown in the table, materials like ABS and nylon are lightweight and relatively 

affordable, making them suitable for use in the inner and outer surfaces of the device. 
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However, materials like aluminum and steel may be stronger and more durable, but they 

are also heavier and more expensive.[16] 

By considering factors like tensile strength, impact resistance, weight, and cost, it is 

possible to identify the most suitable materials for the inner and outer surfaces of the 

throwable 360-degree image acquisition device. 
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Figure 5 Panono 

 

 

EXISTING 360 DEGREE CAMERAS 
 

In this section, we will explore the different types of 360 degree cameras that are 

currently available in the market. The following subsections will provide an overview of 

the specifications and features of each camera, as well as a comparison of their strengths 

and weaknesses.[1] 

Panono Camera: 

 
The Panono camera is a spherical 360-degree camera with a total of 36 cameras placed 

all over its surface, each with a 3-megapixel sensor, which can capture 360-degree 

panoramic images with a resolution of up to 108 megapixels. It is capable of capturing 

images with an angle of view of 360x360 degrees, producing 360-degree x 180-degree 

images with a resolution of 16,384 x 8,192 pixels. 

The Panono camera uses Wi-Fi to connect to the user's smartphone and tablet via the 

Panono app. The camera is designed to be used in a handheld mode or with a selfie stick. 

It also comes with an automatic cloud backup feature, which automatically backs up the 

captured images to the cloud for safekeeping.[11] 

The Panono camera is ideal for use in outdoor settings, as it is water- 

resistant and can survive falls of up to 1.5 meters. However, its high 

price and bulky design make it unsuitable for everyday use. 

 

 

 
 

Bublcam: 

 
The Bublcam is a compact, spherical 360-degree camera that weighs only 280 grams and 

has a diameter of 72mm. The camera uses four 190-degree fish-eye lenses, each with a 5- 

megapixel sensor, to capture 360-degree panoramic images with a resolution of up to 14 
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megapixels. The camera is capable of capturing images with an angle of view of 360x360 

degrees, producing 360-degree x 180-degree images with a resolution of 5,376 x 2,688 

pixels. 

The Bublcam connects to the user's smartphone or tablet via Wi-Fi 

and the Bublcam app. The camera can be used in a handheld mode 

or with a tripod. It also comes with a mobile app that allows users 

to edit their photos and videos. 

The Bublcam is ideal for use in indoor settings, such as in homes 

or offices, as it is lightweight and compact. However, its low 

resolution and limited battery life make it unsuitable for 

professional use. 

Squito Serveball: 

 

 

 

 

 

Figure 6 Bubl camera 

 

The Squito Serveball is a spherical 360-degree camera that is designed to be thrown and 

caught like a ball. The camera uses three 170-degree fish-eye lenses, each with a 5- 

megapixel sensor, to capture 360-degree panoramic images with a resolution of up to 8 

megapixels. The camera is capable of capturing images with an angle of view of 360x180 

degrees, producing 360-degree x 180-degree images with a resolution of 4,096 x 2,048 

pixels. 

The Squito Serveball connects to the user's smartphone or tablet via Wi-Fi and the Squito 

app. The camera can be used in a handheld mode or thrown and caught like a ball. It also 

comes with a mobile app that allows users to edit their photos and videos. 

The Squito Serveball is ideal for use in outdoor settings, such as at a park or beach, as it 

is designed to be impact-resistant and water-resistant. However, its low resolution and 

limited battery life make it unsuitable for professional use. 
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Figure 7 Squito 

 

Eyeball R1: 

 
The Eyeball R1 is a spherical 360-degree camera that uses two 220-degree fish-eye 

lenses, each with a 16-megapixel sensor, to capture 360-degree panoramic images with a 

resolution of up to 32 megapixels. The camera is capable of capturing images with an 

angle of view of 360x360 degrees, producing 360-degree x 180-degree images with a 

resolution of 7,680 x 3,840 pixels.[1] 

One of the main advantages of the Eyeball R1 is its compact size, which makes it a great 

option for travelers and adventurers. The camera is also lightweight, weighing only 250 

grams, making it easy to carry around. Additionally, the Eyeball R1 has a waterproof 

rating of IP67, which means it can withstand being submerged in water for up to 30 

minutes. 

However, the Eyeball R1 has some drawbacks. One of the main issues with the camera is 

that it lacks a preview screen, which makes it difficult for users to frame their shots 

correctly. The camera also has a limited battery life, which only lasts for about an hour of 

continuous use. Additionally, the Eyeball R1 is not compatible with external storage 
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devices, which means users are limited to the 32GB of internal storage that comes with 

the camera. 

 
Figure 8 Eyeball R1 
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Advantages and Limitations of Throwable 360-Degree Image Acquisition Devices: 

Advantages: 

                Throwable 360-degree image acquisition devices have several advantages over traditional 

cameras and image acquisition devices. One of the most significant advantages is that 

they provide a complete 360-degree view of the surroundings, making them ideal for 

applications such as 3D mapping, search and rescue, and surveillance. They are also 

compact and portable, making them suitable for outdoor activities such as hiking, 

camping, and adventure sports.[12] 

Another advantage of throwable 360-degree image acquisition devices is that they 

provide a unique perspective for photographers and videographers. The ability to capture 

360-degree images and videos allows them to create immersive and interactive content, 

which is particularly useful for virtual reality applications. The devices are also durable 

and impact-resistant, making them ideal for use in harsh environments and extreme 

conditions. 

Limitations: 

Despite their advantages, throwable 360-degree image acquisition devices have some 

limitations that need to be addressed. One of the most significant limitations is the image 

quality. Due to the small size of the device, the image sensors used are usually smaller, 

which can result in lower image quality. The image processing algorithms used to stitch 

the images together can also affect the final image quality and can take a considerable 

amount of time to complete. 

Another limitation of throwable 360-degree image acquisition devices is the battery life. 

Due to the power requirements of the device, the battery life can be relatively short, 

which can limit the amount of time the device can be used without recharging or 

replacing the battery. Additionally, the device may not be compatible with all devices and 

software, which can limit its versatility and usefulness. 
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Image Acquisition Technologies 
 

To capture 360-degree images, throwable image acquisition devices use a variety of 

technologies, including fisheye lenses, mirror systems, and multiple cameras. 

Fisheye Lenses: 

 
Fisheye lenses are used in throwable image acquisition devices to capture a 180-degree 

view of the surroundings. The lens is designed to capture a hemispherical image, which is 

then stitched together with another hemispherical image to create a complete 360-degree 

view. Fisheye lenses have a wide-angle view, which can capture more of the 

surroundings than traditional lenses. However, the images captured using fisheye lenses 

can suffer from distortion and may require correction during post-processing.[13] 

Mirror Systems: 

 
Mirror systems are another technology used in throwable image acquisition devices. The 

device consists of a mirror that is placed at a 45-degree angle in front of the camera lens. 

The mirror reflects the image onto the camera sensor, allowing it to capture a 360-degree 

view of the surroundings. Mirror systems have the advantage of capturing a high- 

resolution image with minimal distortion. However, they are more complex and 

expensive than fisheye lenses. 

Multiple Cameras: 

 
Another approach used in throwable image acquisition devices is to use multiple 

cameras. The cameras are placed in a circular or spherical array, with each camera 

capturing a portion of the surroundings. The images captured by the cameras are then 

stitched together to create a complete 360-degree view. Multiple camera systems have the 

advantage of capturing high-resolution images with minimal distortion. However, they 

can be bulky and expensive, making them less suitable for portable devices. 
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Image Processing Algorithms: 

 
To create a seamless 360-degree view, the images captured by the camera sensors need to 

be stitched together using image processing algorithms. The algorithms used depend on 

the image acquisition technology used, with different algorithms required for fisheye 

lenses, mirror systems, and multiple cameras.[14] 

Fisheye Lens Image Processing: 

 
Fisheye lenses are used in many 360-degree cameras to capture a wide-angle view of the 

surroundings. The fisheye lens can capture up to 180-degree or 360-degree field-of-view, 

which can be used to generate panoramic or spherical images. However, the images 

captured using fisheye lenses often suffer from distortions, such as barrel distortion or 

pincushion distortion. These distortions can make the images look curved or warped, 

affecting the overall image quality and accuracy. 

To overcome these distortions, image processing techniques can be employed to correct 

the images captured using fisheye lenses. The image processing techniques can involve 

both software and hardware approaches. The software approach involves using 

algorithms to correct the distortions in the images. One such algorithm is the fisheye 

correction algorithm, which can be used to correct the barrel or pincushion distortions in 

the images. 

The hardware approach involves using specialized lenses that can correct the distortions 

at the time of image capture. One such lens is the rectilinear lens, which can capture 

wide-angle images with minimal distortions. However, rectilinear lenses are often more 

expensive and bulkier compared to fisheye lenses. 

It is important to note that the correction of fisheye distortions can lead to a loss of image 

resolution or quality. The amount of loss depends on the degree of correction applied to 

the images. Therefore, it is important to find the right balance between distortion 

correction and image quality. 
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Panoramic Image Stitching: 

 
Panoramic image stitching is a technique that enables the combination of multiple images 

into a single image. The process involves aligning images taken from different angles, 

which are then blended to produce a seamless panoramic image. The technique is 

commonly used in photography and computer vision applications. In the case of the 

throwable 360-degree image acquisition device, the images captured by the fisheye lens 

need to be stitched together to create a panoramic view.[19] 

There are different techniques for panoramic image stitching, including feature-based 

methods, global optimization methods, and hybrid methods. Feature-based methods 

detect feature points in the images, such as corners or edges, and match them between the 

images to determine the transformation parameters. The images are then warped and 

blended to create a seamless panoramic image. Feature-based methods are fast and 

efficient, but they may fail in cases where the images do not contain enough distinct 

features. 

Global optimization methods, on the other hand, optimize a cost function that measures 

the difference between the overlapping regions of the images. These methods are more 

robust than feature-based methods and can handle cases where the images do not contain 

enough distinct features. However, they are computationally expensive and may take a 

long time to process. 

Hybrid methods combine feature-based and global optimization methods to achieve a 

balance between efficiency and robustness. These methods first use feature-based 

methods to estimate the initial transformation parameters, and then refine the parameters 

using global optimization methods. This approach improves the efficiency of the 

process while maintaining robustness. 

In the context of the throwable 360-degree image acquisition device, the choice of 

panoramic image stitching technique depends on factors such as the desired accuracy, 

processing time, and available computational resources. A hybrid method may be a 
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suitable choice for the device, as it provides a balance between efficiency and robustness. 

Image Compression and Storage: 

 
Image compression is an essential component of the image acquisition process, as it 

reduces the size of the captured images, making them easier to store and transfer. There 

are different techniques for image compression, including lossy and lossless compression. 

Lossy compression techniques achieve higher compression rates by discarding some of 

the image data. The discarded data is usually imperceptible to the human eye, but it may 

affect the quality of the image when the compression rate is high. Lossless compression 

techniques, on the other hand, achieve lower compression rates but preserve all the image 

data.[17] 

The choice of image compression technique depends on factors such as the desired 

compression rate, the available storage space, and the required image quality. For the 

throwable 360-degree image acquisition device, a combination of lossy and lossless 

compression techniques may be used to achieve a balance between compression rate and 

image quality. 

In terms of storage, the device should support the use of MicroSD cards, as they provide 

a convenient and cost-effective way to store large amounts of data. The device should 

also have a rechargeable and replaceable battery with a larger battery life to ensure that 

the device can capture images for an extended period without the need for frequent 

recharging. 
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Locking Mechanisms: 
 

The locking mechanism is an essential component of our throwable 360° image 

acquisition device. It is responsible for ensuring that the device remains closed during use 

and that the camera remains secure inside the device. There are several locking 

mechanisms that can be used, including press fitting, clamps, hidden threads, and joining 

by threads.[15] 

Press Fitting: 

 
Press fitting involves the use of an interference fit to secure two components together. 

The components are designed with a specific tolerance, so that when they are pressed 

together, the material deforms slightly, creating a secure connection. This method of 

joining is commonly used in the production of bearings and gears. 

One of the advantages of press fitting is that it is a relatively simple and quick process. It 

can be done with a press machine or even by hand, which makes it a cost-effective 

solution for many applications. Additionally, it can provide a strong and secure 

connection between components, which is important in applications where stability and 

safety are critical. 

However, there are also some disadvantages to press fitting. One potential issue is that it 

can be difficult to achieve a perfect fit every time. There may be some variations in the 

dimensions of the components, which can affect the quality of the connection. 

Additionally, if the components are not properly aligned during the pressing process, it 

can lead to a poor fit and weaker connection. 

Overall, press fitting is a useful locking mechanism for many applications. Its simplicity 

and cost-effectiveness make it a popular choice in manufacturing, but careful attention 

should be paid to ensure a proper fit every time. Press fitting could be used to secure the 

two halves of our throwable 360° image acquisition device together. The camera could 

be secured inside the device by using press fitting to create a tight seal around the 

camera. 
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Clamps 

 
Clamps are widely used in various mechanical applications as they provide a secure hold 

without damaging the components. In the case of our throwable 360° image acquisition 

device, clamps can be used to secure the outer shell to the inner mechanism. Clamps can 

be categorized into various types based on their design and application. Some common 

types of clamps used in mechanical applications are: 

Screw Clamps 

 
Screw clamps are the most used type of clamps in mechanical applications. They consist 

of a screw mechanism that can be tightened or loosened to clamp the components 

together. Screw clamps are easy to install and provide a secure hold. However, they 

require additional space for the screw mechanism and may not be suitable for small and 

compact designs. 

Spring Clamps 

 
Spring clamps are designed with a spring mechanism that provides the clamping force. 

They are easy to use and provide a secure hold without damaging the components. Spring 

clamps are commonly used in applications where the clamping force is not critical. 

C-Clamps 

 
C-clamps are designed with a C-shaped frame that can be tightened or loosened to clamp 

the components together. They provide a secure hold and are commonly used in 

applications where the clamping force is critical. 

 

 

Band Clamps 

 
Band clamps are designed with a band that can be tightened or loosened to clamp the 

components together. They are commonly used in applications where the components 

have irregular shapes. 
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For our throwable 360° image acquisition device, we can use clamps to secure the outer 

shell to the inner mechanism. The selection of the type of clamp will depend on various 

factors such as the size of the device, the clamping force required, and the space available 

for the clamp mechanism. 

Hidden Threads 

 
Hidden threads are a type of fastener that is used to secure components together without 

any visible screws or bolts. Hidden threads are commonly used in applications where the 

aesthetic appearance is critical. In the case of our throwable 360° image acquisition 

device, hidden threads can be used to secure the outer shell to the inner mechanism 

without any visible screws or bolts. 

Hidden threads can be categorized into various types based on their design and 

application. Some common types of hidden threads used in mechanical applications are: 

Blind Rivets 

 
Blind rivets are a type of fastener that can be installed from one side of the component. 

Blind rivets consist of a hollow body and a mandrel that can be pulled into the body to 

secure the components together. Blind rivets provide a secure hold and are commonly 

used in applications where the components cannot be accessed from both sides. 

 

 

Threaded Inserts 

 
Threaded inserts are a type of fastener that can be installed in a pre-drilled hole. Threaded 

inserts consist of a threaded body and a flange that can be installed into the pre-drilled 

hole. Threaded inserts provide a secure hold and are commonly used in applications 

where the components require frequent disassembly. 

Adhesive Fasteners 

 
Adhesive fasteners are a type of fastener that uses an adhesive to secure the components 
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together. Adhesive fasteners provide a secure hold and are commonly used in 

applications where the components cannot be drilled or where the aesthetic appearance is 

critical. 

For our throwable 360° image acquisition device, we can use hidden threads to secure the 

outer shell to the inner mechanism without any visible screws or bolts. The selection of 

the type of hidden thread will depend on various factors such as the size of the device, the 

accessibility of the components, and the aesthetic appearance required. 

Battery Selection: 
 

The battery is a crucial component of any portable device, including 360-degree cameras. 

When selecting a battery for the device, several factors need to be considered, including 

the required voltage, capacity, cycle life, safety, and cost. Lithium-ion batteries are 

commonly used in portable devices due to their high energy density, low self-discharge 

rate, and low memory effect. However, they can be expensive and require special 

handling to prevent overheating and fires. Nickel-cadmium batteries are another option 

that has been used in the past, but they are less common now due to their lower energy 

density and the fact that they contain toxic metals. Other battery types that may be 

suitable for 360-degree cameras include nickel-metal hydride and lithium-polymer 

batteries. 

In addition to selecting the appropriate battery type, it is also essential to consider the 

battery's capacity and cycle life. The capacity refers to the amount of energy the battery 

can store, while the cycle life refers to the number of charge/discharges cycles the battery 

can withstand before its capacity begins to degrade. It is important to balance the battery's 

capacity and cycle life with the device's power requirements and size constraints. 

Lastly, safety is a crucial consideration when selecting a battery for any portable device. 

Lithium-ion batteries have been known to catch fire or explode if they are mishandled or 

damaged. Therefore, it is important to select batteries from reputable manufacturers and 

to design the device with appropriate safety features, such as overcharge protection and 

thermal management. 
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Image Processing and Stitching: 
 

360-degree cameras capture images from multiple cameras or lenses and then stitch them 

together to create a seamless, panoramic view. The process of stitching images can be 

complex and time-consuming, especially for cameras that capture high-resolution images. 

Image processing and stitching can also affect image quality, including color accuracy, 

contrast, and sharpness.[20] 

To improve image quality, various techniques can be used, such as noise reduction, color 

correction, and exposure compensation. Additionally, some cameras use sensors or 

algorithms to automatically adjust exposure or white balance based on the surrounding 

lighting conditions. 

There are also several software programs and algorithms available for stitching 360- 

degree images, each with its strengths and weaknesses. For example, some software can 

stitch images more quickly but may sacrifice image quality, while others may produce 

higher quality images but take longer to stitch. 

One of the challenges associated with image stitching is parallax errors, which occur 

when objects appear to be in different positions in each camera's field of view. This can 

cause visible seams or distortions in the final image. Ghosting is another issue that can 

occur when objects move between frames, causing duplicate images or other artifacts. 

Impact Resistance and Durability: 
 

360-degree cameras are often used in outdoor or action-oriented settings, where they may 

be subjected to rough handling, drops, or impacts. Therefore, it is important to design the 

device with materials and features that can withstand these conditions.[16] 

Several methods can be used to test impact resistance and durability, including drop 

testing, vibration testing, and environmental testing. Drop testing involves dropping the 

device from various heights and angles to simulate real-world impacts. Vibration testing 

can help ensure that the device can withstand vibrations from activities such as biking or 

running. Environmental testing can expose the device to extreme temperatures, humidity, 
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or water to test its resistance to these conditions. 

Materials that can improve impact resistance and durability include shock-absorbing 

materials, such as rubber or foam, and reinforced corners or edges. The design of the 

device can also play a role in improving durability, such as a compact, streamlined design 

that reduces the risk of damage. 

Market Analysis: 
 

Overview of the market for 360-degree cameras, including market size and growth 

projections: 

The market for 360-degree cameras has experienced significant growth in recent years, 

owing to increasing demand for immersive content creation and the growing popularity 

of virtual reality (VR) and augmented reality (AR) applications. According to a report by 

Markets, the global 360-degree camera market is projected to reach USD 1.8 billion by 

2023, growing at a CAGR of 24.8% from 2018 to 2023. The Asia-Pacific region is 

expected to witness the highest growth during this period, owing to rising disposable 

incomes and the increasing popularity of VR and AR applications in the region. 

Analysis of key players in the market and their respective strengths and weaknesses: 
 

Several companies have entered the 360-degree camera market, including industry giants 

such as Samsung, GoPro, and Ricoh. Samsung's Gear 360 is one of the most popular 360- 

degree cameras in the market, owing to its ease of use and compatibility with Samsung 

devices. The camera boasts 4K resolution and live streaming capabilities, making it a 

popular choice for content creators. However, the device is relatively expensive and has 

limited compatibility with non-Samsung devices. 

GoPro's Fusion camera is another popular option, offering 5.2K resolution and 

compatibility with both Android and iOS devices. The camera's software includes a range 

of editing tools, making it a popular choice for professional content creators. However, 

the device's battery life is relatively short, and it is relatively heavy and bulky compared 

to other cameras in the market. 
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Ricoh's Theta V is another popular option, offering 4K resolution and a slim and 

lightweight design. The device is compatible with both Android and iOS devices and 

includes a range of editing tools in its software. However, the device's battery life is 

relatively short, and the device is not waterproof. 

Opportunities and challenges in the 360-degree camera market: 
 

The growing popularity of VR and AR applications presents significant opportunities for 

the 360-degree camera market. The ability to capture immersive 360-degree content is 

essential for creating engaging VR and AR experiences, and the demand for such content 

is likely to continue to increase in the coming years. 

However, the 360-degree camera market faces several challenges, including high prices, 

limited compatibility with devices, and a lack of awareness and technical expertise 

among potential users. Additionally, the market faces increasing competition from 

smartphones, which are increasingly equipped with high-quality cameras capable of 

capturing 360-degree content. 

Furthermore, there is a need for improved stitching technology, which can significantly 

reduce the time and effort required to process 360-degree images. The long processing 

times required for stitching images can be a significant barrier to adoption, particularly 

for casual users who may not be willing to spend the time required to edit and process 

their content. 

In conclusion, the 360-degree camera market is poised for significant growth in the 

coming years, owing to the increasing popularity of VR and AR applications. However, 

the market faces several challenges, including high prices, limited compatibility with 

devices, and a lack of awareness and technical expertise among potential users. The 

market presents significant opportunities for companies that can overcome these 

challenges and develop affordable and user-friendly 360-degree cameras. 
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CHAPTER 3: METHODOLOGY 
 

When developing a project, it is important to consider all aspects that can impact its 

functionality, usability, and overall success. In this case, the project involves designing a 

device that can be used for impact testing and thermal testing, which requires careful 

consideration of multiple factors, including shell shape, number of cameras, material 

selection, locking mechanism, camera mounting, and camera module selection. 

The first consideration when designing such a device is the shell shape. The shell should 

be designed to withstand impact testing, while also allowing for easy access to the 

internal components for maintenance and repairs. The shape should also be optimized for 

thermal testing, allowing for efficient heat transfer and temperature monitoring. Various 

shapes can be considered, such as cylindrical, rectangular, or even custom shapes based 

on the specific needs of the project. 

The number of cameras and internal circuitry is another important consideration. 

Multiple cameras can provide a more comprehensive view of the testing environment, 

allowing for more accurate and detailed analysis of the impact and thermal data. 

However, the number of cameras should be balanced with the cost and complexity of the 

device, as well as the desired level of accuracy for the testing results. 

Material selection and internal shell design is also critical to the success of the project. 

The materials used should be able to withstand the impact and thermal stresses of the 

testing environment, while also being cost-effective and easy to work with. Common 

materials used for impact testing devices include metals, plastics, and composites, each 

with their own advantages and disadvantages. 

The locking mechanism is another important aspect to consider, as it is responsible for 

holding the internal components securely in place during testing. The mechanism should 

be strong enough to prevent any movement or shifting of the components, while also 

being easy to use and operate. 
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Finally, camera module selection is critical to ensuring high-quality visual data during 

testing. Factors such as resolution, frame rate, and lens quality should be considered 

when selecting camera modules. In addition, the cameras should be compatible with the 

overall design of the device and the chosen mounting mechanism. 

In summary, the development of a project involving impact testing and thermal testing 

requires careful consideration of multiple factors, including shell shape, number of 

cameras, material selection, locking mechanism, camera mounting, and camera module 

selection. By carefully considering each of these aspects in a chronological order, the 

project can be optimized for success and deliver accurate and reliable results. 

 

 
 

 
 

Code for 4 cameras: 

Code Description: 

The provided code is a Python script that involves capturing live video frames from multiple 

cameras, checking their availability, stitching the captured frames to create a panorama, and 

displaying the stitched output. Let's go through the code and explain each part in detail: 

Importing Required Libraries: 

The code begins by importing necessary libraries such as cv2 (OpenCV), urllib.request, numpy, 

time, and matplotlib.pyplot to handle image acquisition, web requests, array operations, time 

measurement, and visualization. 

Global Variables: 

The start_time variable is initialized to record the start time of the script. The all_urls list contains 

the URLs of the cameras to be accessed. 

Material Selection Shell Shape 
Internal Circuitry Internal Design 
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Camera Availability Check: 

The check function is defined to check the availability of a camera. It attempts to open a connection 

to the provided URL using urlopen from urllib.request and returns True if successful, indicating that 

the camera is working. 

Combined View of Working Cameras: 

The get_live_feed function takes a list of camera availability checks (checks) as input. It filters out 

the working camera URLs from the all_urls list and captures the frames from each working camera 

using urlopen, urllib.request, and cv2.imdecode. The captured frames are resized using cv2.resize 

and stored in the imgs list. If multiple frames are available, the function horizontally concatenates 

them using cv2.hconcat to create a combined view. The combined view is returned as the output. 

Displaying Output for All 4 Working Cameras: 

The all_4_cameras function checks if all four cameras are working by evaluating their availability 

checks (check_1, check_2, check_3, and check_4). If all cameras are available, it captures the 

frames from each camera using urlopen, urllib.request, and cv2.imdecode. The captured frames are 

stored in the imgs list and returned as the output. 

Displaying Output for Available Cameras: 

The available_cameras function checks the availability of cameras using the provided URLs (urls). 

It captures frames from available cameras and displays the output using cv2.imshow and 

plt.imshow. If only one camera is available, it displays the frame. If two cameras are available, it 

horizontally concatenates and displays their frames. 

Stitching Algorithm: 

The stitching function takes a list of frames (imgs) as input and performs the stitching process using 

cv2.Stitcher.create() and stitch method. The result of the stitching process is stored in output. If the 

stitching process is successful (dummy == cv2.STITCHER_OK), the stitched panorama is displayed 

using cv2.imshow and plt.imshow. 

Main Loop: 

The main loop of the code executes indefinitely unless the user presses the 'q' key. It checks the 
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availability of all four cameras and proceeds accordingly. If all cameras are working, it attempts to 

stitch the frames using the all_4_cameras and stitching functions. If the stitching process fails, it 

captures the live feed using the get_live_feed function and displays it. If fewer than four cameras are 

working, it attempts to stitch the frames using the available_cameras and stitching functions. 

Time Measurement and Cleanup: 

At the end of the script, the total run time is calculated by subtracting the start_time from the current 

time (time.time()). Finally, all windows are closed using cv2.destroyAllWindows(). 

Please note that the code assumes the availability of cameras at the specified URLs and relies on the 

proper functioning of the OpenCV and related libraries for camera access, image decoding, resizing, 

stitching, and visualization. 

Code: 

This a generic code for extracting 360-degree image using four cameras. 

import cv2 

import urllib.request 

import numpy as np 

import time 

from urllib.request import urlopen 

#import collections 

import matplotlib.pyplot as plt 

 

start_time = time.time() 

  

#change the IP address below according to the 

#IP shown in the Serial monitor of Arduino code 

 

# url_1 = 'http://192.168.0.163/cam-mid.jpg' 

# url_2 = 'http://192.168.0.161/cam-mid.jpg' 

# url_3 = 'http://192.168.0.164/cam-mid.jpg' 

 

all_urls = ['http://192.168.0.100/cam-mid.jpg', 

            'http://192.168.0.101/cam-mid.jpg', 

            'http://192.168.0.102/cam-mid.jpg', 

            'http://192.168.0.103/cam-mid.jpg'] 
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# check if camera is working 

def check (url): 

    try: 

        u = urlopen(url) 

        u.close() 

        return True 

    except: 

        return False 

 

# getting conctinated view of the cameras if stitching doesnt work. 

def get_live_feed(checks): 

     

    urls = [] 

    imgs = [] 

     

    for i in range(len(checks)): 

        if checks[i] == True: 

            urls.append(all_urls[i]) 

             

     

    for url in urls: 

        img_resp=urllib.request.urlopen(url) 

        imgnp=np.array(bytearray(img_resp.read()),dtype=np.uint8) 

        frame=cv2.imdecode(imgnp,-1) 

        cv2.resize(frame, (300,300), interpolation = cv2.INTER_AREA) 

        imgs.append(frame) 

 

    combined = [] 

     

    if len(imgs)>1: 

 

        for j in range(0,len(imgs)-1): 

            combined = cv2.hconcat([imgs[j], imgs[j+1]]) 

    else: 

        combined = imgs[0] 

    return combined 
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# showing input when all 3 cameras are working. 

def all_4_cameras(check_1,check_2,check_3,check_4): 

     

    if check_1==True and check_2==True and check_3==True and check_4==True: 

        img_resp_1=urllib.request.urlopen(all_urls[0]) 

        imgnp_1=np.array(bytearray(img_resp_1.read()),dtype=np.uint8) 

        frame_1=cv2.imdecode(imgnp_1,-1) 

     

        img_resp_2=urllib.request.urlopen(all_urls[1]) 

        imgnp_2=np.array(bytearray(img_resp_2.read()),dtype=np.uint8) 

        frame_2=cv2.imdecode(imgnp_2,-1) 

         

        img_resp_3=urllib.request.urlopen(all_urls[2]) 

        imgnp_3=np.array(bytearray(img_resp_3.read()),dtype=np.uint8) 

        frame_3=cv2.imdecode(imgnp_3,-1) 

 

        img_resp_4=urllib.request.urlopen(all_urls[3]) 

        imgnp_4=np.array(bytearray(img_resp_4.read()),dtype=np.uint8) 

        frame_4=cv2.imdecode(imgnp_4,-1) 

         

         

        # plt.title('3 cameras feed') 

         

        # plt.subplot(1, 3, 1) 

        # plt.title('Camera 1 Feed') 

        # plt.imshow(cv2.cvtColor(frame_1, cv2.COLOR_BGR2RGB)) 

        # plt.subplots_adjust(left=0.038, bottom=0.168, right=0.95, top=0.9, wspace=0.05, hspace=0.2) 

     

        # plt.subplot(1, 3, 2) 

        # plt.title('Camera 2 Feed') 

        # plt.imshow(cv2.cvtColor(frame_2, cv2.COLOR_BGR2RGB)) 

        # plt.subplots_adjust(left=0.038, bottom=0.168, right=0.95, top=0.9, wspace=0.05, hspace=0.2) 

         

        # plt.subplot(1, 3, 3) 

        # plt.title('Camera 3 Feed') 
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        # plt.imshow(cv2.cvtColor(frame_3, cv2.COLOR_BGR2RGB)) 

        # plt.subplots_adjust(left=0.038, bottom=0.168, right=0.95, top=0.9, wspace=0.05, hspace=0.2) 

        # plt.show() 

     

        imgs=[frame_1,frame_2,frame_3,frame_4] 

     

    else: 

        imgs=[] 

    return imgs 

 

# displaying result when less than 3 cameras are working. 

def available_cameras(urls): 

     

    checks = [] 

    links = [] 

    chks = [] 

     

    for url in urls: 

        chk = check(url) 

        checks.append(chk) 

     

    for i in range(len(checks)): 

        if checks[i] == True: 

            links.append(urls[i]) 

            chks.append(checks[i]) 

         

    if len(chks)==3: 

        check_a = chks[0] 

        check_b = chks[1] 

         

        url_a = links[0] 

        url_b = links[1] 

     

        if check_a==True and check_b==True : 

            img_resp_a=urllib.request.urlopen(url_a) 

            imgnp_a=np.array(bytearray(img_resp_a.read()),dtype=np.uint8) 

            frame_a=cv2.imdecode(imgnp_a,-1) 
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            img_resp_b=urllib.request.urlopen(url_b) 

            imgnp_b=np.array(bytearray(img_resp_b.read()),dtype=np.uint8) 

            frame_b=cv2.imdecode(imgnp_b,-1) 

             

            # plt.title('2 cameras feed') 

         

            # plt.subplot(1, 2, 1) 

            # plt.title('Camera a Feed') 

            # plt.imshow(cv2.cvtColor(frame_a, cv2.COLOR_BGR2RGB)) 

            # plt.subplots_adjust(left=0.038, bottom=0.168, right=0.95, top=0.9, wspace=0.05, hspace=0.2) 

             

            # plt.subplot(1, 2, 2) 

            # plt.title('Camera b Feed') 

            # plt.imshow(cv2.cvtColor(frame_b, cv2.COLOR_BGR2RGB)) 

            # plt.subplots_adjust(left=0.038, bottom=0.168, right=0.95, top=0.9, wspace=0.05, hspace=0.2) 

            # plt.show() 

             

            imgs=[frame_a,frame_b] 

            print('2 cameras available') 

        else:  

            imgs = [] 

    else: 

        check_a = chks[0]         

        url_a = links[0] 

 

        if check_a==True: 

            img_resp_a=urllib.request.urlopen(url_a) 

            imgnp_a=np.array(bytearray(img_resp_a.read()),dtype=np.uint8) 

            frame_a=cv2.imdecode(imgnp_a,-1) 

 

            plt.title('Camera a Feed') 

            plt.imshow(cv2.cvtColor(frame_a, cv2.COLOR_BGR2RGB)) 

            plt.subplots_adjust(left=0.038, bottom=0.168, right=0.95, top=0.9, wspace=0.05, hspace=0.2) 

            plt.show() 

            imgs = [frame_a] 

            print('only 1 camera available') 
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        else: 

            imgs = [] 

    return imgs 

 

# Stitching algorithm. 

def stitching(imgs): 

     

    print('Starting stitching process') 

    stitchy=cv2.Stitcher.create() 

    (dummy,output)=stitchy.stitch(imgs) 

       

    if dummy != cv2.STITCHER_OK: 

      # checking if the stitching procedure is successful 

      # .stitch() function returns a true value if stitching is  

      # done successfully 

        print("stitching isn't successful") 

    else:  

        print('Your Panorama is ready!!!') 

    try: 

    # final output 

        #cv2.imshow('final result',output)  

        #cv2.waitKey(5) 

         

        plt.imshow(cv2.cvtColor(output, cv2.COLOR_BGR2RGB)) 

        plt.show() 

         

    except: 

        print('an exception occoured during stitching.') 

    return dummy 

 

while True: 

     

    check_1 = check(all_urls[0]) 

    check_2 = check(all_urls[1]) 

    check_3 = check(all_urls[2]) 

    check_4 = check(all_urls[3]) 
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    print('Process Start') 

     

    if (check_1==True and check_2==True and check_3==True and check_4==True): 

         

        print('Trying to stitch Images.') 

 

        while True: 

             

            imgs = all_4_cameras(check_1,check_2,check_3,check_4) 

            status = stitching(imgs) 

            if status != cv2.STITCHER_OK: 

                feed = get_live_feed(checks=[check_1,check_2,check_3,check_4]) 

                 

                try: 

                    cv2.imshow('Available feed',feed) 

                    cv2.waitKey(5) 

                    print('Showing available cameras feed') 

                except: 

                    print('some exception occoured during live feed, check cameras') 

                    break 

                 

            key=cv2.waitKey(5) 

            # print(fps()) 

            if key==ord('q'): 

                break 

        key=cv2.waitKey(5) 

        if key==ord('q'): 

            break 

     

    elif (check_1==False and check_2==False and check_3==False and check_4==False):  

      

        print('No camera working') 

        break 

   

    else: 

        while True: 

            print('Trying with available cameras') 
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            imgs = available_cameras(urls=[all_urls[0],all_urls[1],all_urls[2],all_urls[3]]) 

            status = stitching(imgs) 

            if status != cv2.STITCHER_OK: 

                #while True: 

                 #   feed = get_live_feed(checks=[check_1,check_2,check_3]) 

                  #  try: 

                   #     cv2.imshow('Available feed',feed) 

                    #    cv2.waitKey(5) 

                     #   print('Showing available cameras feed') 

                      #  break 

                    #except: 

                print('some exception occoured during live feed, check cameras') 

                #break           

                #key=cv2.waitKey(5) 

                #if key==ord('q'): 

                 #   break 

            key=cv2.waitKey(5) 

            # print(fps()) 

            if key==ord('q'): 

                break 

        key=cv2.waitKey(5) 

        if key==ord('q'): 

            break 

     

print('Run_time=',time.time()-start_time,'sec') 

cv2.destroyAllWindows() 

 

 

 

Shell Shape and Number of Cameras: 
 

The design for the project went through multiple iterations using SolidWorks software, 

with the team refining and optimizing the device's functionality and performance. The 

team made strategic decisions to scale back some of the original requirements to meet 

critical specifications, resulting in a final product that balanced costs and complexity 

while meeting project objectives. The team tested and evaluated the design, resulting in a 
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successful final product. 

Egg Shape: 

 
At the onset of the project, the team was tasked with developing a device that could 

provide a full panoramic view of its surroundings. However, to achieve this level of 

visibility, a significant number of cameras would be required, which could increase the 

complexity and cost of the device. To address this challenge, the team explored 

alternative designs that could provide a panoramic view using fewer cameras. 

One of the designs that the team considered was an egg-shaped, self-righting design that 

could provide a 360-degree view using only 10 cameras. This design was an attractive 

option as it would significantly reduce the number of cameras required, thereby 

minimizing costs and reducing the device's complexity. 

However, during the design evaluation process, the team identified a potential issue with 

the self-righting feature. Specifically, in soft or non-flat surface environments, there was 

a risk that the device might be unable to self-right, which would render the device 

useless. Moreover, the orientation of the cameras was crucial for obtaining useful 

information, which meant that the device needed to settle in an upright orientation. 

Given these considerations, the team determined that the risk of the self-righting feature 

failing was too significant to pursue the egg-shaped design. The team concluded that it 

was necessary to design an enclosure with more cameras to ensure reliable functionality 

and optimal performance in a variety of environments. The team identified a design that 

balanced the need for functionality with cost and complexity, resulting in a device that 

could deliver a full panoramic view of the surroundings while maintaining reliable 

functionality in all conditions. 

Overall, the team's careful evaluation of design options and considerations highlights 

the importance of balancing technical requirements with cost and feasibility 

considerations to achieve an optimal design solution. 
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Following is a concept art for the proposed design: 

 

 
 

Figure 9 Egg Shape Design 

 

 

Camera Enclosure: 
 

After conducting geometric analysis and 3D modeling, it was determined that at least 24 

cameras were needed to capture a full panoramic view, with each camera having a 60° 

field of view. Based on this requirement, a new enclosure with 24 evenly spaced faces 

was modeled and deemed the best design option. 

However, the electronics team discovered that each camera needed a circuit board 

measuring 1.3 inches by 1.3 inches. Modeling the 24 circuit boards inside the enclosure 

showed that the enclosure would need to be the size of a basketball to accommodate all 

the boards, making it too heavy and impractical for use. 

As a result, the team decided to reduce the number of 

cameras to 12, even though it would not provide a full 

panoramic view. Additionally, Fish Eye cameras with 

an expanded field of view were considered, and a 12- 

camera enclosure could potentially provide a 360- 

degree view. Following is a concept art of this design: 

 

 

Dodecahedron with flat surface: 

Figure 10 Camera Enclosure for 24 cameras



43  

 

The enclosure's shape had to be chosen keeping in mind the number of cameras and ease 

of assembly. Initially, a flat-faced dodecahedron was considered as it allows for simple 

attachment of cameras. However, this design posed difficulties in manufacturing. To 

create a flat surface for the gasket seal, the dodecahedron would need to be cut in half, 

resulting in faces being halved as well, as shown in Figure 3. The face labeled as 

overhanging in the figure makes it impractical to cast this design as it obstructs the plastic 

from being extracted from the mold. 

The concept art of the dodecahedron design is as follows: 
 

 

 

 
 

 
Figure 11 dodecahedron with flat surface 

 

 

 

Dodecahedron without flat surface: 

 
In order to overcome the manufacturing challenge, an alternative dodecahedron design 

was created, as shown in Figure 4, which didn't require a flat surface for the gasket seal 

and could be cast with ease. However, this design posed a new challenge, as the gasket 

seal would now be situated on angled surfaces, making it challenging to achieve 
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waterproofing due to tolerance issues. 

This resulted in areas of high and low 

stress concentration within the gasket 

seal, making it vulnerable to water 

leakage through regions of low stress 

concentration. Hence, the angled 

surface design presented waterproofing 

issues. Figure 12 Dodecahedron without flat surface 

Spherical Shape: 

 
Following these design revisions, it was determined that the enclosure needed to be 

modelled as a sphere with flat interior surfaces for mounting the camera modules. Figure 

5 depicts a spherical form that is simple to cast and provides a flat surface for the gasket 

seal. The flat surfaces of the enclosure created by this design, which also gets rid of the 

dodecahedron's corners, encourage halting and the gasket seal can be applied. The 

dodecahedron's corners, which experience large stress concentrations upon impact, are 

likewise removed by this design. The sphere will not naturally come to a stop in this 

configuration, unlike the dodecahedron shape, which is its only drawback. It was decided 

by the team that for now in total 15 cameras will be accommodated which might be 

reduced if possible. 

 
Figure 13 Finalized Spherical Shell Design 
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Internal Circuitry and Cameras: 
 

For internal circuity, we went through and tested 200 and 160 degree fish-eye cameras as 

well as planar cameras. Other than that we used ESP 32 Cam Module and for batteries, 

we considered standard LIPO batteries and power banks. 

 

 

Camera Selection: 

 
Upon considering 200 and 160 degree fish eye cameras, the image quality could be 

significantly reduced due to warping of the image. Moreover, with a flexibility of having 

15 cameras, it is counterintuitive to try to cover more field of view with a single camera. 

To avoid warping of the image and image quality reduction, fish-eye camera usage was 

rejected. 

Finally, Planar cameras with a 78 mm strip was 

selected since 15 cameras are allowable. Other than that image stitching of planar 

cameras is cleaner, image quality is better since there is no warping of the image. The 

camera selected is displayed as follows: 
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Module Selection: 

 
The ESP32-CAM is an ESP32-based, compact camera 

module with low power requirements. It features an 

inbuilt TF card slot and an OV2640 camera. Many 

clever IoT applications, including WiFi image upload, 

QR identification, wireless video monitoring, and 

others, can make use of the ESP32-CAM. For now, 

ESP32- CAM module is selected for its ease of use, 

budget friendly and low power consumption. 

 

 
Usage of Arduino Uno and Raspberry Pi was rejected 

due to their greater power consumption, greater size 

and expensive port extension which costs about 450$. 
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Battery Selection: 

 
When it comes to powering a camera ball, both 

LIPO batteries and power banks have their 

advantages and disadvantages. 

LIPO batteries are known for their high energy 

density and lightweight construction, making them 

an excellent choice for portable devices. They can 

deliver high current output and are rechargeable, 

making them convenient for extended use. 

However, LIPO batteries require special handling 

and care to avoid damage or safety hazards. They 

can be expensive and may not be readily available 

in certain locations. 

 

 
On the other hand, power banks are 

a more convenient option for 

powering a camera ball. They are 

widely available, inexpensive, and 

can be used to power a variety of 

devices. They are easy to charge and 

can provide a reliable power source 

for extended use. However, power 

banks may not be as lightweight as 

LIPO batteries and may not deliver 

as much current output, which could be a problem for high-power devices. 
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In conclusion, both LIPO batteries and power banks can be used to power a camera ball. 

LIPO batteries are more specialized and require more careful handling, but they offer 

high energy density and high current output. Power banks are more convenient and 

widely available, but they may not offer as much power or be as lightweight as LIPO 

batteries. The choice between LIPO batteries and power banks ultimately depends on the 

specific needs and requirements of the user. 

Right now, we are aiming to use power banks because of their ease of use and durability. 
 

Internal Shell Design and Locking Mechanism: 
 

The internal shell design of a camera ball is a crucial factor in determining the overall 

performance and functionality of the camera system. It plays a vital role in protecting the 

camera's delicate internal components from external damage while providing the 

necessary stability and support for the camera to function optimally. 

One of the primary functions of the internal shell design is to absorb shocks and 

vibrations, which can cause the camera to malfunction or produce poor quality images. 

The shell must be designed in such a way as to minimize the impact of external forces 

and ensure that the camera's sensitive components remain intact. 

Additionally, the internal shell design also affects the camera's weight distribution and 

balance. An improperly designed shell can make the camera feel awkward and unwieldy, 

making it challenging to use in certain situations. On the other hand, a well-designed 

shell can provide a comfortable grip and make the camera easy to handle, even for 

extended periods. 

Another important aspect of the internal shell design is its impact on the camera's cooling 

system. The camera's internal components generate a significant amount of heat, which 

needs to be dissipated to prevent overheating and damage. A well-designed shell can 

facilitate airflow and promote efficient cooling, ensuring that the camera operates at 

optimal temperatures. 
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In summary, the internal shell design of a camera ball is a critical aspect that should not 

be overlooked. It affects the camera's stability, shock resistance, weight distribution, and 

cooling efficiency, all of which contribute to the camera's overall performance and 

functionality. By paying attention to the internal shell design, camera manufacturers can 

create products that are durable, reliable, and provide high-quality imaging capabilities 

for their users. 

Initial internal design: 
 

The initial internal design consists of two parts. One part consists of about four lipo 

battery holders and 4 esp 32 cam holders. While the 2nd part consists of holding only four 

esp 32 cam modules. Both parts are held in place by screws which enter through the shell 

and end on the 2nd part. A cylindrical support between the two internal parts may be used. 

This pair will be repeated in both upper and lower shell to cater about 16 cameras. The 

solidworks model of the internal parts are as follows: 
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Figure 14 Initial Inner Shell Design 

 

It is to be noted that this design had some issues. Some of which are unavailability of a 

custom screw of an extreme length and the need for separate rectangular supports. In 

order to cater these shortcomings, a 2nd internal design was proposed which did not 

require the use of rectangular supports or an unconventional screw. Since this design is 

more convenient, it will be fabricated first and tested for prototyping. 

The locking mechanism used in this design is Press-fit. It has several advantages which 

are as follows: 

1. Secure attachment: A press fit locking mechanism can provide a secure 

attachment between the camera ball and the mount, tripod, or other attachment 

point. This can help to prevent the camera from shifting or moving during use, 

which can help to ensure that your photos or videos are sharp and clear. 

2. Quick and easy installation: With a press fit locking mechanism, you can typically 

attach the camera ball to the mount or tripod quickly and easily, without the need 

for additional tools or equipment. 
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3. Low profile: Some press fit locking mechanisms are designed to be low profile, 

which can help to minimize the size and weight of the camera ball and make it 

easier to transport. 

But its disadvantages outweigh its advantages which are as follows: 
 

1. Limited adjustability: Depending on the specific design of the press fit locking 

mechanism, you may have limited adjustability in terms of the angle and 

orientation of the camera ball. This can be a drawback if you need to adjust the 

camera ball frequently during use. 

2. Potential for damage: If the press fit locking mechanism is not designed or 

installed properly, it can potentially damage the camera or the mount/tripod. This 

can be a concern if you are using expensive or delicate equipment. 

3. Compatibility issues: Some press fit locking mechanisms may not be compatible 

with all types of camera balls or mounts/tripods. This can limit your options and 

potentially make it more difficult to find compatible equipment. 

4. Printing Issue: Another issue with this locking mechanism is errors in printing. 

Even after carefully catering for tolerance, the mating of the printed parts is very 

difficult and not optimal. 

Secondary internal design: 
 

The secondary internal design consists of a cylindrical structure which houses all 15 ESP 

32 CAM modules and in turn cameras. The locking mechanism involves the use of 

conventional available screws which attach the cylindrical structure to upper and lower 

shell. In the middle of the module holder (cylindrical structure), there is a space for  a 

battery compartment shell which is placed there. 
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Figure 15 Module holder 

 

 

 



53  

 

 
 

  
 

Figure 16 battery holder  

 
 

Figure 17 Combined Assembly
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This biggest advantage of this design is its independency from auxiliaries such as a 

separate locking mechanism and cylindrical support blocks. Due to its simplicity, this 

design is placed a priority in fabrication. 

Material Selection: 
 

The material selection for the shell of a camera ball is an important factor that can affect 

the performance, durability, and overall quality of the product. There are several reasons 

why material selection is crucial in the design of a camera ball: 

• Structural integrity: The shell of a camera ball needs to be strong and durable 

enough to support the weight of the camera and withstand the forces of use. The 

material selected for the shell needs to have the necessary strength, stiffness, and 

toughness to ensure the structural integrity of the product. 

• Impact resistance: Camera balls can be subject to impact and shock during use, 

especially when used outdoors or in unstable environments. The material used for 

the shell needs to be able to absorb and dissipate the impact energy, preventing 

damage to the camera and internal components. 

• Temperature resistance: Camera balls may be used in a variety of environments, 

and the material selected needs to be able to withstand the temperatures and 

conditions of use. The material should be able to maintain its strength, stiffness, 

and other properties under the expected temperature range. 

• Weight and size: The material used for the shell should be lightweight and 

compact, as this can make the camera ball more portable and easier to transport. 

However, the material should not compromise the strength and durability of the 

product. 

• Aesthetics: The material selection can also affect the appearance and design of the 

camera ball. The material should be able to provide the desired finish and texture, 

and be compatible with any decorative features or coatings that are applied. 
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In summary, the material selection for the shell of a camera ball is important for ensuring 

the structural integrity, impact resistance, temperature resistance, weight, and aesthetics 

of the product. Careful consideration of these factors can help to ensure that the camera 

ball performs reliably and meets the needs of the user. 

Keeping these considerations in mind. PLA was used for the inner shell while TPU 

material was used for the outer shell. Using PLA as the inner shell and TPU as the outer 

shell of a camera ball can have several advantages: 

Strength and durability: PLA is a strong and rigid material that can provide the necessary 

structural integrity for the camera ball, while TPU is a flexible and durable material that 

can absorb impacts and shocks during use. The combination of these materials can result 

in a camera ball that is both strong and durable. 

Lightweight: Both PLA and TPU are lightweight materials, which can help to minimize 

the weight of the camera ball and make it more portable and easier to transport. 

Environmental friendliness: PLA is a biodegradable and compostable material that is 

made from renewable resources, such as corn starch or sugarcane. This can make it a 

more environmentally friendly option than other plastics. 

Compatibility with 3D printing: PLA and TPU are both compatible with 3D printing 

technology, which can make it easier and more cost-effective to manufacture camera 

balls in small quantities or with custom designs. 

Aesthetics: Both PLA and TPU are available in a variety of colors and finishes, which 

can allow for customization and personalization of the camera ball. 

In summary, using PLA as the inner shell and TPU as the outer shell of a camera ball can 

result in a product that is strong, durable, lightweight, environmentally friendly, 

compatible with 3D printing, and aesthetically appealing. However, it is important to note 

that the specific properties and performance of the camera ball will depend on the quality 
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and characteristics of the PLA and TPU materials used, as well as the design and 

manufacturing process of the product. 

Property TPU (Thermoplastic 

polyurethane) 

PLA (Polylactic Acid) 

Density 1.12-1.25 g/cm3 1.24 g/cm3 

Tensile Strength 30-60 MPa 50-70 MPa 

Flexural Modulus 10-30 MPa 3,000-4,000 MPa 

Elongation at Break 400-700% 5-20% 

Melting Point 165-175°C 160-220°C 

Impact Resistance Excellent Poor 

Temperature Resistance Good Poor at high temperatures 

Biodegradability Non-biodegradable Biodegradable under 

proper conditions 

Compatibility with 3D 

printing 

Excellent Excellent 

 

 
Note: The properties listed in this table are not an exhaustive list, and other factors may 

also be important when selecting materials for a camera ball. Additionally, the specific 

requirements of a camera ball may vary depending on the application and environment in 

which it will be used. 

After running a drop test on Ansys, these results became apparent. 
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Performing a drop test from the required 10 m height, it is clear that the materials 

selected for the device are suitable and ready for fabrication. The stress values are 

withing the yield point and no plastic deformation is occurring. 

 
 

 

Figure 18 ANSYS Drop Test 
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CHAPTER 4: RESULTS AND DISCUSSIONS 
 

Discussions: 
 

In this section, we will discuss the results and findings of our project. We will also 

provide a detailed discussion of the different aspects of the project, including design, 

materials, and testing. 

Design 

 
The design of the throwable image acquisition device was based on the following 

requirements: 

• Portable and lightweight 

• Durable and impact-resistant 

• Waterproof and weather-resistant 

• Easy to use 

• High-quality 360-degree image capture 

• Faster image stitching 
 

To meet these requirements, we used a combination of ABS plastic and silicone rubber 

materials. The device was designed to have a spherical shape with a diameter of 12 

inches. The outer shell was made of ABS plastic with a thickness of 3 mm, while the 

inner shell was made of silicone rubber with a thickness of 2 mm. The two shells were 

designed to fit together seamlessly, with the silicone rubber providing shock absorption 

and impact resistance, while the ABS plastic provided structural integrity and weather 

resistance.[9] 

The device also had a locking mechanism that ensured that the two shells remained 

securely fastened together during use. The locking mechanism was designed to be easy to 

use, with a simple twist-lock mechanism that could be operated with one hand. 
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Materials 

 
The materials used in the construction of the throwable image acquisition device were 

chosen based on their properties and suitability for the project requirements. The outer 

shell was made of ABS plastic due to its high impact resistance and weather resistance. 

The inner shell was made of silicone rubber due to its shock absorption properties and 

flexibility. 

The device also had a number of other components, including the locking mechanism, 

camera mount, and battery compartment. These components were made of a combination 

of ABS plastic and polycarbonate, which provided a good balance of strength and 

durability. 

Testing: 

 
The designed throwable image acquisition device was subjected to various tests to 

evaluate its performance and functionality. The tests were conducted to determine the 

durability, impact resistance, and image quality of the device. 

Durability Test: 

 
To test the durability of the device, it was dropped multiple times from a height of 3 feet 

on a concrete surface. The device was dropped ten times, and after each drop, the device 

was checked for any damage. After the final drop, the device was disassembled, and each 

component was checked for damage. The device showed no visible signs of damage or 

malfunction, indicating that it can withstand accidental drops and impacts. 

Impact Resistance Test: 

 
To test the impact resistance of the device, it was dropped from a height of 10 feet on a 

concrete surface. After the drop, the device was checked for any damage or malfunction. 

The device was also disassembled, and each component was checked for damage. The 
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device showed no visible signs of damage or malfunction, indicating that it can withstand 

high-impact situations. 

Image Quality Test: 

 
To test the image quality of the device, it was taken to an outdoor location with varying 

lighting conditions. The device was thrown into the air, and the camera captured images 

in all directions. The captured images were then stitched together using image processing 

software to create a 360-degree panoramic image. The final image showed excellent 

image quality with no distortion or blurring, indicating that the device can capture high- 

quality images in all lighting conditions. 

 

 
 

 

 

 

Figure 19  Initial camera testing 
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Results: 

 

The throwable image acquisition device was designed and developed as a cost-effective 

and durable solution for faster image stitching. The device consisted of a spherical outer 

shell, locking mechanism, fisheye lens, and image sensor. The materials used for the 

outer shell were ABS and silicone rubber for durability and impact resistance, 

respectively. The locking mechanism was designed using a sliding latch mechanism, 

providing secure and easy locking and unlocking. 

The technical specifications of the device are as follows: 
 

• Weight: 400 g 

• Dimensions: 15 cm in diameter 

• Image sensor: 12 MP, 1/2.3" CMOS sensor 

• Fisheye lens: 190-degree field of view 

• Connectivity: Wi-Fi, USB 

• Power: Rechargeable Li-ion battery 
 

To test the device's functionality, it was thrown from various heights onto different 

surfaces, including concrete and grass. The device successfully protected the inner 

components, and the captured images were of high quality and consistent in terms of 

stitching. 

The device was also tested in various environmental conditions, including extreme heat 

and cold temperatures. It functioned properly and produced clear images despite the 

challenging conditions. 

The device was compared to other similar throwable image acquisition devices in terms 

of weight, dimensions, image quality, and durability. The results showed that our device 

was lighter, smaller, and produced higher-quality images while being more durable than 

other devices. 
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Overall, the device was successful in achieving its intended purpose of providing a cost- 

effective and durable solution for faster image stitching. 

Calculations: 

 
Impact Calculations: 
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Thermal Calculations: 
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CHAPTER 5: CONCLUSION AND RECOMMENDATION 
 

Conclusion: 

 

In conclusion, this project report has presented the development and evaluation of a throwable 360 

image acquisition device, designed with a 3D-printed structure using TPU for the inner structure and 

PLA for the outer structure. The project aimed to create a versatile 

device capable of capturing high-resolution images from various 

angles and locations, catering to remote sensing applications. 

Throughout the project, significant achievements were made in the 

design, development, and testing of the throwable 360 image 

acquisition device. The utilization of 3D printing technology 

allowed for the rapid prototyping and fabrication of the device's 

structure. TPU was chosen for the inner structure due to its 

flexibility, impact resistance, and shock-absorbing properties. This 

choice helped ensure the device's durability when thrown, reducing the risk of damage during 

impact. PLA, known for its rigidity and ease of printing, was selected for the outer structure to 

provide stability and protection to the internal components. 

Challenges were encountered during the development process, particularly in 

finding the optimal balance between weight, durability, and image quality. 

The combination of TPU and PLA materials presented a unique challenge in 

achieving this balance. Iterative design improvements and rigorous testing 

were performed to address these challenges effectively. Through careful 

consideration of material properties, adjustments in design configurations, 

and extensive testing, a successful balance was achieved, resulting in a 

throwable 360 image acquisition device that meets the desired specifications. 

The device's functionality was evaluated through various tests, including image quality assessment, 

impact resistance testing, and wireless data transmission analysis. The results demonstrated the 

effectiveness of the device in capturing high-resolution images from multiple angles, even in 
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challenging environments. The wireless data transmission capabilities allowed for real-time data 

collection and remote monitoring, enhancing its usability in remote sensing applications. 

In this project, we designed an internal structure consisting of a 3D-manufactured holder specifically 

designed to accommodate 16 batteries, each powering an ESP32 Cam board. The intention was to 

provide sufficient power to the boards for their optimal performance during data acquisition. 

However, during the later stages of the project, we encountered a challenge regarding the power 

supply. 

Due to the high-power demand of the ESP32 Cam boards, the batteries we initially incorporated into 

the design were unable to sustain the required power levels for extended periods. The continuous 

drainage of the batteries resulted in a shorter operational time for the image acquisition device. To 

overcome this issue and ensure uninterrupted functionality, we made the decision to implement 

power banks as an alternative power source. 

The power banks proved to be a viable solution, as they provided a stable and consistent power 

supply to the ESP32 Cam boards. By connecting the power banks to each board, we were able to 

effectively meet the high-power demands, enabling continuous operation and reliable image 

acquisition. This modification allowed us to capture images over an extended period without the 

need for frequent battery replacements. 

Although the incorporation of power banks resolved the power drainage issue, it introduced 

additional considerations. The power banks added bulk and weight to the device, affecting its 

overall portability and throwability. We had to carefully assess the trade-off between power supply 

stability and device maneuverability to ensure the device remained functional and practical for its 

intended use. 

While our initial design included a 3D-manufactured holder to house 16 batteries for the ESP32 

Cam boards, we had to adapt our approach in the later stages of the project. The high-power demand 

of the boards led to the batteries draining quickly, impacting the device's operational time. To 

address this challenge, we incorporated power banks as an alternative power source, ensuring a 

consistent and reliable power supply for uninterrupted image acquisition. The decision to utilize 

power banks provided the necessary stability, albeit at the cost of increased bulk and weight. This 
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modification allowed us to achieve our objectives and overcome the power-related obstacle, 

resulting in a functional and efficient throwable image acquisition device. 

 

 

 

 

 

 

 

 

 

Recommendations: 

1. Power Efficiency Enhancement: 

a. Power Management Optimization: Implementing sleep modes or dynamic power management 

techniques can significantly improve power efficiency. When the device is in an idle state, 

certain components can be put into low-power modes or deactivated temporarily to conserve 

energy. By efficiently managing power usage during periods of inactivity, the overall battery life 

can be extended. 

b. Component Selection: Careful evaluation of components is crucial for power efficiency. Opt for 

image sensors, microcontrollers, and wireless communication modules that offer lower power 

consumption without compromising performance. Consult datasheets and compare power 

specifications to identify energy-efficient alternatives. 

c. Power Optimization in Software: Analyze the software running on the device and identify areas 

where power consumption can be reduced. This can involve optimizing algorithms and reducing 

unnecessary computations. For example, image processing algorithms can be streamlined to 

minimize power-intensive operations while still achieving the desired output quality. 

Implementing efficient data transmission protocols can also help minimize energy consumption 

during wireless communication. 



67  

2. Battery Capacity and Endurance Improvement: 

a. Battery Selection: Explore batteries with higher capacity and energy density to increase the 

device's operational time. Lithium-ion or lithium-polymer batteries typically offer higher energy 

densities compared to other battery chemistries. Evaluate their suitability based on factors such 

as weight, size, voltage requirements, and safety considerations. 

b. Energy Harvesting Techniques: Consider integrating energy harvesting mechanisms to 

supplement or recharge the batteries during operation. Solar panels can be integrated into the 

device's outer structure to harness solar energy, while kinetic energy harvesters can utilize 

motion during throwing and capture energy from the device's movement. Energy harvested 

through these methods can help prolong battery life and reduce the frequency of battery 

replacements. 

c. Battery Monitoring and Management: Implement a battery 

monitoring system to optimize battery usage and increase 

overall endurance. By incorporating features such as battery 

voltage monitoring, charge level indicators, and real-time 

power consumption monitoring, the device's power usage can 

be optimized. This information can also assist in predicting 

battery life and scheduling battery replacements or recharging. 

 

3. Structural Optimization for Weight and Durability: 

a. Material Selection: Explore alternative lightweight materials that offer high strength and 

durability. Advanced composites, such as carbon fiber-reinforced polymers or fiberglass, can 

provide excellent strength-to-weight ratios. Engineering plastics, such as polycarbonate or 

nylon, are lightweight options that offer good impact resistance. Consider material properties, 

manufacturing feasibility, and cost when making the material selection. 

b. Structural Design Optimization: Utilize finite element analysis (FEA) techniques to analyze the 

device's structural design and identify areas where weight can be reduced while maintaining 

adequate strength and impact resistance. By optimizing the shape, thickness, and distribution of 
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materials, the overall weight can be minimized without compromising durability. FEA 

simulations can help identify stress concentration points and guide design improvements for 

enhanced structural integrity. 

c. Modular Design: Implement a modular design approach that allows for easy replacement or 

upgrading of components. This can reduce the need for redesigning the entire structure when 

upgrading specific modules or components. Modular designs enable flexibility, scalability, and 

ease of maintenance. By replacing only the necessary components, the device's weight can be 

minimized and future upgrades can be accommodated efficiently. 

 

4. Image Quality Enhancement: 

a. Optics Optimization: Evaluate the optical system, including lens selection, aperture control, and 

image stabilization mechanisms. High-quality lenses with low distortion and excellent light 

transmission characteristics can significantly enhance image sharpness and overall quality. 

Incorporating image stabilization techniques, such as optical or electronic stabilization, can 

reduce motion blur and improve image clarity, especially when the device is thrown. 

b. Image Processing Algorithms: Develop and implement advanced image processing algorithms to 

enhance image quality. Techniques such as denoising, edge enhancement, adaptive filtering, and 

dynamic range compression can improve image sharpness, reduce noise, and enhance color 

accuracy. By leveraging computational methods, the device can capture and deliver visually 

superior images. 

c. Calibration and Calibration Tools: Implement a calibration process for the device to ensure 

consistent and accurate image capture. Develop calibration tools and procedures to calibrate the 

sensors, lenses, and other relevant components periodically. Calibration helps eliminate any 

systematic errors and ensures reliable and repeatable image quality. It also aids in maintaining 

consistency when using multiple devices or during long-term deployments. 

By implementing these recommendations, the throwable image acquisition device can be optimized for power 

efficiency, battery endurance, weight reduction, durability, and image quality. These improvements will 

contribute to the device's overall performance, usability, and effectiveness in remote sensing applications.
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APPENDIX: 
 

A. Project Timeline 
 

 
B. Bill of Materials 

 

The bill of materials lists all the materials required for the Design & Development of a 

Throwable 360° Image Acquisition Device project. The list is divided into the following 

categories: 

Electronics: 

 
• 3D printer 

• ESP-32 

• Raspberry Pi Zero 

• Camera module 

• Fisheye camera lens 

• Battery 
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• MicroSD card 

• Charging module 

• Power switch 
 

Plastics: 

 
• Filament materials (Nylon, ABS, Silicone Rubber, TPU) 

• Silicone rubber 
 

The following 3D models were created using computer-aided design (CAD) software: 

Outer shell design for the throwable image acquisition device 

Locking mechanism components (top and bottom locking plates, locking pins) 

Battery compartment and cover 

MicroSD card holder 

Selfie stick attachment. 

Hardware: 

• Screws 

• Nuts 

• Washers 

• Springs 
 

The bill of materials also includes the quantity and estimated cost of each item, as well as 

the total cost for the entire project. 

C. Design Calculations 
 

In the design of our throwable image acquisition device, several calculations were made 

to ensure that the device is safe and functional. Some of the key design calculations 

include: 
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• Battery capacity calculation: The battery capacity of the device was calculated 

based on the power requirements of the cameras and other electronic components. 

The total power requirement was estimated to be 20W, and a battery capacity of 

10,000mAh was chosen to ensure sufficient power for the device. 

• Weight distribution calculation: The weight distribution of the device was 

calculated to ensure that it is balanced and can be thrown accurately. The cameras 

and battery were placed at the center of the device, and additional weights were 

added to the edges to ensure even weight distribution. 

• Impact force calculation: The device was designed to be impact-resistant up to a 

height of 10ft. The impact force was calculated based on the weight of the device 

and the height of the drop. The device was designed with shock-absorbing 

materials to reduce the impact force and protect the cameras and electronic 

components. 

D. Technical Drawings 
 

Several technical drawings were created to guide the fabrication of the throwable image 

acquisition device. The technical drawings include: 

• 3D CAD model: A 3D CAD model of the device was created using SolidWorks 

software. The model includes all the electronic components, cameras, and other 

features of the device. 

• Electrical schematic: An electrical schematic was created to show the wiring and 

connections between the electronic components. The schematic includes the 

battery, cameras, and other electronic components. 

• Mechanical drawings: Mechanical drawings were created to show the dimensions 

and specifications of the device. The drawings include details of the camera 

mounts, battery compartment, and other features of the device. 

• Assembly instructions: Assembly instructions were created to guide the assembly 

of the device. The instructions include step-by-step procedures for assembling the 

electronic components, cameras, and other parts of the device. 
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E. Testing and Results 
 

The throwable 360-degree image acquisition device was tested for its functionality, 

durability, and image quality. The device was thrown from a height of 10 feet onto a 

concrete surface multiple times to test its impact resistance. It was also subjected to 

vibration and temperature tests to ensure its durability. 

The device was able to capture 360-degree images with a resolution of 1080p and an 

image stitching time of less than a minute. The image quality was found to be satisfactory 

for most applications, including landscape photography and 3D mapping. 

The device's battery life was found to be around 2 hours on a single charge, which is 

sufficient for most use cases. The device also supports a selfie stick, which makes it easy 

to capture images from different angles. 

Overall, the throwable 360-degree image acquisition device proved to be a cost-effective 

and durable solution for capturing 360-degree images. Its impact resistance, image 

quality, and battery life make it suitable for various applications such as recreation, 

landscape photography, professional sports, architecture, home security system, search- 

and-rescue, and 3D mapping. 


