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Chapter one


Introduction to Raspberry Pi

The Raspberry Pi is a budget-friendly, credit-card-sized, single-board computer designed to offer easy, affordable computing to the masses. Despite its small size, it can do many tasks on a regular desktop computer: accessing the internet, word processing, and even some programming. What sets Raspberry Pi apart, however, is the broad versatility it has for use in simple coding projects up to more complex DIY electronics.

The Raspberry Pi has several variants to meet different purposes, ranging from the powerful Model 4 to the more affordable Model A and tiny Zero. People all over the world use it for media centers, DIY electronics, educational reasons, and Internet of Things applications. Its affordability, portability, and energy efficiency are noteworthy advantages. It does not, however, have the computing capabilities of a typical computer and stores data on microSD cards.

Just a microSD card, power supply, keyboard, and monitor are needed to set up a Raspberry Pi. The Raspberry Pi OS, an easy-to-use operating system laden with learning resources and programming environments, is where most users begin. Creating a retro gaming system, establishing a basic web server, and controlling LEDs are popular starter projects.


Why and What the Raspberry Pi Is For

The Raspberry Pi was developed to encourage and instruct individuals in computing and programming, especially young students and enthusiasts. The objective was to give individuals a cheap and easy way to practice coding and learn how computers operate. Because of its versatility, Raspberry Pi promotes creativity by enabling users to develop automation projects, test out Internet of Things (IoT) applications, and prototype novel concepts.

All things considered, the Raspberry Pi is a powerful instrument for education and creativity, which makes it perfect for novices and computer enthusiasts who are keen to learn.


What is a Raspberry Pi?

[image: ]

One tiny single-board computer is the Raspberry Pi. The Raspberry Pi will function as a miniature personal computer when peripherals like a keyboard, mouse, and display are connected to it.

Real-time image and video processing, Internet of Things applications, and robotics applications are among the most common uses for Raspberry Pi.

The Raspberry Pi is a computer that can offer all the required features or capabilities at a low power consumption, albeit slower than a laptop or desktop.

Like a PC, it has a specialized processor, memory, and graphics driver. Additionally, it comes with Raspberry Pi OS, a customized Linux operating system.

Like a Desktop Computer, the Raspberry Pi can stream HD video, browse the internet, and use word processing, spreadsheets, and games.

Weather stations, tweeting birdhouses with infrared cameras, music machines, and parent detectors are just a few of the digital maker projects that have made use of the Raspberry Pi's ability to communicate with the outside world.

Raspberry Pi is used by people all around the world to learn how to program and comprehend how computers work.

Despite the Raspberry Pi's paucity of capacity, you can store any operating system you choose on microSD cards (Raspberry Pi, Ubuntu Mate, etc.). The Raspberry Pi may be able to send data over the internet because of its Ethernet, WiFi, and Bluetooth capabilities. The Raspberry Pi project's design and software are not open-source.

[image: small raspberry pi 4 board]


History and Development of Raspberry Pi

[image: ]

The history of computers has been impacted by the Raspberry Pi. From a man making single-board computers for his amusement to a large foundation that has sold more than 60 million devices globally, it is an amazing tale. I'll attempt to give you a synopsis of that tale today.

The initial prototypes of the Raspberry Pi, which were based on the BBC Micro, were created in 2006. The first Raspberry Pi was created six years later. The primary objective was to provide inexpensive (about $30) computer education to young people.

Eben Upton: The Project Origin

Who is Eben Upton?

Eben Upton is a British engineer and creator of the Raspberry Pi and the Raspberry Pi Foundation.

After completing his studies in engineering and physics at Cambridge University, he went on to work for major corporations including IBM, Broadcom, and Intel.


First Prototypes

From 2006 to 2011, Eben Upton spent five years working on a single board computer project, mostly on the weekends and in the evenings while he was employed as a day employee at Broadcom.

He was motivated to develop his product by the BBC Micro from Acorn computers he used in school.

However, it isn't a copy/paste, as you can see below:

[image: bbc micro]

The BBC Micro model B, released by Acorn Computers in 1981

In the UK, this computer sold at £350, and schools found it challenging to purchase enough computers for every pupil.

Eben Upton was developing a more affordable and compact gadget on his end.

Initially, he worked on large boards to facilitate testing and debugging, but the ultimate objective was to build a compact computer.

[image: raspberry pi prototype atmel]

Eben Upton prototype based on Atmel processor

Let us move on to the Raspberry Pi Idea.

Eben Upton discovered that the high cost of computers was a concern in UK education while he was developing his prototypes.

This suggested that young students avoided computer-related careers and did not study computer sciences. Additionally, UK businesses lacked computer specialists.

If you are a young reader, let me remind you that the modern Internet started in 2006:


	
Google was beginning to gain popularity.


	
Facebook recently made itself available to everyone.


	
The first tweet was posted on Twitter.




The Origin of the Raspberry Pi's Name

Do you know why the Raspberry Pi is known by this name?

Raspberry

Raspberry is only one of many computer manufacturer names that are derived from fruits.

We had computers from Apple, Acorns, and Apricot before the Raspberry Pi.

Thus, Raspberry was named mostly to keep up with the fad, but it also made a humorous allusion to the phrase "blowing a raspberry."

According to Eben Upton, it was a reference to the nature of the project at the moment.

Pi

The Python component of the original devices is referenced by the "Pi" section.

These gadgets began by displaying a terminal prompt where you could enter any Python code to accomplish your desired action.

This was to differentiate it from other BASIC-running computers, such as the BCC Micro I mentioned above.


Raspberry Pi Foundation Goals

The Raspberry Pi Foundation Birth

To organize the development of the Raspberry Pi, Eben Upton founded the Raspberry Pi Foundation in 2009.

It is a UK-based educational charitable foundation that is registered.

He decided to use the Raspberry Pi to teach young pupils the fundamentals of programming at a reasonable cost.

He might have started a traditional business to sell the Raspberry Pi for $100 and profit, but his primary objective was to assist others and find a solution.

Goals

As previously stated, the primary objective was to release computers for about $30.

This would support computer education in schools and encourage pupils to pursue careers in computer-related fields.


Key Benefits and Limitations

Key Benefits of Using a Raspberry Pi

Because of its exceptional power, affordability, and versatility, the Raspberry Pi has become a popular tool for professionals, educators, enthusiasts, and beginners alike.

Let us examine the main advantages that make the Raspberry Pi so alluring.

1. Affordability

With variants ranging from about $10 to $80, the Raspberry Pi's affordability is one of its biggest benefits. Because of this, almost anyone may use it, enabling more people to experiment with electronics and computers without having to make a significant financial commitment. Its price is particularly advantageous in educational contexts since it allows schools to provide students with practical experience in computer science, electronics, and programming without going over budget.


	
For Instance, because Raspberry Pi’s are far less expensive than normal PCs or laptops, schools utilize them to teach coding and computer fundamentals. With this configuration, students can experiment, debug, and learn without worrying about breaking a costly gadget.




2. Compact Size and Portability

Because of its tiny size—roughly the size of a credit card—the Raspberry Pi is very portable and simple to incorporate into different configurations.

A Raspberry Pi is portable and easy to integrate into small projects where larger computers would not fit. It can be set up anywhere with little room.


	
For instance, it is simple for hobbyists to conceal the Raspberry Pi behind a screen or inside a tiny shell when constructing a portable movie center, smart mirror, or vintage gaming console. Its small size makes it perfect for robotics and wearable technology projects with limited space.




3. Low Power Consumption

The Raspberry Pi normally requires about 5 volts, which is less than most smartphones, and uses very little power when compared to regular desktops and laptops. Because of its low power consumption, it is perfect for applications that require constant operation, like environmental monitoring, home automation, and security, without having a big effect on electricity expenses.


	
For instance, a Raspberry Pi utilized for a smart home project can operate around the clock without incurring significant energy expenses. This capability makes it simpler to integrate the Raspberry Pi into battery-or solar-powered systems and is also helpful in rural or isolated locations with limited power.




4. Versatility for Diverse Applications

From basic coding exercises to sophisticated robotics and Internet of Things projects, the Raspberry Pi is renowned for its versatility. Because of its versatility and convenient GPIO (General Purpose Input/Output) pin access, users can connect sensors, motors, LEDs, and other parts to create interactive projects.


	
Applications in Education: Schools utilize Raspberry Pi to teach pupils Python and Scratch, two programming languages that aid in the development of reasoning and problem-solving abilities.


	
DIY and Prototyping: Because it works with a variety of sensors and external parts, hobbyists use it to create bespoke electronics like weather stations, plant monitoring, and home automation systems.


	
Internet of Things (IoT): The Raspberry Pi is ideal for IoT applications including building surveillance cameras, managing smart devices, and monitoring environmental data because of its small size, affordability, and low power consumption. Numerous Raspberry Pi’s can be connected by users to collect and process data, serving as the core of many Internet of Things networks.


	
Example Project: A Raspberry Pi might be used by a smart home enthusiast to create a system that can be remotely controlled from a smartphone to automate security monitoring, temperature control, and lighting. The Raspberry Pi's adaptability enables it to efficiently and simply manage every component.




5. Attaching to Surveillance Cameras

Surveillance cameras are necessary for homes, workplaces, and even businesses to detect and stop security threats. This can be highly costly for some people, particularly small enterprises. On the other hand, the Raspberry Pi is a great substitute. Anyone can build up a personal surveillance system by combining it with a camera module.

6. Supporting Digital Signage

Nowadays, the majority of firms use digital signage to do a lot of marketing. Information can be shown on huge screens or specialized platforms, such as the newest product, restaurant menus, advertisements, proper conduct, maps, etc.

This application does not exclude the Raspberry Pi, a minicomputer that is ideal for displaying text and images. Although it will use more power and data, it can also display animations. All things considered, employing Raspberry Pi for digital signage is an economical procedure.

7. Easy Access to Open-Source Software

Like many of the software tools and libraries used for Raspberry Pi applications, the main operating system for the Raspberry Pi, Raspberry Pi OS (based on Linux), is free and open-source. This open-source methodology promotes learning, experimentation, and customization by enabling users to alter and adapt software to suit their unique requirements. Furthermore, new tools, libraries, and projects are constantly shared by the open-source community, which facilitates finding help and getting started.


	
For instance, Python and Scratch are preinstalled on Raspberry Pi OS, making it ideal for novices beginning to code. Because it is open-source, users can also access a large range of free utilities, such as media players, web servers, and more sophisticated AI and machine learning packages.




8. Replacing Web Servers

Using the Raspberry Pi computer as a web server is another useful usage for it. This merely entails setting up the PC to host HTTP webpages. It can operate as a web server locally, such as in a house or office, or directly on the internet.

Installing the entire LAMP stack—which consists of Linux, Apache, MySQL, and PHP—is necessary to accomplish this. The Raspberry Pi can then be used as a fully functional web server, and HTML pages can be saved in the www directory.

9. Conducting Network Penetration Tests

Everyone is concerned about computer and network security in today's hyperconnected world. Financial and personal data saved on many websites could end up in the wrong hands. The market for cybersecurity software has grown significantly as a result.

However, testing is the only method to make sure you have sufficient security. To "attack" your network, you can use a Raspberry Pi to develop an offensive security hacking tool. Any breach that is discovered is fixed and shut down right away.

10. Providing data to business intelligence dashboards

In one form or another, business intelligence dashboards are an essential component of any successful company. This data visualization and analysis tool shows the current state of an organization's or team's key performance indicators and business metrics.

Any company can use a Raspberry Pi to show real-time data on a dashboard. Using business intelligence applications such as Power BI, the computer assists in gathering data from many sources.

11. Supportive Community and Extensive Resources

Due to its widespread use, the Raspberry Pi has attracted a significant user, developer, educational, and enthusiast community. This community makes it simple for novices to get help and inspiration by regularly sharing online tutorials, guides, project ideas, and troubleshooting tips. To assist users to study and develop at their own pace, the Raspberry Pi Foundation also offers official documentation, guides, and instructional materials for free.


	
For instance, there are a plethora of materials, YouTube tutorials, and community forums available to assist anyone who wants to construct a basic robot or set up a web server. Everyone can use Raspberry Pi thanks to this helpful community, regardless of technical expertise.




Summary: Why Choose a Raspberry Pi?

From students and educators to hobbyists and professionals, the Raspberry Pi is a unique tool because to its low cost, portability, low power consumption, and versatility. Its ease of use and friendly community make it an ideal starting point for novices, but it is also strong enough for more complex IoT, automation, and even machine learning projects.

Whether you want to study programming, make a do-it-yourself device, design a smart home system, or experiment with robotics, the Raspberry Pi opens up a world of options that let you experiment and learn.


Limitations of Raspberry Pi

Although the Raspberry Pi is a very flexible and affordable tool for a variety of tasks, it does have some significant limits that should be understood before beginning a project. These restrictions might affect whether the Raspberry Pi is the best option for a given work, particularly when contrasted with other specialized devices or conventional desktop computers. A thorough examination of these restrictions is provided below, along with instances of when they might be important.

1. Processing Power

The Raspberry Pi is a single-board computer that requires very little power (5V) to function, but if it is not given enough power, it will not boot up correctly, and if it is given too much power, it may cause harm. Additionally, it has an impact on the system's performance and whether it boots up correctly. You ought to think about getting your Raspberry Pi device's official power supply.

Despite its capabilities, the Raspberry Pi lacks the power of a standard desktop or laptop. Its processor, which is often ARM-based, is not built for high-speed performance but rather for efficiency and low power consumption. It can perform simple tasks like word processing, web browsing, and light programming, depending on the model (e.g., Raspberry Pi 4). However, the Raspberry Pi's processing capacity might not be sufficient for applications needing a lot of computing, such as video editing, 3D rendering, or high-end gaming.


	
Example: A conventional laptop or desktop with a more potent CPU will be required if you are attempting to run resource-intensive software, such as Adobe Photoshop or sophisticated video editing software. A Raspberry Pi may find it difficult to handle the demands of applications like 3D modeling or simulations.


	
Why it is important: The Raspberry Pi's processing constraints may impair performance and cause slower reaction times for users who must perform intricate computations, multitask a lot, or run resource-hungry programs.




2. Limited RAM

Another restriction to take into account is the Raspberry Pi's RAM capacity. The most recent Raspberry Pi 4 model has up to 8GB of RAM, although this is still far less than what the majority of conventional PCs and laptops have. With 16GB or 32GB of RAM, a typical modern desktop or laptop is better suited for memory-intensive tasks like virtual machines, high-performance gaming, or large-scale data processing.


	
Example: The Raspberry Pi may slow down or crash if multiple apps are running at once, especially memory-intensive ones like video editors or big databases. Performance problems could arise, for instance, if you try to run memory-intensive programs like AutoCAD or several virtual machines.


	
Why it matters: A Raspberry Pi's insufficient RAM can lead to bottlenecks and impair performance for jobs involving the operation of numerous apps or the processing of huge volumes of data.




3. Storage Limitations

In addition to being slower than the SSD or HDD storage present in the majority of PCs, the microSD card that the Raspberry Pi utilizes for storage has a restricted capacity. Even though network-attached storage (NAS) and external USB drives can increase storage, they still cannot match the speed and versatility of a desktop computer's built-in hard drive or SSD.


	
Example: The microSD card storage on the Raspberry Pi is probably not going to be sufficient if you are working on a project that requires storing and modifying a lot of data (such as video production, big databases, or gaming). Slow read/write speeds are a possibility, particularly with less expensive microSD cards that do not provide rapid data transfer rates.


	
Why it is important: The Raspberry Pi's reliance on microSD cards might be restrictive for large-scale projects or applications that need a lot of storage space, and external storage options cannot provide the same degree of convenience or performance as a dedicated drive.




4. Graphics and Display Limitations

Despite its enhanced graphics capabilities, the Raspberry Pi 4 still lacks the high-end graphics cards seen in workstations and gaming PCs. A dedicated graphics card is required for high-performance gaming, 3D rendering, or virtual reality (VR), but it can manage basic graphics and video output, such as running 1080p video or basic 2D programs.


	
For instance, you will probably be dissatisfied with the Raspberry Pi's graphical performance if you intend to play contemporary 3D games with excellent visuals or use it to develop virtual reality. The Pi is capable of running simple 2D games or retro games through emulation, but it cannot handle demanding current games or 3D design tools at high settings.


	
Why it matters: The Raspberry Pi's low graphics capabilities will fall short of consumers' demands for high-end graphics for professional design work, video creation, or gaming.




5. Connectivity and Peripherals

In addition to built-in Wi-Fi and Bluetooth, the Raspberry Pi has basic networking features like Ethernet, USB ports, and HDMI outputs (in the majority of versions). In contrast to full-sized computers, it has fewer ports and fewer connectivity choices overall.


	
For instance, you can encounter problems with restricted ports or slower data transmission speeds if you need to connect numerous peripherals, such as a printer, several displays, external hard drives, or specialized devices. For example, bandwidth constraints may cause the Raspberry Pi to operate more slowly if you are attempting to connect several high-speed devices to it.


	
Why it matters: The Raspberry Pi's ports and connectivity options might not be enough for intricate setups that call for numerous peripherals or high-speed data transfer (such as streaming HD video or intricate robotics projects).




6. Software Compatibility

Many commercial software applications that are available on Windows or macOS may not work with the Raspberry Pi, although it supports a large variety of software, particularly open-source and Linux-based tools. If you want to run particular programs or games that are not compatible with Linux or ARM architecture, this can be a drawback.


	
For instance, without locating compatible Linux versions or utilizing emulation, you will not be able to run well-known Windows programs like Microsoft Office (unless you use alternatives like LibreOffice) or specific commercial applications, which can have a big impact on performance.




	
Why it matters: The Raspberry Pi cannot run certain proprietary software that is only compatible with other operating systems, such as high-end games or professional-grade design tools.




7. Lack of Built-In Hard Drive

The Raspberry Pi lacks a built-in hard disk and solid-state drive (SSD), in contrast to conventional computers. Rather, it depends on external storage through a USB stick or microSD card. For customers who require dependable, quick storage integrated inside the device, this can be inconvenient even though it lowers the cost and power usage.


	
For instance, using external drives linked via USB may not offer the same speed or dependability as internal storage on a desktop computer if you are working on tasks that call for quick and dependable storage, like databases or high-definition movie files.


	
Why it matters: Without a built-in hard drive, customers must rely on external storage options, which may be slower and less dependable if they value high storage space and quick read/write rates.




In conclusion, the Raspberry Pi performs exceptionally well in situations where price, portability, and power efficiency are critical considerations. However, users may need to search for more potent hardware options for demanding jobs like gaming, video editing, or executing resource-intensive apps.


Popular Applications, Use Cases, and Features

Raspberry Pi Applications

[image: ]

The Raspberry Pi model can be used for a variety of purposes such as:


	
Media streamer


	
Tablet computer


	
Home automation


	
Internet radio


	
Robotics command


	
Arcade devices


	
cosmic computer


	
Projects that use the Raspberry Pi




Use Cases of Raspberry Pi

Now that you have a clear understanding of what the Raspberry Pi is, you may examine its uses:

Desktop (PC)

A Raspberry Pi, a microSD card, and a power source can be used to create a basic desktop. Additionally needed are an appropriate display, like an old monitor, and an HDMI cable. A USB keyboard and mouse are also required.

Controller for Robots

Many Raspberry Pi robot-controller projects exist. There is a specialized robotics package for Pi that can communicate with and control robots, and it is powered by the device's battery.

Printing With a Raspberry Pi

Anything may be printed using the Raspberry Pi. All you will need is some print server software and a Raspberry Pi that is linked to your home network. Installing the Samba file-sharing application first, followed by CUPS, is how this is done. The Common Unix Printing System (CUPS) comes with a management terminal and printer drivers.

Servers for Games

A unique version of the Minecraft game comes preinstalled on the Raspberry Pi's base operating system. Applications for the Raspberry Pi can function as a game server. This Minecraft game server is amazing. Several Raspberry Pi’s may be used to create an amazing gaming experience.

Gaming Device

The Raspberry Pi is ideal as a retro gaming device. It is among the lightest parts of the machine. One version that can be utilized for gaming applications and fit into compact spaces is the Raspberry Pi Zero.

Many popular 16-bit game systems can also be restored with the Raspberry Pi.


Top 10 Features of Raspberry Pi

First encounters with Raspberry Pi designs can be a little perplexing for a novice computer user. The board is equipped with several features, each having a distinct function.

Overall, the many features—processor speed and quality, Bluetooth, connection and accessory ports, and software compatibility—control the fundamental requirements of a typical computer in the twenty-first century.

All of them are made possible by the characteristics of Raspberry Pi computers, which include:

1. Central Processing Unit (CPU)

The Raspberry Pi features a central processing unit, much like any other computer. It functions as the brain of the computer, executing commands using mathematical and logical processes. The Raspberry Pi's boards employ processors from the ARM11 family.

2. HDMI Port

An HDMI (High Definition Multimedia Interface) connector on the Raspberry Pi board enables the device to display video options of the computer's output. The Raspberry Pi is connected to an HDTV using an HDMI connection. Versions 1.3 and 1.3 are supported. An RCA connection is also included for additional display possibilities.

3. Graphic Processing Unit (GPU)

The Graphic Processing Unit, or GPU, is an additional component of the Raspberry Pi board. Its main objective is to speed up picture computations.

4. Memory (RAM)

One essential component of a computer's processing system is random access memory. Real-time data is kept there for convenient access. 256MB of RAM was present in the original Raspberry Pi.

Over the years, engineers gradually and considerably improved the size. The capabilities of various Raspberry Pi models differ. The Raspberry Pi 4 with 8GB of RAM space currently has the most capacity.

5. Ethernet Port

One hardware connectivity feature seen on Raspberry Pi B variants is the Ethernet connector. The minicomputer's Ethernet port allows for wired internet connectivity. Without it, the Raspberry Pi could not be used for web browsing, software updates, etc. The RJ45 Ethernet jack is used by the Ethernet port on Raspberry computers. The Raspberry Pi can connect to routers and other devices using this component.

6. SD Card Slot

The Raspberry Pi needs a storage device of some kind, just like the majority of other standard PCs. It does not, however, come with a memory card or a hard drive, in contrast to traditional PCs. Users must insert SD cards into the Raspberry Pi board's Secure Digital card, or SD card, slot for the computer to work. Because it contains the operating system required to turn the system on, the SD card works similarly to a hard disk. Data storage is another use for it.

7. General Purpose Input and Output (GPIO) pins

These are a set of upward-projecting pins on one side of the board. The majority of Raspberry Pi models contain 40 GPIO pins. However, the earliest ones only had 26. Because of their sensitivity, these pins need to be handled with caution. They contribute to the Raspberry Pi's wide range of uses, making them vital components. To communicate with other electronic circuits, GPIO pins are utilized. Depending on how the user configures them, they can read and manage the electrical signals from other boards or devices.

8. LEDs

These five light-emitting diodes are grouped. They alert the user to the Raspberry Pi device's current state.

Their role includes:


	
PWR (Red): The main purpose of PWR (Red) is to show the power condition. The device only turns off when it is turned off or unplugged from the power source. When it is turned on, it produces a red light.


	
ACT (Green): This flashes to show that the SD card is active in any way.


	
LNK (Orange): When active Ethernet connectivity has been established, the LNK LED illuminates’ orange.


	
100 (Orange): When the Ethernet connection exceeds 100 Mbps, this light turns on.


	
FDX (Orange): An Ethernet connection also causes FDX light to appear. It indicates a full-duplex connection.




9. USB Ports

A key component of the Raspberry Pi is its universal service bus (USB) connections. They make it possible for the computer to connect to peripherals like hard disks, keyboards, and mice.

There were just two USB 2.0 ports on the first Raspberry Pi device. This number was raised to four in later variants. The far more recent Raspberry Pi 4 and Pi 400 variants have a combination of USB 2.0 and USB 3.0 connectors.

10. Power Source

A 5V micro USB power cable is usually used to supply power to the Raspberry Pi's power source connector. The purpose of a Raspberry Pi and the quantity of connected peripheral hardware devices determine how much electricity it uses.





CHAPTER TWO


RASPBERRY PI MODELS AND VERSIONS

The Raspberry Pi Foundation in the UK created the incredibly powerful, reasonably priced, and compact Raspberry Pi single-board computer.

There have been more than 15 iterations of the Raspberry Pi since the initial model was introduced in April 2012.

We shall list all of the Raspberry Pi's released versions below and quickly discuss the differences between them.

Beginning with the first Raspberry Pi 1 Model B and continuing through the Raspberry Pi 5, we have listed each of these models in the order in which they were launched.


Overview of Different Models (Model A, B, Zero, etc.)

Raspberry Pi 1 Model B (2012)

The initial model of the Raspberry Pi caused quite a stir in the market for small single-board computers (SBCs). This gadget was compact, capable, and reasonably priced.

[image: Raspberry Pi Version 1 Model B]

The original Pi was primarily intended to be a low-cost tool for teaching elementary computer science in classrooms, but it soon became well-liked by hobbyists.

The size standard for all subsequent Pi devices was established by this iteration of the Raspberry Pi. You will notice, nevertheless, that a few things are really different from the more contemporary Pi’s.

This Pi has a few noteworthy characteristics. The first is that the device could be used with outdated monitors because it had an RCA connector for composite video.

Furthermore, rather than using a MicroSD card slot, which has been customary in later generations, the device used a full-sized SD card slot.

Additionally, this Pi just has one CPU core, so when you put demanding activities on it, its performance will rapidly deteriorate.

Six months after its initial introduction, there was a minor modification made to the Raspberry Pi 1 Model B. The amount of RAM included with the device was increased from 256MB to 512MB.


Raspberry Pi 1 Model A (2013)

The second model of the gadget was the Raspberry Pi 1 Model B. This board was a less expensive variant of the Pi.

[image: Raspberry Pi Version 1 Model A]

With several components removed, this version of Model A had the same form factor as the regular board, in contrast to later iterations.

To lower the device's price, the Raspberry Pi Foundation took two parts off the board. The Ethernet jack is the first of these parts. This board lacks network access unless a USB dongle is used.

The removal of a USB port is the second modification made to this board. Regretfully, this port was removed, leaving the Pi 1 Model A with just one USB port.

This version of the Raspberry Pi is the same as the Model B except for the removal of these two parts.


Raspberry Pi 1 Model B+ (2014)

When the Raspberry Pi 1 Model B+ was launched in 2014, it had undergone several quite major modifications.

[image: Raspberry Pi 1 Model B+]

This Raspberry Pi model came with 512MB of RAM right out of the box, although it still had the same processor as the original Model B.

With this version, the Pi saw several important changes. We shall discuss the biggest ones next.

The standard for all upcoming major Raspberry Pi’s was the large increase in the number of GPIO pins from 26 to 40.

They also increased the number of USB 2.0 ports from two to four. The Pi's power needs rose as a result of the extra USB ports.

Instead of using the 3.5mm jack to provide composite video, the team eliminated the RCA composite video port. Therefore, the main method of displaying the Pi's output until the Raspberry Pi 4 will be through a single HDMI connector.

Moving from a full-sized SD card slot to a microSD card slot was the last modification. This is now the primary method of giving your device storage with the release of the Raspberry Pi version.

The following two major Raspberry Pi generations adopted this general board layout as their standard. The GPIO pins, USB ports, ethernet, HDMI, audio jack, and Micro USB power would stay the same in later iterations, even when the smaller components were rearranged.


Raspberry Pi Compute Module 1 (2014)

2014 saw the release of the Raspberry Pi Compute Module 1, the first significant new form factor.

[image: Raspberry Pi Version Compute Module 1]

The Raspberry Pi's processor and RAM were intended to be available in a new form factor with this model. This physical factor makes it easier to integrate into a circuit because it is designed for industrial purposes.

Through the connecting pins on the bottom of the device, the Pi makes all of its capabilities accessible. A DDR2 SODIMM connector can accommodate these pins.

A circuit can make full use of all the features offered by the BCM2835 SOC by using these pins. This implies that you will have access to even more GPIOs and interfaces than the Raspberry Pi basic model provides.

An further distinction with Compute Module 1 is that it has an embedded 4GB eMMC memory chip for storage.

Since the compute module line needs you to design and build your own circuit that integrates it, the majority of customers and hobbyists will probably choose to remain with using the Model B or Model A Raspberry Pi.


Raspberry Pi 1 Model A+ (2014)

Compared to the original Model A, the Raspberry Pi 1 Model A+ was a significant improvement. But by making the board smaller, this Pi went one step further.
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The ethernet port has been eliminated, and there is only one USB connector left, just like the original Raspberry Pi Model A. This is on top of the RCA composite video jack being taken off.

By removing these elements, the team was able to squeeze the remaining elements down one end of the board, slightly reducing its size.

In addition to being a wonderful low-cost substitute for the Raspberry Pi 1 variant B+, this variant has a smaller design, making it ideal for projects with limited space.


Raspberry Pi 2 Model B (2015)

The version of the Raspberry Pi 2 that offered a significant performance boost over the initial release was the Model B.
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With this version of the Raspberry Pi, the team concentrated on two main areas for improvement. These include both the device's memory and performance.

With the addition of a new quad-core processor, the Raspberry Pi foundation greatly enhanced performance. This new processor was clocked higher at 900 MHz and has four times as many cores as the original. In comparison to the original gadget, this was a 200 MHz boost.

The Raspberry Pi 2 Model B was an excellent improvement for any user just because of this modification.

Along with the performance enhancements, the team boosted the device's RAM capacity from 512 MB to 1024 MB, enabling you to run more memory-demanding apps.

The best thing about the Pi 2 Model B's many enhancements was that they did not raise prices in the slightest.


Raspberry Pi Zero (2015)

One of the foundation's most significant surprise releases was the Raspberry Pi Zero. This is because, in comparison to the mainline models, this device was incredibly small.

[image: Raspberry Pi Version Zero]

The already tiny Pi 1 Model A+ is even smaller than this version of the Raspberry Pi. Although it has many of the same features as the earlier gadget, it is half as big.

The Raspberry Pi 1 Model B+'s processor and RAM are identical to those of this Pi. This indicates that the gadget has 512MB of RAM and a single-core ARM processor.

The already tiny Pi 1 Model A+ is even smaller than this version of the Raspberry Pi. Although it has many of the same features as the earlier gadget, it is half as big.

The Raspberry Pi 1 Model B+'s processor and RAM are identical to those of this Pi. This indicates that the gadget has 512MB of RAM and a single-core ARM processor.

Although these features are not as good as those of the Raspberry Pi 2 device B, the price of this device was also much lower. You could acquire this version of the Pi for just $5.

The only item that you will be lacking from this model is an ethernet port. It still features a mini-HDMI port for display output, a MicroSD slot for storage, and a single Micro USB port.

This smaller size allowed you to use the Pi's power and all of its GPIO capabilities in new little applications.


Raspberry Pi 3 Model B (2016)

The highly improved Raspberry Pi 3 Model B was released a year after the Raspberry Pi 2 Model B.
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The goal of this Raspberry Pi version was to significantly enhance the device's network connectivity. In earlier iterations of the device, you had to use a Wi-Fi or Bluetooth dongle or an Ethernet connection.

The device's few accessible USB ports would be rapidly depleted by the necessity of using these dongles. There would only be two USB ports available if you required both Bluetooth and Wi-Fi.

The group incorporated Bluetooth and Wi-Fi into the Raspberry Pi 3 Model B. As a result, the end user can now connect wirelessly without purchasing any more parts.

The team took the opportunity to further enhance the processor's performance in addition to the connectivity enhancements.

In addition to adopting a more contemporary ARM microarchitecture, this version of the Raspberry Pi witnessed an increase in clock rate from 900 MHz to 1.2 GHz. As a result, the Pi's processor switched from Cortex-A7 to Cortex-A53.

The processor's compatibility with 64-bit operating systems was one of the modifications brought about by this upgrade. There was little reason to switch to a 64-bit machine, though, given that this model only had 1GB of RAM, especially considering that 64-bit addresses result in higher memory utilization.

The best part is that the Raspberry Pi's price remained unchanged despite all of these enhancements. Better performance and significantly more functionality at the same affordable cost.


Raspberry Pi Compute Module 3 (2017)

The Compute Module 3 was introduced in 2017, giving this range a much-needed boost. Since its first release in 2014, this lineup has undergone its first improvement.
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The Compute Module 3 brought the CPU and memory enhancements found in the Raspberry Pi Model B 3 to this iteration of the Raspberry Pi.

The width of the board was increased by one millimeter, which was the only minor alteration to the device's dimensions. Nevertheless, it is still compatible with the original compute module's DDR2 SODIMM board.

There are two varieties of this compute module version. The normal release, which comes with a 4GB eMMC flash device, and the recently released "light" model are the first two.

The lite model's MicroSD card slot, rather than its inbuilt flash storage, is the sole thing that separates it from the standard devices. Additionally, the gadget is marginally less expensive due to the absence of flash storage.


Raspberry Pi Zero W (2017)

Released in 2017, the Raspberry Pi Zero W aimed to maintain the board's compact size while bringing the same connection enhancements as the Pi 3 Model B.
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This Raspberry Pi version added Bluetooth (4.1 BLE) and Wi-Fi (b/g/n single-band 2.4GHz) to the board while attempting to maintain the small dimensions of the original Pi Zero.

The board greatly improved with the addition of these two connectivity options. Before this release, you had to attach a USB dongle and use a single USB connection.

Other than the addition of this new connectivity module, the Raspberry Pi did not significantly alter the Pi Zero W. Every other feature is identical to that of the original board. Not even the amount of power needed changed.

The cost of the device has also gone up as a result of the new chip's inclusion. The Pi Zero W would therefore cost $5 USD more than the original device.

The original Raspberry Pi Zero is still available if your project does not require Bluetooth or Wi-Fi.


Raspberry Pi 3 Model B+ (2018)

With its 2018 release, the Raspberry Pi 3 Model B+ brought many enhancements in several areas.
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Despite just being promoted as a "plus" model, this Raspberry Pi model provided many improvements that made it worthwhile to upgrade from the Pi 3 Model B.

The Pi's processor had first modifications that increased the clocks even further than those pushed by the ordinary Pi 3. Additionally, this would be the first Raspberry Pi to have its GPU clock speeds increased.

Additionally, the group enhanced the network's wired and wireless connectivity capabilities.

The Pi finally received a full gigabit Ethernet connector with this update. The speed of earlier Raspberry Pi iterations was restricted to 100 Mbit/s. With a Pi 3 Model B+, you can now potentially handle up to 1000 Mbit/s.

The Pi foundation also enhanced the Wi-Fi functionality in addition to these modifications. The Wi-Fi has dual-band capability and supports b/g/n/ac. You may now connect to both 2.4 GHz and 5 GHz networks and enjoy faster speeds thanks to the upgraded chip.

Raspberry Pi 3 Model A+ (2018)

Additionally, the Raspberry Pi Model A+ models received a major improvement in 2018. Since the first A+ release in 2014, these models had not been updated.
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The team's goal with this iteration of the Raspberry Pi was to incorporate most of the enhancements made to the Pi 3 Model B+ onto the smaller "A" board design.

The board of this model is the same size as the original Raspberry Pi 1 Model A+, but it has all of the 3 B+'s performance improvements.

Even the 1.4 GHz quad-core ARM processor that was first launched with the Pi 3 Model B+ is present on this board. They reduced the memory size from 1 GB to 512 MB, which was the only performance-related adjustment.

This board lacks an Ethernet port and only has one USB port, just like the original A+ models. However, there is one significant improvement with the Raspberry Pi 3 Model A+. The addition of the same networking chip as the Pi 3 B+ is that enhancement.

Your A+ can connect to Bluetooth and Wi-Fi without a USB dongle thanks to this networking chip. Additionally, the onboard networking supports both 2.4 GHz and 5 GHz bands, enabling you to connect to the great majority of Wi-Fi networks.

The Model A+'s price went up from $20 to $25 with this version. Nevertheless, the price increase was negligible in comparison to all the enhancements this model offered.

Raspberry Pi 4 Model B (2019)

With the release of the Raspberry Pi 4 Model B in 2019, this little board underwent some of the biggest changes since the Pi 1 Model B+.
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The main body of the board was significantly altered in this iteration of the Raspberry Pi. The processor, RAM, USB ports, power connector, HDMI output, and networking were all modified by the Raspberry Pi Foundation.

The team switched to a more modern, high-performing, and efficient microarchitecture for the processor core design. The Pi switched from the Cortex-A53 to the Cortex-A72 with this release.

With this modification, your Pi can operate much more quickly with the same number of cores without requiring an absurdly high amount of additional power. Better yet, the team was able to clock this process 100 MHz quicker than the previous core.

The Raspberry Pi 4 Model B marked the first significant modification to the device's GPU in addition to the CPU enhancements. The Pi switched from the Broadcom VideoCore IV to the VideoCore VI as a result of this modification.

Several enhancements brought about by this new GPU greatly enhanced performance and expanded its capabilities. For instance, the Pi can now manage two 4K displays simultaneously because of the modifications made to its GPU.

This release marked the first notable increase in the amount of memory accessible on the Raspberry Pi. The Pi has had a maximum RAM of 1 GB ever since the Pi 2 Model B was introduced in 2015. Additionally, there are now four flavors available for this new edition.

A Raspberry Pi with 1, 2, 4, or 8GB of RAM is now available for purchase. The ones with greater memory cost more. However, having a lot more RAM allowed you to do even more with this tiny computer and corrected one of Raspberry Pi's weakest points.

The Pi 4 Model B also replaced two USB 2.0 connectors with 3.0 compatible ones. Anyone who needed to read and write data to an external device or transfer data quickly benefited greatly from the introduction of USB 3.0.

The Wi-Fi did not change in terms of connectivity. To upgrade the Bluetooth module from 4.2 LS BLE to 5.0, team did upgrade it. To guarantee that you can approach the full gigabit speed offered by the connector, the team has enhanced the ethernet connection.

Additionally, the single HDMI that had existed since the original Raspberry Pi was swapped out. You can now connect two 4K displays at once because you have two Micro-HDMI connections instead of just one.

The power connector modification was the final major alteration made to this Raspberry Pi version. The device has used a micro-USB port since the first Pi.

The Pi 4 Model B switched to using a USB-C port with this release. Adopting this more recent connector has several benefits. Improved standards and increased connector dependability are two of those benefits.

Raspberry Pi Compute Module 4 (2020)

Released in 2020, the Raspberry Pi Compute Module 4 is a much-enhanced version of the Compute Module 3 that incorporates many of the Pi 4's enhancements.

[image: Raspberry Pi Compute Module 4]

In contrast to earlier generations, Compute Module 4 does not use the DDR2 SODIMM connection. The team was able to add more interface connectors in a small area because of the innovative connector that this Pi employed.

The quantity of interfaces that the Raspberry Pi offers is one of the factors that led to this modification. This new edition gives you access to a ton of additional features that were unavailable on earlier generations, in addition to the newest processor that was launched with the Pi 4.

In contrast to earlier generations, Compute Module 4 does not use the DDR2 SODIMM connection. The team was able to add more interface connectors in a small area because of the innovative connector that this Pi employed.

The number of interfaces that the Raspberry Pi offers is one of the factors that led to this modification. This new edition gives you access to a ton of additional features that were unavailable on earlier generations, in addition to the newest processor that was launched with the Pi 4.

More board capability is available with this version of the Compute Module. This entails setting up Ethernet, obtaining two lanes that are compatible with HDMI 2.0, and even having the option of integrated Wi-Fi and Bluetooth.

There are other variations of this new Compute Module available as well. Both memory capacities and eMMC flash memory may vary among these variations.

The Compute Module 4 can have 1, 2, 4, or 8GB of memory, just like the Raspberry Pi 4.

Additionally, you can choose between 0 (Lite version), 8, 16, or 32 GB of eMMC Flash memory.

Even models with and without the Wi-Fi and Bluetooth modules are available for this model. Variants with the chip can make use of the current PCB trace or an external antenna.

There are 32 distinct variations of the Compute Module 4, so you may choose the one that best fits your needs.

Raspberry Pi 400 (2020)

In 2020, the Raspberry Pi 400 was released, giving the Pi family a completely new form factor.
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The team unveiled a new form factor with this version of the Raspberry Pi. The Pi was integrated inside a fully functional keyboard as part of this form factor. Because a keyboard was no longer required to operate the Pi, this added a new level of usability.

Although it has been modified for this larger size format, the Raspberry Pi 400 has the same general features as the Raspberry Pi 4.

The Pi 400's CPU has a higher clock speed than the Pi 4 base because of improvements made to the device's thermal performance. Consequently, the Pi 400's clock rate has been raised from 1.5 GHz to 1.8 GHz. This means that utilizing this device should result in somewhat improved performance.

The Raspberry Pi 400 comes with only a single model, unlike the Pi 4. With this gadget, you can only acquire 4GB of RAM.

The fact that this device only has three USB ports is another modification. There are two USB 3.0 ports and one USB 2.0 port.

The device's remaining specs are identical to those of the Raspberry Pi 4. The base device's GPIO pins, gigabit Ethernet, Wi-Fi, and Bluetooth are all available to you.

Raspberry Pi 5 (2023)

Since its 2023 release, the Raspberry Pi 5 has seen significant improvements to a number of its essential parts.
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The board's quad-core 64-bit ARM Cortex-A75 processor is one of its most notable new features. This CPU is superior to the Pi 4 due to advances in its microarchitecture. Additionally, the Pi 5 has a higher clock rate, rising from 1.8 GHz in the Pi 4 to 2.4 GHz.

A VideoCore VII GPU with a clock speed of 800 MHz, which is 300 MHz faster than the previous model, has also been added to the GPU. Better support for the OpenGL ES and Vulkan standards might be possible because it also has an open-source Mesa driver.

The chip has a new HEVC decoder built in. When you watch any video in the HEVC format, this decoder will improve performance. Anyone who utilizes the Pi as a media center would benefit from it.

Additionally, the Pi 5 will have an integrated RTC chip. which is crucial if you depend on the accuracy of the time. In order to prevent the RTC from losing power during an outage, I would also get a UPS for the Pi.

The chip has a new HEVC decoder built in. When you watch any video in the HEVC format, this decoder will improve performance. Anyone who utilizes the Pi as a media center would benefit from it.

Additionally, the Pi 5 will have an integrated RTC chip. which is crucial if you depend on the accuracy of the time. To prevent the RTC from losing power during an outage, I would also get a UPS for the Pi.
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