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​1. Introduction to Android Automotive​

​Cars are slowly turning into computers on wheels. The big screen in the middle of the​

​dashboard, the one that plays music, shows maps, makes calls, and controls the air​

​conditioning, is now often running Android. But it is a special kind of Android, made for​

​cars. In this chapter we will go slowly and build a clear picture of three things. What​

​Android Automotive actually is. How it is different from the Android on your phone. And​

​why writing software for a car is a very different job from writing a normal app.​

​Everything here uses plain language, simple pictures, and real examples, so the rest of​

​the book feels easy to follow.​

​What is Android Automotive OS (AAOS)?​

​Android Automotive OS, or AAOS for short,​​is a complete​​operating system that runs​

​directly on the car's own computer. That computer is called the head unit. AAOS is built​

​on top of AOSP, which is the free, open-source version of Android that anyone can take​

​and modify.​

​The most important word here is "complete". AAOS is not an app that you install, and it is​

​not your phone connected to the car. It is the actual operating system of the car's screen,​

​in the same way that Windows is the operating system of a laptop. A laptop without​

​Windows is just metal and chips. In the same way, the car's screen comes alive only​

​because an operating system is running on it, and in these cars that operating system is​

​Android.​

​Because it is a full operating system, AAOS does all the jobs you would expect. It starts up​

​when the car powers on. It draws the home screen. It runs apps like media and maps.​

​And it does one extra job that phone Android never has to do. It talks directly to the car's​

​hardware, such as the air conditioning, the speed sensor, and the door locks.​

​To handle that car-specific work, AAOS adds a few new layers on top of normal Android.​

​The picture below shows the whole system as a stack, from the apps you see at the top,​

​all the way down to the real car parts at the bottom. Reading a stack like this from top to​

​bottom is the easiest way to understand any operating system, so we will use it a lot in​

​this book.​
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​Figure 1.1: The Android Automotive OS software stack​

​Here is what each layer does, in plain words:​

​•​ ​Apps.​​The things you see and tap. The climate screen,​​music, maps, and the​

​carmaker's own apps all live here.​

​•​ ​Car API (android.car).​​A special toolbox of ready-made​​classes that apps use to​

​talk to the car. This layer is added by AAOS and does not exist in phone Android.​

​•​ ​Android Framework and Car Service.​​The normal Android​​services that every app​

​relies on, plus a new Car Service whose only job is to manage car features and pass​

​requests along safely.​

​•​ ​HAL and Vehicle HAL (VHAL).​​The Hardware Abstraction​​Layer. Think of it as a​

​translator that sits between Android and the car's electronics. The VHAL is the part​

​that knows about vehicle things like speed, fuel, and temperature.​

​•​ ​Linux Kernel.​​The same core that powers all Android​​devices, with drivers for the​

​car's specific chips.​

​•​ ​Vehicle Hardware.​​The real, physical parts. Small​​computers called ECUs, plus​

​sensors and the wiring (like the CAN bus) that joins them together.​

​You might ask why there are so many layers. The reason is that each layer has just one​

​job, and it only talks to the layer right next to it. An app never reaches down and grabs a​

​wire. It just asks the layer below, which asks the layer below that, and so on. This keeps​

​the system tidy and easy to change. If a carmaker swaps in a new air-conditioning unit,​

​only the bottom layers change. The app on top stays exactly the same.​
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​2. AOSP Architecture & System Components​

​In Chapter 1 we saw the Android Automotive stack from a distance. Now we will walk​

​through it properly. By the end of this chapter you will understand how Android is built in​

​layers, what a system service really is, how apps talk to those services, and what exactly​

​Android Automotive adds on top. This is the backbone of almost every automotive​

​interview, so we will take it slowly and keep every idea simple.​

​The Android stack, layer by layer​

​Android is built as a stack of layers. Each layer sits on top of the one below it, and it only​

​talks to its direct neighbours. The big advantage of this design is that you can change one​

​layer without breaking the others. The picture below shows the five main layers of AOSP.​

​Figure 2.1: The five main layers of the AOSP architecture​

​Let us go through them from the top, where the user is, down to the bottom, where the​

​hardware is.​

​•​ ​System apps.​​The apps that ship with the device, like​​the launcher (the home​

​screen), Settings, and the media player. In a car, this layer includes the​

​CarLauncher and other built-in car apps.​

​•​ ​Java API framework.​​The toolbox that every app is​​built from. When your app​

​shows a screen, asks for a permission, or starts another screen, it is using this​

​layer. It is also where the Car API lives in an automotive build.​
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​•​ ​Native libraries and the runtime.​​A set of fast C and C++ libraries for heavy jobs​

​like graphics, databases, and media. Next to them sits ART, the Android Runtime,​

​which actually runs your app's compiled code.​

​•​ ​Hardware Abstraction Layer (HAL).​​A set of standard​​"plugs" that hide the messy​

​details of real hardware. There is a HAL for audio, one for the camera, one for​

​sensors, and in a car, the Vehicle HAL for car data.​

​•​ ​Linux kernel.​​The base of everything. It manages memory​​and processes, holds​

​the device drivers, and contains Binder, the special channel that lets all the upper​

​layers talk to each other.​

​Why does this layered design matter so much in a car? Because cars are built by many​

​companies. A chip maker provides the kernel and drivers. A supplier writes the HAL for​

​their hardware. The carmaker builds the apps on top. The layers let each company do its​

​own part without stepping on the others.​

​System components and system services​

​Most of the real work in Android is done by background programs called system services.​

​A system service is a long-running piece of code that manages one job for the whole​

​device. One service manages running apps. Another manages installed apps. Another​

​manages the windows on screen. They start when the device boots and keep running the​

​entire time.​

​Here is the key point that confuses many people. Your app does not call a system service​

​directly. Instead, it uses a friendly helper class called a​​manager​​. For example, your app​

​talks to the​​ActivityManager​​, and behind the scenes​​that manager passes the request​

​to the real​​ActivityManagerService​​. The manager is​​the polite receptionist. The​

​service is the worker in the back office.​

​The app and the service live in different processes, so they cannot just call each other like​

​normal code. They talk over a channel called Binder, which we will cover in detail in​

​Chapter 7. For now, just picture an arrow labelled Binder between them.​
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​3. Boot Sequence & System Startup​

​When you press the start button in a car, the screen lights up and the home screen​

​appears. It feels simple, but a long and careful chain of events runs in those few seconds.​

​This chapter follows that chain from the very first instruction the chip runs, all the way to​

​the home screen. Boot is one of the most loved interview topics in automotive, partly​

​because cars care so much about starting fast, so we will go through every step in plain​

​language.​

​The whole journey: power on to home screen​

​Before we zoom into each part, here is the big picture. Starting a device is like waking up​

​in the morning. First your body switches on, then your brain, then you get dressed, and​

​only then are you ready to face the day. Android boots in the same ordered way, one​

​stage handing over to the next.​

​Figure 3.1: The boot flow, from power on to a ready home screen​

​Each box in the picture is a stage. The bootloader wakes the hardware, the kernel takes​

​charge, init sets up the system, Zygote prepares the framework, SystemServer starts the​

​services, and finally the home screen appears. We will now walk through each of these,​

​one at a time.​
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​The bootloader and the kernel​

​The very first code to run is not Android at all. It is a tiny program burned into the chip​

​that loads the bootloader. The bootloader is a small, low-level program whose job is to​

​wake up just enough hardware to get started, such as the memory, and then load and​

​start the Linux kernel.​

​The bootloader also guards the device. In cars and phones it usually checks that the​

​software has not been tampered with, a process called verified boot, before it allows the​

​system to start. This matters a lot in a vehicle, where safety and security cannot be left​

​open.​

​Once the bootloader hands over, the​​Linux kernel​​takes​​charge. The kernel is the core of​

​the operating system. It sets up memory, starts the device drivers that talk to the​

​hardware, and mounts the file system. When it has done all that, it starts the first ever​

​user-space program, a process called​​init​​. From this​​point on, we are in Android's world.​

​The kernel and the BSP​

​We just saw the kernel start up. But the kernel does not work alone, and it is not the​

​same on every device. To make Android boot on one particular piece of hardware, you​

​need a Board Support Package, or BSP. This is a core automotive topic, because​

​automotive teams often work right here, at the boundary between the software and the​

​board.​

​First, what does the kernel actually do during boot? It sets up the CPU and the memory,​

​mounts the filesystems, loads its drivers, and then starts the very first user-space process,​

​init​​. From that moment the Android side takes over.​​So the kernel is the bridge that​

​turns raw hardware into something Android can run on.​

​The​​BSP (Board Support Package)​​is the bundle of low-level​​software that makes Android​

​run on one specific board or chip. It is provided by the chip maker or the hardware​

​supplier, not by Google. The picture below shows what is inside it.​
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​4. Automotive Hardware & In-Vehicle Networks​

​So far we have looked at Android. Now we go under the hood, to the real car. A modern​

​car is not one computer. It is a crowd of small computers, spread all over the vehicle,​

​each in charge of one job. For the car to work, these computers must constantly share​

​information with each other. This chapter explains those computers, the wires they use​

​to talk, and how Android fits into the picture. We will take it slowly, give every idea a​

​simple everyday analogy, and use plenty of pictures.​

​A car is many small computers​

​The little computers inside a car are called​​ECUs​​,​​which stands for Electronic Control​

​Units. Each ECU is in charge of one area. There is an ECU for the engine, one for the​

​brakes, one for the climate, one for the doors, and many more. A simple car may have​

​twenty or thirty. A high-end car can have over a hundred.​

​Why so many small computers instead of one big one? Because it keeps things simple​

​and safe. Each ECU is an expert at one job. If the door ECU fails, the brakes still work,​

​because they are a separate computer. This separation is exactly what a car needs, where​

​safety comes first.​

​But these ECUs cannot work alone. The engine ECU needs to know the speed. The​

​climate ECU needs to know if the engine is warm. So they are all joined together by​

​shared wires, and they pass messages to each other all day long. The picture below​

​shows the basic idea.​
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​Figure 4.1: ECUs across the car share information over a common bus​

​Example:​ ​Think of a car like a company. Each department,​​which is an ECU, is an expert​

​at one thing: accounts, sales, security. None of them can run the company alone, so they​

​constantly send each other memos over the office's internal mail system, which is the​

​network. The car works only because all these little experts cooperate.​

​Notice the​​IVI head unit​​in the picture, the box that​​runs Android. It is just one more​

​computer on the network, but a powerful one. It is the part this whole book is about. It​

​mostly listens to the network to show you information, and sometimes sends requests,​

​like turning up the fan.​

​MCU vs SoC, and the head unit​

​Not all of these computers are the same size. There are two very different kinds of chip​

​inside a car, and interviewers like to hear the difference clearly.​

​•​ ​MCU (microcontroller).​​A tiny, cheap, simple chip​​built to do one small job very​

​reliably, like running a window motor or reading a sensor. It runs simple firmware,​

​not a big operating system, and it reacts instantly and predictably.​

​•​ ​SoC (system on chip).​​A powerful chip with a strong​​processor, graphics, and lots​

​of memory. It can run a full operating system like Android. The infotainment head​

​unit uses an SoC, because drawing maps and running several apps needs real​

​power.​

​MCU (microcontroller)​ ​SoC (system on chip)​

​Tiny, cheap, simple​ ​Powerful, more expensive​

​One small real-time job​ ​Runs apps and a full OS​

​Simple firmware, no big OS​ ​Runs Android (AAOS)​

​Used in most small ECUs​ ​Used in the IVI head unit​

​In simple words:​ ​An MCU is like a calculator: it​​does one job perfectly and instantly. An​

​SoC is like a laptop: it can run many programs at once. The window switch uses a​

​calculator-sized chip; the Android head unit uses a laptop-sized one.​

​Sensors, actuators, displays, and the cluster​

​ECUs deal with the physical world through two kinds of part. This pair comes up again​

​and again, so it is worth fixing in your mind.​
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​5. Vehicle HAL (VHAL)​

​In the last chapter we saw that a car is full of ECUs talking over networks like CAN, and​

​that Android never speaks those networks directly. Something stands in the middle and​

​translates. That something is the Vehicle HAL, or VHAL. It is one of the most important​

​and most asked-about parts of Android Automotive, so this chapter is all about it. By the​

​end you will know what the VHAL is, what a vehicle property is, and exactly how an app​

​reads the speed or sets the temperature.​

​What is the VHAL, and why it exists​

​Remember from Chapter 2 that a HAL, a Hardware Abstraction Layer, is a standard "plug"​

​that hides the messy details of real hardware. The​​Vehicle HAL​​is simply the HAL for the​

​car itself. It is the layer that sits between Android's car services and the vehicle's​

​electronics.​

​The VHAL has one big job. It describes everything about the car as a tidy list of values​

​called properties, and it offers a standard way to read and write them. Android's​

​CarService talks to the VHAL through this fixed, standard interface. The carmaker or​

​supplier then writes the inside of the VHAL to actually connect those properties to their​

​real hardware signals.​

​Figure 5.1: The VHAL sits between Android and the car network, translating both ways​

​Why is this split so useful? Because it lets the two worlds change independently. Google​

​and app developers work above the VHAL, in the clean world of properties. The​
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​hardware team works below it, in the messy world of CAN signals. As long as both sides​

​agree on the standard interface in the middle, neither has to know the other's details.​

​In simple words:​ ​The VHAL is like a universal travel​​adapter. Your laptop has one kind of​

​plug, the wall socket in another country has a different one, and the adapter in the​

​middle makes them work together. Android has properties, the car has raw signals, and​

​the VHAL is the adapter between them.​

​Vehicle properties: the heart of the VHAL​

​Everything the VHAL exposes is a vehicle property. A property is just one piece of vehicle​

​information, like the speed, the fuel level, or the cabin temperature. To use properties​

​well, you need to know the few things that describe each one. The card below lays them​

​out.​

​Figure 5.2: The parts that describe every vehicle property​

​•​ ​ID.​​A number that says which property it is. Standard​​ones have names like​

​PERF_VEHICLE_SPEED​​and​​HVAC_TEMPERATURE_SET​​. Carmakers​​can also add​

​their own.​

​•​ ​Area, or zone.​​Where in the car it applies. Some properties​​cover the whole car,​

​and some apply to a specific seat, door, or window.​

​•​ ​Value type.​​What kind of value it holds, such as a​​whole number, a decimal, or a​

​true/false. Speed is a decimal; a door-locked flag is true/false.​

​•​ ​Access.​​Whether you can read it, write it, or both.​​Speed is read-only, because you​

​cannot order the car to go faster by setting a property. Cabin temperature is read​

​and write.​
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​6. Car Service, Car API & System Managers​

​By now you know that the VHAL holds the car's data as properties. But an app does not​

​talk to the VHAL directly. It goes through a friendly set of classes called the Car API, which​

​are served by CarService. This chapter is your tour of that API. We will meet the main​

​managers, one by one: the one for vehicle data, the one for power, the one for audio,​

​and the one for safe driving. Each gets a clear explanation and a real example. This is a​

​long chapter, because in real automotive work these managers are what you actually use​

​every day.​

​The Car object and the android.car API​

​All the car classes live in a package called​​android.car​​.​​The single most important class​

​is​​Car​​. The Car object is your front door into everything​​car-related. You do not create the​

​individual managers yourself. Instead, you create one Car object, and then ask it to hand​

​you whichever manager you need.​

​Figure 6.1: One Car object gives you all the specific managers​

​So the pattern is always the same. Get a Car object, then call​​getCarManager()​​to​

​receive a specific manager such as​​CarPropertyManager​​or​​CarPowerManager​​. Each​

​manager is a small, focused helper for one area of the car, and behind it sits a matching​

​service inside CarService.​
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​In simple words:​ ​The Car object is like the reception desk of a big office. You do not​

​wander the building looking for the right department. You go to reception once, say what​

​you need, and they point you to the correct desk: property, power, audio, or safety.​

​How an app connects to CarService​

​CarService runs in its own process, separate from your app. So before you can use any​

​manager, your app has to connect to it. You do this by creating a Car object with​

​Car.createCar()​​. That call binds your app to CarService.​

​Figure 6.2: An app connects, gets a manager, uses it, then disconnects​

​The basic shape of the code is short. You connect, fetch the manager you want, use it,​

​and disconnect when you are done:​

​// Connect to CarService​
​val car = Car.createCar(context)​

​// Ask for the manager you need​
​val props = car.getCarManager(Car.PROPERTY_SERVICE)​

​as CarPropertyManager​

​// ... use props to read or write vehicle data ...​

​car.disconnect()   // release it when finished​

​There is one important detail that interviewers love. CarService can restart, for example​

​after an update or a crash, and when it does, your connection drops. A well-written car​

​app does not assume the connection lasts forever. It listens for the connection being lost​

​and reconnects, rather than crashing. On a phone this rarely matters, but in a car that​

​runs for years, it matters a lot.​

​CarPropertyManager: reading and writing vehicle data​

​We met this manager in Chapter 5, so here is the short version.​​CarPropertyManager​​is​

​the one you use to read and write vehicle properties. It offers get to read a value once,​
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​7. IPC: Binder, AIDL & Messenger​

​Through this whole book, the same picture keeps coming back. An app in one process​

​asks for something, and a service in another process does the work. The app talks to​

​CarService. CarService talks to the VHAL. None of them share memory, yet they all​

​cooperate. The glue that makes this possible is called IPC, and in Android the heart of IPC​

​is Binder. This is one of the most asked-about topics in automotive interviews, so we will​

​build it up slowly, from why it is needed all the way to writing an AIDL interface.​

​Why processes need to talk​

​Every Android app runs in its own process, with its own private memory. This is on​

​purpose. It means one app cannot peek into another app's data, and if one app crashes,​

​it cannot bring the others down with it. This wall between processes is what keeps the​

​system safe and stable.​

​But there is a catch. Apps and services constantly need to work together. Your app needs​

​to ask CarService for the speed, and CarService lives in a different process. Since they​

​cannot reach into each other's memory, they need a safe, official channel to pass​

​requests across the wall. That channel is called​​Inter-Process​​Communication​​, or IPC. In​

​Android, the main IPC system is​​Binder​​.​

​Figure 7.1: Apps are sealed off from each other and must use Binder to talk​

​The Binder mechanism​

​Binder is clever because it makes a call across processes feel almost like a normal call​

​within one process. Here is how it works, in plain terms.​

​On the client side, you hold a​​proxy​​, an object that​​looks exactly like the real service but​

​is really just a stand-in. When you call a method on the proxy, it does not do the work​
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​itself. It packs up the method name and arguments into a parcel, a process called​

​marshalling​​, and hands it to the​​Binder driver​​, which​​lives in the Linux kernel.​

​The Binder driver carries the parcel across to the server process. There, a piece called the​

​stub​​unpacks it, figures out which method was asked​​for, and calls the real object. The​

​result travels back the same way. One full round trip like this is called a​​transaction​​.​

​Figure 7.2: A call is packed, carried by the Binder driver, then unpacked and run​

​In simple words:​ ​Binder is like sending a parcel​​through the post. You cannot walk into​

​the other person's house (their memory), so you pack your message in a box (marshal it),​

​the postal service (the Binder driver) carries it across, and the receiver opens it and acts​

​on it. To you, it almost feels like handing it over directly.​

​Binder and its types​

​It helps to see Binder as the foundation, with a few different ways to use it built on top.​

​You rarely write raw Binder by hand. Instead you pick one of these higher-level tools, and​

​they all ride on Binder underneath.​

​•​ ​AIDL.​​For when you want a real interface with methods​​and return values. It​

​generates the proxy and stub for you. Most system services, including CarService,​

​use this.​

​•​ ​Messenger.​​For when you just want to pass simple messages,​​one at a time,​

​without writing an interface.​
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​8. Native Layer: HAL, JNI & System Services​

​So far we have mostly stayed in the comfortable world of Java and Kotlin. Now we go​

​below it, into the native layer, where C and C++ run close to the hardware. This is where​

​HALs live, where heavy work like video decoding happens, and where a lot of real​

​automotive engineering takes place. We will see how Android reaches down into native​

​code, how to build your own service and HAL, and how the security system, SELinux,​

​guards it all. These are deep topics, but each one rests on a simple idea, and we will keep​

​to those simple ideas.​

​The HAL: bridging Android to hardware​

​We met the HAL idea in Chapter 2 and the Vehicle HAL in Chapter 5. Let us now look at​

​HALs in general. A​​HAL​​, or Hardware Abstraction Layer,​​is a standard plug between the​

​Android framework and the device's real hardware. The framework calls a fixed, agreed​

​interface, and the vendor provides the implementation that actually drives their chip.​

​Figure 8.1: The HAL lets the framework stay the same across different hardware​

​The point of this is freedom. Android can run on thousands of different devices, with​

​cameras and audio chips from many makers, without the framework knowing any of the​

​details. Each vendor just writes their HAL to match the standard interface. There is an​

​audio HAL, a camera HAL, a sensors HAL, and, as we saw, the Vehicle HAL.​
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​In simple words:​ ​A HAL is like the standard socket in your wall. Any lamp with the right​

​plug works, no matter who made the lamp, because they all agree on the shape of the​

​plug. The framework is the wall; each vendor's hardware is a different lamp.​

​HIDL and AIDL HALs​

​HALs have changed over the years, and this history is a common interview question. In​

​early Android, a HAL was just a shared library loaded straight into the framework process.​

​That was simple, but it tied the framework and the vendor code tightly together.​

​Updating one often meant rebuilding the other.​

​Android 8 changed this with​​Project Treble​​. HALs moved​​into their own processes, with a​

​stable, versioned interface written in a new language called​​HIDL​​(HAL Interface​

​Definition Language). Now the framework and the vendor parts could be built and​

​updated separately, which made Android updates much easier.​

​In newer Android,​​AIDL​​has grown to do this job too,​​so fresh HALs are written in AIDL​

​instead of HIDL, and HIDL is slowly being retired. The good news is that you already​

​understand AIDL from Chapter 7. A HAL interface in AIDL works the same way: a stable​

​interface, carried over Binder, between the framework and the hardware side.​

​HIDL​ ​AIDL HAL​

​Introduced with Project Treble​ ​The modern replacement​

​Separate language for HALs​ ​Same AIDL you already know​

​Being phased out​ ​Used for new HALs​

​Creating a system service from scratch​

​Sometimes you need to add a brand-new system service, one that runs in the​

​background and offers an API to apps. This is real platform work, done inside the AOSP​

​source. The steps follow a clear pattern.​
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​9. OEM Customization: RRO, Overlays & Branding​

​Walk through a car showroom and every brand's screen looks different. The colours, the​

​icons, the fonts, the welcome animation, all carry that carmaker's identity. Yet​

​underneath, many of them run the same Android Automotive base. How does one base​

​produce so many different looks, without rewriting the apps each time? That is the​

​subject of this final chapter of Part 1. We will look at overlays, branding, build flavors, and​

​languages, which together are how a carmaker makes the software truly its own.​

​Runtime Resource Overlay (RRO): what and why​

​First, a quick reminder of what "resources" means in Android. Resources are the​

​non-code parts of an app: the colours, the text strings, the icons and images, the layouts,​

​and the themes. They live in the​​res​​folder, and the​​code refers to them by name, never​

​by their actual value. The code says "use the primary colour," not "use blue."​

​That small habit is what makes customization possible. A​​Runtime Resource Overlay​​, or​

​RRO, is a separate package that replaces some of these resources at runtime, without​

​changing the original app's code or rebuilding it. The base app still asks for "the primary​

​colour," but the overlay quietly answers with the carmaker's own colour.​

​Figure 9.1: One base app, re-skinned into two different brands by overlays​

​In code, the idea is simple. The base app defines a colour by name, and the overlay​

​defines the same name with a different value. At runtime, the overlay wins:​
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​<!-- Base app: res/values/colors.xml -->​
​<color name="brandPrimary">#2563EB</color>​

​<!-- OEM overlay: same name, new value -->​
​<color name="brandPrimary">#C8102E</color>​

​Why go to this trouble? Because a carmaker wants its own look on the same shared​

​software, and forking and rebuilding every app for every brand would be a nightmare to​

​maintain. With overlays, the base apps stay untouched, and each brand just ships its own​

​thin overlay. Update the base app once, and every brand benefits.​

​In simple words:​ ​RRO is like putting a coloured case​​and screen protector on the same​

​phone. The phone underneath is identical, but with a red case it looks like a red phone,​

​and with a blue case it looks like a blue one. You never opened the phone; you just​

​changed the skin.​

​How an overlay works under the hood​

​It is worth understanding what actually happens, because interviewers like to push past​

​the surface here. An overlay is itself a small APK. It contains no real code, just resources,​

​and a manifest that says which package it targets.​

​When the system loads the target app, it also loads any overlay aimed at it, and builds a​

​small mapping table called an​​idmap​​. The idmap connects​​each resource in the base app​

​to the matching resource in the overlay. From then on, whenever the base app asks for a​

​resource by name, the system checks the idmap and, if the overlay defines that name,​

​hands back the overlay's value instead.​

​So the base app never knows it was re-skinned. It asks for the same resource names it​

​always did, and the system silently substitutes the overlay's values. Nothing in the base​

​app is recompiled, and the original APK is never touched.​

​An overlay APK's manifest declares its target, like this:​

​<manifest package="com.brandA.overlay">​
​<overlay​

​android:targetPackage="com.android.car.ui"​
​android:priority="10" />​

​</manifest>​

​The​​priority​​matters when more than one overlay targets​​the same app. The system​

​applies them in priority order, so a carmaker overlay can sit on top of a Tier-1 overlay,​

​and the highest priority wins for any resource they both define.​
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​10. Android Automotive & AOSP​

​This is the first chapter of Part 2, where we turn everything from Part 1 into real​

​interview questions and answers. The questions come from actual automotive interviews​

​at companies like Harman, JLR, Mercedes, KPIT, Tata Motors, Mercedes-Benz, Bosch and​

​Renault, with more added to cover the topic fully. Each answer is laid out in points, the​

​way you should structure it out loud, with a short example or a little code where it helps.​

​Read the question, answer it in your head, then check yourself against the points below.​

​ANDROID AUTOMOTIVE BASICS​

​Q1. What is Android Automotive OS (AAOS)?​

​AAOS is a full operating system, built on AOSP, that runs directly on the car's head unit.​

​•​ ​It is the actual operating system of the car's screen, not a phone and not a​

​projection.​

​•​ ​It boots with the car, draws the home screen, and runs apps such as media and​

​maps.​

​•​ ​It can talk straight to vehicle hardware through the Car API and the Vehicle HAL.​

​•​ ​It adds car-specific layers on top of ordinary Android.​

​Real-world example:​ ​In an AAOS car, the climate,​​maps, and media apps all run on the​

​car's own processor, with no phone connected anywhere.​

​Q2. How is AAOS different from Android Auto?​

​Android Auto is only a projection from your phone, while AAOS is a full operating system​

​on the car.​

​•​ ​Android Auto:​​the phone runs the apps and casts a​​simple picture to the screen,​

​and it needs the phone connected.​

​•​ ​AAOS:​​the apps run on the car itself, with no phone,​​and they can reach deep into​

​the vehicle.​

​Android Auto​ ​Android Automotive OS​

​Projects from your phone​ ​A full OS on the car​

​Apps run on the phone​ ​Apps run on the car​

​Needs a connected phone​ ​Works on its own​
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​Real-world example:​ ​Take the phone out of an Android Auto car and the screen goes​

​blank. An AAOS car keeps working, because the car is the computer.​

​Q3. Is Android Automotive the same as AOSP?​

​No. AAOS is built on top of AOSP, not a replacement for it.​

​•​ ​AOSP is the base, open-source Android platform.​

​•​ ​AAOS adds the Car API (android.car), CarService, and the Vehicle HAL.​

​•​ ​It also adds automotive UI and driver-distraction support.​

​Real-world example:​ ​A carmaker takes AOSP, layers​​AAOS on top, then adds its own​

​branding, and ships the car.​

​Q4. What is GAS (Google Automotive Services)?​

​GAS is a bundle of Google's car-ready apps that a carmaker licenses from Google.​

​•​ ​It includes Google Maps, Google Assistant, and a car version of the Play Store.​

​•​ ​A car can ship AAOS with GAS, or as a pure AOSP build without GAS.​

​•​ ​Without GAS, the carmaker provides its own maps, assistant, and app store.​

​Use case:​ ​A premium brand that wants its own branded​​assistant and store will ship​

​AAOS without GAS and build those parts itself.​

​Q5. What is an IVI system and a head unit?​

​IVI stands for In-Vehicle Infotainment, and the head unit is the hardware that runs it.​

​•​ ​IVI:​​the car's central system for media, navigation,​​climate, and connectivity.​

​•​ ​Head unit:​​the physical computer behind the dashboard,​​with a processor (SoC),​

​memory, and one or more screens.​

​•​ ​In an AAOS car, the head unit is what Android Automotive OS runs on.​

​Q6. Who are the OEM and the Tier-1 supplier?​

​They are the main companies in the automotive supply chain, and knowing the split is a​

​common interview check.​

​•​ ​Google:​​provides AOSP and the automotive layers, and​​offers GAS.​

​•​ ​OEM (carmaker):​​brands like Volvo or Renault that​​build the car and own the​

​brand.​
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​11. IPC, AIDL, HIDL & Car Framework​

​This chapter gathers the questions that automotive interviews ask most: how processes​

​talk, how Binder and AIDL work, how the car framework exposes vehicle data, and how​

​branding is applied. The topics build on Chapters 5, 6, 7, and 9, but here every answer is​

​shaped for the interview, laid out in points, with code where you would be asked to write​

​it. Work through them in order, since the later car-framework answers lean on the earlier​

​IPC ones.​

​WHY IPC, AND BINDER​

​Q1. Why do processes need IPC in Android?​

​Because every app runs in its own sealed process, but they still need to work together.​

​•​ ​Each app has its own private memory, for security and stability.​

​•​ ​One app cannot read another's memory or crash it.​

​•​ ​But apps must call system services in other processes, so they need a safe channel.​

​•​ ​That channel is IPC,​​Inter-Process Communication,​​and Binder is the main one in​

​Android.​

​Q2. What are the IPC mechanisms in Android?​

​There are a few, all built on Binder underneath.​

​•​ ​AIDL:​​a real interface with methods and return values,​​for rich services.​

​•​ ​Messenger:​​simple message passing, one message at​​a time.​

​•​ ​Broadcasts:​​one-to-many announcements using Intents.​

​•​ ​Content providers:​​sharing structured data between​​apps.​

​Q3. What is Binder?​

​Binder is the core IPC system in Android, sitting in the Linux kernel.​

​•​ ​It carries a method call from one process to another safely.​

​•​ ​It makes a cross-process call feel almost like a normal local call.​

​•​ ​Almost all Android IPC, including AIDL and Messenger, runs on top of Binder.​

​Q4. How does Binder work?​

​It uses a proxy on the client and a stub on the server, with the kernel driver in between.​
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​•​ ​Proxy:​​a stand-in object on the client that looks like the real service.​

​•​ ​Marshalling:​​the proxy packs the method and arguments​​into a parcel.​

​•​ ​Binder driver:​​the kernel carries the parcel to the​​server process.​

​•​ ​Stub:​​unpacks the parcel and calls the real object,​​then sends the result back.​

​Real-world example:​ ​It is like posting a parcel:​​you cannot enter the other person's​

​house, so you box your message, the post (Binder) carries it, and the receiver opens it​

​and acts.​

​Q5. What is a transaction in Binder?​

​A transaction is one full round trip of a Binder call.​

​•​ ​It covers sending the request and receiving the reply.​

​•​ ​Each method call you make on a proxy is one transaction.​

​•​ ​There is a size limit on the data a single transaction can carry.​

​Q6. What is marshalling and what is a Parcel?​

​Marshalling is packing data so it can travel between processes; a Parcel is the container.​

​•​ ​A Parcel is a flat package of bytes that Binder can carry.​

​•​ ​Marshalling writes your arguments into the Parcel; unmarshalling reads them​

​back.​

​•​ ​Objects you send must know how to write themselves to a Parcel (Parcelable).​

​Q7. What is Binder, and what are its types of use?​

​Binder is the foundation, and you use it through higher-level tools rather than by hand.​

​•​ ​AIDL:​​for full interfaces with methods and return​​values.​

​•​ ​Messenger:​​for simple, serial message passing.​

​•​ ​Calls also come in two forms: normal two-way calls that wait, and oneway calls​

​that do not.​

​Q8. What is an IBinder?​

​IBinder is the basic handle to a Binder object that you pass between processes.​

​•​ ​When you bind to a service, onBind returns an IBinder.​

​•​ ​The client turns that IBinder into a usable interface with asInterface.​

​•​ ​It is the low-level token that represents the remote object.​
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​12. Android Core & Components​

​Automotive interviews lean hard on core Android, because a car app is still an Android​

​app underneath, and platform engineers are expected to know the framework deeply.​

​This chapter covers the components in full: the complete activity and fragment lifecycles,​

​tasks and launch modes with stack examples, services and background work, receivers,​

​notifications, content providers, permissions, and widgets. Every answer is written to be​

​complete on its own, with examples so you can make the interviewer picture it. Take your​

​time with this one; it is the longest chapter for a reason.​

​ACTIVITY AND ITS LIFECYCLE​

​Q1. What is an Activity?​

​An Activity is a single screen with a user interface, and one of the four core app​

​components.​

​•​ ​It hosts the UI and handles user interaction for that one screen.​

​•​ ​Each activity is an entry point the system can start.​

​•​ ​An app is usually several activities, one per screen, plus fragments inside them.​

​Q2. Explain the full Activity lifecycle.​

​An activity moves through seven callbacks as it is created, shown, hidden, and destroyed.​

​The full order is:​

​•​ ​onCreate():​​called once. Build the screen, inflate​​the layout, set up references and​

​the ViewModel.​

​•​ ​onStart():​​the activity becomes visible to the user,​​but is not yet interactive.​

​•​ ​onResume():​​the activity is in the foreground and​​the user can interact with it. It is​

​now running.​

​•​ ​onPause():​​the activity is losing focus, often because​​something is partly covering​

​it. Save quick state and keep this fast.​

​•​ ​onStop():​​the activity is fully hidden. Release heavier​​resources here.​

​•​ ​onRestart():​​called when a stopped activity is about​​to be shown again. It runs just​

​before onStart on the way back.​

​•​ ​onDestroy():​​the activity is finishing or being destroyed.​​Release everything left.​

​The two common paths are: onCreate, onStart, onResume to start; then either onPause,​

​onStop, onRestart, onStart, onResume to return, or onPause, onStop, onDestroy to finish.​
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​Interview tip​ ​Many candidates forget onRestart. Mention​​it clearly: it is the callback​

​that runs when a stopped activity comes back to the foreground, before onStart.​

​Saying it unprompted shows you know the lifecycle fully.​

​Q3. What is the difference between onCreate, onStart, and onResume?​

​They mark three stages of an activity coming to life, and each has its own job.​

​•​ ​onCreate:​​runs once for the whole life of the activity.​​Build the screen here. Heavy​

​one-time setup belongs here.​

​•​ ​onStart:​​the screen becomes visible but not yet touchable.​​It can run several​

​times, each time the activity returns.​

​•​ ​onResume:​​the screen is in front and interactive.​​Start things that should only run​

​while the user is actively using it, like a camera preview or sensor updates.​

​Q4. What is the difference between onPause and onStop?​

​Both run as an activity leaves the foreground, but at different depths, and this difference​

​matters.​

​•​ ​onPause:​​the activity is partly visible, for example​​behind a transparent dialog or a​

​multi-window split. It must be quick, because the next activity cannot resume until​

​it finishes.​

​•​ ​onStop:​​the activity is completely hidden. You have​​more time here, so release​

​larger resources and stop heavy updates.​

​Example:​ ​When a small dialog activity opens over​​your screen, your activity gets​

​onPause but not onStop, because it is still partly visible behind the dialog.​

​Q5. When is onRestart called?​

​onRestart is called when a stopped activity is coming back to the foreground.​

​•​ ​It runs after onStop, and just before onStart, on the return journey.​

​•​ ​It does not run the first time the activity starts, only on a return.​

​•​ ​Use it to refresh anything that may have changed while the activity was hidden.​

​Example:​ ​You open the Settings screen, press Home​​(onPause, onStop), then reopen the​

​app. Settings comes back with onRestart, onStart, onResume.​

​Android Automotive Engineer  |​ ​150​



​13. Kotlin & Coroutines​

​Kotlin is the language of modern Android, and coroutines and Flow are how modern apps​

​handle background work and streams of data. This is one of the most important chapters​

​for an interview, so it is also the deepest. We start with core Kotlin, move through​

​coroutines from the ground up, and finish with a thorough tour of Flow, StateFlow, and​

​SharedFlow. Every answer is in points, with code you would be expected to write. Take​

​your time, because these topics come up in almost every Android and automotive​

​interview.​

​KOTLIN BASICS​

​Q1. Why Kotlin over Java for Android?​

​Kotlin is safer, shorter, and the language Google now recommends for Android.​

​•​ ​Null safety:​​the type system helps stop null pointer​​crashes at compile time.​

​•​ ​Less code:​​features like data classes and lambdas​​remove boilerplate.​

​•​ ​Coroutines:​​built-in support for clean asynchronous​​code.​

​•​ ​Interoperable:​​it works fully with existing Java code.​

​Q2. What is null safety in Kotlin?​

​Null safety means the type system separates values that can be null from those that​

​cannot.​

​•​ ​A normal type like String can never hold null.​

​•​ ​A nullable type, written String?, can hold null.​

​•​ ​The compiler forces you to handle the null case, so you avoid surprise crashes.​

​var name: String = "Anand"   // cannot be null​
​var nick: String? = null     // can be null​

​Q3. What is the difference between val, var, and const?​

​They differ in whether the value can change and when it is set.​

​•​ ​val:​​a read-only reference, set once at runtime.​

​•​ ​var:​​a changeable reference.​

​•​ ​const val:​​a compile-time constant, must be a primitive​​or String, and top-level or​

​in an object.​
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​Q4. What is the difference between lateinit and lazy?​

​Both delay setting a value, but in different ways.​

​•​ ​lateinit:​​for a var you will set later yourself, before​​first use. Cannot be used with​

​primitives or nullable types.​

​•​ ​lazy:​​for a val that is computed the first time it​​is read, then cached.​

​lateinit var manager: CarPropertyManager  // set later​

​val config by lazy { loadConfig() }       // on first use​

​Q5. What is the safe call operator and the Elvis operator?​

​They are the main tools for working with nullable values cleanly.​

​•​ ​Safe call (?.):​​calls a method only if the value is​​not null, otherwise returns null.​

​•​ ​Elvis (?:):​​gives a default when the left side is​​null.​

​val length = name?.length ?: 0​

​Q6. What is the not-null assertion operator (!!)?​

​It forces a nullable value to be treated as non-null.​

​•​ ​If the value is actually null, it throws a NullPointerException.​

​•​ ​Use it rarely, only when you are certain the value is not null, since it defeats null​

​safety.​

​Q7. What is a data class?​

​A data class is a class made to hold data, with useful methods generated for you.​

​•​ ​It auto-generates equals, hashCode, toString, and copy.​

​•​ ​It supports destructuring.​

​data class User(val id: Int, val name: String)​

​Q8. What is a sealed class, and when do you use it?​

​A sealed class restricts its subclasses to a fixed set known at compile time.​

​•​ ​All subclasses are defined in the same file.​

​•​ ​It works perfectly with when, which can check every case without an else.​
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​14. Jetpack Compose​

​Jetpack Compose is the modern way to build Android UI, and it is now the standard, with​

​the old View system in maintenance mode. Automotive interviews increasingly expect​

​Compose, since car apps need flexible, adaptive screens. This chapter builds Compose​

​from the ground up: composables and recomposition, state and state hoisting, layouts​

​and modifiers, the composition phases and side effects, ViewModel and navigation,​

​performance, theming, and animation. Every answer is in points, with code. It sits right​

​after Kotlin and Coroutines, because Compose builds directly on both.​

​COMPOSE BASICS​

​Q1. What is Jetpack Compose?​

​Jetpack Compose is Android's modern toolkit for building UI with Kotlin code instead of​

​XML.​

​•​ ​You describe the UI as functions, not layout files.​

​•​ ​It is declarative: you say what the UI should look like for a given state.​

​•​ ​It is now the recommended way to build Android UI.​

​Q2. How is Compose different from the XML View system?​

​Compose​ ​XML Views​

​UI written in Kotlin​ ​UI written in XML​

​Declarative​ ​Imperative​

​State drives the UI​ ​You update views by hand​

​Less boilerplate​ ​More boilerplate​

​In Views you find a view and set its value by hand. In Compose you change the state, and​

​the UI updates itself.​

​Q3. What is a composable function?​

​A composable function is a function that describes a piece of UI.​

​•​ ​It is marked with the @Composable annotation.​

​•​ ​It can call other composables to build up the screen.​
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​•​ ​It emits UI rather than returning a value.​

​@Composable​
​fun Greeting(name: String) {​

​Text("Hello, $name")​
​}​

​Q4. What does the @Composable annotation do?​

​It tells the Compose compiler that this function describes UI and can be used in​

​composition.​

​•​ ​Only composable functions can call other composable functions.​

​•​ ​The compiler adds the machinery for recomposition.​

​Q5. What is declarative UI?​

​Declarative means you describe what the UI should be for the current state, not the steps​

​to change it.​

​•​ ​You write the UI as a function of state.​

​•​ ​When the state changes, the framework redraws the affected parts.​

​Example:​ ​Instead of "find the text view and set its​​text", you say "this text shows the​

​name", and Compose updates it when the name changes.​

​Q6. What is recomposition?​

​Recomposition is Compose re-running composable functions when their state changes,​

​to update the UI.​

​•​ ​Only the composables that read the changed state re-run.​

​•​ ​It is smart, so it skips parts that did not change.​

​•​ ​This is how the UI stays in sync with the state.​

​Q7. What triggers recomposition?​

​Recomposition is triggered when a state that a composable reads changes.​

​•​ ​A change to a State or MutableState that the composable reads.​

​•​ ​A new value collected from a Flow or LiveData as state.​

​•​ ​New parameters passed into the composable.​
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​15. Architecture, MVVM & LiveData​

​Good architecture is what separates a small app that works from a large app that keeps​

​working as it grows. Automotive apps are large and live for years, so interviewers care a​

​lot about how you structure code. This chapter covers the patterns (MVC, MVP, MVVM,​

​MVI), Clean Architecture, the ViewModel and LiveData in detail, dependency injection,​

​and the common design patterns. Every answer is in points, with code and examples, and​

​there is a full worked design at the end.​

​ARCHITECTURE PATTERNS​

​Q1. Why do we need an architecture pattern?​

​An architecture pattern organises code so it stays clear and maintainable as the app​

​grows.​

​•​ ​It separates responsibilities, so UI, logic, and data are not tangled together.​

​•​ ​It makes the code easier to test, change, and reuse.​

​•​ ​It helps a team work on different parts without stepping on each other.​

​Q2. What is MVC?​

​MVC, Model View Controller, is an early pattern that splits an app into three parts.​

​•​ ​Model:​​the data and business rules.​

​•​ ​View:​​the UI.​

​•​ ​Controller:​​handles input and updates the model and​​view.​

​•​ ​In Android it gets messy, because the Activity often acts as both view and​

​controller.​

​Q3. What is MVP?​

​MVP, Model View Presenter, moves the logic out of the view into a presenter.​

​•​ ​Model:​​the data.​

​•​ ​View:​​the UI, kept dumb, with an interface the presenter​​talks to.​

​•​ ​Presenter:​​holds the logic and updates the view through​​that interface.​

​•​ ​It improves testability, but the presenter holds a reference to the view, which must​

​be managed.​
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​Q4. What is MVVM?​

​MVVM, Model View ViewModel, is the pattern Google recommends, built around​

​observing data.​

​•​ ​Model:​​the data and business logic, usually behind​​a repository.​

​•​ ​View:​​the activity or fragment, which observes the​​ViewModel.​

​•​ ​ViewModel:​​holds UI state and logic, and exposes it​​as observable data.​

​•​ ​The view observes; the ViewModel never knows about the view directly.​

​Q5. What is the difference between MVP and MVVM?​

​MVP​ ​MVVM​

​Presenter holds the view​ ​ViewModel does not know the view​

​Updates view through interface​ ​View observes data​

​One presenter per view​ ​ViewModel survives rotation​

​More manual wiring​ ​Less coupling, less boilerplate​

​Q6. What is MVI?​

​MVI, Model View Intent, is a pattern built around a single, unchanging state.​

​•​ ​The UI sends intents (user actions) to the ViewModel.​

​•​ ​The ViewModel produces a single immutable state for the whole screen.​

​•​ ​The view simply renders that state, so the data flows one way.​

​Use case:​ ​A complex screen with many UI elements​​benefits from MVI, since one state​

​object describes everything and is easy to reason about.​

​Q7. Which architecture does Google recommend?​

​Google recommends MVVM with a layered structure and a unidirectional data flow.​

​•​ ​Use a ViewModel to hold state, exposed as LiveData or StateFlow.​

​•​ ​Put data access behind a repository.​

​•​ ​Optionally add a domain layer with use cases for complex logic.​

​Q8. What are the layers in the recommended Android architecture?​

​Three layers, each with a clear job.​
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​16. Concurrency, Threading & Synchronization​

​Threading questions are a favourite in automotive interviews, because a car system runs​

​many things at once and must never freeze the screen. This chapter builds threading​

​from the ground up: threads and the main thread, Handler and Looper, how background​

​and UI threads talk, synchronization, deadlocks, and the classic coding questions like​

​printing odd and even numbers with two threads. Every answer is in points, with code.​

​We also show the modern coroutine way alongside the classic thread way.​

​THREADS: THE BASICS​

​Q1. What is a thread?​

​A thread is a single path of execution inside a process.​

​•​ ​It runs code line by line, on its own.​

​•​ ​A process can have many threads running at the same time.​

​•​ ​Threads in a process share the same memory, which is powerful but needs care.​

​Q2. What is the main thread, or UI thread?​

​The main thread is the single thread Android uses to draw the UI and handle user input.​

​•​ ​All UI updates must happen on it.​

​•​ ​It also runs lifecycle callbacks and click handlers.​

​•​ ​If you block it, the whole screen freezes.​

​Q3. Why can't you do heavy work on the main thread?​

​Because the main thread also draws the screen, so blocking it freezes the UI.​

​•​ ​If a task takes too long, the app stops responding to touches.​

​•​ ​After about five seconds, the system shows an ANR, Application Not Responding.​

​•​ ​So network, disk, and heavy work must go on a background thread.​

​Q4. What is a worker or background thread?​

​A worker thread is any thread other than the main thread, used for slow or heavy work.​

​•​ ​It runs network calls, disk reads, and heavy computation.​

​•​ ​It keeps the main thread free, so the UI stays smooth.​

​•​ ​It must not touch the UI directly.​

​Android Automotive Engineer  |​ ​225​



​Q5. What is the difference between a process and a thread?​

​Process​ ​Thread​

​Has its own memory​ ​Shares the process's memory​

​Heavier to create​ ​Lighter to create​

​Isolated from others​ ​Can affect siblings​

​An app runs in one​ ​A process has many​

​Q6. How do you create a thread?​

​You can create a Thread directly, though in practice you use higher-level tools.​

​Thread {​
​val data = loadData()   // runs on a new thread​

​}.start()​

​•​ ​In real apps, prefer Executors, HandlerThread, or coroutines over raw threads.​

​Q7. What are the states in a thread's lifecycle?​

​A thread moves through a few states during its life.​

​•​ ​New:​​created but not started.​

​•​ ​Runnable:​​ready to run or running.​

​•​ ​Blocked or waiting:​​paused, waiting for a lock or​​a signal.​

​•​ ​Terminated:​​finished.​

​Q8. What is the difference between concurrency and parallelism?​

​They sound the same but are different ideas.​

​•​ ​Concurrency:​​many tasks make progress by taking turns,​​even on one core.​

​•​ ​Parallelism:​​many tasks truly run at the same instant,​​on multiple cores.​

​Example:​ ​One cook switching between dishes is concurrency.​​Two cooks each on a dish​

​is parallelism.​

​Q9. What happens if you update the UI from a background thread?​

​It is not allowed and usually crashes the app.​

​•​ ​Android throws an exception, because only the main thread may touch views.​
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​17. Build, Debug & Security​

​The last skill set an automotive engineer is tested on is the practical side: how the app​

​and the platform are built, how you find and fix problems, how you keep things secure,​

​and how you test and ship. This chapter covers the AOSP and Gradle build, ProGuard and​

​R8, memory leaks, debugging tools like logcat and the profiler, ANRs and tombstones,​

​security, testing, and CI/CD. Every answer is in points, with code and examples where​

​they help.​

​AOSP AND GRADLE BUILD​

​Q1. What are the steps to build AOSP?​

​Building AOSP follows a clear sequence, done on a powerful Linux machine.​

​•​ ​Download the source with the repo tool.​

​•​ ​Load the build commands into the shell.​

​•​ ​Choose a target with lunch, which sets the device and build type.​

​•​ ​Build the system images with make.​

​•​ ​Flash the images onto the device.​

​source build/envsetup.sh​
​lunch aosp_car_x86_64-userdebug​
​make -j8​

​Q2. What is the Gradle build system?​

​Gradle is the tool that builds Android apps, turning your code and resources into an APK​

​or bundle.​

​•​ ​It compiles code, processes resources, and packages everything.​

​•​ ​It manages dependencies and runs tasks.​

​•​ ​You configure it in build.gradle files.​

​Q3. What is build.gradle?​

​build.gradle is the configuration file that tells Gradle how to build your project.​

​•​ ​It sets the SDK versions, build types, flavors, and dependencies.​

​•​ ​There is one at the project level and one per module.​
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​android {​
​buildTypes {​

​release {​
​isMinifyEnabled = true​

​}​
​}​

​}​
​dependencies {​

​implementation("androidx.core:core-ktx:1.12.0")​
​}​

​Q4. What is the difference between the project and module build.gradle?​

​They sit at two levels and configure different things.​

​•​ ​Project build.gradle:​​settings for the whole project,​​like plugin versions.​

​•​ ​Module build.gradle:​​settings for one module, like​​its dependencies and build​

​types.​

​Q5. What are build types?​

​Build types are different ways to build the same app, mainly debug and release.​

​•​ ​debug:​​easy to debug, not optimised, signed with a​​debug key.​

​•​ ​release:​​optimised and shrunk, signed with your release​​key, for the store.​

​Q6. What is a build variant?​

​A build variant is a combination of a product flavor and a build type.​

​•​ ​For example, brandA plus release gives the brandA-release variant.​

​•​ ​Each variant can have its own code, resources, and settings.​

​Q7. What is the difference between an APK and an Android App Bundle?​

​APK​ ​App Bundle (AAB)​

​The installable package​ ​A publishing format​

​Contains everything​ ​Google Play builds APKs from it​

​One size for all devices​ ​Smaller, device-specific APKs​
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​18. What's New in Android Automotive 2026​

​Automotive interviews often end with a forward-looking question: what is new, and​

​where is the field going. 2026 is a big year for Android in the car, driven above all by AI.​

​This chapter covers the major 2026 changes announced at Google I/O and The Android​

​Show, including the new design, the move to Gemini AI, the software-defined vehicle​

​platform, and the developer tools. Features roll out gradually, and availability varies by​

​region and carmaker, so treat this as the direction of travel rather than a fixed checklist.​

​THE 2026 REDESIGN AND PLATFORM​

​Q1. What are the biggest changes in Android for Cars in 2026?​

​2026 brings the largest set of changes in years, across design, AI, and the platform itself.​

​•​ ​A new design,​​Material 3 Expressive, that adapts to​​any screen shape.​

​•​ ​Gemini AI,​​replacing the older Google Assistant for​​natural conversation.​

​•​ ​A software-defined vehicle platform,​​extending Android​​beyond infotainment.​

​•​ ​Richer entertainment,​​with HD video when parked and​​Dolby Atmos audio.​

​•​ ​New developer tools,​​including updated Car App Library​​templates and AI-assisted​

​development.​

​Q2. What is Material 3 Expressive, and what does it bring to cars?​

​Material 3 Expressive is Google's refreshed design language, now brought to the car​

​screen.​

​•​ ​It adds expressive fonts, custom wallpapers, and smooth animations.​

​•​ ​It makes the car interface feel more personal and modern.​

​•​ ​It matches the look of the phone, for a consistent experience.​

​Q3. What is the new adaptive layout engine for car screens?​

​Car screens come in many shapes, and the new layout engine reshapes the UI to fit any​

​of them.​

​•​ ​It handles ultrawide, vertical, circular, and oddly angled displays.​

​•​ ​The same app looks right on a wide curved BMW screen or a round Mini screen.​

​•​ ​This adaptive approach lets developers build once and reach many screen shapes.​
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​Use case:​ ​A media app no longer needs a separate layout per carmaker. The system​

​reflows it to fit each vehicle's display.​

​Q4. What are widgets on the car screen?​

​Widgets, borrowed from the phone, are now on the car home screen as small​

​information panels.​

​•​ ​Examples include shortcut contacts, a weather panel, and a garage-door button.​

​•​ ​They give useful information at a glance, without opening an app.​

​•​ ​Importantly, they keep working even while navigation is on screen.​

​Q5. What is the difference between Android Auto and cars with Google​
​built-in, and why does it matter more now?​

​The split matters more in 2026, because the deepest AI features need Google built-in.​

​•​ ​Android Auto:​​projection from the phone; gets the​​new design and some Gemini​

​features through phone updates.​

​•​ ​Google built-in (AAOS):​​the full OS in the car; Gemini​​can reach vehicle data, the​

​car's manual, and the cameras.​

​•​ ​So features like answering questions about the car, or camera-based navigation,​

​need Google built-in.​

​Q6. What is the Android Automotive Software-Defined Vehicle (SDV)​
​platform?​

​The SDV platform extends Android beyond the infotainment screen, toward the wider​

​non-safety functions of the car.​

​•​ ​It treats the vehicle as a dynamic, connected system, not a fixed product.​

​•​ ​It allows granular, service-level over-the-air updates, with dependency handling.​

​•​ ​This lets carmakers add and improve features continuously after the car is sold.​

​Example:​ ​Renault is using the AAOS SDV platform for​​the upcoming Renault Trafic​

​e-Tech, with production set for late 2026, and Qualcomm is scaling it with its Snapdragon​

​vSoC.​

​Q7. What does open-sourcing the SDV platform mean?​

​Google is opening up the SDV platform for the non-safety functions of the car.​

​•​ ​It gives an open infrastructure many carmakers can build on.​
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​19. Scenario-Based & Practical Questions​

​The final part of an automotive interview is the most practical. The interviewer gives you​

​a situation, or asks how something really works in the framework, and watches how you​

​think. This chapter gathers the scenario and practical questions that come up most in real​

​automotive interviews, including the framework, HMI, and managerial-round questions​

​that companies like Renault, Harman, and the OEMs ask. The answers are in simple​

​language, with a clear approach and code where it helps. For each scenario, state your​

​plan first, then name the tools and layers, then walk through it.​

​DESIGNING FEATURES (MVVM)​

​Q1. You need to add a fan-speed control to a car app. How would you​
​design it?​

​Design it in clean MVVM layers, talking to the car through the property system.​

​Approach:​ ​build it top to bottom, with one-way data​​flow.​

​•​ ​View:​​a screen with plus and minus buttons. It shows​​the speed and sends taps​

​up.​

​•​ ​ViewModel:​​holds the speed as a StateFlow, and calls​​the repository when the​

​user changes it.​

​•​ ​Repository:​​reads and writes the HVAC fan-speed property​​through​

​CarPropertyManager.​

​•​ ​Subscribe:​​listen to the property, so a change from​​anywhere updates the screen.​

​class FanViewModel(private val repo: FanRepository)​
​: ViewModel() {​
​private val _speed = MutableStateFlow(0)​
​val speed: StateFlow<Int> = _speed​
​init {​

​viewModelScope.launch {​
​repo.fanSpeed().collect { _speed.value = it }​

​}​
​}​
​fun increase() = viewModelScope.launch {​

​repo.setFanSpeed(_speed.value + 1)​
​}​

​}​

​Q2. How would you convert an existing project feature into MVVM?​

​Take logic out of the activity, step by step, until the view only shows data.​
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​Approach:​ ​separate the three layers, then move logic into them.​

​•​ ​Find all the logic and data calls sitting inside the activity or fragment.​

​•​ ​Move data access into a repository.​

​•​ ​Move the logic and state into a ViewModel, exposing state as StateFlow or​

​LiveData.​

​•​ ​Leave the view to only observe state and send user actions.​

​Use case:​ ​A fan-speed feature where the activity​​directly called the car API becomes a​

​view that observes a ViewModel, which calls a repository.​

​Q3. You must turn an interior light on and off, but the call is slow. How do​
​you do it with coroutines?​

​Never block the main thread; do the slow toggle on a background dispatcher.​

​Approach:​ ​launch in viewModelScope, do the work on​​IO, update state after.​

​fun toggleLight(on: Boolean) {​
​viewModelScope.launch {​

​withContext(Dispatchers.IO) {​
​repo.setLight(on)​

​}​
​_lightOn.value = on​

​}​
​}​

​Q4. Design a climate control screen end to end.​

​Put together MVVM, the car property system, and a clean layered structure.​

​Approach:​ ​one screen, one ViewModel, use cases, and​​a repository over the car.​

​•​ ​View:​​shows temperature, fan speed, and modes, and​​sends user actions.​

​•​ ​ViewModel:​​holds a single UI state and calls use cases.​

​•​ ​Use cases:​​GetClimateState, SetTemperature, SetFanSpeed.​

​•​ ​Repository:​​reads and writes the HVAC properties via​​CarPropertyManager, per​

​zone.​

​Q5. Design a media player that supports different audio zones in the car.​

​Cars have audio zones, like driver and rear, so the design must respect them.​

​Approach:​ ​wrap the car audio system in a repository,​​and model zones explicitly.​

​•​ ​Use CarAudioManager, which exposes audio zones.​
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​Who Should Read This Book?​

​This book is ideal for:​

​●​ ​Android Developers​
​●​ ​Android Automotive Engineers​
​●​ ​Embedded Software Engineers​
​●​ ​Automotive Software Developers​
​●​ ​Mobile Engineers​
​●​ ​Students & Professionals​
​●​ ​Engineers Preparing for Automotive Interviews​
​●​ ​Developers Transitioning into Automotive Domain​

​Why Android Automotive Matters​

​The automotive industry is rapidly transforming into a software-driven​
​ecosystem.​

​Modern vehicles now rely on sophisticated software platforms for infotainment,​
​navigation, climate control, voice assistants, connectivity, and intelligent​
​vehicle experiences.​

​As major automotive manufacturers adopt Android Automotive OS, the​
​demand for skilled Android Automotive Engineers continues to grow globally.​

​This book helps bridge the gap between traditional Android development and​
​modern automotive software engineering.​
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