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ABSTRACT: Embedded systems encompass a variety of hardware and software components, which perform specific functions in host systems, for example, satellites, washing machines, hand-held telephones and automobiles. Embedded systems have become increasingly digital with a non-digital periphery (analog power) and therefore, both hardware and software co-design are relevant. The vast majority of computers manufactured are used in such systems. They are called `embedded' to distinguish them from standard mainframes, workstations, and PCs. Although the design of embedded systems has been used in industrial practice for decades, the systematic design of such systems has only recently gained increased attention. Advances in microelectronics have made possible applications that would have been impossible without an embedded system design.

 Embedded System Applications will be of great interest to researchers and designers working in the design of embedded systems for industrial applications.

Embedded systems have virtually entered every sphere of our lives, right from the time we work out on trade mills in the gym, to the cars we drive today. Embedded systems cover a broad range of products that generalization is difficult.
INTRODUCTION:

Breathtaking developments in microelectronics, processor speeds, and memory elements, accompanied with dropping prices, have resulted in powerful embedded systems with a number of applications. 

An embedded system is a microprocessor –based system that is incorporated into a device to monitor and control the functions of the components of the device. They are used in many devices ranging from a microwave oven to a nuclear reactor. Unlike personal computers that run a variety of applications, 

embedded systems are designed for performing specific tasks. An embedded system used in a device (for instance the embedded system in washing machine that is used to cycle through the various states of the washing machine) is programmed by the designers of the system and generally cannot be programmed by the end user. 

Definition:

An embedded system is various type of computer system or computing device that performs a dedicated function and/or is designed for use with a specific embedded software application. 

Embedded systems posses the following distinguishing qualities.

Reliability:

 Embedded system should be very reliable as they perform critical functions. For instance, consider the embedded system used for flight control. Failure of the embedded system could have disastrous consequences. Hence embedded system programmers should take into consideration all possibilities and write programs that do not fail.

Responsiveness:

Embedded systems should respond to events as soon as possible. For example, a patient monitoring system should process the patient’s heart signals quickly and immediately notify if any abnormality in the signals is detected.
Specialized hardware:

Since embedded systems are used for performing specific functions, specialized hardware is used. For example, embedded systems that monitor and analyze audio signals use signal processors.

 Low cost:

As embedded systems are extensively used in consumer electronic systems, they are cost sensitive. Thus their cost must be low.

Robustness:

Embedded systems should be robust since they operate in a harsh environment. They should endure vibrations, power supply fluctuations and excessive heat. 

EMBEDDED SYSTEM AND REAL TIME SYSTEM:

Embedded systems are confused with real-time systems. A real time system is one in which the correctness of the computations not only depends on the accuracy of the result, but also on the time when the result is produced. Figure 1 shows the relationship between embedded and real time systems.
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                   Fig: Embedded And real-time systems

COMPONENTS OF AN EMBEDDED SYSTEM:

Embedded systems have the following components.

PROCESSOR:

A processor fetches instructions from the memory unit and executes the instructions. An instruction consists of an instruction code and the operands on which the instruction should act upon. The format of instruction code and operands of a processor is defined by the processor’s instruction set. Each type of processor has its own instruction set. Performance of the system can be improved 

by dedicated processors, which implement algorithms in hardware using building blocks such as hardware counters and multipliers.

 Some embedded processors have special fuzzy logic instructions. This is because inputs to an embedded system are sometimes better represented as fuzzy variables. For instance, the mathematical model for a control system may not exist or may involve expensive computing power. Fuzzy logic can be employed for such control systems to provide a cost-effective solution.

MEMORY:

 The memory unit in an embedded system should have low access time and high density. (A memory chip- has greater density if it can store more bits in the same amount of space. Memory in an embedded system consists of ROM and RAM .The contents of ROM are non-volatile while RAM is volatile.  ROM stores the program code while RAM is used to store transient input or output data. Embedded systems generally do not possess secondary storage devices such as magnetic disks. As programs of embedded systems are small there is no need of virtual storage.

PERIPHERALS:

 Peripherals are input and output devices connected to the serial and parallel ports of the embedded system. Serial port transfers one bit at a time between the peripheral and the microprocessor. Parallel ports transfer an entire word consisting of many bits simultaneously between the peripheral and the microprocessor. Programmable interface devices that act as an interface between microprocessor with peripherals provide flexibility since they can be programmed to perform I/O on different peripherals. The microprocessor monitors the inputs from peripherals and performs actions when certain events occur. For instance, when sensors indicate the level of water in the washtub of a washing machine is above the present level, the microprocessor starts the wash cycle.

HARDWARE TIMERS: 

The clock pulses of the microprocessor periodically update hardware timers. The timers count the clock pulses and interrupt the processor at regular intervals of time to perform periodic tasks.

SOFTWARE:

Due to the absence of secondary storage devices in an embedded system, program code and constant data reside in the ROM. During execution of the program, storage space for variables is allocated in the RAM. The program should execute continuously and should be capable of handling all possible exceptional conditions. 
Hence the programs generally do not call the function exit.

Real-time embedded systems possess an RTOS (Real Time Operating System). The RTOS consists of a scheduler that manages the execution of multiple tasks in the embedded systems. Unlike operating systems for the desktop computers where scheduling deadlines are not critical, an RTOS should schedule tasks and interrupt service routines such that they are completed within their deadlines.   
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CLASSIFICATION:
Embedded systems are divided into autonomous, real-time, networked, and mobile categories.

Autonomous systems function in standalone mode. Many embedded systems used for process control in manufacturing units and automobiles fall under this category. In process control systems the inputs originate from transducers that convert a physical quantity, such as temperature, into an electric signal. The system output controls the device. In standalone systems, the deadlines or response times are not critical. An air-conditioner can be set to turn on when the temperature reaches a certain level.  Measuring instruments and CD players are examples of autonomous systems.

 Real time systems are required to carry out specific tasks in a specified amount of time. These systems are extensively used to carry out time critical tasks in process control. For instance, a boiler plant must open the valves if the pressure exceeds a particular threshold. If the job is not carried out in the stipulated time, a catastrophe may result.

Networks embedded systems monitor plant parameters, such as temperature, pressure, and humidity, and send the data over the network to a centralized system for online monitoring. A network-enabled web camera monitoring the plant floor transmits its video output to remote controlling organization.

 Mobile gadgets need to store databases locally in their memory. These gadgets imbibe powerful computing and communication capabilities to perform real time as well as non-real time tasks and handle multimedia applications. The gadgets embed powerful processor and OS, and a lot of money with minimal power consumption.

EMBEDDED SOFTWARE DEVELOPMENT: 

Programmers who write programs for desktop computers do their work on the same kind of computer on which their application will run. A programmer developing a program to run on a Linux machine edits the program, compiles it and debugs it on a Linux machine. This approach cannot be used for embedded system. For example, the absence of a keyboard in the embedded system rules out editing a program in the embedded system. So, most of the programming work for an embedded system, which includes writing, compiling, assembling and linking the program, is done on a general purpose computer called a host that had all the required programming tools. The final executable consisting of machine code is then transferred to the embedded system.

Programs are written on the host in a high level language (such as C) or assembly language of the target system’s processor. The program files written in the high level language are compiled on the host using a cross-compiler to obtain the corresponding object files. 

The assembly language files are assembled on the host using a cross-assembler to obtain the object files. The object files produced by cross-compilers and cross-assemblers contain instructions that are understood by the target’s processor (native compilers and assemblers on the other hand produce object files containing instructions that are understood by the host’s processor).

The object files are linked using a specialized linker called locator to obtain the executable code. This executable code is stored in the ROM. Since the program code already resides in memory, there is no need for a loader in an embedded system. In personal computers, on the other hand, the loader has to transfer the program code from the magnetic disk to memory to execute the program.

The binary code obtained be translating an assembly language program using an assembler is smaller and runs faster than the binary code obtained by translating a high level language using a compiler since the assembly 

language gives the programmer complete control over the functioning of a processor. The advantage of using a high level language is that a program written in a high level language is easier to understand and maintain than a program written in assembly language. Hence time-critical applications are written in assembly 

                             Fig: Software development on the host

SIMULATOR: 

A simulator is software tool that runs on the host and simulates the behavior of the target’s processor and memory. The simulator knows the target processor’s architecture and instruction set. The program to be tested is read by the simulator and as instructions are executed the simulator keeps track of the values of the target processor ‘s registers and the target’s memory. Simulators provide single step and breakpoint facilities to debug the program. Simulators cannot be used if the embedded system uses special hardware that cannot be simulated and the only way to test the program is to execute it on the target. Although simulators do not run at the same speed as the target microprocessor, they provide details from which the time taken to execute the code on the target microprocessor can be determined. For instance, the simulator can report the number of target microprocessor’s bus cycles taken to execute the code. Multiplying this value with the time taken for one bus cycle gives the actual time taken by the target microprocessor to execute the code.

EMULATOR:  

An emulator is a hardware tool that helps in testing and debugging the program on the target. The target’s processor is removed from the circuit and the emulator is connected in its place. The emulator drives the signals in the circuit in the same way as the target’s processor and hence the emulator appears to be the processor to all other components of the embedded system. Emulators also provide features such as single step and breakpoints to debug the program.

APPLICATIONS:

Embedded systems have virtually entered every sphere of our lives,right from the time we work out on trade mills in the gym, to the cars we drive today.

Embedded systems cover a broad range of products that generalization is difficult. Some broad categories are :

· Aero Space and Defence electronics ( Flight safety, flight management, fire control…..

· Automotive ( auto safety, braking and steering systems, car information systems…..

· Broadcast and Entertainment  ( audio control systems, camera systems, DVD players….

· Consumer/Internet Applications ( Handheld computers, internet hand held devices, point-of-sale systems like ATM……

· MedicalElectronics ( cardiovascular devices, real time imaging system(patient monitoring systems)….

· Mobile data infrastructures ( wireless LANS,  pagers, wireless phones, satellite terminals(VSATs)….

CHALLENGES FOR SYSTEM DEVELOPERS:

In an embedded system, assigning functions to hardware and software is a vital consideration. Hardware implementation has the advantage that the task execution is faster than in software implementation. On the flip side, the hardware chip occupies space, costs money, and consumes power. Porting a readily available OS to the processor or writing embedded software without any OS embedded into the system are the main challenges. Developing, testing, and debugging input/output interfaces in embedded systems are even more challenging. 

Embedded systems need to offer high performance at low power. These should meet the basic functional requirements of the device: A hand held PC must execute with an OS and a basic set of applications, a gaming gadget must facilitate games, and a phone must provide basic telephony and so on.

FUTURE DEVELOPMENTS:

A refrigerator that tells you the expiry date of the yogurt, a micro oven that helps you to view different recipes that can be cooked and even gives ideas on serving, a future home that is completely wired with the ability to control every appliance from almost any where. All this may seem incredible today, but it wont be too long before such appliances are produced for mass usage. In future it is possible to have an embedded internet that connects different embedded systems on a  single network.                       

CONCLUSION:

Embedded systems have requirements that differ significantly from general-purpose computers. The main goal of an embedded system developer is to design a lowest cost system that performs the desired tasks without failing. While the hardware approach improves performance, the software approach provides flexibility. Recent developments in hardware-software co-design permit tradeoffs between hardware and software for cost-effective embedded systems.
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Figure 1:Functional diagram of a typical embedded system
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