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Abstract 

Embedded systems are revolving around us into various products. Every 18 months the transistor density increases as per moors 
law and we able to have a better features of the peripherals within the microcontroller. But the manufacturing company had 
hardly verified all the functionalities of the peripherals due to time to market. Embedded engineers face challenges when 
programming these peripherals when there is no proper support provided by the chip manufacturing company.  In this paper 
there will be detailed study of the features of the peripherals provided by the LPC2148 microcontroller. Necessary embedded 
software will be developed to test the peripherals features provided by the manufactures. The developed embedded software will be 
verified for its functionalities. The documentation of this development and verification of the embedded software will be carried 
out the meet the knowledge standards. 
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1. INTRODUCTION 
When designing an embedded system application, other than execution speed, Total cost is the most important factor 
need to be considered. Most of the application that run on embedded platform faces a common problem with the 
availability of restricted or very small memory area available for storing the  program for application.. Minimizing the 
code size is a straight forward solution to minimize the memory used by the application program. The C programming 
language is a general-purpose programming language that provides efficiency in codes, Keil compiler is a software which 
introduces embedded C programming for various embedded applications In this paper an attempt has been made for 
implementation of a compiler using Keil tool for an ARM7TDMI-S microprocessor for an embedded application which 
will reduce the code size to approximately 5% of a code which has already passed through all the levels of optimization 
embedded in the Keil compiler.  The market of embedded systems is spreading faster than that of information technology. 
Mostly, the segments of embedded systems are consumer markets, with very short product lifetimes and short market 
windows. Hence, time-to-market is an important factor. Cutting down the time to market for products that became more 
and more complex is possible through “re-use”. Another important characteristics of the embedded system market is the 
ease of incorporating late design changes, i.e. flexibility of the target technology, this led to the use of processors in 
embedded systems. This in turn led to the use of embedded software. Keil compiler is an 8051 and ARM compiler which 
support the various applications. A programmer when programming always try to follow the conventional constructs of 
the higher level language which certain cases  doesn’t digested by the compiler  due its own methods of syntax and 
constructs. If the embedded programmer uses the extensive syntax and constructs of the compiler then the application 
code can perform better and add code optimality. Keil compiler supports embedded C programming for better 
optimization. 
 
2. RELATED WORK 
The ARM7TDMI-S processor uses a pipeline to increase the speed of the flow of instructions to the processor. This 
enables several instructions to run continuously, and the processing, and memory systems to operate continuously. [1] 
The Systems Architecture Laboratory designed and implemented the first phase C programming language compiler for 
the ARM7TDMI architecture. It consists of two parts viz analysis and synthesis [2] 
The optimized code produced by the compiler after passing through nine levels of optimization could be reduced further. 
Simulation has shown that a further reduction of approximately 5% could be achieved by using this algorithm. The 
proposed algorithm will be tested for Thumb instructions also which already reduces 30% of the code when compared to 
ARM.[3] 
A retargetable compiler in Visual Basic is capable of generating MIPS and ARM code. This compiler is a user 
retargetable compiler. The retargetable efforts are intermediate. Some of the information is entered as parameters through 
the graphical user interface and rest is used at the time of coding. The following can be provided to the CPU: size of the 
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register file, name of registers and details of functional units. It is observed that the code is good in terms of code size, 
cycle count and compilation times.[4] 
 
3. SYSTEM DESIGN 

 
Figure 1.   System block diagram 

 
The system block diagram is shown in fig 1.This block diagram shows the proposed implementation of keil compiler 
constructs for an embedded application. In this paper an example of Beverage vending machine(BVM) is considered as 
an Embedded application. The main function of Beverage vending machine is to deliver beverage products. Like coffee, 
tea etc after undergoing different processes likes accepting the cash, selecting the beverage, dispensing the change and 
several other optimizations. For this vending machine several code optimizations required,. Here an attempt is made to 
develop embedded c code using keil compiler constructs.  
Processor is the main part of any embedded system, here in BVM it uses LPC 2148 (ARM7TDMI), the ARM7TDMI core 
is a member of the ARM family of 32 bit Microprocessor. It is widely used across a range of applications. The ARM7 
family is a range of low-power 32-bit RISC microprocessor cores optimized for cost and power-sensitive consumer 
applications. The ARM7 incorporates the Thumb 16-bit instruction set - enabling 32-bit performance at 8/16-bit system 
cost. The ARM architecture is based on Reduced Instruction Set Computer (RISC) architecture. The RISC instruction set 
and related decode mechanism are much simpler than those of Complex instruction set computer (CISC) designs. 
Implementation of the vending machine using ARM based processor along with its peripherals is done by developing the 
embedded C code. Most of the operational models are stochastic and dynamic, which invariably need a computing facility 
to see the result within a given time. The software is programmed through Keil compiler. The extensive utilization of the 
embedded Kiel compiler for the embedded application using the microcontroller will be made to meet the performance 
and optimality using Keil compiler and analyze the performance of the developed application code.  

 
Figure 2 : Interface block diagram 

 
The interface block diagram is as shown in figure 2.The interfacing is done by UART and it displays the message in 
UART window when the program is executed. Initially it displays the welcome message followed by the beverages that 
are available with its prices. These messages will be displayed on LCD display and below that there will be buttons to 
select the beverage of the customer’s choice after displaying the messages, it then asks for entering the amount. Then if 
we enter the amount, processing is done and remaining amount is given back to the customer. After the remaining 
amount is given back, it displays which button should be pressed for respective beverages of tea, coffee, black tea. It 
indicates the button ‘t’ is pressed for tea. As soon as this button is pressed, the signal is given to the motors. In this 
project stepper motor has been used. Initially the milk motor runs for 10 rotations to drive 200 milligrams of milk powder 
to the container. It shows after the milk motor has run for 10 rotations, the tea motor starts rotating and runs until 6 
rotations as it requires to drive 160 milligrams of tea powder into the container in which milk powder is already present 
 
4. PERIPHERALS ASSOCIATED WITH LPC2148. 
4.1 Different peripheral components associated with LPC2148 
 GPIO-The General Purpose Input/Output  (GPIO ) Dialog controls the direction of the general purpose port  pins 
 UART-To review the communication baud rate and other parameters of the system 
 I2C Interface-To review the ITC bus activities and data communication 
 SPI Interface-This interface allows to view and edit the serial peripheral Interface Simulator configuration 
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 Pulse width modulator-The Three-Phase PWM dialog configures Three-Phase PWM simulation for the 
ADuC7000 series devices. The PWM generator contains its own timing unit and is not dependent on any of the CPU 
Timers 

 A/DConverter-It provides 16 channels of 10-bit analog to digital conversion. Voltages presented to the input pins on 
Port 5 are converted to digital values and may be read from the result register.  

 D/A Converter-It provides 16 channels of 10-bit digital to analog conversion 
 

4.2 Peripheral verification for Beverage Vending machine (BVM) 
In this paper an attempt is made to develop embedded software for Beverage vending machine. Here utilizing embedded c 
programming using keil compiler a code has been developed .when this code is compiled and run, Different peripherals 
like GPIO and A/D Converter shows different attributes and functions of LPC2148.It as shown in fig 3 

 
FIGURE 3. Different peripherals associated when tea is selected and milk motor is running 

 
Initially it shows a welcome message. Later it asks to enter the amount if the entered amount is more than the required it 
process to give remaining change and then it asks to select between different beverages. In this example beverage Tea has 
been selected .In figure 3 It indicates the button ‘t’ is pressed for tea. As soon as this button is pressed, the signal is given 
to the motors. Initially the milk motor runs for 10 rotations to drive 200 milligrams of milk powder to the container. The 
milk motor which runs is shown in the GPIO port0.  
The General Purpose Input/Output 0 (GPIO 0) Dialog controls the direction of the general purpose port 0 pins.  

   IODIR0 (Input Output Direction Register) contains the direction assignments for each I/O port bit. The check 
boxes are checked for output and unchecked for input.  

   IOSET0 (Input Output Set Register) bits are checked to force a high level for a that port bit during output.  
 IOCLR0 (Input Output Clear Register) bits are checked to force a low level for a that port bit during output.  
 IOPIN0 (Input Output Pin Value Register) contains the current condition of the GPIO 0 pins.  
 Pins are  used to manually control a pin value.  

 
The dialog displays the status registers for all of the converters supported by this device. :  

 CLKS (Conversion Clocks) selects the number of clocks used for each conversion in Burst mode and the bit 
accuracy.  

 START controls when and if the conversion is started.  
 SEL selects which pins of the analog input (AINn) are to be sampled and converted 
 CLKDIV (Clock Divisor) is the value (minus 1) divided into the VPB clock to produce the  A/DRate.  
 PDN (Power Down) is set id th A/D will be operational. If reset, the A/D is in power down mode.  
 (BURST) is set to use the number of clocks which are specified in BURST. If reset, conversions are software 

controlled and requires 11 clocks.  
 (EDGE) is set to start the conversion on rising edge. If reset, conversion starts on falling edge.  
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Data  
 ADDR (A/D Data Register) contains the following bits for controllong A/D data conversion:  
 CHN (Channel) is the channel containing the converted  bits.  
 DONE is set when the A/D conversion completes.  
 OVERRUN is set if one or more conversions were overwritten before the current conversion completed.  
 

Analog Inputs  
 (AINn) (Analog Input Channels n) are used for setting voltage input . These inputs are alternate functions for 

Port pins. The text box displays the analog voltage value for each input channel.  
 

These are some of specifications of different peripheral verifications associated with GPIO and A/D convertor ports. 
Figure 3 shows the snapshot when beverage tea is selected and milk motor starts rotating. After 10 rotations, the tea 
motor starts rotating and runs until 6 rotations as it requires to drive 160 milligrams of tea powder into the container in 
which milk powder is already present. The tea motor which runs is shown in the GPIO port1.This is shown in figure 4. 
 

 
Figure 4 Different peripherals associated when tea motor is running and to determine the  initial temperature 

 
Figure 5 Different peripherals associated when showing the final temperature and to deliver Tea 
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The final temperature during the beverage is done during the beverage mixing is done with hot water. Then it shows that 
the beverage is ready .and later it concludes saying your tea is ready. This is as shown in figure 5 
 
5. CONCLUSION 
The optimized code produced by the compiler after passing through nine levels of optimization could be reduced further 
of approximately 5% could be achieved by using Keil compiler algorithm. This provides a backbone for the 
implementation of this paper. The compiler if provided additional optimizations improves the performance of embedded 
system. Thumb instructions are useful in embedded systems and one of the goals is to be able to support these. This 
compiler is able to produce thumb instructions for single core and dual core processor by adding a new code generator. 
These thumb instructions also benefit from the additional optimizations implemented. This paper enhances the extreme 
usage of ARM7 and Keil compiler constructs and also for verification of different peripherals associated with it. An 
embedded software has been developed to run a Beverage vending machine taking tea,coffee,black coffee as example 
.This paper enhances more of functions of different peripherals when the keil compiler code has been developed  for 
Vending machines using ARM7 processor. 
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