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 ARM processors are widely used in embedded systems. They are often 

implemented as microcontrollers, field-programmable gate arrays (FPGAs) 

or systems-on-chip. In this paper, a variety of ARM processor platform 

implementations are reviewed, such as implementation into a 

microcontroller, a system-on-chip and a hybrid ARM-FPGA platform. 

Furthermore, the implementation of a specific ARM processor, the Cortex-

A9 processor, into a system-on-chip (SoC) on an FPGA is discussed using 

Xilinx’s Vivado and SDK software system and execution on a Xilinx  

Zynq Board. 
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1. INTRODUCTION  

Currently, embedded systems are used in various applications such as automotive, consumer 

electronics and system control. Embedded systems perform dedicated functions and are normally small and 

cheap. In developing an embedded system for a specific application, the main design considerations are the 

system hardware, the application software and the cost. The specifications of the hardware include the system 

design, operation speed, memory, communication interfaces and power consumption. An embedded system 

can be implemented as a microcontroller chip, as in [1] and [2]. However, an embedded system can also be 

developed into a system-on-chip (SoC) for higher performance [3-4]. 

For improved flexibility, an embedded system may be implemented into a field-programmable gate 

array (FPGA) chip. One of the popular processor types employed in embedded systems is the  

ARM processor. The ARM processor is widely utilised by researchers in SoC development [3–7]. 

This paper is organised as follows. Section 2 discusses several microprocessor-based systems,  

while Section 3 presents the design methodology in implementing an ARM Cortex-M9 processor-based 

system in an FPGA. In Section 4, the experimental results are analysed and discussed. Finally, Section 5 

concludes the paper. 

There have been many studies on the implementation of ARM processors into FPGAs. This section 

will discuss and elaborate on the existing designs. The Altera SoC is one example of a heterogeneous 

multiprocessor (Hetero-MP) [8-9], as illustrated in Figure 1. It is integrated with an ARM-based hard-core 

processor and an FPGA fabric. Several Nios II soft-core processors can be implemented into the FPGA and 

communicate with the ARM processor.  

Another FPGA board that implemented an Hetero-MP was discussed in [10]. A Xilinx Virtex5 

ML505 board [11] was used for the development of the architecture as shown in Figure 2. The FPGA was 

based on a processing unit that included 3 PU architectures: PU1 realised the microarray image enhancement; 
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PU2 computed the microarray image addressing; and PU3 used spatial parallelism for image segmentation. 

The hardware architecture is shown in Figure 3. Each custom processing element from the proposed design 

was connected to a fast simple link (FSL) data bus as a coprocessor for the soft-core MicroBlaze 100-MHz 

microprocessor. 

 

 

 
 

Figure 1. Arria® V SoC Development Kit from 

Altera [8] 

 
 

Figure 2. Xilinx board Virtex5 ML505 [11] 

 

 

 

 
 

Figure 3. System design block diagram for [10] 

 

 

In [12], the authors proposed an embedded robot controller based on an ARM and an FPGA.  

The controller was implemented using a high-speed and high-processing-capability ARM microcontroller 

and a flexible and parallel-computing FPGA. Figure 4 shows the main structure of the controller, where a 

flexible static memory controller was used to connect the ARM microcontroller with the FPGA. Additional 

components used in the controller system included a joint test action group (JTAG), a universal synchronous 

asynchronous receiver transmitter (USART), a universal serial bus (USB) and a general-purpose input and 

output (GPIO). The ARM microcontroller was used as the main controller, while the FPGA was used to 

control the servo motor. The robot controller was implemented and tested on a 6-degree-of-freedom  

robot arm. 
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Figure 4. Main structure of the controller [12] 

 

 

In [13] and [14], a BioServer was utilised that consisted of two separate physical boards. The first 

part uses a Xilinx ML510 Embedded Development Platform. This was the basis for the embedded system 

with two PowerPC 440 microprocessors called BioSys. The second part was called the Biometrical 

Computation Unit (BioCU), and its main components included four digital signal processors, two of which 

were fixed-point (CPU0 and CPU1) and two of which were floating-point (FPU0 and FPU1), as shown in 

Figure 5. The details of the BioServer device are presented in Figure 6. The BioCU board was inserted into 

one of the PCI 32-bit slots on the ML510 BioSys platform.  

 

 

 
 

Figure 5. View of the BioServer device [13-14] 

 

 

 
 

Figure 6. Block diagram of the BioServer device [13-14] 
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Xilinx All-Programmable SoCs (AP SoCs) are processor-centric platforms that offer software, 

hardware and I/O programmability in a single chip [15]. The Zynq-7000 family is based on AP SoC 

architecture. The architecture is divided into two parts: the processing system (PS) and the programmable 

logic (PL), as shown in Figure 7. The PS is the main processing unit and includes components such as an 

ARM Cortex-A9 processor, on-chip memory and various peripherals. The PL consists of a number of 

hardware accelerators and a partial reconfiguration region (PRR) controller. Between the PS and PL,  

an interconnection is used to allow the system to communicate.  

 

 

 
 

Figure 7. Architecture of a Xilinx ZYNQ board [15] 

 

 

Several existing processor-based systems have been reviewed and discussed in this section. Table 1 

summarises the findings. From Table 1, it can be seen that an ARM processor was used in [8-9], [12]  

and [15]. The ARM in [15] had a dual ARM core, while the [8-9] and [12] boards had only one ARM core, 

other than the Nios II processor. 

 

 

Table 1. Comparison of Existing ARM Processor Based System 
Features Year Architecture Platform Processor Software 

[8], [9] 2015 Microcontroller 
Altera Board DE2-

70 

ARM Cortex-A9 and 

Nios II 
Quartz 

[10], [11] 2011, 2012 Microcontroller 
Xilinx Board 

Virtex5 ML505 

Soft-core Micro Blaze 

microprocessor 
Xilinx 

[12] 2014 Microcontroller 
ARM and FPGA 

Development Board 
ARM Cortex M3 STMicroelectronic 

[13], [14] 2010, 2011 FPGA & DSP Bioserver - Xilinx & DSP 

[15] 2015 
Hard processor 

system 
Xilinx ZC702 

Dual core ARM 

Cortex-A9 
Xilinx 

 

 

2. RESEARCH METHOD  

In this section, the method of implementing an ARM processor-based system will be explained.  

In the hardware implementation, the system components including an ARM Cortex-A9 processor are 

integrated into the system. The system architecture, along with the Hex file, is compiled using Xilinx Vivado 

software. To implement the systems into an FPGA, the input and output for the system are set. Once the 

compilation is completed, the architecture and the Hex file are downloaded using a Xilinx ZYNQ FPGA chip 

on a ZC702 board. When the system is executing on the FPGA, the experiment result can be observed.  

The system block diagram consists of two main parts, the PS and PL, as shown in Figure 8. In this system, 

the PS is an ARM Cortex-A9 and 64k-bit memory while the PL part consists of a GPIO interface and input 

and output ports. 

Next, the HDL wrapper is created before the bitstream of the system is downloaded onto the FPGA 

board. Finally, Xilinx SDK software is used to create and execute the C programming code into the ARM 

processor. The program controls the blinking of the LED using a button switch on the board. At the  

same time, it can perform addition for any two numbers the user saves into a created register in the FPGA. 
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Figure 8. Block diagram of the ARM processor system 

 

 

3. RESULTS AND ANALYSIS  

In this section, the results of the experiment will be discussed. The design file was successfully 

downloaded into a Xilinx ZYNQ ZC702 FPGA board. The on-chip memory of the system was loaded with 

an LED toggle program and a half-adder function. In the system architecture, the GPIO was connected to an 

on-board LED and adder. These programs were simulated using a laptop computer (Intel(R) Core(TM) i3 

processor, 1.80 GHz, 6.00 GB RAM). 

Figure 9 shows the simulation results for adding A, B and C in hexadecimal numbers in three 

sequence periods. For example, in the first 5 nanoseconds, A = 1, B = 19 (13 in hex) and C = 0, so the result 

was 20 (14 in hex). The same was true for the other two outputs. 

Figure 10 shows the SDK terminal that was connected through a UART cable from the board. The 

screen terminal showed the results, as seen in Figure 10. The screen terminal shows the results of adding A, 

B and C in hexadecimal numbers, where the first line was A = 1, B = 19 and C = 0. This gave a result of 20. 

The same was true for the other two outputs. Finally, the LED results on the board showed increasing values 

as reflected on the LED when the user pressed the button. These are shown in Figure 11 and 12. The same 

decimal values of that number could be shown on the SDK terminal on the PC screen, as shown in Figure 13. 

 

 

 
 

Figure 9. The simulation results for adding A, B and C in hexadecimal numbers 

 

 

 
 

Figure 10. The screen terminal shows the results of adding A, B and C in hexadecimal numbers 
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Figure 11. The LED results on the board showed increasing values as reflected on the LED when the user 

pressed the button 

 

 

 
 

Figure 12. The LED results on the board showed increasing values as reflected on the LED when the user 

pressed the button 

 

 

 
 

Figure 13. The equivalent decimal values shown on the sdk terminal 

 

 

4. CONCLUSION  

In this paper, a method of implementing an ARM microprocessor system was presented and 

discussed. An ARM microprocessor system was designed using Vivado 2016.4 and SDK software.  

The ARM Cortex-A9 processor is used in the microprocessor system is. In this system, the AXI 

interconnection buses were used to connect the ARM processor with other components. The application 

program was compiled and assembled into Verilog code using an ARM tool chain. Lastly,  

the microprocessor was successfully implemented into a Xilinx ZYNQ board for demonstration. 
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