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Abstract—This paper is focuses on Building a Custom Image of Linux Operating System(OS). The custom Image of 

Linux OS is Developed using the Petalinux. “Petalinux is the Embedded Linux System Development Kit” This OS will be 

developed on Xilinx’s Zynq-7000 All Programmable System on chip which contains the dual core ARM processor. With 

the use of SD card, OS will be Boot on the Zedboard. The advantage of design customized image for Zedboard, which is 

consists of reconfiguration system (FPGA) and software programming, to solve complex problem at lower cost, compare 

to the graphics processing unit(GPU) and General purpose computer. This paper gives information about steps of 

building the custom image of Linux Operating System(OS). 
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I.INTRODUCTION 

 

The general purpose processors consume high power and does not give high performance that is why hardware accelerators 

are required. The hardware accelerator is used to perform some function faster and effective compare to perform on software 

which is running on general purpose processors CPU.  

Different hardware accelerator architectures are shown in the figure 1. Each of these has its own advantage and disadvantage 

but the third architecture is the faster architecture because the communication between CPU and accelerator being sort Which 

reduce the length, capacitance of the bus which makes them easier to obtain the high throughput. In the normal computer use 

the first architecture for implementation and the Zynq Soc use the third architecture for implementation [1]. 
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Figure 1 Hardware accelerator architecture[1] 
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The hardware for the project used is Zedboard development board. Zedboard is the product of Xilinx where a processor and 

programmable logic are on the same board and it contains the ARM Dual-core processor connected with the programmable 

gates [2]. The Board Contains the combination of general-purpose processor and programmable logic on one board which 

allows hardware acceleration with the high data-throughput and memory controls [1]. 

Custom OS is used for booting the OS on the board. We can build the custom Linux OS for the Zedboard with the use of 

petalinux. It involves creating a kernel image with the required libraries and packets for supporting hardware device and 

software application for the board. 

 

II.PROCESS OF BUILDING CUSTOM COMPONENTS USING TOOLS 

 
A.  Zynq SOC and Zedboard 

Zynq SOC are processor that offer integration of processor and FPGA architecture into a single board. Combination of two 

technologies provide the higher integrity, lower power consumption, small board size and higher bandwidth communication 

between the FPGA and processor [8]. 

Xilinx’s Zynq-7000 All Programmable System on chip which contains the dual core ARM processor with programmable 

logics [9]. There is a high speed AXI interface between Programmable Logic (FPGA) and Processing System (ARM 

Processor) through which it is possible to transfer data between PL and PS. In [10] data transfer between PL and DDR 

Memory using high speed AXI bus is explained. From PS it is possible to access same DDR memory. So by performing 

some operations on PL it is possible to accelerate the performance at PS.  

 

B. Vivado 

Vivado and SDK used for create a network’s block diagram, bitstream and generate a hardware description file (*.hdf file). 

Vivado Design Suite is a software developed by Xilinx for analysis of HDL designs. It is used for system on a 

chip development and high-level synthesis.  

 

C. Petalinux 

   Software development for the board, we need to install the Petalinux tool in Linux. “Petalinux is the Embedded Linux 

System Development Kit specifically for FPGA-based System-On-Chip designs” [3]. It is used to customize, build and 

deploy embedded Linux system in ZYNQ. Petalinux involves of three key elements: pre-configured binary bootable images, 

fully customized Linux for the Xilinx device, and Petalinux SDK, which includes tools and utilities to computerize complex 

tasks for configuration, build, and deployment. With the petalinux, we can easily create a kernel. Petalinux provides the 

customized Linux distribution. Following are the steps of the Petalinux simulation.  

 

 

Figure 2 Flow of Petalinux Simulation 

D. Implementation 

   After the decompressed the packets of petalinux in the file system of Linux run the script file to enter or register the 

environment $PETALINUX and complete the installation. [5] In process of petalinux kernel configuration, need to select the 

hardware description file (*.hdf file). The Hardware description file contains the structure, behavior and all the details about 

the hardware components. which is created in the vivado software [4]. The Figure 3 shows hardware design which is used in 

experimental setup. 
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Figure 3 Hardware design 

 The hardware description file is stored in the vivado project directory [6]. The operation is petalinux-config --get-hw-

description=/path for *.hdf file. This command automatically takes *.hdf file and the BSP and configure the project. BSP is 

the Board Support Package which contains the device drives, IP core, kernel, and boot loader configurations. To run and start 

up an embedded target processor and fundamental software in board BSP will be used. A Board Support Package delivers a 

standardized interface between the Board and the operating system. BSP provides an interface to device drivers which allow 

to the kernel to communicate with the Board’s resources likes microprocessor, memory, internal and external busses, and 

device controllers. BPS saved in the single board computer, system on chip, wireless hardware [2]. BSP performs the specific 

task, initialize processor, bus, clock, RAM and RUN the boot loader.  

When the petalinux kernel compilation is completed get the binary file image.ub, as well as the uboot configuration file. 

Image.ub is Linux image. It compares the version of Linux. It will be used for loading the Linux os on the board. After the 

above set is complete configure the project for that run these command petalinux-config 

 After the project is configured to build the project and generate the Boot file. There are three files are required to generate a 

boot.bin: first stage boot loader (FSBL), Bitstream and uboot files. BOOT.BIN image is to boot the system on the hardware 

[3]. For loading the bitstream and configure the zynq architecture at Boot time, FSBL will use and All the programmable 

information about the FPGA will be contain on the Bitstream. The Boot file handle the initial boot process and load the main 

Linux image [4].  

The next step to configure the Linux kernel to include support for drivers and set the default option primary SD because 

Zedboard can be booted with the use of SD card. Petalinux provide the inbuilt option to install the third party application like 

python which shown in Figure 4 [7]. This can be done by these simple command petalinux-config -c kernel 

 

 

Figure 4 Configuration of Linux System 
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Finally, the files are generated, which is used to run the Linux OS on an FPGA which is BOOT image, device Tree file, 

Linux Kernel Image and the root file system. Linux kernel is running on the hardware, so they know each detailed of the 

hardware where it is running on, so the device tree binary file is used which contains the hardware details. 

There is SD card which is used for the Booting the OS on the Board. There are two partitions in the SD card, first is the fat32 

partition (BOOT partition) which assessable by the Linux and Window OS and the Second partition is the ext4 (ROOT 

partition). It is readable/writable by the Linux OS. 

 

TABLE 1  

PARTITION OF SD CARD 

 Partition 1 Partition 2 

Lable BOOT root 

System Fat32 Ext4 

Size 512MBI Remaining all 

 

The BOOT partition contains the BOOT image, Device tree file, Linux Kernel Image. The root partition contains the root file 

system; it contains all the necessary operating system files as shown in Table1. It saved only important folders which going 

to be used, which is a dev, lib or lib32, root, home, mnt, user, proc, sys, init. 

 

III.EXPERIMENT ON BOARD USING CUSTOM HARDWARE-SOFTWARE DESIGN 

 

Zedboard includes the custom installation of the various hardware and software modules that allows to modify and isolate the 

board configuration according to the custom requirement of the system. It supports the custom installation of the tiny OS and 

various connection configuration that matches the corresponding requirements of the project and does not additionally 

includes the optional components that are already integrated on the other boards. Once the OS Boot on the Zedboard, 

Perform the simple python program of calculation of vector and non-vector multiplication with the size of 10k with the use of 

numpy library. 

 

A. Result 

  All the required files are copied into the SD card. The SD card can be inserted into the Zedboard and connect power supply 

to Zedboard barrel jack, connect USB-UART port of Zedboard to Pc using the MicroUSB cable. After that Board can be 

connected with the Tera Term. If the prompt, ask for the login it means OS booted on Board. Petalinux provide the 

installation of third party application like python that can be add when configure the Linux kernel. Calculate the vector and 

non-vector multiplication with the size of 10k. The time is less required for the multiplication is performed on Zedboard 

instead of computer. 

TABLE 2 

 RESULT OF ZEDBOARD V/S JUPYTER NOTEBOOK 

 

 ZEDBOARD JUPYTER NOTEBOOK 

Vector Multiplication 23.6ms 27.96ms 

Non-vector multiplication 65.84ms 66.00ms 
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Figure 5 Booting The OS 

IV.CONCLUSION 

 

The implementation of custom image of Linux operating System using petalinux is the major work of this paper. The Target 

hardware platform is the zynq-700, which is low cost, low power consumption and fast implementation due to its ARM 

processor. Using Programmable logic (PL) – Processing System(PS) interface and common shared memory between PL-PS it 

is possible to perform certain task on PL to accelerate the process. Advantage of the hardware is, reconfigurable logic blocks 

and easy to maintenance.  
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