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Abstract— During the experimental durations various 

signals are to be sampled and acquired at various speeds 

ranging from 5 Sps to 100 MSps. This generates a huge 

amount of data throughput for the data acquisition systems 

of these facilities. It creates challenges for the data 

management system. To reduce the generation of such huge 

amount of data, event based diagnostic system is 

required.The Aim of the paper is to give the exploration 

about Red Pitaya – Open source hardware which can be 

used to fulfill the requirement of external event triggered 

based data acquisition. 
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I. INTRODUCTION 

The data acquisition can be a continuous process that is 

triggered by some sort of start event, proceeds cyclically at a 

constant clock frequency and is terminated by a stop event. 

For long-duration pulse and large harmonic content signals 

this technique can produce masses of data that require large 

amounts of memory space for data storage, high bandwidth 

networks for data transmission and massive human 

resources for data analysis. Data reduction algorithms can be 

used after pulse to filter data and retain only those with a 

high content of information and, in addition, smart 

techniques can be developed to mine massive databases and 

extract information efficiently. This approach requires 

designing the data communication channels to the maximum 

data throughput. 

To avoid over-designing the communication 

networks, data compression can be applied in real time. 

These are good strategies that, in the authors’ opinion, may 

be complemented by real time data filtering in order to 

upload into the data storage system only pre-filtered data. 

The information content in the data acquired may 

continuously vary in time and be lower in some phases and 

higher in some other. Accordingly to the information 

content level the sampling frequency could be modified in 

order to sample faster when the information content is high 

(and presumably the harmonic content) and to sample 

slower (down to null sampling frequency) when the 

information content is low. Moreover, a signal may require 

sampling only when its value is within a certain band of 

interest. In general more complex schemes may be required 

to handle effective data acquisition. A common situation 

may be the case of a signal that requires high sampling 

frequency in a time window centered on the occurrence of 

some sort of event, whereas outside the windows requires 

sampling at a lower baseline sampling frequency. 

Hereafter we will define event-driven data 

acquisition, an acquisition process that can change its 

parameters, for instance have its sampling frequency 

modified, depending on the occurrence of some events 

occurring somewhere.  

II. RED PITAYA 

Red Pitaya is an open source project developed around a 

reconfigurable measurement instrument in size of a credit 

card. It can replace many expensive laboratory measurement 

and control instruments. User can view and modify the 

published source code in order to develop new applications.  

The Red Pitaya unit is a network attached device 

based on Linux operating system. It includes Radio 

Frequency signal acquisition and generation technologies, 

FPGA, Digital Signal Processing and CPU processing. 

A. Introduction to Red Pitaya: 

Red Pitaya is an open source project developed around a 

reconfigurable measurement instrument in size of a credit 

card. It can replace many expensive laboratory measurement 

and control instruments. User can view and modify the 

published source code in order to develop new applications.  

The Red Pitaya unit is a network attached device 

based on Linux operating system. It includes Radio 

Frequency signal acquisition and generation technologies, 

FPGA, Digital Signal Processing and CPU processing. 

1) OS/boot Related Files: 

Red Pitaya is a network attached device acting as a WEB 

server. Users can connect to Red Pitaya by simply typing its 

IP address in the WEB browser address bar. 

Red Pitaya runs Linux operating system version 

3.9.0 from Xilinx (linux-xlnx) with custom minimalistic 

ramdisk, based on busybox. The ramdisk serves as a root 

file-system and resides in volatile DDR3 memory, which 

provides Red Pitaya with the necessary power-cut 

robustness regarding file-system corruption. 

a) OS/Boot Related Files: 

 boot.bin: Contains the First Stage Bootloader, the 

FPGA     image and the U-Boot bootloader. 

 uImage: Linux kernel. 

 devicetree.dtb: Linux device tree for the Red Pitaya 

board. 

 -uramdisk.image.gz: Initial ramdisk, containing the 

root file-system. 

U-Boot boots the Linux kernel, which mounts the ramdisk 

as a root file-system and starts executing /etc/init.d/rcS, 

which in turn mounts two additional file-systems: 

 /tmp: A working R/W partition, limited in size (128 

MB), residing in volatile DDR3 memory. 

 /opt: A read-only mounted SD card partition 

(Windows FAT file-system). 

The SD card contains a Windows FAT partition in 

order to be cross-platform ready. When inserted in Red 

Pitaya, it is mounted read-only for the sake of robustness. It 

is recommended to keep it mounted read-only at all times 

except when modifying the files on the SD card. The scripts 
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“rw” and “ro” are available in /opt/sbin for your 

convenience 

B. Red Pitaya web Application Structure: 

Each Red Pitaya WEB application consists of three basic 

elements: 

 WEB based user interface - enables user to control 

and represent acquired data provided by controller 

from the WEB browser 

 Controller - used for connection between WEB 

interface & FPGA 

 FPGA image for FPGA that connects the Red 

Pitaya with periphery (ADCs, DACs and other) 

WEB applications are located in 

/opt/www/apps/<app_name> on Red Pitaya.  

 
Fig. 1: Structure of Web Application 

C. Command line Tools Application Structure: 

There are two tools available at the moment: 

 generate – used for generating signals on two fast 

DAC outputs 

 acquire – used for acquiring signal from two fast 

ADC inputs 

Red Pitaya command line tools are located in 

/opt/bin. Source code is available at Red Pitaya Test 

repository on GitHub. 

 

 
Fig. 2: Command line utility structure 

D. Technical Specification: 

Red Pitaya conatin CPU/FPGA : Xilinx Zynq 7010 SoC. 

The Zynq®-7000 family is based on the Xilinx All 

Programmable SoC architecture. These products integrate a 

feature-rich dual-core ARM® Cortex™-A9 based 

processing system (PS) and 28 nm Xilinx programmable 

logic (PL) in a single device. The ARM Cortex-A9 CPUs 

are the heart of the PS and also include on-chip memory, 

external memory interfaces, and a rich set of peripheral 

connectivity interfaces. 

The Zynq-7000 family offers the flexibility and 

scalability of an FPGA, while providing performance, 

power, and ease of use typically associated with ASIC and 

ASSPs. The range of devices in the Zynq-7000 All 

Programmable SoC family allows designers to target cost-

sensitive as well as high-performance applications from a 

single platform using industry-standard tools. While each 

device in the Zynq-7000 family contains the same PS, the 

PL and I/O resources vary between the devices. 

Xilinx offers a large number of soft IP for the 

Zynq-7000 family. Stand-alone and Linux device drivers are 

available for the peripherals in the PS and the PL. The 

Vivado® Design Suite development environment enables a 

rapid product development for software, hardware, and 

systems engineers. Adoption of the ARM-based PS also 

brings a broad range of third-party tools and IP providers in 

combination with Xilinx’s existing PL ecosystem. 

The inclusion of an application processor enables high-level 

operating system support, e.g., Linux. Other standard 

operating systems used with the Cortex-A9 processor are 

also available for the Zynq-7000 family. 

 
Fig. 3: Xilinx Zynq 7010 SoC 

III. IMPLEMENTATION 

SSH connection can be established using standard SSH 

clients such as SSH/openssh (Linux, OS X) or PuTTy (For 

Windows) with user name – root and password - root.  

Here the main objective is developing the 

programming which will demonstrate event driven triggered 

acquisition.  
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Red Pitaya can be operated by its command line 

utility (acquire, monitor, generate, calibrator, etc.) via 

PuTTy.  

By default red Pitaya perform acquisition in 

continuous mode. To perform external triggering it is 

compulsory that acquisition mode is set to normal mode 

instead of auto mode and trigger source must be set to the 

external source. For that user needs to change the source 

code of acquisition. 

Here in this paper procedural steps are provided. 

 Source code is available on repository of github.  

 Clone the source code for utilization. 

 After code has been available, one can modify the 

source code in any development environment. 

 Red Pitaya supports HDL, MATLAB, C language 

etc. 

 Here Source code is written in .c format. 

 User can use Eclipse for development of C code. 

 I have use XilinX SDK 2013.3 tool for 

development of the program. 

 
Fig. 4: Xilinx SDK screen 

 
Fig. 5: Library settings 

Now, for external triggering I have to modify the 

trigger mode and trigger source from its default value. 

By default it is set to auto mode and trigger source 

is set to channel A. Now to make change I have to refer 

main_osc.c, fpga_osc.c . 

From that, the changes are made which are shown 

below.(Fig………) 

 After changes has been done, click build all to 

build the project.  

 Make sure that not to remove .elf extension. 

 Binary file is ready now. 

 Export this file to the destination folder. 

 Make read write access permission from the 

redpitaya. 

 For that simply write rw in PuTTy. 

 Now copy file into opt/bin folder. 

 Then close the access permission. 

 For that write ro in PuTTY. 

 Acquired samples can be plotted in excel sheet. 

 
Fig. 6: generated .elf file 

 
Fig. 7: Results verified with 90ns delay, 16384 samples 
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Fig. 8: Results verified with 92ns delay, 12500 samples 

IV.  CONCLUSIONS 

After this I can Conclude that RedPitaya , Open source 

hardware is a reconfigurable measurement instrument in size 

of a credit card. It can replace many expensive laboratory 

measurement and control instruments.It can be used for 

oscilloscope, generator, spectrum analyzer etc. 

Event based triggered acquisition can be performed with the 

help of red pitaya. 

In this paper single event based triggered 

acquisition is performed. Multiple triggering is remaining 

for future scope. 
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