
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

R1000 Series  
User Guide  

 

V1.0 2608  

Applicable Series:  

R1000 Series Embedded RF Receivers  

 



  

Contents  

1 Reading This Manual ................................................................................................................................................... 7 

1.1 Purpose and Intended Audience ............................................................................................................................. 7 

1.2 Scope and Version Baseline  ..................................................................................................................................... 7 

1.3 R1000 Documentation Set and Content  ............................................................................................................... 7 

1.4 Terminology, Abbreviations, and UI Conventions  .............................................................................................. 8 

1.5 Recommended Reading Paths  ................................................................................................................................ 9 

2 Safety and Compliance  ........................................................................................................................................... 10 

2.1 Safety Notice Levels  ................................................................................................................................................. 10 

2.2 General Safety  ............................................................................................................................................................ 10 

2.3 ESD Protection  ........................................................................................................................................................... 10 

2.4 Power Safety  ...............................................................................................................................................................11 

2.5 RF Input Protection  ....................................................................................................................................................11 

2.6 Thermal and Mechanical Safety  .............................................................................................................................11 

3 R1000 System Overview and Usage Paths  ........................................................................................................ 12 

3.1 Product Positioning  .................................................................................................................................................. 12 

3.2 Functional Architecture  ........................................................................................................................................... 12 

3.3 Typical Operating Modes ........................................................................................................................................ 13 

3.4 SAStudio4  .................................................................................................................................................................... 13 

3.5 HTRA API and SDK  .................................................................................................................................................... 13 

3.6 Example Applications  ............................................................................................................................................... 13 

3.7 Relationship Between SAStudio4 and Customer Applications .................................................................... 13 

4 Appearance, Panels, and Interface Index  ........................................................................................................... 15 

4.1 R1090 Interface Layout  ............................................................................................................................................ 15 

4.2 R1090 Panel Interface Index  ................................................................................................................................... 16 

5 Power Supply, RF Input, Installation, and Environmental Requirements  .................................................. 18 

5.1 Power Supply and Power - On  ................................................................................................................................ 18 



  

5.2 Power Supply Version  .............................................................................................................................................. 18 

5.3 Power Integration Requirements  .......................................................................................................................... 18 

5.4 RF Input and Protection ........................................................................................................................................... 18 

5.5 Interfaces and Operating Range  ........................................................................................................................... 18 

5.6 Recommended RF Protection Methods  ............................................................................................................. 19 

5.7 Dimensions Overview  ............................................................................................................................................... 19 

5.8 Cooling and Airflow  .................................................................................................................................................. 19 

5.9 Operating Environment Rating  ..............................................................................................................................20 

6 Network, Embedded Host, and Software Preparation  ................................................................................... 21 

6.1 Host - Side Physical Interfaces  ............................................................................................................................... 21 

6.1.1 1GbE Ethernet Port  ................................................................................................................................................ 21 

6.1.2 HDMI and USB  ......................................................................................................................................................... 21 

6.2 Wi- Fi and Bluetooth  .................................................................................................................................................. 21 

6.3 Network Configuration  ............................................................................................................................................ 21 

6.4 Verify a Direct PC Connection  ............................................................................................................................... 22 

6.5 Accessing the R1000 Embedded Host  ................................................................................................................ 22 

6.5.1 Network Settings  ....................................................................................................................................................... 22 

6.5.2 Changing the Static IP Address  ............................................................................................................................ 23 

6.6 System Requirements  .............................................................................................................................................. 23 

6.7 Obtaining and Installing the Desktop Software  ...............................................................................................24 

6.8 Default Data Storage Paths  ....................................................................................................................................24 

7 Connecting to SAStudio4 and Verifying Device Status  ................................................................................ 25 

7.1 Starting SAStudio4  ................................................................................................................................................... 25 

7.2 Interface Layout  ......................................................................................................................................................... 25 

7.3 Establishing the Device Connection  .................................................................................................................... 26 

7.4 Viewing the Model, UID, and Software/Firmware Versions  .......................................................................... 26 

7.5 Viewing Temperature, Bus Throughput, and Operating Status  ................................................................... 26 

7.6 Restoring the Default Configuration  .................................................................................................................... 27 

7.7 Checklist for Verifying Normal Device Operation  ............................................................................................ 27 



  

8 Viewing and Configuring RF Signals: Receiver IQ Streaming Mode .......................................................... 28 

8.1 Entering Receiver IQ Streaming Mode  ................................................................................................................28 

8.2 Setting the Center Frequency  ...............................................................................................................................28 

8.3 Setting Bandwidth, Sample Rate, and Gain  .......................................................................................................29 

8.4 Spectrum and Waterfall Preview  ..........................................................................................................................29 

8.5 Time - Domain Waveform ......................................................................................................................................... 30 

8.6 MaxPwr vs Time Waveform  .................................................................................................................................... 31 

8.7 DDC and Other Receiver Functions Applicable to the R1000  ....................................................................... 31 

8.8 Trigger Settings  ........................................................................................................................................................ 33 

9 IQ Recording, Playback, Export, and Data Management .............................................................................. 34 

9.1 Overview of IQ Recording  ...................................................................................................................................... 34 

9.2 Configuring Recording Parameters and Storage Path  .................................................................................. 34 

9.3 Starting and Stopping IQ Recording  .................................................................................................................. 34 

9.3.1 Fixed - Duration Recording  ..................................................................................................................................... 34 

9.3.2 Manual Recording  .................................................................................................................................................... 34 

9.4 Check Recording Status and Data Throughput  .............................................................................................. 35 

9.5 Open and Play Back an IQ Recording  ................................................................................................................. 35 

9.6 Export Data  ................................................................................................................................................................ 35 

9.7 Recording File Format  ............................................................................................................................................. 35 

9.8 Storage Bandwidth, File Capacity, and Usage Considerations  .................................................................. 36 

10 Real- Time Spectrum Mode  .................................................................................................................................. 37 

10.1 Overview of Real - Time Spectrum Mode  ........................................................................................................... 37 

10.2 Setting the Center Frequency, Analysis Bandwidth, and Reference Level  ............................................ 37 

10.3 Probability Density  .................................................................................................................................................. 37 

10.4 Spectrogram  ............................................................................................................................................................. 37 

10.5 Wi- Fi Signal Measurement  .................................................................................................................................... 37 

10.6 Real- Time Spectrum Data Recording and Playback  .................................................................................... 39 

11 Extended Analysis Functions  ............................................................................................................................. 40  

Introduction to Extended Analysis Operating Modes  ............................................................................. 40 

Main Functions Overview  .....................................................................................................................................42 

12 GNSS, Reference Clock, PPS, and Synchronization  .................................................................................... 48  

12.1 Hardware Interfaces and Electrical Requirements ........................................................................................ 48 

12.2 Internal Reference and GNSS  ............................................................................................................................. 48 

12.3 External 10 MHz Reference Input  ....................................................................................................................... 48 

12.4 Reference Output  .................................................................................................................................................. 49 



  

12.5 Selecting an External Reference in SAStudio4  .............................................................................................. 49 

12.6 GNSS Lock and 1PPS  ............................................................................................................................................. 49 

12.6.1 Use the Default GNSS Source  ............................................................................................................................. 50 

12.6.2 1PPS Trigger Using Default GNSS Source  ........................................................................................................ 51 

13 AUXIO for Trigger and GPIO  ............................................................................................................................... 53 

13.1 Trigger Capabilities  ................................................................................................................................................ 53 

13.2 AUXIO Trigger Board  ............................................................................................................................................. 53 

13.2.1 Introduction to the AUXIO Expansion Board for the R1000 Series  ........................................................... 54 

13.3 Configuring Triggering in SAStudio4  ................................................................................................................ 55 

13.4 Using the GPIO Interface  ..................................................................................................................................... 55 

14 Migrating from SAStudio4 to the HTRA API  .................................................................................................... 57 

14.1 Why Use the HTRA API  ........................................................................................................................................... 57 

14.2 HTRA API, SDK and Example Applications  ....................................................................................................... 57 

14.3 Basic Mapping Between SAStudio4 Parameters and HTRA API Parameters  ........................................ 57 

14.4 Running the First Receiver Example  ................................................................................................................. 58 

14.5 Obtaining Development Documentation and Technical Support  ............................................................ 58 

15 Software Updates, Maintenance, and Service  ............................................................................................... 59 

15.1 Software and Firmware Update  .......................................................................................................................... 59 

15.2 Version Requirements  ........................................................................................................................................... 59 

15.3 Parameter Description  .......................................................................................................................................... 59 

15.4 Online Update  .......................................................................................................................................................... 59 

15.5 Local Update  ............................................................................................................................................................ 60 

15.6 Accessories, Routine Inspection, Cleaning, and Repair Information  ........................................................ 61 

Routine Inspection  ............................................................................................................................................................. 61 

Cleaning and Storage  ........................................................................................................................................................ 61 

Information to Record Before Repair or Service  ....................................................................................................... 62 

16 Troubleshooting  ..................................................................................................................................................... 63 

16.1 Hardware Troubleshooting Table  ...................................................................................................................... 63 

16.2 Quick Troubleshooting for Network, Software, GNSS, and IQ  ................................................................. 63 

Device Does Not Power On  ................................................................................................................................. 63 

Unable to Access the R1000 over the Network  ............................................................................................. 63 

Device Not Detected in SAStudio4  ................................................................................................................... 63 

GNSS Does Not Lock  ............................................................................................................................................ 64 

IQ Acquisition Packet Loss or Lower - Than- Expected Data Rate  ............................................................ 64 

Appendix A  IQ Record File Format Description  ........................................................................................ 65 

A.1 File Naming Format  .................................................................................................................................................. 65 

A.2 IQ Recording Container  ......................................................................................................................................... 65 

Appendix B  Receiver IQ Streaming Parameter Description  ..................................................................... 71 

Appendix C  Related Documentation  .............................................................................................................. 72 



  

How to Use This Manual  

This manual is organized in the order in which users typically perform tasks: first, verify safety, inter-

faces, and power supply; then establish network and software connections; next, view signals and ac-

quire and manage IQ data; and finally, configure GNS S, the reference clock, the triggering, and trou-

bleshoot issues.  

First - Time Use: If your goal is to get the device up and running within 30 minutes, please start with the 

R1000 Series  RF Receiver  Quick Start Guide . This manual is intended as a comprehensive operational 

reference after the device has been successfully set up and is running.  

 



  

½ŗĴœŴƐū ÈűŴƶ yĴƐǂĴƉ 

1.1   Purpose and Intended Audience  
This manual is intended for RF engineers, system integrators, algorithm developers, test engineers, 

and FAEs who use, integrate, or maintain HAROGIC R1000 Series RF receivers. It provides information 

on "how to connect interfaces, configure parameters, acquire data, and troubleshoot issues ". 

1.2  Scope and Version Baseline  

Item  Description  

Product Series  R1000 Series embedded RF receivers  

Applicable Models  R1060 R1090 R1200 R1400 

Receive/Transmit 
Channels  

1 receive channel, 0 transmit channels  

Target Hardware  
Platform  

Compact integrated system incorporating an RF receiver, FPGA/  
baseband processing, and Raspberry Pi 5  

  

Item  Scope  

Product  HAROGIC R1000 Series RF receivers  

Desktop Software  
SAStudio4  version should be 4.55.50 or above . The software can run in-
dependently on a host computer or on the Raspberry Pi  5 host.  

Development  
Software  

HTRA API, SDK, and example applications matched to the device and 
firmware version  0.55.89 or above . 

Operating System  
Refer to the delivered software package, installation instructions, and 
release notes. Chapter 6 lists the general host requirements for  
SAStudio4.  

1.3  R1000 Documentation Set and Content  

Task  Primary Document  

Product selection, specifications, options, 
and application scenarios  

R1000 Series  Datasheet  

First - time power - on, network connection, 
signal viewing, and first IQ/API operation 
within 30 minutes  

R1000 Series RF Receiver  Quick Start Guide  

Interfaces, power supply, networking,  
SAStudio4 software, IQ data, GNSS,  
triggering, and troubleshooting  

This User Manual  



  

Complete SAStudio4 measurement modes, 
menus, and analysis functions  

SAStudio4  User Guide  

API sessions, parameters, data structures,  
 error codes, timestamps, and s  
ynchronization  

HTRA API Programming Guide  

C/C++ Qt Python Matlab LabVIEW  HTRA API Example Usage Guide  

Creating applications with GNU Radio,  
obtaining the latest GNU Radio and 
SoapySDR examples  

GNU Radio Example Usage Guide  
HAROGIC Git Repo.  (regularly updated)  

1.4 Terminology, Abbreviations, and UI Conventions  

Term  Meaning  

AUXIO Multifunction auxiliary input/output interface  

CMOS  Complementary metal - oxide - semiconductor logic level  

GNSS 
Global Navigation Satellite System, used for frequency calibration and time 
synchronization  

OCXO  Oven - controlled crystal oscillator used as the internal reference clock  

PPS / 1PPS One - pulse - per - second timing reference signal  

RI Abbreviation for reference clock input (REF IN)  

RO Abbreviation for reference clock output (REF OUT)  

REF IN / REF OUT  Functional names for the reference clock input/output  

RF IN RF input port  

Trigger / TRG  Trigger input or output signal  

  

Term  Meaning in This Manual  

Receiver  
IQ Stream  

SAStudio4 operating mode for configuring the receive path, acquiring  
time - domain IQ data, and performing preview analysis.  

IQ Record & Play  
Back  

Workflow for IQ data recording, file management, playback, and status  
monitoring.  

Spectrum  
Preview  

Used for quick signal observation using spectrum, probability density, or  
waterfall displays.  

https://github.com/HAROGIC-Technologies?tab=repositories


  

HTRA API 
Primary programming interface for accessing R1000 Series device  
capabilities in custom applications.  

Example  
Applications  

Example applications provided with the SDK for demonstrating and verifying 
HTRA API call flows.  

Device  
ÍƐƉŗƶƶ ƲŗŪŗƲƲŴƐū ƽƖ ĴƐ ƖƲŴūŴƐĴƉ Í` ƉĴŌŗƉ ƖƲ œƖōǂƏŗƐƽ ƽŴƽƉŗ˿ ̺œŗǚŴōŗ̻ ŴƐ ƽűŴƶ 
manual refers to an R1000 Series RF receiver.  

1.5 Recommended Reading Paths  

User Goal  Recommended Reading  

Initial deployment and RF verification  
Chapters 2 to 8, followed by Chapters 9 to 12 as 
needed  

IQ acquisition and offline processing only  Chapters 6 to 9, Appendix A, and Appendix B  

GNSS/PPS, multi - device synchronization, or 
external triggering  

Complete the basic verification in Chapters 4 to 
8, then read Chapters 11 to 12  

Developing unattended or automated  
applications  

After verifying the parameters in Chapters 6 to 8, 
read Chapter 13, then refer to the HTRA API  
documentation  

 Chapters 14 to 15, with reference to the relevant 
hardware or software chapters as needed  



  

ÁĴŪŗƽǡ ĴƐœ 8ƖƏƯƉŴĴƐōŗ 
Before applying power, making connections, or deploying the device in the field, always verify the 

power supply, RF input, ESD protection, thermal conditions, and mechanical conditions.  

2.1  Safety Notice Levels  

Level  Meaning  

DANGER If not avoided, will result in death or serious injury.  

WARNING  If not avoided, may result in personal injury or serious equipment damage.  

CAUTION  
If not avoided, may result in damage to the equipment, interfaces, cables, 
or data.  

NOTICE  
Provides information helpful for proper connection, verification, or 
maintenance.  

2.2 General Safety  

¶ Only personnel familiar with RF, electrical, and ESD protection requirements are permitted to install, 

connect, and maintain the equipment.  

¶ Before applying power, inspect the enclosure, connectors, and cables. Do not power on the equipment 

if there are signs of shipping damage, loose parts, unusual odors, liquid ingress, or obvious deformation.  

¶ Do not disassemble, modify, bypass protective components, or replace internal modules without au-

thorization from HAROGIC. There are no user - serviceable parts inside the device.  

¶ Before connecting or disconnecting non - hot - swappable interfaces, AUXIO ribbon cables, trigger 

adapter boards, or external reference cables, stop acquisition and power off the equipment.  

¶ Do not operate the equipment in environments with condensation, conductive dust, flammable or ex-

plosive gases, or conditions exceeding the specified environmental ratings . 

2.3 ESD Protection  

CAUTION  

RF, GNSS, reference, trigger, and AUXIO interfaces may be susceptible to electrostatic discharge 

(ESD). Operate the equipment in an ESD - controlled area, wear a properly grounded antistatic wrist 

strap, and discharge any static electricity from your body, c ables, and antennas before making 

connections.  

Keep connector protective caps clean. When handling the equipment, hold it by the enclo-

sure. Do not touch center conductors, AUXIO pins, or exposed pads on adapter boards.  



  

2.4 Power Safety  

WARNING  

Use only the power adapter and cables supplied with the equipment, or those that fully comply with 

the specifications stated on the equipment nameplate. Power adapters may use different power 

delivery configurations; do not interchange them or assume compa tibility based solely on con-

nector appearance.  

¶ Verify the device nameplate and power supply output specifications before powering on.  

¶ Do not use USB - C cables that are loose, damaged, overheating, or have insufficient current - carrying 

capacity.  

¶ Do not power the entire unit through the AUXIO power pins, and do not back - feed voltage into any 

output pin.  

¶ If the equipment repeatedly restarts, becomes abnormally hot, emits a burning odor, or triggers 

power protection, disconnect power immediately and isolate the equipment.  

2.5 RF Input Protection  

WARNING  

Exceeding the absolute maximum RF input power or DC voltage may immediately damage the RF 

front end.For  signal frequencies from 50 MHz up to the maximum specified frequency, with the 

preamplifier disabled, the maximum damage - level CW input power is +23 dBm.  

For signal frequencies from 10 MHz to 50 MHz, or when the preamplifier is enabled, the maximum 

damage - level input power is +10 dBm.  

Ensure that the RF input power remains below the applicable maximum damage - level input power. 

It is recommended to connect an appropriate attenuator before connecting the signal to the RF 

input port.  

2.6 Thermal and Mechanical Safety  
Do not cover or obstruct ventilation openings, heat - sink fins, or airflow paths while the equipment is 

operating. When installing the equipment in a chassis, enclosure, backpack, or unattended node, 

evaluate worst - case ambient temperature, solar radiation,  nearby heat sources, cable obstruction, 

and total system power consumption.  

Do not directly touch metal surfaces that may become hot while the equipment is operating or imme-

diately after power - off.  



  

½ʍʌʌʌÁǡƶƽŗƏ ¡ǚŗƲǚŴŗǛ ĴƐœ ÍƶĴūŗ ºĴƽűƶ 
Understanding the respective roles of the RF chain, embedded host, SAStudio4 desktop software, 

and HTRA API is essential for selecting the appropriate connection and data path.  

3.1  Product Positioning  
The R1000 Series integrates a single - channel, high - performance superheterodyne RF re-

ceiver, ADC/FPGA baseband processing, and a Raspberry Pi 5 embedded host in a com-

pact enclosure. It can be used as a remote receiving node, a standalone local node, or a di s-

tributed RF signal acquisition front end.  

The device connects to a host computer through the unified HTRA API and 1GbE interface, 

while local applications can also run directly on the embedded host.  

3.2 Functional Architecture  
 

 

UŴūǂƲŗ ʏʍ̡UǂƐōƽŴƖƐĴƉ ÁŴūƐĴƉ UƉƖǛ ƖŪ ƽűŗ ½ʍʌʌʌ ÁŗƲŴŗƶ 

At the functional level, the data path consists of the RF input, preselection and superheterodyne re-

ceiver chain, ADC/FPGA, Raspberry Pi 5 embedded host, and local/network applications. GNSS, the 

internal OCXO, external reference, PPS/trigger, and other signals provide reference or control inputs 

for the receiver chain and timestamping.  

This figure is intended only to illustrate the relationships among external interfaces. It does not repre-

sent implementation details of the circuitry, clock tree, or FPGA resources.  



  

3.3 Typical Operating Modes  

Operating 
Mode  

Hardware Connections  Typical Applications  

Remote  
host control  

Connect RF, power, 1GbE, and op-
tional synchronization interfaces 
only  

Desktop verification, remote control, 
API access, and network data transfer  

Standalone  
local operation  

Connect RF, power, display/USB, or 
local storage  

Embedded applications, unattended 
nodes, and field processing  

Distributed 
nodes  

Power and network multiple devices 
individually and use a verified 
GNSS/PPS/reference topology  

Distributed spectrum monitoring, time -
synchronized acquisition, and algorithm 
validation  

Custom sys-
tem integration  

Mount the device, provide cutouts, 
and plan cable routing according to 
the mechanical drawings and inter-
face control documents  

OEM, enclosure, backpack, vehicle -
mounted, or fixed - site integration  

Desktop verification, example applications, and customer applications serve different purposes. The 

following sections describe their relationships and the recommended migration sequence.  

R1000 software usage follows two primary paths: desktop verification and application development. 

SAStudio4 is used for initial verification, while the HTRA API is used for final system integration.  

3.4 SAStudio4  
SAStudio4 provides a graphical user interface suitable for initial device setup, parameter exploration, 

data - link verification, IQ recording and playback, and signal preview.  

It reduces the operational effort required during the verification phase and provides a reusable con-

figuration baseline for subsequent API development.  

3.5 HTRA API  and SDK 
The HTRA API and SDK are the primary means for customer applications to control the R1000, acquire 

data, and implement automated processing.  

Production systems can manage device lifecycle, parameter configuration, data streaming, recording, 

synchronization, and error handling according to application requirements without requiring SAStu-

dio4 to be running.  

3.6 Example Applications  
The example applications help users quickly understand the HTRA API call sequence, data structures, 

and basic receive workflow.  

It is recommended to first run the example applications provided with the current SDK version and 

then incrementally develop the customer application based on those examples.  

3.7 Relationship Between SAStudio4 and Customer Applications  
Figure 3 - 2 shows the recommended workflow: first use SAStudio4 to verify the device and RF envi-

ronment, then use the example applications to verify the development environment and API work-

flow, and finally proceed to customer application integration.  



  

 

UŴūǂƲŗ ʏʎ̡½ʍʌʌʌ ÁŗƲŴŗƶ ÁƖŪƽǛĴƲŗ ƲōűŴƽŗōƽǂƲŗ ĴƐœ ÈǡƯŴōĴƉ ÍƶĴūŗ ºĴƽű 

¶ HTRA API/SDK  is the primary path for customer application development.  

¶ Example applications help customers quickly understand and verify the API.  

¶ SAStudio4  is used for device configuration, functional verification, IQ recording and playback, and 

spectrum preview.  



  

 ƯƯŗĴƲĴƐōŗ˿ ºĴƐŗƉƶ˿ ĴƐœ `ƐƽŗƲŪĴōŗ `ƐœŗǠ 
Before connecting any cables, identify the interface locations, orientations, and electrical functions 

for the specific model.  

4.1  R1090 Interface Layout  

 

 

 

 

UŴūǂƲŗʐ̡ʍ½ʍʌʕʌ ƯƯŗĴƲĴƐōŗ ĴƐœ `ƐƽŗƲŪĴōŗ sĴǡƖǂƽ 



  

Figure 4 - 1 shows the following R1090 interfaces: GNSS Antenna, RF IN, 1 GbE, HDMI, USB 3.0, POWER, 

RI, RO, AU, and the 14- pin AUXIO connector.  

4.2 R1090 Panel Interface Index  

No. Interface  Purpose  Details  

1 / GNSS 
Antenna  

GNSS antenna 
input  

Receives GNSS signals for  
frequency calibration and time 
synchronization  

See "GNSS,Reference, 
Clock,PPS,and Synchro-
nization " 

2 / RF IN  SMA  (F) ʑʌ ʉ 

Single - channel RF input; before 
connection, verify the maximum 
safe input level, allowable DC 
voltage, and external protection 
requirements for the specific 
model  

See "RF Input and Pro-
tection " 

3 / 1 GbE  Gigabit Ether-
net  

Control, API access, and data 
transfer  

See "1GbE Ethernet 
Port " 

4 / HDMI  Micro HDMI  Local display and debugging  See "HDMI and USB " 

5 / USB 3.0  
USB- C form 
factor  

Peripheral expansion, such as 
keyboard, mouse, and storage 
devices  

See " HDMI and USB " 

6 / POWER  
USB- C form 
factor  

Main power input for the unit  
See "Power Supply and 
Power - On" 

7 / RI  MMCX F ,  10 MHz reference clock input  
Amplitude >=1.5 Vpp, 
330 ʉ 

8 / RO  MMCX F ,  100 MHz reference clock output  Amplitude  >=0.3 Vpp, 
programmable on/off  

9 / AU  Reserved port  Reserved  
Reserved; leave uncon-
nected  

10 / AUXIO  
14- pin multi-
function con-
nector  

Multifunction I/O interface, in-
cluding GPIO, Trigger, and oth-
ers as listed in the table below.  

External trigger input: 
3.3 V CMOS, high im-
pedance; trigger output: 
3.3 V CMOS  

 

  



  

Table  4- 1 Description of Multi - function AUXIO PIN Interface  (Illustration direction from right  to 

left in Figure 4 - 1) 

ºŴƐ zĴƏŗ >ŴƲŗōƽŴƖƐ 
sŗǚŗƉ
ÁƽĴƐœĴƲœ 

yŗĴƐŴƐū 

ʍ È½W `z I 3.3 V 
Trigger input, maximum trigger 
rate: 500 events/s  

ʎ È½W ¡ÍÈ ¡ 3.3 V ÈƲŴūūŗƲ ƖǂƽƯǂƽ 

ʏ ½ŗƶŗƲǚŗœ  ̌  ̌ Reserved  

ʐ Wz> /  /  Ground  

ʑ ººÁ ¡ÍÈ ¡ ʏ˾ʏ å ëººÁ ƖǂƽƯǂƽ 

ʒ ʏ˾ʏå O 3.3 V 3.3 V power output  

ʓ ÍÁ½È ½ë /  3.3 V /  

ʔ Wz> /  /  Ground  

ʕ ÍÁ ½È Èë O 3.3 V /  

ʍʌ ½ŗƶŗƲǚŗœ /  /  Reserved  

ʍʍ ½ŗƶŗƲǚŗœ /  /  Reserved  

ʍʎ ½ŗƶŗƲǚŗœ /  /  Reserved  

ʍʏ Wz> /  /  Ground  

ʍʐ ½ŗƶŗƲǚŗœ /  /  Reserved  



  

ºƖǛŗƲ ÁǂƯƯƉǡ½˿U `ƐƯǂƽ˿̀ ƐƶƽĴƉƉĴƽŴƖƐ˿ ĴƐœ
BƐǚŴƲƖƐƏŗƐƽĴƉ ½ŗƱǂŴƲŗƏŗƐƽƶ 
This chapter describes the hardware requirements that must be satisfied before the instrument is 

powered on and connected to an RF system . 

5.1  Power Supply and Power - On 
Confirm the power - supply configuration first, then check the power source, cables, cooling condi-

tions, and startup status . 

5.2  Power Supply Version  

WARNING  

Use only the original power adapter and cable supplied with the instrument and matching  the spec-

ifications on the instrument nameplate. Using a power supply with incompatible specifications may 

prevent the instrument from powering on or operating properly, and may result in equipment dam-

age.  

Item  Specification  Description  

Interface  USB- C POWER 
USB Type - C connector  
Optional PoE (Power over Ethernet)  

Input  9V 3A/ 12V 2.5A  Wide input - voltage range  

Power  
Consumption  

Έʎʎ æ 
Operating conditions/peripherals: mouse, keyboard, 
and HDMI; CPU at full load, fan at full speed, SAStudio4 
running, with no signal input.  

5.3 Power Integration Requirements  
 ̧ Use only the power cable supplied with the instrument or a cable that fully meets the specified re-

quirements. Do not substitute an ordinary USB - C cable, USB hub, or monitor USB port as the power 

source.  

 ̧ Optional PoE (Power over Ethernet) is available, allowing both data and power to be carried over a 

single Ethernet cable. This function requires Option 24.  

5.4 RF Input and Protection  
The absolute maximum ratings of the RF input port are not recommended operating levels.  

For unknown signals, measure the signal externally before connection and use appropriate attenua-

tion, DC blocking, or limiting protection as required.  

5.5 Interfaces and Operating Range  

Condition  Maximum Allowable Value  

Frequency >50 MHz with preamplifier 
disabled  

Maximum damage - level input power: 23 dBm CW  



  

Frequency  <50 MHz , or preamplifier 
enabled  Maximum damage - level input power: 10 dBm CW  

DC voltage at RF input  ± 10 VDC 

5.6 Recommended RF Protection Methods  

¶ For unknown signals or operation in high - field - strength environments, connect an external attenuator 

with a sufficient power rating before connecting the signal to the instrument.  

¶ If the signal path may contain DC voltage, use a DC block with an appropriate frequency range, and 

verify its breakdown voltage and insertion loss.  

¶ Where transmitter leakage, shared - antenna operation, or strong transients may occur, use a limiter, fil-

ter, isolator, or external RF protection switch as appropriate.  

¶ Do not overtighten SMA connectors with a standard wrench. Use of a suitable torque wrench is recom-

mended.  

5.7 Dimensions Overview  

Model  Dimensions  Weight  

R1060 119.75 ×  62.8 ×  32.9 mm 357g  

R1090 119.75 ×  62.8 ×  32.9 mm 357g  

R1200 127.2 ×  62.8 ×  33.3 mm 375g  

R1400 127.2 ×  62.8 ×  33.3 mm 375g  

HAROGIC also offers core modules without an enclosure, with optional fan - based cooling solutions. 

For detailed information about core modules, contact your HAROGIC sales representative.  
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5.8  Cooling and Airflow  
The maximum power consumption of the R1060 and R1090 is approximately 22 W, while the R1200 and 

R1400 consume up to approximately 25 W. The products incorporate ventilation openings or heat - dis-

sipation fins. At a minimum, the system integration design shal l meet the following requirements:  



  

¶ Do not block air inlets, air outlets, or heat - dissipation surfaces, and do not stack multiple units together 

without adequate clearance.  

¶ Evaluate the maximum ambient  temperature, mounting orientation, enclosure sealing, and other con-

ditions.  

¶ Ensure that cables, foam, labels, and fasteners do not obstruct ventilation openings, heat - dissipation 

surfaces, or any identified moving components.  

NOTICE  

The standard product is rated T0, with an operating temperature range of 0 to 50 °C. For applica-

tions requiring an extended operating temperature range, the HAROGIC T1 option is available.  

The temperature rating does not replace proper system - level thermal design. For questions re-

garding system integration, installation, or thermal management, contact HAROGIC for profes-

sional technical guidance.  

5.9 Operating Environment Rating  

Operating Temp.  Storage Temp.  Rating  

0 5̣0 °C  ͻ20 7̣0 °C T0 

ͻ20 6̣5 °C ͻ40 8̣5 °C T1 opt . 40  

ͻ40 6̣5 °C ͻ40 8̣5 °C 
Non - standard order option; contact 
HAROGIC Sales for details  

 

Ambient Temp.  Operating Relative Humidity  

0 4̣0 °C 5% 7̣5% 

>40 °C  5% 4̣5% 

Avoid condensation. After moving the instrument from a low - temperature environment into a warm 

and humid environment, keep the instrument powered off until it has fully reached ambient 

temperature. Confirm that no condensation is present before applying po wer.  

  



  

zŗƽǛƖƲƇ˿ BƏŌŗœœŗœ ]Ɩƶƽ˿ ĴƐœ ÁƖŪƽǛĴƲŗ
ºƲŗƯĴƲĴƽŴƖƐ 
Establish and verify a 1GbE connection, confirm host access, and then prepare the system environ-

ment for running SAStudio4.  

6.1  Host - Side Physical Interfaces  

The 1GbE interface is the primary interface for remote control and data transfer on the R1000 Series. 

The HDMI and USB interfaces are used for local display, keyboard/mouse peripherals, and debugging.  

6.1.1 1 GbE  Ethernet Port  

The R1000 Series provides a single 1GbE RJ45 port for device control, API access, and data transfer. 

Sustained IQ data throughput is jointly limited by the sampling rate, data format, host network inter-

face, CPU performance, and disk write performance.  

For the default network address, user credentials, system paths, and service commands, refer to the 

Quick Start Guide. For batch deployment , plan for unique IP addresses, access control, initial creden-

tial changes, network isolation, and version management.  

6.1.2 HDMI and  USB 

The R1000 Series provides a Micro HDMI (HDMI 2.0) interface for display output. Peripherals can be 

connected via the USB 3.0 Type - C port next to the HDMI port. A standard USB - C hub can be used to 

connect a keyboard, mouse, USB storage devices, and other peripherals.  

6.2 Wi- Fi and  Bluetooth  

The integrated Raspberry Pi 5 host supports 2.4/5 GHz Wi - Fi and Bluetooth 5.0 (BT). Wi - Fi and Blue-

tooth are disabled by default at shipment and must be manually enabled by the user when required.  

HAROGIC can also supply product variants with the Wi - Fi and Bluetooth wireless functionality re-

moved before shipment. This configuration must be specified when placing the order. Contact 

HAROGIC Sales for details.  

6.3 Network Configuration  

The R1000 can connect to a network through its 1GbE Ethernet (LAN) interface.  

When an R1000 Series device is connected to a network, its built - in network logic first attempts to 

obtain an IP address through DHCP. If an active DHCP server is available, an IP address is assigned 

automatically. If no DHCP server is detected, the device  retains its default IP address, 192.168.1.100.  

For the initial connection, it is recommended to configure the host computer on the same subnet as 

the R1000 using the following settings:  

 

 



  

Item  Default / Description  

Default IPv4 address  192.168.1.100 

Subnet mask  255.255.255.0  

Example host IP  
address  192.168.1.102, subnet mask  255.255.255.0  

6.4 Verify a Direct PC Connection  

In Windows, open Settings - > Network & Internet - > Ethernet ; 

¶ Enter the Ethernet, locate the IP settings section, and click Edit;  

¶ Select Manual, enable IPv4, set the IP address to 192.168.1.102, and set the subnet mask to 

255.255.255.0;  

¶ Open Command Prompt and run ping 192.168.1.100. If replies are received, the network connection 

has been successfully established.  

 

UŴūǂƲŗʒ̡ʍåŗƲŴŪǡŴƐū ƽűŗ >ŗǚŴōŗ zŗƽǛƖƲƇ 8ƖƐƐŗōƽŴƖƐ ÍƶŴƐū ƽűŗ ƯŴƐū 8ƖƏƏĴƐœ 

6.5 Accessing the R1000 Embedded Host  

The R1000 integrates a Raspberry Pi 5 host, which can be accessed either through SSH or through a 

locally connected display.  

Default SSH username: htra; Default SSH password: htra   

ssh htra@192.168.1.100 

6.5.1 Network Settings  

R1000 series network configuration description : 

¶ IPv4  address ̺ʍʕʎ˾ʍʒʔ˾ʍ˾ʍʌʌ ̻

¶ Subnet mask ̺ʎʑʑ˾ʎʑʑ˾ʎʑʑ˾ʌ ̻

Other  support noted : DHCP hostname and mDNS hostname can be modified.  



  

6.5.2 Changing the Static IP Address  

To change the default static IP address of an R1000 Series device, follow the steps below. The fol-

lowing example sets the IP address to 192.168.1.100:  

 ̧ Log in using the username root and the default password htra.  

 ̧ Access the Raspberry Pi host via SSH and enter the following command:  

 ̧ hlc - - set - static - ip 192.168.1.100/24  

The static IP address is now configured. The device must be restarted for the change to take effect.  

 ̧ Enter reboot and wait for the device to restart. Note that you must be logged in as the root user to 

restart the Raspberry Pi host.  

 

UŴūǂƲŗ ʒʎ̡ 8ƖƏƏĴƐœ ŪƖƲ 8űĴƐūŴƐū ƽűŗ ÁƽĴƽŴō `º œœƲŗƶƶ ŪƽŗƲ sƖūūŴƐū `Ɛ ǚŴĴ ÁÁ] 

6.6 System Requirements  

The following table lists the basic recommended system configuration. For systems below the recom-

mended specifications, actual performance should be verified through testing.  

ÈĴŌƉŗʒ̡ʍ]Ɩƶƽ ÁǡƶƽŗƏ ½ŗƱǂŴƲŗƏŗƐƽƶ 

¡ƯŗƲĴƽŴƐū ÁǡƶƽŗƏ 
æŴƐœƖǛƶ ʍʍ̌ʍʌ˿ ̬ƲŗƱǂŴƲŗƶåÁʎʌʍʕ 8ͺͺ ƲŗœŴƶƽƲŴŌǂƽĴŌƉŗƶ ̭

ÍŌǂƐƽǂ ʎʎ˾ʌʐ̌ʎʌ˾ʌʐ̌ʍʔ˾ʌʐ 

ƲōűŴƽŗōƽǂƲŗ 
æŴƐœƖǛƶǠʒʐ 

sŴƐǂǠǠʒʐ˿ Ʋōűʒʐ 

ºƲƖōŗƶƶƖƲ 

æŴƐœƖǛƶ̀ƐƽŗƉ Ŵʏ ƖƲ űŴūűŗƲ 

sŴƐǂǠ8ƖƏƯĴƽŴŌŴƉŴƽǡ ƽŗƶƽŴƐū űĴƶ ŌŗŗƐ ōƖƏƯƉŗƽŗœ ƖƐ ½ĴƶƯŌŗƲƲǡ ºŴ ʐ7˿
½ĴƶƯŌŗƲƲǡ ºŴ ʑ˿ ½qʏʏʕʕ˿ ĴƐœ ½qʏʑʔʔ 

yŗƏƖƲǡ ʐ W7 ƖƲ ƏƖƲŗ 

ÁƽƖƲĴūŗ 
`¼ ƶŴūƐĴƉ ƲŗōƖƲœŴƐū ƲŗƱǂŴƲŗƶ ƽűŗ ƶƽƖƲĴūŗ ƶǡƶƽŗƏ ƽƖ ƶǂƯƯƖƲƽ Ĵ ƶǂƶƽĴŴƐŗœ
ǛƲŴƽŗ ŌĴƐœǛŴœƽű ūƲŗĴƽŗƲ ƽűĴƐ ʐʌʌ y7ǡƽŗƶ̌ƶ˾ 

>ĴƽĴ `ƐƽŗƲŪĴōŗ 
ʍWŌB BƽűŗƲƐŗƽ˾ `¼ ƲŗōƖƲœŴƐū ŌĴƐœǛŴœƽű ĴƐœ ƏĴǠŴƏǂƏ ƲŗōƖƲœŴƐū œǂƲĴ̡
ƽŴƖƐ ĴƲŗ ƉŴƏŴƽŗœ Ōǡ ƽűŗ ĴǚĴŴƉĴŌƉŗ œĴƽĴŴ̡ƐƽŗƲŪĴōŗ ŌĴƐœǛŴœƽű 

>ŴƶƯƉĴǡ ½ŗƶƖƉǂƽŴƖƐ yŴƐŴƏǂƏ ƲŗƶƖƉǂƽŴƖƐ̀ʍʎʔʌ ͼ ʓʒʔ ƯŴǠŗƉƶ 

¡ƽűŗƲ ÁƖƏŗ ĴƐƽŴǚŴƲǂƶ ƶƖŪƽǛĴƲŗ ƏĴǡ ōĴǂƶŗ ƶǡƶƽŗƏ ŴƐƶƽĴŌŴƉŴƽǡ 

  



  

ÈĴŌƉŗʒ̡ʎ½ĴƶƯŌŗƲƲǡ ºŴ ÁǡƶƽŗƏ ÁƯŗōŴŪŴōĴƽŴƖƐƶ 

Model  ½ĴƶƯŌŗƲƲǡ ºŴ 8ƖƏƯǂƽŗ yƖœǂƉŗ ʑ 

ºƲƖōŗƶƶƖƲ 
7ƲƖĴœōƖƏ 78yʎʓʍʎ˿ ƱǂĴœ ōƖƲŗ 8ƖƲƽŗǠ̡ ʓʒ ̬ ½yǚʔ̭ ʒʐŌ̡Ŵƽ ÁƖ8 ͕
ʎ˾ʐW]Ǫ 

Memory  ʐW7 sº>>½ʐʐ̡ʎʒʓ Á>½ y ǛŴƽű B88 

Storage  ʏʎW7 ŗyy8 UƉĴƶű yŗƏƖƲǡ 

ºƲŗŴƐƶƽĴƉƉŗœ 
¡ƯŗƲĴƽŴƐūÁǡƶƽŗƏ 

>ŗŌŴĴƐ ʍʎ 7ƖƖƇǛƖƲƏ ʒʐŌ̡Ŵƽ 

æŴƲŗƉŗƶƶ 
8ƖƐƐŗōƽŴǚŴƽǡ 

ʎ˾ʐ W]Ǫ˿ ʑW]Ǫ æŴU̡Ŵ˿ 7ƉǂŗƽƖƖƽű ʑ˾ʌœ˿ŴƶĴŌƉŗœ Ōǡ œŗŪĴǂƉƽ ĴƐœ Əǂƶƽ Ōŗ ƏĴƐ̡
ǂĴƉƉǡ ŗƐĴŌƉŗœ 

6.7 Obtaining and Installing the Desktop Software  

 ̧ Obtain the SAStudio4 installation package that matches the R1000 hardware and software/firmware 

versions from the media supplied with the product, an official HAROGIC distribution channel, or 

HAROGIC Technical Support.  

 ̧ Note:  Windows x64, Linux x86_64, and Linux AArch64 versions are provided by default. If a Windows 

x86 version is required, contact HAROGIC Technical Support for assistance.  

 ̧ Review the release notes and verify the supported operating system, CPU architecture, required 

runtime libraries, and device compatibility.  

 ̧ Follow the instructions provided with the installation package to complete the installation. If the soft-

ware is provided as a portable package that does not require installation, keep the entire directory 

structure intact and do not copy only the executabl e file.  

 ̧ Before the first launch, verify that the current user has read and write permissions for both the soft-

ware directory and the intended data - storage directory.  

6.8 Default Data Storage Paths  

The root directory may vary depending on the installation method. Relative to the current SAStudio4 

software directory, the commonly used subdirectories are as follows:  

Relative Directory  Primary Contents  

data  
Recorded data, configuration files, and waterfall - exported data in formats 
such as CSV and WAV  

images  PNG images generated by quick screenshots and chart exports  

reports  CSV data exported from charts and the corresponding configuration files  

Chapter Completion Criteria: The host computer can successfully ping 192.168.1.100; the embedded 

host can be accessed through SSH or a local display when required; the SAStudio4 version is compat-

ible with the device; and the target storage drive has sufficient free space and sustained write perfor-

mance.  



  

8ƖƐƐŗōƽŴƐū ƽƖ Á ÁƽǂœŴƖʐ ĴƐœåŗƲŴŪǡŴƐū
>ŗǚŴōŗ ÁƽĴƽǂƶ 
Begin with the minimum required operations to verify that SAStudio4 recognizes the device 

and that the data link remains stable, before adjusting any RF parameters.  

7.1 Starting SAStudio4  
 ̧ Confirm that the power supply, data connection, and storage preparation described in Chapter 6 

have been completed ; 

 ̧ Launch the SAStudio4 version that matches the current R1000 delivery  version. The executable is lo-

cated at the following relative path: \ SAStudio4 \ SAStudio4 \ bin \ SAStudio4.exe ; 

 ̧ Wait for the main interface to complete initialization. Do not launch multiple instances while initializa-

tion is in progress. By default, R1000 Series instruments start in the Receiver IQ Streaming mode inter-

face ; 

 ̧ Check the Instrument State  area and verify that information such as the model, last six digits of the 

UID, API/FPGA/MCU versions, GUI version, bus data throughput, and real - time temperature is dis-

played.  

7.2 Interface Layout  
The standard SAStudio4 interface consists of six main areas.  

Area  Primary Function  

Menu  
Save/open configurations, switch modes, select single/continuous op-
eration, quick recording and playback, and system settings.  

Graph Set Area  
Select graphs and configure Graph, Trace, Marker, zoom, and data export 
settings.  

Graph Display Area  
Display the maximum power - over - time thumbnail, spectrum, IQvT, PvT, 
spectrogram , and other plots . 

Main Setting Area  
Configure Frequency BW Amplitude Trigger Record Play Back

DDC FFT IQvT  and PvT. 

Instrument State  
Display status information such as the model, UID, software/firmware 
versions, throughput, and temperature.  

Parameter Quick Set  
Quickly view or modify frequently used parameters such as center fre-
quency.  
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7.3 Establishing the Device Connection  
The primary indication of a successful desktop connection is whether SAStudio4 can display the de-

vice status information. If the status information remains blank after startup, errors persist, or data 

does not refresh, exit the software first, then check t he hardware connections and verify that the soft-

ware and device versions are compatible.  

Quick Verification Task  

æŴƽűƖǂƽ ōűĴƐūŴƐū ĴƐǡ ōƲŴƽŴōĴƉ ƲŗōŗŴǚŗƲ ƯĴƲĴƏŗƽŗƲƶ˿ ōƉŴōƇ ̺8ƖƐƽŴƐǂƖǂƶ̻ ĴƐœ ǚŗƲŴŪǡ ƽűĴƽ ƽűŗ ƶƽĴƽǂƶ ŴƐŪƖƲ̡

ƏĴƽŴƖƐ ĴƐœ ūƲĴƯűƶ ōƖƐƽŴƐǂŗ ƽƖ ƲŗŪƲŗƶű˾ ÈűŗƐ ōƉŴōƇ ̺ÁŴƐūƉŗ̻ ĴƐœ ōƖƐŪŴƲƏ ƽűĴƽ ƽűŗ ƶƖŪƽǛĴƲŗ ōĴƐ ōƖƏƯƉŗƽŗ

a single acquisition.  

7.4 Viewing the Model, UID, and Software/Firmware Versions  
8ƉŴōƇ ̺ÁǡƶƽŗƏ̻-΅ ̺ ŌƖǂƽ̻ ƖƐ ƽűŗ ƏŗƐǂ ŌĴƲ ƽƖ ǚŴŗǛ ƽűŗ ōǂƲƲŗƐƽ œŗǚŴōŗ Í`> ĴƐœ ƶƖŪƽǛĴƲŗ̌ŪŴƲƏǛĴƲŗ ǚŗƲ̡

sions:  

¶ Device model and UID  

¶ SAStudio4 GUI version  

¶ API, FPGA, MCU, and other firmware versions displayed in the interface  

7.5 Viewing Temperature, Bus Throughput, and Operating Status  
The Device Status Area displays the bus data throughput and real - time device temperature. Pay par-

ticular attention to the following:  

Item  Normal Behavior  

Status Refresh  
Information such as the model, version, and temperature remains visible and 
updates normally.  

Bus Throughput  
Changes with the data stream after acquisition or recording starts, and de-
creases after acquisition or recording stops.  



  

Temperature  Changes gradually within the specified operating range of the product.  

Graph Refresh  Stable continuous updates with no prolonged UI freezes.  

7.6 Restoring the Default Configuration  
8ƉŴōƇ ̺ºƲŗƶŗƽ̻ ƖƐ ƽűŗ ƏŗƐǂ ŌĴƲ ƽƖ ƲŗƶƽƖƲŗ ƽűŗ ōǂƲƲŗƐƽ ƶƖŪƽǛĴƲŗ ōƖƐŪŴūǂƲĴƽŴƖƐ ƽƖ ƽűŗ œŗǚŴōŗ̓ƶ œŗŪĴǂƉƽ

settings. In the following situations, it is recommended to save the current configuration before ap-

plying the preset:  

¶ After multiple parameter changes, when it is difficult to determine which setting is causing the ab-

sence of data;  

¶ When external clock configuration fails and the device needs to be returned to the internal clock;  

¶ After changing devices or switching the primary operating mode, when the interface status does not 

match the expected state.  

7.7 Checklist for Verifying Normal Device Operation  

No. Check Item  Pass Criteria  

1 
Power supply, cooling, and 
data connection  

Comply with the hardware manual and remain sta-
ble.  

2 Temperature and status  
Remain within the allowable range for the corre-
sponding model, with no persistent alarms.  

3 
Continuous and single acquisi-
tion  

Acquisition can be completed normally in both 
modes.  

4 Receiver IQ Streaming mode  
The Spectrum, IQvT, or PvT view refreshes nor-
mally.  

5 
Short - duration IQ recording 
and playback  

Files can be created, recording can be stopped, 
and recorded files can be opened and played 
back.  



  

åŴŗǛŴƐū ĴƐœ 8ƖƐŪŴūǂƲŴƐū ½U ÁŴūƐĴƉƶ̀
½ŗōŗŴǚŗƲ `¼ ÁƽƲŗĴƏŴƐū yƖœŗ 
Configure the center frequency, bandwidth/sample rate, and display settings in sequence to establish 

a reproducible workflow for receiver signal monitoring and recording.  

Receiver IQ Streaming mode is the primary mode for desktop verification of the R1000 Series. It brings 

together receiver configuration, time - domain IQ data, power - vs.- time analysis, spectrum preview, 

DDC, and recording controls within a single workflow.  

8.1 Entering Receiver IQ Streaming Mode  

¶ Complete the connection and device - status verification in the checklist provided in Chap-
ter 7.  

¶ SAStudio4 enters Receiver IQ Streaming mode by default at startup. Alternatively, click 
̺yƖœŗ̻-΅ ̺½ŗōŗŴǚŗƲ̌`¼ ÁƽƲŗĴƏŴƐū̻ ƖƐ ƽűŗ ƏŗƐǂ ŌĴƲ˾ 

 

UŴūǂƲŗʔ̡ʍ½ŗōŗŴǚŗƲ `¼ ÁƽƲŗĴƏŴƐū yƖœŗ `ƐƽŗƲŪĴōŗ 

8.2 Setting the Center Frequency  

¶ `Ɛ ƽűŗ yĴŴƐ ÁŗƽƽŴƐū ƲŗĴ˿ ƶŗƉŗōƽ ̺UƲŗƱǂŗƐōǡ˾̻ 

¶ Set the Center Frequency so that the target signal falls within the current analysis bandwidth.  

¶ 8ƉŴōƇ ̺8ƖƐƽŴƐǂƖǂƶ̻ ĴƐœ ƖŌƶŗƲǚŗ ƽűŗ ƶƯŗōƽƲǂƏ ƖƲ ƽŴƏŗ- domain display to determine whether the tar-

get signal is present.  

¶ If the target signal is not observed, first check the signal source, RF connection, and center fre-

quency before adjusting the gain. Do not rely solely on continuously increasing the gain to determine 

whether the signal path is connected properly.  



  

8.3 Setting Bandwidth, Sample Rate, and Gain  

Parameter  SAStudio4  Setting  Usage Guidelines  

Native  
Sample Rate  

̺7æ̻ - > N̺ative Sample 
Rate  ̻

Sets the ADC sample rate. The native sample rate 
can be used together with the span setting to 
achieve flexible sample - rate adjustment.  

Analysis 
Bandwidth / 
Span  

̺7æ̻ - > S̺pan  ̻
Defines the frequency range for preview and anal-
ǡƶŴƶ˾ ̺ÁƯĴƐ ζ̌Ƹ  ̻adjusts the span in powers of 
two.  

Data Format  ̺7æ̻ - > D̺ata Format  ̻

The software provides single - channel 16 - bit and 
32- bit options, with 16 - bit as the default. A higher 
bit width generally provides greater precision but 
also results in a larger amount of data.  

Preamplifier  
̺ ƏƯƉŴƽǂœŗ̻ - > P̺ream-
plifier  ̻

The preamplifier can be set to Auto, forced Off, or 
one of the gain modes provided by the interface. In 
strong - signal environments, priority should be 
given to preventing RF front - end overload.  

Gain ̺ ƏƯƉŴƽǂœŗ̻ - > G̺ain  ̻
s̺ƖǛ zƖŴƶŗ̻ ƯƲŴƖƲŴƽŴǪŗƶ Ĵ ƉƖǛŗƲ ƐƖŴƶŗ ŪƉƖƖƲ˿ ǛűŴƉŗ
̺]Ŵūű sŴƐŗĴƲŴƽǡ̻ ƯƲŴƖƲŴƽŴǪŗƶ ƉŴƐŗĴƲŴƽǡ ƯŗƲŪƖƲƏĴƐōŗ˾
Select the appropriate strategy for the application.  

IF Automatic 
Gain Control  

̺ ƏƯƉŴƽǂœŗ̻ - > I̺F Auto-
matic Gain Control  ̻

When enabled, the software can reduce the IF gain 
if IF saturation occurs. When disabled, the manually 
configured gain is maintained.  

Attenuation  ̺ ƏƯƉŴƽǂœŗ̻ - > A̺tten  ̻
Used to increase headroom in strong - signal envi-
ronments. After making changes, recheck the 
noise floor, peak level, and overload status.  

8.4 Spectrum and Waterfall Preview  

The spectrum preview in Receiver IQ Streaming mode is used to verify the signal location and its basic 

frequency -œƖƏĴŴƐ ōűĴƲĴōƽŗƲŴƶƽŴōƶ˾ `Ɛ ƽűŗ yĴŴƐ ÁŗƽƽŴƐū ƲŗĴ˿ ōƉŴōƇ ̺UUÈ̻ ĴƐœ ŗƐĴŌƉŗ ̺ ƐĴƉǡƶŴƶ˾̻ >ƲĴū ƽűŗ

̺ÁƯŗōƽƲǂƏ-º̻ ƶŗƉŗōƽŴƖƐ ŌƖǠ ŴƐ ƽűŗ ƏĴǠƯƖǛŗƲ- vs- tim e overview, or set the Start Time and Time Length, 

to select the IQ time interval to be used for FFT analysis.  

Íƶŗ ̺UUÈƶŴǪŗ̻ ƽƖ ƶŗƽ ƽűŗ ƐǂƏŌŗƲ ƖŪ UUÈ ƯƖŴƐƽƶ˿ ̺æŴƐœƖǛ̻ ƽƖ ƶŗƉŗōƽ ƽűŗ ǛŴƐœƖǛ ŪǂƐōƽŴƖƐ˿ ̺ÈƲĴōŗ>ŗƽŗō̡

ƽƖƲ̻ ƽƖ ƶŗƉŗōƽ ƽűŗ ƽƲĴōŗ œŗƽŗōƽŴƖƐ ƏŗƽűƖœ˿ ĴƐœ ̺`ƐƽŗƲōŗƯƽ̻ ƽƖ ŗǠōƉǂœŗ ƽűŗ ƽƲĴƐƶŴƽŴƖƐ ŌĴƐœ ŪƲƖƏ ƽűŗ œŴƶ̡

played spectrum. To observe frequency activity over time ˿ ƶŗƉŗōƽ ̺WƲĴƯű̻-΅ ̺Spectrogram .̻ 



  

 

UŴūǂƲŗʔ̡ ʎÁƯŗōƽƲǂƏ ĴƐœ æĴƽŗƲŪĴƉƉ >ŴƶƯƉĴǡƶ ŴƐ ½ŗōŗŴǚŗƲ `¼ ÁƽƲŗĴƏŴƐū yƖœŗ 

8.5 Time - Domain Waveform  

 ̧ `Ɛ ƽűŗ yĴŴƐ ÁŗƽƽŴƐū ƲŗĴ˿ ōƉŴōƇ ̺`¼ǚÈ̻ ĴƐœ ŗƐĴŌƉŗ ̺ ƐĴƉǡǪŗ̻́ 

 ̧ >ƲĴū ƽűŗ ̺`¼ǚÈ-º̻ ƶŗƉŗōƽŴƖƐ ŌƖǠ ŴƐ ƽűŗ ƏĴǠƯƖǛŗƲ- vs-ƽŴƏŗ ƖǚŗƲǚŴŗǛ˿ ƖƲ ƶŗƽ ̺ÈŴƏŗÁƽĴƲƽ̻ ĴƐœ ̺ÈŴƏŗ̡

sŗƐūƽű̻; 

 ̧ UƲƖƏ ƽűŗ ̺WƲĴƯű̻ ƏŗƐǂ ƖŪ ƽűŗ ƽĴƲūŗƽ `¼ ūƲĴƯű˿ ƶŗƉŗōƽ ̺ ǂƽƖ ÁōĴƉŗ̻ ƽƖ Ĵœƃǂƶƽ ƽűŗ `̌¼ ǛĴǚŗŪƖƲƏƶ ƽƖ ĴƐ

appropriate display range ; 

 ̧ To examine waveform details, enable Zoom or use the Magnifier function.  

 

UŴūǂƲŗʔ̡ʏÁƯŗōƽƲǂƏ ĴƐœ `¼ ÈŴƏŗ>̡ƖƏĴŴƐ æĴǚŗŪƖƲƏ ŴƐ ½ŗōŗŴǚŗƲ `¼ ÁƽƲŗĴƏŴƐū yƖœŗ 



  

8.6 MaxPwr  vs Time Waveform  

`Ɛ ƽűŗ yĴŴƐ ÁŗƽƽŴƐū ƲŗĴ˿ ōƉŴōƇ ̺ºǚÈ̻ ĴƐœ ŗƐĴŌƉŗ ̺ ƐĴƉǡǪŗ˾̻ >ƲĴū ƽűŗ ̺ºǚÈ-º̻ ƶŗƉŗōƽŴƖƐ ŌƖǠ ŴƐ ƽűŗ ƏĴǠŴ̡

mum - power - vs.-ƽŴƏŗ ƖǚŗƲǚŴŗǛ˿ ƖƲ ƶŗƽ ̺ÈŴƏŗÁƽĴƲƽ̻ ĴƐœ ̺ÈŴƏŗsŗƐūƽű˿̻ ƽƖ ǚŴŗǛ ƽűŗ ƯƖǛŗƲ- vs- time char-

acteristics of the selected IQ time interval.  

This view is useful for evaluating signal duty cycle, burst timing, and whether the selected recording 

interval captures the target event.  

 

UŴūǂƲŗʔ̡ʐºǚÈæĴǚŗŪƖƲƏ ŴƐ ½ŗōŗŴǚŗƲ `¼ ÁƽƲŗĴƏŴƐū yƖœŗ 

8.7 DDC  and Other Receiver Functions Applicable to the R1000  

DDC performs digital downconversion and resampling of the IQ data stream to generate a sub - band 

IQ stream, enabling further spectrum, IQvT, or PvT analysis of the target sub - band within the available 

bandwidth.  

Parameter  Description  

OffsetFreq  
Complex - mixer frequency offset. A value greater than 0 shifts the spectrum 
to the right, while a value less than 0 shifts it to the left.  

Decimate  DDC decimation factor, used to configure the resampling rate.  

 ̧ 8ƉŴōƇ ̺>>8̻ ĴƐœ ŗƐĴŌƉŗ ƽűŗ œŗƶŴƲŗœ ōűĴƐƐŗƉ ŪƲƖƏ ƽűŗ ōűĴƐƐŗƉƶ ĴǚĴŴƉĴŌƉŗ ŴƐ ƽűŗ ŴƐƽŗƲŪĴōŗ́ 

 ̧ Set the sub - channel center frequency, frequency offset, and decimation factor;  

 ̧ `Ɛ ƽűŗ ōűĴƐƐŗƉ ƶŗƉŗōƽŴƖƐ ƖŪ ̺UUÈ̻, ̺ `¼ǚÈ̻, ƖƲ ̺ºǚÈ̻, select the corresponding DDC channel;  

 ̧ BƐĴŌƉŗ ̺ ƐĴƉǡǪŗ̻, then use the corresponding red time - selection box or time parameters to select 

the analysis interval.  



  

 

UŴūǂƲŗʔ̡ʑ>>8 yǂƉƽŴ8̡űĴƐƐŗƉ ÈĴƲūŗƽ ÁǂŌ7̡ĴƐœ ƐĴƉǡƶŴƶ ŴƐ ½ŗōŗŴǚŗƲ `¼ ÁƽƲŗĴƏŴƐū yƖœŗ 

 



  

8.8  Trigger Settings  
CƉŴōƇ ̺ÈƲŴūūŗƲ̻ ŴƐ ƽűŗ yĴŴƐ ÁŗƽƽŴƐū ƲŗĴ ƽƖ ƖƯŗƐ ƽűŗ ƽƲŴūūŗƲ ƶŗƽƽŴƐūƶ˾ 8ƖƏƏƖƐ ōƖƐƽƲƖƉƶ ŴƐōƉǂœŗ ƽƲŴūūŗƲ

source, trigger edge, trigger delay, pre - trigger, retrigger, level threshold, and timing period.  

Configuration Workflow: First use continuous preview to verify the target signal, noise floor, and over-

load status, and then save the configuration. Subsequent IQ recording, trigger configuration, and API 

examples should, whenever possible, use the same co nfiguration as their baseline.  

 

 



  

`¼ ½ŗōƖƲœŴƐū˿ ºƉĴǡŌĴōƇ˿ BǠƯƖƲƽ˿ ĴƐœ >ĴƽĴ
yĴƐĴūŗƏŗƐƽ 
Complete a short recording workflow first, then proceed to long - duration or high - data - rate acquisi-

tion while maintaining traceability of configurations, software/firmware versions, and recorded data.  

IQ Record & Playback is a key focus of this manual. It is recommended to first complete a short record ̣

stop ọpen p̣layback workflow before performing long - duration or high - data - rate acquisitions . 

9.1 Overview of IQ Recording  

In Receiver IQ Streaming mode, SAStudio4 can write the received IQ data to recording files for sub-

sequent opening and playback. Recorded IQ data can be used for offline analysis, issue reproduction, 

algorithm validation, and comparison with results from cu stom applications.  

Recording Mode  Behavior  

Fixed Duration  
The number of samples, recording duration, and file size limit can be preset. 
The actual recording will not exceed the configured file size limit.  

Manual  
½ŗōƖƲœŴƐū Ŵƶ ōƖƐƽƲƖƉƉŗœ Ōǡ ōƉŴōƇŴƐū ̺½ŗōƖƲœ̻ ĴƐœ ̺ÁƽƖƯ̻. When the file size 
limit is reached, software automatically stops recording.  

9.2 Configuring Recording Parameters and Storage Path  
 ̧ In Receiver IQ Streaming mode, verify through the preview that the center frequency, sample rate, 

bandwidth, data format, gain, and trigger settings are correct ; 

 ̧ `Ɛ ƽűŗ yĴŴƐ ÁŗƽƽŴƐū ƲŗĴ˿ ōƉŴōƇ ̺½ŗōƖƲœ̻- > ̺ ½ŗōƖƲœŴƐū yƖœŗ̻˿ ĴƐœ ƶŗƉŗōƽ ̺UŴǠŗœ >ǂƲĴƽŴƖƐ̻ ƖƲ ̺yĴƐǂĴƉ̻; 

 ̧ `Ɛ UŴǠŗœ >ǂƲĴƽŴƖƐ ƏƖœŗ˿ ƶŗƽ ƽűŗ ƲŗōƖƲœŴƐū œǂƲĴƽŴƖƐ˾ `Ɛ ŌƖƽű ƲŗōƖƲœŴƐū ƏƖœŗƶ˿ ōűŗōƇ ƽűŗ ̺ÁŴƐūƉŗ UŴƉŗ

ÁŴǪŗ sŴƏŴƽ̻; 

 ̧ 8ƉŴōƇ ̺UŴƉŗ ºĴƽű̻ ĴƐœ ƶŗƉŗōƽ ƽűŗ œŗƶƽŴƐĴƽŴƖƐ œŴƲŗōƽƖƲǡ˾ Èűŗ œŗŪĴǂƉƽ ƲŗƉĴƽŴǚŗ œŴƲŗōƽƖƲǡ Ŵƶ œĴƽĴ́ ĴƐƖƽűŗƲ

writable directory may also be selected ; 

 ̧ 8űŗōƇ ̺½ŗƏĴŴƐŴƐū 8ĴƯĴōŴƽǡ̻ ĴƐœ ƏĴƇŗ ƶǂƲŗ ƽűĴƽ ƽűŗ ƽĴƲūŗƽ œƲŴǚŗ űĴƶ ƶǂŪŪŴōŴŗƐƽ ŪƲŗŗ ƶƯĴōŗ˾ 

9.3 Starting and Stopping IQ Recording  

9.3.1  Fixed - Duration Recording  
 ̧ Verify the recording duration, file size limit, and trigger conditions ; 

 ̧ 8ƉŴōƇ ̺½ŗōƖƲœ̻˿ ƶƖŪƽǛĴƲŗ ĴōƱǂŴƲŗƶ œĴƽĴ ǂƶŴƐū ƽűŗ ōǂƲƲŗƐƽ ōƖƐŪŴūǂƲĴƽŴƖƐ ĴƐœ ƶƽƖƯƶ ƲŗōƖƲœŴƐū

when the specified duration or file size limit is reached ; 

 ̧ After recording stops, wait until the file has been completely written before closing SAStu-

dio4 or disconnecting the device.  

9.3.2 Manual Recording  
 ̧ 8ƉŴōƇ ̺½ŗōƖƲœ̻ ƽƖ ƶƽĴƲƽ ƲŗōƖƲœŴƐū˾ 

 ̧ During recording, monitor the bus throughput, recording status, and remaining disk capacity.  



  

 ̧ 8ƉŴōƇ ̺ÁƽƖƯ̻ ƽƖ ŗƐœ ƽűŗ ƲŗōƖƲœŴƐū˾ `Ū ƽűŗ ŪŴƉŗ ƶŴǪŗ ƉŴƏŴƽ Ŵƶ ƲŗĴōűŗœ˿ Á ÁƽǂœŴƖʐ ƶƽƖƯƶ ƲŗōƖƲœŴƐū ĴǂƽƖƏĴƽ̡

ically.  

Data Integrity:  Do not force - quit SAStudio4, disconnect the storage drive, or interrupt power to the 

device while recording is in progress. An abnormal termination may result in the final recording file 

being incompletely written.  

9.4 Check Recording Status and Data Throughput  

During recording, monitor at least the following information simultaneously:  

Item  What to Check  

Bus throughput  It should correspond to the current data stream and remain continuous.  

Available disk space  Sufficient free space should be maintained as a safety margin.  

Recording status  
Start, stop, and automatic termination should correspond to the actual op-
eration.  

Temperature  
and system load  

They should remain stable, with no persistent alarms or UI freezes.  

9.5 Open and Play Back an IQ Recording  

 ̧ `Ɛ ƽűŗ ƏĴŴƐ ƶŗƽƽŴƐūƶ ĴƲŗĴ˿ ōƉŴōƇ ̺ºƉĴǡ 7ĴōƇ̻- > ̺ ¡ƯŗƐ UŴƉŗ̻; 

 ̧ In the file selection window, open the recording file to be played back ; 

 ̧ 8ƉŴōƇ ̺ºƉĴǡ̻ ƽƖ ƶƽĴƲƽ ƯƉĴǡŌĴōƇ˿ ĴƐœ ōƉŴōƇ ̺ºĴǂƶŗ̻ ƽƖ ƽŗƏƯƖƲĴƲŴƉǡ ƯĴǂƶŗ Ŵƽ; 

 ̧ Íƶŗ ̺ºƲŗǚŴƖǂƶ UƲĴƏŗ̻, ̺zŗǠƽ UƲĴƏŗ̻, ̺7ĴōƇ̻, ƖƲ ̺UƖƲǛĴƲœ̻ ƽƖ ƐĴǚŴūĴƽŗ ƽűƲƖǂūű ƽűŗ œĴƽĴ˾ BƐĴŌƉŗ ̺ ǂƽƖ

sƖƖƯ̻ ǛűŗƐ ƲŗƯŗĴƽŗœ ƯƉĴǡŌĴōƇ Ŵƶ ƲŗƱǂŴƲŗœ; 

 ̧ 8ƉŴōƇ ̺ÁƽƖƯ̻ ƽƖ ŗǠŴƽ ƯƉĴǡŌĴōƇ ĴƐœ ƲŗƶǂƏŗ œĴƽĴ ĴōƱǂŴƶŴƽŴƖƐ˾ `Ū ƐŗōŗƶƶĴƲǡ˿ ōƉŴōƇ ̺8ƖƐƽŴƐǂƖǂƶ̻ ƖƐ ƽűŗ ƏŗƐǂ

bar to return to live acquisition.  

9.6 Export Data  

Chart data and raw IQ recordings are two different types of output:  

 ̧ UƲƖƏ ƽűŗ ƽĴƲūŗƽ ōűĴƲƽ˿ ƶŗƉŗōƽ ̺WƲĴƯű̻- > ̺ BǠƯƖƲƽ >ĴƽĴ̻, or right - click in the chart display area and select 

̺BǠƯƖƲƽ >ĴƽĴ̻; 

 ̧ ÁŗƉŗōƽ ̺`ƏĴūŗ̻ ƽƖ ŗǠƯƖƲƽ ƽűŗ ōǂƲƲŗƐƽ ōűĴƲƽ Ĵƶ Ĵ ºzW ŪŴƉŗ˾ 7ǡ œŗŪĴǂƉƽ˿ Ŵƽ Ŵƶ ƶĴǚŗœ ƽƖ ƽűŗ ŴƏĴūŗƶ ŪƖƉœŗƲ; 

 ̧ ÁŗƉŗōƽ ̺>ĴƽĴ̻ ƽƖ ŗǠƯƖƲƽ ƽűŗ ōǂƲƲŗƐƽ ōűĴƲƽ œĴƽĴ Ĵƶ Ĵ 8Áå ŪŴƉŗ˾ 7ǡ œŗŪĴǂƉƽ˿ Ŵƽ Ŵƶ ƶĴǚŗœ ƽƖ ƽűŗ ƲŗƯƖƲƽƶ ŪƖƉœŗƲ; 

 ̧ Raw IQ data should be retained in the original SAStudio4 recording file. Do not use chart CSV files as 

a substitute for raw IQ data.  

9.7 Recording File Format  

SAStudio4 IQ recordings use a WAVE - compatible container that includes a RIFF/WAVE file header 

and data chunks such as fmt, prof, trig, and data. Configuration information, stream information, de-

vice information, and per - packet trigger/status information ar e stored together with the IQ data. See 

Appendix A for a complete overview.  



  

9.8 Storage Bandwidth, File Capacity, and Usage Considerations  

 ̧ Data volume increases with the sampling rate, data format, channel configuration, and recording dura-

tion. Perform a short recording first and verify the actual file growth rate . 

 ̧  ̺ UŴƉŗ ÁŴǪŗ sŴƏŴƽ̻ ƉŴƏŴƽƶ ƽűŗ ƶŴǪŗ ƖŪ ŗĴōű ŴƐœŴǚŴœǂĴƉ ƲŗōƖƲœŴƐū ŪŴƉŗ˾ ƶŴƐūƉŗ ƉƖƐū ƲŗōƖƲœŴƐū ƶŗƶƶŴƖƐ ƏĴǡ

therefore generate multiple subfiles.  

 ̧ Use a high - performance local data drive. Avoid writing real - time recordings directly to synchronized 

folders or unstable remote storage.  

 ̧ Before recording, disable unnecessary disk - scanning, backup, and large - file copy tasks.  

 ̧ After recording, immediately perform a brief playback check, and archive the device UID, software ver-

sion, and configuration file together with the recorded data.  

 

 



  

½ŗĴƉÈ̡ŴƏŗ ÁƯŗōƽƲǂƏ yƖœŗ 
Use the spectrum, probability density plot, Spectrogram , traces, and markers to quickly observe con-

tinuous, transient, and burst signals.  

Real- Time Spectrum Mode is designed for rapid observation of transient and burst signal activity. It 

serves as a preview and auxiliary analysis tool for RF signals.  

10.1 Overview of Real - Time Spectrum Mode  

8ƉŴōƇ ̺yƖœŗ̻- > ̺ ½ŗĴƉ-ÈŴƏŗ ÁƯŗōƽƲǂƏ ƐĴƉǡƶŴƶ̻ ƽƖ ŗƐƽŗƲ ½ŗĴƉ- Time Spectrum Mode. In this mode, real -

time spectral processing is performed on time - domain signals within the analysis bandwidth. Spec-

trum, probability density, and Spectrogram  help users observe continuous, transient, and burst signals.  

10.2 Setting the Center Frequency, Analysis Bandwidth, and Reference Level  

 ̧ Áŗƽ ƽűŗ ōŗƐƽŗƲ ŪƲŗƱǂŗƐōǡ ǂƐœŗƲ ̺UƲŗƱǂŗƐōǡ̻ ƶƖ ƽűĴƽ ƽűŗ ƽĴƲūŗƽ ƶŴūƐĴƉ ŪĴƉƉƶ ǛŴƽűŴƐ ƽűŗ œŴƶƯƉĴǡŗœ ŪƲŗ̡

quency range ; 

 ̧ Áŗƽ ĴƐ ĴƯƯƲƖƯƲŴĴƽŗ ĴƐĴƉǡƶŴƶ ŌĴƐœǛŴœƽű ǂƐœŗƲ ̺7æ̻ ŪƖƲ ƽűŗ ōǂƲƲŗƐƽ ƽĴƶƇ; 

 ̧ ÍƐœŗƲ ̺ ƏƯƉŴƽǂœŗ̻, configure the reference level, preamplifier, gain strategy, and attenuation so that 

the signal is neither overloaded nor too weak ; 

 ̧ UŴƲƶƽ ōƉŴōƇ ̺8ƖƐƽŴƐǂƖǂƶ̻ ƽƖ ōƖƐŪŴƲƏ ōƖƐƽŴƐǂƖǂƶ ǂƯœĴƽŴƐū˿ ĴƐœ ƽűŗƐ Ĵœƃǂƶƽ ƽűŗ ūƲĴƯű œŴƶƯƉĴǡ ƯĴƲĴƏŗƽŗƲƶ˾ 

10.3 Probability Density  

Graph  Parameter  Function  

BitMap  On enables the probability density display; Off disables it.  

Color  
Available color scales include Sky, Deep Sea, Jet, Cool, Hot, and Grayscale. 
Deep Sea is the default option in the original software.  

Afterglow  
Increasing the value extends trace persistence, making burst signals easier 
to capture. Decreasing the value speeds up visual refresh, making continu-
ous signals easier to track.  

10.4 Spectrogram  

8ƉŴōƇ ̺WƲĴƯű̻- > ̺ ÁƯŗōƽƲƖūƲĴƏ̻ ƽƖ ōƲŗĴƽŗ Ĵ ǛĴƽŗƲŪĴƉƉ œŴƶƯƉĴǡ˾ ŪƽŗƲ ƶŗƉŗōƽŴƐū ƽűŗ ǛĴƽŗƲŪĴƉƉ œŴƶƯƉĴǡ˿ ƖƯŗƐ

̺WƲĴƯű̻ ĴūĴŴƐ ƽƖ ōƖƐŪŴūǂƲŗ ƽűŗ ƶōĴƐ œŗƯƽű˿ ƽŴƏŗ œŗƐƶŴƽǡ˿ ĴƐœ ōƖƉƖƲ ƶōĴƉŗ˾ 

The source software supports a maximum buffer depth of 8,000 pixel rows. When the time density is 

set to 100, the spectrogram  display scrolls at 100 pixel rows per second.  

̺BǠƯƖƲƽ `ƏĴūŗ̻ ŗǠƯƖƲƽƶ ƽűŗ ōǂƲƲŗƐƽ ÁƯŗōƽƲƖūƲĴƏ Ĵƶ Ĵ ºzW ŪŴƉŗ˾ ̺>ĴƽĴBǠƯƖƲƽ̻ ŗǠƯƖƲƽƶ ƽűŗ œĴƽĴ ǛŴƽűŴƐ

the current buffered range as a CSV file, with the data arranged in reverse chronological order.  

10.5 Wi- Fi Signal Measurement  

8ƖƐƐŗōƽ ƽűŗ ĴƐƽŗƐƐĴ ƽƖ ƽűŗ ̺½U`z̻ ½U ŴƐƯǂƽ ƯƖƲƽ; 



  

Áŗƽ ̺8ŗƐƽŗƲ̻ ƽƖ ʎ˾ʐʐ W]Ǫ`ƐōƲŗĴƶŗ ƽűŗ ̺ ŪƽŗƲūƉƖǛ̻ ǚĴƉǂŗ ǂƐœŗƲ ƽűŗ ̺WƲĴƯű̻ ƶǂŌƏŗƐǂ ŴƐ ƽűŗ ūƲĴƯű

settings area to make Wi - Fi signals more clearly visible.  

 

UŴūǂƲŗʍʌ̡ʍÁƯŗōƽƲƖūƲĴƏ ĴƐœ ŪƽŗƲūƉƖǛ >ŴƶƯƉĴǡƶ ŴƐ ½ŗĴƉÈ̡ŴƏŗ ÁƯŗōƽƲǂƏ yƖœŗ 

  



  

10.6 Real- Time Spectrum Data Recording and Playback  

 Real-ÈŴƏŗ ÁƯŗōƽƲǂƏ yƖœŗ ĴƉƶƖ ƶǂƯƯƖƲƽƶ ƲŗōƖƲœŴƐū ĴƐœ ƯƉĴǡŌĴōƇ ƽűƲƖǂūű Á ÁƽǂœŴƖʐ̽ƶ ƶƽĴƐœĴƲœ

̺½ŗōƖƲœ̻ ĴƐœ ̺ºƉĴǡ 7ĴōƇ̻ ŪǂƐōƽŴƖƐƶ˾ `Ɛ ƽűŴƶ ƏƖœŗ˿ ƶōƲƖƉƉ œƖǛƐ ƽűŗ ƲŴūűƽ- hand toolbar to access the 

recording and playback settings.  

Before starting a recording, verify the file path, file size limit, and available storage capacity. For 

playback controls, refer to Section 9.5.  

When algorithmic processing or precise signal reproduction is required, the raw IQ data recorded in 

Receiver IQ Streaming Mode should be retained whenever possible.  

 

  



  

BǠƽŗƐœŗœ ƐĴƉǡƶŴƶ UǂƐōƽŴƖƐƶ 
The extended analysis functions are intended for signal observation and auxiliary analysis. This chap-

ter provides only an overview of the available capabilities. For detailed information, refer to the 

SAStudio4 User Guide.  

The extended analysis functions provided by SAStudio4 can be used for signal observation and aux-

iliary analysis. The guaranteed specifications of R1000 Series products are subject to the corre-

sponding product datasheets.  

`ƐƽƲƖœǂōƽŴƖƐ ƽƖ BǠƽŗƐœŗœ ƐĴƉǡƶŴƶ ¡ƯŗƲĴƽŴƐū yƖœŗƶ 

`Ɛ ĴœœŴƽŴƖƐ ƽƖ ½ŗōŗŴǚŗƲ̌`¼ ÁƽƲŗĴƏŴƐū yƖœŗ ĴƐœ ½ŗĴƉÈ̡ŴƏŗ ÁƯŗōƽƲǂƏ ƐĴƉǡƶŴƶ yƖœŗ˿ ƽűŗ ½ʍʌʌʌ

ÁŗƲŴŗƶ ƯƲƖǚŴœŗƶ Ĵ ǚĴƲŴŗƽǡ ƖŪ ƖƯŗƲĴƽŴƐū ƏƖœŗƶ˿ ŴƐōƉǂœŴƐū ÁƽĴƐœĴƲœ ÁƯŗōƽƲǂƏ ƐĴƉǡƶŴƶ yƖœŗ˿ >ŗ̡

ƽŗōƽƖƲ ƐĴƉǡƶŴƶ yƖœŗ˿ ºűĴƶŗ zƖŴƶŗ yŗĴƶǂƲŗƏŗƐƽ yƖœŗ˿ 7ĴƶŴō åŗōƽƖƲ yƖœǂƉĴƽŴƖƐƐĴƉǡƶŴƶ ̬¡Ư̡

ƽŴƖƐ ʓʍ̭˿ ºǂƉƶŗ ƐĴƉǡƶŴƶ ̬¡ƯƽŴƖƐ ʓʎ̭˿ ]ĴƲƏƖƐŴō ƐĴƉǡƶŴƶ˿ ĴƐœ yĴƯƯŴƐū yƖœŗ˾ 

SAStudio4  Main Operating Modes Description  

Â Standard Sp ectrum  Analysis Mo de  

This mode provides a wide range of meas-

urement functions, including full - span spec-

trum s weep , channel power, OBW, ACPR, 

IM3 and SEM. It also supports spectrum re-

cording  and playback. Combined with auxil-

iary tools such as signal tracking, peak table, 

and amplitude correction, it delivers a one -

stop platform for comprehensive spectrum 

check . 
 

Â IQ Streaming Mo de  
This mode supports up to 100 MHz analysis 

bandwidth and allows IQ data acquisition 

through multiple trigger methods. It provides 

IQ time - domain  waveform display, spectrum 

and spectrogram  views, AM/FM demodula-

tion, and digital down conversion (DDC).  

 

 



  

Â Power Detection Analysis Mode  
This mode enables detection and analysis of 

time - domain signals within the analysis 

bandwidth, making it suitable for applica-

tions focused on in - band power - versus -

time relationships, such as pulse signal 

measurements.  

 

 

Â Real- time Spectrum Analysis Mode  
This mode is powered by a high - speed 

FPGA- based FFT engine, featuring with 

strictly gapless and overlap - free FFT, 

achieving true real - time monitoring across 

the full bandwidth.  

 

 

Â Basic Vector Modulation Analysis 
Mode (opt.71)  
This mode supports 2ASK, 2FSK, 4FSK, 

GMSK, BPSK, QPSK, 8PSK, 16QAM,  32QAM  
64QAM, 128QAM, and 256QAM signals.  

 

 

Â Harmonic Analysis Mode  
This mode supports detection and measure-

ment of up to 10 harmonic components, in-

cluding harmonic peaks, harmonic channel 

power, and total harmonic distortion.  

 

 



  

Â Phase Noise Measurement Mode  
This mode supports offset ranges from 1 Hz 

to 10 MHz for evaluating carrier phase stabil-

ity. With the built - in automatic carrier search 

function, the software  can quickly locate the 

target carrier without manual adjustment . 

 

 

Â Pulse Analysis (opt.72 ) 

This mode supports the measurement of 

pulse signals with a pulse width of 32ns or 

more, displaying key parameters such as Top 

level (dBm), Base level (dBm), Top/Base, 

Droop, Over Shoot, Ripple, Rise/Fall Time, 

Rise/Fall Edge, Width, PRI, and Duty Cycle.  

 

 

Â Mapping Mode  

This mode integrates GPS positioning func-

tion  to generate heat maps and other visual 

charts, displaying key information such as 

Channel Power , Occupied BW , Time, Coordi-

nates (latitude/longitude), Altitude, Pixel Po-

sition, and Azimuth within a specific area. It is 

ideally suited for fields such as radio moni-

toring and interference analysis . 

 

 

Main Functions Overview  

Â Channel Pow er 

 

 Â ¡7æ  



  

Â ACPR 

 

 Â `yʏ 
 

Â ÁBy 

 

 Â y̌Uy Demodulation  
 

Â Antenna Factor  

 

 Â Amplitude Offset  

 
 

Â Signal Track  

 

 Â Peak Table  
 



  

Â Data Record and Playbac k 

 

 
 

 
Â Multiple Unit Displa y 

 

 

In addition to the technical specifications listed in the product manual, the specifications for the 

corresponding operating modes are as follows:  

STANDARD  
SPECTRUM ANALY SIS  

 

Detector  PosPeak, NegPeak, Sample, Average, RMS, RawFrames, MaxPower  

½7æ ʌ˾ʍ ]Ǫʍ̡ʌ y]Ǫ 

å7æ ʌ˾ʍ ]Ǫʍ̡ʌ y]Ǫ 

Data chart  
SAStudio4 software provides spectrum, spectrogram, historical 

trace  

Measurements  
Channel power, OBW, X dB bandwidth, Adjacent channel power ra-

tio, IM3  

ÁǛŗŗƯ ÁƯŗŗœ 
(Spur Rejection = Bypass)  

½7æ ; ʎʑʌ Ƈ]Ǫ FPGA processing  7̡zǂƽƽĴƉƉ · ʍ È]Ǫ̌ƶ 

½7æ ; ʎʑƇ]Ǫ FPGA processing  qĴŴƶŗƲ · ʏʌʌ W]Ǫ̌ƶ 

½7æ ; ʍƇ]Ǫ CPU processing  7̡zǂƽƽĴƉƉ · ʐ W]Ǫ̌ƶ 

   

DETECTION  ANALYSIS   

Min. time resolution  ʍʒ Ɛƶ ̌ ʔ Ɛƶo̬pt.ʑʌ̭ 

Max. analysis bandwidth  ʑʌ y]Ǫ ̌ ʍʌʌ y]Ǫo̬pt.ʑʌ̭ 

Detector  PosPeak, NegPeak, Sample, Average, RMS, MaxPower  

  

REAL TIME  
SPECTRUM ANALYSIS  

 

UUÈ analysis  
FFT engine is implemented in FPGA. Frame compression and trace 
detection are supported. No missing samples between FFT frames  

 

UUÈ ŪƲĴƏŗ ǂƯœĴƽŗ ƲĴƽŗ;ʍʌ Ώ ʕ Ɛƶ̬̌zͼ>ͼyŴƐŴƏǂƏƽŴƏŗƲŗƶƖƉǂƽŴƖƐ̭ 
º¡` ; ʎ ͼ zͼ>ͼyŴƐŴƏǂƏƽŴƏŗƲŗƶƖƉǂƽŴƖƐ 

zŴƶUUÈƶŴǪŗ̬ʐʌʕʒ˿ ʎʌʐʔ˿ ʍʌʎʐ˿ ʑʍʎ˿ ʎʑʒ˿ ʍʎʔ˿ ʒʐ˿ ʏʎ̭ 
> Ŵƶ ƽűŗ œŗōŴƏĴƽŴƖƐ ŪĴōƽƖƲ ̬ʍ˿ ʎ˿ ʐ˿ ʔ˿ ̭̂˾ 



  

 

Typical  
settings  

UUÈrefresh rate (times/s)  ʍʌʌΚ º¡` 

std.  opt.50  std.  opt.50  

z ; ʐʌʕʒ˿ 
> ; ʍ 

ʍʑ˿ʎʑʔ ʏʌ˿ʑʍʓ ʍʏʍ˾ʌʓʎ ǂƶ ʒʑ˾ʑʏʒ ǂƶ 

z ; ʏʎ˿ 
> ; ʍ ʍ˿ʕʑʏ˿ʍʎʑ ʏ˿ʕʌʒ˿ʎʑʌ ʍ˾ʌʎʐ ǂƶ ʌ˾ʑʍʎ ǂƶ 

Max. analysis bandwidth  ʑʌ y]Ǫ ̌ ʍʌʌ y]Ǫo̬pt.50  ̭

Window function  7̡zǂƽƽĴƉƉUƉĴƽƽ̡ƖƯsƖǛÁŴœŗsƖŌŗ½ŗōƽĴƐūƉŗqĴŴƶŗƲ 

RBW steps  · ʍʎ grades  

Amplitude resolution  ʌ˾ʑ œ7 

ºűĴƶŗ zƖŴƶŗ 
yŗĴƶǂƲŗƏŗƐƽ 

 

Min. frequency offset  ʍ ]Ǫ 

Max. measurement fre-
quency offset  

ʍʌ y]Ǫ 

Trace smooth  Support  

ÁÁ7 ƯűĴƶŗ ƐƖŴƶŗ
̬œ7ō̌]Ǫ̭ 
Guaranteed/Typical  

 

Carrier frequency  ʍ W]Ǫ ʐ˾ʑ W]Ǫ ʒ W]Ǫ ʕ W]Ǫ 

ʍʌʌ ]Ǫ ʕ̡ʌ ̡̌ʕʐ ʔ̡ʌ ̡̌ʔʏ ʔ̡ʌ ̡̌ʔʏ ʓ̡ʔ ̡̌ʔʍ 

ʍ Ƈ]Ǫ ʍ̡ʍʏ ̌ʍ̡ʍʓ ʍ̡ʌʎ ̌ʍ̡ʌʑ ʍ̡ʌʌ ̌ʍ̡ʌʏ ʕ̡ʑ ̡̌ʕʔ 

ʍʌ Ƈ]Ǫ ʍ̡ʎʌ ̌ʍ̡ʎʑ ʍ̡ʍʎ ̌ʍ̡ʍʑ ʍ̡ʌʕ ̌ʍ̡ʍʎ ʍ̡ʌʒ ̌ʍ̡ʌʕ 

ʍʌʌ Ƈ]Ǫ ʍ̡ʎʒ ̌ʍ̡ʎʕ ʍ̡ʍʐ ̌ʍ̡ʍʓ ʍ̡ʍʍ ̌ʍ̡ʍʐ ʍ̡ʌʔ ̌ʍ̡ʍʍ 

ʍ y]Ǫ ʍ̡ʏʒ ̌ʍ̡ʏʕ ʍ̡ʎʑ ̌ʍ̡ʎʔ ʍ̡ʎʏ ̌ʍ̡ʎʒ ʍ̡ʍʕ ̌ʍ̡ʎʎ 

ʍʌ y]Ǫ ʍ̡ʐʌ ̌ʍ̡ʐʏ ʍ̡ʏʓ ̌ʍ̡ʐʌ ʍ̡ʏʓ ̌ʍ̡ʐʌ ʍ̡ʏʒ ̌ʍ̡ʏʕ 

     

PULSE DETECTION   

Min. pulse width  ʒʐ Ɛƶ ̌ ʏʎ Ɛƶo̬pt.ʑʌ̭ 

Measurement parame-
ters  

ÈƖƯ sŗǚŗƉ˿ 7Ĵƶŗ sŗǚŗƉ˿ ÈƖƯ̌7Ĵƶŗ˿ >ƲƖƖƯ˿ ¡ǚŗƲÁűƖƖƽ˿ ½ŴƯƯƉŗ˿ ½Ŵƶŗ ÈŴƏŗ˿ 
Rise Edge, Fall Time, Fall Edge, Width, PRI, Duty Cycle  

  

AM DEMODULATION   

Measurement  
parameters  

yƖœǂƉĴƽŴƖƐ œŗƯƽű˿ ōĴƲƲŴŗƲ ƯƖǛŗƲ˿ ƏƖœǂƉĴƽŴƖƐ ƲĴƽŗ˿Á`z > 
signal - to - noise ratio, RMS power, total harmonic distortion, etc.  



  

 

  

Modulation rate test 
range  

ʎʌ ]Ǫʍ̡ʌ y]Ǫ 

Modulation rate test 
accuracy  

< 1 Hz when modulation rate  
< 1 kHz 

< 0.1% when modulation rate  
· ʍ Ƈ]Ǫ 

 
Modulation depth test 
range and accuracy  

ʑΚ̡ ʕʑΚΉ ʑΚ (Nominal)  



  

 

Á̉ƯŗōŴŪŴōĴƽŴƖƐ ĴƯƯƉŴŗƶǂƐœŗƲƽűŗ ŪƖƉƉƖǛŴƐū ōƖƐœŴƽŴƖƐƶ̀ 

̬ʍ̭ ÁƽĴƲƽ ǂƯ ĴƐœ ǛĴƲƏ ǂƯ ŪƖƲ ʍʌ ƏŴƐǂƽŗƶ 

̬ʎ̭ ƏŌŴŗƐƽ ƽŗƏƯŗƲĴƽǂƲŗ ʎʑƖ8 

ʏ̬̭ÁƯŗōŴŪŴōĴƽŴƖƐƶ ƏĴǡ ǚĴƲǡ ǛŴƽű űĴƲœǛĴƲŗ ĴƐœ ƶƖŪƽǛĴƲŗ ǚŗƲƶŴƖƐƶ ǛŴƽűƖǂƽ ƯƲŴƖƲ ƐƖƽŴōŗ 

For complete operating instructions for the extended analysis functions, refer to the HAROGIC 
SAStudio4 User Guide.  

 

FM DEMODULATION   

Measurement  
parameters  

yƖœǂƉĴƽŴƖƐ ŪƲŗƱǂŗƐōǡ ƖŪŪƶŗƽ˿ ōĴƲƲŴŗƲ ƯƖǛŗƲ˿ ƏƖœǂƉĴƽŴƖƐ ƲĴƽŗ˿Á`z > 
signal - to - noise ratio, RMS power, total harmonic distortion, etc.  

Modulation rate  
test range  

ʎʌ ]Ǫʎ̡ y]Ǫ 

Modulation rate test ac-
curacy  

< 1 Hz when modulation rate < 1 
kHz  

Ά ʌ˾ʍΚ ǛűŗƐ ƏƖœǂƉĴƽŴƖƐ ƲĴƽŗ · ʍ
kHz  

Frequency offset test 
range and accuracy  

ʍ Ƈ]Ǫʍ̡ʌ y]ǪΉ ʒΚ (Nominal)  

  

BASIC VECTOR  
MODULATION ANALYSIS  

 

Modulation type  

Áqʎ Áq 
UÁqʎUÁq˿ ʐUÁq 
yÁqWyÁq 

ºÁq7ºÁq˿ ¼ºÁq˿ ʔºÁq 
¼ y ʍʒ¼ y˿ ʏʎ¼ y˿ ʒʐ¼ y˿ ʍʎʔ¼ y˿ ʎʑʒ¼ y 

Symbol length  
ʍʎʔ¼ yʎ˿ʑʒ¼ yʐʌʌʌ 

Others: ʎʌʌʌ 

Symbol rate  ̬ʍ̌ʒʐ ƽƖ ʍ̌ʐ̭ ̉ ƶĴƏƯƉŗ ƲĴƽŗ˿ Έ ʏʎ˾ʑ yÁºÁ 

Filter  Root raised cosine  

Filter roll - off factor  ʌ˾ʌʍʌ̡˾ʕʕ 

Display  Spectrum, constellation, eye diagrams, measurement results  

Measurement  
Båy˿ ĴƏƯƉŴƽǂœŗ ŗƲƲƖƲ˿ ƯűĴƶŗ ŗƲƲƖƲ˿ ŪƲŗƱǂŗƐōǡ ŗƲƲƖƲ˿ 

signal - to - noise ratio, part of the bitstream  



  

WzÁÁ˿ ½ŗŪŗƲŗƐōŗ 8ƉƖōƇ˿ ººÁ˿ ĴƐœÁǡƐōűƲƖ
ƐŴǪĴƽŴƖƐ 
First, ensure that the hardware requirements for the antenna and reference inputs are met. Then select 

the clock source and verify the lock status.  

12.1 Hardware Interfaces and Electrical Requirements  

This section first describes the connectors and electrical requirements for GNSS, the external refer-

ence input, and the reference output, followed by the corresponding SAStudio4 settings.  

12.2 Internal Reference and GNSS  

The reference clock and GNSS input connectors are both MMCX (F). The GNSS input port can supply 

power to a GNSS antenna. Contact HAROGIC Sales if a compatible GNSS antenna is required.  

The standard built - in GNSS provides 1PPS timing accuracy of ± 100 ns. With Option 05, a higher - accu-

racy built - in GNSS is provided. When GNSS is locked and operating under clear - sky conditions (with 

the receiving surface facing an unobstructed view of the sk ǡ̭˿ ƽűŗ ʍººÁ ƽŴƏŴƐū ĴōōǂƲĴōǡ Ŵƶ Έʎʌ Ɛƶ˾ 

12.3 External 10 MHz Reference Input  

Èűŗ ŗǠƽŗƲƐĴƉ ōƉƖōƇ ŴƐƯǂƽ ƲŗƱǂŴƲŗƏŗƐƽƶ ĴƲŗ̀ ʍʌ y]Ǫ˿ ĴƏƯƉŴƽǂœŗ ·ʍ˾ʑ åƯƯ˿ ĴƐœ ŴƐƯǂƽ ŴƏƯŗœĴƐōŗ ʏʏʌ ʉ˾

Sine waves, square waves, and clipped sine waves are accepted. Users can select the external refer-

ence and set the reference frequency to 10 MHz in SAStudio4,  or control it through the corresponding 

API function.  

 

UŴūǂƲŗʍʎ̡ʍÁŗƉŗōƽŴƐū ĴƐ BǠƽŗƲƐĴƉ ʍʌ y]Ǫ ½ŗŪŗƲŗƐōŗ ÁƖǂƲōŗ ŴƐ Á ÁƽǂœŴƖʐ 



  

12.4 Reference Output  

Èűŗ ƲŗŪŗƲŗƐōŗ ōƉƖōƇ ƖǂƽƯǂƽ Ŵƶ ʍʌʌ y]Ǫ˿ ǛŴƽű ĴƐ ĴƏƯƉŴƽǂœŗ ƖŪ ·ʌ˾ʏ åƯƯ˿ ĴƐœ ōĴƐ Ōŗ ƯƲƖūƲĴƏƏĴƽŴōĴƉƉǡ

enabled or disabled. Users can enable the reference clock output in SAStudio4 or control it through 

the corresponding API function.  

 

UŴūǂƲŗʍʎ̡ʎBƐĴŌƉŴƐū ƽűŗ ½ŗŪŗƲŗƐōŗ 8ƉƖōƇ ¡ǂƽƯǂƽ ŴƐ Á ÁƽǂœŴƖʐ 

12.5 Selecting an External Reference in SAStudio4  

 ̧ Connect an external reference clock that meets the requirements specified in Section 12.3 ; 

 ̧ 8ƉŴōƇ ̺ÁǡƶƽŗƏ̻ ŴƐ ƽűŗ ƏĴŴƐ ƶŗƽƽŴƐūƶ ĴƲŗĴ; 

 ̧ Áŗƽ ̺½ŗŪ8sqUƲŗƱ̻ ƽƖ ʍʌ y]Ǫ ĴƐœ ̺½ŗŪ8sqÁƖǂƲōŗ̻ ƽƖ ̺BǠƽŗƲƐĴƉ̻; 

 ̧ 8ƖƐŪŴƲƏ ƽűĴƽ ƽűŗ ƲŗŪŗƲŗƐōŗ ōƉƖōƇ ƶƖǂƲōŗ ƲŗƏĴŴƐƶ œŴƶƯƉĴǡŗœ Ĵƶ ̺BǠƽŗƲƐĴƉ̻. `Ū ƽűŗ ƶŗƽƽŴƐū ƲŗǚŗƲƽƶ ƽƖ ̺`Ɛ̡

ƽŗƲƐĴƉ̻ ĴƐœ ĴƐ ŗƲƲƖƲ ƖōōǂƲƶ˿ ōƉŴōƇ ̺ºƲŗƶŗƽ̻ ƽƖ ƲŗƶƽƖƲŗ ƽűŗ ŴƐƽŗƲƐĴƉ ōƉƖōƇ˾ 8űŗōƇ ƽűŗ ŗǠƽŗƲƐĴƉ ōƉƖōƇ ĴƐœ

try again.  

12.6 GNSS Lock and 1PPS  

The device is equipped with GNSS as standard. The positioning and lock status can be viewed by se-

ƉŗōƽŴƐū ̺ÁǡƶƽŗƏ̻- > ̺ WzÁÁ `ƐŪƖƲƏĴƽŴƖƐ̻ ŪƲƖƏ ƽűŗ ƏŗƐǂ ŌĴƲ˾ æűŗƐ WzÁÁ ʍººÁ ƽƲŴūūŗƲŴƐū Ŵƶ ƲŗƱǂŴƲŗœ̀ 

 ̧ Connect the GNSS antenna as described in Section 12.2 and wait until the interface indicates that 

GNSS is locked ; 

 ̧ Áŗƽ ̺ëººÁ̻ ƽƖ ʍ ]Ǫ́ 

 ̧ BƐƽŗƲ ½ŗōŗŴǚŗƲ `¼ ÁƽƲŗĴƏŴƐū ƏƖœŗ ĴƐœ ōƉŴōƇ ̺zŗǠƽ̻- > ̺ ÈƲŴūūŗƲ̻; 

 ̧ `Ū ƽűŴƶ ƖƯƽŴƖƐ Ŵƶ ĴǚĴŴƉĴŌƉŗ ƖƐ ƽűŗ ōǂƲƲŗƐƽ œŗǚŴōŗ˿ ƶŗƽ ̺ÈƲŴūūŗƲÁƖǂƲōŗ̻ ƽƖ ̺WzÁÁ-ʍººÁ˾̻ 

For antenna type, lock time, timing accuracy, and timestamp semantics, refer to the datasheet for the 

corresponding model and the HTRA API documentation.  

 



  

Table  12- 1 GNSS Description of GNSS parameters  

No. Parameter  Description  

1 GNSS Source  

>ŗŪĴǂƉƽ̀ Íƶŗƶ ƽűŗ œŗǚŴōŗ̽ƶ ŌǂŴƉƽ- in GNSS module.  
EIO: Uses the dedicated external GNSS expansion module supplied 
by the manufacturer.  
External: Uses a third - party GNSS module that supports standard 
serial communication.  

2 Baud Rate  
Serial baud rate of the external GNSS module. This setting is  
required only when the External GNSS source is used.  

3 Antenna  

ÁŗƉŗōƽ ̺`ƐƽŗƲƐĴƉ ƐƽŗƐƐĴ̻ ƖƲ ̺BǠƽŗƲƐĴƉ ƐƽŗƐƐĴ̻ ̬ōǂƲƲŗƐƽƉǡ˿ ƖƐƉǡ ƽűŗ
external antenna is supported).  
This setting is required only when the Default GNSS source/EIO is 
used.  

4 XPPS Out  
On: Outputs the XPPS pulse signal  
¡ŪŪ̀ UƖƲōŗƶ ƽűŗ WzÁÁ ƏƖœǂƉŗ̽ƶ ëººÁ ƖǂƽƯǂƽ ŪǂƐōƽŴƖƐ ƽƖ Ōŗ 
disabled  

5 XPPS 
œƃǂƶƽ ƽűŗ ƖǂƽƯǂƽ ƯǂƉƶŗ ŪƲŗƱǂŗƐōǡ ƖŪ ƽűŗ WzÁÁ ƏƖœǂƉŗ˿ ŴƐ ]Ǫ˾ 
>ŗŪĴǂƉƽ ǚĴƉǂŗ̀ ʍ˼]Ǫ˿ ǛűŴōű ƖǂƽƯǂƽƶ Ĵ ʍººÁ ƶŴūƐĴƉ˾ `Ū ƶŗƽ ƽƖ ʌ˾ʑ˼]Ǫ˿ Ĵ
ƯǂƉƶŗ Ŵƶ ƖǂƽƯǂƽ ŗǚŗƲǡ ʎ ƶŗōƖƐœƶ˿ Ŵ˾ŗ˾˿ Ĵ ʌ˾ʑ˼ººÁ ƶŴūƐĴƉ˾ 

6 Format  Provides two formats: Local Time and UTC Time.  

7 SatNum  Number of satellites currently positioned.  

8 SNR (Max)  Maximum signal - to - noise ratio of positioned satellites.  

9 SNR (Min)  Minimum signal - to - noise ratio of positioned satellites.  

10 SNR (Avg)  Average signal - to - noise ratio of positioned satellites.  

11 
Reference 
Frequency 
Offset  

Displays the frequency offset between the internal GNSS clock and 
the device.  

12.6.1 Use the Default GNSS Source  

 ̧ Connect the GNSS antenna to the GNSS antenna port of the device ; 

 ̧ Click "System" - > "GNSS Info", and set "GNSS Source" to "Internal GNSS"  

 ̧ Wait 1 to 3 minutes for the GNSS to lock, you can judge whether the GNSS is locked or not . According 

to the GNSS lock logo in the status bar information, after locking the GNSS lock logo is green, if it is 

grey, then it is not locked. see Table 12- 1 for the explanation of the parameters in the GNSS infor-

mation pop - up window . 



  

 

UŴūǂƲŗʍʎ̡ʏsƖōƇ ƽűŗ WzÁÁ BǠƽŗƲƐĴƉ ƐƽŗƐƐĴ 

12.6.2 1PPS Trigger Using Default GNSS Source  
Only IQS mode, DET mode and RTA mode can use 1PPS trigger of GNSS module. This section will 

take IQS mode as an example and explain in detail how to configure the 1PPS trigger function of the 

GNSS module.   

Refer to the Use the Default GNSS Source  section on to ensure that the GNSS is locked  

 ̧ Set "XPPS" to 1 Hz in the "GNSS Info"  

 ̧ Click "Mode" - > "IQStreaming" to switch to IQS mode;  

 ̧ Click "Next" - > "Trigger" in the main setup area , and set "TriggerSource" to "GNSS 1PPS" in the "Trig-

ger" submenu to use the GNSS module 1PPS trigger . 
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Íë`¡ŪƖƲ ÈƲŴūūŗƲ ĴƐœ Wº`¡ 
First, verify the 3.3 V CMOS electrical limits and connection orientation, and then select the trigger 

source, edge, delay, and pre - trigger settings.  For GPIO operation, use the GPIO interface board. Note 

that the trigger board and the GPIO interface board are two separate hardware modules.  

13.1 Trigger Capabilities  

The R1000 Series supports bus triggering, digital edge triggering, and power event trigger-

ing. The external trigger input uses 3.3 V CMOS, features a high - impedance input, and sup-

ports a maximum trigger response rate of 500 triggers per second. The trigger  output also 

uses 3.3 V CMOS.  

13.2 AUXIO Trigger Board  

This section describes how to connect and use the compatible trigger board with the R1000 Series RF 

receiver platform, including the use of trigger input and output functions. The AUXIO interface on the 

R1000 is connected to Connector 10 on the compatible trigger board (shown below) using a 14 - pin 

ribbon cable.  

Â Note: The ribbon - cable connector is designed to prevent reverse insertion. Pay attention to the con-

nector orientation and do not use excessive force. When correctly aligned, the connector should in-

sert easily . 

 

 UŴūǂƲŗʍʏ̡ʍ8ƖƐƐŗōƽŴƖƐ >ŴĴūƲĴƏ ƖŪ ƽűŗ Íë`¡ ÈƲŴūūŗƲ 7ƖĴƲœ ĴƐœ ½ʍʌʌʌ 



  

13.2.1 Introduction to the AUXIO Expansion Board for the R1000 Series  

 

UŴūǂƲŗʍʏ̡ʎ½ʍʌʌʌ ÁŗƲŴŗƶ ÈƲŴūūŗƲ 7ƖĴƲœ `ƐƽŗƲŪĴōŗ >ŴĴūƲĴƏ 

Table  13- 1 R1000 Series AUXIO Trigger Board Interface Description  

Pin Name  Direction  Level Standard  Meaning  

1 TRGIO1  I 3.3 V External trigger input  

2 TRGIO2  /  /  Reserved  

3 TRGO/IO3  O 3.3 V Trigger output  

4 LFADC  /  /  Reserved  

5 LFADC  /  /  Reserved  

6 G- 3V3  O /  Power Output, 3.3 V  

7 G- U9TX  /  /  Reserved  

8 G- DLREF /  /  Reserved  

9 NA  O /  Reserved  

10 AUXIO  /  /  Multi - Function Port  

11 G- U9RX  /  /  Reserved  

12 G- RFLO  /  /  Reserved  

13 G- IFLO  /  /  Reserved  

 

 



  

13.3 Configuring Triggering in SAStudio4  

Fixed -ŪƲŗƱǂŗƐōǡ ƏƖœŗƶ˿ ƶǂōű Ĵƶ ½ŗōŗŴǚŗƲ `¼ ÁƽƲŗĴƏŴƐū˿ ƯƲƖǚŴœŗ ƽƲŴūūŗƲ ƖƯƽŴƖƐƶ ǂƐœŗƲ ̺ÈƲŴūūŗƲ̻˿ ŴƐ̡

cluding External, Bus, Level, Timer, Multi - Device Synchronization, and GNSS - 1PPS triggering.  

Parameter  Function  

Trigger Edge  Rising edge, falling edge, or both edges . 

Trigger Delay  The delay between trigger arrival and the start of acquisition . 

Pre- Trigger  Retains a specified amount of data acquired before the trigger arrives . 

Retrigger  
Continues responding to subsequent triggers according to the configured 
settings; the number of triggers and trigger interval can be specified.  

Level Threshold  The trigger condition is met when the signal level exceeds the threshold; a de-
bounce/safety time can also be configured.  

Timer Period  Defines the timer trigger period and its synchronization relationship.  

Trigger Verification Sequence:  First, use bus/software triggering to verify that the acquisition chain is 

functioning properly. Then connect the external trigger signal. Use an oscilloscope to verify the trigger 

source amplitude, polarity, pulse width, and edge characteristics. Finally , verify that the pre - trigger, 

trigger delay, and timestamps conform to the application requirements.  

13.4  Using the GPIO Interface  

The R1000 can be connected to the EIO expansion board through the AUXIO interface, as shown in the 

following figure. The output logic level of each GPIO pin can then be controlled independently.  

 

Figure 13- 3 EIO Expansion Board Interface  

 

 

 

 

 

 

 



  

Table 13 - 2 EIO Expansion Board Pin Assignments  

ºŴƐ >ŗŪŴƐŴƽŴƖƐ 

ʍ Wº`¡ʌ 

ʎ Wº`¡ʎ 

ʏ Wº`¡ʐ 

ʐ Wº`¡ʒ 

ʑ Wz> 

ʒ Wº`¡ʍ 

ʓ Wº`¡ʏ 

ʔ Wº`¡ʑ 

ʕ Wº`¡ʓ 

After connecting the EIO expansion board to the AUXIO interface, select System > GPIO  from the 

SAStudio4 menu bar to control the output logic level of each GPIO pin.  

 



  

yŴūƲĴƽŴƐū ŪƲƖƏ Á ÁƽǂœŴƖʐ ƽƖ ƽűŗ ]È½ º` 
SAStudio4 helps users verify that the device and parameter settings work correctly; the HTRA API 

helps users integrate the same capabilities into their custom applications.  

14.1 Why Use the HTRA API  

The HTRA API should be used when an application requires unattended operation, automated config-

uration, multi - device coordination, custom processing of continuous data streams, remote manage-

ment, or integration with business systems.  

SAStudio4 can still be retained as a debugging and reference tool, but it is not a required runtime en-

vironment for the Customer Application.  

14.2 HTRA API , SDK and Example Applications  

Component  Purpose  

HTRA API 
Defines programming interfaces for device discovery/connection, re-
ceiver configuration, data acquisition, status monitoring, error handling, 
and related operations.  

SDK Provides header files, libraries, runtime components, development doc-
umentation, and platform - specific build resources.  

Example Applications  
Demonstrate typical API call sequences and data - processing entry 
points, allowing users to validate the development environment before 
starting application development.  

14.3 Basic Mapping Between SAStudio4 Parameters and HTRA API  

Parameters  
The following table illustrates conceptual mappings only and does not specify function names or enu-

meration values. For the actual API names, refer to the HTRA API Reference documentation released 

with the current SDK.  

SAStudio4  Concept  HTRA API  Considerations  

Center Frequency  Receiver tuning frequency configuration.  

Native Sample Rate, 
Analysis Bandwidth  

Sample rate, data bandwidth, and decimation relationships.  

Data Format  
Sample bit width, I/Q data organization, and data packet interpreta-
tion.  

Preamplifier, Gain 
Strategy, Attenuation, 
IF AGC 

Receiver - chain gain and dynamic range configuration.  

Trigger Source, Edge, 
Delay, Pre - Trigger  

Acquisition trigger configuration and timing semantics.  



  

DDC Channel  

OffsetFreq Decimate  
Sub - band downconversion, decimation, and sub - band IQ streams.  

Record  
Data reception, buffering, file storage, and data integrity strategy im-
plemented by the user application.  

Status Area  
Device information, version information, temperature, link status, and 
error diagnostics.  

14.4 Running the First Receiver Example  

 ̧ Obtain the HTRA API, SDK, and Example Applications release package that matches the R1000 soft-

ware and firmware versions.  

 ̧ Select the most basic receiver example and configure the device connection parameters according 

to the documentation provided with the release package.  

 ̧ Start with center frequency, sample rate, bandwidth, gain, and other settings similar to  those already 

verified in SAStudio4.  

 ̧ Run the example and check the device information, returned status, number of data packets, and re-

ceived data.  

 ̧ Stop the example and release the device, then use SAStudio4 to verify that the device can still be 

connected and operated normally.  

The specific example names, directory structure, build commands, and runtime parameters may vary 

between SDK releases and are therefore not fixed in this manual.  

14.5 Obtaining Development Documentation and Technical Support  

Obtain the HTRA API Reference, SDK documentation, and Example Applications that match the cur-

rent release combination from the SDK package supplied with the device or through official HAROGIC 

channels. When requesting technical support, provide the informa tion listed in Chapter 15.  

Development Question  Documentation to Consult  

Functions, enumerations, structures, error 
codes, timestamps, and synchronization  
semantics  

HTRA API Programming Guide  

Where to find examples, how to build and run 
them, and how to adapt them for the R1000  API Example User  Guide  

Whether a parameter in SAStudio4 can be 
configured through the API  

First refer to the conceptual mapping in this 
chapter, then consult the API Reference for the 
current SDK for the definitive implementation.  

GNU Radio and similar environments  

Use GNU Radio to create applications. Obtain 
the latest GNU Radio and SoapySDR examples 
from the HAROGIC Git repositories, which are 
continuously maintained : HAROGIC Git Repo.  

https://github.com/HAROGIC-Technologies?tab=repositories


  

ʍʑÁƖŪƽǛĴƲŗ ÍƯœĴƽŗƶ˿ yĴŴƐƽŗƐĴƐōŗ˿ ĴƐœÁŗƲǚŴōŗ 
Before performing any update or maintenance operation, record the current version information and 

reproducible baseline, and prepare a recovery path in case the update or maintenance fails.  

15.1 Software and Firmware Update  

This chapter describes how to update the device software, FPGA, MCU, and BUS versions.  

Automatic system updates are disabled by default on Raspberry Pi systems. It is recommended not to 

perform operating system updates or upgrades, in order to maintain compatibility with the product 

software and API. Contact HAROGIC Technical Support if assi stance is required.  

15.2 Version Requirements  

 ̧ Refer to Section 7.4 to check the model, UID, and software/firmware versions ; 

 ̧ Use the GUI version that matches the software and firmware combination supplied with the device. 

Read the corresponding release notes before performing an update ; 

 ̧ If the software indicates that an update cannot be performed, contact HAROGIC Technical Support . 

15.3 Parameter Description  

Prompt: Displays the current and target version information for the software, FPGA, MCU, and BUS.  

Update Content: Displays detailed information about the changes included in the target version.  

Update Notification:  Specifies whether the update notification window automatically appears when a 

new version is detected.  

Update Method: The available update methods are described in the following table.  

Table  15- 1 Update Methods  

Update Method  Description  

Online  
Automatically connects to the remote server to download and install the  
latest software and firmware versions.  

Default  
Restores the firmware to the matching version associated with the currently 
installed software.  

Local  
Manually loads and installs an update package from a USB drive or local  
storage device.  

15.4 Online Update  

 ̧ Click "System" - > "Update" to enter the update interface ; 

 ̧ Check the "Update Notification" checkbox and ensure the device is connected to the internet. When 

the software starts or is running, if a new version is detected, the "Update" window will pop up auto-

matically ; 

 ̧ Áŗƽ ƽűŗ ̺ÍƯœĴƽŗ yŗƽűƖœ̻ ƽƖ ¡ƐƉŴƐŗ >ƖǛƐƉƖĴœ˾ Èűŗ ƶǡƶƽŗƏ ǛŴƉƉ ƽűŗƐ ƶƽĴƲƽ œƖǛƐƉƖĴœŴƐū ƽűŗ ǂƯœĴƽŗ

package. You can monitor the progress on the download progress bar; during this process,  the 



  

̺ÍƯœĴƽŗ̻ ŌǂƽƽƖƐ ǛŴƉƉ Ōŗ ƽŗƏƯƖƲĴƲŴƉǡ œŴƶĴŌƉŗœ˾ ŪƽŗƲ ƽűŗ ƯĴōƇĴūŗ Ŵƶ ƶǂōōŗƶƶŪǂƉƉǡ œƖǛƐƉƖĴœŗœ ĴƐœ

ƯĴƲƶŗœ˿ œŗƽĴŴƉŗœ ƲŗƉŗĴƶŗ ƐƖƽŗƶ ǛŴƉƉ Ōŗ œŴƶƯƉĴǡŗœ ŴƐ ƽűŗ ǛŴƐœƖǛ˿ ĴƐœ ƽűŗ ̺ÍƯœĴƽŗ̻ ŌǂƽƽƖƐ ǛŴƉƉ ŌŗōƖƏŗ

enabled ; 

 ̧ Carefully compare the information between the current version and the target version, and  review the 

ƐŗǛ ŪŗĴƽǂƲŗƶ ĴƐœ ŪŴǠ ƉŴƶƽ˾ ¡Ɛōŗ ōƖƐŪŴƲƏŗœ˿ ōƉŴōƇ ƽűŗ ̺ÍƯœĴƽŗ̻ ŌǂƽƽƖƐ ŴƐ ƽűŗ ƉƖǛŗƲ- right corner . 

 

UŴūǂƲŗʍʑ̡ʍ¡ƐƉŴƐŗ ÁƖŪƽǛĴƲŗ ĴƐœ UŴƲƏǛĴƲŗ ÍƯœĴƽŗ 

 ̧ ŪƽŗƲ ōƉŴōƇŴƐū ƽűŗ ̺ÍƯœĴƽŗ̻˿ ƽűŗ ƶƖŪƽǛĴƲŗ ǛŴƉƉ ĴǂƽƖƏĴƽŴōĴƉƉǡ ŗǠŴƽ ĴƐœ ŗƐƽŗƲ ƽűŗ ǂƯūƲĴœŗ ƯƲƖōŗƶƶ˾ ºƉŗĴƶŗ

keep the update window open until the progress bar completes and the software automatically re-

starts and returns to the main interface;  

 ̧ 8ƉƖƶŗ ƽűŗ ǂƯœĴƽŗ ŴƐŪƖƲƏĴƽŴƖƐ ǛŴƐœƖǛ˿ ƽűŗƐ ōƉŴōƇ ̺ÁǡƶƽŗƏ̻-΅ ̺ ŌƖǂƽ̻ ŴƐ ƽűŗ ƏŗƐǂ ŌĴƲ ƽƖ ǚŴŗǛ ƽűŗ ōǂƲ̡

rent firmware version of the instrument . 

15.5 Local Update  

Visit the company website using the link below to obtain the latest software version.  

 ̧ Download the SAStudio4 version and release notes that match the R1000 delivery configuration from 

the official HAROGIC Download Center:  

Â https://www.harogic.cn/support/download - center/  

 ̧ The local update procedure is as follows:  

 ̧ 8ƉŴōƇ ̺ÁǡƶƽŗƏ̻- > ̺ ÍƯœĴƽŗ̻ ƖƐ ƽűŗ ƶƖŪƽǛĴƲŗ ƏŗƐǂ ŌĴƲ ƽƖ ƖƯŗƐ ƽűŗ ǂƯœĴƽŗ ǛŴƐœƖǛ́ 

 ̧ ÁŗƉŗōƽ ̺sƖōĴƉ̻, ōƉŴōƇ ̺¡ƯŗƐ̻ ƽƖ ƶŗƉŗōƽ ƽűŗ ƽĴƲūŗƽ ƶƖŪƽǛĴƲŗ ŴƐƶƽĴƉƉĴƽŴƖƐ ƯĴōƇĴūŗ˿ ĴƐœ ǛĴŴƽ ŪƖƲ ƽűŗ ōƖƲƲŗ̡

ƶƯƖƐœŴƐū ǚŗƲƶŴƖƐ ŴƐŪƖƲƏĴƽŴƖƐ ƽƖ ĴƯƯŗĴƲ ŴƐ ƽűŗ ǂƯœĴƽŗ ŴƐŪƖƲƏĴƽŴƖƐ ĴƲŗĴ˾ ÈűŗƐ ōƉŴōƇ ƽűŗ ̺ÍƯœĴƽŗ̻ ŌǂƽƽƖƐ

in the lower - right corner ; 

 ̧ The software will automatically exit and enter the update process. Keep the update window open until 

the progress bar completes and the software automatically restarts and returns to the main interface ; 



  

During the update: Maintain stable device power, network connectivity, and the update window. Do 

not close the software, disconnect cables, or force - restart the device. Before performing batch or re-

mote updates, first verify the update, rollback, and minimum required functio nality on one representa-

tive device.  

15.6 Accessories, Routine Inspection, Cleaning, and Repair Information  

Accessories and Options  

Category  Item  Remarks  

Standard 
Accessories  

Power adapter, USB - C power 
cable, 1GbE Ethernet cable, 
documentation USB drive  

Standard items included with product ship-
ment.  

Optional  
Accessory  

AUXIO IO Expansion Board  Contact HAROGIC Sales for purchase.  

Option  T1 Temperature Grade (40)  - 20- 65ᴈ 

Option  100 MHz Analysis Bandwidth 
(50)  

The default bandwidth is 50 MHz, with an op-
tional 100 MHz analysis bandwidth.  

Option  PoE (Power over Ethernet)  
Provides a Power over Ethernet option, allow-
ing a single Ethernet cable to carry both data 
and power.  

Optional  
Accessories  

GNSS antenna, RF cables, ex-
ternal attenuator/limiter/DC 
block  

Contact HAROGIC Sales for purchase.  

Routine Inspection  

¶ Check the RF, GNSS, reference, network, power, and AUXIO connectors for looseness, contamination, 

or deformation.  

¶ Inspect power cables and ribbon cables for damage, crushing, or excessive bending.  

¶ Remove dust from around the ventilation openings and heat - dissipation surfaces, and check the fan 

status.  

¶ For long - term deployments, record temperature, restarts, network packet loss, reference unlock 

events, and changes in GNSS status.  

¶ After changing the hardware, system image, firmware, API, or software, repeat the minimum function-

ality and synchronization verification.  

Cleaning and Storage  

Power off the device and disconnect all cables before cleaning the enclosure with a soft , lint - free cloth. 

Do not allow liquids to enter ventilation openings or connectors, and do not use strong solvents that 

may damage coatings, plastics, or labels. Connectors should be cleaned using tools and procedures 

appropriate for the specific RF or el ectrical connector type.  

For long - term storage, use suitable ESD - protective packaging and connector caps. Keep the device 

dry and avoid placing heavy loads on it.  



  

Information to Record Before Repair or Service  

Before contacting technical support or returning the device for repair, record at least the following 

information: device model, serial number, installed options, system image/firmware/API/software 

versions, connection topology, power supply model, RF inpu t conditions, reference/trigger configu-

ration, reproducible steps, and relevant logs or screenshots.  

 

 






















