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1. Version Management

Version Update Description Table

Version Description Date

V0.55.64 1.  Added: Device_List, Device_QueryEIO_Version_UID, 03/03/2026

APISupportFirmwareVersions functions

2. Added: New API return index -49 and the corresponding

description

V0.55.63.1 1. Added: RTA Probability Density Bitmap Plotting Guide section 02/25/2026

2.  Added: Get_APIVersion function

3. Added: Range specifications for certain variables

V0.55.63 1. Modified: Analog Signal Demodulation Mode section 10/17/2025

V0.55.62 1. Added: DSP_SEMAnalysis function in digital signal processing 08/19/2025

V0.55.61

N

Added: Phase Noise Measurement Mode section 07/16/2025

Added: 1QS_GetlQStream_PM2 function

Added: Zero Span Mode section

Added: RTA_GetRealTimeSpectrum_Raw function

Added: Digital Demodulation Mode section

Added: Pulse Detection section

Added: Description of Detector and Trace Detector

@ N ® & » & N

Deleted: The APl usage method for Windows/Linux
9. Deleted: GetPatialUpdatedFullSweep in SWP mode

10. Modified: Device_SetNetworkDevicelP,
Device_SetNetworkDevicelP_PM1, Device_GetFullUID in Device

and System section
11.  Updated: All function examples

V0.55.27 1. Modified: Refactored the original Device section 03/28/2024
2. Added: SWP_AutoSet function

3. Added: System Device and GNSS related functions section

V0.54.0 1. Initial Version 05/17/2023
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2. Overview

This API system is implemented as a C-based dynamic link library for programming and

controlling the device.

The device's operating mode is a core concept of the API system. Different operating modes
provide different test behaviors and capabilities. The first step in development is to select the

appropriate operating mode according to the task requirements.

The HTRA API system supports the following operating modes: Standard Spectrum Analysis
(SWP), Receiver/IQ Stream (IQS), Detection Analysis (DET), Real-Time Spectrum Analysis (RTA),

Digital Demodulation (optional), and Phase Noise Measurement.

A thorough understanding of each operating mode's execution mechanism, combined with
selecting the appropriate mode and device parameters based on the application objectives,

helps maximize the device's performance and obtain more accurate measurement results.

Device Operating Modes and Applicable Scenarios

SWP A Panoramic spectrum sweep s Spurious measurement
Spectrum monitoring s Channel power measurement
Phase noise s OBW and ACPR measurement

Harmonic testing

IQS s Time-domain signal viewing s FM demodulation
IQ recording s User application
AM demodulation
DET s Pulse signal observation s Time-power relationship
RTA s Burst signal observation s Dynamic spectrum observation

Convert signal detection

PNM s Frequency stability analysis s Close-in noise observation
Digital Demod R Modulation quality analysis R ASK/FSK/GMSK/PSK/QAM
Vector analysis demodulation

The basic API calling process consists of five steps:

1. Open the device resource;

2. According to the selected operating mode, call the corresponding category of API

functions to configure the device to the specified mode;

HAROGIC HTRA API Programming Guide 2



3. Acquire measurement data using the data retrieval functions provided under the selected

mode;

4. Perform user-defined analysis based on the acquired measurement data to achieve the

intended application objective;

5. Afterthetestis completed, close the device and release the associated memory resources.

Device_Open() SWP_Configuration SWP_GetPartialSweef Device_Close()

Figure 1 Typical Calling Steps for SWP Mode

Before starting your application development, please carefully read the sections on API
invocation logic and the API call flow chart. Using the call flow chart as the processing

framework for your application will help you quickly build a robust and efficient program.
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3. Device and API version

The system operates through the coordinated execution of multiple software and firmware
components. In this system, the involved components include: Main Control Firmware (MFW),

FPGA Firmware (FFW), Bus Firmware (Bus), and the API.

The system uses a unified version format: x.y.z, where x is the major version, y is the minor

version, and z is the patch version. The minor version (y) defines the compatibility baseline.
Version Compatibility Principles

For APl version V0.55.61 and earlier: It is only required that the minor version number (y) of MFW,
FFW, and APl remain consistent to ensure normal system operation. Compatibility examples are

shown in the table below:

Table 1 Compatibility Examples for Software and Firmware Version V0.55.61 and Earlier

Example MFM FFM API
Compatible 0.55.57 0.55.18 0.55.61
Incompatible 0.55.57 0.55.18 0.54.2

For API version 0.55.62 and later: The compatibility requirements have been upgraded. MFW,
FFW, Bus, and API versions must follow the strictly corresponding baseline versions. Please

refer to the table below for details:

Table 2 Compatibility Examples for Software and Firmware Version V0.55.62 and later

API FPGA MCU BUS
0.55.64 0.55.28 0.55.65 0.55.8
0.55.59/0.55.61
0.55.63 0.55.27/0.55.28 0.55.4/0.55.6
0.55.62/0.55.64
0.55.62 0.55.27 0.55.59 0.55.4
Note:

1. To prevent system abnormalities, any form of cross-version mixing is strictly prohibited.

Please ensure strict compliance with the deployment requirements.

2. The APl version used must correspond to the version indicated on the cover of this manual

to avoid inconsistencies between the manual description and the actual APl behavior.
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4. Overview of Function Categories

Table 3 Overview of APl Function Categories

Function Category

Device and System

SWP

IQS

DET

RTA

Description

Global API functions that may be invoked under any operating mode.

This category includes functions for device open and close operations, global

configuration, retrieval of device information, and acquisition of device status.

In this mode, the receiver performs frequency hopping according to the
configuration to achieve frequency scanning. The baseband processes the
time-domain data within the analysis bandwidth at each frequency point to
perform spectrum analysis and returns the spectral results to the user. SWP
mode is suitable for frequency trace—oriented measurement and analysis

applications.

This category includes functions for SWP mode configuration, spectrum data

acquisition, and trigger control.

In this mode, the receiver sets the center frequency to the specified value and
maintains a fixed local oscillator frequency and other receiver states. The
baseband acquires time-domain data within the analysis bandwidth based on
the specified trigger signal and returns it to the user. IQS mode is suitable for
signal recording, demodulation analysis, and simultaneous multi-dimensional

analysis applications.

This category includes functions for IQS mode configuration, spectrum data

acquisition, and trigger control.

In this mode, the receiver sets the center frequency to the specified value and
maintains a fixed local oscillator frequency and other receiver states. The
baseband performs detection processing on the time-domain signal within the
analysis bandwidth and returns the power results to the user based on the
specified trigger signal. DET mode is suitable for applications focusing on the
in-band power versus time relationship, such as pulse parameter

measurements.

This category includes functions for DET mode configuration, power data

acquisition, and trigger control.

In this mode, the receiver sets the center frequency to the specified value and
maintains a fixed local oscillator frequency and other receiver states. The
baseband performs continuous spectrum analysis on the time-domain signal

within the analysis bandwidth and returns the spectral results to the user. RTA
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ASG

DSP

ADM

PNM

Digital Demod

Pulse Detect

mode is suitable for applications focusing on instantaneous and burst signals,
such as interference investigation and characteristic signal identification in

complex electromagnetic environments.

This category includes functions for RTA mode configuration, spectrum data

acquisition, and trigger control.

Global functions for controlling the device or its analog signal source options,
which can be invoked under any operating mode. This category includes
functions for configuring output tones, frequency sweeps, and similar

operations.

General post-processing functions that are independent of hardware status.
This category includes functions for |IQ data processing, such as DDC, FFT
analysis, and video detection; as well as measurement and analysis of
spectrum traces, including IM3, phase noise, channel power, occupied

bandwidth, and similar functions.

Analog demodulation post-processing functions that are independent of

hardware status.

This category performs demodulation on IQ data acquired by the device,

including functions such as AM demodulation and FM demodulation.

In this mode, the receiver performs phase noise measurement and analysis on
the acquired data, and outputs results in real time, including carrier

characteristics and phase noise traces.
IQS mode data post-processing functions that are independent of hardware
status.

This category performs demodulation on IQ data acquired by the device and
returns demodulation results, constellation diagrams, EVM, and other related

parameters.

IQS/DET mode data post-processing functions that are independent of

hardware status.

This category performs pulse detection on the acquired time-domain data and

can output parameters such as pulse width, period, and duty cycle.
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5. API Call Logic and Call Map

5.1 API Call Map for SWP Mode

Device_Open

N

return =0
v

Y

A

SWP_Configuration

retumn -4
error
The If calibration
file lost

return -3
error
The RF calibration
file lost

return -6
error
The device
specification file lost

retumn -5

he Configuratiol
file lost

return -1
error
Bus opening failure

Check equipment power
supply

Check that the driver is
installed correctly

L 2

Get the missing file

and placed in the specified
directory

SWP_GetPartSweep

return -8
error

return -10
warning - get data time out
Check the trigger source

Bus communication error

return -8
error
Bus communication error

return -9
error
Data content error

return -12
warning - IF overflow
Check

reference level <= signal power

return -14
warning - Device temperature
changes greatly
Reconfigure

retun -15
warning - Hardware exception
Reconfigure

<>

Device_Close

o>

Figure 2 SWP Mode Call Flow Diagram
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5.2 API Call Map for IQS Mode

Device_Open €
N
relurfy
Y return -3
error

The RF calibration
file lost

return -4
error
The If calibration
file lost

The

return -6
error
The device

specification file lost]

return -5

error
Configuration
file lost

retun -1
error
Bus opening failure

Check equipment power

supply
Check that the driver is
installed correctly

A\ 4

A 4

Get the missing file

and placed in the specified
directory

A

1QS_Configuration

1QS_BusTriggerStart

return -8
error
Bus communication error

Wait external trigger signal

A

1QS_GetlQStream

return -10
warmning - get data time out
Check the trigger source

return -8
error
Bus communication error

return -9
error
Data content error

return = 0

return -12
warning - IF overflow
Check
reference level <= signal power

return -14

changes greatly
Reconfigure

warning - The device temperature

return -15
warning - Hardware exception
Reconfigure

N

Y

~

Device_Close

\moy

Figure 3 IQS Mode Call Flow Diagram (Trigger Mode is Fixed)
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A

Device_Open

N

returry

return -6
error

return -5
error

return -1
error

return -4

return -3

A

1QS_Configuration

Y error error
The RF calibration file jf The If calibration file jf The Configuration The device 5 =
. y Bus opening failure
lost file lost specification file lost

Check equipment power
supply

Check that the driver is
installed correctly

Get the missing file

A 4

and placed in the specified

directory

A

retun -8
error
Bus communication error

Wait external trigger signal

1QS_BusTriggerStart

1QS_GetlQStream

return -10
warning - get data time out
Check the trigger source

return -8
error
Bus communication error

return -9
error
Data content error

return =0

=Bus

1QS_BusTriggerStop

return -12
warning - IF overflow
Check
reference level <= signal power

refum -14

changes greatly
Reconfigure

warning - Device temperature

retumn -15
warning - Hardware exception
Reconfigure

N

End

Device_Close

\moy

Y

Figure 4 IQS Mode Call Flow Diagram (Trigger Mode is Adaptive)
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5.3 API Call Map for DET Mode

Device_Open <

N

retumn -1
error
Bus opening failure

return -6
error
The device

specification file lost,

relurry

Y

return -4 retumn -5

error error

The If calibration file j§ The Configuration
file lost

return -3
error
The RF calibration file
lost

lost

Check equipment power
supply
Check that the driver is
installed correctly

Get the missing file
and placed in the specified
directory

A 4

A 4

A

DET_Configuration

return -8
error
Bus communication error

Wait external trigger signal

DET_BusTriggerStart

return -9
error
Data content error

A

DET_GetTrace
return -8
error

Bus communication error

return -10
warmning - get data time out
Check the trigger source

N
return = 0
return -12 return -14 <R
warning - IF overflow warning - Device temperature . .
warning - Hardware exception
Check changes greatly
- Reconfigure
reference level <= signal power Reconfigure
. /{\ ,

Device_Close

Figure 5 DET Mode Call Flow Diagram (Trigger Mode is Fixed)
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Device_Open <

N

return =U/
return -3

Y error
The RF calibration file
lost

return -4
error
The If calibration file
lost

The Configuration file

return -6
error

return -5
error

lost file lost

The device specification

return -1

error
Bus opening failure

Check equipment power
supply
Check that the driver is
installed correctly

—_—

Get the missing file

A 4

h 4

and placed in the specified
directory

—

A

DET_Configuration

return -8
error
Bus communication error

Wait external trigger signal

DET_BusTriggerStart

DET_GetTrace

return -10
warning - get data time out
Check the trigger source

return -8
error
Bus communication error

return -9
error
Data content error

y
retum -12
warning - |F overflow
Check
reference level <= signal power

return -14
warning - Device temperature
changes greatly
Reconfigure

retun -15
warning - Hardware exception
Reconfigure

DET_BusTriggerStop

Device_Close

Figure 6 DET Mode Call Flow Diagram (Trigger Mode is Adaptive)
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5.4 API Call Map

for RTA Mode

Device_Open

r 3

relurry

Y

A 4

N

return -4
error
The If calibration
file lost

retumn -3
error

The RF calibration
file lost

retumn -5

The Configuration,
file lost

return -6

error error

The device
specification file lost]

A 4

return -1
error
Bus opening failure

Check equipment power

supply
Check that the driver is
installed correctly

Get the missing file
and placed in the specified

RTA_Configuration

directory

A

return -8
error
Bus communication error

Wait external trigger signal

RTA_BusTriggerStart

RTA_GetRealTimeSpectrum

A

return -10

return = 0

warmning - get data time out
Check the trigger source

return -8
error
Bus communication error

return -9
error
Data content error

return -15
warning - Hardware exception
Reconfigure

Device_Close

\moy

N
return -12 return -14
warning - IF overflow warning - The device temperature
Check changes greatly
reference level <= signal power Reconfigure
P N Y
<

Figure 7 RTA Mode Call Flow Diagram (Trigger Mode is Fixed)
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A

Device_Open

N

returry

Y

A

RTA_Configuration

A

return -3
error
The RF calibration
file lost

return -4
error
The If calibration
file lost

return -5 return -6
error
The device

specification file lost,

file lost

return -1

error
Bus opening failure

Check equipment power
supply

Check that the driver is
installed correctly

A 4

and placed in the specified

Get the missing file

directory

RTA_BusTriggerStart

retun -8
error
Bus communication error

Wait external trigger signal

RTA_GetRealTimeSpectrum

return =0

return -10
warning - get data time out
Check the trigger source

return -8
error
Bus communication error

return -9
error
Data content error

Bus

RTA_BusTriggerStop

retumn -12
warning - IF overflow
Check
reference level <= signal power

retum -14
wamning - The device temperature
changes greatly
Reconfigure

retum -15
warning - Hardware exception
Reconfigure

End

N Y

Device_Close

\moy

Figure 8 RTA Mode Call Flow Diagram (Trigger Mode is Adaptive)
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6. Import Variables Definition Reference

This chapter lists some of the key parameters and concepts related to the spectrum

analyzer/receiver products. A thorough understanding of these parameters and concepts is

essential for the correct and efficient use of the equipment. This summary is provided for quick

reference and convenient consultation when issues arise.

Table 4 Table of System Parameters and Related Concept Descriptions

Description

This parameter serves as a memory reference required
for device operation. When calling the API, this
reference must be used to index the currently opened
device.

Each device has a unique device ID, which should be
used to distinguish between different device units

Table 5 Table of Amplitude Parameters and Related Concept Descriptions

6.1 System

No. Parameters Applicable

1 Void** Device Device/SWP/
IQS/DET/RTA

2 DeviceUID Device

6.2 Amplitude

No. Parameters Applicable

1 ReflLevel_dBm SWP/IQS/
DET/RTA

2 Atten SWP/IQS/
DET/RTA

3 Preamplifier SWP/IQS/
DET/RTA

Description

By default, the system automatically configures the
attenuator and preamplifier based on the reference
level. The reference level can be simply understood as
the maximum input power that the system can accept
without saturation. When handling the reference level,
the system maintains a certain margin, typically 1 to
6dB. Therefore, at some frequencies, even if the input
power exceeds the reference level, the system may not
report a saturation warning; this is normal.

To achieve optimal dynamic range, set the reference
level slightly above the expected maximum input signal
power. For example, if the expected signal is a -3dBm
tone, setting the reference level to 0dBm allows for
good observation of the signal dynamics

The attenuation defaults to automatic mode (Atten = -
1), in which case the system sets the channel
attenuation solely based on the reference level. To
manually configure the channel attenuation, set Atten
to the desired value.

For devices equipped with a preamplifier, enabling or
disabling the preamplifier significantly affects the
system's noise performance and linearity:

1). Preamplifier enabled: Reduces system noise but
lowers the maximum linear input power and the
maximum damage threshold;
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4 AnaloglFBW SWP/IQS/
Grade DET/RTA

5 IFGainGrade SWP/IQS/
DET/RTA

6.3 Frequency

2). Preamplifier disabled: Increases the allowable input
power range, but system noise will be relatively higher.

The system can typically be configured to:

1). Automatically control the preamplifier based on the
reference level;

2). Force the preamplifier off to prevent potential
damage from overload.

For devices equipped with multiple analog
intermediate-frequency (IF) filters, the system
provides several IF channels with different
characteristics for selection. Different analog IF
bandwidths offer varying out-of-band suppression, in-
band flatness, group delay, and other performance
metrics. Please choose the appropriate IF setting
according to your application requirements.

The system allows users to adjust IF gain to optimize
spurious performance, linearity, and noise levels.
Higher gain settings (indexed numerically) provide
greater IF amplification, typically in 1 dB to 3dB
increments per step.

Total system gain = RF gain + IF gain. When maintaining
a constant reference level (fixed total gain):

1) Increasing IF gain -> Reduces mixer input power ->
Imporves spurious suppression and linearity ->
Degrades noise performance;

2) Decreasing IF gain -> Increases mixer input power ->
Worsens spurious/linearity -> Improves noise
performance.

Special cases:

1) At maximum RF gain(e.g., ref. level = -60 dBm):
Further IF gain increase boosts total gain, potentially
improving noise performance;

2) Below maximum RF gain(e.g., ref. level = 0 dBm):
Higher IF -> Better spurious/linearity, worse noise;
LowerlF gain -> Worse spurious/linearity, better noise.

Table 6 Table of Frequency Parameters and Related Concept Descriptions

No. Parameters Applicable
1 FregAssignment SWP

2 StartFreq_Hz
StopFreq_Hz
CenterFreq_Hz
Span_Hz

3 TracePointStrategy SWP

4 TracePoints

Description

In SWP mode, this variable allows users to define the
frequency scan range either in StartStop or
CenterSpan format.

In SWP mode, the spectrum analysis method is
determined by TracePointStrategy:
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1) When TracePointStrategy = BinSizeAssined: The
system uses sweep-based analysis, where the trace
point count is explicitly defined by TracePoints. In this
mode, TraceAlign settings are ignored;

5 TraceAlign

2) For other TracePointStrategy values: The system
employs FFT-based analysis. Due to underlying
software implementation and trace detection
mechanisms, the native ananlysis frequencies cannot
be perfectly aligned with the configured start/stop
frequencies. The returned trace data points will
slightly exceed the specified.

User-adjustable handling methods:

1) Truncate endpoint data to match the desired
frequency range;

2) Set TraceAlign = AlignToStart to force alignment at
the start frequency (end frequency still requires
truncation).

Note for FFT mode:

While users can specify a desired trace point count
(TracePoints), hardware limitations typically prevent
exact matches. The system returns the closest
achievable point count.

6.4 Analysis
Table 7 Table of Analysis Parameters and Related Concept Descriptions
No. Parameters Applicable Description
1 SpurRejection SWP The system provides three spurious suppression

modes: Bypass, Standard, and Enhanced. This
feature effectively suppresses most composite
spurious components but does not improve system
residual responses. It also reduces sweep speed and
time-varying signal measurement capability.

1) For steady-state signals (e.g., CW tones): Enabling
spurious  suppression  significantly  improves
spurious-free dynamic range;

2) For fast time-varying signals (e.g., modulated
signals): Activation may cause intermittent signal loss
or inaccurate power measurements. Use with caution.

Recommendation: Toggle the feature while
observing spectral changes to determine if spurious
rejection is suitable for your test scenario.

2 PowerBalance SWP In SWP mode, users can balance scan speed and
power consumption by configuring the Power
Consumption Balance parameter:

1) Power Consumption Blance = 0: The system
operates at maximum sweep speed (highest power
draw);
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3

4

6

Window

FFTExcutionStrategy

SweepTime

DecimateFactor

SWP/RTA

SWP

SWP/RTA

IQS/DET/RTA

2) Power Consumption Balance = 40-1000 (typical
range): Higher values reduce scan speed and lower
power consumption.

Critical Note: Higher Power Consumption Balance
values significantly degrade time-varying signal
detection capability. Use caution when testing highly
dynamic signals.

When performing FFT-based spectrum analysis, the
system provides multiple window functions, each
with distinct advantages. Please select the
appropriate window based on vyour testing
requirements:

1) FlatTop Window: Provides excellent amplitude
accuracy; Significantly reduces amplitude errors
caused by the picket-fence effect; Ideal for high-
precision amplitude measurements;

2) Blackman-Nuttall Window: Features a narrow main
lobe for high frequency resolution; Enables faster
scanning speeds than FlatTop at the same RBW
setting; Suitable for high-frequency-resolution and
fast-sweep testing scenarios;

3) LowSideLobe Window: Features extremely low
sidelobe levels, effectively suppressing interference
from strong signals to adjacent frequencies. Ideal for
test scenarios requiring high dynamic rangeor
coexistence of strong and weak signals.

In standard spectrum analysis mode, users can select
the signal processing method:

1) Auto mode: The system automatically selects FPGA
or CPU processing based on RBW;

2) FPGA-Only: Significantly reduces CPU load; Slower
sweep speeds ata RBW d 5KHz due to FFT size
limitations;

3) CPU-Only: Supports FFT sizes > 64K points,
enabling faster sweeps ata narrow RBW (d 5KHz).

In this system, the sweep time is defined as the total
time required to ccomplete one full scan from the
start frequency to the stop frequency. When
SweepTime = SWTMode_Manual, this parameter
represents the absolute time; when *N is specified,
this parameter is the scan time multiplier, i.e.,
scanning is performed at N times the minimum scan
time.

In IQS/DET/RTA mode, the system uses
DecimateFactor to realize variable analysis
bandwidth. Analysis bandwidth is equal to be
Analysis bandwidth (DecimateFactor = 1) /
DecimateFactor.

Due to the limitations, the system will achieve the
nearest available value for the DecimateFactor
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according to the desired DecimateFactor for
configuration and feedback to the user.

7 BusTimeOut IQS/DET/RTA  BusTimeOut sets an upper limit of execution time for
functions related to fetching data, and the process
will be ended if valid data cannot be fetched within
that time so that the system does not wait indefinitely.
In IQS/DET/RTA mode, this parameter needs to be
set.

6.5 Detector and Trace Detector

Detector: Under the same local frequency point, the detector ratio frame data is collected, and
according to the characteristics of the detector, the multi-frame data is detected frequency by
frequency point, and the eigenvalue frame is finally generated. The following figure takes
PosPeak Detector as an example to introduce the process of positive peak detection, where
Frame O, Frame 1 and Frame 2 are the data collected at different moments, and After PosPeak

Detector is the data after positive peak detection.

Pospeak Detector

—— Frame 0
Frame 1
—— Frame 2
- After Pospeak Detector

Jamod

Figure 9 Positive Peak Detector

Trace Detector: According to the selected trace detector, the entire spectrum trace is detected
in steps of trace detection ratio to generate the eigenvalue trace. The following figure takes
PosPeak TraceDetector as an example to introduce the process of PosPeak Trace Detector,
where Before PosPeak Trace Detector is the data before PosPeak Trace Detector and After

PosPeak Trace Detector is the data after PosPeak Trace Detector.
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Figure 10 Positive Peak Trace Detector

6.6 Default Units
Table 8 Summary of Main Variables and Units

Variables Unit
Frequency Hz
Power dBm
Voltage Vv
Time s
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