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Record and Playback RF
Signals
Engineers and operators need to carry out RF data recording in labs, anechoic chambers, or open-air
ranges for validating devices under test (DUTs). This stored data is often reused for RF playback.

These applications require full rate, multi-channel, phase-coherent systems, including calibration
routines, to capture the test environment correctly. 

These systems typically require:
Reliable recording of raw I/Q data
Scalability as channel counts, data rates, and instantaneous bandwidths increase
Channel-to-channel synchronization and phase coherence
Local and remote operation of recording systems
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Solution Overview
The NI Record and Playback (RPS) system delivers up to 2 GHz of instantaneous bandwidth per
channel across as many as four instrument-grade Vector Signal Transceivers (VSTs), supporting
RF frequencies up to 26.5 GHz. Precise channel-to-channel phase alignment and built-in RF
correction ensure consistent amplitude, and phase coherence—critical for multi-channel and
phased array applications. With scalable storage capacity, the NI RPS enables hours of
uninterrupted RF data capture. Integrated 10 MHz or GPS-disciplined timing and flexible trigger
inputs support synchronized, repeatable test scenarios across diverse environments.
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FIGURE 1

The NI RF Record and Playback Solution
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RF Multi-Channel Record and Playback Specifications

Specifications Value

Frequency Range 30 MHz to 26.5 GHz 

Bandwidth  Up to 2 GHz

Operation Mode Record & Playback

Number of RF Channels Up to 4 Tx and Rx

System Level RF Correction
Phase-coherent compensation
Wideband phase aligned compensation

Start Trigger Software, Digital Trigger (GPS, IRIG, Pulse)

Storage Options
Dual 100 Gb Ethernet RDMA streaming enabled storage of

More than 300 TB 
2 GHz of IBW record up to 4 channels 

Phase Synchronization <2 degrees (across IBW after compensation)*

LO Configuration
Independent LO setting/center frequency per channel
LO sharing option for phase alignment

Graphical User Interface

Ready to use GUI for
phase coherency/phase alignment
data preview, data recording, and data playback
Trigger selection and setup

Programming Software gRPC supporting API, (Remote operation supported)

Data Storage Format

Support for SigMF format
Suitable for machine learning
Human readable JSON header file
Per channel binary data file
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*30 MHz - 18 GHz
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High-bandwidth backplane with up to 24 GB/s of system
bandwidth

Up to 82 W of power and cooling in every slot

Two hot-swappable power supplies to improve the mean
time to repair (MTTR)

Accepts PXI Express modules in every slot and supports
standard PXI hybrid-compatible modules in up to five slots

PXI Chassis
PXIe-1095, 18-Slot PXI Chassis

PXI Controller
PXle-8862, Intel i7, 8-Core x86 Processor

Ideal for processor-intensive and high-throughput
streaming in RF applications

16 GB/s system bandwidth

Includes two 2.5 GbE ports, two USB 3.0 ports, four USB 2.0
ports, and two Thunderbolt 3 ports

Removable hard drive

Available with 16 GB, 32 GB, or 64 GB memory

Letter of Volatility Available for IA Security Requirements 

FIGURE 2
The PXI chassis plays an important role in transporting data between modules and the host controller, as well as providing cooling, timing, and synchronization.

FIGURE 3
The PXI controller provides embedded computing within the PXI chassis, and runs any host-based processing functions within the RPS system
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Compatible Hardware
The NI RF RPS solution works with COTS PXI modular instruments and allows the PXI vector signal
transceiver to operate as a wideband, phase-coherent record and playback system. The PXI chassis
and controller are integral parts of the system. The NI RPS leverages the  Dell rack server, allowing up
to 5 hours of continuous recording with 2 GHz IBW. The PXIe 8290 enables lossless, high-speed
serial data movement across the system.
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The RPS Software supports the following models: PXIe-5842

Combines RF generation and acquisition into a single PXI module

Up to 26.5 GHz frequency coverage

Up to 2 GHz instantaneous bandwidth

Features the flexibility of a software defined radio architecture
with RF instrument class performance

Utilizes NI-TClk timing and synchronization technology to
synchronize with more VSTs or other instruments, for
multichannel applications

Vector Signal Transceivers
PXI Vector Signal Transceivers

Generates and routes clocks and triggers between devices
in a PXI Express chassis

Can generate two types of clock signal:
Highly stable 10 MHz clock based on an onboard
precision oven-controlled crystal oscillator (OCXO)
reference
Clock from the direct digital synthesis (DDS) clock
generation circuit

Timing and Synchronization
PXle-6674T, OCXO Synchronization Module

FIGURE 4
Vector Signal Transceivers provide the RF generation and acquisition capability needed for testing systems with the record and playback software

FIGURE 5
The NI RPS Software supports the use of the PXle-8290 High-Speed Serial Instrument as an FPGA coprocessor, for augmented signal processing and inline
measurements.

FIGURE 6
The PXle-6674T OCXO PXI Synchronization Module may be optionally added to the RPS Software for additional triggering connectivity.

Lossless streaming of high-speed serial data such as
I/Q RF data from VST3

Scalable at high rates by avoiding processor and
backplane bottlenecks

Flexible FPGA for adapting different HSS protocols
and rates and varying data stream aggregation

High-Speed Data Movement
PXle-8290, 20 GB/s, extensible
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Built upon a scalable system architecture, providing flexibility
to meet open-ended performance demands. 

Up to two 2nd or 3rd Generation AMD EPYC Processors with
up to 64 cores per processor

Dell PowerEdge R7625
R7625 Rack Server ST

FIGURE 7

Ethernet-based storage with servers provides up to 300 TB of system storage, at up to 150 TB per channel. This allows recording of instantaneous bandwidths of 2 GHz on up
to 32 channels. 

Software Overview
RPS is composed of modular system components that are responsible for API interaction, VST
instrument control, data movement, and storage of RF data.

Each system component is composed of a service application and a specific subset of the RPS
system hardware that the system component manages. The service application for each system
component must run on the computer that is interfaced with the hardware the component interacts
with. The RPS application manages and controls these services, requiring little to no interaction from
a user. 

The RPS InstrumentStudio panels, custom applications written using the RPS APIs, and system
component service applications all communicate with each other over network ports, so many
applications can be run on the same computer, or they can be distributed across network-
connected computers. 

FIGURE 8
InstrumentStudio interface example with NI RPS
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RF System Compensation
The RPS software applies RF system compensation to correct measurable differences between RF
channels caused by hardware tolerances, cabling, and clock distribution. These corrections are
computed using built-in measurement steps and then applied during RF record and playback to
maintain channel-to-channel alignment.

RF system compensation is performed as part of system setup and is reused during subsequent
operations. It does not represent factory or traceable calibration. Instead, it ensures consistent RF
behavior across all channels in the configured system.

FIGURE 9
2-channel configuration of record and playback system

Phase and Amplitude Compensation
Relative phase and amplitude differences between channels are corrected across the configured
instantaneous bandwidth to support phase-coherent operation in multi-channel and phased-array
applications.
Measured results demonstrate stable phase and amplitude alignment over extended periods of
operation, enabling repeatable recording and playback of RF environments.

Long-Term Phase and Amplitude Stability
The RPS software maintains consistent phase and amplitude alignment over extended operating
periods. Measured results show stable channel-to-channel phase and amplitude behavior across
wide instantaneous bandwidths over many hours in a controlled environment.
This stability enables repeatable record and playback of recorded RF environments and supports
long-duration testing without the need for frequent reconfiguration.
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Data Movement

The NI RPS system uses the PXIe-8290 for reliable data movement to and from the Dell PowerEdge
R7625 rack server using Remote Data Memory Access (RDMA). This allows scalability in storage
size, streaming rates, and channel count across the system.

FIGURE 10

The PXIe-8290 provides lossless data movement

The PXIe-8290 brings data-center connectivity to the PXI for high-speed, multi-channel RF
streaming. It combines an FPGA with high-speed serial links and dual 100 Gb Ethernet RDMA NICs
to enable efficient, lossless data transfer without burdening the host CPU or backplane.
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