Vector Digital Receiver
ELE-VDR

FEATURES

e Standard interface to receive high-speed serial or parallel digital data

e High data rates supported via 1 Gb Ethernet interface

e Simple upgrade path for existing analog RF measurement systems

e ANSI/VITA 49.2 standards-based protocol for input data stream

¢ Implemented using NSI-MI Vector Measurement Controller (ELE-VMC)

e Built-in timing master with 10 ns timing resolution

e Comprehensive AESA control interface, including NSI-MI’s Generic Beam Controller & RF Interface

VDR

The Vector Digital Receiver (VDR) is a precision measurement instrument incorporating the latest technology for
making antenna, radome, and electromagnetic field measurements for devices with digital outputs. The VDR
augments the Vector Field AnalyzerTM (VFA) product line, unlocking the ability to acquire digital data directly
from antennas with integrated A/D converters. This high-speed receiver is an enhancement to the trusted Vector
Measurement Controller (VMC) hardware platform, giving it the ability to act as master timing controller for
complex electronic measurement and data acquisition. The VDR supports various digital 1/Q data formats at
greater than 1 million measurements per second as well as a comprehensive set of tools designed to simplify the
integration and test of electronically steerable antennas. The Vector Digital Receiver combines the best RF
performance, fastest measurement speed, and most advanced features available in the industry to tackle the
most complex measurement challenges.

WWW.Nsi-mi.com
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The VDR uses the NSI-MI Vector Measurement Controller (VMC) as a hardware platform to implement its core
capabilities. The VMC is a master timing controller for complex electronic measurement and data acquisition. It is
used for fast, on-the-fly electromagnetic testing, precisely coordinated with mechanical motion or other
controlled/monitored test attributes. As an enhancement to NSI-MI’s Vector Field AnalyzerTM, the VMC provides
a comprehensive set of tools supporting the integration of analog AESA and multi-port antennas. A complete set
of selectable trigger and data inputs and outputs gives the VMC the ability to control practically any device or
instrument with precise timing resolution. The VDR requires the Digital AUT (ELE-VMC-DA) firmware version of
the VMC, which unlocks its advanced AUT interface tools to integrate both analog and digital AESAs. More

information about the VMC is available online at www.nsi-mi.com.

PERFORMANCE SPECIFICATIONS

Fxunction / Parameters* Performance

Network interfaces

VMC control & communication

100/1000 Mbps Ethernet

Acquired digital data

1 Gb Ethernet

Digital Data Formats

VDR Parallel

Beam Steering Port: RS-485 parallel I/Q data

VDR Serial

1 Gb Ethernet Port: Streaming digital I/Q data

VDR Serial Data Standard

ANSI/VITA 49.2

VDR Serial Data Rate

> 1M measurements per second

Multiplexer interfaces - 2

Data 20 data bits
Control signals Strobe, acknowledge
Beam Steering/AUX TTL & wiede
interfaces - 2 ports Logic level Beam interface: RS-485 equivalent
g Auxiliary TTL Interface: single-ended TTL compatible
DC power +/- 18 VDC
Compatibility ELE-MUX product family

Control signals

8 differential bits per port

ports Logic lever RS-485 equivalent
DC power +/-18 VDC
Hardware input response ~20 ns

Timing latency Hardware output response ~10 ns
Receiver read after sweep complete | ~1 us

* See full VMC performance specifications at www.nsi-mi.com
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(A) Ten programmable BNC I/O: For triggers and responses; tri-color LEDs show input/output signal logic.

(B) Universal AC input: 100 to 240 V AC

(C) Trigger Bus: Simple timing interface with other NSI-MI instruments

(D) Standard TTL interface: Beam steering / AESA control, triggering, GBCR

(E) Differential TTL interface: Beam steering / AESA control, triggering, GBCR, digital AUT data interface (parallel format)
(F) Dual 8-bit MUX: RF multiplexer, switch, or other control via parallel TTL

(G) USB, Console, SD card: Behind lockable service panel; removing the SD card clears instrument memory

(H) Dual Gigabit Ethernet: Control and digital AUT data interface (serial format)

GENERIC BEAM CONTROLLER & RF INTERFACE (GBCR)

GBCR is a generic interface developed to support the integration and test of analog and digital active antennas
with complex needs for command and control. GBCR, included with the VDR, consists of several digital control
lines, an Ethernet interface, and software tools to facilitate the task of coordinating AUT command for test and
measurement purposes. GBCR supports virtually any antenna configuration imaginable, including antennas with
multiple receivers, multiple beams, embedded sources, and more. Any device can be integrated with GBCR using
our standard interface, which is published and delivered with the VDR, along with all necessary timing diagrams
and GBCR programmer’s manual. This approach allows complex devices to be characterized at high speeds,
without revealing any proprietary information about the AUT. GBCR has become a trusted interface for many
customers due to its versatility, efficiency, and unintrusive nature.

STREAMING SERIAL SYSTEM CONFIGURATION

The VDR is specially designed to characterize antennas with integrated A/D converters. Most modern digital
antennas output data as a stream of 1/Q pairs, making conventional analog receivers ill-suited to this task. The
VDR uses proprietary algorithms to capture the data stream, tag the measurements using discrete triggers, and
store time & spatially synchronized I/Q data pairs into the database. The VDR, when combined with the NSI-MI
Signal Source (ELE-SRC), provides a system-level solution for characterizing digital antennas operating in receive
mode. The figure below shows a simplified block diagram of the VDR being used for Rx mode testing.
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VDR serial mode uses a published standards-based protocol for the reception of streaming data. The VDR uses an
open and transparent standard based on the Digital Intermediate Frequency Interoperability (DIFI) Consortium’s
design to meet a broad set of needs for the transmission of digital data. DIFl is an application of VITA 49.2, which
defines standardized packet formats for carrying digitized spectral information. Adoption of this standard format
allows the VDR to interface to all types of digital antennas without the need to know any proprietary information
about the data stream. Simply adapt the output to match the expected 28-bit I/Q packet format shown below and
your antenna is ready for integration using the VDR. Note that the packet format is undergoing periodic updates
and improvements and the data shown here may not be up to date. The current packet format and ICD will be
furnished with the VDR. Data rates are limited by the 1 Gb Ethernet VDR data port. Options for higher data rates
are available upon request. Contact NSI-MI for more information.

DATA PACKET

31/30 /29|28 2726 25(2423]22/21 20 19 1817 16/15 14[13 12/11]10/ 9 |8 | 7|6 |5 4 3|21

0 1 0 O0|1/0|0 1 TSI 0 1 Seg Num Packet Size = N+7 words
Stream Identifier (assigned at run time)
0O 000 000 0] OUI (Ox FF5844)
Information Class = 0x0000 ‘ Packet Class = 0x0000

Integer Seconds Timestamp (per TSI field)
Fractional Seconds Timestamp (Real Time [picoseconds])

Signal Data Payload
(Complex Cartesian, 28-bit signed integers with 4-bit event tag, N 32-bit words)

CONTEXT PACKET

31/30/29/28 2726 25(2423]22/21 20 19 1817 16/15 14[13 12/11]10/ 9 |8 | 7|6 |5 4 3|2 |1

0 1 0 O0O|1/0|0]|1 TSI 01 Seg Num Packet Size = 13 words
Stream Identifier (assigned at run time)
0 000 0/0/0 0] OUI (Ox FF5844)
Information Class = 0x0000 ‘ Packet Class = 0x0001

Integer Seconds Timestamp (per TSI field)
Fractional Seconds Timestamp (Real Time [picoseconds])

Context Indicator Field (0x81208000 -> context change or 0x01208000 -> no change)
Reserved ‘ Reference Level

Sample Rate

Data Packet Payload Format. 0xA02007DB
Number of Channels - 1 Reserved




DUAL-USE ANALOG & DIGITAL TEST SYSTEMS

The VDR, when paired with the VFA, offers a flexible test system suitable for the characterization of passive, active
analog phased arrays, and digital antennas. When configured for analog testing, the VMC is configured as system
timing master and all AUT command and control capabilities, including GBCR, are available for integration and
test. The result is the most efficient and flexible RF measurement system available. A simplified block diagram of
a transmit antenna being tested with the dual-use system is shown below.
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DIGITAL AUT EMULATOR

Due to the sensitive nature of many digital antennas, it is not always possible to validate system performance with
final hardware. Two types of Digital Antenna Emulators are available to ensure that the VDR is performing to
specification.

First, a Software Emulator (ELE-VDR-SWE) is included with every delivery of the VDR. This software emulator is
installed on the measurement workstation, where packets conforming to the standard are uploaded and sent via
Ethernet to the receiver. The acquisition software configures the system and reads back measurement data.
Various parameters are configurable, including the sample rate, packet size, and network details. Captured data
is monitored and cross-checked for errors upon reception. Emulator source code can be made available to fast-
track customer interface development.

The Hardware Emulator (ELE-VDR-HWE) provides users with a real piece of test equipment meant to stand-in for
the final AUT. The hardware option is implemented as an upgrade to the VFA receiver. The VFA will capture the
ratio of the output of a passive antenna to a stable reference signal and will stream the results to the VDR over
Ethernet using the VITA 49.2 standard format. The VDR will send timing triggers to the emulator for data tagging.
When delivered as part of a VDR system to act as emulator, the VFA can also be used as analog receiver, making
for a powerful, dual-use test system. Learn more about the VFA at www.nsi-mi.com.

ORDERING GUIDE

Model Number Description

ELE-VDR Vector Digital Receiver base package, includes ELE-VMC-DA.
ELE-VDR-SWE Software emulator for ELE-VDR validation and test.
ELE-VDR-HWE ELE-VFA based hardware emulator for ELE-VDR validation and test.




LOCATIONS

1125 Satellite Blvd., Suite 100
Atlanta, Georgia 30024-4629
USA

+1 678 475 8300

19730 Magellan Drive
Torrance, CA 90502-1104
USA

+1 310 525 7000

Stubley Lane,
Dronfield, S18, 1D)J
UK

+44 1246 581500

NSI-MI Technologies introduced the world to microwave antenna measurement systems and is the preferred
global supplier of antenna, radar cross section, and radome measurement solutions. Today, our innovative
products, systems, and services lead the industry in setting new standards for tomorrow’s performance. From
world-class in-house testing facilities to delivering industry-leading turnkey systems, we provide the highest
quality measurement products on the market.

Our full range of standard products and custom-designed systems are backed by our longstanding commitment
to precision-engineered accuracy, reliability, and lasting performance. We provide the right solution for every
RF measurement need and our worldwide network of service professionals are always available to offer support.

For more information on ordering NSI-MI Technologies' products, applications or services please contact your
nearest NSI-MI office. Our complete sales team information is available at: www.nsi-mi.com/contact-us.

ISO 9001:2015 COMPLIANT

ACCREDITED

—EEIEIE——
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Information contained herein shall not be used as a contractual document. All products and their specifications subject to

change without notice. © 2025, by NSI-MI Technologies. All rights reserved. www.nsi-mi.com | nsimi-sales@ametek.com
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