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1. Introduction

The wartfighter of the future will require reliable, easily deployable, decentralized high-speed
wireless communication networks for high quality video, imagery, voice, and position data to
ensure an information advantage in combat. To meet these demands, mobile ad hoc networks
(MANETSs) are now leveraging a suite of technologies for high spectral efficiency including
multiple-input multiple-output (MIMO) communication, high-order modulation, orthogonal
frequency division multiple access (OFDMA), and interference alignment. Bandwidth at lower
frequencies, however, is limited which fundamentally limits the capacity of wireless networks at
UHF frequencies. Wireless LAN devices employ channels as large as 160MHz in the SGHz band,;
cellular technologies use advanced channel bonding techniques to stitch channels together from
sparse channels available at lower frequencies. The potential to expand further in the UHF band is
limited by a lack of space and incumbent users. The bandwidth available at mmWave, however,
is massive in comparison.

Prototyping mmWave systems has remained a challenge. The reason is that equipment for
processing mmWave signals is not widely available at low cost. In this equipment grant, we
purchased key equipment to enhance our ability to prototype mmWave communication systems.
We purchased important pieces that enhanced our ability to prototype mmWave communication
and radar systems. This equipment is allowing us to advance the state-of-the-art in communication
and radar research. In the duration of this report, we describe the current equipment and how the
DURIP grant has expanded our capabilities.

2. National instruments joint communication and radar prototype, and
antennas

Millimeter wave communication is used for many applications in communications (5G cellular,
wireless local area networks) as well as automotive radar applications. Our group has developed
pioneering work in the use of wireless local area network standards at millimeter wave
simultaneously for both communication and radar [1]. To enhance our ability to test joint
communication and radar, we purchased equipment from National Instruments to support phased
array communication. This enhanced the capabilities of the existing prototype, which was
acquired through donations and other funds.

An overview of the current system is provided in Figure 1.
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Fig. 1: An overview of the mmWave transceiver system. The system provides a flexible
hardware platform that can be configured for different purposes such as joint communication and
radar system or channel sounder system. On the right are components that could be used which
include the controller, the FPGA, DAC, ADC, IF module, timing card, and radio head. (Photos
of components are from http://www.ni.com)
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Fig. 2: Rubidium frequency standard from Stanford Research Systems. This clock is used to
provide accurate 10 MHz reference clock to the chassis. It can also be used for synchronizing
chassis together. It is used when precise reference clock is required or when tight
synchronization between chassis is needed.
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Fig. 3: AZ/EL turntable allowing mechanical steering of the radio head. The current system uses
horn antennas, and thus mechanical steering is required to control the direction of
transmission/reception. The turntable can be controlled using LabVIEW, which is the language
used for implementing the signal processing part, and thus can be integrated into one application.

We have configured the system as a channel sounder system to conduct a car reflection
measurement campaign as shown in Fig. 4. A screen shot of the graphical interface of the channel
sounder is shown in Fig. 5. We used two separate chassis in this setup. For channel sounding, it is
required that the transmitter and the receiver are synchronized, so that the signals are captured at
the right timing. For this purpose, we used the Rubidium clock shown in Fig. 2 and shared the 10
MHz reference and the PPS (pulse-per-second) signals. The PPS is used as the trigger. As shown
in Fig. 4, both the transmitter and the receiver were mounted on tripods, which allows us to change
the antenna heights. In the campaign, we used three different heights: 0.5 m (bumper), 1.0 m (side
mirror), and 1.5 m (roof). Using these three heights, we measured a total of 12 different transmit
and receive antenna heights combinations. In this measurement campaign, horn antennas were
used. Since horn antennas are directional, it is necessary that we conduct the measurements at
different pointing directions. We used the turntable for mechanical steering.
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Fig. 4: Car reflection measurement.
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Fig. 5: Screen shot of the channel sounder graphical interface.
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Figure 6: Joint radar-communication testbed with horn antennas

We have also set-up the NI mmWave testbed with horn antennas for a single-input-single-output
(SISO) joint communication-radar configuration, as shown in Figure 6. The mmWave testbed
supports 2 GHz bandwidth in the 71-76 GHz band. This band has less attenuation due to the
atmospheric oxygen at 60 GHz unlicensed band. The mmWave testbed consists of two chassis,
which houses NI PXIe 7902 for baseband transmit (TX)/ receive (RX) processing, NI PXIe 3630
(IF and LO unit) with 10.5-12 GHz IF frequency, ADC/DAC adapter modules, NI PXIe 3610 (14
bit DAC) and 3630 (12-bit ADC) with sample rate 3.072 GS/s and 2 GHz bandwidth, as shown in
Fig. 1. Each chassis is connected to mmWave transceiver RF front-ends and horn antennas. The
chassis can be connected using Rubidium clock shown in Fig. 2 for time and frequency
synchronization of the joint communication-radar system. The horn antennas can be mounted on
the rotator shown in Fig. 3 for sensing and communication in different directions.
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Figure 7: Screenshot of the mmWave datalink code
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Figure 8: Radar channel measurement using channel sounder set-up at Speedway Garage

The joint communication-radar set-up supports two testing modes. In the first mode, a real-time
joint communication-radar testing is enabled for short distances using mmWave datalink code that
supports 5G proof-of-concept NI experimental cellular system. The datalink code is based on
LabVIEW FPGA, whose front panel is shown in Figure 7. In the second mode, a joint
communication-radar channel sounding is facilitated by adapting the communication channel
sounding set-up for simultaneous two-way radar and one-way radar sounding. A screenshot of the
channel sounder graphical user interface is shown in Figure 5 and the measurement campaign for
outdoor radar sounding using the mmWave channel sounder set-up is shown in Figure 8.

3. INRAS radar

We also used the DURIP funds to expand our ability to evaluate develop and evaluate radar signal
processing algorithms. Our existing radars come from commercially sourced automotive radars
from Delphi. Unfortunately, we do not have access to the internal workings of the radars. We
purchased several RadarLog and RadarBooks from INRAS. These programmable radar evaluation
boards provide a much higher level of customization and flexibility in trying different radar
waveforms. Multiple units are requested to explore different MIMO radar configurations and also
to explore the possibility of joint communication and radar.

Initial measurements with the INRAS hardware are summarized in Figure 9 and Figure 10. From
these figures, we see that the radar is able to generate useful signal processing data. This hardware
will allow us to further develop ideas in collaborative sensing with multiple radar units. Such work
will be important for broadening our ongoing research activities.
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Figure 9: RadarBook setup as used for initial outdoor measurements.

Measuring range vs AoA for different targets

Figure 10: Results from initial tests of the RadarBook using some of the software algorithms
provided by INRAS. From the range / angle plots we can distinguish different types of targets.
More elaboration is needed to refine the algorithms for detection and tracking.
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