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Abstract—Integrated sensing and communication (ISAC) sys-
tem has been envisioned as a promising technology to be applied
in future applications requiring both communication and high-
accuracy sensing. Different from most research focusing on
theoretical analysis and optimization in the area of ISAC, we
implement a reconfigurable distributed antennas and reflecting
surfaces (RDARS)-aided ISAC system prototype to achieve the
dual-functionalities with the communication signal. A RDARS,
composed of programmable elements capable of switching be-
tween reflection mode and connected mode, is introduced to
assist in uplink signal transmission and sensing. The developed
RDARS-aided ISAC prototype achieves reliable user localization
without compromising the communication rate, showcasing its
potential for future 6G systems.

Index Terms—Reconfigurable distributed antennas and reflect-
ing surfaces (RDARS), Integrated sensing and communication
system (ISAC), Localization

I. BACKGROUND

With the explosive growth in demands of wireless commu-
nication, the integrated sensing and communications (ISAC)
system has been envisioned as one of the key enabling
technologies in 6G systems. ISAC leverages a shared platform
to enhance spectrum and hardware efficiencies by integrating
communication and sensing functionalities, effectively utiliz-
ing shared resources. To achieve simultaneous sensing and
communications, most of the current research focuses on the
theoretical study of ISAC systems, such as joint waveform
design, joint signal processing, and performance optimization
[1]. In this paper, we design a novel reconfigurable surface-
aided integrated sensing and communication prototype to
simultaneously achieve communication and user localization
functions. Different from the conventional reconfigurable in-
telligent surface (RIS)-aided ISAC systems [2], our prototype
utilizes the recently proposed reconfigurable distributed anten-
nas and reflecting surface (RDARS) architecture [3] to realize
user localization and enhance communication performance
simultaneously.

II. TECHNICAL DESIGN

The architecture diagram of the proposed uplink ISAC
system is shown in Fig. 1, where the low-cost and low-energy-
consumption RDARS is deployed to assist in the uplink signal
transmission and user localization.
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Fig. 1. The system architecture diagram.
The RDARS [3] is composed of a number of passive

elements, each of which can be dynamically programmed to
operate on two working modes, namely, the reflection mode
and the connected mode as shown in Fig. 1. The element
under the reflection mode works as the conventional RIS to
dynamically adjust the wireless channels into favorable ones.
On the other hand, the element working on the connected
mode serves as the remote receive antenna to receive the
signal directly. Flexible configurations are available for the
number and locations of the connected elements. A thorough
performance analysis and experiment test can be found in [3].
By introducing such an appealing structure of RDARS, both
the communication and sensing performance will be improved
significantly.

A. Hardware Description

The developed hardware platform of RDARS-aided ISAC
system with one base station (BS) and one user equipment
(UE), each with a single antenna, is shown in Fig. 2. The
system is working at 3.7GHz with 20 MHz bandwidth, using
a standard 3GPP LTE radio frame structure.

1) Transceiver: Both the BS and the UE utilize the
software-defined radio (SDR) platform, composed of the PXI
hardware architecture and the LabVIEW programming soft-
ware, to realize real-time communication, including video-
streaming transmission. Specifically, the BS consists of a
USRP-2954, multiple FlexRIO 7976R FPGA modules, and
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Fig. 2. The RDARS-aided ISAC system prototype.

one PXIe-1085 chassis for real-time baseband signal process-
ing, including modulation, channel estimation, fast Fourier
transform, etc. The UE is equipped with one USRP-2974 for
uplink signal transmission. Both signal processing and sensing
are performed at the BS.

2) RDARS: Furthermore, the RDARS operates within the
3.4GHz-3.8GHz frequency band and consists of 256 elements,
each equipped with a 2-bit phase shifter when performing
reflection mode and also can be switched to the connected
mode as needed. The mode and the phase shift of each ele-
ment can be dynamically and independently controlled by the
RDARS controller with a total 512-bit control signal delivered
through the control link using the User Datagram Protocol
(UDP). In this prototype, we select a elements serving in the
connected mode, and the remaining 256−a elements in the
reflection mode are encoded to generate a specific reflection
beam towards BS. Both the number and positions of the a
connected elements can be flexibly configured.

B. Main Algorithm Design

For the software design, we develop a two-stage sensing
scheme to achieve user localization, while maintaining com-
munication performance. The two-stage localization scheme
includes beam sweeping and range estimation.

1) Beam Sweeping: Due to the special structure of RDARS,
the 2-bit phase shifter of each element under reflection mode
can be programmed to form the designated beam for specific
directions. And BS has the capability of controlling the phase
of each element working on reflecting mode by generating
the unique phase coding matrix. In view of the beam width
of RDARS, the beam sweeping overhead can be reduced
by separating the beam space into finite blocks. With the
fixed deployments of BS and RDARS, a 2D azimuth-elevation
sweeping scheme is proposed to determine the optimal in-
cident angle based on the measured received signal strength
indication (RSSI). The proposed beam sweeping scheme can
help exploit the angle information of the user without affecting
the communication performance.

2) Range Estimation: Based on the obtained optimal az-
imuth and elevation angles of the user, we first derive the angle
between UE-RDARS and BS-RDARS based on the geometry

Fig. 3. Field test result.

relationship. On the other hand, the received power at the
BS’s antenna and the RDARS’s connected elements can be
measured based on the RSSI information. Even without prior
knowledge of path loss parameters, the range between the user
and RDARS can be substantially estimated with the measured
received powers and geometry equations. However, due to the
signal fluctuations incurred by shadow fading and imperfect
hardware implementation, it’s necessary to compensate that
by virtue of some calibration algorithms. Consequently, the
location of the user is obtained with the proposed two-stage
scheme.

The field test result of the proposed RDARS-aided ISAC
system is shown in Fig. 3. The RSSI fluctuations are illustrated
in the field test during the beam sweeping, with one peak in
accordance with the optimal beam. And the best output of the
beam sweeping is less than 5° from the ground truth. The range
estimation also shows better performance than some relevant
works. At the same, the data rate of uplink communications
with 64-QAM modulation achieves 81.8 Mbit/s, which demon-
strates the developed prototype realizes integrated sensing and
communication functionalities simultaneously.

III. CONCLUSION

In this paper, we develop an uplink RDARS-aided ISAC
system prototype to simultaneously achieve communication
signal transmission and user location estimation. The proposed
RDARS-ISAC prototype provides an insightful precedent for
integrating the existing communication network with sensing
functionalities, such as indoor localization, without any addi-
tional hardware resources.
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