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ABSTRACT
We demonstrate RadCloud, a real-time framework for ob-
taining high-resolution lidar-like 2D point clouds from low-
resolutionmillimeter-wave (mmWave) radar data on resource-
constrained platforms commonly found on unmanned aerial
and ground vehicles (UAVs and UGVs). Such point clouds can
then be used for mapping key features of the environment,
route planning and navigation, and other robotics tasks. Rad-
Cloud is specifically optimized for UAVs and UGVs by using
a radar configuration with 1/4th the range resolution, using
a model with 2.25× fewer parameters, and reducing total
sensing time by a factor of 250×. The real-time ROS frame-
work will be demonstrated on a UGV and UAV equipped
with CPU-only compute platforms in diverse environments.
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1 INTRODUCTION
When it comes to indoor mapping and navigation, light de-
tection and ranging (lidar) sensors like the commonly used
VLP-16 Puck have been the gold standard thanks to their
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Figure 1: RadCloud [6] utilizes a modified U-Net archi-
tecture to convert low resolution radar range azimuth
responses into high-resolution 2D point clouds

excellent angular and range resolutions of up to 0.1◦ and
2mm, respectively [9]. However, such sensors consume up
to 8W and are relatively large, heavy (>800 g), and expensive
(>$4,500) compared to other sensors, making them poorly
suited for cheap and small vehicles like unmanned aerial and
ground vehicles (UAVs and UGVs, respectively) [1, 9].

On the other hand, millimeter-wave (mmWave) radio de-
tection and ranging (radar) sensors like the popular IWR1443
from Texas Instruments only consumes 2W and are signif-
icantly smaller, lighter (<250 g), and cheaper (<$400) than
lidar sensors while achieving range resolutions of up to 4 cm
due to their large signal bandwidth of 4GHz[7, 10]. While
these sensors are common in automotive applications like
[5, 16], they are also ideal for UGV, UAV, and handheld appli-
cations [11, 15]. However, these sensors have poor angular
resolution (e.g., only 30◦ for the TI-IWR1443 [13]).

In this work, we demonstrate the RadCloud framework [6],
which can be used to generate high-resolution lidar-like 2D
point clouds from low-resolution mmWave radar data in
real-time, even on resource-constrained UAVs and UGVs.
To achieve this, RadCloud builds upon previous work from
[11, 12] which utilized a modified U-Net architecture [14] to
convert radar data into lidar-like point clouds, but wasn’t
optimized for resource-constrained platforms which don’t
have a GPU and can only process raw radar data at rela-
tively low rates. To overcome these challenges, RadCloud
utilizes radar data with 1/4th the maximum possible range
resolution and a model with 2.25× fewer parameters than
the model from [11, 12], enabling real-time operation on
CPU-only platforms such as the Intel NUC. Additionally,
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Figure 2: Example output from RadCloud [6] frame-
work running in real-time on a UAV

we improve RadCloud’s resiliency to rapid translations and
turns by utilizing only data from a single radar frame for
each generated point cloud. Even with these optimizations,
we showed that RadCloud is still able to capture the key fea-
tures of the environment with 90% of predicted point cloud
points being <40 cm from the nearest ground truth lidar
points. Additional resources, including code and datasets are
available at [2].

2 OVERVIEW OF RADCLOUD
Fig. 1 presents an overview of the RadCloud [6] framework
with the following key elements.
mmWave radar sensing: As shown in Fig. 1, the RadCloud
framework takes in a series of radar range azimuth responses
which represent the power of the reflected radar signals at
different ranges and angles. Here, the radar field of view
(FoV) is restricted to ±50◦. To capture the raw data from the
TI-IWR1443 mmWave radar we utilize the TI-DCA1000 data
capture card. We configured our radar to operate at 1/4th
the maximum possible resolution to accommodate for the
limited sampling rate. The final radar configuration achieved
a range resolution of 13.3 cm, maximum range of 8.56m, and
angular resolution of 28.6◦.
RadCloudmodel: RadCloud utilizes a modified U-Net archi-
tecture with 7.7M parameters to obtain high-resolution 2D
point clouds from low-resolution radar data [14], represent-
ing a 2.25× reduction in the model size compared to [11, 12].
For its input, RadCloud utilizes 40 radar “chirps” recorded
during a single frame. This results in a 250 × reduction in
sensing time compared to the previous work, significantly
improving resiliency to rapid movements. At the output, Rad-
Cloud generates a 2D high-resolution point cloud from the
input radar data.
Real-time ROS implementation: Finally, the entire Rad-
Cloud framework is implemented as a ROS package which
we have made open-source to facilitate research in this area
by the broader community. The ROS package includes nodes
for streaming raw radar data from the TI-IWR1443 and TI-
DCA1000, processing the radar data in real-time, and gener-
ating 2D point clouds using a pre-trained RadCloud model.
The entire framework works on resource-constrained plat-
forms such as the NUC7i5BNH (a CPU-only platform) where
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Figure 3: UAV and UGV demonstration platforms.

we achieved average frame rates above 15 frames per second
when running the entire pipeline.

3 DEMONSTRATION
In this demonstration, we showcase the real-time RadCloud
implementation running on both an unmanned ground ve-
hicle and unmanned aerial vehicle as shown in Fig. 3. Both
platforms will run the full RadCloud ROS stack at 10 frames
per second, and monitors will display the input radar data,
computed point cloud, and ground truth data from a lidar
sensor using Rviz. Additionally, a laptop will be used to con-
nect to and control both vehicles over a private network
connection. During the demonstration, attendees can manu-
ally drive the UGV around in the environment to see how
the RadCloud model performs in realistic scenarios. If the
venue allows UAVs to be flown inside, we will manually fly
the UAV to demonstrate performance on airborne platforms.
We will bring all necessary materials including monitors, en-
vironmental obstacles, routers, and other compute hardware.
Additional demo videos are featured on [3].
Hardware: The Kobuki UGV and DJI Matrice 100 UAV plat-
forms shown in Fig. 3 will be utilized to demonstrate the ca-
pability of the RadCloud framework to generate point clouds
in real-time [4, 8]. Both platforms are equipped with the TI
TI-IWR1443 radar, TI-DCA1000 and an Intel NUC running
the entire framework in real-time. Additionally, the Kobuki
UGV is equipped with a lidar sensor to provide ground truth
data for comparison.
Environment and setup: A 5m × 5m environment should
be sufficient space for the demonstration.While wewill bring
several moveable dividers to reconfigure the demonstration
environment for different scenes, it would be helpful for the
demonstration environment to be located at the corners of
the conference room with access to a power outlet.
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