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ABSTRACT

This paper describes an Unmanned Ground Vehicle (UGV) system designed to navigate and map
unfamiliar high interference and wireless obstructing environments. The UGV utilizes LiDAR for
local area mapping, a camera for video feed, and houses a node deployment mechanism.

The nodes deployed are self-sufficient, low-cost, AA battery-powered, seamlessly connect over
RF for data transmission, and integrate a Passive Infrared (PIR) sensor for proximity awareness.
Each node is controlled by the Nordic nRF52840 System-on-Chip (SoC) with a mounted Qorvo
DWM3000 Ultra-Wideband (UWB) wireless module. The half-duplex DWM3000 was released
by Qorvo in 2020 and has the potential to be used for various mobile, consumer, and industrial
applications given its size and low power usage.

The remote interface displays the video feed from the UGV, a local view of the mapped area,
a larger view of the entire mapped area, and a catalog of all PIR sensor information. The most
challenging aspect of implementation is seamless node data transmission. The half-duplex nature
of the communication introduces the traditional hidden and exposed terminal problems, requiring
some coordination between the nodes’ transmission and reception periods.

INTRODUCTION

Remote control of UGVs or other robots over wireless is seldom uninterrupted, especially in high
interference or obstructive environments. Particularly within dense buildings, there is seemingly
no solution for perpetual connectivity other than a wired signal. Inspiration can be taken from
home wireless internet signal boosters where the extended connection range comes at little cost to
performance.
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To enable a continuous wireless connection in obstructive environments, we designed deploy-
able UWB RF nodes that connect for seamless communication through a node network. When
deployed, the nodes create a network that links the UGV to the Remote Station. Through this link,
the UGV transmits image and LiDAR map data to the Remote Station, and movement control is
transmitted back to the UGV, including the signal to deploy new nodes. Data transmission over
our UWB nodes is half-duplex, so we designed a transmission protocol for sending such data as
quickly and reliably as possible given our limitations.

PROJECT OVERVIEW

Our project consists of three primary systems which all connect wirelessly: the UGV, the Node
Array, and the Remote Station.

The UGV, which is a modified AION R1 UGV Rover, is equipped with a RPLiDAR A1 module,
an infra-red NV camera, a Nordic nRF52840 (NRF) [1] with a connected DWM3000 (DWM) [2],
a servo controlled node deployment mechanism, and a Roboclaw drive controller. All processes
are self-contained as Robot Operating System (ROS) nodes, and interact with each other with ROS
messages where necessary. ROS core runs on the onboard Nvidia Jetson TX2.

Whenever there is communication between the UGV and Remote Station, it is carried through
a chain of nodes deployed by the UGV. Each node consists of a PIR sensor and a custom 4 layer
PCB. PCB dimensions are 63mm by 68mm, making nodes small and portable. Key components
of the PCB are the mounted DWM and the NRF MCU.

The Remote Station uses a Nordic NRF with a connected DWM to receive messages from
the node array. It displays the camera and LiDAR map images received by the UGV. To direct
the UGV movements and actions, a USB connected controller is used. Similar to the UGV, all
processes are self-contained as ROS nodes, and a second ROS core runs on the Remote Station.

Figure 1: System Block Diagram.

ULTRA-WIDEBAND COMMUNICATION

Ultra-Wideband (UWB) communication is explored as a possible solution to fast and reliable com-
munication with our UGV. UWB is radio communication that works through narrow RF impulses
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Figure 2: Systems with Nodes Deployed.

as opposed to amplitude or frequency modulation with a more traditional sinusoidal shape. The
frequency range is 3.1 GHz to 10.6 GHz, including a sub 1 GHz frequency. The channel bandwidth
is at minimum 500 MHz and capable of up to 1.3 GHz [3].

For the purposes of this project, we are interested in the high data rate, low power consumption,
and low cost of UWB [4]. Our module supports data rates from 850 Kbps to 6.8 Mbps, which is
sufficient to transmit map data and compressed images, but is only a fraction of the standard’s
maximum possible data rate. For example, Multi-band OFDM with UWB supports rates up to 480
Mbps, and can reach the Gbps range when combined with multi-level modulation techniques [5].
The low power aspect of UWB was desirable due to our system utilizing two AA batteries and
requiring significant runtime. As the nodes were planned to be deployed and not retrieved, a low
cost technology was necessary.

ROS DATA TRANSMISSION OPTIMIZATION ON UGV AND REMOTE STATION

The primary consideration made during implementation of Robot Operating System (ROS) on
both the UGV and Remote Station was simplicity of design and compactness of network mes-
sages. These are conflicting goals, because increased project simplicity means less possibility of
compacting features. However, as ROS abstracts processes to simple input and output messages,
the requirement for simple data transmission is achieved despite the implementation of data opti-
mization and other features.

Evident by the project setup, it is required that the following information be sent over the
network: Camera stream, LiDAR data for mapping, UGV control data, Node deployment and
initialization requests, and PIR sensor data. All of these data types can be condensed into two
different ROS message types: CompressedImage of size less than 3kb, and a StampedTwist
of negligible size.
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Figure 3: Remote Station Display.

A. UGV to Remote Station

Camera streams and LiDAR map data are both heavy transmissions sent from the UGV. The former
being a large muti-dimensional array of RGB pixels, and the latter a volume of laser scans collected
by the sensor. The transmission of this data at significant rates is not possible given the DWM
module speed. However, with some tweaks to the way these messages are sent, it is possible to
reduce transmission sizes to a fraction of the naı̈ve implementation and increase project simplicity.

As the UGV is equipped with an Nvidia TX2, there is significant processing power which
can be utilized to offload work from the remote station and complete in the field. Full-resolution
camera usb_cam images can first be taken and reduced in size, leveraging pixel averaging. Im-
age compression can then be applied with the compressed image transport republisher to get
the CompressedImage message type, reducing the message to a fraction of original byte size,
shown in figure 4. Data can be further compacted with the removal of header information from
the CompressedImage message to get the raw uint8 array for transmission, then serialized
and sent on the node network. With these modifications the final camera image, shown in figure 3,
takes a size of less than 3kb compared to the initial 100kb.

The LiDAR pipeline starts with scan data from rplidarNode, which is directionally filtered,
and passed to the Hector SLAM algorithm for mapping and localization. Instead of sending this
map over the network for rendering on the Remote Station, rendering be performed on the UGV.
Rendering is finalized with the map_to_image_node, which also uses the pose, or position,
of the UGV in the map to acquire the local map. Similar to the camera image, this map image
can be compressed to the CompressedImage message type and stripped, meaning a final size
of less than 1kb. This pipeline is shown in figure 4.

Sending the entire map is costly for the network, so during movement operation the compressed
tile map is sent, whcih is a small area around the pose of the UGV. During node deployment
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