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Abstract— This paper presents a mobile UVC disinfection
robot designed to mitigate the threat of airborne and surface
pathogens. Our system comprises a mobile robot base, a custom
UVC lamp assembly, and algorithms for autonomous navigation
and path planning. We present a model of UVC disinfection
and dosage of UVC light delivered by the mobile robot. We
also discuss challenges and prototyping decisions for rapid
deployment of the robot during the COVID-19 pandemic.
Experimental results summarize a long-term deployment at The
Greater Boston Food Bank, where the robot delivers (nightly)
UVC dosages of at least 10 mJ/cm2 to a 4000 ft2 area in under
30 minutes. These dosages are capable of neutralizing 99%
of coronaviruses, including SARS-CoV-2, on surfaces and in
airborne particles. Further simulations present how this mobile
UVC disinfection robot may be extended to classic problems
in robotic path planning and adaptive multi-robot coverage
control.

I. INTRODUCTION

Ultraviolet Germicidal Irradiation (UVGI), a proven tech-
nology in hospital disinfection, shows promise in fast and
effective neutralization of viruses, bacteria, and many other
pathogens and microbes. Ultraviolet-C (UVC) light in the
100 − 280nm range inactivates microbes by damaging its
RNA or DNA, which prevents replication and causes the
microbe to die [1]. Since the effectiveness of UVC directly
depends on the distance and line-of-sight to a target area,
coverage with stationary fixtures may require many units and
be prohibitively expensive for large buildings, such as offices
and warehouses. In this paper, we present algorithms for
mobile UVC disinfection robots, and a platform designed to
autonomously map, navigate, and patrol environments while
delivering UVC dosages to targeted surface areas and air
volumes. Experiments from a deployment at The Greater
Boston Food Bank (GBFB) are also discussed.

Solutions for UVGI allow for hands-free and chemical-
free disinfection of high-traffic essential service locations,
such as hospitals, grocery stores, and food banks. UVC
disinfection reduces the risk of transmission by neutralizing
surface and airborne pathogens. Unlike chemical-based dis-
infection, which may not be appropriate for food or sensitive
equipment, UVC exposure has no adverse effects on the
quality of food [2], can disinfect electronic equipment [3]
without damage, as well as other surfaces not suitable for
chemical disinfection [4]. However, UVC operates in a line-
of-sight mode and exposure can cause skin and eye damage
in humans, further necessitating robotic devices.
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Fig. 1: Our UVC mobile disinfecting robot at The Greater
Boston Food Bank. The robot performs nightly autonomous
patrols of the aisles of pallets.

The COVID-19 pandemic created an immediate need for
this technology at The Greater Boston Food Bank. Food
insecurity rose as a result of the pandemic [5], making
food banks an essential service that could not afford to shut
down. At The GBFB, up to fifty different delivery groups
may pass through the warehouse each day, creating a risk
of community transmission. UVC disinfection complements
the other protocols within The GBFB, such as chemical
disinfection, mask-wearing, social distancing, and other best
practices. This paper summarizes our system deployment and
experiments during 2020. Our system provided additional
disinfection to the staging area of the warehouse, approxi-
mately 4000 square feet, in under 30 minutes, and ran its
autonomous patrols at night when no humans are present.

Shown in Figure 1, our design comprises three compo-
nents: a mobile robot base, a radial UVC lamp assembly,
and algorithms for autonomous operation. The radial design
of the UVC lamps provide 360◦ coverage to disinfect both
surfaces and aerosols within the environment. The main
contributions of this paper are:

• A model for mobile UVC disinfection of surfaces and
aerosols, with algorithms for autonomous patrol;

• Algorithms for patrolling known and unknown environ-
ments with one or more robots;

• A mobile UVC disinfection robot platform; and
• Experimental results from The GBFB deployment.

While our initial motivating objective was to mitigate the risk
of COVID-19 exposure, our autonomous solution extends
to other uses of UVC disinfection. Current applications
include food pasteurization and processing [6], [7], medical
environment disinfection [8], [9], and laboratory containment
systems [10], to name a few. UVC can mitigate exposure to
other infectious diseases in public spaces, such as influenza



[11], tuberculosis [12] and pneumonia [13], making it an
applicable technology beyond the COVID-19 pandemic.

Related Work
The autonomous UVC disinfection problem is related to a

number of classic problems in robotics. We draw inspiration
from path-planning algorithms, such as Cellular Decomposi-
tion [14], [15] and Task Allocation [16], [17], [18]. Persistent
Monitoring strategies [19], [20], [21], [22] can help in
designing systems that meet UVC dosage requirements. We
also extend to multiple robots with principles from Coverage
Control [23], [24], [25], [26].

Several market solutions exist for providing UVC disin-
fection, which we categorize as: stationary fixtures; mobile
carts; and autonomous robotic solutions. Mobile carts differ
from robot solutions in that they do not have autonomous
navigation capabilities, such as the Xenex [27] mobile device
or Surfacide [28] multi-cart solutions. Autonomous robotic
solutions offer several key advantages: first, the robots
are capable of autonomous navigation between areas of
interest. Advanced sensor capabilities enable more precise
localization and UVC dosage delivery. These sensors also
enable safety features, like automatic shut-off with people
detection. One of the first robotic disinfection robots was
UVD Robots [29], which is summoned to disinfection zones
by a human operator that also initializes disinfection runs.
The SmartGuardUV [30] robot uses PURO lamps for pulsed
light disinfection, which requires a “stop-and-go” motion.
In contrast, our system presented in this paper is designed
to autonomously patrol environments without the need for
human supervision, with continuous UVC disinfection.

The remainder of this paper is organized as follows: In
Section II, we present our model of UVC disinfection for a
mobile autonomous robot in environments with occlusions.
Section III discusses algorithms for path-planning for one or
more robots, with simulations in Section IV. We detail our
mobile UVC platform in Section V, discuss our experimental
results from The GBFB in Section VI, and present our
conclusions in Section VII.

II. MODELING UVC DOSAGE DELIVERY

Our models of UVC dosage for a mobile robot are critical
to the design of the UVC robot. First, we present a primer
on UVC Disinfection and our method for determining the
appropriate dosages for microbe and pathogen inactivation.
Next, we formulate the mathematical model for how a mobile
robot delivers UVC dosages to the environment, including in
environments with occlusions, which informs the design of
our autonomous algorithms.

A. Basics of UVC Disinfection
Disinfection is commonly modeled with a log-linear model

that relates the inactivation rate to the microbial concentra-
tion [31]. We relate the disinfection dosages to the required
log reductions. A 1-log reduction means that 90% of the
colony has been inactivated, a 2-log reduction inactivates
99%, a 3-log reduction inactivates 99.9%, and so forth. We
refer to the dosages that achieve these log reductions as a
D90 dose for a 1-log reduction, and a D99 dose for the 2-
log reduction. UVC disinfection is log-linear with respect to

time [6], such that a D99 is twice a D90 dosage, and takes
twice the exposure time from a UVC light source.

B. UVC Dosages for COVID-19 Disinfection

Our primary goal for The GBFB deployment was to
mitigate the risk of exposure to COVID-19. To determine our
target D90 and D99 dosage values, we studied both emerging
research on UVC susceptibility of SARS-CoV-2, as well as
existing research on similar coronaviruses, such as SARS-
CoV-1, MHV, and MERS.

At the point of deployment in June 2020, we chose to
follow the conservative approximation of 10 mJ/cm2 for our
D90 dosage value for surfaces, based on research on similar
coronaviruses [32]. Furthermore, we note that airborne parti-
cles are more susceptible to UVC irradiation, where a dose of
D90 ≈ 1 mJ/cm2 was reported [33]. More recent studies on
SARS-CoV-2 show an even greater susceptibility to UVC
irradiation, suggesting a D99 dosage of around 5 mJ/cm2

for SARS-CoV-2 on wet and dried surfaces [34], [35], [36].
Thus, our target dosage is sufficient to provide surface and
airborne disinfection about the D99 threshold.

C. Modeling the UVC Dosage Footprint

To achieve our target dosage, we need a model of how
the robot delivers UVC. For an environment Q, with points
denoted q ∈ Q, and the position of our robot pi, the intensity
of UVC light I(·) a point receives is proportional to the
inverse squared distance,

I(pi, q) =
α

‖pi − q‖2
, (1)

where α is a constant of the UVC lamps. For example, a
lamp that 150µW/cm2 at one meter has an α = 1.5e6µW .
The UVC dosage delivered by the robot is calculated as the
intensity over a time interval ∆t,

Dτ (pi, q,∆t) =
α

‖pi − q‖2
∆t, (2)

for τ = k∆t point in time. We account for robot motion
and approximate the total dosage over time D(pi(t), q, t) at
a point q by discretizing the trajectory of the robot,

D(pi(t), q, t) =

n∑
τ=1

Dτ (p(t), q, t). (3)

We apply (3) to all points in the environment to find the
dosage over an area, which we denote D(pi(t), Q, t) for
an area Q. In Section V-B, we detail the specific modeling
parameters of our four-lamp assembly, validated by measure-
ments with a UVC dosimeter.

D. Accounting for Occlusions

The effectiveness of UVC disinfection relies on the surface
or airborne particle being in line-of-sight to the UVC lamps.
Note that (2) and (3) provide the unoccluded dosage: in
practice, it is necessary to check that q is not occluded.
In Section III, we discuss two approaches that account for
occlusions: first, with a lidar sensor, and second by a convex
decomposition of the space. Since a lidar sensor returns
points within line-of-sight of the robot, we can construct



a visibility footprint and only update our dosage estimates
from (2) to points within the footprint.

If the robot is not equipped with a 360◦ lidar sensor, we
can also estimate line-of-sight points by constructing convex
regions. For some convex region Ωj , we know that all points
are visible to the robot if the robot is also in the convex
region. Calculation of dosage accumulation in (3) is restricted
to the convex region containing the robot at that point in time,
Dτ (pi,Ωj ,∆t). Over an environment with obstacles, we can
either decompose the region into m convex regions, where
no two regions should overlap, Ωj∩Ωk = ∅. Alternatively, as
detailed in Section III, a robot’s Voronoi cell Vi is a convex
region containing the robot, and so the robot can update its
dosage estimates by Dτ (pi, Vi,∆t).

III. PATH PLANNING AND MULTI-ROBOT COVERAGE

In this section, we present two algorithms for mobile UVC
disinfection. First, we present a path-planning algorithm for
delivering dosage through a known, static non-convex envi-
ronment, such as an office environment. Next, we present an
adaptive coverage algorithm suitable for environments where
the obstacles may change locations between disinfection
patrols. The adaptive coverage algorithm draws inspiration
from Voronoi-based coverage control, and is extensible to
multiple distributed mobile robots. Simulation results of the
adaptive Voronoi-based coverage algorithm are presented in
Section IV, and the static path algorithm was the basis for
experiments performed at The GBFB in Section VI.

A. Optimized Path in Static Environment

Consider an office environment Q, where a robot may be
instructed to disinfect offices, but needs to locally navigate
around clutter and other obstacles. A human expert may be
able to look at the floor plan and identify regions to disinfect,
but may not be able to construct an optimal trajectory through
the complex space. In this scenario, we assume that the
robot has been given a map of the environment, with a task
specification of its patrol from the user, such as “visit all
eight offices,” which the user has annotated on the map. To
ensure the desired UVC dosage is delivered to all specified
regions, we create a graph representation of the environment
GQ = (N , E), where the nodes N represent locations the
robot can visit, and the edges E denote the path between
nodes. Each node contains a dosage requirement, and we fix
the speed of the robot and the node spacing, such that if the
robot visits a node, it will deliver the required dosage.

To generate the optimized path for the robot, we ran two
levels of an A? algorithm: first, we search all traversable
neighboring nodes to find the shortest path between the
entrances to the office regions. Next, a second layer checked
all traversable nodes marked to receive UVC disinfection and
used a heuristic to consider adjacent nodes first in order to
construct a path until all nodes needing UVC disinfection
were a part of the robot’s planned path.

As the robot traverses its planned path, we calculate
the total accumulated dosage. We account for occlusions,
walls, and obstacles by leveraging the lidar information to
determine what points are within line-of-sight of the robot,
illustrated in Figure 2.

(a) Lidar Footprint (b) Dosage Applied

Fig. 2: (a) Simulation of visible points from the lidar, with
the enclosed footprint traced in pink. (b) Dosage applied by
the robot, masked by the lidar footprint. Note that the lidar
allows us to account for shadows.

By constructing a lidar mask, we create a “visibility
footprint” for the dosage calculation. Let Γi define the set
of points q visible by the lidar of the robot pi at a given
timestep. We define Li(pi(t), q, t) as an indicator function,

Li(pi(t), q, t) =

{
1 if q ∈ Γi(pi(t), q, t),

0 otherwise.
(4)

In Algorithm 1, this indicator function (4) masks the un-
occluded dosage (2). We refer to the entire environment
as Li(pi(t), Q, t) and Dτ (pi(t), Q, t). Let DV (pi(t), Q, t)
define the dosage applied to all visible points,

DV (pi(t), Q, t) =

n∑
τ=1

Li(pi(t), Q,∆t)D
τ (pi(t), Q,∆t).

(5)
Determining occlusions from lidar sensors is suitable for
environments where the obstacles may change over time,
or during online re-planning. We summarize the dosage
accumulation calculation and the overall static path plan in
Algorithm 1.

Algorithm 1 Dosage Calculation from Lidar

1: Identify regions to receive dosage
2: Create Graph of environment GQ
3: Identify a path connecting all regions
4: Connect all points requiring dosage to generate patrol
5: while Robot is on patrol do
6: Calculate unoccluded dosage Dτ (pi, Q, t) (2)
7: Calculate lidar footprint Li(pi, t) (4)
8: Mask dosage with footprint Li ∗Dτ

9: Update accumulated dosage DV (5)

Simulations of Algorithm 1 were performed on an office
map, illustrated in Figure 3. In Figure 3a, we illustrate the
graph discretization of the environment, used to construct
the patrol path. Here, the shaded pink cells correspond to
traversable cells within regions the user has specified to visit.
Figure 3b illustrates the generated path and total applied
dosage to patrol the office regions. The color scale indicates
the total dosage: blue regions correspond to UVC dosages



(a) Discretized Environment (b) Dosage Applied Along Path

Fig. 3: (a) Discretized representation of the environment.
Pink cells indicate traversable locations marked to receive
UVC dosage. (b) From the discretized environment in (a),
the robot optimizes its path to deliver dosage to all nodes.
The overlay shows the total dosage delivered by the robot.

meeting or exceeding the desired dosage, while the green
regions indicate some dosage applied, and gray indicates no
dosage applied. As shown, occlusions and obstacles within
the offices create shadows and areas that may not receive
the total desired dosage. In the next section, we discuss
one possible adaptive coverage policy that may address local
replanning around obstacles.

B. Adaptive Voronoi-Based Coverage

As the robot performs its UVC disinfection patrols, it
may encounter static obstacles that are not included in its
map of the environment. Here, we present an algorithm that
draws inspiration from Voronoi-based coverage control to
navigate an environment with obstacles and adapt online to
move towards regions needing UVC dosage. We choose a
Voronoi-based approach, as a robot’s Voronoi cell provides
a local convex sub-region. This sub-region is important for
several reasons: first, as a convex cell, we know all points
are within line-of-sight, and can readily update our dosage
estimation. If the agent plans actions within its Voronoi cell,
we know it will also avoid collisions. Finally, this approach
scales to a team of distributed robots. We use the Obstacle-
Aware Voronoi Tessellation [37] to account for obstacles and
maximize the individual cell area.

Traditional Voronoi-based coverage control [23], [24],
[25] deploys a team of agents across some environment to
minimize a locational cost function. Consider a team of
n robots in an environment Q. Points in Q are denoted
q ∈ Q, and the positions of the robots are denoted pi. We
define an information density function φ(q) that specifies the
importance of any point. Robots assess the quality of their
locations with a locational cost function,

H =

n∑
i=1

∫
Vi

‖q − pi‖2φ(q)dq, (6)

where Vi is the Voronoi cell for robot at pi, and q ∈ Q is
a location in the environment. It can be shown [23] that if
each agent moves to the centroid of Vi, H converges to a
local minimum, and all agents reach a static configuration.

We propose that UVC disinfection is analogous to the
coverage problem, where φD(q) represents the desired UVC
dosage at any point. Instead of the robots optimizing their
sensor locations, their task is to optimize their delivery of
UVC to points in the environment requiring a UVC dosage.
As the robot moves through the environment, we update the

required dosage by subtracting the dosage delivered by a
robot within its Voronoi cell at each time step,

φD(q, t+ ∆t) = φD(q, t)−
n∑
i=1

Dτ (pi, Vi,∆t). (7)

Note in (7) we restrict Dτ to the robot’s Voronoi cell Vi,
which underestimates the actual dosage delivered. If the
dosage delivered by Dτ (·) is greater than the dosage required
from φD(q, t), then we set the value of φD(q, t) to zero. The
function φD(q, t) acts as a “density” function that informs
the robots of how much dosage is needed at any point.
Continuing this analogy, the “mass” of the environment
scores the total missing dosage. We define the mass MQ:

MQ(t) =

∫
Q

φD(q, t)dt. (8)

Intuitively, by decreasing the mass of the environment, the
robot will drive towards regions that need UVC dosage.
We assume that our robot(s) have knowledge of φD(q, t)
and MQ(t), which can be estimated by their individual
movements and shared position data with other robots in
the environment. To decrease MQ(t), we first identify peaks
CM,j for j ∈ {1, ..., npeaks} in MQ(t) via k−means
clustering. Then, each robot navigates towards the nearest
cluster centroid of MQ(t). Upon reaching a centroid, we
update the clusters and choose a new target. Algorithm 2
summarizes this approach. Simulations presented in Section
IV demonstrate this is an effective algorithm for one or more
robots in the environment.

Algorithm 2 Voronoi-Based UVC Adaptive Coverage

1: Update Estimate of Dosage Required φD(q, t) (7)
2: Update Mass MQ(t) (8)
3: Find Peaks in Mass, CM,j via clustering
4: for i ∈ n robots at positions pi do
5: Update Voronoi Cell Vi
6: Determine nearest C∗

M,j = minj ‖CM,j − pi‖
7: if ‖C∗

M,j − pi‖ < ε then
8: Update Peaks in Mass, CM,j , via clustering
9: if C∗

M,j ∈ Vi then
10: Move towards point ṗi = k

(
pi − C∗

M,j

)
11: else
12: Find nearest point in Vi to C∗

M,j and move
towards that point

13: Update dosage applied Dτ (pi, Vi, t) (2)

IV. SIMULATIONS

In this Section, we present our simulation results for the
Adaptive Voronoi-Based Coverage approach summarized in
Algorithm 2. We propose that a robot provide adaptive UVC
dosage to an environment with random obstacles following
a technique that decreases the total mass in the environment,
where the mass is calculated from remaining dosage require-
ments. This approach works for one or more agents operating
in a space. Figure 4 illustrates a group of n = 4 robots
in an environment with obstacles performing Algorithm 2.



(a) (b)

(c) (d)

Fig. 4: Robots performing Voronoi-based adaptive coverage
can dynamically apply UVC dosage to an environment
with obstacles. The remaining dosage requirement φ(q, t)
is shown in the color scale, with pink and purple indicating
dosage needed. At each time step, the robots calculate the
remaining dosage requirements in φ(q, t) by subtracting their
individual dosage applied within their Voronoi cell. Over
time, our algorithm drives the robots to explore the dosage
and provide all areas with a sufficient dosage (bright blue).

Here, the agents use the Obstacle-Aware Voronoi Tessellation
[37], which increases the area of their individual cell to be
tangential with obstacle borders. At each time step, robots
estimate their UVC dosage delivery by applying (2) over
their individual Voronoi cell. This is a conservative approx-
imation to address occlusions from obstacles. In Figure 4,
the contours within the environment denote the total applied
dosage. Here, we specify a target dosage of 5 mJ/cm2, shown
as bright blue. Our policy drives the robots to explore and
disperse through the environment, and as φD(q, t) evolves,
it will drive agents to new areas that need UVC within the
environment. By the final point in time, the robots have
delivered the target dosage to all points in the environment.

We verify the performance of the robots by examining
the total mass MQ(t) over time in Figure 5. Figure 5a plots
MQ(t) for twenty trials with n = 4 UVC robots and 12
obstacles. The obstacles and the robots have randomized
initial positions. We observe that the final mass in all trials
goes to zero, indicating that the target dosage has been
applied to all points of interest in the environment. Figure 5b
compares the average time to 2% mass remaining for varying
numbers of robots. Each box plot in Figure 5b represents
twenty randomized trails with 12 obstacles. We notice that
the average time to 0.02MQ decreases with the number of
robots on the team.
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Fig. 5: (a) MQ(t) over time for 20 trials of n = 4 robots
and 12 randomized obstacles. (b) A comparison of the
time to 0.02MQ for varying numbers of robot teams in an
environment with 12 randomized obstacles.

(a) UVC Lamps (b) Relay Board

Fig. 6: (a) Custom UVC Lamp assembly that mounts atop the
Ava mobile base. (b) Power relay and Teensy microcontroller
for controlling the lamps.

V. PLATFORM OVERVIEW

This section details the main components of the physical
system at The GBFB. The motivation for designing this robot
was to create a mobile UVC disinfection robot for deploy-
ment at The GBFB during the COVID-19 pandemic. Design
work began in April 2020, with delivery to The GBFB in
early June 2020. These implementation decisions enabled
rapid prototyping and deployment, and accounted for reduced
availability of parts and a remote team integration during the
pandemic. Our system contains three key components: (i) the
Ava Robotics mobile base, (ii) a custom UVC lamp assembly,
and (iii) an Arduino-powered relay board that controlled the
UVC lamp assembly from remote and base commands. In
addition, for our deployment at The Greater Boston Food
Bank, we created a remote alarm integration to act as a
secondary emergency shut-off.

A. AVA Robotics Mobile Base
We chose the Ava Robotics base as our mobile platform1.

The base has a holonomic drive system with a maximum
moving speed of 1 m/s and a minimum speed of 0.1 m/s. It
is equipped with 2D lidars, which enable SLAM-based nav-
igation, on-board odometry, and front-facing depth cameras

1http://avarobotics.com



Distance
(m)

Est Intensity
α = 3.0e6
(µW/cm2)

Avg. Intensity
(µW/cm2)

Extrapolated α
(µW )

0.81 457 484 3.17e6
1.11 243 278 3.46e6
1.42 149 188 3.79e6
2.03 73 104 4.30e6
2.64 43 66 4.59e6
3.25 28 45 4.75e6

TABLE I: Measured UVC intensity values of our payload,
and predicted α values.

for dynamic collision avoidance. The base provides 36VDC
power to payloads, and Ethernet communication with its
onboard Linux computer. Remote management, including
tele-operation, is provided through Ava’s web servers. The
robot self-charges its batteries between patrols on its dock.

B. UVC Lamp Assembly
Our assembly comprises four UVC lamps, arranged in a

radial configuration, as shown in Figure 6a. Each lamp is
rated for 16W of 254nm UV output, with an intensity of
150 µW/cm2 at a one meter distance2. Two 120 VAC ballasts
drive the lamps. The PVC frame enabled rapid assembly and
encloses all electrical wiring. For dosage calculations in path
planning and reporting, we assume that the dosage provided
by the entire payload is equivalent to two individual lamps
for any point around the robot, with α = 3.0e6 µW. A UVC
dosimeter verified our system provided its expected UVC
intensity, and that the intensity is radially symmetric around
the robot. We also note that while our measured intensity
values did not exactly follow an inverse-squared distance
relationship described in Section II, it never over-estimates
the performance. Table I summarizes our recorded average
intensity values at various distances from the robot.

C. Relay Board Design
The Ava mobile base provides 36 VDC power for external

payloads and Ethernet for communication. The electronic
control system serves two purposes: (i) convert Ava’s base
power to the 120 VAC needed to drive the UVC ballasts; and
(ii) actuate the UVC lamps with several layers of redundancy.
A prototype system was quickly designed and fabricated,
shown in Figure 6b. For communication, the system uses
a Teensy 3.2 micro-controller3 connected through SPI to a
WIZ850IO SPI-based Ethernet module to communicate with
the base, as well as a RFM69HCW short-range wireless radio
for remote control. In order to simplify the design, the power
system was split up into two parallel systems (one for each
UVC ballast), which allowed for the use of lower-current
rated components. The power system first steps down the
36 VDC to 12 VDC with a DC-DC Converter, enabling us to
use off-the-shelf 120 VAC inverters. Then the microcontroller
controls the state of the lights through two relays.

2Datasheet provided by American Ultraviolet, manufacturer and sup-
plier of the UVC lamps

3https://store.arduino.cc/usa/teensy-3-2-usb-development-board

(a) SLAM Map (b) Full

(c) Half-Full (d) Almost Empty

Fig. 7: The number of aisles to disinfect at the Greater Boston
Food Bank varied from run to run. The SLAM map in (a)
corresponds to a “full” staging area, shown in (b), but at
times the dock could be (c) half-full, or (d) almost-empty.

D. Remote Shut-Off and Alarm Integration
Because UVC light is harmful humans, we wanted to

ensure that the robot would stop patrolling if an unexpected
person entered the building. Using an existing door moni-
toring system as a trigger mechanism, we can send a high
priority push notification to the robot ordering it to shut off
its lights if tripped. Additionally, a wireless remote can also
be used to disable the UVC lamps.

VI. DEPLOYMENT AND EXPERIMENTS AT THE GREATER
BOSTON FOOD BANK

Our robot was first delivered to The GBFB in June 2020
with the objective to perform nightly patrols for exposed
surface and aerosol disinfection. During June and July 2020,
the robot performed a mix of tele-operated patrols and
autonomous patrols. This allowed us to verify the UVC
disinfection function of the robot and its safe navigation
capabilities. The robot switched to all-autonomous patrols by
August 2020. The experimental results summarize over 50
autonomous patrols conducted between August and October
20204. Patrols did not run on days when nothing was staged
for distribution, and for approximately three weeks in August
and September due to infrastructure work at The GBFB.

A. Environment Layout
The robot was tasked to patrol the staging area of The

GBFB, which is seen in Figure 1 and in the camera view in

4In November 2020, the robot prototype was upgraded with a newer
version that contained significant design and feature changes. Experiments
with this updated robot are still ongoing, and are therefore not included in
this paper.



Fig. 8: For each patrol, the robot relies on its static SLAM
map to navigate the aisles. We plot the trajectory data for 16
patrols performed during October 2020.

Figure 7. The staging area at The Greater Boston Food Bank
is about 4000 ft2 (400 m2) and contains up to five aisles of
pallets. Although not all aisles may be occupied on any given
day, we achieved reliable and repeatable performance with a
static SLAM map that includes the aisles as obstacles, seen
as the grey rectangles in Figure 8. The robot constructed an
onboard SLAM map from its 2D lidars prior to performing
its autonomous patrols. During patrols, the robot uses both
its lidar as well as the depth cameras for local collision
avoidance around pallets and obstacles that may shift from
day to day. No external sensors or information is used for
navigation or localization; the camera view in Figure 7 is a
security camera that is not integrated with the robot.

B. Patrol Design
As shown in Figure 7, the staging dock contains up to five

aisles of pallets staged for pickup the next day. We treat these
aisles as obstacles for navigation, and designed a fixed patrol
route with a fixed speed of 0.1 m/s as the robot drives in the
staging area. Although the pallets are navigation obstacles,
the lights on the robot are designed to be taller than the
height of the aisles, and we treat the staging area as a single
continuous convex region for our estimate of UVC delivery.

Our goal is to provide UVC disinfection between shifts of
workers, targeting aerosol particles lingering in the air and
droplets that have fallen on the floor and pallet tops. During
the staging process, pre-packaged pallets are driven to the
staging dock, thus our focus is not on disinfecting all sides
of a pallet, nor all its contents. It is instead focusing on the
droplets that fall from the air and become surface fomites
on the remaining exposed surfaces. As mentioned in Section
II, at the point of deployment in June 2020, we targeted a
dosage of 10 mJ/cm2. We designed a static patrol route to
navigate up and down the aisles, such that in a single up-and-
down pass of an aisle, the robot delivers the target dosage
to the nearby volume. This patrol design was inspired by
our static path plans from Section III, as well as Cellular
Decomposition strategies in [14], [15].

These experiments ran nightly and launched autonomously
when the building was not occupied. However, as not all

Fig. 9: Total dosage delivered by the robot during patrol. The
aisles of pallets are shown as grey rectangles, and the dock
is marked in orange. The robot traverses from the rear of the
warehouse to the staging area and back.

aisles were occupied on any given day, a human user could
specify the aisles to visit before a patrol, and the path
would update accordingly. Trajectory data from 16 patrols
performed during October 2020 are plotted in Figure 8.

C. Disinfection Results

As discussed in Section II, our target UVC dosage was
10 mJ/cm2. Although the aisles appear as obstacles in the
SLAM map, the UVC lamp assembly is positioned above
the tops of the pallets. For the purposes of UVC dosage
accumulations, we treat the staging area as a continuous
convex region, as the lights of the robot are not occluded
by the pallets. Figure 9 plots the contours of the dosage
accumulation during a robot patrol of four aisles A-D (aisle
E was not full during this patrol). The robot achieves its
target dosage of 10 mJ/cm2 across the aisles, with maximum
dosage values exceeding 20 mJ/cm2. The time to complete
the patrol was 20 min, with the robot moving at a decreased
speed of 0.1 m/s in the staging area. These results suggest
we achieve at least D99 dosages to mitigate both surface
fomites and airborne particles of SARS-CoV-2.

VII. CONCLUSIONS

This paper presents our algorithms, platform, and experi-
mental results for mobile UVC disinfection robot. Our robot
was deployed at The Greater Boston Food Bank (GBFB),
where we performed patrols of the warehouse staging area
and delivered dosages of at least 10mJ/cm2 to the aisles of
pallets in the staging area. We discuss our model of UVC
disinfection for a mobile robot, and simulations illustrate
how this problem can be generalized multi-robot applications
and adaptive coverage. Future work will look to refine our
UVC dosage model, explore other applications of Ultraviolet
Germicidal Irradiation (UVGI), extending to further online,
adaptive planning policies.
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[6] C. E. Ochoa-Velasco, R. Ávila-Sosa, P. Hernández-Carranza,
H. Ruı́z-Espinosa, I. I. Ruiz-López, and J. Á. Guerrero-Beltrán,
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