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INTRODUCTION

In order to safely operate in radioactive environments,
routine monitoring and characterisation is required to assess
physical, chemical and radiological hazards. Robotic and au-
tonomous systems are increasingly being used for monitoring
and characterisation [1], offering increased safety, reductions
in operational costs and increased time-efficiency. One task
which could benefit from the use of autonomous systems could
be sample retrieval through swabbing. This task is often part
of characterisation strategies, and some attempts have already
been made to use robots in this area [2].

Robotic systems may offer increased swabbing perfor-
mance when compared to human operators. The retrieval of
samples is not perfectly repeatable [3] and so imposes a fun-
damental limitation on the information that can be obtained
through swab sampling. As robots offer greater repeatabil-
ity than humans, using them may facilitate the reduction of
sampling error associated with swabbing. In order to aid the
development of these systems, there is a need to develop a
greater understanding of the different factors which effect
swabbing efficacy and repeatability.

This paper provides a comparison of a human operator
(the primary author) and a force-controlled swabbing system
in the execution of a single-pass swab test. Swabbing force
and mass removal data are presented.

Understanding the effect of swabbing inputs (such as force
and swab speed) on pick-up factor will aid the development
of automated swabbing systems which will provide greater
repeatability in the swabbing process. The tests presented are
crucial in identifying the variables in swabbing input which
have the largest effect on contaminant removal. While this
paper does not quantify the effects of these individual variables,
a number of key variables are highlighted in this paper.

METHODOLOGY

To ascertain variables which affect swabbing efficacy and
repeatability, a single-pass swab test was conducted ten times
for a human operator and a force-controlled swabbing system.
A diagram of the swabbing area is shown in Figure 1.

The human operator aimed to produce even force-input
through the swabbing motion, maintaining a constant speed
and aiming to swab the same area each time. It was not
possible to actively control these factors while conducting
these tests.

The force-controlled swabbing system used in this paper,
first presented in [4], is shown in Figure 2. The system in-
cludes a spring-loaded swabbing pad that is compressed to
a desired length by the linear actuator. The system provides
movement along the swabbing axis by moving the belt-driven
stage. The swabbing speed for each test with this system was
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Fig. 1: A diagram of the swabbing area for these single-pass
tests.

controlled so that each test would last 10 s.
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Fig. 2: The force-controlled swabbing system.

Force data is collected using a linearised capacitive force
sensor (SingleTact CS8-100N). The position of these sensors
beneath the swab was not fixed for these experiments. Pick-up
factors were determined by measuring masses using a mass
balance (OHAUS Adventurer AX-224). Whatman 41 filter
papers (Ashless, 55mm circles) are used in swabbing exper-
iments. The simulated contaminant for these experiments is
sand (50-70 mesh particle size, Sigma-Aldrich 274739).

Swabbing forces were collected during experiments using
the capacitive force sensors, with swabs being weighed before
and after swabbing to determine pick-up rates. For all of these



experiments, sand was deposited loosely on the surface and
then shook to homogenise the spatial distribution.

RESULTS AND ANALYSIS

The mass pick-up data, shown in Figure 3, demonstrates
that the force-controlled swabbing system provided much
greater repeatability in these experiments. While the hu-
man operator achieved a standard deviation of σ = 13.1 %,
the force-controlled swabbing system achieved a much lower
value of σ = 3.7 %. These results are consistent with previ-
ous work [4].
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Fig. 3: A comparison of the pick-up factors achieved through
human and force-controlled swabbing.

The force sensor data collected can be analysed alongside
this pick-up data to provide some insight on to the important
variables to control during swabbing. Table I shows a selection
of metrics collected in these experiments.

The automated swabbing system offers much greater re-
peatability in swab time (and consequently swab speed) which
may be a contributor to the greater performance in swabbing
tests. Aside from this metric, the values in Table I do not
clearly demonstrate a large difference in performance.

TABLE I: Performance metrics from swabbing experiments.

Human Swabbing System

Mean Swabbing Force (N) 24.2 29.3
σF (N) 3.5 4.3
Mean Swab Time (s) 9.5 10.0
σT (s) 2.3 0.0
Pick-Up Factor (%) 23.0 32.4
σPUF (%) 13.1 3.7

Surprisingly the standard deviation in swabbing force for
the human operator was lower than the value for the swab-
bing system. This seemingly counter-intuitive result is better
explained with the information from Figure 4.

Figure 4 shows force measurements (taken with f =
10 Hz) from the middle 5 s of the intended 10s swabbing time.
Aside from one large spike in force measurement (caused by
an item accidentally being dropped on the desk near to the
experiment) the force measurements in Figure 4a give a more
consistent force level through swabbing than in Figure 4b.
Figure 4 shows that the increased deviation in swabbing force
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(a) Force-controlled swabbing
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(b) Human swabbing

Fig. 4: Force profiles during the middle 5s of swabbing.

for the autonomous system is in fact due to the wider range
of force measurements across all of the tests. This is thought
to be due to inconsistencies in the position of the force sensor
under the swabbing pad.

Figure 4 highlights differences between automated swab-
bing and the human operator as well as raising issues that must
be addressed in future work:

1. The automated swabbing system provided more consis-
tent swabbing force in individual tests, though there was
a large range of forces across different tests. It is yet
to be determined whether this is a true reflection of the
system behaviour or whether this was caused by the force
sensors.

2. The force application measurements were more similar
than expected. If these results are a true reflection of
the real swabbing inputs, then the force input during
swabbing may be less important than assumed [5, 6].

CONCLUSIONS AND FURTHER WORK

The results presented demonstrate the advantages of using
force-controlled systems for swabbing. Automated systems,
such as the one used in these experiments, offer less variance in
swabbing time and provide consistent force application. This
has a clear positive impact on the removal of contamination,
and it is demonstrated here that swabbing systems can provide
much less variance in the removal of contamination. The
standard deviation in contaminant mass removal was just σ =



3.7 % for the swabbing system, while the human operator
could only achieve σ = 13.1 %.

Though it is clear that automated swabbing systems can
offer more reliable contamination removal, the reasons for this
are not entirely known. Existing literature has long thought
that variable swabbing forces have a negative impact on the re-
peatability of pick-up factors [7, 8, 9, 10], however the results
in this paper give no strong indication that this is the case.

The clearest differences between the swabbing of a hu-
man operator and the swabbing system are the differences in
swabbing time and a difference in the way force is applied to
the swab. While data from more operators are required before
making definitive statements, it seems that human operators
struggle to maintain constant swabbing speed and this may
be a reason for the decreased repeatability of pick-up factor.
It is noteworthy that the way force was applied to the swab
in these experiments was different for the different systems.
The human applied force only across the three fingers used
to hold the swab, and this placement was not possible to be
made consistent across trials. The swabbing system was able
to apply force evenly across the whole swab and this may have
had a positive impact on swabbing efficacy.

It is necessary for future work to determine which swab-
bing input factors are most important during swabbing, and
for work to quantify the impact of these factors.
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