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Abstract - In this study, we evaluated the educational effectiveness of training by reviewing recorded data
on contamination survey techniques and real-time display feedback. An optical flow (OF) sensor and a
distance sensor were used to measure the speed and distance, respectively. The sensors were mounted on a
radiation measuring device, and the contamination survey techniques of the 12 participants were recorded.
The recorded data and real-time technique feedback was used to conduct training, after which the
participants performed contamination surveys once more. Speed and distance both significantly decreased
after training, with speed dropping from 4.70 to 3.45 cms ™' and distance decreasing from 1.16 to 0.90 cm.
Additionally, variations during surveys showed a significant reduction.
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1 Introduction

Surface contamination surveys are typically performed by
workers using Geiger—Miiller survey meters. To reliably detect
contamination, it is important to bring the probe close to the
surface and scan slowly and carefully. Previous studies have
demonstrated that when the probe is moved more slowly,
differences in distance have a smaller impact on detection
(Yamanishi and Sugiura, 2009). It has also been demonstrated
that for low-energy beta-emitting radionuclides, such as C-14,
maintaining a 5 mm gap between the detector and the source
makes it sufficiently possible to detect contamination levels
around the regulatory standard of 40 Bq / cm? for controlled
areas, which is based on Japanese regulations (Abe et al.,
2010). If the appropriate techniques are employed, contami-
nation surveys can be conducted with sufficient sensitivity. As
for previous research focusing on training contamination
surveys, Onuma et al. (2012) developed a PC software
program that simulated probe operations via mouse move-
ments to highlight differences in the scanning techniques of
novices and experts. Tomisawa et al. (2023) conducted
contamination survey training in a virtual reality environment
and reported that its educational effect was equivalent to that of
in-person training. Nonetheless, non-negligible discrepancies
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between simulations and real-world settings exist, and the
training often remains a one-time exercise. In this study, we
examined a method that enables continuous training and is
applicable to daily operations and verified its educational
effectiveness.

2 Materials and methods

2.1 Acquisition of correction factors for speed
estimation

For speed estimation, we employed an optical flow (OF)
sensor (ThoneFlow-3901UY). We connected the OF sensor
and a distance sensor (VL6180X) to a microcontroller board
(ESP32 DW3000). The distance from the scanning surface was
varied from 1 to 10 cm, and at each distance, the movement
speed of the microcontroller board was varied from 1 to
10cms™', resulting in 100 different conditions. From the
relationship between distance and output, we derived
correction factors that were applied to the outputs to obtain
distance-independent values.

2.2 Evaluation of the educational effect

Based on the above considerations, we attached the OF
sensor to an appropriate position on the radiation measurement
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Figure 1. Changes in technique before and after training (the shaded area indicates the recommended proper technique) (a) Speed (b) Distance.

device (RaySafe X2). We recruited 12 senior students majoring
in Radiological Technology. Each participant was instructed to
perform surface contamination surveys of a 70 x 100 cm table
covered with filter paper, once before training and once after.
During these days, the participants were instructed regarding
the proper technique, specifically maintaining a scanning
speed of 3-5cms~' and a probe-to-surface distance of
approximately 1 cm. Before their second survey, the partic-
ipants were shown a recorded data of their first technique. They
then underwent training, during which their scanning speed
and distance were displayed in real time. To determine whether
the training significantly improved the technique, we used
either a t-test or the Wilcoxon signed-rank test. P < 0.05 was
considered statistically significant.

3 Results

At distances of >2 cm, the relationship between the OF
sensor output and the distance was approximately an inverse.
The corrected values obtained using the approximation
equation derived from the 3—10cm range exhibited a linear
relationship with distance. This enabled the conversion of the
OF sensor output into speed.

Figure 1 presents the results of each participant’s
contamination survey technique. The standard deviations,
representing the variation during survey, are overlaid on the
bar graphs. After training, the participants’ average scanning
speed decreased from 4.70 to 3.45 cms ™ '(p=0.0091), and their
average distance decreased from 1.16 t0 0.90 cm (p=0.0034). In
addition, the variability (as revealed by the standard deviation)
during surveys was significantly reduced after training: speed
variation decreased from 1.23t0 0.876 (p =0.0034), and distance
variation decreased from 4.10 to 3.14 (p=0.0066).

4 Discussion

Since the OF sensor output is theoretically expected to
inversely correlate with distance (y=ax '), the 3-10 cm range
produced results that were closer to the theoretical value of
b=—1 in the power-function y=ax" than the 2-10 cm range,
with the 4-10cm range showing further improvement.
However, as distance increases, the signal strength diminishes
and the signal-to-noise ratio decreases.

After establishing an environment for recording speed
and distance, we evaluated the contamination survey

techniques of the 12 participants. Although participants
exhibited significant improvements in technique following
training, they were already close to the proper technique
before the training began. Because the participants were
students unfamiliar with contamination survey techniques,
we provided prior explanations of the proper methods. By
selecting experienced workers who do not require prelimi-
nary explanations, it would be possible to more realistically
assess the training effect.

Moreover, the variation in the survey technique during the
contamination surveys showed a significant reduction post
training, suggesting that the stability of their technique
improved.

5 Conclusion

By examining a technique for recording the probe
movement speed and the distance from the scanning surface,
we found that combining a distance sensor with an OF sensor
made it possible to achieve this goal. Furthermore, providing
these values during training sessions helped participants
employ proper techniques and achieve reduced variation
during contamination surveys, resulting in more stable
performances.
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