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When an ionizing radiation source falls out of the regulatory control, it has to be localized and retrieved as quickly
as possible to avoid unnecessary radiation exposure to the environment. Usually, mobile gamma spectrometry systems
are used for these tasks [1]. In real-world situations, signal from the source might be drowned by the statistical, spatial
or even temporal fluctuations of the background radiation [2]. Significant effort is being made to decrease the influence
of the radiation background to the measurements – e.g. fitting the spectrum with natural decay series eliminating most
of the non-anthropological background, subtracting the rolling average background level from the acquired spectra or
even displaying only the deviation from rolling average for easier identification of changing radiation intensity [3, 4, 5].
Existing methods use frequentistic inference approaches to detect a significant increase in a background radiation – a
consequence of a ionizing radiation source nearby.

In this work we present a first feasibility study on testing of the Bayesian inference methods in mobile gamma
spectrometric applications – development of a data analysis method that automatically estimates position and activity of
the source. For this first feasibility study, the created method is limited to solve for only one source in an off-line setting.
The method was tested with data acquired experimentally with various mobile gamma spectrometry vehicles equipped
with HPGe and NaI detectors and theoretically by calculating the gamma particle fluence at the detector. A number of
sources (Cs-137, I-131, Co-60 and Ba-130) were set up at various distances from the road – from 30 to 90 meters. Posterior
distributions for position and activity of the source were estimated using the method, and compared to the known actual
values. The difference between estimated and actual activity and position of the source for this first feasibility test is
20−50%. Such a big difference can be explained with the Poisson nature of number of counts in the detector, observed
systematic inaccuracies of GPS systems, uncertainties in efficiency calibration of the detector in the vehicle, etc. Despite
the mentioned uncertainties, current results are promising. This method is going to be developed and tested further. An
example of posterior distributions for position and activity from experimental measurements of a 298MBq Cs-137 source
situated at 30 meters from the road are displayed in Fig. 1.
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Fig. 1. a) Posterior probability distribution for source position. Solid black line represents the path of the vehicle with the
detector. Actual position of the source is marked by the crossing of dashed vertical and horizontal lines. Size of the grid is
5 m. Color of the grid box is relative to the posterior distribution of spatial source position. The ends of the red line marks
positions of the grid box with largest relative probability and maximum number of counts in detector. The D in red text
marks the distance of this line. b) Posterior distribution of activity of the source. Red dashed line marks the maximum
aposteriori (MAP) value (263 MBq) of the acquired posterior distribution.
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