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1-Introduction

The risks associated with occupational exposure of radiation workers are of great concern (Blowers, 1994;
Cember et al., 2009). Exploration of radiological and nuclear mines is currently performed by airborne and
ground-based monitoring. Airborne monitoring using a helicopter is first conducted, followed by a ground-
based examination due to the low-resolution nature of airborne ones. The ground-based monitoring is
considered for potential anomalies by a radiation worker with a hand-held detector. Because of some
environmental obstacles, ground-based monitoring is either non-practical or imposes increased cost and
time. Unmanned aerial vehicles (UAVs) address the abovementioned challenges and facilities for exploring
radiological and nuclear mines (Li, 2018; P6ll&dnen, 2009; Mochizuki, 2017).

2- Material and methods

In this study, as the first report in Iran, a UAV was exploited for such an application. The UAV-based
monitor is developed at the Nuclear Science and Technology Research Institute (NSTRI) and consists of a
multi-rotor drone, a scintillation detector, a photomultiplier tube, a positioning system, a central mini-
computer, and an online data receiver/transmitter. Then, the influence of speed and altitude of flight was
assessed in seven realistic situations. A field study in the central Iran region was conducted to evaluate the
performance of the UAV-based radiological monitor. The 5-minute measured background was also
subtracted from the acquired count rate. An in-home MATLAB-based software was also developed for data
processing and feature-based image fusion.

3- Results and discussion

The results show that the UAV-based radiation monitor can fly at a pre-determined route with variable
speed and attitude. Furthermore, the impact of flight height is more pronounced when compared with speed.
Therefore, low-altitude flights are preferred for such tasks due to the well-known inverse square law
principle. By 7.0 m (from 1102 m to 1095 m) decreasing the flight altitude, the count rate performance of
the monitor is improved by a factor of 2.3. The higher the count rate, the higher the accuracy of the
radiological map. The remotely-controlled drone-based monitors successfully provided the radiological
map in the field study in the central Iran region. The developed processing software of the monitoring
system automatically fuses the radiological map with the corresponding geographical one.

4- Conclusion

It is concluded that the developed UAV-based monitor offers exciting features for exploring radiological
and nuclear mines. The future work will benefit from a multi-detector setup enabling measurement of other
radiation types, for example, neutron. The utilization of fixed-wing UAVs will also be persuaded.
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Fig. 1. Schematic of a drone (left) and detection system (righ).
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Fig. 2. A real view of detection system (scintillator and photo multiplier tube (PMT))
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Table 1. Specifications of 7 flight modes over the exploration area

No Speed (m/s) height (m)
1 0/75098 1099
2 1/5745 1097
2 1/6739 1095
4 1/7334 1104
5 212489 1099
6 473027 1102
7 5/081 1102
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Fig. 3. A photo of unmanned aerial monitoring system (UAMS) flight over the exploration area
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Fig. 4. Flight paths at different speeds and altitudes for 7 flight modes (due to the confidentiality of the flight location,

the actual coordinates were not displayed)
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