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Abstract 

An air sampler and a gamma-ray spectrometer were mounted and tested in a small 
unmanned aerial vehicle, UAV. Operation of the sampler was investigated with the aid of 
outdoor air radon progeny. 137Cs and 60Co point sources at ground level were used to test the 
spectrometer. The equipment functioned reliably in harsh atmospheric conditions. The UAV 
is an appropriate platform for aerial radiation surveillance, i.e. to search lost or stolen point 
sources, to map radioactive fallout, to track radioactive plumes and to take samples from air. 
Keywords: UAV, alpha spectrometry, gamma-ray spectrometry, detection limit. 

1     Introduction 

A modern unmanned aerial vehicle, UAVs, may serve as a platform for radiation detection 
instrumentation. This is possible especially because of the recent development and 
miniaturization of equipment needed in radiation reconnaissance. The UAV can be used to 
track radioactive plumes or to map radioactive fallout. Air sampling and detection of 
unsealed radioactive material out of regulatory control (MORC) are also possible.  
 
The main advantage of using UAV in radiation surveillance is that dangerous missions can 
be carried out safely at remote locations. The operator can stay in an uncontaminated area 
when the UAV is on mission. Other advantages are the relatively low cost of the UAV 
platform compared to a full-size manned aircraft and low operation, service and 
maintenance costs. A small-size UAV may be easily transported in a car and takeoff and 
landing are possible at user-selected locations and at user-defined times which enable fast 
and flexible surveillance missions. 
 
Radiation and Nuclear Safety Authority (STUK) and Patria Systems mounted radiation 
surveillance equipment, an air sampler and a CsI spectrometer, to a mini-UAV [1-2]. 
Results of the field and flight tests are summarized in the following. 

2     Mini-UAV and equipment for radiation surveillance 

Patria mini-UAV is a modular sensor system capable of performing different aerial 
operations such as CBRN (Chemical, Biological, Radiological, Nuclear) reconnaissance 
[1]. The system consists of 1-3 UAVs with a mass of 3 kg (Fig. 1), a communications suite, 
a ground control station, a telescopic antenna mast and launching equipment. The UAV 
functions fully autonomously but manual control is also possible. No special aircraft 
piloting skills are needed to operate the system. Operating time of the UAV can be more 
than 1 h using the cruise speed of 60 km h-1. Mass of the payload can be up to 0.5 kg and 
the measurement data can be monitored in real time. 



 
The light-weight (110 g) air sampler mounted to the mini-UAV is located above the wing 
(Fig. 1). The air flow is generated by the pressure difference between the inlet and the 
outlet. The flow rate through the filter is 0.2 m3 h-1 at the speed of 60 km h-1. 
 
The Georadis RT-10 gamma-ray spectrometer (mass 280 g) was mounted in the fuselage of 
the UAV and below the sampler [3]. It has a cylindrical CsI detector with the length of 38 
mm and the diameter of 13 mm. The energy resolution, FWHM, is approximately 12% at 
662 keV. RT-10 can save one thousand spectra of 128 channels into its memory. 
 
RT-10 is a personal radiation detector, and thus, in the present tests it was not connected to 
the UAV instrumentation. This approach allows flexible implementation of different types 
of spectrometers in the UAV since only mass and dimensions of the equipment must be 
taken into account in the mounting. A disadvantage is that the measurement results and 
possible alarm signals cannot be obtained in real time. 
 

 
Figure 1: Battery-driven Patria mini-UAV.  

 

3     Test flights 

3.1     Tests of the sampler 

Operation of the sampler mounted in the mini-UAV was tested with the aid of outdoor air 
radon progeny. The reasoning is that if short-lived radon progeny (mainly 214Po) could be 
detected in an air sample, other alpha-particle emitting radionuclides, such as isotopes of 
Pu, could be detected as well. Two flight tests for the sampler were performed in the 
Jämijärvi airfield, Finland. The alpha spectra were measured using STUK’s moving 
laboratory known as Sonni [4]. 
 
In the absence of artificially produced alpha emitters in air the only peak present in the 
alpha spectra should be the naturally-occurring 214Po and this was verified by the flight 
tests (Fig. 2). The peaks of most transuranium radionuclides are between 4 to 6 MeV in the 
alpha spectrum and owing to the small background count rate the detection limits of these 
nuclides are very small. Several important transuranium nuclides can be detected in air at 
the level of 0.3 Bq m-3 assuming 0.5 h sampling and 1 h counting times. This information 



can be obtained within 2 h from the beginning of the sampling if the data acquisition can be 
done in the field. 
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   Figure 2: Alpha-particle energy spectrum from an outdoor air sample (sampling time 0.5 
h, decay time 10 min, data acquisition time 1 h). The peak of 214Po contains 31 counts and 

no background counts between 5 MeV to 7.5 MeV. 

3.2     Tests of the spectrometer 

Field and flight tests were performed for the RT-10 spectrometer using unshielded 137Cs (3 
GBq) and 60Co (1.2 GBq) point sources on the ground [5]. The response of the detector was 
registered at different flying altitudes (75–200 m) with and without the sources. 
 
In Jämijärvi airfield the background radiation originates from natural radionuclides in the 
ground as well as that of 137Cs from the Chernobyl fallout. The contribution of cosmic 
radiation is notable at highest altitudes. The total count rate decreases as a function of 
altitude which means that especially plume tracking can be performed sensitively at 
altitudes >100 m. However, low altitudes are needed for fallout mapping and searching 
MORC. 
 
A low-active 137Cs source, normally used for detector energy calibration, was placed in 
contact with the UAV for 30 s in the beginning of each overflight test. This was to 
synchronize the clocks of the detector and the UAV system. This “test” peak is clearly 
visible in the beginning of the measurement data (Fig. 3). 
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 Figure 3: Altitude (black curve, nominal altitudes are marked) and respective total count 

rate (red curve) for a 60Co overflight test. Total flight time was approximately 0.5 h. 
 



After the take-off, the UAV rose rapidly to the designed maximum altitude of the flight. 
The UAV flied in the autonomous mode along the route determined by the operator (Fig. 
4). In the tests the UAV passed the unshielded sources several times with the period of 
approximately 50 s. These repeated source overflights are visible as small consecutive 
peaks in the total count rate curve (Fig. 3). The peaks cannot be distinguished well from the 
background when the flying altitude is high (> 100 m) but especially in the lowest nominal 
altitude (75 m) they are clearly visible. 
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Figure 4: Route of the UAV (blue dots) in the 60Co flyover test (see Fig. 3). Pink squares 

close to the location of the source refer to those points where the total count rate ≥ 35 1/s. 
Route of the UAV is tortuous because of the high-velocity crosswind during the test. 

4     Detection limits 

Detection limits of the radiation surveillance equipment are summarized in Table 1 [1,3]. 
They are estimated separately for the RT-10 spectrometer and the air sampler. 
 
The spectrometer can detect gamma radiation originating from fission products in ambient 
air. Detection limits may vary considerably depending, for example, on the nuclide in 
question and the measurement altitude. The range presented in Table 1 is estimated from 
conversion factors between the homogeneous activity concentrations and the respective 
dose rate rise of 0.1 µSv h-1 in air. 
 
Consequently, detection limits for unshielded sources located on the ground depends on the 
nuclide in question, flight altitude and flight speed. Here, minimum detectable activity is 
for 137Cs and 60Co point sources when the flight altitude is 50 m and flight speed 60 km h-1. 
The estimate in Table 1 is based on the total count rate, well-known background and single 
overflight of the source. 



 
Detection limits from the samples depend strongly on the analysis method. In Table 1 the 
number for alpha-particle emitting radionuclides refer to direct alpha spectrometry when a 
450 mm2 PIPS alpha detector is used in the data acquisition. Sample (37 mm in diameter) 
to detector distance is assumed to be 5 mm. In the case of gamma-ray emitting 
radionuclides, an HPGe detector with a 38% relative efficiency and background typical of a 
laboratory are assumed. 
 

Table 1: Detection limits for the RT-10 spectrometer and for the sampler. 

RT-10 spectrometer Detection 
limit 

Remarks  

Activity concentration 
in air 

0.1 - 10 
kBq m-3  

For several gaseous/volatile fission 
products 

Activity of 137Cs and 
60Co point sources on 
the ground 

1 GBq For areas of low background 
Flight altitude 50 m, flight speed 60 
km h-1

Air sampler Detection 
limit 

Remarks 

Activity concentration 
of α-emitters in air 

0.2 Bq m-

3  
1 h sampling, 5 min decay and 1 h 
data acquisition 

Activity concentration 
of γ-ray emitting 
radionuclides in air 

0.4 - 2 Bq 
m-3  

For 241Am, 134Cs, 137Cs, 131I 

 

5     Conclusions 

A gamma-ray spectrometer and a sampler were mounted and tested in Patria mini-UAV. 
The equipment were shown to be appropriate for aerial radiation surveillance, i.e. to search 
MORC in the environment, to map radioactive fallout, to track radioactive plumes and to 
take samples from air. The equipment functioned reliably even in harsh atmospheric 
conditions. A spectrometer with good energy resolution (3% at 662 keV) should be 
mounted to the UAV to improve the detection capability of ionizing radiation. 
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