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Design of data acquisition system and algorithm research for

omnidirectional gamma-ray positioning equipment *
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Abstract: This article introduces the design and performance of the data acquisition system used in an omnidi-

rectional gamma-ray positioning system, along with a new method used in this system to obtain the position of

radiation sources in a large field. This data acquisition system has various built-in interfaces collecting, in real time,

information from the radiation detector, the video camera and the GPS positioning module. Experiments show that

the data acquisition system is capable of carrying out the proposed quantitative analysis to derive the position of

radioactive sources, which also satisfies the requirements of high stability and reliability.
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1 Overview

Although nuclear science and technology bring great
benefits to human life, improper use or disposal of ra-
dioactive materials may lead to social and personal prop-
erty losses and create social panic. In order to solve
this problem, gamma ray detection and positioning tech-
niques are used to monitor radioactive materials in the
environment. This radiation monitoring equipment can
usually only position the sources in 360 degrees hori-
zontally; no commercial products are currently available
that can locate the sources in all dimensions. Therefore,
we propose a system with full coverage of multiple points
in three dimensions, which can process and respond to
the data from multiple sources, make the right decision
immediately and locate the radiation sources in large ar-
eas in three dimensions. Network detection and multiple
detection units are used in this system, each detection
unit in different positions is able to acquire and process
information efficiently and independently. For this omni-
directional gamma ray positioning equipment integrated
with optical imaging interfaces, a GPS module interface
and wireless transmission interfaces, a data acquisition
system is designed to provide all necessary information
in all dimensions to the central system, which can then
evaluate the location and direction of the radiation via

the positioning algorithm presented in Section 4. Exper-
iments show that this system can work stably in all kinds
of environments.

2 System architecture

The omnidirectional positioning system is mainly
composed of several radiation detection and imaging
units and a remote control center [1]. As shown in Fig. 1,
each detection unit has three parts: the fast positioning
module, the precise positioning module and the data ac-
quisition system. The fast positioning module is capa-
ble of 3D detection and positioning, which preliminarily
evaluates the location of radiation via static measure-
ment. The precise positioning module [2] locates radi-
ation hot spots by accurate 2D “photo-taking” and rel-
ative position calculation. The data acquisition system
connected to both detection modules processes the de-
tected signals about radiation sources and the environ-
ment from multi-channel detecting units.

3 Data acquisition system design

3.1 Hardware design

The data acquisition system functions to collect infor-
mation from the fast positioning module and the precise
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positioning module, along with multiple real-time envi-
ronmental parameters in the same detection unit. Each
unit can process information independently. The main
structure of the hardware design is shown in Fig. 2, in
which a serial multi-channel analog-to-digital converter
(ADC) chip and FPGA [3] (Field Programmable Gate
Array) are adopted to process data at high speed. Other
hardware includes DDR (double data rate synchronous
dynamic random access memory), local bus controls and
a variety of interfaces.

Fig. 1. System structure of the omnidirectional
gamma ray system.

The interfaces include an optical imaging interface,
a GPS module interface and a wireless transmission in-
terface. The optical imaging [4] interface obtains optical
images of the environment in order to identify the loca-
tion of the radiation source, constituting a part of the
precise positioning module in the detection unit. The
GPS module interface provides auxiliary parameters for
the positioning algorithm, which accurately determines
the incident angle of the radiation source and calculates
its location. The wireless transmission module is an in-
terface between the data acquisition system and the re-
mote control center. A variety of optional interfaces can
be adopted flexibly for different applications, such as ca-
ble connection, WIFI, [5] 3G/2G connection and data
radio.

Fig. 2. Hardware structure of data acquisition system.

3.2 Software design

The software design of the data acquisition system
is mainly implemented in FPGA, which processes the
data from multiple interfaces; the flow chart is shown in
Fig. 3. Firstly, the FPGA controls the ADC by accessing
its internal registers through the serial bus. Secondly, the
signal pulse output from the ADC is processed to deter-
mine the hit position and the energy of gamma photons.
During this process, the serial data are first desterilized,
then the baseline is restored digitally and integrated dig-
itally before the position (x, y) of and the energy (E)
of the target gamma photon hits can be derived. Infor-
mation about the crystal number and energy mark can
be obtained by looking up the location table and energy
table stored in the FLASH. Thirdly, FPGA also reads
data from external interfaces, such as the longitude, lati-
tude and time information from the GPS module and the
optical information from the video camera. Finally, the
FPGA puts all these data in the gigabit network inter-
face for either wired or wireless transmission according
to the requirement of various applications.

Fig. 3. Structure of the FPGA software.
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4 Positioning algorithm

In order to calculate and analyze the position of radi-
ation sources on the full scale, the fast positioning mod-
ule first obtains information about the latitude and lon-
gitude, time and the hit count on the crystals in real time
and figures out a rough direction and geographical posi-
tion of the radiation sources in all dimensions. Then the
precise positioning module moves closer to the radiation
source and gets the image of the radiation hot spots in
the 2D “photographs” mode.

Fig. 4. Positioning on the horizontal plane with
single layer crystal array.

Fig. 5. Positioning in three dimensions with double
layer crystal array.

As crystals can resist some of the gamma rays, the
hit counts on them depend on the position of the radia-
tion source. If a single layer crystal array is used in the
fast positioning module, the detection efficiency of each
crystal in the detection unit changes significantly when
the source moves in the horizontal plane, but they are
insensitive to movements in the vertical plan; However,
in our design, a double layer crystal array is used so that

the changes of source location in both horizontal and ver-
tical planes can be detected efficiently, thereby realizing
4π solid angle positioning, as shown in Fig. 4 and Fig. 5.

The detection units/detectors are arranged at N

(N >3) tentative points in a 3D coordinate. The po-
sitioning method is introduced by taking three points as
an example, as shown in Fig. 6. Point A is the true origin
and the distance between A and B is L, equal to that
between A and C. These three points form a right angle
in the horizontal plane.

Fig. 6. Diagram of positioning solid angle gamma
ray in all directions.

The fast positioning module in each detector at the
three points calculates the relative incident angle of the
arriving ray. The source of the radiation is located at
(X0, Y0, Z0) and its projection in the X , Y coordinate
plane is point (x, y). The straight line passing through
this point and point A, B, and C respectively makes an
angle α, β, γ with the X axis in the X , Y coordinate
plane. In 3D coordinates, the line passing the origin A

and the radiation source makes an angle θ with the X

axis.
The angles mentioned above can be derived as fol-

lows: the hit counts on the crystal (A, B, C, D) from
different incident angles have been simulated, pre-stored
and grouped by every 2◦, i.e. (A0, B0, C0, D0), (A2,
B2, C2, D2)···(A358, B358, C358, D358). For the actual
experimental data of (A, B, C, D), the absolute value or
the square root of the distance between it and each pre-
stored datum is calculated, as shown in Eq. (1); there-
fore, from the minimum distance, the closest incident
angle to the horizontal plane is derived.
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s2=
√
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(A−A6)2+(B−B
4
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s358=
√

(A−A358)2+(B−B358)2+(C−C358)2+(D−D358)2

MINS=MIN(S0,S2,S4,S6,··· ,S358)

. (1)
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Similarly, the incident angle to the vertical plane at the
origin can be derived from the crystal A, B, E, F in the
vertical direction, as shown in Fig. 5.

Finally, the direction and relative position of the ra-
diation source is determined rapidly from geometric re-
lations combining the geological location (longitude, lat-
itude) acquired in the detection unit with the α, β, γ, θ

angles, as shown in Eqs. (2) and (3).

Fig. 7. The incident angle accuracy.

Statistical deviation leads to the fluctuation of the
calculated angle of incidence within ±6◦, as shown in
Fig. 7, but this range of deviation is acceptable in de-
termining the position of the radiation source relative to
the detectors.
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5 System performance

A prototype equipment of the proposed omnidirec-
tional gamma ray positioning system shown in Fig. 8 is
tested at room temperature and an extremely low tem-
perature, including the network test, flood image test,
energy spectrum test and positioning test. In the exper-
iment, a 22Na point source with a diameter of 0.5 mm
and activity of 3 MBq, rotates around the detector at
the speed of 2◦/sec, which then moves vertically. The
result generated with the LABWINDOWS software is
displayed in Fig. 9,

Fig. 8. Picture of the prototype equipment.

Fig. 9. The experimental results. (a) The flood
image, (b) the spectrum, (c) the incident angle of
radiation source in horizontal /vertical direction,
(d) the fusion image.
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where (a), (b), (c) and (d) are the flood image, energy
spectrum, incident angles and fusion image respectively.
The flood image and energy spectrum are statistical re-
sults of the digital processing of the detected signals.
The former indicates that the data acquisition system
has perfect spatial resolution, while the latter shows that
the main energy peak and low energy scattering peaks
can be distinguished clearly in the spectrum so that the
nuclide can be identified. Figs. 9(c) and (d) give the
results of the position and image of the radiation source.

6 Application

In addition to performance testing in the laboratory,
the omnidirectional gamma ray positioning system is also
applied in some practical scenarios. As shown in Fig. 10,
an abnormal radioactive dose is detected in a radiation
source storage place by long-term dose monitoring. Al-
though it is very difficult to locate the precise position of
the source with handheld dose devices because of the ob-
stacles on site, the proposed omnidirectinal gamma ray
acquisition system can quickly locate the position of the
radiation source and take an image of it with the precise
positioning module.

Fig. 10. Searching for radiation source with the
precision positioning module.

This result demonstrates that the proposed system
can locate in a few seconds the position of the radiation
source whose activity is below the mCi level. For exam-
ple, the device can obtain in 10 seconds the image of a
mouse having been injected with 3.7×10−7 Bq 18F drug
in a PET machine within 6 meters away (Fig. 11). The
data acquisition system completes information acquisi-
tion and processing in real time.

Fig. 11. Quick positioning the mice.

7 Conclusion

The proposed data acquisition system for an om-
nidirectional gamma-ray positioning system with inte-
grated multiple information interfaces is designed modu-
larly and characterized by mobility, flexibility and porta-
bility. The proposed positioning algorithm implemented
in this system is proved to be capable of locating the
ray source rapidly with 4π solid angle and measure its
distribution intensity. Experiments show that the pro-
posed omnidirectional gamma-ray positioning system is
suitable for quick analysis of a radiation source in a large
field.
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