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Abstract: Gamma camera is a powerful tool to locate radioactive sources and contaminations in nuclear 

facilities. It is widely used in activities of decommission, decontamination, maintenance and emergency 

response of nuclear power plants (NPPs). In recent decades, especially after the Fukushima nuclear accident a 

big progress has been made for this technique. A brief review of the principles and characteristics of three 

predominant imaging approaches are presented. The existing practical applications are summarized and 

potential application fields are discussed.  
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1 Introduction
1
 

The nuclear emergency response has attracted much 

attention since the most recent nuclear catastrophe in 

Fukushima in 2011
[1,2]

. The investigation of the 

radioactive isotopes is very important for the 

activities of emergency response and evacuation of 

the citizens around the power plants. The excellent 

performance of a gamma camera in radiation 

detection had attracted much attention. The gamma 

camera application for nuclear disaster response can 

be retrospect to the Chernobyl nuclear power plants 

accident 
[3-5]

. A gamma camera equipped with a 

pinhole collimator called Gamma-Visor was used in 

the emergency response. It was developed by the 

Kurchatov Institute of Russia. 

 

Before Chernobyl disaster, a series of devices for 

imaging gamma sources had been used in nuclear 

medicine and astrophysics research 
[6, 7]

. Anger 

Camera is a famous gamma camera applied in 

nuclear medicine. Multichannel collimators are used 

to form gamma images on a position sensitive 

detector. However, the industrial products of gamma 

camera used in medicine and astrophysics are not fit 

to inspect the radiation of nuclear power plants 

(NPPs). The containment of an NPP is filled with 

instruments and there is high level of radiation. It is 

required that a gamma camera should a small 

dimension and light weight and can be controlled 

remotely. Further, the multichannel collimator is not 

able to visualize the radiation contaminated objects at 

a distance. And the multichannel collimator intended 
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for medical application is not able to image the 

radioactive object at a distance. 

 

Consequently, several research groups developed 

portable gamma cameras for NPPs 
[2, 4, 8, 9]

, which can 

be mounted on a tripod or a mobile robot. They can 

be used to access radiation premise in the NPPs 

(Nuclear Power Plants) and inspect the radiation 

distribution during emergency response 
[10-15]

 and 

decommissioning 
[16-22]

. In accidents of nuclear 

power plants, gamma cameras are supposed to 

provide the information about the leakage, 

contamination of radioactive matter to the emergency 

response. With the developments of nuclear power 

industry for decades, a lot of commercial and 

research nuclear plants have reached the end of their 

operating lifetime and are being shut-down. Before 

disassembling the reactors, the instruments in the 

reactor need to be decontaminated. Optimal 

decontamination strategies need to be used to 

minimize the staff radiation exposure according to 

the character of the contamination. The gamma 

camera is also a powerful tool to investigate the 

radiation contaminations 
[16-21, 23]

. 

 

This report gives an overview of the different gamma 

cameras used for the NPPs. The following three 

chapters 2 to 4 describe the three imaging approaches 

of the existing gamma cameras: the pinhole
[4]

, the 

coded mask
[24, 25]

 and the Compton scatter
[26-28]

, 

respectively. The evolution of image processes and 

radiation sensors is discussed in chapter 5 and chapter 

6, and a future perspective is placed in chapter 7. A 

summary is given in the last chapter. 



SONG Yushou, LI Hui, HU Liyuan, HOU Yingwei, and LIU Huilan 

204 Nuclear Safety and Simulation, Vol. 8, Number 3, September 2017  

2 The pinhole gamma camera 

The pinhole collimated gamma camera is based on the 

pinhole imaging principle 
[3-5, 8, 29-31]

. The schematic 

diagram of the measuring head of pinhole collimated 

gamma camera is shown in Fig. 1. It consists of 

pinhole collimator, portable position sensitive detector, 

lead or tungsten alloy shielding, video camera and 

collimator stopper (shutter or filter). 

 

 
Fig. 1 The schematic diagram of the gamma camera with the 

pinhole collimator. 

 

The overturned gamma image of the visualized 

radioactive object is projected by the two-cone 

pinhole collimator. The diameter of the mini part of 

the collimator is less than 10mm. The distance 

between the pinhole and the scintillator is a constant as 

designed. Position sensitive scintillator matrix is 

connected with the image intensifier. The image 

intensifier composes of fiber tapers and 

photomultiplier or photodiode. The image intensifier 

connects with the CCD matrix to convert the radiation 

signal to digital signal which can be saved to the 

computer and used to reconstruct the composite image. 

A feature of this kind of gamma camera is the shutter 

in front of the collimator. When the shutter is closed, 

the background is measured, which may be used to 

eliminate the specific background from the image 

measured with the shutter open. With the shutter, one 

may increase the signal-to-noise ratio, meanwhile not 

increase the shielding. 

 

In the 1980s, researchers began to use gamma 

cameras in the field of searching the radiation source 

at NPPs. The Kurchatov Institute of Russia and the 

European research team CEA (French Alternative 

Energies and Atomic Energy Commission) developed 

their gamma cameras respectively 
[2, 4, 8, 9]

. 

 

The Gamma Visor prototype was designed by the 

Kurchatov Institute. The industrial products were 

applied to inspect the near-reactor premises under the 

complex gamma field conditions of high 

contaminated nuclear facilities in Russia and 

Germany. It is shown that the application of the 

portable gamma-ray imager is the fastest way for 

search and identification of the most contaminated 

fragments of equipment. In addition, it is verified that 

the major contaminated parts of the pipelines are 

their bends, places of pipes connection, and valves 
[3-5, 30, 31]

. The gamma-ray imager also discovered 

some fragments with high contamination level which 

were not known earlier. For example, around the 

connection of two pipes the radioactive 

contamination concentrated much more at the weld 

place rather than the connecting place. 

 

Shutter

Gamma film

Visual-

light film

Shielding  

material

Film 

magazine

 
Fig. 2 The schematic diagram of gamma camera imaging on 

films. 

 

At the same time, CEA also developed a 

pinhole-collimated gamma camera independently. It 

images gamma radiation and visual-light on films
[29]

. 

The schematic diagram is showed in Fig. 2. Two 

different types of films are presented for gamma ray 

sources and visible-light objects imaging respectively. 

The images are formed by exposing twice: once for 

the gamma rays sources with the shutter closed, and 

the second time for visual-lights objects with the 

shutter open. This device obtained a typical image 

which revealed the contamination inside a valve 

during a measurement campaign in the EDF power 

station at Bugey in 1985
[29]

. The brief design and its 

simple operation ensure the reliability in industrial 

applications. The most distinctive characteristic is 

that the device does not require electronic signal 

processing system and external power supply. The 

film allows for a wide dynamic energy range and 

permits simultaneous exposure of several emulsions 

with different sensitivities to cover a wide range of 

dose rates. The apparent disadvantage is its inherent 

offline measurement. The unit has to be placed 

blindly and the interesting field of view (FOV) can 
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not be determined without the knowledge of the 

premises. The device must be set up after each 

exposure; and the handling operations before and 

after each exposure (cutting film sheets, placing them 

in the proper sequence, insertion in the chamber, 

removal, development, drying, etc.) must be 

performed with considerable care. The most serious 

drawback is the long exposure time (up to 24 hours) 

necessary to obtain a suitable image, which limits the 

application as a real-time monitor. 

 

CEA improved the film gamma camera to be an 

advanced online measuring system later 
[29]

. It 

developed ALADIN, which adopted a scintillator 

radiation sensor CsI and an electronic data 

acquisition system. The angular resolution ranged 

from 1°to over 4°which depends on the radiation 

energy, the type of collimators used and the FOV of 

the device. A novel feature of ALADIN is that the 

visible-light image and gamma image are both 

obtained using the same acquisition system.  

 

In recent years, the Argonne National Laboratory 

developed a gamma camera using pinhole collimator 

RadSearch. It employs a sensitive and highly 

collimated LaBr3 scintillator as the detector head. An 

optical camera with controllable zoom and focus and 

a laser range finder are used to localize the objects. 

The schematic diagram of RadSearch detector head is 

shown in Fig. 3. The radiation sensor LaBr3 

scintillator is shielded by tungsten. The collimator is 

made up of steel barrel and steel filter insert which 

has the similar function as the shutter of Gamma 

Visor. 

 

LaBr3 crystal

Tungsten shielding

Steel barrel

Steel Filter Insert

 
Fig. 3 The schematic diagram of RadSearch detector head. 

 

The detector head is mounted on a pan/tilt 

mechanism with a range of motion of 360 degree 

(pan) and 180 degree (tilt). The scan process is based 

on a rectangular grid scan of an area or object, which 

is known as the Scan Area or Scan Grid. The Scan 

Area is divided into rectangular Scan Elements, each 

of which is either equal to or less than the detector 

field of view, either 4 degrees with the collimator 

barrel fitted or 18 degrees with the collimator barrel 

removed. In normal operation, RadSearch provides a 

video image of the object or surface with a colored 

overlay showing the distribution of radioactivity. A 

gamma-ray spectrum is obtained for each Scan 

Element. From each measured spectrum a number of 

different radionuclides can be identified. And the 

radioactive source distribution can be determined 

according to the distribution of the counting rates in 

the scan area. The activity of different radionuclides 

and their spatial distribution in a waste container can 

be given by this instrument. Based on such 

information, one may establish the approach to assay 

canisters prior to processing 
[22, 32, 33]

.  

 

The instrument is portable and the combined weight 

of all the components (including the tripod) is less 

than 54 kg. Therefore, it can be deployed by a single 

person in less than 10 min. During the measurement, 

the device can be controlled remotely. The device can 

be controlled wireless and modularized. Thus, it can 

be mounted on a tripod or mobile robot. The remote 

monitoring station makes up of a notebook computer 

and small power supply unit. RadSearch is normally 

operated from a notebook computer, which can be 

located up to 100 meters away from the detector head 

with the power supply unit. The device can be 

deployed readily indoors or in the field by an operator. 

Software allows both automatic and manual 

operation; and an operator can specify coordinates to 

search a specific position or area. A search can be 

conducted automatically in 4π steradians, using the 

full capabilities of the pan/tilt mechanism. 

 

China Academy of Engineering Physics developed a 

portable radionuclide identification system
[34]

. This 

system is a gamma ray spectrometer using a 

scintillator detector and a pulse height multi-channel 

analyzer. It can help to inspect the outflow of NPPs 

securing the radioactive safety. This portable gamma 

spectrometer consists of alternative LaBr3 or NaI 

detector (according to user demand) and a panel 

computer. The communication between the panel 

computer and the detector can be made by Bluetooth 

and USB. With the Bluetooth type connection, the 

maximum distance between the detector and the 
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panel computer is 15 meters. It has two types of 

measurement model, 30 s and 120 s for identifying 

different radionuclides. The experimental test shows 

that 30 s is long enough to identify radionuclides 

successfully. The data for different radionuclide is 

saved in the panel computer. The artificial neutral 

network algorithm is adopted to perform the nuclide 

identification. 

 

3 The coded mask gamma camera 

During the development of these pinhole gamma 

camera products, researchers found out the fact that 

the sensitivity of a gamma camera increases and the 

angle resolution decreases with enlarging the 

diameter of the pinhole aperture. For example, two 

pinhole collimators with FOVs of 30°and 50°were 

provided to form gamma image for CARTOGAM. In 

Table 1 the FWHM values measured at 660keV 

(
137

Cs) and 1.25MeV (
60

Co) are listed for different 

camera configurations. According to Table 1, we can 

see that gamma cameras equipped with 30°pinhole 

collimator has better spatial resolution than fixed 

with 50°pinhole collimator. And if a gamma camera 

equips with the same FOV collimator, the 2 

millimeter thick scintillator has better spatial 

resolution. 

 
Table 1 The angular response (FWHM) of CARTOGAM 

measured for different gamma energies, scintillator 

thicknesses and collimator types 

 241Am 

(59keV) 

137Cs 

(660keV) 

60Co 

(1.25MeV) 

Thickness 4mm 2mm 4mm 2mm 4mm 

30°collimator 2.0° 1.9° 2.3° 2.8° 3.2° 

50°collimator 3.1° 3.3° 4.6° 6.1° 6.7° 

 

Using a pinhole to image is very simple in principle 

but very inefficient in practice. A highly attractive 

alternative is to substitute the pinhole with a coded 

mask collimator. The coded mask collimated gamma 

camera is also composed of a radiation detector and a 

video camera. The radiation detector consists of a 

coded mask, a scintillator plate, image intensifiers, 

and CCD matrix. The principle of the measuring 

process is as follows.  

 

Gamma rays interact with scintillator crystal, 

fluorescing and forming the radiation image which is 

modulated by the coded mask. The coded images 

should be decoded by the computer to get the images 

which reflect the radiation distribution accurately 

(Fig.4 (a)). Such coded masks have been designed 

and used for several decades, mainly for 

astrophysical applications 
[6, 7]

, but in most cases their 

size is of the magnitude of 1m. So that it cannot be 

used in the premises of NPPs. And the video camera 

obtains the visual light images. The schematic 

diagram of gamma-imaging structural using coded 

mask collimator is shown in Fig.4 (b). 

 

 
(a) 

 
(b) 

Fig.4 The imaging procedure for a camera with code masks 

collimator (a) and its structural schematic (b).  

 

CEA and the Kurchatov Institute both had their 

products using coded mask collimators. The 

ALADIN and CARTOGAM gamma camera 

developed by the CEA was tested combining with a 

very compact coded-mask 
[25, 35-37]

. Based on the 

experience of developing the pinhole gamma camera, 

Gamma Visor, the Kurchatov Institute used coded 

mask collimators on gamma cameras for nuclear 

reactor decontamination and decommissioning 

missions for the first time in 1999
[31, 38-41]

.  

 

The coded aperture mask is used to optimize the 

trade-off between the sensitivity and the spatial 

resolution. Three HURA (hexagonal uniformly 

redundant array) masks had been fabricated and 

tested, with different numbers of holes and 

thicknesses (Table 2), and fixed to ALADIN and 

CARTOGAM. The results of the first tests in 

laboratory showed a gain of a factor between 5 and 
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20 in sensitivity (according to the exposure) 

compared to the pinhole configuration, and a factor 

between 2 and 2.5 in angular resolution (according to 

gamma energy)
[25]

. They also demonstrated the 

ability of this device to efficiently remove the 

background noise, thanks to a mask pattern 

anti-symmetric by 60 degree rotation. 

 
Table 2 Characteristics of the masks 

Mask Rank 6 Rank 9 

Thickness 12mm 6mm 

Distance between holes 1.85mm 1.26mm 

Number of holes in 

central pattern 
64 136 

Open area 1.9cm2 1.9cm2 

 

Mask/anti-mask procedure was applied to 

CARTOGAM and it can also base on a ninety 

degrees rotation of the coded mask (Fig. 5). Two 

acquisitions were required (one in mask position, the 

other in anti-mask position) and the raw image is 

obtained by decoding the subtraction of these two 

gamma images. A measurement carried out in the 

NPPs site illustrates that the mask/anti-mask 

procedure is efficient in removing the background 

radiation. 

 

 
Fig.5. Coded masks. On the left: mask position. On the right: 

anti-mask position (nighty degrees rotation of the mask). 

 

4 The Compton gamma camera 

The pinhole and the coded mask cameras are 

supposed to give 2D radiation source distributions. 

To acquire the distance between the gamma camera 

and the radiation source, laser range finder is invoked.  

Or measurements more than twice at different 

positions are performed (see Fig 6). The distance can 

be calculated by triangulation 
[42-44]

.  

 
Fig. 6 The principle of locating the source position in three 

dimensions. 

 

In order to obtain the 3D radiation distribution more 

conveniently and effectively, a Compton camera has 

been was proposed. Compton camera is a device 

which can locate the incident direction of gamma 

rays based on the Compton kinetics by measuring the 

energy deposition and interaction positions in the 

scatter and absorber (Fig. 7). 

 

 
Fig. 7 The schematic diagram of the Compton gamma camera. 

 

The scatter and absorber scintillator are position 

sensitive. Actually, if the two interaction position of a 

gamma ray in the radiation sensor can be determined, 

the incident direction of the gamma ray can be 

calculated by Eq. (1).  

 

2 2

2 1 2

cos 1 e e
e

m c m c

E E E
   


  (1) 

In the Eq. (1), θe is the Compton scatter angle. E1 is 

the energy deposited in scatter and E2 is the energy 

deposited in the absorber. me is the energy mass of 

scattered photoelectron. The direction of each 

incident photon is on the surface of a cone with its 

vertex at the first interaction position. The line 

connecting the scattering point and absorption point 

is the axis of symmetry. The back-projection cone of 

each photon passes through the source position. Thus, 

the source direction can be reconstructed with the 

overlap of the cones. 
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A research team from Japan developed a handheld 

Compton camera for the catastrophe in the 

Fukushima Daiichi Nuclear Power Station 
[1, 2]

. This 

device can be used to detect the depth of the 

radioactive sources embedded under the 

contaminated surface
[1]

. The Compton camera 

(14cm15cm 16cm, 2.5kg) uses Ce:GAGG (Ce 

doped Gd3Al2Ga3O12) crystal as the detector 
[1, 2, 26, 45]

. 

The angular resolution is ~8 degree (FWHM) for a 
137

Cs source. The handheld Compton camera realizes 

a 180 degree FOV with sensitivity ≅1% for 662 keV 

gamma rays. The performance is satisfied in tests.  

 

Dan Xu et al. from the University of Michigan also 

developed a compact Compton camera Polaris-H 

imaging spectrometer supported by DOE and DHS in 

2004 
[27, 28, 46, 47]

. Polaris-H was designed to obtain the 

radiation distribution and identify isotopic 

composition of the sources on nuclear power plants 

premises. It integrates a 3D-position sensitive 

pixelated CdZnTe detector (20mm20mm15mm), 

associated with readout electronics, an embedded 

computer, a 5h battery, and an optical camera in a 

portable waterproof enclosure 
[9, 48-55]

. The total mass 

is about 4 kg, and the system startup time is 2 min. 

The energy resolution is nearly 1.0% (FWHM) for 
137

Cs.  

 

5 The visible-light image 

In order to investigate the distribution of surface 

contamination and to locate the radioactive sources, a 

gamma camera is usually qualified with both 

radiation and vision imaging. The radiation detector is 

used to acquire radiation image and the optical camera 

is used to obtain optical image within the same 

detection direction and correlative FOV. Both 

ALADIN and Gamma Visor provide vision image in 

addition to the radiation image. The independent 

visible light imaging system of Gamma Visor 

performs better in the field testing in comparison 

with ALADIN. With separate imaging systems for 

radiation and visible light, the dual images usually 

are composited by the algorithm of maximum 

likelihood expectation maximization (MLEM) 

method or wavelet transform.  

 
(a) 

 
(b) 

Fig. 8 Two principles of combining the FOV of gamma camera 

with optical camera. 

 

But the prerequisite is to make the detect direction 

and FOV of optical camera and radiation detector as 

consistent as possible (Fig.8) 
[56-58]

. Usually the FOV 

of an optical camera is bigger than a radiation 

detector. It is feasible that we just make FOV of 

radiation detector central axis combine with that of 

optical camera as close as possible (Fig.8 (a)). 

Therefore, composited image will reflect the 

radioactive source contamination position in the 

scene precisely. This method has been most widely 

applied to gamma camera. It not only used in NPPs, 

but also used in medicine and astrophysical research. 

 

There is another way to get the FOV of optical 

camera agreed with gamma detector by using a 

mirror to separate visible lights and gamma rays 

(Fig.8 (b)). It can improve the location accuracy of 

the radioactive source in the measuring site from the 

superimposed image. It can also protect the optical 

camera from the radiation damage and it reduces the 

influence of the electronics noise caused by the 

irradiation. However, the device is heavily shielded 

owing to the gamma detector and the optical camera 
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both locating after the collimator and the shielding 

material. Using mirror to get the FOV of the optical 

camera and radiation detector consistent is usually 

applied to the gamma camera used in medicines for 

the low environment radiation level and no limited 

volume size. Actually, if the distance between gamma 

camera and the radiation source is far away, there is 

not much difference on the radiation location 

accuracy adopting measuring method as seen in Fig 

8. 

 

6 The radiation sensor 

The radiation sensor is the critical component of a 

gamma camera, which in some degree determines the 

sensitivity and the spatial resolution.  

 

The inorganic scintillator, such as NaI(Tl), CsI(Tl), 

CdWO4 and LaBr3 are widely used to detect gamma 

rays. Comparing with other scintillators, NaI(Tl) 

scintillator crystal has the highest light response. 

Cesium having larger Z than sodium, CsI has higher 

detection efficiency than NaI. That is why the CsI is 

widely used in a gamma camera, for example, 

Gamma Visor and ALADIN. In comparison with 

other inorganic scintillator, the light response of 

CdWO4 crystal is more stable against temperature 

change. This is the reason why it can be used in high 

radiation level premises. Its’ signal decay time is 

longer and the wavelength of the emission spectrum 

is in the range of 400-500nm, which make it fit for 

coupling with photodiode. The CdWO4 radiation 

sensor is used in the detection system of the MR and 

RTF research reactor decommission mission 
[16, 18, 21]

. 

The recently appearing LaBr3 with an energy 

resolution of 2.5% to 3% is an excellent 

room-temperature working scintillator. It has been 

applied to RadSearch. The energy resolution of LaBr3 

detector is much better than NaI detector. 

 

However, Gamma Visor, ALADIN and RadSearch 

are still very heavy and the weight of each of them is 

more than 30 kg. Semiconductor radiation sensor is 

becoming a new research hotspot for its portable 

volume, high energy resolution and fast readout 

speed. The hybrid detector combining the 

Medipix/Timepix with semiconductor detector has 

also appeared. CEA and the Kurchatov Institute 

developed a new gamma camera GAMPIX using the 

hybrid detector (Fig. 9)
[24, 59, 60]

. GAMPIX has 

achieved technological breakthroughs in terms of 

sensitivity (energy range from 
241

Am to 
60

Co), 

portability (1 kg) and deployment time (a few minutes) 

in comparison with the existing industrial gamma 

camera 
[24, 25, 35-37, 41, 59-65]

. When GAMPIX, ALADIN 

and CARTOGAM are equipped with a pinhole 

collimator with 50 degree aperture to image a 
137

Cs 

point source, GAMPIX achieves the best image 

quality, although its intrinsic detection efficiency is 

lower than that of the 4 mm CsI doped Thallium 

scintillator (4.5% vs. 13% at 662keV). 

 

 
Fig. 9 The schematic diagram of the semiconductor combined 

with Medipix/Timepix gamma camera with the coded mask. 

 

7 Future perspectives 

Gamma cameras have multi-applications in NPPs. It 

can be used to locate the primary source terms and to 

find discrete radioactive particles, helping to optimize 

the shielding of the individual working area by 

identifying the primary contribution to the dose from 

each isotope. It can also be used to locate isotopes in 

shipping containers, to locate and track crud in pipes 

and valves and to track sources through time. It can 

be applied to identify fuel failure, to verify clean-up 

work quality and to determine the spatial extent of 

contamination, too. Further, it can be used to 

characterize and qualify isotopes, to fill in blank 

areas of traditional survey maps and to help to 

respond to an emergency. Different application 

instances of the gamma camera are stated in the 

following. As mentioned above, the Gamma Visor 

was used in the Chernobyl nuclear accident and the 

advanced coded mask Gamma Visor was used in 

decommissioning of the Russia MR and RTF 

research reactors in 2008
[17, 20, 21]

. The RadSearch was 

applied to detect the radiation distribution of the 

NPPs waste container for optimizing the arrangement 

of the waste container 
[22, 32, 33]

. The handy Compton 
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camera and the Polaris-H are used in accident of the 

Fukushima Daiichi Nuclear Power Station to 

investigate the radiation distribution for reactor 

emergency response 
[1, 2, 9, 28, 48]

. Gamma camera can 

be mounted on the tripod or mobile robot for 

remotely controlled measurements. Kinoshita H, 

Tayama R, Kometani E Y, et al developed a vehicle 

mounted Gamma Camera associating with plastic 

scintillator fiber to detect the gamma radiation of the 

premises of the Fukushima Daiichi Nuclear Power 

Station
[13]

. Japanese also developed many nuclear 

emergency robots, such as SMERT-M, SMERT-K 

and MARs, on which the gamma camera mounted 
[10-15]

. Besides, the Canadian research team of 

University of Ontario Institute of Technology 

developed a semi-autonomous directional and 

spectroscopic radiation detection mobile platform, 

the gamma camera mounted on this platform just can 

detect the direction on which source located without 

other sensitive information
[66]

.  

 

The different characters of the different gamma 

cameras are shown in Table 3. The main differences 

between pinhole and coded mask gamma camera are 

the collimator and the imaging process. Compared 

with the pinhole collimator, the coded mask camera 

has achieved a trade-off between sensitivity and 

spatial resolution
[25, 67]

. Their common ability is to 

obtain 2D images of the radiation source distribution. 

To get the radiation 3D distribution, one may employ 

a Compton camera 
[28, 45, 46]

. The big detection FOV 

allows Compton gamma camera to scan a 

contaminated area more quickly. At the same time, 

there are some issues supposed to be improved for 

the structure, data acquisition, and imaging process in 

the future 
[26-28, 68]

. For example, the angle resolution 

of the handy Compton camera is ~8 degree, which is 

poorer than that of (4 degree) the traditional pinhole 

gamma camera ALADIN. 

 

Benefitting from the development of semiconductor 

industry and large scale integrated circuit technology 

the radiation sensor and electric readout system have 

been improved dramatically in recent decades. The 

weight of any one of ALADIN, CARTOGAM and 

Gamma-Visor is more than 15 kg. However, 

GAMPIX adopting semiconductor radiation sensor is 

only 2kg weight and can be arranged with pinhole 

collimator or coded mask. Further, the high angular 

resolution will make them more conveniently used in 

the investigation of contamination distribution. The 

negative parts are the semiconductor chip cannot be 

manufactured with big size and it degenerates with 

the radiation dose increase. Because the 

semiconductor devices on the chip are highly 

integrated, heat dissipation auxiliary should be 

equipped, e.g. an air cooling fans is fixed for 

Polaris-H. 

 

In addition to improve the working performance of 

the contents of a gamma camera, some innovations 

on design also appear in recent years. Shifeng Sun et 

al. from China developed a panorama coded-aperture 

gamma camera for radiation detection
[69]

. The overall 

dimensions of this device are about 424280 cm
3
; 

the system is based on six typical coded-aperture 

gamma camera which arranged in a hexagonal shape 

with a 10 mm thick copper shield. Every detector 

module is isolated from its adjacent modules by a 12 

mm thick rectangular lead for radiation shielding. 

Three masks and three anti-masks are placed in front 

of six detector module at intervals. These masks form 

a mask layer isolated from the detector modules. And 

mask layer can rotate 60 degree for mask and 

anti-mask acquisition and subtraction. It is 

convenient to get mask and anti-mask switching by 

one set, because of that the adjacent masks are the 

anti-mask to current module. This panorama gamma 

camera has a FOV of 360 degree in the horizontal 

direction and 60 degree in the vertical direction. 

Compared with the standard coded mask gamma 

cameras, this system has higher detection efficiency 

and suitably applies to more complicated radiation 

environment.  

 

Pinhole and coded mask gamma cameras use 

mechanical collimation which relies on photon 

absorption with a FOV defined by the aperture size. 

While Compton gamma camera adopts electronic 

collimation to define the FOV, which based on the 

Compton scattering that relates the energy of a 

scattered photon to it direction. Because photo 

absorption is dominant in low energies, whereas 

Compton scattering prevails at higher energies, the 

effective energy range of a single gamma camera 

mentioned above is limited to either the low or the 



Portable gamma camera for nuclear power plants 

 Nuclear Safety and Simulation, Vol. 8, Number 3, September 2017 211 

high energy ranges. Wonho Lee 
[43, 70]

 combined 

these two collimation models in one gamma camera. 

The scattering-layer scintillator detectors and the 

mask make up a coded mask gamma camera. At the 

same time the scattering-layer scintillator matrix and 

the absorbing-layer scintillator matrix constitutes a 

Compton gamma camera. So it can be seen as a 

hybrid of coded mask gamma camera and Compton 

gamma camera, simultaneously collecting 

information from both mechanical and electronic 

collimation to reconstruct a single composited image. 

The hybrid system performs better in a wide energy 

range. To improve the detection efficiency of this 

hybrid system and improve the image quality, some 

researchers replaced the convention collimator with 

scintillating crystals and called it an active 

collimation 
[71-73]

. The scintillation crystals mask can 

not only shield the radiation, but also obtain position 

and energy deposition. 

 

Table3 Different characteristics of multi-type gamma cameras 

Characters Pinhole gamma camera Coded mask gamma camera Compton gamma camera 

Collimator Two conical collimator Coded multi aperture collimator Without collimator 

Decoding Image process No Yes No 

3D positioning No No Yes 

Sensitivity Low Relative high High 

Measurement time Hours to day Several minutes to hours Several minutes to hours 

Angular resolution High High Low 

Operation Remote Remote Remote 

 

8 Summary 

Gamma cameras used in NPPs are compact, modular 

and have high sensitivity and angular resolution. 

Efforts have been made to improve these 

performances. A gamma camera can be equipped with 

both pinhole collimator and coded mask collimator. A 

larger diameter of the collimator hole means higher 

sensitivity but lower angular resolution. One may 

balance the sensitivity and spatial resolution 

according to a concrete application. A Compton 

camera obtains images without a collimator, so that it 

gets rid of the limitation of sensitivity and angular 

resolution due to the collimator. However, the angle 

resolution of a Compton camera is not as good as a 

pinhole or a coded mask gamma camera. The 

radiation sensor also influences the detection 

efficiency, energy resolution and image quality. 

Scintillator (e.g. CsI(Tl) ) is widely used as the 

radiation sensor in a portable gamma camera. 

Semiconductor has superiorities in the compact 

volume and integration of the sensor and the 

electronic readout system. The spatial resolution can 

also be improved for semiconductor detectors for 

their high energy resolution. Besides the 

improvements on the performance of components of 

gamma camera, some innovate design of gamma 

cameras have also been proposed recent years.  
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