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Introduction Results

Conclusion
➢ In the present study, we developed and evaluated the performance of the pFGI

currently under development. A series of experiments demonstrate the

system's ability to precisely localize radioactive materials even under low dose

rate condition.

➢ The performance suggests potential to expand the applications of gamma-ray

imaging in many areas including nuclear remediation, decommissioning, and

long-range source localization in industrial environments.

➢ Future work will focus on optimizing the system’s performance to improve

imaging low-energy sources. Additionally, AI based computer-vision technology

will be studied to image the moving sources precisely.

➢ Gamma-ray imaging systems that visually localizes radiation materials has

been developed with varying capabilities for different applications.

➢ Portable imaging systems offering high imaging sensitivity and adequate

resolution over a broad energy range are recognized as highly useful tools for

applications in environmental remediation and nuclear industry in general.

➢ While imaging systems using semiconductor detectors offer superior

portability and energy resolution, but their small sensor volume limits their

sensitivity, requiring extended measurement times to achieve statistically

significant results, making large-scale operation impractical.

➢ To address this issue, a high-sensitivity portable gamma-ray imaging system,

named the portable Fast Gamma Imager (pFGI), was developed using

monolithic NaI(Tl) scintillation detectors. The imaging performance of the pFGI

was evaluated under various conditions, including very low dose rate

conditions.

❖ portable Fast Gamma Imager (pFGI)

➢ The pFGI consists of several components, including two scintillation detectors,

coded aperture mask, an 18-channel high-speed FPGA-based data

acquisition system (DAQ), an RGB-D camera, a mini-PC, and a display

screen (Fig. 1). All components are enclosed in an aluminum housing.

Materials and methods

❖ Radiation image reconstruction and image registration

➢ Hybrid imaging method combining coded aperture (CA) and Compton

imaging techniques was applied to acquire high-quality radiation images over

a wide energy range. The reconstructed radiation images were registered to

the optical images to improve the interpretability of the radiation images.

• Detector head: Two monolithic position-

sensitive NaI(Tl) scintillation detectors are used. 

Each detector consists of a monolithic NaI(Tl) 

crystal measuring 14.6×14.6×2.5 cm³, 

optically coupled to a 3×3 array of square-type 

photomultiplier tubes. Two detectors separated 

by 16 cm are used for Compton imaging. 

• Collimator mask: The mask is made of 6 

mm-thick tungsten blocks assembled on a 

polyvinyl chloride foam panel, following a 2 × 2 

mosaic of rank 19 modified uniform redundant 

array (MURA) pattern. The mask is positioned 

4.2 cm from the front detector for coded 

aperture imaging. 

• DAQ system: The signals of the gamma-ray 

interactions from the detector heads are 

digitized and processed by a multi-channel 

DAQ system. FPGA Fig. 1. Developed pFGI

• Hybrid imaging method: The developed hybrid imaging method acquires 

radiation images using different collimation methods and fuses them via pixel-

wise multiplication. Computationally efficient methods are used to enable real-

time imaging: the correlation method for coded aperture imaging and the 

simple back-projection method for Compton imaging. The coded and Compton 

images obtained are then fused through a pixel-by-pixel multiplication, following 

image correction that considers the statistical level of each image. 

• Precise image registration: To accurately overlay the radiation image on the 

RGB image, the 3D point cloud obtained by the RGB-D camera is used as the 

imaging space. The radiation image is first reconstructed on the point cloud and 

then projected onto the RGB image using point-pixel correspondence for 

accurate alignment of the radiation image on the RGB image.

• RGB-D camera: The camera is installed for accurate registration of the 

radiation image on the RGB image using the 3D point cloud data (i.e., a 

collection of 3D points) from the camera. 

❖ Imaging different energy sources

➢ Four different isotopes were chosen to investigate the energy dependency of

the system performance: 241Am, 133Ba, 137Cs, and 60Co. Each source was

placed 1 m from the pFGI and measured for 5 min. All the four sources were

imaged accurately near its true positions, and the pFGI showed good

imaging resolution (<14° FWMH) over a broad energy range (59.6–1,332

keV).

Fig. 2. Gamma-ray images of 241Am, 133Ba, 137Cs, and 60Co sources. 
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❖ Imaging distant sources

➢ The imaging sensitivity was evaluated by imaging a 137Cs source at different

distances. For this, 253 μCi 137Cs source was located 15, 20, 25, and 30 m

from the pFGI and measured for 5 min. As a result, the positions were

clearly visible for the 15, 20, 25 m sources. Notably, when the source was at

25 m, the dose rate due to the presence of the 137Cs source was only

0.001 μSv/h at the front surface of the system, which corresponds to ~1% of

the background radiation level. When the source was at 30 m, imaging

was possible by extending the measurement time to 10 min.

15 m (0.003 μSv/h) 20 m (0.0015 μSv/h) 25 m (0.001 μSv/h) 30 m (0.0007 μSv/h)

Fig. 3. Gamma-ray images of 137Cs at different distances. 

❖ Imaging multiple sources

➢ In this test, 80 μCi of 137Cs and 60Co were placed in the left pocket and right

hand of the mannequin, respectively. Both sources were positioned at a 4 m

distance from the pFGI and measured for a 1 min. The pFGI demonstrated

the capability to accurately reconstruct the image of each radiation source

near its actual location. Even though the two different radiation sources were

placed closely together, both could be imaged without interference.

Fig. 4. Gamma-ray images registered to the optical image under the condition

where 137Cs and 60Co sources coexist. 
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