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Abstract  Needs in scintimammography applications, especially for small animal cardiac imaging, lead to develop a 

small field of view, high spatial resolution gamma camera with a pinhole collimator. However the ideal pinhole 

collimator must keep a compromise between spatial resolution and sensitivity. In order to design a pinhole collimator 

with an optimized sensitivity and spatial resolution, the spatial resolution and the geometric sensitivity response as a 

function of the source to collimator distance has been obtained by means of Monte-Carlo simulation for a small field 

of view gamma camera with a pinhole collimator of various-hole diameters. The results show that the camera with 

pinhole of 1 mm, 1.5 mm and 2 mm diameter has respectively spatial resolution of 1.5 mm, 2.25 mm and 3 mm and 

geometric sensitivity of 0.016%, 0.022% and 0.036%, while the source to collimator distance is 3 cm. We chose the 

pinhole collimator with hole diameter size of 1.2 mm for our the gamma camera designed based on the trade-off 

between sensitivity and resolution. 
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1 Introduction 

In recent years great efforts have been made in 

developing small field of view (FOV), high spatial 

resolution gamma camera[1-5] for small animal imaging, 

one of the most useful approaches for drug research, 

pharmaceutical design, and tracer development, to 

provide molecular level information of physiological 

phenomena and pathological processes. This dedicated 

γ-ray camera consists of a collimator, a position 

sensitive γ-ray detector based position sensitive photo 

multiplier tube (PSPMT), image reconstruction 

software and a display unit. For the camera lens, the 

collimator plays an important role in the image 

formation process. It defines the FOV and affects 

strongly the spatial resolution, the sensitivity and the 

image distortion.  

At close distances, a camera with a pinhole 

collimator, instead of a parallel-hole collimator, 

improves the spatial resolution and sensitivity but 

reduces the FOV. The spatial resolution may be further 

improved with reduced pinhole diameter, at the 

expense of sensitivity, though. Imaging a small object 

like an organ of a small animal, however, require no 

large FOV, but the animal can be placed closer to the 

pinhole to increase the magnification and sensitivity. 

In addition, its organs fit within the available FOV of 

the pinhole collimator, even at a large magnification. 

Therefore, a pinhole-collimator camera is good for 

high resolution and sensitivity.  

Aimed at developing an optimized pinhole 

collimator for small FOV gamma camera, we 

conducted a study to determine the good trade-off 

between sensitivity and resolution. A Monte-Carlo 

(MC) simulation model for the dedicated gamma 

camera of a pinhole collimator was performed using 

the GEANT4 codes[6]. Based on the simulation results 

of the optimized pinhole, a small FOV high resolution 
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gamma camera was developed. It consists of an array 

of pixelized Nal(Tl) scintillators coupled to a position 

sensitive photo multiplier tube (PSPMT)[7,8], achieving 

a good compromise between the spatial resolution and 

geometric sensitivity. 

2 Image system design and the simulation 

2.1 Image system design 

Fig.1 is a schematic diagram of the gamma camera 

with a NaI(Tl) pixel array scintillators, and a 

Hamamatsu R2486 PSPMT (Φ50 mm active area), 

with which distribution of the scintillating photons is 

calculated by the center-of-gravity method to 

determine the exact position of incident photons in the 

X-Y plane. A pinhole collimator, made of a cylindrical 

lead block with two coaxial cone cavities, is placed in 

front of the NaI(Tl) array. The d is the 

source-to-collimator distance (SCD), f is the focal 

length, Φ0 is the pinhole diameter, and α is the half 

acceptance angle of the pinhole collimator. The 

pinhole acts like a lens, and the magnification factor is 

equal to the ratio of the detector-to-pinhole distance 

(the focal length f) to the object-to-pinhole distance 

(the SCD d). For different f and d, the camera will 

have different amplification power. This zoom 

function makes the camera have either increased 

FOV/deceased spatial resolution or deceased 

FOV/increased spatial resolution in the object plane. 

To make the image field of view equal to the active 

area of the PSPMT, to achieve better spatial resolution, 

we chose α=22.5° and f =60 mm.  

 
Fig.1  Schematic diagram of the small FOV γ-camera with a 
pinhole collimator (mm). S, the point γ-ray source; α, the half 
acceptance angle; Φ0, diameter of the pinhole; Φ50, diameter of 
the Na(Tl) and PSPMT. 

2.2 Description of the simulation 

The simulation is based on the GEANT4 code 

developed at CERN. The geometric description of the 

pinhole collimator is shown in Fig.1. The γ-ray point 

source (S) is located at (X,Y)0 with a distance of d to 

the  object plane. The simulation begins with the 

generation of a γ-ray that propagates isotropically at 

random. Tracks of the γ-ray are traced. If it does not 

pass the hole, the counter SUM is added by 1, and 

another γ-ray is generated for a new round of tracing. 

A γ-ray passes the hole is traced until it goes through 

the crystal, and the counter SUM is added by 1. If a 

photoelectric absorption event occurs in the crystal, 

the interaction position (X,Y) is recorded, and the point 

spread function (PSF) is called at (X,Y). Sampling 

according to probability distribution PSF(X,Y) makes 

the final image point (X,Y)1 recorded, and both the 

SENS and SUM counters are added by 1. When the 

SUM counter gets to 106, the sampling is ended, and 

the point source is moved to the next position along 

the central axis of the pinhole collimator. The 

geometric sensitivity, i.e. the number in the SENS 

divided by the number in the SUM, is defined as the 

fraction of the detected γ-rays. The simulation 

program permits modification of two parameters, such 

as source-to-collimator distance d and the pinhole 

diameter Φ0. Fig.2 shows the flow chart of the 

Monte-Carlo simulation. 

 

Fig.2  Flow chart of the Monte-Carlo simulation. 
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3 Results and discussion 

3.1 Point spread function  

In the simulation, with Φ0 being 1, 1.5 and 2 mm, 

different source-to-collimator distances, were used for 

investigating the spatial resolution and the geometric 

sensitivity for the gamma camera. In data acquisition, 

the point γ-ray source was moved in 2 mm steps along 

the central axis of the pinhole collimator. The PSF is 

defined as the spread in centroid of the distribution of 

the scintillation photons induced by the γ-ray in the 

crystal. Fig.3 shows a typical PSF with Φ0 =1 mm and 

d=3 cm. By fitting a Gaussian2D curve to the PSF. A 

spatial resolution of 1.8 mm (FWHM) is obtained for 

both the x and y directions. 

 

Fig.3  Typical point spread function (PSF) with a Φ1 mm 
pinhole and source-to-collimator distance of 3 cm. 

3.2 Spatial resolution and geometric sensitivity 

Fig.4 shows the spatial resolution and geometric 

sensitivity at different source-to-collimator distances 

with a Φ1 mm pinhole collimator. The average spatial 

resolution and geometric sensitivity are 2.56 mm and 

0.00278%, respectively. With a Φ1.5 mm (Fig.5) and 

Φ2 mm pinhole collimator (Fig.6), the spatial 

resolution and geometric sensitivity are respectively 

3.44 mm and 0.0064%, and 4.6 mm and 0.0137%. 

It can be seen that the spatial resolution increases 
and geometric sensitivity decreases with increasing 
source- to-collimator distance. However, the geometric 
sensitivity decreases rapidly. The spatial resolution can 
be optimized by using pinhole of small diameters and 
bringing the source as close a possible to the 
collimator. But as the diameter decreases, less 
numbers of the γ-rays pass the collimator, hence the 
deterioration of geometric sensitivity and prolonged 
data acquisition time. So the choice of hole diameter 
should be balanced between sensitivity and spatial 
resolution. 

The relatively small size of the objects under 
study in small animal imaging (small organs or cardiac 
regions of rabbits) requests a dedicated gamma camera 
of high spatial resolution. Thus, the choice of hole 
diameter of the collimator should be a major 
consideration, with compromised sensitivity to a 
certain extent. For imaging small animals, it is usually 
acceptable to work with a spatial resolution better than 
2-mm (FWHM)[9]. Because of this, it was determined 
that a pinhole collimator of Φ0 1.2 mm would be 
acceptable. The 2 mm spatial resolution and 0.0136% 
geometric sensitivity, at d=3 cm, is a good trade-off 
that would optimize the sensitivity and spatial 
resolution, obtaining images of improved quality in 
reasonable measurement time and possibly allowing a 
reduction of radioactive dosage administered to the 
object.  

       
Fig.4 Spatial resolution (a) and geometric sensitivity (b) at diffferent source-to-collimator distance (SCD) for a Φ1 mm pinhole 
collimator. 
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Fig.5  (a) Spatial resolution as a function of source to collimator distance (SCD) for a pinhole collimator with hole diameter size of 
1.5 mm. (b) Geometric sensitivity as a function of source to collimator distance (SCD) for the pinhole collimator. 

       

Fig.6  (a) Spatial resolution as a function of source to collimator distance (SCD) for a pinhole collimator with hole diameter size of 2 
mm. (b) Geometric sensitivity as a function of source to collimator distance (SCD) for the pinhole collimator.   

4 Conclusion 

The spatial resolution and geometric sensitivity of a 

dedicated gamma camera with a pinhole collimator 

has been studied via Monte-Carlo simulations. The 

aim of this work was to search a pinhole collimator 

that has an optimal compromise between spatial 

resolution and sensitivity. We obtained the spatial 

resolution and the geometric sensitivity response as a 

function of the source to collimator distance for the 

dedicated gamma camera with a pinhole collimator of 

various-hole diameters. The results show that the 

camera with pinhole of 1 mm, 1.5 mm and 2 mm 

diameter has respectively spatial resolution of 1.8 mm, 

2.6 mm and 3.3 mm and geometric sensitivity of 

0.0075%, 0.0172% and 0.038%, while the source to 

collimator distance is 3 cm. Based on the trade-off 

between sensitivity and resolution, we chose the 

pinhole collimator with hole diameter size of 1.2 mm 

for our the gamma camera designed. In the future 

work, we will test the imaging performances of this 

small FOV gamma camera with the chose pinhole 

collimator. 
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