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Abstract The objective of this study is to investigate a high performance and lower cost compact gamma

camera module for a multi-head small animal SPECT system. A compact camera module was developed using

a thin Lutetium Oxyorthosilicate (LSO) scintillation crystal slice coupled to a Hamamatsu H8500 position

sensitive photomultiplier tube (PSPMT). A two-stage charge division readout board based on a novel sub-

tractive resistive readout with a truncated center-of-gravity (TCOG) positioning method was developed for

the camera. The performance of the camera was evaluated using a flood 99mTc source with a four-quadrant

bar-mask phantom. The preliminary experimental results show that the image shrinkage problem associated

with the conventional resistive readout can be effectively overcome by the novel subtractive resistive readout

with an appropriate fraction subtraction factor. The response output area (ROA) of the camera shown in the

flood image was improved up to 34%, and an intrinsic spatial resolution better than 2 mm of detector was

achieved. In conclusion, the utilization of a continuous scintillation crystal and a flat-panel PSPMT equipped

with a novel subtractive resistive readout is a feasible approach for developing a high performance and lower

cost compact gamma camera.
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1 Introduction

Single photon emission computed tomography

(SPECT) imaging plays an important role in the

rapidly growing field of molecular imaging [1, 2]. A

recent advance of SPECT has been focused on the

development of a multi-camera SPECT system for

small animal imaging with a large detection efficiency,

while maintaining high spatial resolution [3–5]. The

multi-camera SPECT system usually requires a high-

resolution compact gamma camera module.

The main approach with the high-resolution com-

pact gamma camera module is based on the discrete

scintillation crystal array with a position sensitive

photomultiplier tube (PSPMT). This has been well

proven in obtaining high spatial resolution, good per-

formance and reliability in breast and small-animal

imagers [6–12]. However, the high price of the dis-

crete crystal array as compared with the continu-

ous crystal usually leads to expensive costs for multi-

camera SPECT system. So a lower cost alternative

to the high resolution discrete crystal design using

a continuous crystal slab with PSPMT for compact

modular camera has aroused increasing interest [13–

15].

The continuous scintillation crystal slab with a

cross-anode PSPMT for the development of a minia-

ture gamma camera has been studied by several

groups [14, 15]. Their results show that the perfor-

mance of these miniature gamma cameras is limited

by the conventional resistive readout with the Anger

positioning method [16], which resulted in significant

shrinkage of the effective field-of-view (FOV) of the

camera [15]. Therefore, improvement of the readout

and positioning method is essential for the develop-

ment of a high performance and lower cost modular
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gamma camera.

The aim of our study is to develop a high perfor-

mance and lower cost compact gamma camera mod-

ule for the multi-camera small animal SPECT system.

In this study, we investigated a compact gamma cam-

era module using a continuous lutetium oxyorthosil-

icate (LSO) scintillation crystal slab coupled to a

compact multi-anode flat panel PSPMT (Hamamatsu

H8500). A novel subtractive resistive readout based

on the truncated center-of-gravity (TCOG) position-

ing method was developed for the camera [7, 17]. The

performance of the detector module was evaluated by

experiment.

2 Readout methods

2.1 Conventional readout

Two main readout schemes have been adopted for

the compact gamma camera based on PSPMT. One

is based on the channel-by-channel readout method,

which requires complex readout processing circuits

and the data acquisition system, because the indi-

vidual anode signals need to be processed to decode

the position information. The other is based on the

charge division method using a resistive matrix net-

work, which needs simple readout circuits and data

processing. The resistive charge division method has

therefore been widely used in the development of a

compact gamma camera.

In the charge division method, the anodes are di-

rectly connected to a simple resistive network, which

provides a proportional charge division as a function

of position defined by the anode location, generally

with four output channels. The coordinate of charge

distribution centroid is determined by the following

equation [18]:

x =

∑
wX

i
qX

i∑
qX

i

, y =

∑
wY

i
qY

i∑
qY

i

, (1)

where x and y are the event coordinates, wi is the

weighting factor for the ith strip anode, qi is the

charge collected on it and the superscripts X and Y

denote the anode direction.

The conventional resistive charge division method

can usually reduce the readout channels down to four

outputs. So subsequent signal processing and data

acquisition become much simpler and cost less. How-

ever, this has a major disadvantage in the position

determination with serious non-linearity because of

the significant contributions of noise and cross-talk

far away from the incident area in the position cal-

culations with Eq. (1), which results in significant

shrinkage of the effective field-of-view (FOV) of the

camera image [15].

2.2 A novel subtractive resistive readout

with TCOG positioning method

In order to overcome the problems of the con-

ventional resistive readout, a novel subtractive resis-

tive readout method was proposed [17], as shown in

Fig. 1. This can be regarded as the combination of

the individual readout with the conventional resis-

tive readout. The basic idea of the subtractive resis-

tive readout is to implement a fractional subtraction

technique in the readout circuit to subtract the long

tail of the charge distributions on the anode plane of

the PSPMT and remove the noise contributions far

from the gamma-ray incident area. Then a truncated

center-of-gravity (TCOG) algorithm is applied to im-

prove the accuracy of the position determination and

to reduce the image shrinkage effect.

The fractional subtraction factor (referred to as

the f -factor) is critical in the subtractive resistive

readout since it determines the selection size of the

local region, which is involved in the position calcu-

lations. Therefore, it is important to select an appro-

priate f -factor in the subtractive resistive readout.

If the f -factor is set too high, the uniformity of the

flood image becomes worse, whereas if the f -factor is

set

Fig. 1. (a) Diagram of the subtractive resistive readout [17] and (b) a simple illustration of the truncated

center-of-gravity positioning principle.
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too low, the nonlinearity and image shrinkage cannot

be suppressed. We usually determine the appropriate

f -factor by experiment.

3 Compact gamma camera module

The compact gamma camera module that we

have developed is based on a continuous LSO crys-

tal slab with a Hamamatsu H8500 PSPMT, as shown

in Fig. 2. The LSO slab from the Shanghai SIC-

CAS High Technology Corp. is 50 mm square

with a thickness of 2 mm, and it has a stopping

power of about 80% for gamma rays at an energy

of 140 keV. The LSO crystal slab is directly coupled

onto an H8500 PSPMT. The H8500 is a square, com-

pact, flat-panel PSPMT with external dimensions of

52 mm×52 mm×28 mm, a sensitive photocathode

area of 49 mm×49 mm, and a glass window of 1.5 mm

in thickness. It has 12 metal channel dynodes with a

gain of about 106 and an 8×8 array of anode pads to

collect the multiplied charges.

The readout circuit board, shown in Fig. 2(c),

was developed using a novel two-stage charge division

method. First, the incoming charge from 64 anodes

is equally split into X and Y directions using a 2D

symmetric decoupling resistive matrix [19], which re-

sults in 8-X and 8-Y outputs. Then the 16 readout

channels are further reduced to 4 outputs by using

a subtractive resistive charge division [17], where a

fractional subtraction circuit is used to remove the

long tail of charge distribution and the noise contribu-

tions far from the gamma-ray incident region. Then

a truncated center-of-gravity (TCOG) algorithm is

applied to determine the incident position of the de-

tected gamma-rays.

Fig. 2. Photographs of the components of our assembled detector module: (a) LSO crystal plate; (b) H8500

PSPMT; (c) readout circuit board.

4 Experimental test methods

The general performance of the assembled com-

pact gamma camera module was evaluated using a

flood 99mTc source, and the spatial resolution of

the detector module was assessed with a preliminary

imaging experiment using a four-quadrant bar mask

phantom, as shown in Fig. 3. In the flood imaging

experiment, the detector performance was evaluated

with different subtractive fraction factors of 0.1%, 3%

and 6%, in which the subtractive resistive readout

with the f -factor of 0.1% is equivalent to the conven-

tional resistive readout. The four-quadrant bar mask

phantom, which is 180 mm in diameter and 5 mm in

thickness, was made of lead strips with widths equal

to the spaces between them. The four bar patterns

are 2 mm, 3 mm, 4 mm and 5 mm. We only used the

2 mm bar-mask pattern in the imaging experiment.

The flood images with different f -factors were used

for the uniformity correction of the bar-mask phan-

tom imaging.

Fig. 3. Photograph of a four-quadrant bar

mask phantom.
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5 Results and discussion

The raw flood images acquired with different f -

factors of 0.1%, 3% and 6% using a 99mTc source

are shown in Fig. 4. The results show that the im-

age shrinkage effect of a detector is very serious when

the f -factor is set too low at 0.1%, where the subtrac-

tive resistive readout is equivalent to the conventional

resistive readout. When the f -factor is increased to

an appropriate level around 6%, the shrinkage of the

flood image is significant reduced.

The raw flood images acquired with the bar-mask

are shown in Fig. 5(a), (b) and (c) and the profiles

of the flood images in the middle region are shown

in Fig. 5(d). We calculate the response output area

(ROA) of the camera to qualitatively compare the im-

age shrinkage effect with different f -factor settings.

The results show that the ROA of the camera with a

f -factor of 6% almost reaches the active area of the

PSPMT, and it is increased by about 34% as com-

pared with the ROA with an f -factor of 0.1%, which

is equivalent to the conventional resistive charge di-

vision method. Therefore, the image shrinkage effect

with the conventional resistive charge division is ef-

fectively suppressed by using the subtractive resistive

charge division method.

Fig. 4. Comparison of the raw flood images obtained with different f -factors using a flood 99mTc source. All

images are at the same scale.

Fig. 5. Raw images obtained with a bar mask. All images are at the same scale. The profiles of the flood

images in the middle region are shown in (d).
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Fig. 6. Uniformity corrected image of the bar mask and the profile.

The bar image with an f -factor of 6% using a

coarse uniformity correction is shown in Fig. 6. The

coarse uniformity correction simply divided the raw

bar image in Fig. 5(c) by the raw flood image in

Fig. 4(c). We can see from Fig. 6 that the image

quality is improved and the bar pattern with 2 mm

separation is clearly resolved. This indicates that the

compact gamma camera module that we designed

could achieve an intrinsic spatial resolution of less

than 2 mm.

6 Conclusions

We have developed a lower cost compact gamma

camera module using a continuous LSO scintilla-

tion crystal slab and a Hamamatsu H8500 flat-panel

PSPMT. A compact readout board based on a novel

two-stage charge division method was developed for

the camera. With the novel subtractive resistive

readout and TCOG positioning algorithm, the image

shrinkage effect associated with the conventional re-

sistive readout can be effectively overcome to achieve

high performance of the camera. In conclusion, the

utilization of a continuous scintillation crystal and a

flat-panel PSPMT equipped with the novel subtrac-

tive resistive readout is a feasible approach for de-

veloping a high performance and lower cost compact

gamma camera.
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