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We proposed the objective ROC analysis method based on the setting of threshold value for 
evaluation of single photon emission computed tomography (SPECT) image. This proposed ROC 
analysis method uses the quantification computational threshold value to each signal on the SPECT 
image. The SPECT images for this study were acquired by using Monte Carlo n-particle extended 
simulation code (MCNPX, Ver. 2.6.0, Los Alamos National Laboratory, USA). The basic SPECT 
detectors and specific water phantom were realized in the simulation, and we could get the 
simulation results by the simulation operation. We tried to analyze the reconstructed images using 
threshold value application based objective ROC method. We can get the accuracy information of 
reconstructed region in the image. This proposed ROC technique can be helpful when we have to 
evaluate the weak signal for the NM image. In this study, the proposed threshold value based 
computational ROC analysis method can provide better objectivity than the conventional ROC 
analysis method.
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Introduction

Nuclear medicine (NM) images have been evaluated 

through a physical verification method such as modulation 

transfer function (MTF), root mean square (RMS), Winener 

spectrum, and entropy analysis, etc.1-3) However, these 

evaluation methods frequently caused some unexpected 

results which are different with an evaluation according 

to an observer. Although the number of data is same, the 

evaluation can be absolutely changed depending on the 

personal subjectivity with visual recognition ability and 

experience. In addition, because this subjective evaluation 

method is progressed without the objectivity, the correct 

evaluation of the image quality can be difficult. Thus, 

because the evaluation of NM image is easy to depend 

on the observer’s vision, the subjectivity based on the 

physical standard is required. Hawlet chart method, 

Landolt chart method, Burger's phantom, receiver 

operation characteristic (ROC) analysis have been used 

as the representative subjective evaluation method.4,5) 

Although the ROC analysis based on signal detection is 

the subjective evaluation method of the observer, the 

observer’s subjective decision can be considered as a 

quantitative factor.6-9) The conventional ROC analysis 

method for the NM image is progressed by scoring the 

quality of the specific signal on the image, and the ROC 

curve can be made using both the sensitivity and the 

specificity, according to the score. And the image can 

be evaluated by comparing the area under the curve 

(AUC) value. For the score, when there are the signal and 
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the noise, if its response is ‘Signal’, it is denoted as ‘true 

positive (TP)’. When there is the only noise, if its response 

is ‘No Signal’, it is denoted as ‘true negative (TN)’. On the 

other hands, when there are the signal and the noise, if 

its response is ‘No Signal’, it is classified as ‘false negative 

(FN)’. When there is the only noise, if its response is ‘Signal’, 

it is classified as ‘false positive (FP)’. For these four classes, 

each score is assigned to draw the ROC curve. However, we 

proposed the objective ROC analysis method based on the 

setting of threshold value, for evaluation of single photon 

emission computed tomography (SPECT) image. This 

proposed ROC analysis method uses the quantification 

computational threshold value to each signal on the SPECT 

image.

Materials and Methods

The SPECT images for this study were acquired by using 

Monte Carlo n-particle extended simulation code (MCNPX, 

Ver. 2.6.0, Los Alamos National Laboratory, USA). The 

basic SPECT detectors and specific water phantom were 

realized in the simulation, and we could get the simulation 

results by the simulation operation. The specification of the 

detector and source definition is referred from the previous 

study.10,11) The water phantom which can emit the gamma 

ray of 662 keV (Cs-137) at the specific region was used to 

be scanned using SPECT in the simulation. This cylindrical 

water phantom (diameter=18 cm, height=6 cm, density=1 

g/cm3) involved three radioisotope uptake regions (RURs). 

These three RURs (isotope content ratio=0.14%, 0.55%, 

0.31%) took each different size (diameter=2 cm, 4 cm, 

and 3cm) and position ((−2.12, −3.00, −2.12), (0, −3.00, 

2.00), and (2.12, −3.00, −2.12); the center of phantom=(0, 

0, 0)). The lutetium yttrium oxyorthosilicate (LYSO, 

density=7.3 g/cm3) that is mainly used to detect gamma 

ray in the NM device was selected for the simulation. The 

size of detector was 28×28×3 cm3, and the parallel lead 

collimator (density=11.3 g/cm3) with 2 mm thickness, 20 

cm height, and 69 frames was attached to the detector.12) 

The projection numbers of the SPECT imaging in this study 

were 16, 32, 64, and 128 (due to 4 head SPECT modality). 

For each projection, the numbers of particle source (NPS) 

was set at 60 million. In addition, to reconstruct SPECT 

image, graphics processing unit (GPU; NVIDIA GeForce 

GTX 770, 2 GB memory GDDR5 graphic card and compute 

unified device architecture (CUDA)) based ordered 

subset expectation maximization (OSEM) reconstruction 

algorithm was used using MATLAB (R2012a, Mathworks 

Inc., USA). 

We tried to analyze the reconstructed images using 

threshold value application based objective ROC method. 

In order to progress this proposed evaluation method, 

the pixel address matching method is required. The 

pixel address matching method is similar to the image 

registration. However, it cannot be called as registration. 

The simple overlapping between the reconstructed image 

and the actual tomographic image such as the computed 

tomography (CT) image. The first process is the unification 

regarding both the pixel size and the matrix number. In 

spite of pixelated reconstructed image, we should divide 

the actual tomographic image as the pixel. Thus, we 

applied the grid pattern frame looks like the pixel to the 

actual tomographic image. And each pixel address value 

was assigned depending on the pixel’s row-column. When 

the matrix size of two kinds of image was same, because 

each pixel address was same, we can match the address 

value between the reconstructed image and the actual 

tomographic image. Second, the setting of standard points 

for overlapping images was performed. We calculated 

there points from the reconstructed image and the actual 

tomographic image. At the actual tomographic image, 

the target’s center points were measured. And then, the 

pixels including these points was found. In the case of the 

reconstructed image, the each pixel including the highest 

intensity from three RUR was found. Thus, we could 

overlap these two images.

We tried to include objective factor for drawing the ROC 

curve. At each pixel of reconstructed image matched with 

the actual tomographic image, when the specific pixel in 

the reconstructed image is involved on the part of the RUR 

at the actual tomographic image, Signal threshold value is 

applied to decide the TP (in case that the signal intensity 

level is over the 90%). And the signal threshold value can 

be adjusted according to the area ratio. Although the 

some pixel is located on the part of the RUR, if the signal 

intensity level is below the threshold, it is classified at the 
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FN. The FN case is remarkable mostly at the edge of the 

RUR. On the other hands, when the specific pixel in the 

reconstructed image is involved on the region without 

RUR, Noise threshold value is applied to decide the TN 

(in case that noise intensity level is below 10%). Although 

some pixels are located at the out of RUR, if the noise 
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Fig. 1. Diagram of the threshold value based receiver operation characteristic (ROC) analysis method.
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Fig. 2. Original water pattern of the 
single photon emission computed 
tomography (SPECT ) phantom 
with three radioisotope uptake 
regions (RURs) (a). Reconstructed 
tomographic image using the graphic 
processing unit (GPU) based fast 
iterative reconstruction algorithm 
with (b) 128, (c) 64, (d) 32, and (e) 16 
projections.
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intensity level is over the threshold value, it is classified as 

the FP. Thus, we could get the four factors (TP, FN, TN, and 

FP) for drawing the ROC curve, and we could calculate the 

sensitivity and specificity using the many answers from the 

pixels (as matrix number; N×N). Fig. 1 shows the method 

of threshold value based ROC analysis.

Results and Discussion

Fig. 2 shows the reconstructed images using the GPU 

based OSEM reconstruction algorithm. The original 

pattern of water phantom including three RURs tagged as A, 

B, and C was shown at Fig. 2(a), and Fig. 2(b), (c), (d), and 

(e) show the reconstructed images using 128, 64, 32, and 16 

projection data, respectively. Naturally, the more projection 

number made the better images. We can observe the three 

RURs clearly at (b), (c). However, in the case of region C 

in the (d) and (e), it is hard to identify region signal only 

using naked eyes. Because normal people is difficult to 

identify a blurred signal, this case can cause the confusing 
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Fig. 3. Results of threshold value based receiver operation characteristic (ROC) analysis method for the reconstructed images. (a), (b), 
(c), and (d) is the reconstructed images using 128, 64, 32, and 16 projection data, respectively. A, B and C is the results the threshold value 
based ROC analysis method.
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results regarding the conventional ROC analysis. Fig. 3(a)-

(d) show the ROC curve results according to the 128, 64, 

32, and 16 projection based reconstructed images, through 

the proposed threshold value based computational ROC 

technique. We acquired the AUC values from each ROC 

curve to compare the performance. The strong signal 

caused the good results about AUC value. This trend was 

noticeable at larger size signal, and greater projection 

number. Surely, if the signal is easy to be identified using 

the naked eyes, the ROC curve’s pattern is close to ideal 

model. However, we focused on the weak signal case which 

is hard to be identified using only naked eyes. As a results, 

although the specific region regarding the weak signal is 

hard to be identified using only people’s vision, the ROC 

curve was deducted ordinarily (region C in the (d) and 

(e)). In addition, we can get the accuracy information of 

reconstructed region in the image. This proposed ROC 

technique can be helpful when we have to evaluate the 

weak signal for the NM image. Moreover, if the image 

segmentation is progressed more minutely, we can acquire 

the better results. In addition, when we evaluate a specific 

image, the high level decision for both sensitivity and 

specificity, which are standards for verification, is ideal 

model as the ROC application. However, it is important 

that several conditions such as the disease and status, 

patient, etc. should be considered.

Conclusion

In this study, the proposed threshold value based 

computational ROC analysis method can provide better 

objectivity than the conventional ROC analysis method. 

When there is the weak signal which is hard to be identified 

using only naked eyes, the accuracy of reconstructed signal 

in the NM image can be calculated. In the future, we will 

applied this technique at the PET image as well as more 

SPECT images case.
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