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ABSTRACT

STUDY OF POISSON NOISE REDUCTION ON GAMMA CAMERA IMAGE USING SPATIAL DOMAIN
FILTER. A gamma camera image is produced by a gamma camera that detects the gamma radiation emitted
by the radioactive substance or radiopharmaceutical injected into the body. The gamma camera image
sometimes has noise that can interfere with the diagnosis. This image is commonly affected by a Poisson-type
random noise. This research proposes using a spatial domain filter to study Poisson noise reduction in gamma
camera images. The image sample used is the image of a mouse injected with Lu-177-DOTA Trastuzumab
with 100 uCi activity detected using a dual-head gamma camera with Nal(Tl) detectors. The grayscale image
is treated with Poisson noise, then improved using a spatial domain filter. The spatial domain filters used include
Mean, Median, Wiener, and Spatial Lowpass Filters. The mean filter is the best one that can reduce Poisson
noise among the four applied filters. The best filter size for noise reduction is 3 with MSE 5.07, PSNR 41.08
dB, and SSIM 0.99.

Keywords: gamma camera image, noise reduction, poisson noise, spatial domain filter

ABSTRAK

STUDI REDUKSI NOISE POISSON PADA CITRA GAMMA CAMERA MENGGUNAKAN FILTER DOMAIN
SPASIAL. Citra kamera gamma dihasilkan oleh kamera gamma yang mendeteksi emisi radiasi gamma hasil
dari injeksi zat radioaktif atau radiofarmaka ke dalam tubuh. Citra kamera gamma yang dihasilkan terkadang
memiliki noise yang dapat mengganggu diagnosis. Citra ini biasanya dipengaruhi oleh noise acak tipe Poisson.
Penelitian ini bertujuan untuk mengurangi noise Poisson pada citra kamera gamma menggunakan filter domain
spasial. Sampel citra yang digunakan adalah citra tikus yang diinjeksi Lu-177-DOTA Trastuzumab dengan
aktivitas 100 uCi yang dideteksi menggunakan kamera gamma dual head dengan detektor Nal(Tl). Citra
grayscale diberi noise Poisson, kemudian dilakukan reduksi noise menggunakan filter domain spasial. Filter
domain spasial yang digunakan antara lain Filter Mean, Median, Wiener, and Spatial Lowpass. Filter Mean
adalah filter terbaik yang dapat mereduksi noise Poisson dibanding keempat filter lainnya. Ukuran filter terbaik
untuk mereduksi noise adalah ukuran 3 dengan MSE 5,07, PSNR 41,08 dB, dan SSIM 0,99.

Kata kunci: citra kamera gamma, pengurangan noise, poisson noise, filter domain spasial

INTRODUCTION

N uclear medicine is a medical specialty that uses radioactive or radiopharmaceuticals in the human body in-vivo
or in-vitro for diagnostic or therapeutic purposes. The radioactive or radiopharmaceuticals get into the patient's
body through inhalation, ingestion, and injection. Diagnostic nuclear medicine principally assesses organ function
(physiology or pathophysiology). A gamma camera is utilized to detect and quantify the radiopharmaceuticals' in-
vivo biodistribution. The essential parts of the gamma camera consist of the collimator, scintillator, photomultiplier
tube (PMT), and position logic circuit [1]-[{5]. The two kinds of gamma cameras that are SPECT (Single Photon
Emission Computed Tomography) and planar gamma cameras, have a difference in that planar produces a 2D
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image, and SPECT generates a 3D image [3], [6]. Planar scintigraphy or planar gamma camera images the
spreading of radioactive substance in a 2D image. These are mainly used for whole-body examinations [7].

The factors determining nuclear image quality are contrast, noise, and spatial resolution. Radioactive
imaging is an intrinsically noisy examination. Excessive noise can weaken the detection of an object, especially if
the object has low contrast. One of the formed noises is affected by the non-uniformity of the gamma camera. The
random type of noise can be influenced by statistical noise or random variations in count density due to the
spontaneous activity of radioactive decay [8]. Gamma camera images are generally disturbed by Poisson-type
random noise, which reduces the image qualitatively and quantitatively and becomes an intervening factor for
degradation [9]. Poisson noise (shot noise) is an electronic noise that arises when the number of photons or
electrons is insignificant enough to cause detectable statistical fluctuations in measurement and follow the Poisson
distribution [10]-[12]. Because this signal is nature-dependent, standard noise reduction techniques cannot be
used. One of the well-known filter algorithms for removing Poisson noise is the spatial domain filter [11].

The spatial domain filter reduces Poisson noise in this study. The spatial domain plays an essential role due
to the use of gamma camera detectors. A spatial Domain Filter is a filter that works with the convolution method. A
spatial domain filter forms a spatial window to evaluate each pixel value in a digital image. The mechanism of the
spatial domain filter is to form a square window or filter, mask, filter mask, kernel, or odd-sized template, such as
pixel size 3, 5, 7, and so on [13] as seen in Figure 1.
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Figure 1. The mechanics of spatial filter using a 3 x 3 mask [14]

In this study, the gamma camera images treated by Poisson noise are reduced by median, spatial lowpass,
mean, and wiener filters [15]-[17]. The Mean Filter is a linear filter that applies a mask to each pixel in the signal.
It involves averaging the components of the pixels that fall under the mask, resulting in a single pixel value.
Subsequently, this newly calculated pixel value is utilized to replace the corresponding pixel in the original signal
[18]. The median refers to the middle value in a sorted list of numbers. When the list has an odd count, there is
one unique median value. However, if the count is even, there may be multiple center values. It is recommended
to use odd list sizes when searching for a median. The Median Filter involves sorting the magnitudes of vectors
within a mask to perform the filtering process [18]. Spatial Lowpass filter is a filter that extracts low-frequency image
data while discarding or attenuating high frequencies. Lowpass filters are used to achieve blur or smoothing effects
and noise reduction. The characteristics of a lowpass filter kernel include all positive values and the sum of all
values equal to 1 (one) [16]. The Wiener filter is used to reduce noise in signals. This filter minimizes the mean
square error between the estimated process and the desired process. This is done to minimize the overall mean
square error in the inverse filtering and noise smoothing process. Filters are generally used to eliminate additive
noise. The main objective of the Wiener filter is to reduce the Mean Square Error (MSE) value [17].

Noise reduction program using Python programming language [19]. After filtering, the quality of the filter will
be evaluated using MSE (mean square error), PSNR (peak signal-to-noise ratio), and SSIM (structure similarity
index measure) [20]-[24].
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The Mean Squared Error (MSE) is a widely used parameter for quantifying image quality. It computes the
average of the squared cumulative errors between the resulting and original images, with values closer to zero
indicating better quality [8, 21]. Peak Signal-to-Noise Ratio (PSNR) is a measure of the quality of a reconstructed
signal. It is defined as the ratio between the maximum possible power value of a signal and the strength of the
noise affecting the image [26]. To calculate PSNR, MSE must be calculated first [24]. The equations for MSE and
PSNR are represented by Eq. (1) and Eq. (2), respectively.

1 — — .. P
MSE = LSt SR g) — K G ) (1)
2
PSNR = 10logyo (e ) =20logy (’j’%) = 201log,o(MAX,) — 10log,o(MSE) 2)

In this context, I (i, j) represents the original image, K (i, j) denotes the reconstructed image, and m, n
represent the pixel dimensions of the image. MAX, represents the maximum pixel value achievable in the image,
and MSE corresponds to the Mean Square Error [26].

The Structure Similarity Index Measure (SSIM) is a methodological algorithm for comparing the structural
features of images, where image quality is described in terms of structural similarity. Prior to utilizing SSIM for
image quality assessment, a reference image is required. Subsequently, the experimental image and the reference
image are juxtaposed to measure their structural similarity. Higher similarity indicates higher quality of the resulting
image, while lower similarity corresponds to lower image quality [21]. The SSIM algorithm separates the features
of luminance, contrast, and structure from two signals, then compares these features and obtains an equation
through their combination. The SSIM index is determined using the following equation (3) [27].

(2pxpty+C1)(20xy+C3) (3)
(ux? +ﬂy2 +C1)(Ux2+0'y2 +Cz)

SSIM(x,y) =

The u, and p,, denote the means of the two original images with their respective references, o, and o,, represent
the standard deviations of the two original images with their respective references, and C; and C, are constants
[27].

METHODOLOGY

The test image used in this study is Mediso AnyScan S Dual Head medical gamma camera image with a
Nal(Tl) detector. The testimage is the result of imaging the mouse as an object as an RGB format image (.jpg) with
an image size of 953 x 109 pixels [28]. The mouse was used as three images as samples for research material
after being injected with radioactive Lu177 — DOTA Trastuzumab with 100 uCi activity. The mouse images were
varied based on the time Lu-177 had been in the mouse's body for 69, 21, and 0 hours. The time points 69, 21,
and 0 hours show the process of Lu-177 absorption in the mouse's body. Figure 2 shows the initial images.

(a) (b) (c)

Figure 2. Initial images: Lu-177 time absoption: (a) 69 hours; (b) 21 hours; and (c) 0 hours

_ RGB to Poisson Spatial
Image input grayscale noise domain filter Image result
conversion addition oma e

Figure 3. The flowchart of the program

The flowchart of the program is shown in Figure 3. The RGB image first converted to a grayscale image with
the scikit-image feature. Furthermore, the grayscale image is added by Poisson Noise with a noise density of 20.
The noise is set at a sufficiently high level to consider the effectiveness of the filters used. The addition of Poisson
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noise aims to determine differences in the image before and after denoising. After adding Poisson Noise to the
gamma camera image with the mouse sample, the next step is image reduction using the spatial domain filter
method, which includes the mean filter, median filter, wiener filter, and spatial lowpass filter. Noised images will
then be filtered with several variations of filter sizes 3, 5, 7, 9, and 11. The selection of matrix size is based on
utilizing odd-sized matrices to account for the image convolution process. Furthermore, the reduced image samples
are tested based on the values of MSE (mean square error), PSNR (peak signal-to-noise ratio), and SSIM (structure
similarity index measure) to determine the quality of the image after being filtered using the spatial domain filter.

RESULTS AND DISCUSSIONS

Three samples of mouse images were used with different radioactive injection times at 69, 21, and 0 hours.
Among the three images, it can be obtained that the longer the duration of injection time, the sharper the resulting
image. It is because the longer the duration of injection time, the more gamma emission radiation that is injected is
emitted and spreads throughout the mouse's body. Data collection is established in noise reduction with mean,
median, wiener, and spatial lowpass filters with filter size variations of 3, 5, 7, 9, and 11. Figure 4 (a) (b) and (c)
below are the results of mouse images with a radioactive injection time of 69 hours, 21 hours, and 0 hours which
the mean filter has reduced.

(a) (b) (c)

Figure 4. (a) Results of mean filter reduced mouse image with duration of injection time 69 hours; (b) 21 hours;
(c) 0 hours

Figure 5 (a) (b) and (c) below are the results of mouse images with a radioactive injection time of 69 hours; 21
hours; and 0 hours which has been reduced by the median filter.
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(a) (b) (c)

Figure 5. (a) Results of median filter reduced mouse image with duration of injection time 69 hours; (b) 21 hours;
(c) 0 hours

Figure 6 (a) (b) and (c) below are the results of mouse images with a radioactive injection time of 69 hours; 21
hours; and 0 hours which has been reduced by the wiener filter.

¢ 3

(a) (b) (c)

Figure 6. (a) Results of wiener filter reduced mouse image with duration of injection time 69 hours; (b) 21
hours; (c) 0 hours

~
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Figure 7 (a) (b) and (c) below are the results of mouse images with a radioactive injection time of 69 hours; 21
hours; and 0 hours which has been reduced by the spatial lowpass filter.

£ B .8

(a) (b) (c)

Figure 7. (a) Results of spatial low pass filter reduced mouse image with duration of injection time 69 hours; (b)
21 hours; (c) 0 hours

There are three types of mouse images used based on the Lu-177 uptake time, which are 69 hours, 21
hours, and 0 hours. A mouse was injected with Lu-177 in its tail. In Figure 4-7 (c), it can be observed that the
radioactive substance accumulates in the tail. As time progresses, the radioactive substance spreads throughout
the mouse's body (Figure 4-7 (b)). In Figure 4-7 (a), the distribution of the radioactive substance continues to spread
and is absorbed throughout the mouse's body, with radiation scatter observed around the outer surface of the
mouse's body.

If observed visually, the noise resulting from the reduced image is difficult to detect, so a test is carried out
using the parameter values of the MSE (mean square error), PSNR (peak signal-to-noise ratio), and SSIM (structure
similarity index measure) shown in Table 1.

The quality of the denoising image filter is then evaluated using the MSE, PSNR, and SSIM values. The
MSE is a measurement of the quality in an estimator. MSE is not able to be distinguished visually. MSE displays
the difference between the reconstructed vector image and the reference image. A low MSE value indicates that
both vectors are equal [29]. It is always non-negative, and the values close to zero are better [30]. The best MSE
value based on the test results data is shown on the mean and spatial lowpass filter, which equals 5.07. MSE is
also known as noise power, a small value indicates that the image’s noise is slight.

The high PSNR value is also shown in the mean and spatial lowpass filter, equal to 41.08 dB for 0 hours of
injection duration. A higher PSNR value provides a higher image quality [31]. Fatma Makhlouf et al. (2013) did
related research using scintigraphy images. The wavelet transformation that has been done reduces the Poisson
noise of a scintigraphic image, with average PSNR results of 32.21 dB [9]. Thus, the image results in this study
based on 0 hours of injection time in mean and spatial lowpass filters are better.

The following image quality test parameter is SSIM. The SSIM measures distortions in combination with
loss of correlation, distortion of luminance and distortion of contrast. The range is 0-1, where the best value of SSIM
is 1[32]. The best SSIM value is also found in the mean and spatial lowpass filter results, which is 0.99.

Both of these filters, mean and spatial lowpass filters, have almost the same image quality in all evaluation
parameters. However, this slight difference can be seen in the 21-hour images. The SSIM of the 21-hour image on
the mean filter is higher than the lowpass spatial filter, which is 0.98. Based on the results in the table, among the
four filters, the best filter for noise reduction is the mean filter because it has the lowest MSE value, the highest
PSNR value, and the closest SSIM to 1.

Among the data of the four filters, the best image based on the duration of injection time is 0 hours image.
This is because the radioactive substance is still collected in the tail of a mouse and has not spread to the body, so
the scattering of gamma radiation is relatively small.

Considering the resolution image, the image used is quite good, with a size of 953 x 109 pixels. The higher
the image resolution or the bigger the image size, the better the image quality [33]. For all filters, the best image is
produced by a filter size of 3. The image is blurred when the filter size increases [34]. A larger filter size has more
values to calculate into the average, meaning a larger filter size blurs the image more than a smaller one [35]. This
will increase the MSE value, but PSNR and SSIM will decrease.
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Table 1. Results of testing the reduced image with four types of spatial domain filters based on MSE, PSNR, and
SSIM value

Duration of Injection Time

Filter 69 hours 21 hours 0 hours
Filter MSE PSNR SSIM | Filter MSE  PSNR SSIM | Filter MSE PSNR SSIM
size (dB) size (dB) size (dB)
3 30.09 3335 096 |3 1415 36.62 098 |3 507  41.08 0.99
Mean 5 55.33 30.70 089 |5 2569 3403 094 |5 7.41 39.44  0.99
7 73.41 2947 083 |7 3382 3284 091 |7 923 3848 0.99
9 83.48 2892 081 |9 3834 3229 090 |9 10.23  38.03 0.98
11 89.41 2862 0.79 |11 41.2 3198 089 |1 108 3779 0.98
Duration of Injection Time
Filter 69 hours 21 hours 0 hours
Filter MSE PSNR SSIM | Filter MSE  PSNR SSIM | Fiter MSE PSNR SSIM
size (dB) size (dB) size (dB)
3 30.88 3323 096 |3 1446 36.53 098 |3 508  41.07 0.99
Median 5 57.13 3056 09 |5 2637 3392 094 |5 7.42 39.43 0.99
7 78.09 2921 084 |7 3587 3258 091 |7 10.20 38.05 0.99
9 88.81 2865 081 |9 40.38 3207 090 |9 1113 37.66 0.99
11 94.58 2837 079 |11 4288 3181 0.90 |11 1141 3756 0.99
Duration of Injection Time
Filter 69 hours 21 hours 0 hours
Filter MSE PSNR SSIM | Filter MSE PSNR SSIM | Filter MSE PSNR SSIM
size (dB) size (dB) size (dB)
3 43113 2131 093 |3 316.97 2312 095 |3 18743 254 098
Weiner 5 71158 1961 084 |5 506.68 21.08 091 |5 331.31 2293 0.98
7 81346 19.03 078 |7 595.99 2038 088 |7 40021 2211 0.98
9 916.75 1851 0,75 |9 698.08 19.69 0.86 |9 494.04 2119 0.96
11 1027.08 18.01 074 |11 812.32 19.03 086 | 11 605.67 20.31 0.96
Duration of Injection Time
Filter 69 hours 21 hours 0 hours
Filter MSE PSNR SSIM | Filter MSE PSNR SSIM | Filter MSE PSNR SSIM
size (dB) size (dB) size (dB)
3 30.09 33.35 096 |3 1415 36.62 094 |3 507  41.08 0.99
Spatial 5 55.33 307 089 |5 2569 3403 094 |5 7.41 39.44  0.99
Lowpass | 7 73.41 2947 083 |7 3382 3284 091 |7 9.23 38.48 0.99
9 83.48 2892 081 |9 3834 3229 091 |9 10.23  38.03 0.99
11 89.41 2862 079 [ 11 41.2 3198 089 |1 10.8 37.79 099
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CONCLUSION

The mean, median, weiner, and spatial lowpass filters applied to gamma camera images can reduce the
Poisson noise. The mean filter with filter size 3 is the best with MSE 5.07, PSNR 41.08 dB, and SSIM 0.99. The
implementation of a spatial domain filter demonstrates its efficacy in diminishing noise on the gamma camera.
However, further enhancements are required to minimize the mean square error (MSE) value, aiming for near-zero
levels. Exploring alternative approaches, such as employing a frequency domain filter, may prove beneficial in this
endeavor.
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