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ABSTRACT
PLANAR SCINTIGRAPHY IMAGE DE-NOISING USING COIFLET WAVELET. The planar scintigraphic image
usually has a poor resolution and contains noise. This noise can be removed using the coiflet wavelet with
Coif5 coefficient so that the image quality gets better. The coiflet wavelet method is a noise reduction method
based on frequency analysis. The planar scintigraphy image is the reconstructed image of the gamma radiation
count data (phantom with the Cs-137 source in it). The original image is 15×15 pixels. Before the de-noising
process, the image went through an interpolation process, which is to increase pixel count of the image. The
original image was resized to 70×70, 480×480, and 1200×1200 pixels. After the interpolated images were denoised with coiflet wavelet, the image quality is measured based on Mean Square Error (MSE) and Peak Signal
to Noise Ratio (PSNR) parameters. The resulting images are quite good, with MSE and PSNR values being
close to zero and more than 60 dB, respectively. The smaller the MSE and the bigger the PSNR are, the better
the image quality is. In this study, the result shows that the 1200×1200 pixels image has the best quality. It
means that the process of increasing pixel count has a good effect on the de-noising process, especially if the
original image has a low resolution.
Keywords: planar scintigraphy image, de-noising, coiflet wavelet, MSE, PSNR.

ABSTRAK
REDUKSI NOISE PADA CITRA SKINTIGRAFI PLANAR MENGGUNAKAN COIFLET WAVELET. Citra
skintigrafi planar biasanya memiliki resolusi yang kurang baik dan mengandung noise. Noise ini dapat
dihilangkan menggunakan coiflet wavelet dengan koefisien Coif5 sehingga kualitas gambar menjadi lebih baik.
Metode coiflet wavelet ini merupakan metode pengurangan noise berdasarkan analisis frekuensi. Citra
skintigrafi planar adalah citra rekonstruksi dari data cacahan radiasi gamma (phantom dengan sumber Cs-137
di dalamnya). Citra asli berukuran 15 × 15 piksel. Sebelum proses de-noising, citra melalui proses interpolasi,
yaitu memperbesar resolusi citra. Citra asli diperbesar menjadi 70×70, 480×480, dan 1200×1200 piksel.
Setelah menghilangkan noise dengan coiflet wavelet, kualitas citra diukur berdasarkan parameter MSE dan
PSNR. Citra yang dihasilkan menggunakan Coif5 ini cukup baik, dengan nilai MSE mendekati nol dan nilai
PSNR lebih dari 60 dB. Semakin kecil MSE dan semakin besar PSNR, semakin baik kualitas gambarnya. Pada
penelitian ini didapatkan hasil bahwa citra berukuran 1200×1200 piksel memiliki kualitas terbaik. Hal ini
mengartikan bahwa proses peningkatan jumlah pixel berpengaruh baik pada proses de-noising, terutama jika
citra asli memiliki resolusi yang rendah.
Kata Kunci: citra skintigrafi planar, pengurangan noise, coiflet wavelet, MSE, PSNR.

INTRODUCTION

T

he application of nuclear technology in the medical area, including diagnostic and therapeutic, uses image
processing technology [1]. The diagnostic examination uses an external radiation source and generates
transmission processes, with CT-Scan (Computed Tomography Scanner) being one of such equipment. In nuclear
medicine, the internal radiation source is used to generate emission events. Nuclear medicine utilizes an Anger
scintillation camera or gamma camera [2,3]. The types of the gamma camera, such as planar and SPECT (Single
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Photon Emission Computed Tomography), have an essential difference, that is planar type will only be capable of
displaying a 2D image, while SPECT (Single Photon Emission Computed Tomography) will generate 3D image [4],
[5]. Gamma camera applies scintigraphy technique.
Planar scintigraphy images the distribution of radioactive material in a 2D image. This is mostly used for
whole-body screening for tumors, metastatic tumors, and particularly bone [6]. A suitable radioactive material can
be concentrated on a specific target organ after being compounded with another chemical into radiopharmaceutical,
a chemical compound that contains radioactive atoms in its structure. It is used in the field of nuclear medicine for
diagnosis or therapy. After applying radiopharmaceutical to the patient, the target organ will be imaged using a
gamma camera that can detect gamma emission [7].
The quality of some of the produced images is good, but some are affected by noise (white noise, shot
noise, salt and pepper noise, etc.), so the quality is degraded. The main source of noise is the random distribution
detected by the gamma camera. The noise density level is generally very high compared to other imaging
modalities. High noise levels will blur contrast and reduce image quality, resulting in an inaccurate diagnosis [8].
Several techniques were applied to enhance the quality of these images, with the image de-noising technique being
one of the effective tools to enhance the image quality [9].
De-noising is an essential albeit complicated process in medical imaging [10]. In nuclear medicine imaging,
scintigraphic images are commonly used to indicate the condition of some organs, despite their poor resolution.
The quality depends both on the size and the layout of collimator holes, while the image resolution depends on the
size of the holes and the detector sensitivity. In a scintigraphic image, the pixel value represents the radiation
counting by the detector and contains a discrete value. These discrete values follow a distribution and this
distribution is responsible for the presence of noise in the images [10–12]. So, image processing is needed for
noise removal or reduction [14].
The benefits of image processing are identifying invisible objects, reducing noise, sharpening and restoring
images [15]. Image processing can be applied using some techniques, such as image representation,
preprocessing, enhancement, analysis, and compression. Image enhancement functions to remove noise, sharpen,
or brighten images. Image enhancement techniques can be divided into spatial and frequency domain methods
[15,16].
Image de-noising using wavelets shows the capability of fulfilling the compromise between smoothing and
keeping important features [11]. Noise reduction in nuclear medicine can be proposed using wavelet transform [17],
[18]. Noise in scintigraphic images can be corrected using several methods, one of which is the wavelet method,
with the benefit being easy images comparison with different resolutions [9], [19]. Wavelet decomposition is quick
and easy to compute. The amount of data in the image is not reduced when using wavelet transforms [9]. What
distinguishes wavelet transforms from other techniques is the less distortion in the spectral characteristics of the
noise-removed image [20].
Wavelet analysis is a technique to transform an array of N numbers from their actual numerical values to an
array of N wavelet coefficients. Each wavelet coefficient signifies the proximity of the fit (or correlation) between the
wavelet function at a particular size and a particular location within the data array [20]. Wavelet operates by dividing
the image into certain parts with different frequencies, then each part of the image is passed by a signal or wavelet
wave. These waves have different shapes and characteristics depending on the wavelet family used. There are
several types of wavelet families in discrete wavelet transform (DWT), such as haar wavelets, coiflet wavelets, etc.
The wavelet family has several forms of various wavelet functions and their respective scale functions [21]. Discrete
Wavelet Transform affects the resulting PSNR value, one of the parameters for measuring image quality [22].
The coiflet wavelet is a type of the wavelet family (short name coif) where for the order of N, it is written as
coifN. The length of the coiflet wavelet filter is 6N, where the order of the mother wavelet function and the scaling
functions are 2N and 2N-1, respectively [21]. The coiflet wavelet family (coif5) provides better performance
compared to other wavelet families in improving image quality, especially images with high noise densities [23].
Figure 1 shows the Coiflet Wavelet family.
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Figure 1. Coiflet wavelet family [24].
To determine the amount of noise lost and the quality of image reconstruction, several parameters can be
evaluated, namely the mean square error (MSE) and peak signal to noise ratio (PSNR). MSE is the most common
parameter of image quality measurement. MSE measures the mean of the squared cumulative errors between the
resulting and original images, values closer to zero are better [8, 21]. PSNR is a quantification of the reconstructed
signal quality. It is defined as the ratio between the maximum possible power value of a signal and the strength of
the noise affecting the image [9]. To calculate PSNR, we have to calculate MSE first [25]. These are the following
equations, Eq. (1) and (2).
1

𝑛−1
2
𝑀𝑆𝐸 = 𝑚×𝑛 ∑𝑚−1
𝑖=0 ∑𝑗=0 [𝐼(𝑖, 𝑗) − 𝐾(𝑖, 𝑗)]
𝑀𝐴𝑋𝐼2

𝑃𝑆𝑁𝑅 = 10 log10 (

𝑀𝑆𝐸

𝑀𝐴𝑋𝐼
)
√𝑀𝑆𝐸

) = 20 log10 (

(1)
= 20 log10 (𝑀𝐴𝑋𝐼 ) − 10 log10(𝑀𝑆𝐸)

(2)

Where 𝐼 (𝑖, 𝑗) is the original image, 𝐾 (𝑖, 𝑗) is the reconstructed image, and m, n are the pixels of the
image. 𝑀𝐴𝑋𝐼 is the maximum pixel value possible from the image and MSE is the Mean Square Error [9].
This study aims to reduce noise in planar scintigraphy images using coiflet wavelet. This scintigraphy image
is obtained from gamma radiation measurements using the Nuclear Instrument Module (NIM). The reconstructed
image quality was evaluated based on MSE and PSNR parameters.
METHODOLOGY
The planar scintigraphy image is the reconstruction of the gamma radiation counting matrix. The source Cs137 has a diameter of 25 mm and an area of 490.63 mm2. It is placed in a 7×7 cm acrylic phantom with three
different positions (40,30; 20,50; and 13.5,13.5; in mm) based on the coordinate shown in Figure 2. Data collection
was done every 5 mm, so we have 15 points of measurement on each axis.

Figure 2. Data collection coordinate.
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Gamma radiation is counted using a NaI(Tl) scintillation detector which has been given a lead (Pb)
collimator. The diameter of the detector is 2 inches. A 3 mm thick collimator will limit the catchment area to 2 mm.
The collimator is used to focus the beam and to limit the catching area of the detector. The results of radiation
detection by the scintillation detector (including Photomultiplier Tube, PMT) will be processed with amplifier and
Single-Channel Analyzer (SCA) modules; these modules are NIM (Nuclear Instrumentation Module) standard
(Figure 3).
The radiation counting results are compiled in a matrix to form an original image measuring 15×15 pixels.
Figure 4 is the result of the original image from the Cs-137 phantom with a 7×7 cm area which is turned into a
15×15 matrix so that it produces an original image with a resolution of 15×15 pixels . The flowchart of image
reconstruction and enhancement (de-noising) using the Python language is shown in Figure 5.

Figure 3. Block diagram of radiation count measurement.

(a)

(b)

(c)

(d)

(e)

(f)

Figure 4. Cs-137 in the phantom: (a) position 1 (40,30); (b) position 2 (20,50); (c) position 3 (13.50,13.50); and
original image: (d) position 1 (40,30); (e) position 2 (20,50); (f) position 3 (13.50,13.50).
Original
image

Image
interpolation
(increasing
number of pixel)

Image
enhancement
(Coiflet
Wavelet)

The
resulting
image

Figure 5. De-noising image process’ flowchart.
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The radiation count matrix is reconstructed into an original image, then the original image is interpolated.
Image interpolation is a method used to resize or distort an image. In this case, a nearest-neighbor interpolation is
used to change the image resolution by increasing the number of pixels. The original image is resized to 70×70,
480×480, and 1200×1200 pixels. Variations of pixel count were used to determine whether there is an effect
between image resolution and image quality after improving image quality process using the coiflet wavelet method.
In this study, the pywavelet package was used to apply the coiflet wavelet method. There are three stages:
decomposing to divide the image into different frequencies, de-noising to reduce noise, and reconstructing the
image again used the inverse discrete wavelet transform. The following is the result of the implementation program
code for the coiflet wavelet method.
""" Dekomposisi"""
coeffs = pywt.dwt2(timbalResize, 'coif5')
LL, (LH, HL, HH)= coeffs
"""denoising"""
data = pywt.threshold((LH, HL, HH), 6, 'soft')
"""Rekonstruksi Citra"""
rek = pywt.idwt2((LL,
data), 'coif5')satu, dua =
70, 70
reks = cv2.resize(rek,(satu, dua))
The decomposition of the coiflet wavelet is done using the command "coeffs = pywt.dwt2
(timbalResize, 'coif5'". After that, the resized image is separated according to its frequency. The
decomposition is first level, so the image divided into four frequency parts using the command "LL, (LH, HL,
HH) = coeffs", resulting in 4 parts of the image, namely the image with low-low frequency (LL), low-high
frequency (LH), high-low frequency (HL), and high-high frequency (HH). LL is called the approximation coefficient,
which can store information from the image. LH, HL, and HH are referred to as the detail coefficients. The denoising process on the image is only carried out on the detail coefficient. The part or layout of the approximation
coefficients and detailed coefficients in a 2D array can be seen in Figure 6.

Figure 6. Approximate Coefficient and Detail Coefficient in 2D Arrays.
After the decomposition process, de-noising was carried out. The command used in the de-noising process
is "data = pywt.threshold ((LH, HL, HH), 6, 'soft')". De-noising is only done on
the image detail coefficient, by performing soft thresholding on that coefficient. The thresholding level is generated
automaticaly. The last process is reconstructing the image again with the command "rek = pywt.idwt2
((LL, data), 'coif5')".
RESULTS AND DISCUSSIONS
Before de-noising, the original images of 15×15 pixels from 7×7 cm phantom were interpolated to increase
pixel count using nearest-neighbor interpolation. The pixel count increased to 70×70, 480×480, and 1200×1200
pixels. The results are shown in Table 1.
After increasing number of pixel in Table 1, the de-noising process was carried out using a coiflet wavelet.
The results of the image after the de-noising process shown in Table 2.
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Table 1. Increase the number of pixels.
Increase the number of pixels (pixels)
Source
Phantom
position
70×70
480×480
1200×1200

(40,30)

(20,50)

(13.50,
13.50)

Table 2. The resulting images of de-noising process.
The Resulting Image (pixels)
Source
Phantom
Position
70×70
480×480
1200×1200

(40,30)

(20,50)

(13.50,
13.50)

80

Planar Scintigraphy Image De-noising Using Coiflet Wavelet
(Ayu Jati Puspitasari, dkk.)

Table 3. MSE and PSNR calculation.
Source
Image resolution (pixels)
Position
1
(40,30)
70×70
480×480
1200×1200
(20,50)
2
70×70
480×480
1200×1200
3
(13.50,13.50)
70×70
480×480
1200×1200
Average
70×70
480×480
1200×1200
No

MSE
0.02
4.39×10-5
2.81×10-6
0.02
4.59×10-5
2.49×10-6
0.01
3.00×10-5
1.92 ×10-6
0.02
3.80×10-5
2.43×10-6

PSNR (dB)
64.66
91.70
103.64
64.38
91.50
103.44
66.17
93.35
105.29
65.07
92.18
104.12

The denoised images in Table 2 are grayscale images with three image resolution variations at each position
of the radioisotope source in the phantom. The images of varying resolutions cannot be distinguished visually. So,
it is necessary to calculate the image quality parameters, namely MSE and PSNR.
The calculation of the value of MSE (Mean Square Error) and PSNR (Peak Signal to Noise Ratio) was used
to test image quality after noise reduction was carried out. The calculation of the MSE and PSNR values uses
equations (1) and (2).
Discrete wavelet transform is used to filter the noise so that the signal or image quality is better. Coiflet
wavelet can reduce high-density noise. There are 5 types of coiflet families, from coif1 to coif5, each of which has
a different value of the coefficient. This wavelet coiflet decomposes the scintigraphic image into low (L) and high
(H) frequency coefficients. By the first level of decomposition, the image will be divided into LL, HL, LH, and HH.
LL is the set for low-frequency components, while HL, LH, and HH are set for high-frequency coefficients. HL is the
set of horizontal detail coefficients, LH is the vertical detail coefficient, and HH is the diagonal detail coefficient.
Coif5 used in this study is proven to be able to reduce noise as indicated by its PSNR value, with a PSNR value of
more than 60 dB. This also confirms the result of Rohima's research (2020) that coif5 produces the highest PSNR
(56.9861 dB) compared to coefficients in other Coiflet families [26].
MSE cannot be equated with human visual perception. MSE shows the difference between the
reconstructed vector image and the reference image. A low MSE value indicates two vectors are equal [27]. MSE
is also referred to as noise power, a small value in MSE indicates that the noise in the image is small. The results
of the MSE and PSNR calculations presented in Table 4 are quite good. Fatma Makhlouf et al (2013) had done
similar research where several methods (one of them was wavelet transform) were used to de-noise planar
scintigraphy images. Wavelet transformation is used to reduce several levels of Poisson noise of a scintigraphy
image, with average PSNR results of 32.21 dB [19]. Thus, all of the results that were produced here are better,
since the PSNR values are higher for all of the images. Although the image quality cannot be distinguished visually,
the results of noise reduction using this wavelet coiflet can be said to be good. An image is said to have a good
quality if the PSNR value is above 40 dB [28]. All images, with various test resolution variations, produce PSNR
values above 40 dB.
The greater the PSNR value is, the better the image quality becomes, while the smaller the MSE value is,
the less noisy the image will be [25], [29], [30]. These can be seen from the 1200×1200 pixels image. The image
with the smallest MSE average is the 1200x1200 pixels image too. So, the image with the best image quality is that
image.
The bigger the image resolution is, the better the resulting image quality. This is consistent with how the
coiflet wavelet method works. This method works by filtering unwanted frequencies in the image, after the image
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was divided into four parts, each having different frequencies. If the image resolution that is included in the coiflet
wavelet is small, then the image will be further divided into four smaller parts. Thus, during the de-noising process,
there is less information that can be processed. This is why a small resolution image will produce a poor quality
image and vice versa.
Pixel count affects the quality of the resulting image based on the MSE and PSNR values. The larger the
image resolution is, the smaller the MSE value is, indicating that there is less noise in the image. In addition, a high
PSNR value means that the image quality is excellent. This means that the interpolation process or the increase of
the pixel count a good effect on the de-noising process afterward. Interpolation should be done, especially on
images with low resolution, if a good quality image is desired. But, the increase in image resolution should not be
too large so as not to affect its spatial resolution.
CONCLUSION
The enhancement process of this planar scintigraphy image was carried frequency analysis, namely the
coiflet wavelet with Coif5 coefficient. Before the de-noising process, the image went through an interpolation
process to increase the image resolution. The original image, which has a resolution of 15×15 pixels, resized to
70×70, 480×480, and 1200×1200 pixels. After de-noising with coiflet wavelet was carried, the image quality is
measured based on MSE and PSNR parameters. The resulting images are quite good, with MSE values are close
to zero and PSNR values are more than 60 dB. This means that the noise in planar scintigraphy images can be
reduced using the coif5 coefficient of the Coiflet wavelet. It is interesting to see that the interpolation process can
help the de-noising process. Pixel count affects the resulting MSE and PSNR values. The smaller the MSE is and
the bigger the PSNR is, the better the image quality becomes. In this study, the result shows that the 1200×1200
pixels image has the best quality. It means that the process of increasing pixel count has a good effect on the denoising process, especially if the original image has a low resolution. However, it is recommended that the increase
of image resolution should not be too large so as not to affect its spatial resolution.
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