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Abstract—Currently, 4K TV is a standard TV and 8K broadcast- effect. However, in order to achieve this, there are technical
ing has began in December 2018. High-resolution in conjunction  limitations, which need to overcome. Even high-end mature
with low noise is an essential figure of merit in video systems. HDTV cameras may have pulse noise called “Shot noise”
Unfortunately, any increase in resolution unavoidably increases | nder poor lighting conditions, such as night time shooting
noise levels. A signal processing method called noise reducer (NR) or shooting in a dark room.

is often used to reduce noise. However, accurate noise level is . - .
needed when NR is employed. Noise level depends mostly on Noise reducer (NR) is a technology able to reduce noise

lighting conditions and is estimated by comparing adjacent frame in video systems by using signal processing techniques. Al-
difference. However, the frame difference is generated by moving though, a large number of NR algorithms have been reported
objects as well as noise. Therefore, it is essential to determine Most of them are complex and only compatible with still
whether the frame difference is caused by the moving objects or images. The use of such an algorithm in real-time video
by the noise, which is a difficult task. Another difficulty arises  systems would cause a video to freeze. In other words,
from the fact that noise level detection must be achievable in real- complex NR algorithms are not suitable for use in real-time
time conditions since all video systems are required to work in  video systems. Another issue is the ability to detect accurate
real-time. This means that a complex method could not be used npgjse levels in video/image systems before applying noise
gég‘r‘ﬁ'ﬁﬁ]ée;?e' ‘;‘?éi‘;‘igd Ir]r;\rgscg;pbeirr;aft\i%% ';?'fvevc:e(‘)’]?'ﬂ?eer;e?;'og reducing techniques. In case of real-time video systems, noise
concise algorithm able to accurately detect the noise level and Ie.vels ShOL.IId be defteCted in real-time as V_Ve”' Adjacent frame
work in real-time conditions. dlfference is a basic m_ethod.to det_ect noise Ievels. However,
noise, as well as moving objects, is contained in the frame,
which makes the detection of accurate noise levels in a real-
time video a difficult task. In this paper, a real-time noise level
detection method is proposed.

. INTRODUCTION This paper is organized as follows. In Section II, related
A dramatic change in imaging technologies has takerfvorks of NR and noise level detection are explained. In Section

place in the 21st century. High Definition Television (HDTV) !l, two noise level detection algorithms are proposed. In
broadcasting started only 20 years ago and at that time HDTECtion 1V, S|mula'g|on results are presented_. In Section V, the
sets were expensive. Today, HDTV is already a part of histony2dvantages and disadvantages of the algorithms are discussed
4K TV broadcasting started a couple of years ago and grand 'the combmatlo!"n of two o_f them is investigated. Finally, in
satellite broadcasting is started in December 2018. AlthougR€ction VI, conclusions of this work are presented.
significant advances have been made in video resolution,
imaging technologies are based on the same principle, i.e., Il RELATED WORKS
the photoelectric effect. Imaging devices primarily comprise  Conventional NR uses spatial or temporal digital filter to re-
of photoelectric cells and the number of electrons generateduce noise [1]-[5]. Many NR methods are used for still images.
by each cell is proportional to the number of photons received’hey are spatial digital filters. Generally, the spatial digital
by the cell. As the resolution increases from HDTV to 4K filters cause image blurring. Although the common method is
and then to 8K, the size of the image cell decreases, i.e., tHgR with wavelet transformation [6]-[9], the application of this
number of photons per image cell is inversely proportional tamethod in videos is difficult: because real-time performance is
the resolution. Therefore, it is necessary to amplify the electricequired. Hence, an NR with a recursive temporal filter [10] is
energy of a video signal at the output of a video camera. the only practical real-time method used for videos. However,
The electrical energy generated by the image cell is ampliit is necessary to know the accurate noise level for the NR
fied by a pre-amplifier for each pixel. An amplifying processto work. Generally, videos comprise a wide variety of content
always results in thermal noise called “Gaussian noise.” Thavith different noise levels. The differences are also caused
level of noise is inversely proportional to the electric energyby lighting conditions. In the development of automatic, real-
generated per cell. This is because fewer photons generatieme NR hardware, the NR parameter must be set properly in
a lower voltage signal that requires amplification to achieveaccordance with the actual noise level of a video. Although the
the appropriate voltage level. As HDTV, 4K, and 8K are adjacent frame difference is the basis of noise level detection
high-resolution systems, the noise level increases because ttiee frame difference is the result of noise and the moving
size of the image cells becomes smaller due to the highareas.
resolution. The best way to reduce noise in a high-resolution Only a few proposals for noise level detection methods
video is to increase the sensitivity of image cells’ photoelectridn videos are available. The wavelet transformation is used
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for the noise level detection [11], [12], but its real-time work
application is difficult owing to its high processing cost.

The spatial and temporal digital filter is simple and is used
for noise level estimation with low cost [13], [14]. Gaussian
noise can be detected by applying high-pass filter, such as
Sobel filter and Laplacian filter. However, these filters detect
both noise and temporal moves of videos: the noise level is
overestimated if the video includes fast and complex moves,
such as camera works and object moves.

In the authors’ previous works, a noise level detection
method which uses a bilateral filter has been proposed [15].
However, the bilateral filter also comes with a high hardware
cost. A noise level detection algorithm is essential not only for
the real-time function but also the accurate determination of
the actual noise level. The method that uses the bilateral filter
fails to perform when the noise level is high. Therefore, some
improvements are necessary to address these issues.

Ill. PROPOSEDMETHODS

In this paper, two noise level detection algorithms are
proposed and the combination of these methods is considered.

A. Noise Level Estimation

A video has three axes, hamely, vertical, horizontal, and the
frame. The plane that consists of the vertical and horizontal Figure 1. Video frame and frame difference
axes is called spatial, whereas the frame axis is called temporal.
By comparing the correlations of spatial and temporal, the
spatial correlation is stronger than the temporal. The conven- Video [ Frame Noise levell . Noise
tional NR [10] uses the temporal characteristic, as does the input T | memory Threshold ™ i cutation [ level
noise level detection algorithm. However, the adjacent frame
difference is the most effective method to detect the noise level,
but it involves two types of signals: frame differences caused
by noise and that by moving objects in a video. Figure 2. Frame difference and threshold process

Figure 1 illustrates some examples. Figure 1 (a) presents
the frame of a video [16]. In the sequence, trees and leaves
rustle in the wind. Figure 1 (b) shows the frame difference
caused by the trees and leaves. The noise level can be obtained
by the standard deviation of the frame difference values in
the flat areas because the frame difference in the flat areas
is created by noise. Thus, separating the flat areas with
frame difference caused by noise from the areas with moving
objects is necessary. There are two characteristics of the frame
differences for separating the flat areas and moving areas. The
frame difference caused by moving objects has shapes and
areas, whereas that caused by noise is isolated. Moreover,
moving objects have large frame difference values, whereasrigure 3. Areas detected using the frame difference and threshold process
noise often generates small difference values. Based on these

characteristics, we introduce two NR methodologies. values. Figure 3 shows the candidate of the flat areas using
) the frame difference and threshold process. However, this
B. Frame Difference and Threshold Process method also incorrectly identifies the frame difference caused

As discussed in Section IlI-A, the frame difference valuesby moving objects in the tree areas. The moving objects do
caused by the moving objects are larger, thus, distinguishingot always produce large frame difference values. With the
these two using a threshold process is possible. Figure 2 showsminance-level difference between the moving objects and
the block diagram of the noise level detection with framethe background, the frame difference values are small and can
difference and threshold processing. The frame difference isometimes generate similar values to those caused by noise.
detected using a frame memory and the input frame. In thélthough the frame difference between the blue sky and the
threshold processing, only a small frame difference is selectedrees is substantial in the video shown in Figure 1 (b), the
and its values and pixel numbers are sent to the noise levélame difference among the tree leaves is minimal and similar
calculation block. In the noise level calculation block, theto the values caused by noise. The incorrect identification due
frame difference values and pixel humbers are accumulatedo similar magnitudes in change between moving objects and
The average noise level can be measured using these twwise is the problem with this method.

(b) Frame difference of (a)

Frame difference
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Figure 9. Proposed method 2-B

11 (the white bocks), and the number equal to or less than
the threshold is 14 (the black blocks). In this case, the output
of the center pixel is as the flat area. As shown in Figure 5
(b), the number of pixels exceeding the threshold is 14 (the
black blocks) and less than or equal to the threshold is 11
(the white blocks). Therefore, the output of the center pixel is
C. Proposed Method 1: Area Filter and Edge Detection as the moving area. By using the following method, we can
etect most of the moving areas in Figure 3, but not quite all of
em. Therefore, we also introduce the Canny edge detection.
e Canny edge detection identifies the continuous edges in
ne frame difference. These edges are caused by the leaves. A
ouple of pixels around the Canny detected edges are obtained
om the Canny edge detection block. The result of the Canny

Figure 6. Output of the Canny edge detection block

As shown in Figure 3, the frame difference caused by th
tree leaves is detected as the flat areas for determination
the noise level. Although the moving objects, that is, treej
and leaves, result in large frame difference values, some c
be quite similar to the nearby areas, such as white shinin

leaves and the blue sky. The shining leaves and the sk ) i : -
produce small frame diff)érence, such %s noise because th&dde detection is shown in Figure 6. By using the logical OR

have similar luminance levels. To prevent this issue, we nee! (e area filter and edge detection blocks, the appropriate
to connect these areas and exclude the spaces from analyﬁé?as for the noise level detection are accurately detected.
Thus, we introduce the area filter and Canny edge detection . )
[17] illustrated in Figure 4, to improve the noise level accuracy D Proposed Method 2: Isolated Point Removal and Motion
Based on the input to the frame difference detectionCOMpensation
Figures 4 and 2 are similarly presented. The frame difference The proposed method 1 shown in Figure 4 can accurately
is distributed into three blocks: the area filter, the Cannydetect the noise level when standard deviation is less than 9.
edge detection, and the noise level detection in Figure 4. Th@/e will discuss the problem in the following section in detalil.
function of the area filter is illustrated in Figure 5, and is To address the problem that arises when standard deviation is
a symmetric nonlinear type of filter. The center pixel valuehigher than 9, we have proposed another method.
is processed with the surrounding pixel values and has two The signal flow of the proposed method 2-A for a high-
parameters, the kernel size and the threshold level. The kernkgvel noise is shown in Figure 7. The frame difference detection
size ish x 5, as shown in Figure 5. The input of the area filter process of the input and frame memory blocks in Figure 7 is
is the frame difference and has positive and negative valuesthe same as that in Figure 4. The frame difference is distributed
In the area filter block, the frame difference is processednto two blocks. The first one is the isolated point removal
with an absolute function to render all values positive. Theblock and the other one is the noise level calculation block.
absolute values are identified using the algorithm presentedls discussed in Section IlI-A, the frame differences are caused
in Figure 5. The white pixels indicate values exceeding théboth by moving objects and noise. Given that noise level can
threshold level, whereas the black pixels are equal to or ledse detected in flat areas, discriminating the flat areas with
than the threshold level. If the number of the surroundingnoise from the entire frame is necessary. Generally, the frame
pixels exceeding the threshold level is the majority, the aredifferences caused by noise in flat areas are isolated. When
filter decides the interest pixels as the moving area, otherwisésolated point removal is used, the output of the isolated point
it decides the interest pixels as the flat area. As shown imemoval block can be the same as the frame difference caused
Figure 5 (a), the number of pixels exceeding the threshold iby the moving object, and the noise level can be estimated
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using the areas excluding the detected moving areas.

The isolated point removal process is shown in Figure 8.
The center pixel in Figure 8 is the interest pixel. Figure 8
(a) shows an example where the interest pixel is the moving
area, and Figure 8 (b) illustrates the noise on the flat area. The
input is the frame difference. Moreover, the absolute value of
the frame difference is calculated and is binarized using the
threshold level. The pixels shown in Figure 8 are the result
of the binarization. The black areas are below or equal to
the threshold level, indicating the flat area. Meanwhile, the
white areas are higher than the threshold level, which are
candidates similar to the moving areas or the noise on the flat
areas. Using only the flat areas is necessary for the noise level
estimation. Thus, in the isolated point removal process, the
candidate pixels in the white areas are removed if the pixel
is isolated and identified as the noise on the flat area. The
parameter of the pixel size of the noise is used and the pixel i
size is set to 5 pixels, as shown in Figure 8. As presented in (e) Sequence 5
Figure 8 (a), the pixel size of the white area contains 7 pixels,
which is larger than 5. The process identifies the area to be the
moving area. As shown in Figure 8 (b), the pixel of the white
area contains 4 pixels, which is less than 5. In this case, this the estimated standard deviation of the noise in the sequence.
pixel is determined to represent the noise, and it is removedThe marks show the median values of the estimated standard

Many frame differences are present in the frames. Thesdeviations. If the estimated noise level is correct, the result
differences have larger values when a video includes cametzas the same value as the added noise standard deviation, i.e.,
works, such as panning and tilting. However, the threshold; = z. The bars indicate the minimum to maximum range
process cannot detect the frame difference accurately for thef the estimated noise standard deviation, which shows the
noise level detection. Thus, we also introduce a block-basedariation of the results in the sequence.
motion compensation to detect and reduce moving areas in In Figures 11 (a)-(e), the results for the frame difference
the frame difference. The proposed method 2-A with motionrmethod are overestimated and demonstrate large variance. The
compensation (method 2-B) is shown in Figure 9. The processstimated results for the proposed method 1 are the most
of the motion compensation block; the frame is partitionedaccurate and have the smallest dispersion of results. However,
into blocks of pixels, and each pixel of a block is shifted the estimation is not possible with the noise standard deviation
to the position of the predicted block via the motion vector.exceeding 9 because there are few or no appropriate areas for
This process is common in the discussions of video codingalculating noise standard deviation. The proposed methods
technologies, such as MPEG-2, MPEG-4, and HEVC. Further2-A and 2-B returned fewer errors and demonstrate more con-
more, we verify and discuss the performance of the motiorsistent estimated results than the frame difference. However,

(d) Sequence 4

Figure 10. Test sequences

compensation in the following sections. large errors tend to occur when the noise standard deviation
is less than 3. A comparison of the results for the proposed
IV. EXPERIMENT methods 2-A and 2-B, with and without motion compensation,

Simulation experiment was conducted to verify the perfor_demonstrates that motion compensation is effective in certain
mance of the proposed methods. Different levels of noise werg2Ses-: However, it increases the cost significantly because a

added to video sequences, and the accuracy of the estimatEtfl-fime motion compensation requires large hardware.
noise level determined by each method was compared. Figure 12 shows the estimated noise standard deviation for

all frames of sequence 1 (Figure 11 (a)). Figures 12 (a) and
A. Test Sequences (b) show the estimation results fo_r the proposed methods 2-
i i ) ) ) A and 2-B when the noise level is larger than 9. Here the
Noise levels in general videos were estimated using thg_ayis is the frame number, and the y-axis is the estimated
frame difference (Section 3.1), the proposed method 1 (Sectiofjangard deviation of the noise in the frame. The results
3.3), and the proposed methods 2-A and 2-B (Section 3.4). Thgecome constant if the noise level estimation is correct.
five HDTV (1,920 x 1,080) video sequences [16] shown in ~ , sequence 1, the train is moving with camera panning
Figure 10 were used in this experiment. All sequences includegom o to 150 frames, then the panning stops. The train
moving objects and various camera actions, such as panningniinues to move during frames 150 to 420. There is no
and tilting. Gaussian noise with different standarc_i deviation$yotion in frames 420-450. As shown in Figures 12 (a) and
(1,3,5,7,9, 11, 13, and 15) was added to the videos. (b), the effect of motion on the estimation result is negligible,
. and the results become constant.
B. Experimental Results Comparisons of the areas for noise estimation using the
The experimental results are shown in Figures 11 angroposed method 1, and the proposed method 2-A are shown
12. Figures 11 (a)-(e) show the results for sequences 1-i Figure 13. The estimated noise areas for sequence 1 with
respectively. The figures show the estimated standard deviatiadded Gaussian noise are shown in Figures 13 (a)-(b) (standard
for each level of added noise. The x-axis is the standardeviation 3) and Figures 13 (c)-(d) (standard deviation 7).
deviation of the noise added to the test sequence, and the y-axitere, the white areas are estimated moving areas; thus, only
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Figure 12. Results of estimated noise standard deviation in time axis for sequence 1 using the proposed methods (a) 2-A and (b) 2-B

the black areas are used for noise estimation. When compariragcurate. However, the noise estimation does not work with
Figure 13 (a) with Figure 13 (b), and Figure 13 (c) with Figurehigh level noise due to few or no available estimation areas.
13 (d), the moving areas estimated using the proposed methad contrast, the estimated moving areas using the proposed
1 are thick; however, there are few areas for noise estimatiomethod 2-A are thin; therefore, the moving areas of the frame
when the noise level is high. Since the proposed method 1 fullwith high level noise are detectable.

eliminates moving areas, the noise level estimation becomes
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Figure 13. Areas of calculated noise standard deviations for one frame of sequence 1

V. DIscUssSION [5]

As described in Section IV-B, the proposed method 1 can
detect low level noise accurately when the standard deviation
is less than 9. However, this method requires improvement tor)
detect high level noise when the standard deviation is higher
than 9. In contrast the proposed methods 2-A and 2-B can
detect high level noise when the standard deviation is 5 or[7]
more. Therefore, we propose combining the proposed methods
1 and 2-A, i.e., when the detected noise level is less than 9
the proposed method 1 is appropriate and when the detecteH’]
noise level is equal to or higher than 9, the proposed method
2-A is appropriate. Moving compensation can improve noise
detection accurately; however, it requires significantly more
expensive hardware. [9]

VI. CONCLUSION

In this paper, real-time noise level detection algorithms forl10]
videos were proposed. The simulation results demonstrate that
the best results can be realized by combining two methods. In
future, we intend to develop a way to switch between methodg 1
automatically and to control NR using the proposed methods.
Ultimately, we hope to develop real-time noise reduction
hardware that controls noise level parameters automatically. [12]
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