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Abstract

This proposal presents an algorithm for in-loop denoising of the reference frame. The algorithm modifies
the temporal predictor while the decoded picture is unchanged. Knowledge of the noise power within the
reference frame is used in order to improve the inter frame prediction. For noise filtering of the reference
frame, a low-complexity denoising algorithm is implemented. In JCT-VC219, the results for the
implementation of the algorithm in the H.264/AVC reference software (JM 15.1) were presented. It was
shown that the bitrate can be decreased for (high resolution) noisy image sequences especially for higher
qualities at medium to high data-rates. This contribution shows that the gains are nearly preserved when
implementing the scheme in the HEVC reference software (HM 0.9) for coding of the similar test
material. In addition, results for coding two sequences of the standard test set for HEVC are shown.

1 Introduction

Since natural image and video signals are acquired by a physical process, they can be regarded as
degraded by noise through this acquisition process, i.e., inaccuracy of the process or physical limitations.
The noise characteristics depend on the acquisition process itself. For example in digital photography the
noise amount gets larger if the resolution increases using the same sensor size.

Current standards do not take into account the noise within the signal to be compressed. Especially for
high quality video compression (i.e., low QP values), the current standards are not that efficient, because
the noise is still present in the video at high to medium quality. It has been shown that noise removal
before compression can lead to reasonable gains in compression performance [2] [3] [4], but this is
prohibitive for video coding at high qualities.

In [6] we have shown that coding efficiency of lossless compression of noisy image sequences can be
improved by a denoising operation applied on the reference frame, which improves the temporal
prediction. We extended this idea to lossy video coding which is interesting especially for high quality
compression of noisy video data. As it was supposed that quantization inside a video encoder has noise
reducing capabilities, we analyzed the quantization step inside the prediction loop of a lossy transform
coder [7].
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2 In-loop reference frame denoising

In inter frame coding within an HEVC encoder, the predictor is generated by motion estimation and
motion compensation of the previous decoded picture. This predictor is subtracted from the current
picture and the difference is coded afterwards. The difference image is considered to have less energy and
thus needs less bitrate for transmission. The motion compensation process is illustrated in Figure 1.

S1=X1+N1

S2=X2+N2 53 =X2-X1+N2-N1,
Figure 1. Motion compensation process.

In this figure, S1 describes the predictor and S2 describes the current picture which has to be encoded. If
the video is assumed to be degraded by additive white noise, the current picture as well as the predictor
contains noise. The difference image (i.e., the prediction error) S3 after motion compensation consists of
2 major parts, the useful signal part (X2-X1) and the noise part (N2-N1). For example, if there is no
motion between two adjacent frames the useful signal part becomes zero. Usually, noise of adjacent
frames is uncorrelated, thus the energy of the noise part increases.

In high quality video coding, the noise dominates the compression performance. In order to decrease the
bitrate, the noise within the signal S3 has to be minimized. For high quality video coding (e.g., lossless or
near-lossless coding), the noise of the current picture has also to be encoded. Thus it is not possible to
remove noise directly from the difference signal S3. However, it is possible to remove noise within the
predictor S1, which is also available in the decoder. Therefore, an in-loop denoising filter has been
implemented in the encoder/decoder. It is worth to mention here, that low-pass filtering for interpolation
of the sub-pixels removes noise by a small amount, too. Therefore, more sub-pixels are used if the noise
within the video signal increases.

More information on encoding and decoding structure and the denoising algorithm can be found in JCT-
VC219 [1] and in [7].

3 Results

The efficiency of the proposed algorithm for denoising of the reference frames for inter prediction has
been tested using the HM 0.9 reference software. For coding tests we used the high resolution sequences
(ParkJoy, CrowdRun, InToTree, OldTownCross, DucksTakeOff) from [9]. The sequences were cropped to
a resolution of 2560x1600 pixels (from 3840x2160) and have a frame rate of 50 frames per second.

One hundred frames of each sequence were coded using the 1d-he (low delay, high efficiency) settings.
For the noise filtering algorithm we used a 3x3 window. The overfilter parameter has been chosen as

§=6 (see equations in [1]). The noise within the encoder and decoder has been estimated in-loop for
each reference frame using the algorithm from [5]. So far the algorithm does not need additional
signaling, because the whole estimation and filtering procedure is done within the encoder and decoder.

As shown in [7], the noise is still present within the reference frame for low to medium quantization
parameters. For the coding experiments we used the quantization parameters QP e {12,17,22,27,32,37}
and define a high quality (HQ) range with quantization parameters QP e {1217,22,27}

quality (MQ) range with quantization parameters QP e {22,27,32,37) which are also used for the core
experiments. In the following, the rate distortion curves of the simulations for each sequence are given in
Figure 2 — Figure 6.
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Figure 2. Simulation results for the sequence ParkJoy.
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Figure 3. Simulation results for the sequence CrowdRun.
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Figure 4. Simulation results for the sequence DucksTakeOff.
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Figure 5. Simulation results for the sequence InToTree.
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Figure 6. Simulation results for the sequence OldTownCross.

The figures show that for high bitrates we always have gains for these test sequences compared to the
anchor results. However in low bitrate coding there is a loss in bitrate. There are two reasons for that. On
the one hand, it has been shown that the noise vanishes at high quantization parameters depending on the
input noise strength. On the other hand, because the noise is estimated from the quantized reference image
using a low complexity algorithm, the noise estimation is not reliable for high quantization parameters
where just a very small amount of noise is present. However the filtering process could be switched off
adaptively for each frame which only needs one bit to be signalized by the encoder. The average bitrate
differences can be observed in Table 1.

Table 1. Delta bitrate.

delta bitrate [%]
Sequence HQ MQ max
ParkJoy -0.94 -0.16 -1.57
CrowdRun -1.46 -0.55 -2.03
InToTree -0.34 0.74 -1.63
OldTownCros -2.60 -2.39 -3.92
DucksTakeOf -3.27 -3.20 -4.23

It can be observed that we achieve bitrate gains on average for all tested sequences for high quality coding
and we also achieve considerable gains for two of the tested sequences for medium quality coding.

Since the current HEVC test sequences do not contain considerable noise our algorithm in most cases is
not effective for these sequences. We present the simulation results for the two Class B sequences
Kimonol and ParkScene. As recommended, 240 frames were coded. The coding results can be observed
in Figure 7 and Figure 8.
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Figure 8. Simulation results for the sequence ParkScene.

4 Conclusion
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Figure 7. Simulation results for the sequence Kimonol.
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For the Kimonol sequence we have gains only at very high bitrate. In case of the ParkScene we observed
considerable loss in bitrate. This was due to false noise estimation.

In this proposal, we present an algorithm for in-loop denoising of the reference frame. The algorithm
modifies the temporal predictor while the decoded picture is unchanged. The compression efficiency of
the hybrid video codec can be improved for noisy image sequences when the noise within the reference
frame is minimized. We implemented an MMSE estimator inside the HEVC reference software HM 0.9
in order to remove noise from the reference frame. Doing this we achieved a maximum coding gain of
about 4% at high data-rates for two of the coded sequences.
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