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Abstract—TIn this paper, we propose a new deep learning-based
quality ranking framework to assist video list decoding methods
in the context of unreliable video transmissions. The objective is
to identify an intact image (corrected video frame) among a list
of candidate images generated by a list decoding method, where
all candidates, except for the intact image are corrupted. The
framework comprises a deep learning-based no-reference image
quality assessment (NR-IQA) for non-uniform video distortions
(NUD) system to rank the candidate images according to their
quality, which allows identifying the best one. To show the
validity of our proposed framework, we develop an NR-IQA
system relying on a proven patch-based convolutional neural
network (CNN) architecture, which we adapt to better account
for the non-uniform distortions observed in the candidate images,
e.g., H.265 transmission errors during wireless communications.
Specifically, we modify the patch size on which our CNN for
non-uniform distortions (CNN-NUD) operates to capture a larger
and more meaningful spatial context. Moreover, we develop a
new training database using images resulting from various bit
modifications in the received video packets, to simulate the list
decoding process, and train the system using a full reference
IQA (FR-IQA) method. Experiments on intra frames of videos
encoded using H.265 show the ability of this system to identify
an intact image among a set of five candidate images with an
average accuracy of 96.6 %, whereas traditional NR-IQA metrics
or the initially trained CNN system offer poor accuracy ranging
between 15.7% and 33.6%, respectively.

Index Terms—Video Quality, Non-uniform Distortions, List
Decoding, Convolutional Neural Network (CNN), H.265, trans-
mission errors, wireless communications

I. INTRODUCTION

The last few years have been marked by a growth in the
number of intelligent systems. Most of them are equipped with
video sensors to allow their interaction with the environment.
As the video stream coming from these sensors is usually
transmitted to a core computer in order to be processed and
analyzed, video compression is inevitable prior to transmission
due to the huge amount of data that has to be transmit-
ted. Video communications mainly rely on wireless systems,
and as such inevitably suffer from errors in the transmitted
bitstream. Traditional approaches to fix such errors consist
in using forward error correction (FEC) codes [1]-[4], error
correction [5]-[8] or error concealment [9]-[12].

Although challenging, error correction avoids the overhead
introduced by FEC, and unlike error concealment, can recover
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the intact (originally transmitted) information. Video list de-
coding is an error correction approach in which several altered
versions of a received video packet are generated by flipping
specific bits [S]-[8]. Each represents a meaningful attempt
to correct the received packet, and is known as a candidate.
Among the generated candidates, only one corresponds to the
intact (corrected) packet. The list decoding method must then
select, using a ranking criterion, the best candidate, ideally
corresponding to the intact video packet. For instance, in [5]
and [6], the authors use soft bits, which are real values
representative of the probability of having received an actual
0 or 1 (e.g., log-likelihood ratios), to select the most likely
video slice candidate. More precisely, they sum the absolute
soft bit information of the inverted bits and the most likely
video slice candidate is the one with the lowest sum (0 if no
bits were inverted). One problem with this approach is that
soft bit values are rarely available above the physical layer of
the protocol stack.

In order to increase the error correction capability without
relying on soft bit information, recent works have proposed to
use the Cyclic Redundancy Check (CRC) to guide correction.
In this context, the CRC is not considered as an overhead since
it is ubiquitously present in communications for validating
packet integrity, and is not simply added to support error
correction. Two methods have recently been proposed for
packet correction. The first is an arithmetic approach [13],
[14], while the other is based on a lookup table [15]. As
demonstrated in [16], such methods offer great potential in
Bluetooth Low Energy (BLE) and the Internet of Things (IoT)
environments. However, one drawback with this approach is
that it may generate a large number of candidates as N, the
number of assumed errors in each packet, grows. To tackle this
problem, the authors propose using additional validation steps
such as checksum and decoding validations. While this allows
to drastically reduce the number of possible candidates, several
candidates may nonetheless still remain. For instance, in [16]
the authors present experimental results where H.264 Baseline
encoded packets restricted to 1500 bytes protected with CRC-
24 lead to 34,705 valid candidates when a maximum of N=3
errors is considered. This number is reduced to an average
of 117.1 when checksum validation (CV) at the UDP level
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is applied and to 3.4 when additional video decoding checks
(VDC) are applied (e.g the video decoder can reconstruct
without crashing or encountering invalid information). When
several candidates remain after CV+VDC, the recovered candi-
date is arbitrarily chosen as the first decodable one [13]. This
could lead to an improper decision, i.e., a video containing
visual artifacts. To circumvent this, the decision regarding the
right candidate may be made by focusing on the visual aspect
of each candidate in the list. Such a visual consideration is
presented in [17], where the most likely candidate is decided
using a pixel-domain alignment metric.

This idea can be extended by using reliable visual quality
metrics (VQMs) for evaluations. Such metrics are divided into
three categories: full reference image quality assessment (FR-
IQA), reduced reference IQA (RR-IQA) and no-reference IQA
(NR-IQA) metrics. The FR-IQA metrics such as the Structural
Similarity Index (SSIM) [18], the Peak Signal-to-Noise Ratio
(PSNR), the Visual Information Fidelity (VIF), or even the
recent Video Multimethod Assessment Fusion (VMAF) metric
proposed by Netflix, are not usable in practice, since it is
necessary to have access to the original image to compute
them.

To overcome this problem with the FR-IQA metrics, NR-
IQA metrics such as the Blind/Referenceless Image Spatial
Quality Evaluator (BRISQUE) [19], the Perception based
Image Quality Evaluator (PIQE) [20], the Naturalness Image
Quality Evaluator (NIQE) [21] and recent learning based
methods can be used [22]-[24]. However, in this paper,
we show that these metrics are not reliable for assessing
the visual quality of images degraded due to non-uniform
distortions resulting from inverted bits within received H.265
video packets. The learning-based metrics need at the very
least to be retrained on an image database comprising non-
uniform distortions as observed in video damaged during
wireless transmissions and candidate images generated by
list decoding. And, depending on the learning-based archi-
tecture, more extensive modifications may be required. As
these popular metrics are not well adapted to the studied
problem, in this paper, we propose a new NR-IQA metric
relying on a convolutional neural network (CNN) as part
of our deep learning-based framework to support video list
decoding. The latter is evaluated considering H.265 wireless
communications where videos are subject to transmission
errors. We focus on intra-coded images due to their importance
in video communications [25].

Our contributions are as follows:

o We propose a new deep learning-based quality ranking
framework to assist video list decoding methods in the
context of unreliable video transmissions.

e« We created and are making available two new video
databases extracted from the Sports-1M YouTube dataset
comprising 1 million videos at various resolutions [26].
The first one, used as training database, contains intact
and corrupted images (with non-uniform distortions) cre-
ated from 2590 extracted videos. The second one, used
as testing database, is similar to the first one but contains

intact and corrupted images generated from another set
of 113 videos. The code to recreate these two databases
is made available.

e« We show from simulations that for intra-coded H.265
frames subject to transmission errors, the proposed ap-
proach is highly reliable for identifying the image with
the highest quality among a list of candidates with an
average accuracy of 96.6% while traditional NR-IQA
metrics perform poorly with an accuracy ranging between
15.7% and 33.6%.

o We show that the proposed database plays a key role
in the good performance obtained since the initial CNN
architecture [27] trained on the LIVE/TID2008 database
has accuracy of 32.1% while its accuracy reaches 95.2%
when trained on the proposed database. Nevertheless, our
improved method not only reaches a higher accuracy
(96.6%) but also a better visual quality when a wrong
decision is made.

Although H.265 [28] has been selected for this work, the
same methodology can be applied to other video compres-
sion standards such as H.264 and Versatile Video Coding
(VVCO) [29]. We have selected H.265 because it is among
the standards that offer the best compression efficiency at
a reasonable computational complexity. We focus on Intra
frames since errors on them have a more negative impact on
the visual quality than on Inter frames. Their size is also much
larger, making them more prone to errors.

The goal of this work is not to propose a new deep learning
architecture or to show that the proposed system outperforms
other possible architectures, but rather, to demonstrate that
the proposed approach and architecture have the capability to
solve the problem of identifying the intact (corrected) image
among several images exhibiting to non-uniform distortions
due to transmission errors (bit inversions).

The paper is organized as follows: the proposed method is
described in Section II. Simulation results are presented and
analyzed in Section III. Finally, conclusion and future works
are given in Section IV.

II. PROPOSED VISUAL QUALITY RANKING FRAMEWORK

In this section, we present our deep learning-based quality
ranking framework to assist video list decoding methods.
We introduce a convolutional neural network for non-uniform
video distortions (CNN-NUD) to rank images obtained from
a list decoding method. Note that other deep learning-based
architectures could also be selected for this purpose. As men-
tioned, our goal is not to show that this specific CNN-NUD
system outperforms other possible architectures, but rather, to
demonstrate that the proposed approach and architecture have
the capability to solve the problem at hand. We also show the
system modifications and other considerations related to the
training, for example, that are required to solve it.

The proposed framework is illustrated in Fig. 1. The system
is first trained with a dataset containing intact and corrupted
decoded images. The dataset is obtained by first encoding sev-
eral images using H.265. Then, we simulate the list decoding
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Fig. 1: Global CNN-NUD framework (training on top, infer-
ence at the bottom) for the ranking of candidate images gen-
erated by a list decoding method, with illustrative examples.

process where bits of each received video packet are inverted at
various positions in an attempt to correct transmission errors.
Thus, for each encoded video, we obtain a list of video
candidates comprising the intact video along with several
corrupted versions of it. The loss function, corresponding to
the LI norm, uses the predicted IQA score, denoted IQA’,
and a full-reference metric score calculated between each
decoded candidate and the decoded intact image. During the
inference phase, each candidate image resulting from video list
decoding passes through the trained CNN-NUD, and the one
with the highest predicted score is selected as the best one. We
maintain that our system ranks images since we are interested
in the accurate selection of the intact image rather than
having quality scores accurately matching human assessments.
Developing such a system is necessary as existing NR-IQA
metrics perform poorly in identifying the intact image, as will
be apparent in light of our experimental results (see Table II,
where their accuracy is less than 42% when there are only
four candidates). In the remainder of this section, we present
the various aspects of the proposed CNN-NUD.

A. No-reference CNN-based visual quality estimation

The image quality ranking system we develop relies on
a proven CNN architecture. We reuse the one presented
in [27], which was developed to perform IQA of corrupted
images with uniform distortions (e.g., white noise, blur). In
this paper, we modify the system according to our problem,
and in particular, to support non-uniform video distortions
observed in candidates. The system is composed of 5 layers,
as illustrated in Fig. 2 and assigns the same visual quality
score to each patch of an image.

It takes as input non-overlapping grayscale patches (blocks
of pixels) of size 32x32. A comparative study performed by
the authors on the size of the patches (ranging from 8 to
48), showed that the performance measured using the Spear-
man’s Rank Order Correlation Coefficient (SROCC) increased
slightly, from 0.946 to 0.959, with increasing patch size. These
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Fig. 2: Architecture of the initial CNN [27].
input patches are normalized as follows (step a):
/
Djm — Hjm
. = 2 5 1 < m < K', 1
p],'rn Jj,m I C = i ( )

where K is the number of patches in an image I, p; ,, is the
normalized intensity of the m-th patch p;-’m, fj,m its mean,
0j,m its standard deviation and C'is a constant fixed at 1 to
ensure numerical stability even when o; ,,, is close to zero.

The result is fed to a convolution layer of size 7x7 with
50 filters (step b). Each feature from the convolution is sent
to a pooling layer with a max pooling (step c). Its output is
fed to two connected layers with 400 neurons each (step d).
The last layer consists of a linear regression (step e) to obtain
the patch’s predicted visual score. The image’s visual score
is obtained by averaging the one of all patches forming the
image.

In [27], the network is initially trained with two databases:
LIVE [30] and TID2008 [31]. The loss function used is the
L1 norm defined as follows:

M Z Z”f Pjm; W

where M corresponds to the number of images used for
training the network, p; ., and y;,, correspond to the m-th
input patch of image I; (the j-th training image) and its Dif-
ference Mean Opinion Score (DMOS) value, respectively, and
f(pj,m;w) represents the predicted patch quality value from
the network with weight w. Given the uniform degradation of
the images used for training, the value of y; ,,, is kept constant
for each patch of the image and corresponds to the visual
score of the whole image (i.e., DMOS). As we will see in the
next subsection, this approach, although competitive in terms
of best candidate selection accuracy, makes wrong decisions
leading to strong image quality degradations in our study case.
Therefore, changes are required to consider the non-uniform
nature of the distortions observed in our context of interest.

In the inference phase, our system estimates the quality of
an image I, comprising K patches, as:

Kprm, ! 3)

where p,, is the m-th image patch.

— YjmllL1s 2

IQA' (I
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Fig. 3: Visual illustrations from the LIVE database [30]
containing image distortions: (a) JPEG compression, (b)
JPEG 2000 compression, (c) fast fading, (d) gaussian blur.

(b) © (d

Fig. 4: Visual illustrations from the proposed database with
non-uniform video distortions: (a)-(d) examples of 4 decoded
H.265 video packets containing intra frames where a bit is
inverted at different locations.

B. Modification of the CNN to support non-uniform video
distortions

As mentioned earlier, the initial NR-IQA architecture is
trained with uniform image distortions as shown in Fig. 3a-3d.
However, distortions observed in the context of list decoding,
where one or several bits of the received video packet are
inverted at various positions in an attempt to correct transmis-
sion errors, are clearly different and non-uniform, as shown in
Fig 4a-4d.

Therefore, the first modification concerns the metric used
in the training process. In the initial architecture, a single
DMOS value was used for all the patches coming from the
same image since distortions applied were uniform within the
image. In our case, this simplification does not hold. Indeed,
as this work considers NUD, a different score needs to be
assigned to intact and visually-corrupted patches during the
training. Having access to the original and erroneous images
in the training process, we propose assigning to each patch
a specific visual quality value by using a FR-IQA metric
such as the SSIM. SSIM was selected here due its ability to
measure changes in the structures (edges, textures) of images.
The metric is calculated between the patch coming from a
candidate and the intact one (at the same spatial position).

Furthermore, when dealing with corrupted packets, it can
be seen that the reconstructed image might contains some
32x32 erroneous patches exhibiting uniform colors (all black,
gray, etc.). The consequence of these distortions is that the
convolution operation, whose objective is to extract features,
cannot obtain any discriminative feature after the pooling
layer. Indeed, patches containing uniform colors can either be
original/initial patches coming from the image (e.g., flat areas)
or erroneous patches resulting from a bit error. To avoid such
ambiguity leading to misclassification, the second modification
we propose is to increase the patch size from 32 x32 to 64 x64.
This allows capturing a larger and more meaningful spatial

context within which discontinuities introduced by bit errors
are more likely to occur. This is shown in Fig. 5.

Corrupted image

32x32 patches

64x64 patch

Fig. 5: Example of distortion for a patch size of 32x32 versus
64 <64 for an H.265 packet subject to bit alteration.

Using this patch size modification, the convolution layer
of size 7x7 is able to capture information resulting from
the block boundaries. In order to train our system, we
create a new database containing intact and corrupted im-
ages from 2590 videos using the SPORT-1M database [32],
which consists of 1 million YouTube videos at various res-
olutions (e.g., 176x144, 320x240, 640x480, 1280x720).
Downloaded videos are encoded via the H.265 Test Model
(HM) encoder [33], with the following parameters: QP=37,
one image per packet. Each corrupted image is a decoded
packet after a bit was inverted at a random position to simulate
a candidate generated by the list decoding process. The code
for generating the database can be found at the following link:
https://github.com/AlexisGuichemerreCode/CNN_Ranki
ng_ListDecoding. In a first approach, we consider a high
quantization parameter (e.g., QP=37) to train the proposed
CNN. For high QP values, a single bit error has the potential
to create more significant visual distortion. Indeed, videos
encoded at a higher QP contain more critical information such
as the prediction modes, while those encoded at a lower QP
contain more residual information.

Finally, we modified the learning rate parameter to 1075,
Indeed, the value of 10~!, which was used to train the initial
architecture in [27], gave a negative R? score when retraining
it with our new database. The network was trained using 50
epochs as in [27].

C. Selection of the best candidate

Our neural network allows assigning an image quality value
to each patch of the image. The average of the patch quality
values within an image I; is calculated, assigned to the whole
image, and is denoted IQA’(I;). This metric then allows
ranking each candidate of a set from the most degraded image

to the least. The system selects the optimal image, I ,, among
P candidates as:
I5,, = argmax IQA'(I), 4)

{I¢.1<j<P}
where I is the j-th candidate image.

III. SIMULATIONS AND RESULTS

In this section, we assess and compare the performance
of various NR-IQA metrics, including the proposed system,
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in terms of R? score for the training phase, accuracy to
discriminate the best candidate from the list, and average
visual quality for both the selected and the wrongly-classified
candidates.

A. Training performance of the CNN-NUD system

We first evaluate the performance of the system during the
training phase using the R? score [34] computed as:
R2—1_ Z?; Zrlr{bjzl (Yjm = Tjm) )
M K _ )
Ej:l Z’mﬂzl (yjﬂn - y)

where y; ,, is the SSIM score associated with the m-th patch
sample of image I; (with 1 < m < Kj), §;,,, the SSIM score
predicted by the CNN associated with that same patch, and
y the mean SSIM score of the total database comprising M
images. A zero value for R? indicates no correlation whereas
a score close to 1 indicates a perfect correlation. Note that the
training was performed using the 73545 patches comprising
the proposed database.

The R? score for each tested CNN-based system is shown in
Table I. The three systems are: CNN retrained (CNN from [27]
trained with our proposed database), the proposed CNN-NUD
with 32 32 patches and with 64 x 64 patches. In the following
subsections, we will show that although higher R? values
would have been hoped for, the systems are still able to
identify the best candidate with high accuracy. Even so, the
systems greatly differ when we analyze the quality of the
candidates they select, especially upon wrong decisions.

TABLE I: R? score for each CNN-based system.

System R?

CNN [27] retrained  0.07
Proposed CNN-NUD 32 x 32 0.25
Proposed CNN-NUD 64 x 64 0.48

B. Candidate selection performance

In this subsection, we evaluate and analyze the candidate
selection performance of various no-reference IQA metrics:
BRISQUE, NIQE, PIQE, original CNN proposed in [27]
(which is trained with the LIVE [30] and TID2008 [31]),
original CNN retrained on our dataset, our proposed CNN-
NUD 32 x 32 and CNN-NUD 64 x 64 trained on our dataset.
As we clearly do not have access to the intact video during
the inference phase, only NR-IQA methods can be used (for
instance, PSNR and SSIM cannot be used).

Testing database: To study the performance of the pro-
posed system with respect to the studied problem, we create a
second database containing 113 videos of various resolutions
selected randomly from VGA to 720p. For simplicity, each
video is then rescaled at a resolution of 448 %360 and encoded
using H.265 (HM encoder) with the following parameters:
QP=37, 1 packet/frame. A bit is then inverted at a random
position in the packet containing the intra (I) frame to simulate
the candidate generation process of list decoding. For each
video, four possible candidates are generated, namely: the

(a) (b) (©) (@

Fig. 6: Example of 4 different levels of distortion for an
H.265 packet, comprising an intra frame, where a single
bit is inverted. Each example corresponds to an inverted bit
occurring at a different position, in percentage, within the
packet (0% is the first bit and 100% the last): (a) original
image, (b) inverted bit at about 30%, (c) inverted bit at about
40%, (d) inverted bit at about 70%.

original image without any error (Fig 6a), a candidate with
one inverted bit located at about 30% of the packet length
(Fig 6b), another one with an inverted bit located at about
40% (Fig 6¢) and a last one with an inverted bit at about 70%
(Fig 6d) of the packet length. This simulates, for example,
the generation of candidates after performing CRC-based
error correction from [14]. Each candidate frame is decoded
with FFmpeg [35] and without any concealment. The main
reasons for creating such candidates are that the number of
decodable candidates after the CRC-based error correction
with checksum/decoder validation (CV+VDC) is significantly
low and inverted bits appear randomly. Note that an inverted
bit located at the beginning of the packet normally produces
a stronger degradation within the image.

Accuracy analysis with 4 candidates: Considering this
testing database composed of 113 videos and 4 candidates
for each video, simulations reveal that the three CNN-based
methods (CNN retrained, and the proposed CNN-NUD 32 x 32
and 64 x 64) allow correctly selecting the intact video among
the other candidates with an average accuracy for different
QP of 95.7%, 96.6% and 98.2%, respectively. This is shown
in Table II (columns with 4 candidates), which presents a
performance comparison between various state-of-the-art no-
reference IQA metrics and our CNN-NUD solutions. The
accuracy represents the percentage of good classification, i.e.,
percentage of the time the system can identify the intact video
among the candidates. Note that since the original image is
clearly not available at the decoder, only no-reference image
quality metrics are required to be included in the performance
evaluation.

As observed, none of the tested NR-IQA metrics is able
to reliably rank the candidates and adequately select the
best one from the list. When considering four candidates in
the list, the best results obtained for such metrics are very
low (i.e., 36.3% at most, obtained for QP=37). The original
CNN proposed in [27], which is trained with the LIVE [30]
and TID2008 [31], increases the accuracy to up to 42.4%,
obtained for QP=37. This poor result is not surprising since
the CNN is trained with databases containing visual distortions
relating to JPEG 2000 compression, JPEG compression, white
gaussian noise, gaussian blur and fast fading (see Fig. 3a-
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TABLE II: Performance comparison of various NR metrics
for four and five candidates: BRISQUE, NIQE, PIQE, CNN
LIVE (CNN from [27] which is trained with the LIVE [30]
and TID2008 [31] databases), CNN retrained (CNN from [27]
trained with our proposed database) and the proposed CNN-
NUD 32 x 32 and 64 x 64. Avg. SSIM choice represents the
average systems’ SSIM on the test data while Avg. SSIM wrong
represents the average SSIM of wrongly-classified images.

Avg. SSIM wrong
4 cand. 5 cand.

Accuracy (%)
4 cand. 5 cand.

Avg. SSIM choice

NR-IQA metrics 4 cand. 5 cand.

BRISQUE [19] 15.9 13.3 0.667 0.635 0.604 0.566
NIQE [21] 15.1 11.5 0.685 0.661 0.629 0.601
PIQE [20] 345 29.2 0.789 0.725 0.678 0.580
QP=22 CNN LIVE/TID2008 [27] 26.5 22.1 0.682 0.686 0.567 0.596
CNN [27] retrained 95.5 95.5 0.975 0.975 0.453 0.453
Proposed CNN-NUD 32 x 32 96.4 96.4 0.979 0.979 0.409 0.409
Proposed CNN-NUD 64 x 64 98.2 97.3 0.993 0.993 0.622 0.735
BRISQUE [19] 20.4 18.6 0.702 0.703 0.626 0.628
NIQE [21] 15.1 12.4 0.730 0.723 0.682 0.674
PIQE [20] 389 354 0.733 0.744 0.563 0.581
QP=27 CNN LIVE/TID2008 [27] 345 33.6 0.737 0.740 0.599 0.608
CNN [27] retrained 95.5 94.6 0.982 0.982 0.607 0.671
Proposed CNN-NUD 32 x 32 94.6 93.8 0.980 0.980 0.625 0.678
Proposed CNN-NUD 64 x 64 98.2 97.3 0.996 0.997 0.813 0.873
BRISQUE [19] 283 21.2 0.718 0.752 0.606 0.654
NIQE [21] 18.6 142 0.702 0.728 0.634 0.666
PIQE [20] 383 354 0.711 0.716 0.531 0.540
QP=32 CNN LIVE/TID2008 [27] 33.6 32.7 0.726 0.726 0.588 0.592
CNN [27] retrained 97.3 96.4 0.988 0.988 0.555 0.662
Proposed CNN-NUD 32 x 32 99.1 96.5 0.992 0.991 0.189 0.757
Proposed CNN-NUD 64 x 64 97.3 96.4 0.992 0.992 0.730 0.789
BRISQUE [19] 354 354 0.756 0.756 0.623 0.623
NIQE [21] 24.8 24.8 0.729 0.729 0.639 0.639
PIQE [20] 36.3 345 0.744 0.744 0.622 0.598
QP=37 CNN LIVE/TID2008 [27] 424 39.8 0.762 0.765 0.580 0.610
CNN [27] retrained 94.6 94.6 0.981 0.981 0.650 0.655
Proposed CNN-NUD 32 x 32 96.4 95.5 0.989 0.993 0.702 0.834
Proposed CNN-NUD 64 x 64 99.1 95.5 0.999 0.999 0.996 0.980
BRISQUE [19] 25.0 22.1
NIQE [21] 18.4 15.7
PIQE [20] 37.0 33.6
Average CNN LIVE/TID2008 [27] 343 32.1
CNN [27] retrained 95.7 95.2
Proposed CNN-NUD 32 x 32 96.6 95.5
Proposed CNN-NUD 64 x 64 98.2 96.6

3d). Note that the fast fading effects are studied in the case
of JPEG 2000 with error resilience features enabled, which
induce visual artifacts completely different from the ones
resulting from bit errors in an H.265 compressed video stream.
When training that CNN with our proposed database, which
comprise distortions generated by bit errors such as those
observed in wireless transmissions, the accuracy increases to
94.6% at QP=37.

Applying the system changes described in section II allows
the proposed CNN-NUD to reach an accuracy of 96.4% and
99.1%, at QP=37, for the 32 x 32 and 64 x 64 systems,
respectively.

Effectively, by increasing the size of the input parameter to
capture more local information, applying a reference metric
for each patch rather than for the whole image during the
training (i.e., assigning the SSIM locally patch by patch), de-
veloping a training database composed of realistically distorted
candidates and training the system under these conditions, we
succeeded in developing a system capable of reliably selecting
the best candidate (i.e.,, the intact one) from a list issued
from a list decoding approach. Even if the retrained CNN
performs adequately in terms of accuracy, we are able to
further increase it. Indeed the average accuracy, considering
all QPs, for the retrained CNN is 95.7%, while the proposed
CNN-NUD systems offer an average accuracy of 96.6% and
98.2% for the 32 x 32 and the 64 x 64 patch sizes, respectively.

Fig 7 provides a visual example of the candidate selec-
tion performed by each method. We can observe that CNN
LIVE/TID2008 and CNN retrained make very poor choices.
‘While our CNN-NUD 32 x32 makes a better choice, our CNN-
NUD 64 x64 manages to select the intact version.

Accuracy analysis with 5 candidates: Moreover, as
observed in Fig. 6, the test was performed with three candidate
videos with major degradation as well as the intact one.
When considering an inverted bit located at the end of the
packet (position at about 90% of the packet length), a smaller
degradation is observed on the intra image as shown in Fig 8.
In the following, we also assess the performance of the system
by adding a fifth candidate with an inverted bit located at
about 90% of the packet length. As observed in Fig. 8, such a
location for a wrong bit causes a smaller degradation over
the frame (red square) and corresponds to an even more
challenging case for the system. In such a case, and as shown
in Table II (columns with 5 candidates), the proposed CNN-
NUD and the CNN retrained systems still offer great accuracy
(95.2% for CNN retrained, 95.5% for 32 x 32 and 96.6% for
64 x 64), whereas the other methods still fail in isolating the
best candidate (the average accuracy ranges between [15.7%—
33.6%] for non CNN-based methods and is 32.1% for CNN
LIVE/TID2008). Of course, such challenging error images, in
which only a tiny part of the image is distorted, might lead the
network to fail to detect them as impairments. Still, in such a
case, although the selected candidate is not the best (i.e., the
one with no/less distortion), we still have significantly higher
SSIM scores than with the other methods based on NR-IQA
or on the original CNN.

Finally, in addition to performing tests over challenging
situations, we also assessed the performance of the system
for different resolutions (i.e., considering larger images), even
though the results are not shown due to lack of space. Specif-
ically, 56 videos of size 704x448 were used. The proposed
model returned an accuracy of 98.2% for QP=37. Such a good
accuracy is expected, since the degradation within the images
are similar to those observed at lower resolutions.

Quality analysis: To evaluate the quality of the selected
candidates, we compute the SSIM between the intact image
and the selected one. In Table II, we show the average SSIM
for each metric for four QP values for the case of 4 and
5 candidates. We do not compute the average over all QPs
since we do not find it relevant. We can observe that the
average SSIM computed over the images selected as best
candidate is significantly higher for the proposed systems and
the retrained CNN compared to the other methods, for both
4 and 5 candidates. Indeed, regardless of the considered QP,
the average SSIMs are no less than 0.975 for the retrained
CNN, 0.979 and 0.992 for the proposed system with 32 x 32
and 64 x 64 patches, respectively, while for the other methods
they do not exceed 0.765, in the best case.

Moreover, when making a wrong decision, the proposed
system also outperforms the others, as demonstrated by the
higher average SSIM values for wrongly-classified images.
Thus, our system not only allows to increase the identification
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(a) Intact (b) CNN LIVE/TID2008 [27]

(c) CNN [27] retrained

(d) Our CNN-NUD 32 x 32 (e) Our CNN-NUD 64 x 64

Fig. 7: Example of visual comparisons (QP=32) when a wrong selection has been made for each network except Proposed
CNN-NUD 64 x 64. (a) Intact image. (b)-(e) Selected candidates by: (b) CNN LIVE/TID2008 [27], (c) CNN [27] retrained,
(d) Proposed CNN-NUD 32 x 32, (e) Proposed CNN-NUD 64 x 64 (which selected the intact candidate).

(@ (b)

Fig. 8: (a) Intact intra image after H.265 decompression
(QP=37). (b) A candidate image on which a bit is inverted
at the end of the packet (random position at about 90%).

of the best candidate, which increases the average SSIM of
selected candidates, but also allows to reduce the distortions
due to the selection of a wrong candidate. For instance, for
QP=37 and considering 5 candidates, the average SSIM of
wrongly-classified images is 0.834 and 0.980 for the proposed
CNN-NUD system with 32 x 32 and 64 x 64 patches, respec-
tively, compared to mean SSIM values in the interval [0.598—
0.639] for non CNN-based methods and of 0.655 for CNN
retrained. The superiority of the proposed CNN-NUD system
with 64 x 64 patches is even more evident at other QP values.

The average SSIM of wrongly-classified images is an im-
portant metric to compare methods. Indeed, while we wish to
increase accuracy, we may never reach 100% and selecting
a candidate as close as the intact version becomes essential.
Effectively, two methods with a similar accuracy may exhibit
very different average SSIMs for wrongly-classified images. It
is thus important for a system to select the image with the least
distortions when making a wrong decision, especially because
any degradation will propagate to the subsequent images
in the context of video compression. In practice, the intact
candidate may not always be among the available candidates
and selecting the one with the best quality is crucial.

Finally, it is important to note that even if the proposed
CNN-NUD system with 64 x64 patches was trained only with
images encoded at QP=37, its performance is nevertheless very
good at other QPs. In future work, we will study the impact
of training with videos compressed with multiple QP values.

C. Simulation of simplified list decoding process

In this subsection, we simulate a simplified list decoding
process with the previous video test database. We suppose that

one error is located at a random bit location in each packet due
to unreliable transmission and that the list decoding process
generates candidates where a single bit is inverted in each.
Therefore, the candidates list will include the intact (corrected)
video packet along with candidates having two erroneous bits:
the original one due to transmission and a wrongly inverted
one by list decoding. In the context of multiple errors, it should
be easier for the methods to identify the intact image among
the other candidates since with two inverted bits instead of
one, wrong candidates are likely to experience higher visual
distortion.

In Table III, we show the results when 4 candidates are
generated. Results of BRISQUE, NIQE and PIQE are not
displayed as they perform poorly (performance similar to
Table II). We clearly see the important role of our new training
database in increasing the accuracy of methods. Also, we
observe that the proposed CNN-NUD methods allow to further
reduce the number of wrong decisions (from 4.25 to 2.25 on
average). Such reduction is of paramount importance as wrong
decisions even with relatively good quality will negatively
impact the next images due to error propagation.

TABLE II: Accuracy and number of wrong decisions (113
tests) comparison of various NR metrics for four candidates
for a simplified list decoding process with one error: CNN
LIVE (CNN from [27]), CNN retrained with our proposed
database) and the proposed CNN-NUD 32 x 32 and 64 x 64.

NR-IQA metrics Accuracy (%) Nb wrong classifications

CNN LIVE/TID2008 [27] 29.0 80
CNN [27] retrained 97.3 3
QP=22  Pproposed CNN-NUD 32 x 32 98.2 2
Proposed CNN-NUD 64 x 64 98.2 2
CNN LIVE/TID2008 [27] 30.4 79
CNN [27] retrained 93.8 7
QP=27  Proposed CNN-NUD 32 x 32 97.3 3
Proposed CNN-NUD 64 x 64 973 3
CNN LIVE/TID2008 [27] 36.5 72
CNN [27] retrained 98.2 2
QP=32  Proposed CNN-NUD 32 x 32 98.2 2
Proposed CNN-NUD 64 x 64 99.1 1
CNN LIVE/TID2008 [27] 36.5 72
CNN [27] retrained 95.5 5
QP=37  Proposed CNN-NUD 32 x 32 98.2 2
Proposed CNN-NUD 64 x 64 97.3 3
CNN LIVE/TID2008 [27] 33.1 75.8
CNN [27] retrained 96.2 4.25
Average  Proposed CNN-NUD 32 x 32 97.9 225
Proposed CNN-NUD 64 x 64 97.9 2.25
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IV. CONCLUSION AND PERSPECTIVES

In this paper, we proposed a new deep learning-based qual-
ity ranking framework, comprising dedicated training/testing
databases, to assist video list decoding methods in the context
of unreliable video transmissions. We showed the merits of
this framework using a CNN architecture modified to perform
visual quality assessment for non-uniform video distortions.
We focused on the case of intra-coded H.265 frames subject to
bit errors as in wireless transmissions. On a first experiment,
the proposed approach was shown to be highly reliable for
identifying the image with the highest quality among a list of
candidates with an average accuracy of 96.6% while traditional
NR-IQA metrics perform poorly with an accuracy ranging
between 15.7% and 33.6%. Furthermore, our method, applied
to a simplified list decoding approach, reached an average
accuracy of 97.9% while the original CNN without retraining
reached only 33.1%. For all tested QP values, compared to
the original CNN architecture, our CNN-NUD system is more
robust in terms of identifying the intact image candidate while
limiting the visual distortion when making a wrong decision,
even in challenging cases. Future works will include the
modification of the system to support inter-coded frames and
to account for chroma channels as the observed artifacts are
color-dependent. Moreover, we will study the performance of
our system with the recent VVC standard [29].
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