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Abstract

Digital video broadcasting network facilitates distribution of real time video and video on demand services to global end users.
This network has significant limitations stemming from scarced network resources to meet users popular demand of improved
received quality. This research, presents a thorough investigation of variable content characteristic and application of variable
network coding on digital video quality performance over wireless channel to enhance received video quality performance. In the
proposed scheme, variable channel coding-rate is deployed to provide significant received quality performance gain by
intelligently avoiding waste of limited network resources related to the fixed resource allocation necessary to guarantee
acceptable quality performance. In order to assess the performance of the proposed scheme, experimental set up consisting of
H.264 reference software for source coding, motion rate classifier and simulated wireless channel consisting of various channel
coding and modulation schemes were adopted for this study. The test video samples were classified into high and low motion rate
videos. In contrast, investigation of extension from fixed channel coding scheme to the application of variable channel
coding-rate and modulation schemes in response to variable content motion-rate is analyzed over error free and poor channel
conditions. The quality performance of received video quality over various wireless channel conditions is measured using
standard objective algorithm, Peak-Signal-to-Noise-Ratio (PSNR). For the Soccer test video sample representing high motion
rate videos, the 16QAM;1/2, the lower channel coding rate recorded the highest received video quality performance with PSNR
value of 37.95dB compared to PSNR values of 33.29dB for 64QAM;1/2, and 24.40dB for the 64QAM;2/3 modulation and
channel coding technique. Whereas, Akiyo test video sample representing low motion rate videos recorded significant quality
performance of 51.19dB, 50.97dB and 39.93dB for 16QAM;1/2, 64QAM;1/2 and 64QAM;2/3 channel coding and modulation
schemes, respectively.

Keywords

Coding, Content Characteristic, Video Broadcasting, Error Concealment, Error Protection, Network

1. Introduction

Digital video communication include video on demand, network challenges such as poor wireless channel conditions.
real time video applications like live video broadcasting and ~ The encoded video bitstream are susceptible to channel errors
video calls. Conventionally, video content requires more  and limited network resources. These factors including
bitrates for true representation, and as well are sensitive to  transmit energy affect quality performance of wireless com-
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munication as in the case of Unmanned Aerial \ehicle (UAV)
for essential services and real-time surveillance environmen-
tal monitoring [1]. Sustaining good communication link is
challenging due channel errors and limited network resources.
Various network distribution mechanisms to improve video
quality performance have been presented in the literature.
Optimum power allocation-based channel conditions, where
satellite network resources are adapted based on scintillation
effects from atmospheric conditions has been discussed [2-4].
Specifically, streaming of video content over wireless net-
works has increasingly become the popular mean of commu-
nication. In contrast to the conventional audio traffic, video
distribution requires more network resources to meet ac-
ceptable quality of services in terms of delay variation and
packet losses due to channel errors. Video packet loss affects
quality performance of received video contents [5-8]. This
implies that there is a need to device an intelligent system to
enhance quality of video services, considering a typical digital
video broadcasting application, to deliver video services to
mobile users over wireless networks to facilitate unlimited
access to multimedia services at anytime, any location with
any receiving device. Compressed video bitstream is suscep-
tible to channel errors which result in quality degradation of
the reconstructed video. The degree of received video quality
performance depends on a number of factors such as the level
of distortion, source quantization errors due to lossy com-
pression, error concealment algorithms, power constraints and
limited bandwidth. Provision of satisfying wireless video
services require development of efficient end-to-end model
for improved services. Error protection and recovery tech-
niques can be classified into two main groups, pre-processing
and post-processing techniques. Post-processing technique
includes Error Concealment (EC) utilizes the reconstructed
frames to conceal the errors. Pre-processing mechanism such
as Error Resilient (ER) technique improves the robustness of
media stream by encoding media stream with additional bits
called parity bits for error control (channel coding) and Au-
tomatic Retransmission reQuest (ARQ), retransmission of the
corrupted video data upon negative acknowledgement [9-11]
request from a receiver when it detects corrupted video data.
For sensitive video application with zero delay tolerance, e.g.
high motion sequences including soccer, football and athletic
events, delays caused by re-transmission of loss video packets
during error correction is always annoying, with poor jerky
visual quality. This retransmission process often results in
excess traffic load and poor throughput management. In con-
trast to retransmission scheme, application of Forward Error
Correction (FEC) for real time application, lowers Bit Error
Rate (BER) for low overheads in terms of parity bits. FEC
mechanism improves end-to-end reliability of the transmitted
video bitstream such that if part of the transmitted bitstream is
corrupted the codes can facilitate error detection and correc-
tion process to mitigate impact of errors and sustain accepta-
ble received video quality. However, during video transmis-
sion, there are some video packets among the bitstreams that
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do not require that much protection, due less complexity in
reconstruction process of the loss video packets. This com-
mon for video with low motion rate or less active scene in the
video production. It is not effective network resources man-
agement [12, 13] approach to apply high degree of protection
to such less significant video bitstreams in a constrained
network since it incurred more overheads in terms of redun-
dancy bits. Thus, efficient video transmission mechanism is
required to guaranteed acceptable received wireless video
quality performance in a constrained wireless network.

In response to meeting end user’s quality performance
expectation for digital wireless video broadcasting applica-
tions, some advanced techniques have been discussed in the
literature including dynamic end-to-end quality of service
support for video application, where video packets are
scheduled considering the available network resources and
quality expectation [14]. Other methods of effective wireless
video communication include media motion-based resource
distribution for mobile video networking, where Signal to
Noise ratio (SNR) level of bitstreams are regulated based on
media content [15]. In contrast to the existing technique,
where Signal to Noise Ratio (SNR) levels are adapted based
on the content characteristics, this research work adopts in-
novative approach to improve the average video quality per-
formance by intelligently adapting channel coding scheme
based on motion-rate of video bitstreams. The concept focus
on mitigating video packet losses by adaptively transmitting
the video bitstream with high motion-rate using low channel
coding-rate and good error correction capability. This concept
facilitate recovery of the loss video packets due to channel
errors. The video quality performance is further enhanced
using error concealment method for prediction and recon-
struction of loss video packets.

The results obtained from the experiment demonstrate that
application of lower channel coding-rate with good error
detection and correction functionalities to high motion-rate
video bitstream can sustain good quality performance over
poor channel conditions compare to application of higher
channel coding-rate with low error detection and correction
capability. The scheme exploits robustness of dynamic
channel coding to improve the quality of video services. The
video quality is measured with the standard Peak
-to-Signal-Ratio (PSNR) algorithm [16-18]. It is essential to
analyze the quality performance received under different
channel conditions, though studies have investigated video
communication system for particular applications, there is a
lack of comprehensive assessment of efficient system with
consideration of dynamic video content characteristics and
variable channel coding scheme. This study attempts to fill the
gap through detailed analysis of the proposed scheme, varia-
ble content motion-rate and variable channel coding-rate for
wireless video broadcasting application. The next section of
this paper discusses system modelling follow by detail de-
scription of the proposed variable content motion-rate varia-
ble channel coding-rate approach. Section Il delves into
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materials and methods, while presentation and discussion of
results is captured in Section V. The conclusion and future
research work are presented in Section V.

2. System Modeling

2.1. Variable Content Characteristic

Variable content characteristic in this context represents
measurement of motion displacement including temporal and
spatial resolutions in video sequence. Motion of video bit-
stream is modelled by;

— yL-1MAL;
;i = XiZo p *XR

)

where L depicts the number of frames in the video segment, R
represents the spatial resolution, T depicts frame rate, ¢;
presents motion-rate and MAL; represents the motion dis-
placement across the video frame. The video bitstreams are
classified into two categories, High Motion (HM) priority and
Low Motion (LM) priority [19], based on the intensity of
motion displacement, of the video bitstreams:

HM, if @; >y

Pi =
LM, if@; <y

@

where y is the threshold based on the framework for meas-
urement of motion intensity of video [20]. Figure 1, presents
motion displacement of selected sample video sequences
deployed during research investigation.

Motion-rate characteristics of selected sample video sequences; Soccer,Foreman
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Figure 1. Motion displacement of selected sample video; Soccer, Foreman and Akiyo.

2.2. Network Coding

Wireless video service is susceptible to channel errors,
which affects the quality of video services. Thus, the reliabil-
ity of transmitted video bitstreams is necessary to guaranteed
acceptable received quality to users. Network coding is usu-
ally applied in wireless system to improve fidelity of the
transmitted video bitstreams and enhance its received quality.
In channel coding process, controlled redundancy is inserted
into video bitstream to facilitate detection and correction
errors induced by the channel. The parity (redundancy) is
added to bitstream for error detection and correction processes
at the receiver. Though, error detection and correction capa-
bility of variable channel coding is limited by the block-size
and delay constraints. Reed-Solomon code RS (z, x) are used
to generate z blocks of encoded bitstream from the packetized
video block x to generate parity block [21]. The parity data
facilitate smooth reconstruction of corrupted video packets
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and enhances the received quality performance. The code rate
A is given by x/z, thus, the lower the coding rate A, the higher
probability of error detection and correction for improved
received video quality performance. However, the conven-
tional coding approach may not be efficient enough since the
technique does not adjust to variable error protection re-
quirements for variable video motion-rate and prevailing
network conditions. The insensitivity of the conventional
channel coding technique to response to the variation of error
protection requirements across video bitstream wastes net-
work resources and in many cases results in insufficient error
protection to satisfy the error correction level in high mo-
tion-rate video bitstream.

2.3. Variable Content Characteristic and
Variable Network Coding System

Some practical mechanisms to reducing impact of channel
errors on video bitstreams include increase in Sig-
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nal-to-Noise-Ratio  (SNR), interleaving, randomization.
However, excessive large increment in transmit power to
meet acceptable target bit error rate pose complexity with
possible threat of interference to nearby users. Alternatively,
interference-reduced technique to improving robustness of
video bitstream includes maintaining reasonable SNR and
varying channel coding-rate. In contrast to the adaptive for-
ward error correction protocol for end-to-end transport of real
time traffic based on state of network condition [22], the
methodology adopted in the system may not facilitate effi-
cient usage of the limited network resources because the dy-
namic motion-rate of video bitstream is not harnessed. Due to
variation of motion level across video bitstream, it will be
more efficient to adopt unequal error protection approach, in
terms of adaptive channel coding scheme to provide the
needed adequate protection to the different segment of video
bitstream based on the variation of motion-rate for enhanced
received quality performance while making good usage of the
limited network resources. In an attempt to address this pre-
vailing challenge, Variable Content Motion-Rate and Varia-
ble Channel Coding-Rate is proposed. Thus, this research
investigates performance of variable content motion-rate
variable channel coding-rate scheme for improved wireless
video communication, in preference to conventional fixed

Soéc;
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Foreman;
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channel coding-rate without consideration of variable content
motion-rate and prevailing network conditions. The concept
involves application of robust channel coding technique to
significant video packets with high motion (HM) characteri-
zation while considering the network conditions. Video con-
tent is classified into high motion-rate (HM) and low motion
rate (LM). Motion-rate, defines the level of motion charac-
terization of video sequence, is also studied in the course of
this research. Motion-rate of video bitstream is harnessed in
implementation of suitable channel coding-rate for different
types of video packets. Higher code rate is characterized with
low error correction capability. Lower code rate presents
more additional bits for better error correction capability.
Thus, high motion-rate video packet which is more suscepti-
ble to the impact of channel errors is encoded with suitable
lower code rate. When channel condition is characterized with
high bit error rate (BER), more errors occur, thus, the appli-
cation of lower channel coding-rate in such poor channel
scenario is required to improve recovery of transmitted video
bitstream. When the channel condition improves, the use of
higher channel coding-rate is applied to avoid waste of net-
work resources. Figure 2 shows the proposed system archi-
tecture.
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Figure 2. Variable Content Characteristic and Variable Network Coding System Architecture.

Three major steps involve in the process include randomi-
zation, variable channel coding and interleaving. The video
content bitstream is randomized prior to transmission to en-
hance protection by avoiding long sequences of consecutive
ones or consecutive zeros. Variable content motion-rate and
variable channel coding-rate is an innovative error mitigation
technique involve in encoding of video bitstream with varia-
ble parity bits data to facilitate error detection and correction
process for improved received video quality performance.
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3. Materials and Methods

Experimental configuration to validate the efficacy of the
proposed technique consist of three stage processes including
source encoding, channel coding and received video quality
assessment. H.264/Advanced Video Coding reference soft-
ware [23] was deployed for source encoding and decoding
processes. Standard sample test video sequences, Soccer,
Football, Crew, Akiyo, news, Hall, Sean, Weather and Con-
tainer test video samples were deployed in the source encod-
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ing process. The test video samples in common intermediate
format, were encoded at 30fps using group of picture size of 8
and video packet size of 512bytes for wireless network ap-
plication. Content Adaptive Binary Arithmetic Coding
(CABAC) scheme was deployed, with a macroblock size of
1616 pixels and a total number of 300 frame length for all
test video samples. The video packets were encapsulated in
advanced video coding real time protocol for improved error
concealment over wireless channel. Classification of mo-
tion-rate, include analysis of video samples using optical flow
algorithm to measure the motion-rate. The videos mo-
tion-rates were grouped into High Mation-rate (HM) and Low
Motion-rate (LM) according to the motion displacement in the
video sequence. The proposed system architecture is based on
wireless network architecture, where channel coding perfor-
mance is evaluated. The model exploits advantage of flexible
Orthogonal Frequency Division Multiple Access Time Divi-
sion Duplexing (OFDMA-TDD) configuration [24-29] with
capability of adapting channel resources among subcarriers
independently. In the proposed scheme, additional adaptation
parameter, motion-rate of the video bitstream is considered.
Each video bitstream is assigned a subset of the subcarriers
based on the content motion rate and prevailing channel con-
ditions. The three common channel coding and modulation
schemes deployed in wireless communication system,
6QAM;1/2, 64QAM;1/2 and 64QAM:;2/3, were deployed in
the experiment to demonstrate the efficacy of the proposed
technique under different channel conditions. The compressed
video bitstreams were transmitted while adapting the channel
coding-rate based on the motion-rate of the video bitstreams.
The video quality performance of the propose scheme was
measured using Peak Signal-to-Noise Ratio (PSNR) objective
metric. The higher value of PSNR indicates better received
video quality performance.

4. Results and Discussion

This section presents the results obtained at various test
scenarios ranging from motion-rate test results of the sample
test video sequences to video quality performance of video
bitstreams transmitted at various channel conditions using
variable channel coding scheme. The motion-rate test results
obtained from the optical flow algorithm, shows that the mo-
tion-rate of Soccer, Football, Foreman, and Crew test video
samples were characterized with high motion (HM) indicating
high dynamic motion displacement in the test video samples.
Whereas, the motion-rate of Akiyo, News, Sean and Weather
test video samples were classified as low motion-rate (LM),
indicating relatively average low motion scenarios in the test
video sequences. The experimental analysis shows that there
is variation of video quality performance at different channel
coding schemes across the tested video samples. The video
quality performance of Soccer test sample under error free
channel condition and different test scenarios is presented in
Figure 3. From the soccer test results, it is observed that many
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video packets get corrupted due to channel errors. This video
packet corruption is obvious at frame numbers, 10", 45™, 50,
80™ 148™ 198"M 225" and 275" frames while using
64QAM:;2/3 scheme. Whereas, few packets get corrupted at
frame numbers, 46", 98", 149", 252" and 270" frames, while
using relatively improved lower channel coding rate,
64QAM;1/2. In contrast to the high number of video packet
corrupted while using higher channel coding scheme, negli-
gible number of video packets get damaged at frame number
96™ and 252", while using lower channel coding scheme,
16QAM;1/2. Statistically, the average video quality perfor-
mance measured with PSNR (dB) software is 37.95dB when
16QAM;1/2 channel coding scheme, 33.29dB for
64QAM;1/2 channel coding, and 24.30dB for 64QAM; 2/3
channel coding scheme. Figure 3, presents video quality
performance of Soccer test video sample under different test
scenarios.

45 7
Error free

SOCCER ,

+— et

40 + —16QAM-1/2
+—640QAM-1/2

+—64QAM-2/3
30

PSNR (dB)

25 7

20 7

15 +

0 50 100 150 200 250 300

FRAME NO

Figure 3. Quality performance of Soccer test video sample.

From figure 3, it is obvious that error free channel condition
test scenario outperformance others, indicating a situation
where there was no loss of video packets due to channel errors.
It also observed that the average received video quality per-
formance improves significantly when the video bitstream
was transmitted using lower channel coding scheme,
16QAM;1/2, in contrast to the quality performance when
higher channel coding schemes, 64QAM;1/2 and 64QAM;2/3.
Thus, transmission of sensitive video bitstreams using higher
channel coding-rate are not favored in this analysis because of
high probability of errors associated with the scheme. Alt-
hough, higher channel coding scheme could offer spectral
efficiency under free error channel condition. It has also been
observed the higher the number of channel errors in terms of
number of video packets getting corrupted, the lower the
average received video quality performance, as seen in the
cases of higher channel coding scheme. Figure 4, presents
video quality performance of Football test video sample under
different test scenarios.
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Figure 4. Quality performance of Football test video sample.

From the result presentation in Figure 4, there is a clear
disparity in terms of video quality performance results with
respect to the different channel coding schemes deployed. It is
observed that with Football test video sample, the average
video quality performance for 16QAM;1/2 channel coding
scheme leads with 34.25dB follow with 32.37dB for
64QAM;1/2 and 25.15dB for 64QAM;2/3 channel coding
schemes respectively. This result indicates that thorough
study should be carried out to guide in the adaptation of
channel coding-rate for improved video quality performance.
Furthermore, as depicted in Figure 4, good video quality can
be achieved using lower channel coding-rate compared to
higher coding scheme under error prone wireless channel.
Figure 5, presents results for Foreman test video sample.

FOREMAN

45
Error free

~—16QAM-1/2
—+—640AM-1/2
—+—640AM-2/3

PSNR(dB)

150
FRAME NO

Figure 5. Quality performance of Foreman test video sample.

Figure 5, presents result for Foreman test video sample.
The results analysis shows a similar pattern with leading
received average video quality performance of 39.06dB for
16QAM;1/2, follow by 36.73dB for 64QAM;1/2 and 28.26dB
for 64QAM:;2/3 channel coding scheme. Observably, there are
deep quality (PSNR) fluctuations at frame numbers 150" and
190™, while using 64QAM:;2/3 channel coding scheme. This
indicates loss of video packets due to channel errors, which
could not be recovered with higher channel coding rate, but
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rather recovered while using lower channel coding rate of
64AQM;1/2. Analysis from Foreman test video sample, fur-
ther shows a strong relationship between the video quality
performance and channel coding-rate. Figure 6, presents
quality performance of Crew test video sample.
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Mw/
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FRAME NO

Figure 6. Quality performance of Crew test video sample.

For Crew test video sample result presented in Figure 6, the
average received video quality performance for 64QAM;1/2
and 64QAM;2/3 test scenarios are 34.89dB and 28,06dB
respectively. There is also a substantial quality enhancement,
of 38.09dB when using 16QAM:;1/2 channel coding scheme.
The quality improves significantly in comparison with the
higher 64QAM;1/2 and 64QAM:;2/3 coding schemes, as
shown in Figure 6. Based on the analysis, the result demon-
strates that the lower coding scheme has more error detection
and correction capabilities than higher channel coding
schemes. This strong characteristic of lower channel coding
scheme facilitates significant number of error detection and
correction functionalities to further improves video overall
video quality services over error prone wireless network.
Figure 7, quality performance of News test video sample.
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Figure 7. Quality performance of News test video sample.

Figure 7, presents the test results for News sample averaged
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across encoded 300 frames of the test vides sequence at three
distinct network coding schemes; 44.18dB for 16QAM;1/2,
42.65dB for 64QAM;1/2 and 32.52dB for 64QAM;2/3 re-
spectively. The variability of received quality performance is
influenced by channel condition and channel coding scheme
as depicted in Figure 7. The result indicates that, even under
similar channel characteristic, impact of random channel
errors in form of random packet losses, adversely affects
overall received video quality performance, highlighting the
impact of channel errors on digital video communication.
This video packet losses are obvious as seen on frames, 90",
140", 240" and 282" of News test sample (Figure 7). The
lower coding is advantageous under poor channel condition
while the higher coding has advantage where higher data
throughput is prioritized over improved received video quality
performance. Figure 8, presents quality performance for Hall
test video sample.

45

HALL Error free
MM—-—-, o *640AM1/2
,.. | } } +—640QAM-2/3
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Figure 8. Quality performance of Hall test video sample.
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Figure 9. Quality performance of Akiyo test video sample.

Figure 8, shows quality performance result for Hall test
sample with PSNR value of 40.69dB for 16QAM;1/2,
37.82dB for 64QAM;1/2 and 30.42dB for 64QAM;2/3 test
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scenarios. Comparatively, the performance of Hall test sample
under 64QAM;1/2 and 64QAM;2/3 channel coding schemes,
show significant quality improvement of 7.2 dB (PSNR) for
the Hall video test sequence. The quality gain is a result of
enhanced error recovery strategy associated with lower
channel coding technique. Figure 9, presents quality perfor-
mance for Akiyo test video sample.

Similar pattern of quality performance is observed in Akiyo
test video sample result, where the lower coding scheme
outperforms the higher channel coding technique, as pre-
sented in Figure 9. Observably, there are few video packets
drops between the 10" and 70" frames while using higher
coding-rate of 64QAM:;2/3, compared to using 64QAM;1/2
and 16QAM:;1/2 where the video packets are sustained. The
16QAM;1/2 sustained 51.19dB, 64QAM;1/2 produced
50.97dB and 64QAM:;2/3 maintained 39.93dB video quality
performance. Figure 10, shows quality performance of Sean
test video sample.

Error free

SEAN

——160QAM-1/2
—+—640AM-1/2

—+—640QAM-2/3

0 50 100 150

FRAME NO

200 250 300

Figure 10. Quality performance of Sean test video sample.

From Figure 10, representing Sean test sample, peak av-
erage quality output of 44.51dB for 16QAM;1/2, was ob-
served, followed by 43.94dB by 64QAM;1/2 and 35.06dB for
64QAM:;2/3 system. It is also noted that more video packets
get affected by channel errors as seen around frames number
11", 20", 51" 53th, 150", 250" and 256", while using
64QAM:;2/3, compared to few video packets loss while using
64QAM:;1/2 The high rate of video packet loss further affects
the average received video quality performance.. Notably, the
lower coding scheme, 16QAM;1/2, sustain better video qual-
ity because of the robustness and good error detection and
correction capability of the channel coding scheme. Table 1,
shows comparative visual presentation of some test video
frames under different channel coding schemes.
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Table 1. Comparative visual presentation of some test video frames under different channel coding schemes.

Test Video Sample 16QAM;1/2 64QAM;2/3

Football

Soccer

Crew

Foreman
Hall
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Test Video Sample

16QAM;1/2

Akiyo

5. Conclusion and Future Research

5.1. Conclusion

The study provides a comprehensive analysis of video con-
tents and variable network coding for digital video broadcast-
ing application, focusing on received video quality enhance-
ment in limited wireless network environment. Variable Net-
work coding scheme is deployed to provide significant received
quality performance gain by intelligently avoiding waste of
network resources related to the fixed resource allocation nec-
essary to guarantee acceptable quality performance. In contrast,
investigation of extension from fixed channel coding scheme to
the application of variable channel coding scheme while paying
attention sensitive video content is analyzed over different
channel conditions. Comparatively, the received video quality
performance improves significantly on low channel coding
scheme, compared to the results obtained on application of
higher channel coding scheme. The results demonstrate effec-
tiveness of lower channel coding scheme, capable of mitigating

impact of channel errors on received video quality performance.

The proposed scheme is essential to improving quality of
wireless video broadcasting application.

5.2. Future Research

Future research concentrates on more advanced models that
can incorporate adaptive channel coding and modulation
techniques to enhance wireless video communication, and as
well satisfy video viewers’ quality of experience by focusing
on individual video users’ quality preferences.

Abbreviations

PSNR Peak-Signal-to-Noise Ratio

UAV Unmanned Aerial Vehicle

EC Error Concealment

ER Error Resilient

ARQ Automatic Retransmission reQuest

43

64QAM;2/3

FEC Forward Error Correction

BER Bit Error Rate

SNR Signal to Noise Ratio

H.264/AVC H.264/Advanced Video Coding

CABAC Content Adaptive Binary Arithmetic
Coding

OFDMA-TDD  Orthogonal Frequency Division Multiple

Access Time Division Duplexing

Acknowledgments

The author appreciates Centre for Vision, Speech and
Signal Processing, University of Surrey, United Kingdom, for
provision of the tools and softwares used in this study.

Author Contributions

Ubong Ukommi is the sole author. The author read and
approved the final manuscript.

Conflicts of Interest

The author declares no conflicts of interest.

References
[1] Uko, M.; Ekpo, S.; Ukommi, U.; lwok, U. and Alabi, S. (2025).
Energy and Spectral Efficiency Analysis for UAV-to-UAV
Communication in Dynamic Networks for Smart Cities. MDPI,
Smart Cities, 8(2), 1-27.
https://doi.org/10.3390/smartcities8020054

[2] Kapsis, T. T. and Panagopoulos, A. D. (2021). Optimum Power
Allocation Based on Channel Conditions in Optical Satellite
Downlinks. Wireless Personal Communications, Springer,

116(2), 2997-3013. https://doi.org/10.1007/s11277-020-07831-z

[3] Ekanem, K.; Ubom, E. and Ukommi, U. (2022). Analysis of rain
Attenuation for Satellite Communication in Akwa lbom State,
Nigeria. International Conference and Exhibition on Power and
Telecommunication (ICEPT 2022), The Nigerian Institute of

Electrical and Electronic Engineers (NIEEE), 23-34.


http://www.sciencepg.com/journal/wcmc

International Journal of Wireless Communications and Mobile Computing

http://www.sciencepg.com/journal/wcmc

(4]

[5]

(6]

(71

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Essien, A.; Ukommi, U.; and Ubom, E. (2024). Downlink
Power Budget and Bit Error Analysis for LoRa-based Sensor
Node-to-Satellite Link in the Industrial, Scientific and Medical
Frequency. Signal and communication Technology, Springer,
143-152. https://doi.org/10.1007/978-3-031-53935-0_14

Paulikas, S.; Gursnys, D.; Anskaitis, A.; and Saltis, A. (2016).
The Impact of Packet Loss on Quality of H.264/AVC Video
Streaming. Elektronika IR Elektrotechnika, 22(2), 81-85.
https://doi.org/10.5755/j01.eie.22.2.14596

Ukommi, U.; Arachchi, K.; Dogan, S.; and Kondoz, A. (2013).
Content-Aware Bitrate Adaptation for Robust Mobile Video
Services. |IEEE International Symposium on Broadband Mul-
timedia System and Braodcasting (BMSB), United Kingdom,
1-4. https://doi.org/10.1109/BMSB.2013.6621696

Yuan, J. (2020). Video data wireless transmission method
based on cross-layer bitrate adaptation and error control. Mul-
timedia Tools and Applications, 79(13), 9255-9266.
https://doi.org/10.1007/s11042-019-7417-7

Choi, M., Xiang, T., Lim, H., Kim, Y., Ahn, M., Oh, S., & Kim,
H. (2024). Caching, transcoding, delivery and learning for
advanced video streaming services. ICT Express. 10(4)
774-785. https://doi.org/10.1016/j.icte.2024.05.012

Umoh, V.; Ukommi, U.; and Ekpe, U. (2022). A Comparative
Study of User Experienced Mobile Broadband Performance.
Nigerian Journal of technology (NIJOTECH), 41(3), 560-568.
http://dx.doi.org/10.4314/njt.v41i3.16

Liu, Z., Chen, H., & Sun, S. (2020). Video Error-Resilience
Research Based on Error-Resilient Screen Content. Applied
Sciences, 10(14), 4923. https://doi.org/10.3390/app10144923

David, B. and Zhang, F. (2021). Communicating Pictures:
Delivery Across Network. Intelligent Image and Video Com-
pression, Second Edition, Academic Press, 385-434.
https://doi.org/10.1016/B978-0-12-820353-8.00020-7

Friday, E. A., Olatunji, A. Y., and Oluwatosin, A. K, (2025).
Cloud-Based Resource Management for Scalable Application
Deployment. International Journal of Wireless Communica-
tions and Mobile Computing, 12(1), 1-15.
https://doi.org/10.11648/j.wcmc.20251201.11

Oluropo, O., Ukommi, U., and Udoh, R., (2022). Comparative
Coverage and Horizon Plane Analysis for LEO, MEO, GEO
and HEO Satellites. Journal of Multidisciplinary Engineering
Science and Research (JMESR), 1(2), 54-66.

Bai, Y.; Chu, Y. and Ito, M. (2011). Dynamic end-to-end QoS
support for video over the Internet. International Journal of
Electronics and Communication, Elsevier, 385-391.
https://doi.org/10.1016/j.aeue.2010.07.002

Ukommi, U. (2020). Media-Motion-based resource Distribu-
tion for Mobile Video Networking. Nigerian Journal of tech-
nology (NIJOTECH), 39(4), 1183-1189.
http://dx.doi.org/10.4314/njt.v39i4.26

Ukommi, U. (2022). Review of multimedia communication qual-
ity assessment techniques. Nigerian Journal of technology (NI-
JOTECH), 41(2), 330-338. http://dx.doi.org/10.4314/njt.v41i2.15

44

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

Simoes, W., and De Sa, M,. (2024). PSNR and SSIM: Evalua-
tion of the Imperceptibility Quality of Images Transmitted over
Wireless Networks. Procedia Computer Science, Elsevier,
Volume 251, 463-470.
https://doi.org/10.1016/j.procs.2024.11.134

Stival, L., & Pedrini, H. (2023). Survey on video colorization:
concepts, methods and applications. Journal of Signal Pro-
cessing Systems, 95(6), 679-702.
https://doi.org/10.1007/s11265-023-01872-w

Okabe, S.; lkeda, T.; Suginoshita, F.; Shogen, K.; Hirata, A.;
Yaita, M.; Kukutsu, N. and Kado, Y. (2010). 10-Gbps Forward
Error Correction System for 120-GHz-Band Wireless Trans-
mission. IEEE Radio and Wireless Symposium (RWS),
472-475. https://doi.org/10.1109/APMC.2008.4957982

Peker, K. and Divakaran, A. (2004). Framework for
Measurement of the Intensity of Motion activity of Video
Segments. Journal of Visual Communications Image
Representation, Elsevier, 15(2004), 265-284.
https://doi.org/10.1016/j.jvcir.2004.04.007

Deniz, O. and Alatan, A. (2007). Video Adaptation Based on
Content Characteristics and Hardware Capabilities. Second
International Workshop on Semantic Media Adaptation and
Personalization, Uxbridge, United Kingdom, IEEE, (SMAP
2007), 15-20, https://doi.org/10.1109/SMAP.2007.45

F. A. Ali, F. A, Simoens, P., Van de, W., Meerssche, B. and
Dhoedt, B. (2014). Bandwidth efficient adaptive forward error
correction mechanism with feedback channel. Journal of
Communications and Networks, 16(3), 322-334.
https://doi.org/10.1109/JCN.2014.000053

H.264/Advanced Video Codec refence software. Available
from: https://iphome.hhi.de/suehring/tml/

Oduoye Israel & Ukommi, U., (2024). Evaluation of Energy
Consumption and Battery Life Span for LoRa loT Multisensor
Node for Precision Farming Application. Signals and Com-
munication Technology. Springer, 153-162.
https://doi.org/10.1007/978-3-031-53935-0_15

Ubom, E.; Akpanobong, A.; and Ukommi, U. (2019). Spectrum
Occupancy in Rural Nigeria: A case for A Lightly Licensed
Spectrum Band for Rural Broadband Enhancement. International
Journal of Computer Science and Information Technology, 11(4),
81-99. https://doi.org/10.5121/ijcsit.2019.11407

Okoro, A. E., Ubom, E. A., & Ukommi, U. S. (2024). Evaluation of
Machine Learning Model for Network Anomaly Detection: Support
\ector Machine. Journal of Engineering Research and Reports,
26(8), 326-342. https://doi.org/10.9734/jerr/2024/v26i81248

Uko, M, C, Ekpo, S., C., Ukommi, U and Kharel, R. (2015).
Shadowing effect on Macro-Femto heterogeneous network for
cell-edge users. Applied Computational Electromagnetics
(ACES), Williamsburg, VA, USA, 2015. 1-2.

Uko, M, Ukommi, U, Ekpo, S, & Kharel, R (2016). Area
Spectral Efficiency of a Macro-femto Heterogeneous Network
for Cell-edge Users under Shadowing and Fading Effects. Appl.
Computational Electromagnetics. 1043-1047.


http://www.sciencepg.com/journal/wcmc

International Journal of Wireless Communications and Mobile Computing http://www.sciencepg.com/journal/wecmc

[29] Al-SurmiAli, I.; Mansoor, M. and Ahmed, A. (2021). Toward
5G High Utilizations: A survey on OFDMA-based Resource
Allocation Techniques in Next-Generation Broadband Wire-
less Access Networks. EAI Endorsed Transactions on Mobile
Communications and Applications, 1-15.
http://dx.doi.org/10.4108/eai.10-2-2021.168713

45


http://www.sciencepg.com/journal/wcmc

