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Abstract  

With the development of communication technology, wireless Internet has become more and 
more popular. The traditional network layered protocols cannot meet the increasingly rich network 
services, especially video. This paper briefly introduced the cross-layer transmission of video in 
wireless network and the cross-layer optimization algorithm used for improving video transmis-
sion quality and improved the traditional cross-layer algorithm. Then, the two cross-layer algo-
rithms were simulated and analyzed on MATLAB software. The results showed that the packet de-
livery rate, peak signal to noise ratio and downlink throughput of the improved cross-layer algo-
rithm were significantly higher than those of the traditional cross-layer algorithm under the same 
signal to interference plus noise ratio of receiving users in wireless network; meanwhile, with the 
increase of signal to interference plus noise ratio of the receiving user, the packet delivery rate and 
peak signal to noise ratio of the two algorithms increased, and tended to be stable after some signal 
to interference plus noise ratio, while the throughput of the two algorithms increased linearly. In 
the established real wireless network, the package delivery rate, peak signal to noise ratio and 
throughput of video after application of cross-layer algorithm were significantly improved, and the 
wireless network applying the improved cross-layer algorithm improved more. In summary, com-
pared with the traditional cross-layer algorithm, the improved cross-layer algorithm can better im-
prove the transmission quality of video in wireless network. 
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Introduction 

With the process of the Internet and wireless commu-
nication technology, people can use mobile phones, PAD 
and other mobile terminals to watch multimedia video. At 
the same time, due to the convenience of wireless net-
works, people are gradually more inclined to use wireless 
network to acquire multimedia resources [1]. The tradi-
tional Internet is based on wired connection. In addition, 
in the early days of the Internet, the data transmission 
technology is relatively backward, the transmission speed 
is slow and unstable, which basically does not support 
large-volume multimedia file transmission [2]. Under the 
background of Internet technology at the time, the layered 
protocol in the Internet paid more attention to the trans-
mission of file data without losing packet, but paid no at-
tention to whether the transmission was delayed or not 
[3]. However, with the rapid development of wireless 
communication technology, the data transmission speed 
of the Internet has increased rapidly, and it is sufficient to 
support the transmission speed requirements of multime-
dia video. However, the traditional layered protocol can-
not meet the low delay requirements of video transmis-
sion, so wireless network must be optimized across lay-

ers. Related studies are as follows. Jia et al. [4] proposed 
an effective cross-layer optimization framework based on 
genetic algorithm, which could find the optimal power 
control, channel allocation and routing in polynomial 
time, and a large number of simulation experiments 
showed that the throughput of the network was effective-
ly improved. Yang et al. [5] proposed a mathematical op-
timization problem that comprehensively considered the 
network topology design and cross-layer optimization in 
wireless somatosensory network and used a fast conver-
gence algorithm based on binary search to solve the prob-
lem. The simulation results showed that this method can 
save the cross-layer optimization problem quickly and ef-
fectively. She et al. [6] proposed a cross-layer optimization 
framework to guarantee ultra-high reliability and ultra-low 
latency in the consideration of transmission delay and 
queuing delay in wireless access network. In this frame-
work, the active packet loss mechanism was adopted to en-
sure the service quality under limited transmission power. 
The simulation results showed that this cross-layer optimi-
zation framework can effectively improve the transmission 
quality of wireless network. Based on the Multiple Input 
Multiple Output (MIMO) system of 4G communication 
network, this paper briefly introduced the cross-layer 
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transmission of video in wireless network and the cross-
layer optimization algorithm used for improving video 
transmission quality and improved the traditional cross-
layer algorithm. Then, the two cross-layer algorithms were 
simulated and analyzed on MATLAB software. 

Cross-layer transmission of video in wireless network 

As shown in Fig. 1, the nodes used by multimedia 
video in wireless network transmission process could be 
simply divided into the transmitting node and the receiv-
ing node. Data transmission between transmitting and re-
ceiving nodes was carried out through wireless channels. 
The two types of nodes in the wireless network included 
three layers: the application layer, the media access con-
trol (MAC) layer and the physical layer. The application 
layer was the user-oriented structure layer, and the main 
function of the application layer of the transmitting node 
was to generate data that could be transmitted. Taking 
video as an example, the code rate of video files is com-
pressed, recoded and error screened. The compression 
technology used in the application layer can directly af-

fect the transmission quality of the video; the main func-
tion of the application layer of the receiving node is to re-
verse operation of the transmitting node and decompress 
the video [7]. In this paper, the mean square error was 
used to describe the distortion characteristics in the video 
compression and decompression process. The equation is: 
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where Dk is the overall distortion of video received by us-
er k ; enc

kD  represents the distortion caused by video com-
pression; loss

kD  represents the distortion caused by packet 
loss in video transmission; D0,k represents the initial dis-
tortion degree; k represents the video code rate; Rk, R0,k 
represent the coding rate and initial coding rate, respec-
tively; vk is the sensitivity of the video to packet loss; Pe 
is the probability of packet loss caused by transmission 
error in wireless channel; dly

kP  represents the probability 
of packet loss caused by transmission waiting time ex-
ceeding the maximum delay threshold. 

 
Fig. 1. The framework of multimedia video cross-layer transmission 

The MAC layer is a sublayer of the data link layer [8], 
and its main function is to coordinate the user's allocation 
of wireless spectrum resources. The protocol in this layer 
can directly affect the probability of the user’s access to 
network port and the delay of data transmission. When 
the video packets enter the MAC layer, they will be 
queued for transmission in a first-come-first-served order, 
and the equation of the queue model is: 
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where k is the average arrival rate of user k’s video 
packet in this layer; Lk is the average length of the video 

data; Ck is the effective transmission rate of the actual 
available route; tk is the time required to transmit one vid-
eo at a time; Sk is the time required to successfully trans-
mit a video; Pr() represents the probability density func-
tion; m represents that a video is successfully received or 
timeout after the m-th transmission; Wk is the time of vid-
eo data waiting to be processed in this layer; th

kT  is the 
maximum delay time for video. 

The physical layer [9] generally refers to the wireless 
channel between the transmitting node and the receiving 
node in the wireless network. In this layer structure, the 
allocation strategy of channel spectrum and the adapta-
tion mechanism of link route, etc. affect the transmission 
rate and packet loss rate of video packets. The equation of 
the physical layer transmission model is: 
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where k is the receive signal to noise ratio of the user k; 
k is the spread spectrum gain of wireless network; Pk, Pj 
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represent the transmission power of user k and other users 
respectively; Gk, Gj represent the channel gain of user k 
and other users including large and small scale fading, re-
spectively; 2

k  represents the noise power received by us-
er k; Ck is the physical layer link capacity of user k; B is 
the channel bandwidth. 

The above application layer, MAC layer and physical 
layer are the structures of both the transmitting node and 
receiving node. The transmitting node also has a cross-
layer optimization processor in order to improve the 
transmission quality of multimedia video in wireless net-
work. When the video data packet enters the transmitting 
node, the relevant parameters of the video sequence will 
not only enter the application layer, but also enter the 
cross-layer optimization processor at the same time to al-
locate resources reasonably according to the collected pa-
rameters of the relevant structure layer, so as to coordi-
nate the cooperation of different structure layers and 
achieve cross-layer optimization. 

Cross-layer optimization 

In traditional wireless internet transmission model, the 
data transmission follows the inherent mode that transmits 
data only between adjacent layers. Although the lower pack-
et loss rate is guaranteed as mentioned above, the delay is se-
rious. Especially nowadays when the wireless network is 
speed up, it will aggravate the congestion of layer and layer 
transmission, indirectly increase packet loss rate [10], and 
reduce user experience. Cross-layer optimization technology 
considers all structural layers in the network as a whole and 
uses specific parameters in cross-layer shared channel to 
make the information interaction between layers not limited 
to adjacent layers, but to coordinate all layers to achieve 
global optimization. 

In cross-layer optimization, the main structural layers in-
volved are described above: the physical layer, the MAC 
layer, and the application layer. In this paper, the application 
layer and MAC layer were used as objects, and the cross-
layer optimization algorithm was used for coordinating dif-
ferent structural layers to achieve the effect of optimizing the 
user experience. 

As shown in Fig. 2, in the traditional cross-layer op-
timization algorithm, when video was transmitted into the 
application layer, the encoder in the application layer 
conducted data separation operation on video when it is 
compressed, and divided the data in video according to 
the importance. Then, the divided data was given corre-
sponding marking parameters, which are packaged, com-
pressed and transmitted to the MAC layer. In the MAC 
layer, the tag parameters in video compression package 
were identified, and different data units were processed 
accordingly. There were different queue channels in the 
MAC layer, including AC_VI (video queue), AC_BE 
(the best effort queue), and AC_BK (background service 
queue) [11]. The priority of queue channel was 
VI>BE>BK, that is, the data in video queue was allocated 
to better communication channel first. The traditional 
cross-layer optimization algorithm mapped the segmented 
video to the corresponding queue according to the mark-
ing parameters of the segmented video data in the MAC 
layer. The more important the segmented video data was, 
the more priority it was mapped to the queue. The wire-
less network coordinated by the traditional cross-layer 
optimization algorithm could fully utilize two queues ex-
cept video and improve the transmission effect of video 
according to the data of different importance in video. 
However, the traditional cross-layer optimization algo-
rithm did not consider the dynamic change of the queue 
but mechanically allocated the segmented video accord-
ing to the specified parameters. Even if the allocated 
queue is already crowded, it will not be allocated to an-
other idle queue, which eventually leads to data loss. 

 
Fig. 2. The flow of the traditional  

cross-layer optimization algorithm 

 
Fig. 3. The flow of the improved cross-layer optimization algorithm 

In order to solve the problem of solidification alloca-
tion of traditional cross-layer optimization algorithm, it 
was improved, as shown in Fig. 3:  

1. Firstly, the same as the traditional algorithm, the 
video data was divided by encoder at the applica-
tion layer according to the frame type of video. In 

this paper, the MP4 format video was selected as 
the research object. The video frame types of 
MP4 format were divided into internal frame 
(frame I), predictive frame (frame P) and bidirec-
tional predictive frame (frame B) [12]. After di-
viding, the data was transmitted to the MAC layer.  



Cross-layer optimization technology for wireless network multimedia video Xia W. 

Компьютерная оптика, 2020, том 44, №4    DOI: 10.18287/2412-6179-CO-620 585 

2. After receiving the divided data packet, the MAC 
layer first determined the type of packet frame 
and then selected the mapping threshold required 
for mapping. The AClow of frame I was 24, the 
AChigh was 48; the AClow of frame P was 20, the 
AChigh was 40; the AClow of the frame B WAS 16, 
and the AChigh was 32.  

3. When the queue length of AC_VI in the MAC 
layer was smaller than the AClow of corresponding 
frame, the frame data packet of that kind was 
mapped to AC_VI.  

4. If not, whether the queue length of AC_VI was 
smaller than the AChigh was continued to deter-
mine; if so, the packets of such frame was 
mapped to AC_VI when the random parameter 
was greater than the real-time mapping probabil-
ity pt; when the random parameter was smaller 
than the real-time mapping probability pt, this 
packet of such frame was mapped to AC_BE.  

5. If not, whether the queue length of AC_VI was 
larger than the AChigh was continued to determine; 
if so, the packets of such frame was mapped to 
AC_BK when the random parameter was greater 
than the real-time mapping probability pt; when 
the random parameter was smaller than the real-
time mapping probability pt, the frame data packet 
of that kind was mapped to AC_BE. 

The calculation equation of the real-time mapping 
probability is: 
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where pt is the real-time mapping probability; TI, NP, TB 
are the number of data packets of frame I, P and B, re-
spectively; T is the total number of packets; qlenac is the 
average length of all queues. 

Simulation analysis 

1. Experimental environment 
In this paper, MATLAB software [13] was used for 

simulation analysis of two cross-layer optimization algo-
rithms. The simulation experiment was carried out in a 
laboratory server. The server configuration were: Win-
dows7 system, i7 processor and 16G memory. 

2. Relevant parameters 
In the MATLAB software, the parameters of the sim-

ulated wireless network can be set arbitrarily, but in the 
actual wireless network, different parameters have an 
impact on the transmission quality of video, so it is nec-
essary to select appropriate parameters. The relevant pa-

rameters affecting the quality of video transmission 
mainly include packet length, compression quantification 
parameters and group of picture (GOP) [14]. The packet 
length is the number of data bytes that each segmented 
data packet can hold when the video is divided; the com-
pression quantification parameter is the quantification 
standard on which the video is compressed; GOP is the 
type of group of picture.  

To ensure the objectivity of the comparison results of 
the two cross-layer optimization algorithms, the same 
simulation network and transmission video were used, 
and the relevant parameters are shown in Table 1. 3GPP 
SVM wireless channel model was used. Then to simulate 
the movement state of receiving users, different user 
SINRs were set, which were 10, 11, 12 ... 19 and 20 re-
spectively. The packet delivery rate, peak signal to noise 
ratio and throughput of the cross-layer optimization algo-
rithms under different SINRs were detected. 

Tab. 1. Relevant parameters of the simulation networks 
in which the cross-layer algorithms are located 

Relevant parameters Values 

Packet length 1024B 

Compression quantiza-
tion parameter 

10 

GOP type GOP9 

Channel width 10MHz 

Subchannel frequency 10.94kHz 

Effective sign time 91.4 µs 

Maintenance time 11.4 µs 

Number of frames of 
Video I 

45 

Number of frames of 
Video P 

89 

Number of frames of 
Video B 

266 

3. Simulation settings of practical application 
After simulation using MATLAB software above, 20 

wireless sensor nodes were set in an 30m×30m experi-
mental area. Every sensor node was connected with a 
server. The cross-layer optimization algorithm used in 
this study operated in server. In the actual simulation ex-
periment, the wireless network composed of wireless 
sensors adopted point-to-point transmission in video 
transmission, and the transmission protocol of the wire-
less network was 802.11 protocol. Video parameters 
used in the transmission and the processing parameters 
for video transmission were consistent with the simula-
tion parameters mentioned above. After the start of the 
experiment, every server randomly selected other server 
in the wireless network via wireless node for point-to-
point transmission. The experiment was carried out un-
der the condition when the cross-layer algorithm was not 
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used, the traditional cross-layer algorithm was used, and 
the improved cross-layer algorithm was used. Every ex-
periment lasted for three hours. 

4. Judgment index 
The indicators used for measuring the cross-layer op-

timization algorithm in this study were: packet delivery 
rate, peak signal to noise ratio, and throughput [15]. The 
packet delivery rate is the ratio of the effective data 
packet received by the receiving node to the data packet 
transmitted by the transmitting node, and this data re-
flects the packet loss degree of video data in wireless 
network transmission. The larger the data is, the smaller 
the packet loss degree is. Peak signal to noise ratio is a pa-
rameter used for measuring the image quality of video af-
ter wireless transmission; throughput is the amount of data 
successfully transmitted per unit of time in the network. 

5. Simulation results 
As shown in Fig. 4, video in wireless network was 

under the two cross-layer optimization algorithms. With 
the increase of SINR of the receiving node users in wire-
less networks, the packet delivery rate in the video 
transmission process showed an upward trend and gradu-
ally tended to be flat after the SINR of 16 dB. It could be 
clearly seen from Fig. 4 that under the same SINR of the 
receiving node user, the improved cross-layer algorithm 
made the packet delivery rate of video in the transmis-
sion process higher. Taking the packet delivery rate un-
der the SINR of 20 dB at the time of basic stability as an 
example, the package delivery rate of the traditional 
cross-layer algorithm was 98.66 %, and the package de-
livery rate of the improved cross-layer algorithm was 
99.98 %, which increases by 1.34 %. 

 
Fig. 4. The packet delivery rate of video with different SINR 

under two cross-layer optimization algorithms 

As shown in Fig. 5, video in wireless network was 
under the two cross-layer optimization algorithms. With 
the increase of SINR of the receiving node users in wire-
less networks, peak signal to noise ratio of received vid-
eo after decompression and decoding showed an upward 
trend and gradually tended to be flat after the SINR of 18 
dB. It could be clearly seen from Fig. 5 that under the 
same SINR of the receiving node user, the improved 
cross-layer algorithm made the peak signal to noise ratio 
of video after transmission, decompression and decoding 

higher, that is, video image quality was lost less in the 
transmission process. Taking the peak signal to noise ra-
tio of video under the SINR of 20 dB at the time of basic 
stability as an example, the peak signal to noise ratio of 
video of the traditional cross-layer algorithm was 39.76, 
and the peak signal to noise ratio of video of the im-
proved cross-layer algorithm was 40.76, which increases 
by 2.52 %. 

 
Fig. 5. Peak signal to noise ratio of video with different SINR 

under two cross-layer optimization algorithms 

As shown in Fig. 6, video in wireless network was 
under the two cross-layer optimization algorithms. With 
the increase of SINR of receiving node users in wireless 
network, the throughput of downlink of receiving node 
users receiving video basically increased linearly. By 
comparing the two cross-layer algorithms, it could be 
clearly seen from Fig. 6 that under the same SINR of the 
receiving node user, the throughput of the downlink of 
video received by users under the improved cross-layer 
algorithm was higher, which was about 8.93 % higher 
than that of the traditional cross-layer algorithm. It indi-
cated that the improved cross-layer algorithm improved 
the transmission efficiency of video frames in wireless 
network. 

 
Fig. 6. Throughput of video with different SINR under two 

cross-layer optimization algorithms 

Limited by the length of paper, only the effect of one 
video under the condition when the cross-layer algorithm 
was not used, the traditional cross-layer algorithm was 
used, and the improved cross-layer algorithm was used 
was displayed, as shown in Fig. 7–9. Subjectively, the 
video which did not apply the cross-layer algorithm had 
severe loss of image quality through wireless network 
transmission, and besides fuzzy picture, there was also a 
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lot of mixed color in pixels, which further intensified the 
ambiguity of video; the video which applied the tradi-
tional cross-layer algorithm had significantly improved 
picture quality than the video which did not apply the 
cross-layer algorithm after wireless network transmission, 
and there was no obvious interference of mixed color, alt-
hough the picture was fuzzy; the video which applied the 
improved cross-layer algorithm had further improvement 
of picture quality, clear picture and no interference of 
mixed color compared with the other two videos. 

 
Fig. 7. The effect of videos transmitted under the conditions 

when the cross-layer algorithm was not used 

 
Fig. 8. The effect of videos transmitted when the traditional 

cross-layer algorithm was used 

 
Fig. 9. The effect of videos transmitted when the improved 

cross-layer algorithm was used 

The experiment of each algorithm was carried out for 
3 hours, and the corresponding video data was recorded 
and averaged. The results are shown in Table 2. In the 
established real wireless simulation network, the cross-
layer algorithm was not used, only relying on 802.11 
protocol, the packet delivery rate of video transmission 
was 85.4 %, peak signal to noise ratio was 24.6db, and 
the throughput was 33.2 bps/frame; when the traditional 
cross layer algorithm was used based on 802.11 protocol, 
the packet delivery rate of video transmission was 95.3 %, 
packet delivery rate was 39.7 db, and throughput was 
44.5 bps/frame; when the improved cross-layer algorithm 
was used based on 802.11 protocol, the packet delivery 
rate of video transmission was 98.9 %, the packet deliv-
ery rate was 40.8db, and throughput was 48.2 bps/frame. 
It was seen from Table 2 that the packet delivery rate, 
peak signal to noise ratio and throughput of video which 
applied the cross-layer algorithm under the same trans-
mission protocol were significantly improved in the 
wireless network, and the wireless network which ap-
plied the improved cross-layer algorithm. 

Tab. 2. The average evaluation indicators of video transmission 
under the conditions when the cross-layer algorithm was not 
used, the traditional cross-layer algorithm was used, and the 

improved cross-layer algorithm was used 

Evaluation in-
dicator 

The cross-layer 
algorithm was 

not used 

The tradi-
tional cross-
layer algo-
rithm was 

used 

The im-
proved 

cross-layer 
algorithm 
was used 

Package deliv-
ery rate % 

85.4 95.3 98.9 

Peak Signal to 
Noise Ratio/dB 

24.6 39.7 40.8 

Throughput 
bps/frame 

33.2 44.5 48.2 

Conclusion 

This paper briefly introduced the cross-layer transmis-
sion of video in wireless network and the cross-layer opti-
mization algorithm used for improving video transmission 
quality and improved the traditional cross-layer algorithm. 
Then, the two cross-layer algorithms are simulated and ana-
lyzed on MATLAB software. The results are as follows: (1) 
in wireless network, with the increase of the SINR of re-
ceiving user, the packet delivery rate of video transmission 
under the two cross-layer optimization algorithms showed 
an upward trend and tended to be stable after 16 dB; the 
packet delivery rate under the improved cross-layer algo-
rithm was significantly higher than that of the traditional 
cross-layer algorithm, which was 1.34 % higher when it was 
basically stable; (2) with the increase of the SINR of the re-
ceiving user, the peak signal to noise ratio of video trans-
mission under two cross-layer optimization algorithms 
showed an upward trend and tended to be stable after 18 
dB; the peak signal to noise ratio of the improved cross-
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layer algorithm was obviously higher than that of the tradi-
tional cross-layer algorithm, which was 2.52 % higher when 
it was basically stable; (3) with the increase of the SINR of 
the receiving user, the downlink throughput of the video 
transmission under the two cross-layer optimization algo-
rithms showed a linear growth trend; the throughput of the 
improved cross-layer algorithm was significantly higher 
than that of the traditional cross-layer algorithm, with an in-
crease of about 8.93 %; (4) in the established real wireless 
network, the package delivery rate, peak signal to noise ra-
tio and throughput of the video which applied the cross-
layer algorithm was significantly improved, and the 
wireless network which applied the improved cross-layer 
algorithm improved more. 
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