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Abstract — The existing contour restoration methods assume the position of the known occlusion, and do not consider the human 
cognitive characteristics. To solve this problem, this paper proposes a new method of contour restoration. Firstly, the moving 
region detection template is obtained by bilateral weighted cumulative frame difference and block high order statistics algorithm in 
the time domain, which can improve the speed of the algorithm by using the time domain information. The following is then 
carried out: i) determine the curvature minimum as energy minimization criterion, the outline of the partial absence of repair, ii) 
corner contour shading, the corner points of the two curves the visible portion of the structure of two sparse matrix, iii) according 
to the scalability of the sparse matrix we construct the matrix of continuation and intersection, iv) determine the restoration angle 
point occluding contour. The simulation result indicates that our algorithm can reduce the packet loss probability of the user of 
wireless video transmission system and improve the throughput performance of the user under the precondition of ensuring the 
fairness among users and it can also meet the requirements for quality of service of video business. 
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I. INTRODUCTION 

With the constant and rapid development of mobile 
communication technology and yearly increase of the 
number of mobile subscriber, the demand for mobile 
business is increasingly improved. The third generation 
mobile communication system can not fully meet the 
demand of users. Therefore, the Third Generation 
Partnership Project (3GPP) is committed to the research of 
the evolution of LTE (long term evolution) as 3G system [1]. 
LTE supports two duplex modes: time division duplex 
(TDD) and frequency division duplex (FDD). TD-LTE uses 
the wireless access technology of Orthogonal Frequency 
Division Multiple Access (OFDMA) in the down link and it 
can be allocated to the user through sub-carrier in accordance 
with the user demand, current load and system configuration, 
thus improving the higher data rate and ensuring good 
system performance. 

As a kind of emerging access technology, LTE has faster 
rate, smaller delay and higher spectrum efficiency and can 
better meet the quality of service of video streaming business 
compared with 3G. Video streaming is one of the real time 
applications requiring 3GPP LTE system support. To ensure 
that it meets the requirements for quality of service of the 
video streaming users, its packet loss probability must be 
kept below a certain small threshold value and the data 
packet of the video streaming users shall be received within 
the threshold value of the delay of the users. Otherwise, it 
will be discarded and considered as lost data packet. At 
present, there are some different packet scheduling 
algorithms, such as three kinds of classical scheduling in 
Literature [2-4], including Maximum Carrier/Interference 
(Max C/I), Round Robin (RR) and Proportional Fair (PF), 
which do not consider the packet delay and are not suitable 
for real-time video streaming business. The EXP algorithm 
presented in Literature [5] considers the packet delay Head 
of Line (HOL) and improves the performance of real-time 

service. However, it does not have requirements for such 
service as Guaranteed Bit Rate (GBR). 

To improve the quality of service of the video streaming 
business and reduce the packet loss probability, a kind of 
video packet scheduling algorithm based on proportional 
fairness of delay first is presented. Firstly, it analyzes the 
allocation mechanism of resource block of the wireless video 
transmission system and introduces the compensation factor 
based on EXP algorithm and makes use of data packet delay 
information and instantaneous downlink channel condition of 
the users to improve the throughput of video streaming 
service and finally conducts the simulation experiment. 

II. RESOURCES SCHEDULING 

A. Working Process of Resource Scheduler 

The purpose of resource allocation and scheduling in 
LTE is mainly to reasonably allocate the system resources to 
different business demands of users through the design of 
packet scheduling algorithm, so as to solve the contradiction 
between the limited radio resource and rapidly increased user 
number and the higher demand for quality of service of the 
users. The resource scheduling in LTE system is completed 
with the resource scheduler, the function of which is to 
schedule a group of UE data on the physical resource sharing 
set and the abstract process is as shown in Fig. (1). In 
general, the scheduling algorithm uses channel state 
information and service measurement (capacity and priority) 
as the scheduling basis and they can be obtained through 
direct measurement of eNodeB and feedback. In addition, the 
scheduling algorithm is closely related to adaptive coding, 
scheduling scheme and retransmission protocol (HARQ). 
They are mainly reflected in the following aspects: 

(1) In addition to dynamic physical resource allocation, 
the channel measurement information is also used for the 
selection of the mode of adaptive coding and modulation. 
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The final coding and modulation scheme can be regarded as 
on of the output results of resource scheduling; 

(2) The queue dynamism influencing the throughput and 
delay of link mainly depends on the HARQ protocol and the 
size of transmission block. 

 

Fig. (1). Working process of resource scheduler 

B. Scheduling Algorithm 

Proportional Fairness (PF) Algorithm takes the sensitivity 
of channel quality and fairness issue among users into 
comprehensive consideration and it can get higher 
throughput on the basis of ensuring certain fairness. The 
scheduling priority formula is as follows: 
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instantaneous transmission rate of iUE  supported by the 

channel at time t; iR  is the average rate supported by the 
channel [5]. 

However, PF algorithm only applies to non real-time 
service and it ignores the requirements for quality of service 
of difference businesses and does not consider the data in the 
buffer queue of users. That is to say that is does not has delay 
constraint condition and can not meet the performance 
requirements of the video service with strict real-time 
requirement. 

Bell laboratory presents the EXP algorithm which is 
based on the delay equilibrium mechanism of proportional 
fairness scheduling and exponential weighting. The 
scheduling priority formula is as follows: 
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i

i
i 

 lg
  , i  represents the threshold value of delay of 

iUE  , i is the maximum probability for the iD of head-of-
line data packet to exceed the threshold value of delay; c and 
η are constant control parameters [7]. 

EXP algorithm makes use of the delay constraint of real-
time service and multi-user diversity gain to optimize the 
system capacity and conduct index treatment for the HOL 
packet delay in buffering queue of the base station. Its 
sensitive degree to delay is time-varying and the there is an 
exponential relationship between the real-time service 
scheduling priority and delay. Although EXP algorithm can 
better meet the scheduling requirement of real-time service, 
it can not effectively support the distinction of the quality of 
service (QoS) of business [8]. 

C. Improved Algorithm 

As the priority calculation formula of EXP algorithm 
mainly considers the delay requirements of service, it is 
suitable for the delay-sensitive service. However, it does not 
consider the GBR requirements of service. To solve the 
problem, the Thesis tries to modify the EXP algorithm based 
on the research on the above-mentioned algorithms and 
frequency domain packet scheduling of LTE to enable it to 
meet the GBR requirement of video streaming service. The 
main idea of the improved algorithm (EXP-GBR) is to 
restrict the user of the video streaming service or non video 
streaming service with low GBR rate so as to obtain more 
resource block and provide priority compensation for such 
services which do not meet the GBR requirement. The 
priority calculation formula of EXP-GBR algorithm is as 
follows: 
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is the GBR compensation factor; 

iR  represents the average rate supported by the channel; 
GBRi represents the minimum rate required by the video 
streaming service of user i. 

When the average rate iR of the video streaming service 
of a user is lower than the GBR required by its rate, the 

compensation of 
i

i

R

GBR
will be provided and the resource 

block will be allocated to the user video streaming services 
which do not meet the minimum rate requirement. For users 
which do not reach the GBR requirements of video streaming 
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services and demand for non-video streaming, the 
compensation factor is 1 and the priority is still calculated in 
accordance with the original algorithm formula. EXP-GBR 
algorithm not only makes full use of the advantages of EXP 
algorithm, but also considers ensuring the GBR requirements 
of video streaming services of the user through the restriction 
and addition of the compensation factor. 

III. SIMULATION EXPERIMENT 

A. Simulation Environment 

To test the performance of the algorithm in the Thesis, 
the programming language realizes the simulation 
experiment for C++ language programming. The whole 
system adopts the orthohexagonal honeycomb in which the 
position of t he user is random. Each community includes 
one eNodeB and multiple user ends (UE) and each user end 
is set to be the free movement model, the speed of which can 
be 3km/h and 120km/h and the bandwidth is bandwidth-50 
RB. Table 1. shows the basic parameters setting of 
simulation. The simulation analysis on the performance of 
PF algorithm, EXP algorithm and EXP-GBR algorithm is 
conducted from such aspects as throughput, user fairness and 
packet loss probability. 

TABLE 1. SIMULATION PARAMETERS 

Parameter name Parameter values 

Transmission bandwidth 10MHz 

Sub-carrier spacing 15kHz 

Transmission time interval (TTI) 1 ms 

Number of community 1 

Radius of community 1 km 

Movement speed of the user 3 km/h and 120km/h 

Movement pattern of the user Random Walk 

Modulation mode 
QPSK， 16QAM， 

64QAM

Frame structure TDD 

Scheduling type PF、EXP、EXP-GBR 

Transmission power on the users side 23 dBm 

Transmission power of the base station 46 dBm 

The minimum distance between the base 
station and user 35 m 

B. Results and Analysis 

The simulation result of throughput of PF algorithm, 
EXP algorithm and EXP-GBR algorithm under different 
service types is as shown in Fig. (2). The following 
conclusions can be obtained through the analysis of Fig. (2).: 

(1) When the user moves with low speed, the difference 
between the three algorithms is not significant and EXP-
GBR algorithm is slightly better than PF algorithm and EXP 
algorithm. 

(2) When the user number is small (5~10), the system 
throughput of Video service of three algorithms is basically 
the same. With the increase of user, the throughput of PF 
algorithm rapidly decreases which is mainly because that PF 

algorithm is non-real time scheduling algorithm; when the 
number of users with high-speed movement is too great and 
queuing time of data packet in MAC layer is too long, the 
subsequent data packet can not be transmitted, thus 
influencing the system throughput; when the number of user 
is relatively great, the throughput of EXP-GBR algorithm is 
higher than the business throughput of the other two 
algorithms because it has compensation for high GBR. 

(3) The gap in throughput of video streaming between 
EXP algorithm and EXP-GBR algorithm indicates that 
specific improvement shall be made when the EXP 
algorithm supports the service with GBR requirement of 
video streaming, especially the service with high GBR 
requirement. 

 

(a) Throughput when the user’s movement speed is 3km/h 

 

(b) Throughput when the user’s movement speed is 120km/h 

Fig. (2). Comparison of throughput of three scheduling algorithms 

The packet loss probability of PF algorithm, EXP 
algorithm and EXP-GBR algorithm is as shown in Fig. (3). 
The following conclusions can be obtained through the 
analysis of Fig. (3): 

(1) When the user’s movement speed is 3km/h: when the 
user number is small (5～30), the packet loss probability 
performances of three algorithms are basically the same; 
when the user number is greater than 30, the packet loss 
probabilities of EXP algorithm and EXP-GBR algorithm are 
obviously lower than that of PF scheduling algorithm and the 
EXP-GBR algorithm is better than EXP algorithm. 

(2) For users moving with high speed: when the user 
number is small (5～30), the performances of three 
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algorithms are basically the same; with the increase of user 
number, the packet loss probability of PF algorithm rapidly 
decreases and is much higher than that of the other two 
algorithms. Although the packet loss probabilities of EXP 
algorithm and EXP-GBR algorithm also increase, the packet 
loss probabilities of EXP-GBR algorithm is always lower 
than that of the other two algorithms. It is mainly because the 
comparing algorithm does not consider the priority of real-
time service while EXP-GBR algorithm provides higher 
priority for video streaming service. As a whole, EXP-GBR 
algorithm reduces the packet loss probability of service. 

 

(a) Packet loss probability when the user’s movement speed is 3km/h 

 

(b) Packet loss probability when the user’s movement speed is 120km/h 
Fig. (3). Comparison of Packet Loss Probability of Three Scheduling 

Algorithms 

The fairness of PF algorithm, EXP algorithm and EXP-
GBR algorithm is as shown in Fig. (4). The following 
conclusions can be obtained through the analysis of Fig. (4).: 

(1) With the increase of user number, the fairness of three 
scheduling algorithms basically stays the same; when the 
user number is 30~40, the fairness of PF algorithm rapidly 
decreases. 

(2) It can be seen that when the user number is small 
(5～30), the fairness indexes of three algorithms are 
basically the same; with the increase of user number, the 
performance of PF algorithm rapidly worsens while the 
performances of EXP algorithm and EXP-GBR algorithm 
change slowly; when the user number is 20~40, the fairness 
index of EXP-GBR algorithm is greater than the fairness 

index of EXP algorithm. As a whole, EXP-GBR algorithm 
ensures and improves the fairness of the system. 

 

(a) Fairness when the user’s movement speed is 3km/h 

 

(b) Fairness when the user’s movement speed is 120km/h 
Fig. (4). Comparison of fairness of three scheduling algorithms 

IV. CONCLUSION 

A kind of video packet scheduling algorithm based on 
proportional fairness of delay first is proposed. In this paper, 
two types of contour restoration methods are proposed, 
which are smooth contour and corner contour. The location 
of the occlusion can be determined automatically by the T 
node detection, which can solve the problem that the current 
profile repair method is assumed to be known. T type of 
node combination of constraints is proposed by Gestalt law, 
which is the basis of T type joints, can avoid the node 
combination due to an error caused by not suitable for visual 
perception to fix the problem. Corner contour occlusion 
using sparse matrix expansion of extension and intersection. 
It is not only suitable for restoration contour line or circle of 
regular objects, and for the natural scene of complex corner 
contour repair are proved to be effective. The experimental 
results verify the effectiveness of the proposed method. 
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