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Optimization-Based Fragmental Transmission Method for Video Data
in Opportunistic Networks

Peng Li, Xiaoming Wang�, Junling Lu, Lichen Zhang, and Zaobo He

Abstract: Multimedia data have become popularly transmitted content in opportunistic networks. A large amount

of video data easily leads to a low delivery ratio. Breaking up these big data into small pieces or fragments is

a reasonable option. The size of the fragments is critical to transmission efficiency and should be adaptable

to the communication capability of a network. We propose a novel communication capacity calculation model

of opportunistic network based on the classical random direction mobile model, define the restrain facts model

of overhead, and present an optimal fragment size algorithm. We also design and evaluate the methods and

algorithms with video data fragments disseminated in a simulated environment. Experiment results verified the

effectiveness of the network capability and the optimal fragment methods.

Key words: opportunistic network; communication capabilities; fragment; video data

1 Introduction

For the past few years, wireless communication

has undergone rapid development. Phones, tablets,

and reading tools connect to networks wirelessly.

With the promotion and popularization of wireless

communication terminals, researchers have proposed

many methods to create a self-organized network

without an infrastructure, such as Mobile Ad hoc

NETwork (MANET). MANET is a network topology

that can automatically establish a connection through

wireless communication components between nodes.

However, before the data are transmitted between

traditional MANET nodes, end-to-end routing needs
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to be established to forward data packets according

to the routing table. An issue is that, in actual

applications, networks may not be connected all the

time because of the movement of nodes, the closure

of radio, or obstacles to radiation. Delay/disruption-

Tolerant Networks (DTN) is a network that connects

nodes occasionally and periodically without needing to

establish end-to-end connection and disseminate data

by joining mobile nodes. Opportunistic Networks (ON)

were developed based on MANET and DTN[1]. ON

is a new network model that does not need a firm

link between the source and the destination nodes.

It transfers information from one node to another

when the nodes are encountered opportunistically and

make contact. Moreover, ON uses a storing-carrying-

forwarding routing model to communicate with other

nodes. As a novel network model, ON has adapted

to a large number of practical applications for on-site

wireless communication. Many related studies have

been conducted to determine the effective methods

of satisfying node communication requirements[2].

In the age of big data, when everyone wishes to

produce, process, and share data, ON has an important

application value in many fields.

Another point we should focus on is that large

amounts and various types of heterogeneous data
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resources continuously maintain a high-speed growth

among networks. The increasing data include many

multimedia types, such as image, audio, and video.

The Cisco Visual Networking Index[3] shows that the

average amount of traffic per smartphone in 2016 was

1614 MB per month. The increase in the amount of

data has greatly enriched and satisfied the interactive

requirements of users. However, large-scale data takes

up a considerable amount of network resources when

they are transmitted through new-generation cellular

networks, thereby significantly increasing network

communication costs when users enjoy 4G or 5G high-

speed bandwidth[4].

Smart-phone users or users of other mobile terminals

take photos and short videos and then share them

with other nodes in the network space or their social

network[5]. When WLAN is unavailable or the mobile

flow cost is unaffordable, transmitting video data

is difficult. Related research[6, 7] has shown that the

number of strong connections between social network

nodes is limited, and the strongest connection nodes

often stay in the same activity area, which is frequently

the expected data sharing range. Considering this

circumstance, direct sharing between nodes becomes

a choice[8]. However, given the limited transmission

bandwidth between nodes, video data may not be

transferred completely at one time in an opportunistic

connection. When the communication is dropped,

previously transmitted data may become unavailable, or

contain only a part of the beginning of the video, which

cannot be shared with other related nodes[9]. Frequent

unsuccessful transmission will result in considerable

energy consumption of the nodes. How frequent

interruptions between nodes can be overcome and how

large-scale data can be transmitted effectively in a more

pervasive or spontaneous manner without affecting

human activities have become essential problems.

The main contributions of this study are summarized

as follows: First, we define a general ON node

movement and communication model without a fixed

communication infrastructure. Second, in Random

Direction (RD) mobile model conditions, we utilize

mathematic and probability theory to convert regular

and obvious parameters into essential features of ON

transmission capacity, such as expected communication

duration and average expected communication

frequency. Third, based on the above-mentioned

key features, we propose a fragment size analysis

and calculation method in which an optimal fragment

size is deduced. If video data in a source node are

divided into several fragments with the optimal size,

then the shortest transmission time and best efficiency

can be achieved. Finally, simulation experiments are

conducted to verify the proposed approach.

The paper is organized as follows: In Section 2

we survey the state-of-the-art works on ON, especially

on the topic of network communication capability

evaluation and large content data transmission. In

Section 3, we establish a basic model for dynamic data

transmission in ON and analyze the key problems to be

solved. In Section 4, based on the mathematical and

probabilistic method, we create a calculable framework

for ON communication capacity in the RD mobile

model. In Section 5, we analyze the relationship

between fragment size and transmission efficiency.

We also propose an optimal fragment size calculation

algorithm. In Section 6, we conduct an experiment and

verification through simulation of the above models and

methods. The paper is summarized in Section 7.

2 Related Work

Many novel research achievements have been made

with regard to ON, which is a new research area.

Such achievements include mobile modeling routing

scheduling energy or a cache management nodes

social feature analysis, and encryption security[10]. The

research content of this paper mainly addressed the

question of fragmented video data dissemination among

nodes.

Transmitting a video message during one-time

contact is difficult. A commonly used method is to

divide the data in the source node into several fragments

with the same size[11]. Each fragment is treated as a

separate message to be delivered between nodes. At the

destination node, all the fragments would be gathered

and merged into an integrated video data.

The network communication capacity needs to be

calculated to achieve effective video data transmission,

increase the disseminative efficiency, and improve

user experience between mobile nodes. Specifically,

how to quantify the basic and essential parameter

characteristics of ON is the main problem. Some

network parameters, such as mobile area, number

of nodes, and communication bandwidth, are easy

to obtain. However, some parameters are not fixed

values; rather, they change with time[12]. We usually

need to count the long-term parameter values and

analyze the distribution to determine the significant
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features[13], such as the contact duration between nodes

and node contact frequency. Multiple factors influence

node communications[14]. With the increase in the

node communication radius and the decrease in the

node mobile velocity, the contact duration will be

extended. Even if both characteristics are the same

during different contacts, whether the two contacts

have the same and fixed communication durations is

still uncertain because of the different entry angles[15].

Therefore, the mobile probability mode of nodes is

necessary to depict the mobile rules and to calculate the

expected contact duration and frequency.

Based on the fragment transmission framework,

some new approaches have been proposed. Lin et al.[16]

explored the effect of node velocity diversity on the

performance of mobile ONs while keeping the average

velocity of nodes consistent with each other. Their

findings indicate that greater node velocity diversity

always corresponds to a longer average communication

and fewer communications within the constant total

communication time. Furthermore, a node contact

analysis method was proposed. Based on their research,

they presented an entire node contact calculation

framework.

After determining the crucial characteristics of ON

capacity, another issue is fragment size[17]. Network

terminals produce various data with different sizes.

When these data are transmitted in the challenging

network, a firm delivery ratio is difficult to obtain.

For instance, data with a relatively small size could be

transmitted within a short amount of time at a specific

contact duration and frequency. By contrast, data with

a large size are difficult to transmit during one-time

contact because of the restricted connection duration

and bandwidth. Disruptions normally take place during

transmission. The partly delivered data cannot always

be used in the receiving node and are usually discarded

after a certain time. Moreover, the communication

between nodes fails.

Wang et al.[18] explored a general framework to

describe the random node mobility, and derived a new

contact rate between nodes, which is closely related

to mobility properties of nodes. Such opportunistic

networks rely on wireless communication to support

a decentralized model of communication where nodes

can store, carry, and forward data directly to others.

Belblidia et al.[19] investigated the issue of piece size

selection. They theoretically defined the global goodput

of the system that defines the tradeoff between the size

of the shortest contact that can be considered useful and

piece overhead. Then, they presented the design and

evaluation of the prevalence-aware content spreading

method and selected pieces to transfer based on their

popularity. Their results showed the effectiveness of the

methods when the nodes were distributed intensively.

Belblidia et al.[20] also designed a specific protocol

called EPICS to quickly exchange large content in

ONs. By using gray relational analysis, EPICS can

balance the distribution of content with different sizes

and creation times, thereby providing fairer delay

distribution and faster dissemination.

Pan et al.[21] proposed a transmission scheme to help

social selfish nodes to forward multimedia messages

to other nodes. In the proposed scheme, priority is

given to a message according to the cooperation degree.

Afterwards, a cache management strategy is applied to

guide nodes to select other better nodes as their relays.

The research focused on the users social attribute of the

node and also discussed the multimedia data processing

method.

The above studies indicate the importance of

fragment size. In addition, we argue that the fragment

size must adapt to the communication capacity of

ON, especially according to the majority nodes contact

duration and transmission bandwidth.

To address the above-mentioned problem, video data

could be divided into fragments with the same small

size. After a period delay, the destination node receives

all fragments and then combines them into a complete

video content. How to calculate the capacity of ON and

how to determine the optimal fragment size are thus the

key problems in video data transmission. Therefore, a

calculable model of ON is needed.

3 Network Model Definition

Maintaining end-to-end paths in ON to communicate

between nodes is unnecessary. Such communication

relies on the mobile opportunities of nodes to build a

self-organized network to transmit data from one node

to another. Figure 1 shows an illustration of ON. The

source node S intends to transmit data to the destination

node D at t1 time, but S and D are located in different

domains without a communication path. Therefore, S

packs the data into a message and sends it to neighbor

node 3. Considering that node 3 does not have a suitable

opportunity to forward data to the next-hop node, it

keeps the message in the local storage and waits for a

transmission opportunity. After a period of time, node
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Fig. 1 Illustration of ON.

3 has the opportunity to move into the area where node

4 is located at time t2. Then, the message is forwarded

to node 4. At time t3, node 4 transmits the message

to destination node D. Finally, data transmission is

completed.

Based on the ON transmission process, we

define some terms to model the ON accurately

and study the research strategy to improve the

opportunistic communication quantitatively. N D fN0;

N1; :::; Nn�1g is the set of the nodes in ON, and each

node can move in the same specified scenarios. We also

assume that each node has the same structure, mobile

velocity, amount of energy reserves, buffer space, and

communication range and that each node has enough

energy to maintain the communication and mobile

activities within a specified time. The related variables

and parameters are shown in Table 1.

The scene of node movement and information

transmission is shown in Fig. 2.

Considering the nodes are moving with the RD

mobile model, each node moves in an RD and with

the same velocity in scene s. When the distance

between any two nodes is less than the radius of

the communication range, the communication begins

and the data may be transferred. When the data

are relatively large, successful one-time transmission

Table 1 Defined variables in ON.
Variable Definition

s Nodes mobile area

N Node

n Number of nodes

T Total simulation time

R Communication radius of node

V0 Node movement velocity

B Communication bandwidth between nodes

tave Expected contact duration of nodes

C Expected contact times of all nodes

F Nodes contact frequency

cave Expected contact times between two nodes

M Video data size

m Size of video data fragment

N
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Fig. 2 Scenario of node movement.

is difficult. Frequent failures result in low delivery

efficiency. Thus, quantifying the communication

capacity based on the definition of ON is important.

4 Contact Duration Analysis and
Calculation

4.1 Relative movement analysis method

As defined above, N mobile nodes move with the RD

model in scene s within the time duration T . All nodes

move in an RD and at a steady velocity V0. In the

mobile process, nodes do not stop, rather, they change

their directions intermittently, thereby ensuring contact

and communication among nodes in accordance with

the contact opportunities.

To quantitatively describe the contact duration, we

select a specific node, such as N0 to simplify the

problem. Node N0 could be regarded as a relatively

stable node. Accordingly, other nodes move at a

relative velocity between 0–2V0 in scene s. Within

the communication range of node N0, other nodes

always enter and leave. When all nodes are moving

in a sufficiently large scene, the movements of other

nodes, such as Ni could be approximately regarded as

a straight line in the communication range of N0, as

shown in Fig. 3.

Circle N0 denotes the communication range of node

R

N
0

B

x

A

N
i

Fig. 3 Calculation of contact duration.
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N0, and segment AB denotes the moving path of

node Ni within the communication range of N0.

Segment AB intersects circle N0 at a random angle and

position, there is always a line x located at the radius

perpendicular to AB . Now, the location and direction

of AB are random. Thus, the length of x is between

0 � R and has a uniform distribution.

4.2 Expected length of segment AB

When the scene s runs for a certain time, the node

contact duration presents a stable statistical feature, for

the known x � U .0; R/.

AB D 2
p

R2 � x2 (1)

The lengthen expectation of line AB is calculated as

follows:

E.AB/ D
C1Z

�1
2
p

R2 � x2 � f .x/dx D

RZ
0

1

R
� 2

p
R2 � x2dx D

2

R

RZ
0

p
R2 � x2dx D

2

R

�
R2

2
arcsin

x

R
C x

2

p
R2 � x2

�R

xD0

D
 R

2
(2)

4.3 Expected relative velocity calculation

The absolute values of the velocities of nodes N0 and

Ni are the same as that of V0. The movement direction

of the two nodes are random during the contact.

The relative velocity of the two nodes is calculated as

follows:

V0i D
q

V 2
0 C V 2

0 �2V 2
0 cos� D

p
2.1 � cos �/ � V0;

s.t. 0 � � �   (3)

Given that we know the relative velocity of the nodes,

the contact duration of N0 and Ni is

t0i D AB

V0i

D 2
p

R2 � x2p
2.1 � cos �/ � V0

;

s.t. 0 � x � RI 0 � � �   (4)

where � is the mobile direction angle of N0 and Ni .

When � tends to zero, the nodes of N0 and Ni are

relatively static, the contact duration tends to be C1

or to the whole running time T . The contact duration

of the two nodes is shown in Fig. 4, the range of � is

limited to .0:2;  /.

Before calculating the expected value of relative

velocity, we first need to analyze the probability density

function of � . Assuming that N0 moves in an RD �1,

�1 � U .0; 2 /, and Ni moves for �2, �2 � U .0; 2 /,

the moving direction angle is � D �1 � �2.

Let � 0
2 D �2, then � 0

2 � U .�2 ; 0/, and the density

function is

f 0
2.�2/ D

8<
:

1

2 
; �2  < �2 < 0I

0; otherwise
(5)

� D �1 C � 0
2, then the density function of �1 is

f1.�1/ D
8<
:

1

2 
; 0 < �1 < 2 I

0; otherwise
(6)

The probability density function of � is

f .�/ D
1Z

�1
f1.�1/f 0

2.� � �1/d�1 (7)

The non-zero area of f1.�1/f 0
2.� � �1/ is(

�1 2 .0; 2 /;

� � �1 2 .�2 ; 0/
(8)

Therefore,

f .�/ D
8̂̂̂
ˆ̂̂̂̂̂
<
ˆ̂̂̂̂̂
ˆ̂̂:

�C2 Z
0

1

4 2
d�1 D 1

4 2
.� C 2 /; �2  < � � 0I

2 Z
�

1

4 2
d�1 D 1

4 2
.2  � �/; 0 < � < 2 I

0; otherwise

(9)

Then, we calculate the expected relative velocity of
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Fig. 4 Distribution of contact duration between two nodes.
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two nodes:

E.V0i / D
1Z

�1
V0

p
2.1 � cos �/ � f .�/d� D

0Z
�2 

V0

p
2.1 � cos �/ � 1

4 2
.� C 2 /d�C

2 Z
0

V0

p
2.1 � cos �/ � 1

4 2
.2  � �/d� D

4

 
� V0 (10)

Obviously, the expected relative velocity of any two

nodes is only in accordance with the known value V0,

because of the randomness of N0.

Probability density function of velocity angle is

shown in Fig. 5.

4.4 Expected contact durations and frequencies

Based on the above calculations, the expected contact

duration is

tave D E.AB/

E.V0i /
D

 R
2

4
 

� V0

D  2R

8V0

(11)

The expected contact duration is influenced by node

communication radius and moving velocity, whose

distribution is shown in Fig. 6.
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Fig. 5 Probability density function of velocity angle.
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Fig. 6 Distribution of expected contact duration.

Aside from contact duration, contact frequency

is another crucial parameter that can depict the

communication capacity. Contact frequency affects the

delivery delay in a fragmented transmission scenario.

Data transmission in ON relies on communication

opportunities. Increasing the communication

opportunities between nodes can effectively shorten

transmission delay. A qualitative analysis of the higher

velocity of the moving nodes indicates that having more

nodes corresponds to a larger node communication

radius and thus more communication opportunities.

Specifically, during the scenario running period T ,

node N0 is still assumed to be relatively stable. Then,

any specified node such as Ni is either inside or outside

the communication range of N0. In the long run, the

locations of Ni in scene s have a uniform random

distribution. Thus, some parts of the Ni ’s mobile traces

are included in the range of N0, others are not, and

the distribution probability is identified with the rate

of the two areas. The average values of the cumulative

communication durations between Ni and N0 are as

follows:

t 0
0i D T �   � R2

s
(12)

And we could calculate the cumulated communication

times between N0 and Ni based on the result of contact

duration and total contact duration.

c0
ave D t 0

0i

tave

D
T �   � R2

s
 2R

8V0

D 8V0 � T � R

  � s
(13)

Both N0 and Ni are all randomly selected nodes. If

there are N nodes in the scene, the global contact times

expectation can be deduced as follow:

C D 4n � .n � 1/ � V0 � T � R

  � s
(14)

The contact frequency is

F D 4n � .n � 1/ � V0 � R

  � s
(15)

Based on the above possibility analysis and

calculation, we obtained the key parameters that can

accurately depict the communication capacity of ON.

5 Confirmation of Data Fragment Size

As explained above, neither an excessively large

fragment nor a small one will result in high transmission

efficiency in ON. We argue that the optimal fragment

size should match the ON’s communication capacity
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and features well. Obtaining the optimal fragment

size is necessary. The transmission bandwidth of two

nodes is an important factor that affects fragment size.

Combined with the expected contact duration, we can

define the suitable size of fragments as follows:

m D ˛ � tave � B; s.t. 0 < ˛ � 1 (16)

where tave is the expected contact duration, B is

the transmission bandwidth, and ˛ is the adjust

coefficient. When ˛ D 1, approximately half of the

communication opportunities cannot be used, and in

the other communication opportunities, at least one

fragment could be transmitted during contact. During

one time contact duration, the last-remaining duration

that is less than tave will also not be used. Theoretically,

a smaller fragment corresponds to a higher utility that

will be gained.

However, large scales of small fragments cause low

calculation efficiency of routing algorithms or schedule

algorithms, thereby resulting in low communication

efficiency. Label information needs to be added to each

fragment. With regard to the video data, the label may

be of a considerable size compared with the fragment,

because they have to contain the new head part of the

fragment media.

The video data could be separated into a number

of fragments with the same size before transmission

without producing a fragments new head file if all

the fragments could be received and gathered in the

destination nodes. If any number of the fragments

is missing, then the original video file cannot be

reconstructed, especially for compressed data, which

are now used widely. Attaching every head file in each

fragments label information is a necessary procedure

to ensure that the incomplete fragments could be

reassembled and played by users in the destination

nodes even though some parts of the video are lost.

Rich label information is contained in every

fragment, such as the IDs of the video file, fragments,

source node, destination node, the start and end times

of the video fragment, lifetime size of the video,

and fragment coding and compression information.

Obviously, excessively small fragments mean an

excessively larger number of fragments, thereby

resulting in a large amount of label information, high

overhead, and low dissemination ratio. Therefore, we

built the network goodput calculation model to analyze

the optimal fragment size.

Let h be the size of label information, and m be the

original fragment data size. Thus, the new fragment size

is h C m. When the bandwidth is completely used, the

actual goodput is

�i D B � m

m C h
D B �

�
1 � h

m C h

�
(17)

When the data size m declines, the label information

proportion is increased, thereby resulting in a low

goodput ratio. Consequently, the actual global goodput

ratio is

� D .tave�t 0/ � C � B

T
� m

m C h
D�

 2R

8V0

� .m C h/

2B

�
� 4n � .n � 1/�

V0 � T � R

  � s
� B

T
� m

m C h
D

n � .n � 1/ �  R2 � B

2s
�
�

1 � h

m C h

�
�

2n.n � 1/ � V0 � R � m

  � s
D

n � .n � 1/ �  R2 � B

2s
�

n � .n � 1/ �  R2 � B

2s
� h

m C h
�

2n.n � 1/ � V0 � R

  � s
� m (18)

To obtain the maximum global actual goodput, we

calculate the derivative of �, and let it equal 0. Thus, we

could obtain the optimal size of fragment data m.

� 0D�n � .n � 1/ �  R2 � B

2s
� h � .�1/ �

1

.m C h/2
�2n.n � 1/ � V0 � R

  � s
D 0 (19)

2n.n � 1/ � V0 � R

  � s
D

n � .n � 1/ �  R2 � B � h

2s
� 1

.m C h/2
(20)

m D  

2
�
s

R � B � h

V0

� h (21)

So far, we have built the communication capacity

calculation model of ON and optimal algorithm of

fragment size in fragmented dissemination based on the

RD mobile model. We expect the methods are certified

and are able to bring high delivery efficiency in ON

transmissions. So, we carry out the experiments in

simulation circumstance.
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6 Simulation-Based Evaluation

We present the simulation-based evaluation of network

communication capacity calculation and the optimal

fragment size analysis below.

Based on the Opportunistic Network Environment

(ONE) simulator, the network capacity and the optimal

fragment size algorithms are used, and the simulation is

completed.

6.1 Verification of expected contact duration and
time

In the first part of the experiment, we verified the

network capacity calculation. The proper value of the

parameters needs to be set initially. We can use the ONE

simulator to build a similar scene for verification. The

default setting of basic parameters is shown in Table 2.

Some parameters will change in specific experiment.

We ran the simulator based on the parameters, built

the corresponding scene, and obtained every specific

node communication log which includes the contact

duration information. We also calculate the related

values of contacts by using algorithms. We compare the

simulation value with the algorithm value for expected

contact duration in Table 3, and the total expected

contact time is shown in Table 4.

The figures indicate that the algorithm values are

very close to the corresponding simulation results of

all six experiments. Given the randomness of every

specific experiment, there also exist some minimal

differences between the reasonable values in a small

range. Another situation needs to be explained. The

total contact time represents the times during which

the nodes move into each other’s communication range.

Table 2 ONE simulator configuration in default.

Parameter Value

Node movement area s D 250 000 m2

Number of nodes n D 100

Node communication radius R D 10 m

Node mobile velocity V0 D 1 m/s

Communication bandwidth B D 250 kbps

Source node number 1

Destination node number 1

Data size M D 1 MB

Node mobile model RD

Routing algorithm Epidemic

Total time 4000 s

Table 3 Contact duration verification.

Node

radius (m)

Node

velocity (m/s)

Contact duration (s)

ONE Algorithm in this paper

10 1 13.08 12.34

10 5 3.32 2.47

10 10 2.17 1.23

5 1 6.58 6.17

5 5 1.37 1.23

5 10 0.62 0.62

Table 4 Contact time verification.

Node

radius (m)

Node

velocity (m/s)

Contact duration (s)

ONE Algorithm in this paper

10 1 2127 2̇016

10 5 10 127 10 084

10 10 20 432 20 168

5 1 1104 1008

5 5 5045 5042

5 10 10 247 11 102

We assume that the communication begins as soon as

they enter each other’s range. However, in practical

applications, communication appliances in some nodes

are unable to support multi-communication with certain

nodes synchronously. In this case, the total contact time

may be less than the algorithm values at some special

parameter settings.

6.2 Verification of optimal fragment size

The second part of the experiment involves verifying the

optimal fragment size. We defined a serial configuration

of the ONE simulator as the key parameter that includes

the communication radius R D 10 m, bandwidth B D
128 KB/s, the node velocity V0 D 1 m/s, and the label

information size h D 1 MB. Also, we assume that three

types of data with sizes of 8, 32, and 128 MB should

be disseminated. With this configuration, the factors

that affect the optimal fragment size calculation in the

algorithm are all constant. We can compare the known

optimal size with several manually defined fragment

sizes to verify our proposed method. We split the big

data into fragments in the range of 2 KB to 32 MB to run

the simulator. All the fragments are attached with label

information with the same sizes (1 MB). The simulation

running time is sufficiently long and is mainly 10 000 s.

The statistics of delivery delay at different data and

fragment sizes are shown in Figs. 7 and 8.
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From the figures we can conclude that the delivery

delays vary with different routing algorithms. Some

routing algorithms are less aware of excessively small

fragments such as Spray and Wait, whereas others are

not. However, all the routing algorithms are aware of

the larger fragments. When the fragment size is outside

a reasonable range, the delay increases dramatically.

The optimal fragment size could be easily calculated

with certain constant parameters. In these experiments,

the optimal size result could be deduced using Eq. (21).

The value is 252:3 KB, which is always located at the

position of low delivery delay and high delivery ratio.

7 Conclusion

In this paper, we analyze the challenges of video data

transmitted in ON. Given intermittent communication,

video data may not be delivered during most contact

opportunities of nodes. Fragment transmission is

reasonable as long as we obtain the contact features

or communication capacity first. Therefore, we propose

a novel communication capacity calculation model of

ON based on the classical RD mobile model. Then,

we observe that different fragment sizes represent

different delivery delays, and that the video fragments

should include the additional head-part. We define the

restrain facts model of overhead and present an optimal

fragment size algorithm. Finally, we design, implement,

and evaluate the methods and the algorithms in a

simulated ON. Experiment results show that the contact

duration and total contact times analyzed from the log

are all in accordance with the expected contact duration

and times calculated from the algorithms. The optimal

fragment size is located at the optimal position of the

fragment size sequence.

In the future, we will conduct further analysis of other

mobile models and intend to propose effective routing

algorithms at different types of fragment delivery or

for heterogeneity analysis of fragments. We will

also explore social relation nodes in certain mobile

communication areas.

Acknowledgment

The authors would like to thank Tengjiao Zhu and

Dan Zhang for their help. This work was supported

by the Shaanxi Natural Science Foundation Research

Plan (No. 2015JQ6238), the China Scholarship Council,

the National Natural Science Foundation of China

(Nos. 61373083 and 61402273), the Fundamental

Research Funds for the Central Universities of China

(No. GK201401002), the Program of Shaanxi Science and

Technology Innovation Team of China (No. 2014KTC-

18), and the 111 Programme of Introducing Talents of

Discipline to Universities (No. B16031).

References

[1] P. Yuan, L. Fan, P. Liu, and S. Tang, Recent progress

in routing protocols of mobile opportunistic networks:

A clear taxonomy, analysis and evaluation, Journal of
Network and Computer Applications, vol. 62, no. 1, pp.

163–170, 2016.

[2] H. Yoon, J. Kim, and R. Hsieh, Peer-assisted video

ondemand streaming system in practical wifi-based mobile

opportunistic networks, Journal of Network and Computer
Applications, vol. 37, pp. 33–44, 2014.

[3] Cisco visual networking index: Global mobile

data traffic forecast update, 20162021 White Paper,

http://www.cisco.com/c/en/us/solutions/collateral/service-

provider/visual-networking-index-vni/mobile-white-paper-

c11-520862.html, 2017.

[4] S. Batabyal and P. Bhaumik, Analysing social behaviour

and message dissemination in human based delay tolerant

network, Wireless Networks, vol. 21, no. 2, pp. 513–529,

2015.

[5] Z. Duan, M. Yan, Z. Cai, X. Wang, M. Han, and

Y. Li, Truthful incentive mechanisms for social cost

minimization in mobile crowdsourcing systems, Sensors,

vol. 16, no. 4, pp. 481– 493, 2016.

[6] M. Han, M. Yan, Z. Cai, and Y. Li, An exploration

of broader influence maximization in timeliness networks

with opportunistic selection, Journal of Network and
Computer Applications, vol. 63, pp. 39–49, 2016.

[7] P. Ginzboorg, V. Niemi, and J. Ott, Message fragmentation

for a chain of disrupted links, Computer Communications,

vol. 48, pp. 84–97, 2014.

[8] Q. Zhao, L. Xu, and Y. Mao, Service-oriented wireless

multimedia multicasting with partial frequency reuse,

Tsinghua Science and Technology, vol. 21, no. 6, pp. 598–

609, 2016.

[9] Y. Wu, S. Deng, and H. Huang, Performance analysis of

multi-frame message spreading in delay tolerant networks,

Communications in Nonlinear Science and Numerical
Simulation, vol. 18, no. 12, pp. 3469–3480, 2013.

[10] D. Wu, D. Zhang, G. Tan, L. Sun, J. Li, and J. Liu,

Improvement and performance evaluation for multimedia

files transmission in vehiclebased DTNs, International
Journal of Distributed Sensor Networks, vol. 2013, pp. 1–

10, 2013.

[11] Z. Li and P. Wu, Intermittent geocast routing in urban

vehicular delay tolerant networks, Tsinghua Science and
Technology, vol. 21, no. 6, pp. 630–642, 2016.

[12] Y. Huang, M. Chen, Z. Cai, X. Guan, T. Ohtsuki, and Y.

Zhang, Graph theory based capacity analysis for vehicular

Ad Hoc networks, in IEEE Global Communications



Peng Li et al.: Optimization-Based Fragmental Transmission Method for Video Data in Opportunistic Networks 399

Conference (GLOBECOM), San Diego, CA, USA, 2015,

pp. 1–5.

[13] Z. Cai, Y. Duan, and A. G. Bourgeois, Delay efficient

opportunistic routing in asynchronous multi-channel

cognitive radio networks, Journal of Combinatorial
Optimization, vol. 29, no. 4, pp. 815–835, 2015.

[14] L. Zhang, Z. Cai, and X. Wang, Fakeit: Privately releasing

user context streams for personalized mobile applications,

IEEE Transactions on Network and Service Management,
vol. 13, no. 2, pp. 289–330, 2012.

[15] Z. He, Z. Cai, and X. Wang, Modeling propagation

dynamics and developing optimized countermeasures for

rumor spreading in online social networks, in IEEE
35th International Conference on Distributed Computing
Systems (ICDCS), Columbus, OH, USA, 2015, pp. 205–

214

[16] Y. Lin, X. Wang, L. Zhang, P. Li, D. Zhang, and S. Liu, The

impact of node velocity diversity on mobile opportunistic

network performance, Journal of Network and Computer
Applications, vol. 55, pp. 47–58, 2015.

[17] P. Thulasiraman and W. Kevin, Topology control of

tactical wireless sensor networks using energy efficient

zone routing, Digital Communications and Networks, vol.

2, no. 1, pp. 1–14. 2016.

[18] X. Wang, Y. Lin, Y. Zhao, L. Zhang, J. Liang, and Z. Cai, A

novel approach for inhibiting misinformation propagation

in human mobile opportunistic networks, Peer-to-Peer
Networking and Applications, vol. 10, no. 2, pp. 1–18,

2016.

[19] N. Belblidia, M. D. De Amorim, L. H. M. Costa, J.

Leguay, and V. Conan, Part-whole dissemination of large

multimedia contents in opportunistic networks, Computer
Communications, vol. 35, no. 15, pp. 1786–1797, 2012.

[20] N. Belblidia, M. Sammarco, L. H. M. Costa, and M.

D. de Amorim, Epics: Fair opportunistic multi-content

dissemination, IEEE Transactions on Mobile Computing,

vol. 14, no. 9, pp. 1847–1860, 2015.

[21] D. Pan, H. Zhang, W. Chen, and K. Lu, Transmission of

multimedia contents in opportunistic networks with social

selfish nodes, Multimedia Systems, vol. 21, no. 3, pp. 277–

288, 2015.

Peng Li received the PhD degree from

Beijing Normal University in 2010 and

the MS degree from Northwest University

in 2007. He is now doing research and

teaching work in School of Computer

Science at Shaanxi Normal University. He

is also a visiting scholar at Georgia State

University in USA. His research interest

includes wireless sensor networks, multimedia analisys, and

mobile social networks.

Junling Lu recieved the PhD degree

from Shaanxi Normal University in 2013

and the MS degree from Northwestern

Polytechnical University in 2003. He is

now doing research and teaching work in

School of Computer Science at Shaanxi

Normal University. His research interest

includes privacy preservation and wireless

networks.

Zaobo He is now a PhD student at

Georgia State University, studying security

and privacy. He received the MS degree

from Shaanxi Normal University, China

in 2014, and the BS degree from Yanan

University, China in 2011. He interests in

privacy preserving, particularly in privacy

preserving for big data. He also studies big

data aggregation and capacity analysis for wireless networks.

Xiaoming Wang received the PhD degree

in computer theory and software from

Northwest University, China, in 2005.

He is currently a professor with School

of Computer Science, Shaanxi Normal

University, and he was a research professor

(visiting scholar) from 2007 to 2008

at Georgia State University, USA. His

current research interests include network security, access

control, pervasive computing, wireless sensor network, workflow

management system, and system dynamics. His research has

been supported by the National Science Foundation of China

(NSFC), Key Research Project of Ministry of Education

of China. He has authored and coauthored more than 40

publications in journal, books, and international conference

proceedings.

Lichen Zhang received the PhD degree

and the MS degree from Shaanxi Normal

University, China in 2011 and 2005,

respectively. He is currently an associate

professor with the School of Computer

Science, Shaanxi Normal University. He

was a visiting scholar with the Department

of Computer Science, Georgia State

University, USA, from 2013 to 2014. His main research areas

focus on networking and privacy preservation.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


		2017-07-19T18:18:50-0400
	Certified PDF 2 Signature




