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Abstract

Aiming at the problems in service oriented real-time multimedia transmission, such as a long delay, frequent jitter
and low reliability, this paper proposes LD-RPath algorithm LD-RPath estimates the dynamic data volume on ser-
vice nodes and links through reasonable data volume approximation. And the data splitting technique is imported
to convert the node delay into the edge delay. In the mean time, the reliability of nodes is considered so that the
multimedia delivery problem is transformed into a conventional shortest path problem. The experimental simula-
tion results show that the algorithm is a kind of high efficient and reliable algorithm spending smaller complexity

achieving good path selection performance.
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1. Introduction

Real-time multimedia transmission system is
widely used in real-time monitoring system, video
conferencing and the others. However, with the de-
velopment of the mobile devices’ ability and wireless
communication technology, the traditional single net-
work environment gradually becomes heterogeneous
equipment and pervasive computing environment
made up of network. Multimedia transmission has
obvious differences with traditional file transmission,
the transmission of traditional file for transmission
delay, jitter is not too many requirements, but there
are strict error control and retransmission mecha-
nism. In the transmission of real-time multimedia
transmission, demanding synchronicity, and requires
small transmission delay. Multimedia transmission
can endure packet loss caused by the error and ab-
normal, can endure due to no retransmission or error
correction mechanism of packet loss or latency, but it
will not tolerate caused by error control mechanism
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based on retransmission display discontinuity or con-
fusion. In the pervasive environment, the difference
of different links’ transmission capacity is huge, and
in particular, wireless link bandwidth is smaller and
unstable; the difference of each node’s processing ca-
pacity is huge, and in particular, the mobile node’s
processing power is often weak. These features can
not ensure the reliability of real-time multimedia
transmission system.

Multimedia network transmission technology,
however, because of the multimedia compression,
compression and transmission problem not solve,
have not been able to achieve the ideal effect. In re-
cent years, multimedia communication technology

SOA uses the available service to build loose cou-
pling application. As the key technology of SOA, ser-
vice composition can combine independently distrib-
uted and available basic service to meet user’s com-
plex business requirements, which makes it adapt to
the pervasive computing environment. These charac-
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teristics help SOA use the existing distributed service
resources to dynamically build loose coupling multi-
media transmission system in pervasive environment.

In the service-oriented real-time multimedia trans-
mission system, a number of multimedia services de-
ploy in different nodes in the network beforehand.
These services can be divided into functional and
non-functional services. Features services meet the
functional requirements of users through subtitle’s
embedment, tags’ addition and codes’ conversion
and the other necessary processing for the source
information. Non-functional services can reduce the
amount of data transmission and reduce the time de-
lay of data transmission through media compression
and sampling, etc. In particular, for mobile users us-
ing wireless access, these non-functional services can
effectively improve the achieved services’ reliability
of users, but it has the function itself to deal with time
delay and reduce the multimedia video’s quality. The
function of the system is as follows. When receiv-
ing the users’ request, the system starts from the data
source and builds a multimedia information process-
ing chain after a number of functional and nonfunc-
tional service processing nodes so as to transfer mul-
timedia information with relatively low latency and
high reliability to end users. In this paper, it is as-
sumed that the user's service requests arrive one by
one and they don’t affect each other.

In the service-oriented real-time multimedia trans-
mission system, the service requests having the same
functional requirements is often able to complete by
a variety of service composition ways. At running
time, each service component can choose different
service counterparts to achieve. In real-time multime-
dia system, the users are very sensitive to time delay
so the user can not accept long delay and frequent
jitter of multimedia information. In addition, service
users can't control service because services are also
affected by equipment, environment and other factors
in the pervasive environment. The services have great
differences between individuals and the reliability of
the individual services will eventually determine the
expected performance of composite services. There-
fore, it is a challenging problem about how to choose
a series of appropriate service copies to constitute
high credible service path with the low latency in per-
vasive environment.

Zeng and the others think the service copies
should be chosen at running time rather than designed
moment, because a lot of basic service’s quality pa-
rameters are unavailable before running, and then
he transforms the problem into linear optimization
problem driven by quality. Gu and the others propose
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an integrated P2P service composition framework---
SpiderNet, which chooses service copies hop by hop
through heuristic methods so as to satisfy the multiple
quality requirements. Besides, SpiderNet also guar-
antees the load balancing in certain degree. Consid-
ering the load balancing among service copies, Ro-
man and the others proposes LIAC algorithm (further
- inverse - the available capacity) so as to guarantee
the load balancing among service copies in the choice
of paths and the piggybacking mechanism is used to
make LIAC more efficient. Roman and others also
puts forward the service portfolio fault-tolerant sys-
tem based on service network in the WAN. Kalasapur
and the others propose a dynamic service composi-
tion framework using hierarchical service network to
handle mobility and dynamic in pervasive environ-
ments.

Based on real-time multimedia transmission sys-
tem, this paper inspects the service path’s selection
criteria of reliable multimedia transmission from the
two angles. The first is the real time. The users want to
get the real-time data, but if there is a lot of data trans-
mission delay, it won’t be reliable to the users. The
second is reliability. Due to the dynamic and hetero-
geneous of environment, each service copy may have
errors and if the service paths chosen by system go
wrong, the system has to choose a service path again
to complete the service request, which can increase
system loading. Besides, for the users, path switch-
ing also increases time delay further, so the service
provided by the system is no longer reliable. It is the
aim of this paper that when the service requests are
given, the appropriate service copies are selected to
build multimedia transmission path with low latency
and high reliability.

This paper mainly makes development and inno-
vation from the following aspects.

(1) Aiming at the problems in service oriented
real-time multimedia transmission, such as a long
delay, frequent jitter and low reliability, this paper
proposes LD-RPath algorithm LD/RPath estimates
the dynamic data volume on service nodes and links
through reasonable data volume approximation.
And the data splitting technique is imported to con-
vert the node delay into the edge delay. In the mean
time, the reliability of nodes is considered as a co-
efficient of delay, so that the multimedia delivery
problem is transformed into a conventional shortest
path problem. The advantages of this algorithm are
as follows. 1) The reliability is integrated into the
edge weights reasonably, which guarantee the reli-
ability in the choice of the shortest path. 2) The rea-
sonable approximate of data reduces the problem’s
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complexity. 3) Node split integrates node weights
into edge weights.

(2) In order to further validate the correctness and
validity of LD-RPath algorithm, the simulation ex-
periment is made to compare the algorithm proposed
in this paper, the Random algorithm and the optimal
algorithm. In 50 groups of experiments, there are 42
times that the results of LD/RPath algorithm are bet-
ter than those of the Random algorithm and 9 times
that the results of LD/RPath algorithm are better than
those of the Optimal algorithm. When the network
size is 30, there are 94 times that LD/RPath algorithm
creates the path delay, which is smaller than the Ran-
dom algorithm. When the network size reaches to
1600, the times that the path delay created by LD/
RPath algorithm is smaller than Random algorithm
reduce to 82 times that. The experimental simulation
results show that the algorithm is a kind of high ef-
ficient and reliable algorithm spending smaller com-
plexity achieving good path selection performance
while imposing low overhead to the system.

2. Multimedia Transmission Model

2.1. Define the parameters

In a pervasive multimedia transmission environ-
ment, the multimedia service nodes and the param-
eters of the network link directly affect the routing
effect of algorithm. This section mainly shows that
the parameters of the model and defines the problems.

Combined with the research question, the defini-
tions of related parameters are given: bandwidth, unit
processing time, IORatio and reliability. For the sake
of simplicity, the difference between transmission
and spread is ignored. In the below description, the
transmission is used to represent the process that the
data transmits from a node and it is accepted by the
next node.

Bandwidth: bandwidth refers to the current links’
transmission capacity the link between the two ser-
vice nodes in multimedia transmission environment,
which is shown by B . Unit processing time: the unit
processing time refers to the time which is taken to
process unit data in a certain service node, which is
shown by O according to the characteristics of the
multimedia information. Multimedia system is data
intensive application and the size of the amount of
data has a great influence on processing time. In ad-
dition, due to the heterogeneity of service node, there
are great differences among different service node’s
computing capacity. Therefore, the time which is tak-
en to process unit data is used to measure the node’s
processing capacity.

IORatio: the IORatio is defined as the ratios of un-
processed data and processed data after a certain ser-
vice processing, which is shown by r. It is also closely
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related to the characteristics of multimedia system.
The services with different functions tend to have dif-
ferent effects on the amount of data. For example, the
embedment of subtitles could hardly affect the quan-
tity of the data, but the media data compression tends
to make the amount of data become smaller. In gen-
eral, the IORatio of services with different functions
is different, but the IORatio of different copies of the
same service is the same.

Reliability: the reliability expresses the degree of
the reliability when a service processes nodes, which
is shown by e according to historical data. This paper
uses the definition in literature that inspects K times
system’s calls for a certain service node in the past
period of time and if the number of successful calls
is C, e will be equal with C/k. Because the reliability
is product parameter, the reliability of a service path
refers to the product of all service nodes in this path
(it is believed that all the links are reliable).

Delay: The delay includes transmission delay and
data processing delay, which is represented by d. Be-
cause the delay is cumulative parameters, a service
path delay refers to the sum of all nodes’ process-
ing delay and links’ transmission delay in this service
path.

2.2. Functional Image and Service Image

Because for the same type of user’s service, gen-
erally speaking, there are a variety of functions ser-
vice combination can meet the demand. Therefore,
the FG is used to represent the system the combi-
nation of all the possible functions of the service
relationship. There are five basic assumptions sys-
tem multimedia processing services, as shown in
figure 1, then set off from f, to f; there are four
possible ways of service combination, respectively
(Vo hfasJoh B TaJoh o fasfoh o f3 fa ) -

Function diagram describes the system function
abstraction. Further more, each service has a plural-
ity of service we consider all copies, copies of each
service in the function diagram is extended form as
shown in Figure 2 service graph (service graph, re-
ferred to as SG). Service description is the dependence
between the copies of all services, contains all the in-
formation of the system. In Figure 2, assume that the
service f, has 1 copy, 2 copies of f;, f, has 1 copy,
2 copies of 3, f4 has 2 copies, and add a St as the
final transfer of multimedia data the destination node
to arrive. As we can see, f, f, f, f> corresponds to
apath in FG, if you choose as a service instance of f; ,
as a service instance of f;, then in SG service path
specific. At the same time definition, if there exists a
directed edge from the SOs?,s2s2s3 , then s is called

J
the precursor nodess; , s; for subsequent ;.
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Figure 1. Domain

2.3. Problem Definition

Each service replica can be expressed as a four
element( f,r,0,e), in turn, said compression type
service to the service rate, copy unit processing
time and reliability. For example, s{ is expressed as
( 151 ,01,2’61,2) . The goal of the system is in the choice
of a time delay from s, to s, in all paths as small as
possible, and the reliability is as large as possible
path. In only considering the delay, due to changes
in the amount of data, which is equivalent to a multi
constrained path (multi-constrained path, referred to
as MCP) problem. Wang proved that this problem is
NP- complete problem. Exponential time complexity
algorithm because the time-consuming, not applica-
ble in real-time systems. Therefore, the lower time
complexity and better algorithm are needed.

A service path delay ¢, is the sum of transmission
delay and data on the link processing delay at a node.
It is assumed that m is the original amount of data, so
mw.p, represents the processing delay of data in SO.

Sp=mwpot Y
link; ;ep

i,j
In this format, u;¢; represents the amount of data
transferred to a certain service copy s; .

u;.t;
{#-ﬁ-ui.t P jj represents the sum of transmis-
i,j

sion delay in a ik, ; and the processing delay in s; .
The reliability ¢; of a service path is the product of all
service copies’ reliability in this service path.

= H s;et't (2)

The target is to make &, smaller and ¢; bigger.
Optimization of the two targets is more complex, so
it is proposed that the optimization objectives “ratio

Delay

of delay and reliability” (—
Reliability

,DIR] is taken as

the goal of optimization.

Sp
(DIR)p :? 3)

The problem is defined as follows: In a given
service graph SG (V, E) conditions, how to choose
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a path from SO to St Service and make the D/R as
large as possible. It will be expressed in the follow-
ing content in detail that an approximate algorithm is
proposed based on this definition, which is called as
LD/RPath algorithm (lowest delay/reliability path),
to solving the problem in polynomial time.

2.4. Ld/rpath Algorithm

LD/RPath algorithm is an approximation algo-
rithm whose idea is to transform the original problem
into a conventional shortest path problem through a
series of approximate conversion and then use clas-
sical the shortest path algorithm (such as Dijistra
algorithm) to solve. The LD/RPath algorithm can
in polynomial time complexity yields better results,
since the original problem is NP- complete problem,
it is not guaranteed to get the optimal results, but the
experimental results show that, the algorithm obtains
results close to the optimal solution. Next, from be-
ginning of the amount of data approximation, design
step by step LD/RPath algorithm’s designed idea is
introduced step by step.

2.5. The Amount of Data Approximation

Some multimedia services will change the amount
of data, so before the path was not determined, we
cannot know a service node or link on the actual
amount of data transmission. In Figure 2, a SO data
is m, so before the path is not determined, process-
ing data may be from s, and s (ors?) transmission
reaches, there may be from s, si(ors?) reach and
s, transmission. Therefore, the data may be m.ry.;q
mr0rl. This uncertainty makes the problem become
more complex, so it is needed to approximate amount
of data processing.

As the algorithm shown in algorithm 1 data ap-
proximation, the main idea is that, for a service rep-
lica node s; , assuming the L precursor node in the ser-
vice map, and then we considered the amount of data
received by the s; data volume is equal to the all L
precursor node output of the arithmetic average. Note
that these precursor nodes associated with the amount
of data is similar, so this is a recursive process.

Algorithm1. Approximation algorithm for data

a) Initialization : index[i] < 0 {Initialize each ser-
vice node number is 0}

b) flag < true
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¢) while flag = truedo {As long as the node number
changed, the serial number will continue to adjust}

d) flag < false

e) foreache(i,j) e Edo

f) if index(j) < index(i)then {Ensure to number tail
node side than the first node number}

g) index(i) < index(j)+2 {Node number adjust-
ment}

h) flag < true

1) endif

j) end for

k) end while

1) foreachindex[ildo

m) ¢ <« 0,sum <0

n) foreachnodevetydo {Find all the precursor
nodes}

0) if vhas a servicelink to index[i]then

p) t < t+1,sum < sum+m[v] {The amount of data
accumulated from all of its precursor, and count}

r) endif

s) end for

t) mlindex{i]]=sum/t {The amount of data the
precursor node all outgoing arithmetic average }

u) end for

V) returnm[O,S,_;]

2.6. Node Splitting

To solve the shortest path algorithm is the single
source weights at the edge of the shortest path prob-
lem, but our service on the node graph have cost
(weight), so we need to make some transformation
of service graph, which can be used the shortest path
algorithm.

Choi et al proposed method of node splitting to
translate some network problems. This method is
used. For example, in figure 2, we will s, split into
two nodes s,; and ,,, then let all the precursor
node s, are connected to thes,;, s,, connected to
all nodes of S2. Data processing delay raw to s, node
above, now use between s, and s, , the cost of edge
to said, it is called such as between s,, and s,, for
the internal side edge (inner- link). Our service in ev-
ery node splitting process, adding a new node, elimi-
nating the vertices above cost, the price converted
services diagram exists only on the edge.

2.7. Reliability Conversion

Due to the dynamic and mobility in pervasive
environment, service replica node may fail. System
requirements is to find a delay as small as possible,
path of service and reliability as high as possible. The
idea is to make the reliability of the parameters, the
processing delay of the node.

The previous QoS related research work, a coeffi-
cient for each service internal edges in graph, the co-
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efficient of reliability service node is an internal edge
represents the inverse of E. After this treatment, the
service replica node distribution coefficient of higher
reliability coefficient is relatively small, low reliabil-
ity of service replica node distribution the relatively
large. These internal edge new delay cost is the origi-
nal price multiplied by the respective coefficient, as
processing delay internal edge new.

This process idea is straightforward: for the single
source shortest path algorithm for the shortest path,
a service copy reliability makes the low reliability of
the inner side of the price is relatively high, the higher
reliability of service copy internal edge cost becomes
lower, and the shortest path algorithm to select the the
shortest path selection bias in service copy the higher
reliability. That is to say, the service replica node reli-
ability higher more easily by the algorithm. The LD/
Rpath algorithm of time delay is small selected path,
at the same time, high reliability, to achieve a balance
between the two.

2.8. The Price Label

Service chart after the above 3 steps after the con-
version, each side is marked time delay cost now. If a
boundary is an internal edge, then it is the price of the
following form.

Lo, 4)

¢

Among them, ¢; and o; are reliability and unit
processing time of the internal edges represent ser-
vice replica node, MI is the approximate amount of
data; otherwise, this edge is the price of the following

form:

-+ )

Among them, b; is the service bandwidth, m; is
the service on the edge of the approximate amount of
data transmission.

Figure 3 shows a simple conversion example. Fig-
ure 3 (a) is a service graph, assume that the only 1
copies of each service service (similar to handle mul-
tiple copies), node splitting, converted to figure 3 (b).
so and s,shown is the node of source data and the
destination node.

L A8 JElE A
" 5 i P

5 — 5 L} & & i1 Fy Hap Eay
(a) Aservice graph (b) Transformed service graph

Figure 3. Shows a simple conversion example

Considering the amount of data approximation
and reliability conversion, assuming the initial data
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in the so for the amount of M, then figure 3 (b) be-
tween s; and s, in the inner side of the price for

1 . C
—m.ry.0;, said the reliability of node s; data process-
é

ing delay is multiplied by s;; 53, and s,, . Edge costs
mry.1H.13 6)
B

Composed of transmission delay on the link be-
tween s, , and s, ; on the side of price is as follows.

M.y + M1y

7
21553 N
Because of this edge on the amount of data has
two possible values (one is from s, through s, and
sy transfer tos, , two tos, from ssy by s; transmis-
sion), the cost of data approximation; s4; and s,
between the inner side of the price.

m.ry.n.rn + m.n.ry.rp.r

1 m.ry.n.r3 +

2
. 0 8
o > 3 (3)

The internal side represents the service node has
two precursor node, but also one of the precursor node
still has two precursor node. So, in two the amount of
data approximation.

2.9. Time Complexity

After the cost of labeling on service chart, you can
use the shortest path algorithm to solve the problem.
For the shortest path, node sequence we will produce
a reduction to convert before service graph, paths
can be obtained from LD/RPath. We’ll let N, and
N, respectively to represent a number of the number
of nodes and edges the original service in the graph.
The approximate second algorithms in data quan-
tity, because each node at most connected with the
N,, nodes, so the process of traversal of all edge up
N, times, the complexity of this part is O(N,N,);
in the third part the same each node is visited once,
at the same time to find the all of its possible pre-
cursor node, this part of the complexity is O(N,N,) .
The process of node splitting and data approxima-
tion are very similar, need to deal with each node,
and then determine the precursor node and succes-
sor node need access to the N, side, because of the
complexity, this part of the O(N,N,) . In the reliabil-
ity of conversion, since only Nn internal boundary,
so the complexity is O(¥,)) . The cost of annotation to
deal with each edge, complexity is O(N,) . The short-
est path algorithm, we use the Dijkstra algorithm, its
complexity is O(N?) , wherein, n represents the num-
ber the vertices in the graph. According to the node
the division process withn < 2N, , at the same time,
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according to the rules of the complete graph N, < N, ,%
of LD/RPath algorithm, so the total time complexity.

O(N,N,+N,N,+N, +N,+n*)=O(N>) 9)

3. Experiment and Simulation

3.1. Evaluation Methods

There are two main experimental purposes: one is
to evaluate the efficiency of LD/RPath algorithm, two
is to evaluate the effect of selection algorithm. We
have implemented two other algorithms to compare
efficiency: one is random (random) algorithm, Ran-
dom algorithm to select the service path, a succes-
sor node of the current node randomly selected as the
processing nodes in the next step; two is the optimiza-
tion (optimal) algorithm, Optimal algorithm travers-
ing all possible paths, and then select the best path.

Comparison of results on the algorithm, we in dif-
ferent network size LD/RPath algorithm, Random
algorithm and Optimal algorithm are executed many
times, comparing the path they produce, respectively,
compared with the 3 path delay, reliability and delay.
Delay / reliable than smaller is better, better reliabil-
ity, delay / reliable the smaller the better.

Huge computational complexity of Optimal algo-
rithm makes it very time-consuming. In the real-time
multimedia transmission system, the user can tolerate
delay is relatively small, so Optimal algorithm in the
service graph node scale up to a certain extent is not
practical. So in our simulations, delay when the Opti-
mal algorithm over a larger value after the operation
efficiency and effect of selection, we only compare
Random algorithm and LD/RPath algorithm.

3.2. Simulation Design

The simulation experiments on Inter (R) Core
(TM) 2Duo CPU E8200 @ 2.66GHz, execute the
2GB RAM machine.

The simulation experiment using Java language,
mainly includes the generation of various parameters
services diagram and 3 kinds of algorithm. Param-
eters in the figure are designed to be adjustable, if we
set the MaxNode=2000 service node. These service
node, no multimedia processing service replicas ini-
tially, then according to the different network scale
to produce functional diagram. For example, a Max-
Service=7 service in some settings, each service is at
least MinInstance=3 copies, at most MaxInstance=7
copy, then we randomly generate a connected graph
function, for each service between Minlnstance and
MaxInstance generates a random real copy number,
and then in the MaxNode node randomly selected
some nodes to deploy services. Service copy of com-
pression ratio, the service node unit processing time
and reliability, link bandwidth according to a normal
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distribution, then the service. We can through the
MaxNode, MaxService, Minlnstance and MaxIn-
stance parameters to scale adjustment services graph,
comparative experiments were carried out in different
network scale. In the design of 3 algorithms, Random
algorithm is easy to implement, Optima L algorithm
dynamically apply the memory to hold all the possi-
ble path, LD/RPath algorithm according to the 4 steps
in the previous section of the processing.

3.3. Results of Analysis

The running time of 3 algorithms were compared
in the topology of the network scale under differ-
ent operation respectively. 3 kinds of algorithm 100
times, and then take the average execution time of
100 runs for comparison, as shown in Figure 4. We
can see, the running time of LD/RPath algorithm and
Random algorithm are much less than the optimal al-
gorithm. When the network size is large, the running
time of LD/RPath algorithm and Random algorithm
are almost the same, therefore, the higher the effi-
ciency of LD/RPath algorithm. In addition to the data
shown in Fig., we also compared the running time of
each algorithm is more large-scale network topology,
node number reached 70, Optimal algorithm execu-
tion time was more than 80s. in a real-time multime-
dia transmission system, 80s delay is clearly not ac-
ceptable. So in the following experiments, when the
number of nodes exceeds 70, we no longer consider
optimal algorithm.

——Rosilsn —a— LIVEPalh —a—Oyimal
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Figure 4. The effect of 3 kinds of algorithms are compared
in different network size

Then, the effect of 3 kinds of algorithms are com-
pared in different network size. The experimental
data shown in Figure 5 is the MaxService=7, Minln-
stance=2, MaxInstance=7 configuration. Under this
configuration, we run 50 experiments in each experi-
ment, the topological structure of network is to ran-
domly generated, each experiment included 1 times
1 times LD/RPath algorithm, Optimal algorithm and
Random algorithm 20 times, the results of the Ran-
dom algorithm, the best results in 20 , time delay, reli-
ability and delay / reliable ratio as shown in Figure 5.
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Figure 5 (a) that is the 50 set of experiments, com-
paring 3 delay path generation algorithm. We can
see, the LD/RPath algorithm is very close to Opti-
mal algorithm, are better than Random-Best. statisti-
cal information discovery. In a 50 experiment, a 44
LD/Rpath delay path generated by the algorithm is
smaller than the Random-Best algorithm, a the path
with the Optimal algorithm to generate the same 24.
Figure 5 (b) is the reliability comparison, in the 50
set of experiments, the reliability of route LD/RPath
generated by the algorithm is 26 times more than the
Random-Best algorithm, 1 have 6 times more than
the Optimal algorithm. Figure 5 (c) is in contrast to
delay / reliable ratio, delay / observe the path to pro-
duce LD/RPath and Optimal algorithm is very close
to the reliable, are better than in most cases Random-
Best algorithm. The results show that, in the 50 set of
experiments, a Random-Best algorithm is better than
the LD/RPath algorithm 42 times, 9 times better than
Optimal algorithm.
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Figure 5. 3 kinds of algorithms the delay, reliability and
delay / reliable than contrast
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In addition, it is also compared the LD/RPath and
Random algorithm in the node size selection effect of
30, 60100400900 and 1606 time (there is no compari-
son of Optimal algorithm, Optimal algorithm can not
because nodes in large scale to ensure real-time). In
each node size, we run 100 experiments, each experi-
ment consisted of 1 LD/RPath algorithm and 20 times
of Random algorithm, Random algorithm results
from Random-Best, the results as shown in Figure 6.
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Figure 6. The LD/RPath algorithm and Random-Best al-
gorithm in different network scale path selection effect
comparison

Figure 6 (a) expression in 6 different kinds of ser-
vice network scale, 100 groups of experiments LD/
RPath algorithm the number of generated path de-
lay is smaller compared with the Random algorithm.
We see, in the 6 case, the path delay were produced
by LD/Rpath algorithm 90 times, smaller than the
Random-Best algorithm. We also observed to, as the
network size increases, the performance of LD/RPath
algorithm is slightly decreased, the size of the net-
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work for the 30 time, delay path LD/RPath algorithm
produces is 94, smaller than the Random-Best algo-
rithm; when the network size of 1600, times delay
than Random-Best algorithm LD/RPath algorithm
produces small drops to 82 times Fig. 6 (b) and 6 (c)
respectively are compared both reliability and delay /
reliable than. And Figure 6 (a) of the similar situation,
we see the selection effect of LD/RPath algorithm is
much better than Random algorithm.

The two comprehensive efficiency and the selec-
tion effect of experimental results show that, LD/
RPath algorithm in network topology is in small
scale selection effect is close to Optimal algorithm,
and running time almost equal to Random algorithm.
When the network topology size become bigger, LD/
RPath algorithm selection effect is better than the
Random algorithm, Optimal algorithm cannot guar-
antee real-time gradually to be not applicable. In gen-
eral, the LD/RPath algorithm with low time complex-
ity to obtain good path selection effect, is suitable for
real-time multimedia service oriented transmission.

Conclusion

Aiming at the problems in service oriented real-
time multimedia transmission, such as a long delay,
frequent jitter and low reliability, this paper proposes
LD/RPath algorithm LD/RPath estimates the dynam-
ic data volume on service nodes and links through
reasonable data volume approximation. And the data
splitting technique is imported to convert the node
delay into the edge delay. In the mean time, the reli-
ability of nodes is considered so that the multimedia
delivery problem is transformed into a conventional
shortest path problem. The innovations of this algo-
rithm are as follows: the reliability is integrated into
the edge weights reasonably, which guarantee the
reliability in the choice of the shortest path; the rea-
sonable approximate of data reduces the problem’s
complexity; node split integrates node weights into
edge weights.
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Path Tracking Control of the Wheeled off-road Articulated Vehicle
with Actuator Saturation
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Abstract

In order to study on the path tracking problem of the wheeled off-road articulated vehicle in autonomous motion,
the path tracking error kinematics equation is derived. The backstepping method is presented to design the con-
trollers for the path tracking systems in the presence of input saturation. The simulation results show that when
the position deviation is 0.25m, the angle deviation along motion direction is 0.1rad, the angle between the front
vehicle body and rear vehicle body is 0.1rad, the error curves fluctuate with time when there is no control input.
After applying the anti-saturation control algorithm, the deviation error decreases rapidly and tends to zero, so it
can implement the path tracking control of the wheeled off-road articulated vehicle.

Keywords: WHEELED OFF-ROAD ARTICULATED VEHICLE, PATH TRACKING; BACKSTEPPING,
ACTUATOR SATURATION
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