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Abstract.  Video   sensors   are   used   in   wireless   multimedia   sensor   networks 
(WMSNs) to enhance the capability for event description.  Due to the limited 
transmission  capacity  of   sensor  nodes,  a   single  path  often  cannot  meet   the 
requirement  of  video   transmission.  Consequently,  multi­path   transmission   is 
needed. However, not every path found by multi­path routing algorithms may 
be suitable for transmitting video, because a long routing path with a long end 
to  end  transmission  delay may not   satisfy   the  time  constraint  of   the video. 
Furthermore, each video stream includes two kinds of information: image and 
audio streams. In different applications, image and audio streams play different 
roles, and the importance levels are different. Higher priority should be given to 
the more  important  stream (either   the  image stream or   the audio stream) to 
guarantee the using of limited bandwidth and energy in WMSNs. In this paper, 
we propose a Multi­priority Multi­path Selection (MPMPS) scheme in transport 
layer  to choose  the maximum number of paths from all  found node­disjoint 
routing paths for maximizing the throughput of streaming data transmission. 
Simulation   results   show  that  MPMPS can  effectively  choose   the  maximum 
number of paths for video transmission.

1   Introduction

Using  video  sensors  in  wireless  sensor  networks  (WSNs)  [1,  2,  3,  4,   and  5]  can 
dramatically   enhance   the   capability   of  WSNs  for   event   description.  Efficiently 
gathering   and   transmitting  video  streaming  data   in  WSNs  is  necessary  when   the 
underlying infrastructure,  e.g. 3G cellular networks or WLANs, does not exist. Real 
time   video   streaming   in   WSNs   [6,   7]   generally   poses   two   requirements:   1) 
Guaranteed end to end transmission delay:  Real time video streaming applications 
generally  have  a   soft  deadline  which   requires   that   the  video  streaming   in  WSNs 
should   always   use   the   shortest   routing   path   with   the   minimum   end   to   end 
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transmission  delay;  2)  Using  multiple   routing  paths   for  transmission:  Packets   of 
streaming video data generally are large in size and the transmission requirements can 
be   several   times   higher   than   the  maximum  transmission   capacity   (bandwidth)  of 
sensor nodes. This  requires  that  multi­path transmission should be used to increase 
transmission performance in  WSNs. Many multi­path routing protocols have been 
studied   in   the   field   of   WSNs   [8 ， 9].   However,   most   of   the   multi­path   routing 
protocols focus on energy efficiency, load balance, and fault tolerance, and are the 
extended versions of DSR [10] and AODV [11]. These multi­path routing protocols 
do not provide a powerful searching mechanism to find out the multiple optimized 
routing paths in terms of minimizing the path length and the end to end transmission 
delay as well as taking the limited energy of WSNs into consideration. 

Fig. 1. An example of TPGF multi­path routing: Eight paths are found for transmission

TPGF   [12]   is   the   first  multi­path   routing  protocol   in   the   wireless  multimedia 
sensor networks (WMSNs) field. It  focuses on exploring the maximum number of 
optimal node­disjoint routing paths in network layer in terms of minimizing the path 
length and the end to end transmission delay as well as taking the limited energy of 
WSNs into consideration. The TPGF routing algorithm includes two phases: Phase 1 
is   responsible   for   exploring   the  possible   routing  path.  Phase  2  is   responsible   for 
optimizing the found routing path with the least number of hops. The TPGF routing 
algorithm finds one path per execution and can be executed repeatedly to find more 
node­disjoint routing paths. It successfully addressed four important issues: 1) Hole­
bypassing;  2)  Guarantee path exploration result;  3)  Routing path optimization;  4) 
Node­Disjoint  Multi­path  transmission.  The Figure 1 shows an example  of  TPGF 
multi­path routing in a WSN with two holes. These found routing paths have varying 
numbers   of   hops.   However,   not   every   path   found   by   TPGF   can   be   used   for 
transmitting video, because a long routing path with a long end to end transmission 
delay may not satisfy the time constraint of the video streaming data. 

Furthermore, a video stream includes two kinds of information: image and audio 
streams. In different applications, image and audio streams play different roles, and 
the   importance   levels   may   be   different.   For   example,   in   the   applications   of   fire 
monitoring, image stream is more important than audio stream because it can directly 



reflect the fire event. But in the applications of Deep Ocean monitoring, the audio 
stream is more important than image stream, since the visibility in Deep Ocean is 
very low and the environment is extremely quiet. Therefore, instead of transmitting a 
video stream back to the base station by using fewer routing paths with a stricter real 
time constraint, it is better to split the video stream into image and audio streams and 
give higher  priority to  the more important  stream (either   the  image stream or  the 
audio stream) to guarantee the using of the suitable paths, as shown in Figure 2. The 
less important stream can be transmitted with a relatively looser real time constraint. 
Consequently, the routing paths with the longer end to end transmission delay can be 
used, which can increase the total received data in the base station, where the received 
data can be joined again or processed separately.

 
Fig. 2. The general model for multi­priority multi­path transmission

How to split a video stream into an image stream and an audio stream has been 
widely solved by many programs [13], which is not the focus of this paper. In this 
paper, we proposed a new Multi­priority Multi­path Selection (MPMPS) scheme to 
choose the maximum number of paths from all found node­disjoint routing paths  
for maximizing multimedia streaming data transmission and guaranteeing the end­
to­end transmission delay  in WMSNs. This scheme makes two contributions on: 1) 
supporting   multiple   priorities;   2)   choosing   the   maximum   number   of   paths   to 
maximize the throughput of the streaming data transmission.

The rest of this paper is organized as follows. In section 2, we discuss the related 
work. In section 3, we present the network model and discuss the multiple priorities in 
section  4.   In   section  5,  we   formulate  and  analyze   the  problem.   In   section  6,  we 
present the Multi­priority Multi­path Selection (MPMPS) algorithm. In section 7, we 
present the simulation and comparison work, and we conclude this paper in section 8.

2   Related Work

Surveys on WMSNs [14] have shown that transmitting multimedia streaming data in 
WSNs is still a relatively new research topic compared with other research topics in 
WSNs such as energy efficient routing, query processing, etc. In [15], another survey 
work   on   multimedia   communication   in  WSNs  also  analyzed   and   discussed   the 
existing research  work from both  the  mobile  multimedia  and  the WSNs  fields  in 
application,  transport  and network layers.  Both  surveys  show that  current  existing 
protocols   from   both  mobile  multimedia   and  WSNs  fields   are   not   suitable   for 
multimedia   communication   in  WSNs,   because   they   did   not   consider   the 



characteristics of multimedia streaming data transmission and the natural constraints 
of WSNs at the same time. There exists a clear need for a research effort focusing on 
developing   efficient   communication   protocols   and   algorithms   in   order   to   realize 
WMSNs applications.

To the best of our knowledge, no research has been done for multi­path selection in 
WMSNs. Although multi­path selection algorithms have not been studied in WSNs 
yet, there still are some research works that have been done for multi­path selection in 
other  networks.   In   [16],   the   authors   proposed  an   Energy   Aware  Source   Routing 
algorithm to choose the multiple routing paths in wireless ad hoc networks, the goal 
of   this   research   work   is   to   maximize   the   network   lifetime   by   minimizing   the 
overhearing   ratio.   In   [17],   the   authors   considered   the  concurrent   packet   drop 
probability of multi­path in wireless ad hoc network, and proposed a path selection 
algorithm to minimize the  concurrent packet drop probability.  In [18], the authors 
investigated   the   problem   of   selecting   multiple   routing   paths   to   provide   better 
reliability   in  multi­radio,  multi­channel  wireless  mesh networks  with  stationary 
nodes. In [19], a multi­path selection algorithm is proposed in an overlay network 
which focuses on minimizing the correlation of multiple paths. None of these above 
mentioned multi­path selection algorithms has a similar research goal as ours which is 
to choose the maximum number of paths from all found node­disjoint routing paths 
for maximizing multimedia streaming data transmission as well as guaranteeing the 
end­to­end transmission delay.

Therefore, to propose a new multi­path selection scheme for multimedia streaming 
in WMSNs is the key focus of this paper.

3   Network Model

In this paper, we consider a homogeneous geographic WSN. The locations of sensor 
nodes and the base station are fixed and can be obtained by using GPS. Each sensor 
node has the knowledge of its own geographic location and the locations of its 1­hop 
neighbor  nodes.  All   sensor  nodes  have   the   same maximum  transmission  capacity 
(bandwidth)  TC. Each source node, for example, a video sensor node, continuously 
produces sensed video stream SV with a data generation rate  RV kbps. Source nodes 
can dynamically adjust (increase or decrease) their data generation rate by changing 
the sampling frequency. The video stream from the source node is sent to the base 
station for further processing. We assume that only source nodes know the location of 
the base station and other sensor nodes can only know the location of the base station 
by receiving the packet from source nodes. Video stream can be splitted into image 
stream SI with data generation rate RI kbps and audio stream SA with data generation 
rate RA kbps (RI + RA = RV). The soft real time deadline of the image stream is TI and 
the soft real time deadline of the audio stream is TA. 

After repeatedly executing the TPGF routing algorithm N number of node­disjoint 
routing paths P = {p1, …, pn} are found. Each routing path pi has its own end to end 
transmission delay  di  based  on   the   routing  hops  in   the  path.  Only  MI  number  of 



routing paths  PSatisfy_Image = {pSI1, …, pSImi} with transmission delay  DSatisfy_Image = {dSI1, 
…,  dSImi} can satisfy the soft real time deadline  TI, and only  MA  number of routing 
paths  PSatisfy_Audio  = {pSA1,  …,  pSAma} with  transmission delay  DSatisfy_Audio  = {dSA1,  …, 
dSAma} can satisfy the soft real time deadline TA. Here, we assume that a source node 
only   tries   to   use   an   additional   transmission   path   when   all   its   currently   using 
transmission   paths   meet   the   maximum   transmission   capacity,   and   a   routing  path 
cannot be used for transmitting two different multimedia streams at the same time. 
Thus, the total number of chosen paths is M (M = MI + MA). 

4   Multiple Priorities

Supporting multiple priorities is a key feature of our MPMPS scheme. In this section, 
we present our multiple priorities in two aspects: 1) End to end transmission delay 
based priority; 2) Context aware multimedia content based priority. 

Definition 1. End to end transmission delay based priority. For any two paths pi 

and pj within the N number of node­disjoint routing paths P = {p1, …, pn} that are 
found   by   repeatedly   executing   the   TPGF   routing   algorithm,   if   their   end   to   end  
transmission delays meet di < dj, we assign the higher priority to path pi. 

Theorem 1.  For any stream S, choosing one routing path with the higher priority  
from any two path  pi  and pj  can let it  reach the base station faster than choosing 
another routing path with the lower priority.
   Proof:  Let  pi  denote the routing path with the higher priority and  pj  denote the 
routing   path   with   the   lower   priority.   According   to   Definition   1,   the   end   to   end 
transmission delay di of path pi is smaller than the end to end transmission delay dj of 
path pj. Thus, if the stream S chooses the routing path pi, it can reach the base station 
faster than choosing the routing path pj.                                    □

It is clear that in MPMPS scheme, the routing path with the higher priority should 
always be chosen first to reduce the end to end transmission delay.

Definition 2. Context aware multimedia content based priority.  In any situation 
where the video sensor nodes are deployed for gathering information, for both image  
stream and audio stream, if the image stream is more important for reflecting the  
event and describing the phenomenon, we assign higher priority to the image stream.  
On the other hand, if the audio stream is more important for reflecting the event and  
describing the phenomenon, we assign higher priority to the audio stream.

Theorem 2. For any two given streams SI and SA, sending the stream with the higher  
priority first can reflect and describe the event better than sending the stream with  
the lower priority first.



Proof: We can consider a fire monitoring application in a forest. Let SI denote the 
image stream with the higher priority and SA denote the sound stream with the lower 
priority.   According   to   Definition   2,   the   image   stream  SI  is   more   important   for 
reflecting the event and describing the phenomenon. Thus, sending the stream with 
the higher  priority  first  can reflect  and describe  the event  better   than sending the 
stream with the lower priority first.                                       □

According to Theorem 2, in MPMPS scheme, the stream with the higher priority 
should always be sent first to reflect the events.

Here, we want to clearly mention that dynamically assigning different priorities to 
image and audio streams based on the surrounding situation of the WSNs is another 
research   issue,   which   is   defined   as   “Situation   Awareness   in   wireless   sensor 
networks”. For example, the video sensor node can use the sensor data gathered by 
attached light and sound sensors. When the light intensity is higher than a certain 
value and the sound intensity is lower than a certain value, then the higher priority is 
assigned   to   the   image stream.  Likewise,  when  the   light   intensity   is   lower   than  a 
certain value and the sound intensity is higher than a certain value, then the lower 
priority is assigned to the image stream. In this paper, we assume the priorities of 
image stream and audio stream is pre­assigned by using a certain situation awareness 
algorithm [20]. 

5   Problem Statement and Analysis

The problem of choosing the maximum number of paths M from all N node-disjoint 
routing paths for maximizing the throughput of video streaming data transmission and 
guaranteeing the end-to-end transmission delay can be formulized as:

Maximize:                M, (M = MI + MA)                         (1)
 Subject to:         

PSatisfy_Image ∪ PSatisfy_Audio ⊆ P                   (2)

PSatisfy_Image ∩ PSatisfy_Audio = ø                    (3)

M  ≤  N                             (4)

P  ≠  ø                             (5)

N  ≠  0                             (6)

 DSatisfy_Image  ≠  ø                         (7)

   DSatisfy_Audio  ≠  ø                         (8)

M  ≤  ┌ RI / TC ┐ + ┌ RA / TC ┐                  (9)

Equation  (9)  reflects  that  a  routing  path  cannot  be  used  for  transmitting  two 
different multimedia streams at the same time.



   Based on equation (4), it is clear that the maximum number of paths M is bounded by 
the found node-disjoint routing paths  N. However, the found routing paths  N is also 
bounded by two factors as following presented Theorem 3 and Theorem 4.

Definition 3. Node­disjoint routing path. A node­disjoint routing path is defined as  
a routing path which consists of a set of sensor nodes, and excluding the source node  
and the base station none of these sensor nodes can be reused for building another  
routing path.

Theorem 3. For any given source node SSource_Node with NNeighbor_Node number of 1­hop 
neighbor   nodes   within   its   transmission   radius,   it   can   have   maximum   NNeighbor_Node 

number of possible node­disjoint routing paths for transmitting data.
  Proof: Assume that there are NNeighbor_Node number of routing paths for a source node 
SSource_Node.  Let the source node  SSource_Node tries to find the (NNeighbor_Node + 1) number of 
node-disjoint routing paths. According to Definition 3, it will try to explore every its 1-
hop neighbor node to build up a routing path and every used neighbor node cannot be 
used twice. When the source node SSource_Node tries to find the (NNeighbor_Node + 1)th routing 
path after finding NNeighbor_Node number of paths, there is no more 1-hop neighbor nodes 
available. Thus, for this source node SSource_Node, the maximum number of possible node-
disjoint routing paths is NNeighbor_Node.                         □

Theorem 4. For any given source node SSource_Node, the maximum number of possible  
node-disjoint routing paths is affected by using different routing algorithms.
  Proof: For example in Figure  3, if using  the  greedy forwarding routing algorithm 
(GPSR) [21], the number of routing paths can be only one (black color path) but with 
the shorter end to end transmission delay. However, if using the label-based multi-path 
routing (LMR) [22], the number of routing path can be two (green color path) but with 
relative longer end to end transmission delay.                                □

Fig. 3. Multi­path GPSR vs. LMR

Based on Theorem 4, it is not hard to draw the conclusion that the goal of exploring 
more routing paths contradicts the goal of using the approximately shortest routing 
paths with the minimized end to end transmission delay. It is worth noting that TPGF 
also sets using the shortest transmission path as the basic criteria, and then explores 
the possible number of node­disjoint routing paths. The key motivation for using this 
basic criteria is that the shortest transmission path generally has the shortest end to 
end transmission delay which may satisfy the time constraint of multimedia stream.

Corollary 1. For any given  source node SSource_Node,  the  maximum number of  final  
chosen paths M has the upper bound 



                   Min(N, ┌ RI / TC ┐ + ┌ RA / TC ┐),                  (10)

where Min(para1, para2) is the function which returns the smaller value.
  Proof: When the end to end transmission delays of all node-disjoint routing paths 
satisfy the real time constraints of image and audio streams, all  these node-disjoint 
routing  paths  can  be  chosen  for  transmitting  data.  However,  the  actually  required 
number of routing paths is decided by the ┌ RI / TC ┐ + ┌ RA / TC ┐. When N ≥┌ RI / TC 
┐ + ┌ RA / TC ┐, the final number of chosen paths is ┌ RI / TC ┐ + ┌ RA / TC ┐. When N < 
┌ RI / TC ┐ + ┌ RA / TC ┐, although more routing paths are required for transmitting data, 
but  only  N number  of  routing  paths  can  be  used.  Thus,  the  upper  bound  on  the 
maximum number of final chosen paths M is Min(N, ┌ RI / TC ┐ + ┌ RA / TC ┐).     □

Corollary 2.  For any given  source node SSource_Node,  the  maximum number of  final  
chosen paths M has the lower bound 0.
  Proof: When the end to end transmission delays of all node-disjoint routing paths are 
longer than the real time constraints of both image and audio streams, none of these 
routing  paths  can  be  chosen  for  transmitting  data.  Thus,  the  lower  bound  on  the 
maximum number of final chosen paths M is 0.                               □

Fig. 4. The workflow of MPMPS algorithm

After having all these analysis, we propose the following Multi-priority Multi-path 
selection (MPMPS) scheme to solve the problem described in equations (1) – (9). 

6   Multi­priority Multi­path Selection Scheme

The MPMPS algorithm should be executed after the TPGF explored all the node­
disjoint   routing  paths.   In  MPMPS,   the  more   important  multimedia   stream always 
chooses   the   routing   path   with   the   higher   priority   to   transmit.   The   workflow   of 



MPMPS is shown in Figure 4. MPMPS algorithm has two phases: 1)  searching the 
maximum number of paths for the stream with the higher priority; 2) searching the 
maximum number of paths for the stream with the lower priority. 

Due to the space limitation, we only show the pseudo code of the first phase of 
MPMPS in Figure 5. After finishing the searching work for the stream with the higher 
priority, the searching work for the stream with the lower priority will be conducted 
by using the similar code as presented in Figure 5 and return another number M2. The 
final maximum number of paths M = M1 + M2. 

The time complexity of this algorithm is O(n2) where n is the number of possible 
routing paths that can be found by repeatedly executing the TPGF.

7   Simulation & Evaluation

To demonstrate and evaluate MPMPS, we use a new WSNs simulator called NetTopo 
[23], in which the TPGF is implemented. In this simulation, we consider a WMSN for 
a fire monitoring application in a forest in which the image stream is more urgent and 
important than the audio stream in terms of reflecting the fire event.



Fig. 5. Search the maximum number of paths for the stream with the higher priority. 

The end to end transmission delay in WSNs is actually determined by the number 
of hops. Thus, to find out the path with the shortest transmission delay De2e is to find 
out the path with the smallest number of hops: 

De2e = H * Dhop,                           (11)

where H is the number of hops and Dhop is the average delay of each hop. 

Table 1.  Simulation parameters 

Parameter Value
Network Size 500 m * 500 m
Number of Base Station 1
Number of Sensor Node 399
Number of Source Node 1
Video Sensor Generation Rate R 72 kbps
Sensor Node Maximum TC 12 kbps
Sensor Node Transmission Radius 48 m
Delay of Each Hop Dhop 20 ms
Video Stream Time Constraint 280 ms
Splitted Image Stream Time Constraint 280 ms (Inherit from video)



Splitted Audio Stream Time Constraint 320 ms (Tolerable constraint)
The parameters used in our simulation are shown in Table 1. The time constraint of 

video stream is  280 ms.  Because the image stream actually plays the key role for 
reflecting the fire event, it should inherit the time constraint of video stream which is 
also 280 ms. The time constraint of audio stream is extended to tolerable constraint 
320 ms, which allows it   to use the routing path with relative longer  transmission 
delay.

7.1   Comparison

As shown in Figure 6, when a fire event is detected, after repeatedly executing the 
TPGF routing algorithm, six node­disjoint routing paths are found in total from the 
video source node (red color node) to the base station (green color node).

Fig. 6. Six available routing paths are found by using the TPGF routing algorithm

The end to end transmission delays of these six routing paths are shown in Table 2. 

Table 2.  The end to end transmission delay 

Routing path End to end transmission delay
Path No. 1 240 ms
Path No. 2 260 ms
Path No. 3 320 ms
Path No. 4 260 ms
Path No. 5 240 ms
Path No. 6 300 ms

Since there is no related research work in WMSNs, to prove the effectiveness of 
MPMPS, we compare  MPMPS with another  version of  MPMPS (named as  MPS 
algorithm) which does not split   the video stream (72 kbps) into image stream (48 
kbps) and audio stream (24 kbps) but still  guarantees  the end to end transmission 
delay of video stream, which means only the end to end transmission delays of all 
node­disjoint   routing  paths  are  used   as   the  parameters   for  choosing   the  qualified 
routing paths. Within these six node­disjoint routing paths, if the MPS is used, only 4 



paths (Path No. 1, 2, 4 and 5) are qualified for transmitting video stream since the 
deadline of video stream is 280 ms. Thus, for every one second, the received data by 
the base station can be 48 kb (image stream 32 kb, audio stream 16 kb) as shown in 
Table 3.

Table 3.  Data received by the base station for every one second when using MPS algorithm

Path E2E Delay Used Image Stream Audio Stream
No. 1 240 ms Yes 8 kb 4 kb
No. 2 260 ms Yes 8 kb 4 kb
No. 3 320 ms No 0 kb 0 kb
No. 4 260 ms Yes 8 kb 4 kb
No. 5 240 ms Yes 8 kb 4 kb
No. 6 300 ms No 0 kb 0 kb

However, when using the MPMPS, the video stream (72 kbps) is split into image 
stream (48 kbps) and audio stream (24 kbps). Based on these six found routing paths, 
four   of   them   are   chosen   (in   pink   color)   for   image   stream   transmission   and   the 
remaining two paths are used for audio stream transmission as shown in Figure 7. For 
every one second, the received data by the base station can be increased from 48 kb to 
72 kb (image stream 48 kb, audio stream 24 kb) as shown in Table 4. 

Table 4.  Data received by base station for every one second when using MPMPS

Path E2E Delay Used Image Stream Audio Stream
No. 1 240 ms Yes 12 kb 0 kb
No. 2 260 ms Yes 12 kb 0 kb
No. 3 320 ms Yes 0 kb 12 kb
No. 4 260 ms Yes 12 kb 0 kb
No. 5 240 ms Yes 12 kb 0 kb
No. 6 300 ms Yes 0 kb 12 kb

The simulation result of Figure 8 shows that using MPMPS can greatly increase the 
total received multimedia streaming data by the base station.

7.2   Demonstration of MPMPS execution

The execution of MPMPS algorithm is demonstrated in Figures 9, 10, 11 and 12. 



  
Fig. 7. Video streaming with MPMPS, four 
paths are chosen for image stream, and two 
paths are used for audio stream

Fig. 8. Data received by the base station (kb) for 
every one second 

Fig. 9. Choose the path No. 1 Fig. 10. Choose the path No. 5

Fig. 11. Choose the path No. 2 Fig. 12. Choose the path No. 4

Four routing paths are chosen for image stream transmission. In Figure 9, path No. 1 
is  chosen for  image stream transmission first  since it  has the  shortest  end to end 
transmission delay. In Figure 10, path No. 5 is chosen after the path No. 1 because it 
has the second shortest end to end transmission delay. In Figures 11 and 12, path No. 
2 and path No. 4 are chosen respectively for image stream transmission.



8   Conclusion

Video sensors can be used to enhance the capability of WSNs for event description. 
Efficiently gathering and transmitting  video  in  WSNs  is  extremely important  when 
the underlying infrastructure, e.g. 3G cellular networks or WLANs, does not exist. In 
different   applications,   image   and   audio   streams   have   different   importance   levels. 
Higher priority should be given to the more important stream to guarantee the using 
of limited bandwidth and energy in WSNs. In this paper, we presented the MPMPS 
scheme in transport layer based on our previous research work: the TPGF multi­path 
routing algorithm. The major contributions of this MPMPS scheme have two aspects: 
1)   supporting   multiple   priorities;   2)   choosing   the   maximum   number   of   paths   to 
maximize the throughput of the streaming data transmission. Simulation result shows 
that using MPMPS can effectively choose the maximum number of paths for video 
transmission.

Acknowledgments

The work presented in this paper was supported by the Lion  project  supported by 
Science Foundation Ireland under grant no. SFI/02/CE1/I131.

References

1. Holman, R.,  Stanley,  J., and  Őzkan-Haller,  T., “Applying  video  sensor  networks  to 
nearshore environment monitoring,” IEEE Pervasive Computing, vol. 2, no. 4, pp. 14–21, 
2003.

2. Chu,  M.,  Reich,  J.,  Zhao,  F.,  “Distributed  Attention  in  Large  Scale  Video  Sensor 
Networks”,  in  Proceedings  of  the  second  IEE  Workshop  on  Intelligent  Distributed  
Surveillance Systems, London, UK, February 23th, 2004.

3. Qin, M., Zimmermann, R., “Maximizing Video Sensor Network Lifetime through Genetic 
Clustering”,  USC  Technical  Report  USC-CS-TR05-844,  University  of  Southern 
California, 2005.

4. Agathangelou, D., Lo, B.P.L., Wang, J.L., Yang, G.Z., “Self-Configuring Video-Sensor 
Networks”, in Proceedings of the 3rd International Conference on Pervasive Computing 
(Pervasive 2005), pp. 29–32, Munich, Germany, May 2005.

5. Little, T.D.C., Konrad, J., Ishwar, P., “A Wireless Video Sensor Network for Autonomous 
Coastal Sensing”, in  Proceedings of the Conference on Coastal Environmental Sensing  
Networks (CESN 2007), Boston MA, April 2007.

6. Gerla, M., Xu, K., “Multimedia  streaming in  large-scale  sensor  networks with mobile 
swarms,” ACM SIGMOD Record, vol. 32, no. 4, pp. 72–76, 2003.

7. Misra, S., Reisslein, M., Xue, G., “A survey of multimedia streaming in wireless sensor 
networks”, IEEE Communications Surveys and Tutorials, in print.

8. Tsai, J., Moors, T., “A Review of Multipath Routing Protocols: From Wireless Ad Hoc to 
Mesh Networks,”  in  Proccedings of the ACoRN Early Career Researcher Workshop on  
Wireless Multihop Networking, Australia. 2006.

9. Multipath routing in  wireless  sensor  networks  http://sip.deri.ie/wiki/index.php/ 
multipath_routing_in_Wireless_Sensor_Networks



10. Johnson, D.B., Maltz, D.A., “Dynamic Source Routing in Ad Hoc Wireless Networks”, in 
Mobile Computing, Imielinski and Korth, Eds.: Kluwer Academic Publishers, 1996.

11. Perkins, C., “Ad Hoc On-Demand Distance Vector (AODV) Routing,” RFC 3561, 2003. 
12. Shu,  L.,  Zhou,  Z.B.,  Hauswirth,  M.,  Phuoc,  D.L.,  Yu,  P.,  Zhang,  L.,  “Transmitting 

Streaming Data in Wireless Multimedia Sensor Networks with Holes”, in Proceedings of  
the sixth International Conference on Mobile and Ubiquitous Multimedia (MUM 2007), 
Oulu. Finland. December, 2007.

13. Video Stream Codec, http://www.exefind.com/video-stream-codec/
14. Akyildiz, I.F., Melodia, T., Chowdhury, K.R., “A Survery on Wireless Multimedia Sensor 

Networks”, Computer Networks, Vol. 51, Issue 4, pp. 921-960. 2007
15. Gurses,  E., Akan,  O.B., “Multimedia Communication in Wireless Sensor Networks”,  in 

Annals of Telecommunications, vol. 60, no. 7-8, pp. 799-827, July-August 2005.
16. Hwang, D.Y.,  Kwon, E.H.,  Lim, J.S.,  “EASR: An Energy Aware Source Routing with 

Disjoint Multipath Selection for Energy-Efficient Multihop Wireless Ad Hoc Networks”, 
in Proceedings of the fifth IFIP International Conference on Networking (NETWORKING 
2006), Portugal, May, 2006.

17. Wei,  W.,  Zakhor,  A.,  “Path  Selection  for  Multi-path  Streaming  in  Wireless  Ad Hoc 
Networks”, in  Proceedings of the  International Conference on Image Processing (ICIP 
2006), Atlanta, Georgia, September 2006.

18. Tsai, J. W., Moors, T., “Interference-aware Multipath Selection for Reliable Routing in 
Wireless Mesh Networks”, in Proceedings of the First IEEE International Workshop on 
Enabling Technologies and Standards for Wireless Mesh Networking, (MeshTech 2007), 
Pisa, Italy, October 8, 2007.

19. Ma, Z., Shao, H.R., Shen, C., “A New Multi-Path Selection Scheme for Video Streaming 
on Overlay Networks”, in  Proceedings of International Conference on Communications 
(ICC 2004), Vol. 3, pp. 1330-1334. Paris, France, 2004.

20. Shin, J., Kumar, R., Mohapatra, D., Ramachandran, U., Ammar, M., “ASAP: A Camera 
Sensor  Network  for  Situation  Awareness”,  in  Proceedings  of  the  11th International 
Conference on Principles of Distributed Systems (OPODIS’07), Guadeloupe, French West 
Indies, Dec. 17-20th, 2007.

21. Karp,  B., and  Kung,  H.T., “GPSR:  greedy  perimeter  stateless  routing  for  wireless 
networks”, in Proceedings of the Annual International Conference on Mobile Computing  
and Networking (MobiCom 2000), Boston, USA, August, 2000.

22. Hou,  X., Tipper,  D., Kabara,  J., “Label-based  Multipath  Routing  (LMR)  in  Wireless 
Sensor Networks”, in  Proceedings of The International Symposium on Advanced Radio  
Technologies (ISART 2004), Boulder, USA, March, 2004.

23. NetTopo: http://lei.shu.deri.googlepages.com/nettopo


