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Abstract: Multimedia applications are routed from source nodes via 

neighboring nodes to a sink in Wireless Multimedia Sensor Networks 

(WMSNs). However, the existing routing protocols in the WMSNs do not 

fulfill the quality of service (QoS) constraint yet for multimedia 

transmission. The WMSNs have specific characteristics such as multi-hop 

way, limited node capability and varying bandwidth, which can affect the 

quality of service of multimedia applications during the routing process. 

The best quality of service (QoS) is required by the multimedia 

applications consisting of high throughput, low end-to-end delay and low 

packet drop rate. A routing optimization based on the cross-layer design 

is proposed for multimedia transmission in the WMSNs. The cross-layer 

design utilizes H.264/Scalable Video Coding (SVC) and IEEE 802.11e 

Enhanced Distributed Channel Access (EDCA) and has been 

implemented in Network Simulator 2 (NS2) simulation. The NS2 

simulation indicates that the H.264/SVC video application has an average 

delay of 0.02 sec. Thus, the routing optimization has accomplished to 

deliver multimedia application successfully via Wireless Multimedia 

Sensor Network (WMSN). 

 

Keywords: Routing Optimization, Cross-Layer Design, Wireless 

Multimedia Sensor Networks 

 

Introduction 

Nodes must be able to work together to transmit data 

from the source node via neighboring nodes to the sink 

in the WMSNs. Then the data from the neighboring 

nodes are forwarded multi-hop up to the sink. Thus, the 

WMSNs has advantages regarding easy and inexpensive 

network deployment, reliability because of many 

alternative routes through neighboring nodes and a wide 

range of multi-hop networks (Akyildiz et al., 2007). 

Multimedia applications have specific characteristics 

such as requiring tight due dates, high throughput, 

unwavering quality, low delay and high data rate during 

transmission in the wireless network. Furthermore, the 

WMSNs are constrained by the sensor nodes capabilities 

that only have limited power, memory and computation. 

Thus, multimedia applications will undergo a process of 

degradation regarding throughput, delay and packet loss 

when the multimedia packets are routed through multiple 

nodes to a sink in the WMSNs (Misra et al., 2008; Ehsan 

and Hamdaoui, 2012). 

In previous works, some researches related to routing 

process and multimedia transmission have been done in 

changeable wireless networks. The routing protocol has 

been categorized into four designs, consisting of 

Network Organization, Interaction Model, Topology and 

Trustworthy Routing in the Wireless Sensor Networks 

(WSNs) (Pantazis et al., 2013; Al-Karaki and Kamal, 

2004). Ad hoc On-Demand Distance Vector (AODV) 

and Destination-Sequenced Distance-Vector Routing 

(DSDV) protocols have been investigated in a mobile 

ad-hoc network (Yadav and Yadav, 2008). Dynamic 

Source Routing (DSR) and Ad Hoc On-Demand 

Distance Vector Routing (AODV) have been discussed 

in an ad-hoc wireless network (Perkins, 2001). Ant 

Colony Optimization protocols have been proposed in an 

ad-hoc wireless networks (Caro et al., 2005; Ducatelle, 

2007) and wireless sensor networks (Saleem, 2009; 

Putra, 2016). A cross-layer optimization has been 

utilized for Scalable Video Coding (SVC) video 

transmission in a wireless network (Foh, 2007; Li et al., 

2011). A cross-layer method considers the scheduling in 
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MAC and the routing protocol for real-time transmission 

in the WSNs (Alwan and Agarwal, 2013). A cross-layer 

approach has been utilized for video transmission based 

on H.264/SVC and Enhanced Distributed Channel 

Access (EDCA) in the WMSNs (Putra, 2015). 
The existing routing protocols only focus on the 

network layer and do not consider the data link and 

physical layers in the wireless ad hoc networks and the 

wireless sensor networks. As a consequence, when the 

routing protocols transmit multimedia traffic in the 

wireless network, multimedia traffic will experience 

degradation regarding the quality of service (QoS). The 

throughput, delay and packet loss can turn influenced by 

varying wireless bandwidth channels conditions all the 

time because of fading and interference factors.  
In this paper, a routing optimization is proposed to 

give guaranteed bandwidth (QoS) for multimedia 
applications in the Wireless Multimedia Sensor 
Networks (WMSNs). The routing optimization based on 
a cross-layer method determines best-selected links 
between sensor nodes and a sink. Since wireless sensor 
networks have varying bandwidth channels, a routing 
protocol must adapt to the varying bandwidth conditions. 
The cross-layer design method makes cooperation 
between the application, network and data link layers to 
provide an ideal setting for the transmission of 
multimedia packets. Thus, the multimedia packets when 
routed through WMSNs get the first priority for the 
routing process at the network layer. Furthermore, video 
coding techniques based on H.264/SVC standard is 
utilized in the application layer to create multimedia 
applications to adapt to changing wireless environments. 
Therefore, the multimedia application will get 
guaranteed bandwidth or Quality of Service (QoS) when 
routed via multi-hop manner in WMSNs.  

The remainder of this paper is established like this. 

The Wireless Multimedia Sensor Network (WMSN) is 

discussed in Section II, Cross-Layer Design method is 

discussed in Section III, Section IV describes Simulation 

Model and Section V justifies Simulation Results. Last, 

The Conclusion is shown in Section VI.  

Wireless Multimedia Sensor Network  

Wireless Multimedia Sensor Networks (WMSNs) is a 

sensor network consisting of several sensor nodes that 

have multimedia equipment such as multiple cameras, 

microphones and scalar sensors. The results of sensor 

nodes readings will be delivered via the wireless network 

and shown on a server.  

Figure 1 indicates a concept of the WMSN for three 

sensor systems with diverse purposes. A single-level 

network of different sensor nodes captures videos, audio 

and scalar data from the environment and sends the data 

to the center node. The center node collects and executes 

complete processing. Then, the processing results are 

delivered to the server via multi-hop manner. 

 

 
Fig. 1. A concept of Wireless Multimedia Sensor Networks 

(WMSNs) 

 

A single-level network of similar sensor nodes 

captures similar data from the environment. Then the 

data is forwarded to neighboring nodes via multi-hop 

manner. The final destination of the data transmission is 

the server for processing the data. A multi-level network 

of different sensor nodes divides and processes audio, 

videos and scalar data from the environment into 

different layers. The lower level is responsible for scalar 

sensors with low capabilities. Higher level is accountable 

for audio and video data with high power and resources 

(Akyildiz et al., 2007). 

Cross-Layer Design 

Cross-layer design is a new approach to optimize the 

existing architecture of Transmission Control 

Protocol/Internet Protocol (TCP/IP) through finding and 

using the best standard of layers of TCP/IP. Each layer of 

the TCP/IP protocol has the duty and the service 

independently of one another and between adjacent layers 

do not communicate directly. The cross-layer design 

makes it possible to cooperate and communicate between 

the layers to find an optimization. The optimization is 

needed for adaptation to the wireless environment and 

supports QoS constraint for video applications. 

The cross-layer design can be divided into three key 

concepts which consist of (Ksentini et al., 2006; Qian 

and Ya-Qin 2008): 

 

1. Parameter Abstraction. The information needs to be 

collected from the application, data link and 
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physical layers through a process of abstraction. 

Specific parameters of the existing protocol layers 

are selected into the parameters that are likely 

implemented by the cross-layer optimizer 

2. Cross-Layer Optimization. The parameters obtained 

from the parameter abstraction is then optimized to 

achieve a certain purpose 

3. Decisions Distribution. Results of cross-layer 

optimization are then redistributed to the 

corresponding layers 
 

A cross-layer design method can be described 

mathematically using a dynamic programming model 

(Bradley, 1977) as shown in Fig. 2. A dynamic 

programming optimization is an approach that 

transforms a complex problem into a specific sequence 

or parts of smaller problems. By using the mathematical 

model of the dynamic programming, the cross-layer 

design method is divided into four stages (n), starting 

from the rear, n = 1. Thus, the mathematical model of the 

dynamic programming for the network is: 

 

4 4 4 3 3 3

4 4

2 2 2 1 1 1

v (d ,s ) f (d ,s )
v (s ) Max

f (d ,s ) f (d ,s )

 +
=  

+ +  
 (1) 

 

 
 
Fig. 2. A dynamic programming model for the cross-layer 

design method 

In cross-layer design, the optimization process is 

conducted on three layers of TCP/IP, namely 

Application   (A),    Network  (R) and   Datalink   (P). 

At the Application layer, there are four video coding 

techniques with different qualities (Q), namely A1 (2), 

A2 (1), A3 (4) and A4 (1). At the Network layer, there is 

four routing technique that produces different qualities 

(Q), namely R1 (2), R2 (4), R3 (3) and R4 (1). At 

Datalink layer, there are four different priorities of IEEE 

802.11e Enhanced Distributed Channel Access (EDCA) 

scheme with different qualities (Q), namely P1 (4), P2 

(3), P3 (2) and P4 (1). The value of the number in 

brackets indicates the value of the quality (Q), where the 

greater value indicates better quality (Q). 

Completion of optimization problems using dynamic 

programming approach to the method of Cross-Layer 

Design is carried forward (forward recursive equation) 

and consists of four stages of the decision. The math of 

the problem is based on the equations 1 and is explained 

using the tables for each decision stage. 

In the first stage, there are four options available: P1 

(4), P2 (3), P3 (2), and P4 (1). The optimization result 

from stage 1 is P1 (4) because it has a better quality (Q) 

that is 4, as shown in Table 1. In the second stage, there 

are four options available: R1 (2), R2 (4), R3 (3) and 

R4 (1). The optimization result from stage 2 is R2 (4) 

because it has a better quality (Q) that is 4, as shown 

in Table 2. In the third stage, there are four options 

available:    A1 (2),    A2 (1),   A3 (4),    and    A4 (1). 

 
Table 1. The Results of The First Stage. 

S1 \ d1 fn Max v1(s1) 

P1 4 4 Q 

P2 3 3 Q 

P3 2 2 Q 

P4 1 1 Q 

 

Table 2. The results of the second stage 

S2\d2 P1 P2 P3 P4 Max v2(s2) 

R1 2+4=6 2+3=5 2+2=4 2+1=3 6 P1 

R2 4+4=8 4+3=7 4+2=6 4+1=5 8 P1 

R3 3+4=7 3+3=6 3+2=5 3+1=4 7 P1 

R4 1+4=5 1+3=4 1+2=3 1+1=2 5 P1 

 

Table 3. The Results of The Third Stage 

S3\d3 R1 R2 R3 R4 Max v3(s3) 

A1 2+6=8 2+8=10 2+7=9 2+5=7 10 R2 

A2 1+6=7 1+8=9 1+7=8 1+5=6 9 R2 

A3 4+6=10 4+8=12 4+7=11 4+5=9 12 R2 

A4 3+6=9 3+8=11 3+7=10 3+5=8 11 R2 

 

Table 4. The results of the fourth stage 

S4\d4 A1 A2 A3 A4 Max v4(s4) 

Video 10 9 12 11 12 A3 
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The optimization result from stage 3 is A3 (4) because it 

has a better quality (Q) of 4, as shown in Table 3. In the 

fourth stage, the video application chooses A3 (4), as 

shown in Table 4. 

The result of optimization shows to get the video 

transmission with the highest quality (Q) by selecting the 

A3 → R2 → P1 → Q from the Application layer, 

Network and Datalink. 

Simulation Model 

To examine the proposed optimization, NS2 
simulation (Ke, 2012) was conducted as shown in Fig. 3 
including two ways. The first, the sensor node 1 sends 
four important data stream with 512 bytes packet size to 
the sensor node 3 with speeds of 600 kbps in WMSN. In 
the network layer, the Ad hoc On-Demand Distance 
Vector (AODV) and the Destination-Sequenced 
Distance Vector Routing (DSDV) protocols are 
utilized interchangeably. Then throughput, packets 
end-to-end delay and packet drop rate is calculated 
throughout the simulation.  

The second, the sensor node 1 sends the "Foreman" 

H.264/SVC video (Schwarz et al., 2007) to the sensor 

node 5 in WMSN. Furthermore three data stream with 512 

bytes packet size are also sent in WMSN with speeds of 

600 kbps. In the network layer, the Ad hoc On-Demand 

Distance Vector (AODV) and the Dynamic Source Routing 

(DSR) protocols are utilized interchangeably. Then 

throughput, packets end-to-end delay and packet drop rate 

is calculated throughout the simulation. 

To optimize the routing process for multimedia 

transmission in the WMSN, the procedure of cross-layer 

design of the Open Systems Interconnection (OSI) layers 

is conducted. The process of parameter abstraction 

collected important data from the three layers 

consisting of application, network and data link 

layers. Furthermore the process of cross-layer 

optimization is conducted to fulfill the requirements of 

Quality of Service (QoS) for multimedia transmission. 

Then the process of decisions distribution is conducted 

to deliver the results of the data optimization back into 

the application, network and data link layer. 

 

 

 
Fig. 3. The simulation model 
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The proposed cross-layer design utilized H.264/SVC 
as a video coding standard at the application layer 
because the video coding standard has supported many 
existing device technologies and multimedia 
applications. Furthermore, the video coding standard 
also supports low bit rate for multimedia transmission in 
WMSN. The proposed cross-layer design utilized the Ad 
hoc On-Demand Distance Vector (AODV), the 
Destination-Sequenced Distance Vector Routing 
(DSDV) and the Dynamic Source Routing (DSR) as 
routing protocols at the network layer. The routing 
protocols represent R1, R2 and R3 in dynamic 
programming approach as explained in Section 3. The 
proposed cross-layer design utilized the IEEE 802.11e 
Enhanced Distributed Channel Access (EDCA) as a new 
channel access method for the Media Access Control 
(MAC) layer at the data link layer. The EDCA has 

supported four priority classes (P), starting from the highest 
priority to the lowest priority. The priority classes (P) are 
intended for voice traffic, video, best effort and background 
correspondingly. These priorities of EDCA represent P1, P2 
and P3 in dynamic programming approach. 

Simulation Results 

The throughput for four data stream is indicated in 

Fig. 4 via WMSN where AODV and DSDV protocols 

are utilized interchangeably. Based on the EDCA scheme 

in the datalink layer, the first important data stream gets 

the first priority to access existing bandwidth, the second 

important data stream gets the second priority, the third 

important data stream gets the third priority and the fourth 

important data stream gets the fourth priority. 

 

 

 

  
Fig. 4. The throughput for four important data stream through WMSN where AODV (above) and DSDV (below) protocols are 

utilized 
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Fig. 5. The rate of packets end-to-end delay for four important data stream through WMSN where AODV (above) and DSDV 

(below) protocols are utilized 

 
The throughput of the first priority data is more stable 

(indicated by the red graph) than other priority data when 
utilizing DSDV protocol at the network layer. Whereas, 
when utilizing AODV protocol, the throughput of all the 
priority data tends to be unstable. DSDV protocol 
utilizes table-driven routing and DSDV routing 
information is always updated in routing tables. 
Otherwise, AODV protocol utilizes on-demand routing 
protocol. Due to the sensor nodes are all in a fixed 
position, multimedia packets are routed faster and have a 
lower delay through WMSN when utilizing DSDV 
protocol. Thus, the routing optimization based on cross-
layer design provides better throughput for the first 
important data stream when DSDV and EDCA protocols 
are utilized in the proposed cross-layer design. The rate of 
packets end-to-end delay for four data stream is indicated 
in Fig. 5 via WMSN where AODV and DSDV protocols 
are utilized interchangeably. The rate of packets end-to-
end delay remains very low for the first important data 

stream (indicated by the red graph) when DSDV and 
EDCA protocols are utilized in the model of cross-layer 
design. DSDV protocol utilizes pre-determined routes 
while AODV protocol finds routes when needed. Thus, 
AODV protocol has a higher delay than DSDV protocol. 

The rate of packets loss or drop for four data stream 

is indicated in Fig. 6 via WMSN where AODV and 

DSDV protocols are utilized interchangeably. The first 

important data stream get high packets drop rate when 

AODV and EDCA protocols are utilized in the 

simulation. Due to AODV protocols utilize an on-

demand approach to finding routes. Thus, multimedia 

packets experience high packet drop rate when routed in 

WMSN. The first important data stream has low packets 

drop rate when DSDV and EDCA protocols are utilized 

in the simulation. It indicates that DSDV has better 

quality for routing (R) and EDCA provides the first 

priority (P) for scheduling in data link layer. 
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Fig. 6. The rate of packets loss or drop four important data stream through WMSN where AODV (above) and DSDV (below) 

protocols are utilized 

 

 
  
Fig. 7. The rate of packets end-to-end delay for the "Foreman" H.264/SVC video from the sensor node 1 to the sensor node 5 where 

AODV and DSR protocols are utilized 
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The rate of packets end-to-end delay for the 
"Foreman" H.264/SVC video is indicated in Fig. 7. The 
video is delivered from the sensor node 1 to the sensor 
node 5 and AODV and DSR protocols are utilized 
interchangeably. When DSR protocol is utilized in the 
network layer, the "Foreman" H.264/SVC video has lower 
end-to-end delay (indicated by the green graph) than 
AODV protocol in the network layer. The "Foreman" 
H.264/SVC video packets have an average delay of 0.02 
second. DSR protocol utilizes many alternative routes from 
sources to a sink. Each node in the DSR has a routing 
source that stores information for all these purposes. 

Then each node also has an ability to learn the route 
to each destination in DSR. Thus, DSR has a better 
ability to obtain routing information than AODV. It 
indicates that the routing optimization based on cross-
layer design provides lower delay results for the 
"Foreman" H.264/SVC video when DSR and EDCA 
protocols are utilized in the model of cross-layer design. 

Conclusion 

The routing optimization based on the proposed 
cross-layer design has been conducted successfully in the 
wireless multimedia sensor network (WMSN). The 
routing optimization has treated the first important data 
stream to obtain better results regarding throughput, 
packets end-to-end delay and packet drop rate in the 
WMSN. Then the "Foreman" H.264/SVC video packets 
have lower delay when AODV and DSR protocols are 
utilized in the cross-layer design. Thus, the routing 
optimization process based on the proposed cross-layer 
design can optimize the multimedia transmission in the 
wireless multimedia sensor networks (WMSNs). 
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