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ABSTRACT 
A Wireless Sensor Network is a network of sensor nodes with 

sensing, conditioning and communication capabilities.  All 

these sensors nodes are deployed in the wireless sensor 

network in distributed manner. These Sensor nodes rely on 

their onboard batteries for the energy required for performing 

their operations. Recharging or Replacement of these batteries 

is quite difficult. So Several Research efforts are made from 

many decades to introduce the Wireless Sensor Network 

(WSN) routing technology with energy efficient manners. In 

this paper, an experimental evaluation of energy efficiency of 

routing protocols like dummy, adaptive probabilistic 

broadcast and adaptive flooding is presented for both 2 

dimensional and 3 dimensional scenario of 100 nodes WSN. 

The computation of energy efficiency of these routing 

protocols is totally based on the comparative results of  

parameters like mean energy consumption, average dropped 

frames and latency of nodes with respect to number of packets 

transmitted.  The computation of these wireless sensor 

networks are performed using OMNET++ 4.5 with MIXIM 

module. 

Keywords 
2D & 3D WSN, Energy consumption, latency, routing 

protocols, OMNET ++. 

 

1. INTRODUCTION 
Wireless Sensor Network (WSN) is an automated 

environment of thousands of wireless sensors whose parallel 

working leads to the accomplishment of specific application.  

They are designed and deployed in very large numbers to 

gather the information especially in applications where human 

existence is negligible. These nodes have to work together to 

accomplish their tasks as, usually, a single node is incapable 

of doing so and wireless communication helps them to enable 

this collaboration . Different standard agencies and governing 

bodies are trying to integrate a wide variety of proposals for 

Wireless Sensor Network technology. Recent advances in the 

area of wireless communication and embedded systems have 

enabled the development of low cost, small size, low power, 

multi-functional sensor nodes that can communicate over 

short distance through autonomous wireless environment 

[11].Each node in a WSN has the capability of sensing, 

processing and propagating the sensed data to other nodes and 

all the processes in WSN communication system requires 

energy and for this, each node have to rely on onboard 

batteries shown in Figure 1.  Recharging or Replacement of 

these batteries is quite difficult. So for maximizing the 

lifetime of node in the network, energy efficient positioning 

based methods should be used while deploying the network. 

Similarly use of energy efficient routing protocols makes the 

network more reliable.  Research efforts are made from many 

decades to introduce the Wireless Sensor Network (WSN) 

routing technology with energy efficient manners. 

 
Figure 1: Typical sensor node 

 

The positioning of nodes in the WSN environment should be 

either 2 dimensional positioning or 3 dimensional positioning 

[8]. In 2D positioning, all nodes in the network are located at 

zero height or at equal height with respect to the ground level 

as shown in Figure 2. Each nodes in 2D has positional 

coordinates as (x,y,0) or (x,y,a) where a is some constant.  

 

            
 Figure 2: 2D WSN[1]   

 

Now if user want to deploy nodes in 3D environment like 

underwater sensor networks or weather monitoring systems, 

then user have to deploy the nodes at different depths with 

respect to ground or with respect to other nodes as shown in 

Figure 3 thus makes the network  three-dimensional. Each 

nodes in 3D has positional coordinates as (x,y,z). Moreover, 
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for selection of the optimum routing protocol for 

communication, it is necessary to optimize the energy 

efficiency of the whole sensor network by using different 

routing protocols like Adaptive flooding, Dummy and 

Adaptive probabilistic broadcast [18]. 

 
                             Figure 3: 3D WSN[1] 

1.1 Adaptive flooding 
Adaptive flooding[18] is basically the enhancement of 

conventional flooding technique.  In conventional adaptive 

flooding, each sensor node firstly keep a copy of the received  

message and then  transmit  it towards other nodes and this 

cycle repeats until the sink node receives that message[18]. It 

is a simple and reliable routing method to route the 

information towards each node in the network. As message 

will be transmitted  to every host atleast once so it  guaranteed 

the delivery of message to  its destination. But the unlimited 

broadcasting of the packets will cause problems like broadcast 

storm, implosion, overlay and resource blindness. These 

problems are minimized   by Adaptive flooding  technique in 

which  each node "remembers" (stores) already broadcasted 

messages in a list and does not rebroadcast them again, if it 

gets another copy of that message. Moreover default time to 

live of node is also depends on number of hops which makes 

it more superior than conventional adaptive flooding 

technique. 

1.2   Dummy 
Dummy routing technique simply "translates" 

netwControlInfo to macControlInfo before transmission 

which means it filter out the requested frame from the whole 

packet and transmit it in place of whole packet[18]. The false 

acknowledgments are also ignored by the intermediate nodes 

in this technique. In this way it will decrease the network load 

and also save the energy wasted in transmitting the whole 

packet rather than the desired frame of data. It will also 

increase lifetime of the nodes in the network. This technique 

enhances the real data delivery ratio and decreases the data 

overhead load as well as  data packets collision. 

1.3   Adaptive Probabilistic Broadcast 
It is a Multi-hop ad-hoc data distribution protocol which is 

based on adaptive probabilistic broadcast, with adaptive 

parameters. This protocol performs network-level broadcast 

using an adaptive probabilistic mechanism in which node uses 

broadcast mechanism to send a message to a set of randomly 

selected nodes and the node receiving the message will further 

resend it through broadcast to another set of randomly 

selected nodes. This mechanism ensures the high throughput 

but each node must have communication routes with other 

nodes in the network. This method reduces the number of 

packets sent on the channel (reducing the broadcast storm 

problem) at the risk of some nodes not receiving the data. It is 

particularly interesting for mobile networks. This version of 

adaptive probabilistic broadcast automatically adapts 

transmission probabilities depending on the estimated number 

of neighbors.                                           

Section 2 describes about the 2D and 3D WSN system 

architecture designed in OMNET++ modeling framework. 

Comparative results of analysis of average power 

consumption, latency and dropped frames for different routing 

protocols are shown in Section 3. Finally, our concluding 

remarks are presented in Section 4. 

2. SYSTEM ARCHITECTURE 
OMNET++ 4.5 with MIXIM 2.3 is used for the designing and 

computation of all parameters of  100 node WSN as shown in 

Figure 4. MIXIM is an OMNET++ modeling framework 

created for mobile and fixed wireless networks.  IEEE 

802.15.4 is the required low cost and low power 

communication standard between sink node and other sensor 

nodes [2]. The unlicensed frequency band of 2.4 GHz is used 

in this network as it has the highest data rate of value 

250Kbps. All these nodes are deployed under 2 scenarios in 

the environment:- 

 

a. 2 Dimensional WSN 

b. 3 Dimensional WSN     

These scenarios are designed on the basis of positioning of  

WSN nodes in 2D(x,y) and 3D(x,y,z) environment.  

Environment size of (500m ,500m) is used in case of 2D 

scenario and (500m,500m,500m) in 3D scenario. The 

evaluation and comparisons of energy consumption, latency 

and average dropped frames of both 2D and 3D WSN using 

different routing protocols (dummy, adaptive probabilistic 

broadcast and adaptive adaptive flooding) are  shown below 

in latter sections.  

 

Figure 4: Multi Node WSN 
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3. SYSTEM ANALYSIS AND RESULTS 

3.1   2D WSN 
In this scenario, all 100 nodes are positioned in 2 dimensional 

environment of size 500m x 500m. Each node has 2 positional 

coordinates(x,y) which leads to ground wave communication  

between different sensor nodes as each sensor is positioned 

along ground(x,y). The simulation time for each analysis is 

10s and the routing methods  used  are dummy, adaptive 

flooding and adaptive probabilistic. The analysis is based on 

the parameters like average power consumption, latency and 

dropped frames.  

3.1.1 APC 
Figure 5 shows the variation in average power consumption 

per node for all three protocols in 2D WSN scenario. Dummy 

routing protocol consumes very limited energy as compared to 

adaptive probabilistic broadcast and adaptive flooding 

protocol as each data frame is filtered by the WSN nodes & 

only required data is routed towards destination in case of 

dummy routing protocol. 

 

Figure 5: Average Power Consumption in 2D WSN 

3.1.2 Latency  

 

Figure 6: Latency in 2D WSN 

Figure 6 shows the variation in latency for all three protocols 

in 2D WSN scenario. Dummy routing protocol has minimum 

latency value as compared to adaptive probabilistic broadcast 

and adaptive flooding protocol. So dummy protocol is 

required in real time networks where quick response is 

required.  

3.1.3 Dropped frames 
Figure 7 shows the variation in no. of dropped frames for all 

three protocols in 2D WSN scenario. The dropped frame rate 

in case of Dummy routing protocol is very low as compared 

to adaptive probabilistic broadcast and adaptive flooding 

protocol. So very less retransmission of frames is needed 

which increases network reliability and increases network 

efficiency. 

 

Figure 7: No. of Dropped Frames in 2D WSN 

3.2   3D WSN   
In this scenario, all 100 nodes are positioned in 3 dimensional 

environment of size 500m x 500m x 500m. Each node has 3 

positional coordinates(x,y,z) which means node is positioned 

in space and communication  between different sensor nodes 

is space wave. Space wave communication has greater energy 

efficiency than ground wave as fading effect is more in case 

of ground wave communication than space wave 

communication. The simulation time for each analysis is 10s 

and the routing methods used  are dummy, adaptive flooding 

and adaptive probabilistic. The analysis is based on the 

parameters like average power consumption, latency and 

dropped frames.  

3.2.1 APC 

 

Figure 8: Average Power Consumption in 3D WSN 

Figure 8 shows the variation in average power consumption 

per node for all three protocols in 3D WSN scenario. Dummy 

routing protocol consumes very limited energy as compared to 
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adaptive probabilistic broadcast and adaptive flooding 

protocol in 3D scenario too. Moreover average power  

consumption of 3D WSN is also lesser than 2D WSN using 

each protocol as 3D WSN  supports space wave 

communication which consumes lesser energy during 

communication as compared to ground wave communication 

used in 2D WSN. 

3.2.2 Latency 
Figure 9 shows the variation in latency for all three protocols 

in 3D WSN scenario. Dummy routing protocol has minimum 

latency value as compared to adaptive probabilistic broadcast 

and adaptive flooding protocol in 3D WSN too. So Dummy 

protocol in real time 3D networks provide much quicker 

response as compared to 2D WSN.  

 

Figure 9: Latency in 3D WSN 

3.2.3 Dropped frames 

 

Figure 10: No. of Dropped Frames in 2D WSN 

Figure 10 shows the variation in no. of dropped frames for all 

three protocols in 3D WSN scenario. The dropped frame rate 

in case of Dummy routing protocol is very low as compared 

to adaptive probabilistic broadcast and adaptive flooding 

protocol in 3D WSN too which makes  3D WSN is much 

more reliable network than 2D WSN. 

4. CONCLUSION AND FUTURE SCOPE 
In this paper, we have greatly experienced the use of network 

simulation software OMNET++. Different scenarios were 

simulated based on variation in number of nodes, routing 

protocols and position of nodes in WSN (2D or 3D) and 

analyzed different parameters such as average power 

consumption, latency and average dropped frames. By 

analyzing these scenarios, it is observed that Average power 

consumption, Latency and Number of frames dropped in case 

of dummy routing protocol is quite lesser than their values 

observed while using Adaptive flooding protocol and 

Adaptive probabilistic broadcast protocol in case of both 2D 

and 3D WSN . So it is concluded that if communication 

between nodes is performed using dummy routing protocol in 

both 3D and 2D WSN environment, then reliability and 

lifetime of nodes in the network increases and a good quality 

of service is maintained. Some research directions are 

recommended for consideration for the further enhancement 

of above parameters in the future. 

 Evaluation can be done with other different 

modulation techniques.

 The power consumption analysis can be done with 

other routing techniques.

 Energy efficiency of WSN can be analyzed for 

different traffic types.
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