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Abstract:  Wireless Sensor Technology has entered into a new phase with all the research going on based on its efficient data 
delivery. Its favourable advantages and applications are the reason behind growing interest in this field. In this paper, this work 

is related to the impact of node density on a particular 3D terrain to determine its optimum performance. The use of Archimedes’ 

Spiral was introduced to compare with static and random mobility conditions in both 2Dand 3D network designs to prove that 

communication can be improved when mobility is introduced. The simulation and 3D network design to prove that 

communication can be improved when mobility is introduced. The simulation results were impressive which when researched on 

higher levels and done field tests, may prove to be a better practical application of wireless sensor network in the field of 

agriculture. 
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I. INTRODUCTION 

In a wireless sensor network, the sensor nodes are designed 

such as to monitor certain events and help solve the 

problems that may arise in a particular scenario. It has wide 
application area [1-4] but the focus in this work is mainly 

in the agricultural sector where sensor network may be 

designed for terrestrial deployment [5-8]. Sensor networks 

have been currently emerging as a great way to improve 

agriculture quality, productivity and resource optimization. 

Now a day’s researchers are willing to do analysis and 

work further using WSN. Lot of new technologies in WSN 

is becoming available for improving agricultural quality. 

Precision agriculture is one of them, which is a field that 

provides suitable scenarios for the deployment of wireless 

sensor networks (WSNs). The wireless sensor network is 
built of few to several hundred or even thousands of sensor 

nodes. Each sensor node comprises of several parts such as 

a radio transceiver, microcontroller, an electric circuit for 

interfacing with the sensors and an energy source. The 

topology can change from a straightforward star network to 

a progressed Multi-hop interlock network. The 

communication technique between the jumps of the 

network can be either routing or flooding. Also, many 

routing protocols have been designed for WSNs which 

mainly differs depending on its wide range of application 

and network topology [9-11].  

 

Fig 1: Overview of Wireless Sensor Network 

However, the varying of node density in a particular area 

can have an impact on the efficiency of network design as 

shown in the work of this paper. Figure 1 shows a basic 

overview of Wireless Sensor Network and the internal units 

of a sensor node. 

II. RELATED WORK 

Based on node density variation in a wireless sensor 

network design, some research work has been conducted by 
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scholars using several network simulators. Routing 

protocol also played a major role in these simulation works.  

In [12] the authors evaluated the performance analysis of 

Optimized Link State Routing (OLSR) and Source Tree 

Adaptive Routing Protocol (STAR) at application layer by 

varying number of nodes using QualNet 5.0 simulator. 

From their simulated work, it was seen that OLSR showed 
better performance compared to STAR with increase in 

node density for a particular area. 

In [13] the authors used QualNet 5.0.2 Network simulator 

to conduct a study of using both CBR and FTP traffic 

patterns for comparing three different routing protocols 

(AODV, DSDV and DYMO) with node variation from 20 

to 150. Their analysis showed optimum performance of 

AODV when using both CBR and FTP application hence it 

was preferable when set up in large terrain. 

In [14] CBR was used as traffic pattern and AODV as 

Routing protocol on a 1000*1000 m terrain and simulation 
was conducted using NS2 network simulator by varying 

node density. With increase in node density, packet ratio 

and delay was observed to have increased due to 

congestion in the network. The scenario with 50 nodes had 

optimum results showing most suitable among the range of 

25 to 125 nodes.  

In [15] high speed mobile nodes were taken in the design 

scenario and having taken three routing protocols (AODV, 

DSDV and DSR), simulation was conducted in NS-2 

network simulator by varying node density from 40 to 100 

nodes and ANOVA tool was used to confirm the 

correctness of the result. The results showed that with 
increase in node density the efficiency improved, and also 

AODV performed better among all. 

 

III. ARCHIMEDES’ SPIRAL 

Archimedes spiral is a mathematical concept which mainly 

includes a shape starting from a point called the center and 

winds about it with continuous increase in the radius and at 

a steady speed, hence varying the distance. It is named after 
the third century BC Greek Mathematician             

Archimedes. The bend in the spiral is followed out 

counterclockwise as the sweep of the circle and the point of 

turn both keep running from 0 to 2π. Eq. (1) is the basic 

equation for this pattern. 

𝒓 = 𝒂+ 𝒃𝜽                        (1) 

Where θ is polar angle, and r is the distance of the radius, a 
and b are real numbers. Changing the parameter a will turn 

the winding, while b controls the separation between 

progressive turns. 

 
Fig 2: Archimedes’ Spiral 

Fig 2 above depicts one complete spiral with θ being π/2. 

Hence, the mobility of sink node can be assigned to move in 

Archimedes’ spiral to ensure better data transmission over 
the entire area. Also, the length of the spiral can be 

calculated as shown in eq. (2) as follows: 

𝑺 =
𝜶

𝟐
 𝜽 𝟏+ 𝜽𝟐 + 𝒍𝒐𝒈 𝜽+  𝟏+ 𝜽𝟐  (2) 

IV. SIMULATION SCENARIO 

In this network design, the dimension of terrain was taken to 

be100m*100m*40m and on the basis of node density, there 

were four random node deployment of 50, 100, 150 and 200 

nodes. Having taken traffic generator as application type, 

DYMO was used as Routing protocol and IEEE 802.15.4 

standard as MAC Layer. The size of data packet sent was 50 
bytes and number of application was kept constant as 25. 

Battery was taken to be 200mAHr and the energy model was 

taken as linear. The simulation was conducted for 1000 

seconds. Three different conditions were taken into account 

such that in first case sink node was kept static, second case 

the sink node was allowed random mobility while in third 

case sink node was assigned Archimedes’ Spiral mobility 

pattern. All the three scenarios were conducted with the 

variation of node density. Node 70 was kept fixed as the 

PAN Coordinator throughout all the simulations.  

 

 

Fig 3: Deployment of 100 nodes in 3D using QualNet 6.1 
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V. RESULTS AND DISCUSSION 

In this section, the simulated results of static, random 

mobility and Archimedes’ Spiral based mobility of sink node 

with the variation of node density have been presented in 

graphical form which represents several performance metrics 

as analyzed and discussed in details below. 

A. Messages received 

In figure 4 below, 50 nodes is showing optimum condition 

among all the varied scenarios of node density. When sink 
node was considered to be mobile, number of messages 

received was found to be lesser but significantly large 

difference was not noticed.  However, 3D scenarios are 

showing lesser value comparatively, due to increase in 

distance with the sink node. 

 

Fig 4: Performance comparison of Messages received (Static 

vs Mobile sink node) 

 

B. Throughput (bits/s) 

In figure 5 below, 50 nodes is giving better throughput among 

all the varied scenarios of node density. When sink node was 

taken to be mobile, throughput was found to have improved 

by a small margin. Overall, 3D scenarios are not found to 

vary much. 

 

 

Fig 5: Performance comparison of Throughput (Static vs 

Mobile sink node) 

 

C. Average End to End Delay (s) 

 

 

Fig 6: Performance comparison of End to End Delay (Static 

vs Mobile sink node) 

In figure 6 above, there was minimum delay when 50 nodes 

were taken into consideration, while for 200 nodes, it is 
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found to be least. For mobile sink node, the variation in 

delay is not found to be constant as the movement of sink 

node makes it comparatively easier to collect data across 

the terrain.  

D. Average Jitter (s) 

In figure 7 below, the result was found to be similar to figure 

6 as 200 nodes show minimum jitter and 50 nodes show the 

highest value as expected. For mobile sink node, the 

variation of jitter was found to be uneven which is because 

with the movement of sink nodes, it becomes easier to 

collect data across the terrain. 

 

 

Fig 7: Performance comparison of Jitter (Static vs Mobile 

sink node) 

E. Network Lifetime (Hrs.) 

In figure 8 above, the graph overall proves that with increase in 

node density, the battery consumption by each node decreases, 

hence making the overall network design energy efficient. 150 

nodes with Archimedes’ Spiral based sink mobility were found 

to have the highest value. However, mobility of sink node does 
not affect the overall network lifetime much and was found to 

be around 10.4 hrs. in almost all the simulations conducted. 

 

Fig 8: Performance analysis of network Lifetime 

(All nodes vs Sink node) 

VI. CONCLUSION 

The selection of appropriate node density for a particular 

terrain is very important as it can contribute to both 

efficiency and economic value of the wireless sensor 
network design. In this study, the impact of Archimedes’ 

Spiral based sink mobility was compared with static and 

random mobility of sink node and was shown how it can 

contribute to the performance of the network scenario. 

Thus, under the IEEE 802.15.4 standard, most important 

performance metrics were investigated with varying node 

density. For messages transferred and throughput, 50 nodes 

were found to be optimum and the values degraded with 

increase in node density. While, for End to End Delay and 

Jitter, the values were found to improve with increase in 

node density. Thus it can be concluded that, for data 
communication purpose, 50 nodes with Archimedes’ Spiral 

Based Sink Mobility can be considered to be optimum for 

this particular terrain.  
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