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B. Mathematical Modelling

Variables:

Let's define the following variables for the mathematical model:
N: Number of nodes in the wireless sensor network.
Ei: Initial energy of node i.

M: Advanced nodes' energy multiplier.

Padvanced: Proportional factor for advanced nodes.
Psuper: Proportional factor for super nodes.

L: Message length.

D: Dimension of the sensing field.

B: Base station location.

Si: Location of sensor node.

H: Number of mobile sinks.

Lifetime: Network lifetime.

EnergyConsumption: Energy consumption.
Throughput: Throughput.

EndToEndDelay: End-to-end delay.

v



Equations:
The following equations capture the essential parameters and relationships in the context of the
provided methodology and objectives.
1. Initial Energy Calculation:
E = {0.5], for normal node
t712x0.5], foradvanced nodes

2. Proportional Factors Calculation:
0.3, for normal node

Faavancea = {0.24, for advanced nodes

0.2, for normal node

Psuper = {0.36, for advanced nodes

3. Location of Sensors:
Si=(x;,y) fori=12,..,N

4. Distance Calculation:
Distancegs = \/(xBS —x;)? + (Yps — ¥i)?

5. Energy Consumption:
EnergyConsumption = YV | (Ei — Distancegg X (Padmnced X E; + Pyper X El-))

6. Throughput:
Number of Successfully Transmitted Bits

Th hput =
roughpu Simulation Time

7. End-to-End Delay:
EndToEndDelay =

Total Transmission Time

Number of Transmissions

8. Network Lifetime:
N
i=1 Ei

Energy Consumption

Lifetime =

Parameters [1, 65]:
Simulation Tool: OMNeT++ 6.0.1



MAC protocol: IEEE 802.16

Propagation pattern: Two-Ray ground

Dimension of the Sensing Field=100m*100m

Location Base Station= (50m, 50m)

Number of Sensors in the Sensing Field= {100, 150, 200, 250, 300}
Number of Nodes' Initial Energy=0.5J

Advanced Nodes' Energy Multiplier=2J

Proportional Factors for Advanced & Super Nodes= {(0.3, 0.2), (0.3, 0.2), (0.24, 0.36), (0.28,
0.42)}

Message Length=4000 bits

Number of rounds=2400



