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Abstract: Wireless sensor networks (WSNs) have gained a lot of attention in both public and research 
communities. One issue in wireless sensor networks is achieving efficient operation because of the limited 
available power. Many Heuristics were designed to enhance power reservoir of sensors and maximize their 
life time. Online Maximum Lifetime heuristics (OML) and Capacity Maximization (CMAX) are a well-
known routing heuristic for maximizing lifetime of WSN. The connectivity and placement of sensors were 
simulated based on Uniform distribution. Uniform distribution simulates a terrain free environment. Recent 
study shows the effect of different distribution (Poisson distribution) to simulate the terrain changes of 
earth surface and the effect on both the lifetime of WSN and the stability of protocols under study. In this 
study, a three-dimensional sensor placement as well as non-uniform distribution is used in order to have a 
more realistic simulation of real life deployment environment. The three-dimensional coordinates of the 
sensor position were generated using two well-know distributions (Poisson and Uniform). The connectivity 
is simulated by generating the adjacency matrix that takes into consideration the terrain changes of the 
earth surface. We investigate the performance of CMAX and OML heuristics using 3D Poisson distribution 
as well as 3D Uniform distribution in order to get more realistic results that best describe sensor
deployment in 3D space. To study the interconnection effect between sensors, two methodologies were 
used. The first is the classical uniform generation of the adjacency matrix as being used by previous 
researchers on this problem. The second, we introduce the generation of adjacency matrix based on Partial 
Order Set (POSET). The two methodologies will enable us to compare our results with previous work and 
the later to investigate the effect of the adjacency matrix generation (sensor connectivity) on the
performance metrics of the routing protocols under investigation. The study revealed that the number of 
edges is decreased as we increase the deployment space (1D to the 3D). As a result the life time is 
decreased. Though the life time of the OML is higher than CMAX, but the CMAX showed it is more 
resilient to terrain changes.
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INTRODUCTION

Over the few recent years, wireless
communications  have  received  increasing  attention 
[1-10]. Wireless sensor networks have been recently 
developed to provide multifunctional sensors, with
consideration of low-cost and low-power models. A 
sensor network consists of small-sized sensors that have 
the ability to sense and collect data. The sensed data are 
then transmitted to sink node and transmit using RF 
(radio frequency) channel. 

Routing and energy constraints are shared
challenges in ad-hoc and sensor networks. Because
sensor network nodes are energy constrained, many of 
its routing protocols try to minimize the energy required 
for communication, unlike traditional routing protocols 

that minimizes delay. Energy-aware routing protocols 
extends network lifetime by ensuring that energy use is 
equitable across the whole network.

Many routing heuristics based on random
distribution were designed to maximize the lifetime of 
wireless sensor networks. In [11-13], they used
Uniform distribution to develop energy efficient
routing, in which five metrics were used in the selection 
of the routing path. A discussion on the use of Poisson 
distribution was proposed in [1], to determine which 
heuristic better fits for real-world deployment.
According to their experiment, Poisson distribution
gave a better description for the real environment. 

Given a directed graph G = (E,V), where V is the 
set of nodes and E is the set of edges between these 
nodes, there will be a directed edge from node v to node 
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n1 n2 n3 n4 n5
n1 0 0 0 0 0
n2 1 0 1 0 0
n3 0 0 0 1 0
n4 0 0 0 0 1
n5 1 0 1 0 0

                     (a): Simple graph network representation        (b): Corresponding adjacency matrix representation

Fig. 1: Representation of wireless sensor network

u (i.e. (v, u)∈E) if a single-hop transmission form node 
v to node u is possible. Such modeling can be used to
represent Wireless Sensor Networks (WSN). In this 
work, we adopt two assumptions by referring to [4]. 
The first assumption states that, for each (u, v) ∈ E, 
incase of single hop transmission from sensor u to 
sensor v, the current energy in sensor u, ce(u) is
represented by Formula (1).

e ec (u) c (u) w(u,v)= − (1)

Where ce(u) is the current energy in sensor u,
defined as Ce(u)≥w(u,v)>0 and w(u,v) is the energy
required to make a single hop transmission from sensor 
u to sensor v, such that w(u,v) >0. We also assume that 
the receiver of a message consumes no energy during 
message reception. Thus the current energy in sensor 
(v) is not affected by the transmission from u to v.

In [11], they assumed that there is no energy being 
consumed during message reception, so the current
energy in sensor v is unaffected by a transmission from 
u to v. They have R = r1, r2, …, rn be a finite sequence 
of routing requests. Each ri is a source–destination pair 
of attributes (si,ti). They defined the lifetime of a 
network for request sequence R to be the maximum j, 
so that routing request r1,r2…,rj are successfully routed.

To represent directed graphs of WSN, an adjacency 
matrix can be used. The adjacency matrix of a finite 
directed graph G on n vert ices (where n = |V|), is the n
× n matrix such that, the non-diagonal entry a(i, j) = 1, 
represents the existence of an edge from sensor i to 
sensor j. While the diagonal entry a(i, i) is assigned by 
zeros here because we assume that there is no internal 
loops in the WSN.

There exists a unique adjacency matrix for each 
graph (up to permuting rows and columns) and it is not 
the adjacency matrix of any other graph. For example, 
Fig. 1(a) shows a simple representation for sensor
network S. A directed graph is  used, where the
represented  nodes  are  sensors and  the edges represent 

Fig. 2: 3D Sensor nodes distribution based uniform
distribution

the existence of edges between the sensor nodes. Figure 
1(b) shows the adjacency matrix of the sensor network 
S modeled in Fig. 1(a). It is obvious that Fig. 1(b) 
depicts a network that has been implemented using one 
dimension  to represent sensors. Such representation for 
sensors has been used in [4]. In this work, we represent 
sensors using 3D (3 dimensional) in order to get more 
realistic results.

In the literature, the representation of sensor
location as well as connectivity a random number from 
Uniform distribution was used. In Fig. 2 and 3, they 
depict the generation of sensor nodes in 3D space. From 
Fig. 2 it is evident that the nodes location is uniformly 
distributed. Fig. 3 depicts the generation of nodes
locations  using  Poisson  distribution  of  mean λ = 20. 
It  is  clear  that  the sensors location concentrated 
around the mean. For that, it is better to use the uniform 
distribution   for    flat     terrain   environment   and  the 
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Fig. 3: 3D Sensor nodes distribution based poisson
distribution

Poisson  for  hard  terrain environment, that is for 
Airport sensor deployment.

The partial order set theory formalizes the intuitive 
concept of an ordering, sequencing, or arrangement of 
the elements of a set [14, 15]. A POSET consists of a 
set together with a binary relation that describes, for 
certain pairs of elements in the set, the requirement that 
one of the elements must precede the other. Let k and n 
be fixed numbers and let n random points 1 2 nx , x , . . , x    be 
chosen independently from Uniform or Poisson
distribution on the unit cube [0,1]k in the Euclidean k -
space. Then the points forms a set of random order, 
with partial ordering given by x(i) x(j)≤

  , when
m mx (i) x (j), m   for 1 m k≤ ∀ ≤ ≤  [14]. For that, every node 

on the graph is an element in the set and every edge (u,
v) in the graph would only exist if the relation u≤v
holds. For nodes represented by 3 dimensions, each 
dimension is compared with the correspondence one in 
the other node and there is an edge between them only 
if each dimension is less than its correspondence
dimension.

The Uniform and Poisson [17] are the two
distributions used in this paper. The general formula for 
the probability density function of the uniform
distribution is as in formula (2):

1f(x) for A x B
B A

= ≤ ≤
−

(2)

Where  A  is  the location parameter and (B-A) is 
the  scale parameter. The case where A = 0 and B = 1 is 

called the standard uniform distribution. The equation 
for the standard uniform distribution is shown in (3):

        f(x) = 1   for   0≤x≤1 (3)

Since the general form of probability functions can 
be expressed in terms of the standard distribution, all 
subsequent formulas in this section are given for the 
standard form of the function. The Poisson distribution 
is used to model the number of events occurring within 
a given time interval. The formula for the Poisson
probability mass function is given in (4):

xe(x, ) forx 0,1,2,...
x!

−λλρ λ = = (4)

Where λ is the shape parameter which indicates the 
average number of events in the given time interval. 
Figure 4 shows the Poisson probability density function 
for four values of λ [ 6].

One of the recent applications for sensor (Deep 
Space 2) network is the Mars exploration. In which 
large scale deployment and operation of distributed
sensors  are  deployed  on  Mars  surface as shown in 
Fig. 5.

As seen from the surface of Mars the terrain 
changes rapidly. Another example of sensor
deployment application is avalanching predictions,
mountainous terrains portrait all the challenges that
may face sensor deployment in order to make full 
coverage. For that, deployment strategy has a major 
effect on evaluating a routing heuristic. This is due to 
the fact of terrain changes of real life environment. 
Figure 6 depicts the landscape of typical environment 
that ranges from flat land, hilltop, cliffs, valleys, to
mountains top. In order to make fair comparison
between different routing protocols, a major attention 
should be paid to the deployment strategy. This factor 
can be taken into consideration by the way we generate 
the random graph that both simulate the position as well 
as the connectivity that at the end will simulate the way 
the sensors are connected. And this is the major
achievement in this work.

In this study, two routing algorithms will be
implemented in three dimensional using Poisson and 
Uniform distributions. The first algorithm will use
OML (Online Maximum Lifetime), which employs two 
shortest path computations to route each message. The 
second algorithm is CMAX (capacity maximization) 
algorithm which rejects some possible routes according 
to specific conditions.

The factors for the simulation are the number of 
sensors generated; connectivity between sensors,
distance  between  sensors  and lifetime for each sensor, 
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Fig. 4: Probability distribution function for poisson  distribution  [16]

Fig. 5: Distributed sensor network on mars [ ]

environment and topology. The responses will be the 
average lifetime. Our work is implemented in 3D, in 
which each node in the WSN is represented by three-
dimensional coordinates (x,y,z) and the results
compared with the study made in [11, 12].

The  adjacency  matrix  was  generated depending 
on the Euclidian dimensions of the network nodes, such 
that they were compared to a threshold in order to 
determine if there is connectivity (edge) or not between 
every two nodes. 
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Fig. 6: Mountains terrains for avalanche detection WSN application

Heuristic 1 Online Maximum Lifetime (OML)
For each routing request r i =  (si, t i) two steps are done:
Step 1: [Compute G'']
G' = (V, E'), where E′ = E – {(u,v)|ce(u)<w(u,v)}
Let P i be a shortest si to t i path in G' .
If there is no such P i, the route request fails, then stop.
Compute the minimum residual energy minRE for sensors other than t i on P i as :
minRE = min {re(u)|in P}
Let G'' = (V,E'') where E'' = E' - {(u, v)|ce(u) - w(u, v) < minRE}.
Step 2: [Find route path]
Compute the weight w''(u, v) for each edge of E'' as :
w′′ (u,v) = (w(u,v) + ρ (,v))(λc

a(u)-1)
Where:

e0 i f c (u) w(u,v) eMin(u)
(u,v)

c otherwise
− >

ρ = 


c symbol is a non-negative constant and it is an algorithm parameter.
eMin is the energy needed by sensor u to transmit a message to its nearest neighbor in G`` 
eMin(u) = min { w(u, v) | (u, v) C E``}
a (u) = MINRE/ce (u)

Let P``i be a shortest from si to t i path in G``.
Use P``i to route from si to t i.

Fig. 7: OML heuristic

In the first phase of experiments the threshold we 
used was equal to the mean of the dimensions of
network nodes. All nodes were recursively checked by 
comparing their X dimension, Y dimension and Z
dimension with the mean of the Euclidian dimensions 
for  these  3  dimensions for all network nodes.each 
node  with  a  dimension value greater than or equal to 
the mean of the same dimension will be considered 
connected, otherwise it will be disconnected. The first 
phase  is  an  implementation  of  our previous work [1] 
in  order  to compare it with the new methodology. In 
the second phase we depend on the partial order set 
theory  to  determine  connectivity  between  the  nodes 
of a network.

Maximum lifetime routing heuristics: In sensor
networks, data transmission, signal processing and
hardware operation are the three purposes for energy 
consumption. Limited and un-rechargeable energy
provision is considered to be the most challenging issue 
in sensor networks [17]. Therefore, improving energy 
efficiency from different aspects was proposed by many 
researchers [1, 9, 11, 12]. 

In [11], two different algorithms were proposed to 
extend the lifetime of the network. The first algorithm 
used OML (Online Maximum Lifetime), which
employs two shortest path computations to route each 
message. To maximize lifetime, it is recommended to 
delay   as  much  as  possible the depletion of a sensor’s 
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Heuristic 2 CMAX (capacity maximization)
Step 1: [Initialize]
(a) Eliminate from G every edge (u, v) for which ce(u) < w(u, v).
(b) Change the weight of every remaining edge (u, v) to:
w(u,v) =w(u,v)*(λc

a(u)-1)
Where λc is an algorithm parameter, a(u) is the percentage of the initial energy that has 
already been spent at the sensor node and calculated as: 
a(u) = 1- ce(u)/ie(u)
Step 2: [Shortest Path]
Let P be the shortest source-to-destination path in the modified Graph.
Step 3: [Wrap Up]
If no path is found in Step 2, the route is not possible. Use P for route if its length is 
less than s.

Fig. 8: CMAX heuristic

Table 1: Average number of nodes using poisson distribution
Average no. of edges (Poisson)
----------------------------------------------------------------------------------------------------------------------------------------------------
Threshold POSET
------------------------------------------------------------------- -----------------------------------------------------------------

No. of nodes 1D 2D 3D 1D 2D 3D
8 20.6 11.9 5.6 25.6 11.3 6.6
16 84.8 47.9 24.1 111.5 51.0 25.5
32 371.3 204.8 119.5 465.3 224.1 103.5
64 1432.3 819.9 419.9 1888.2 880.8 422.7
s128 5816.4 3358.8 1629.2 7606.4 3594.4 1685.1
256 25071.5 12882.4 7030.2 30573.5 14304.1 6746.1

Table 2: Average number of nodes using uniform distribution
Average no. of edges (Uniform)
----------------------------------------------------------------------------------------------------------------------------------------------------
Threshold POSET
------------------------------------------------------------------- -----------------------------------------------------------------

No. of nodes 1D 2D 3D 1D 2D 3D
8 20.9 12.4 6.7 28 16.0 7.2
16 90.4 55.4 30.1 120 60.2 30.5
32 369.1 220.1 111.0 496 250.6 494.6
64 1511.0 883.2 470.9 2016 1008.0 501.7
128 6094.1 3561.1 1911.2 8128 4068.6 2023.3
256 24510.3 14282.4 7668.6 32640 16324.4 8197.2

energy to a level below that needed to transmit to its 
closest neighbor. The other algorithm is CMAX
(capacity maximization) algorithm which makes
admission control. That is, it rejects some routes that 
are possible. Steps of the OML and the CMAX
heuristics are shown in Fig .7 and 8.

These two algorithms [11] were implemented in 
one dimensional form. In this work we implement the 
OML and the CMAX algorithms with three
dimensional distributions for the sensor network. 

EXPERIMENTS AND RESULTS

The CMAX and the OML were implemented in 
three dimensional phase using Poisson and Uniform 

distributions. In each of 10 networks, 20 sensors were 
randomly populated. The energy required by a single-
hop transmission between two sensors was assumed to 
be 0.001 * d3, where d is the Euclidean distance
between the two sensors. And the transmission radius 
and initial energy for each sensor were set to 5, 30 
respectively. Finally, the c was set to 0.001rT

3, where rT
is the transmission radius. The simulation results show 
the effects of the distribution type. Also, for each
network and λc combination, the lifetime was measured.

Comparing 3D and 1D results: The prime goal of this 
paper is to study the effects of using 3D compared with 
the 1D case made in [4]. The first thing we have noticed 
from  the  results  in Table 1 is that the number of edges 
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Fig. 9(a): Average lifetime routing using uniform
distribution

Fig. 9(b): Our average lifetime routing using 3D
uniform distribution

Fig. 9(c): Average lifetime routing using 1D uniform 
distribution in [11]

decreased by using 3D representation for nodes in all 
study cases we considered. This construes less power 
consumption (longer lifetime) resulted when using 3D. 
The longer lifetime is due to the fact that we have less 
number of paths to travel. By which have less power 
consumption.

Fig. 10(a): Average lifetime routing using poisson
distribution

Fig. 10(b): Our average lifetime routing using 3D
poisson distribution

Fig. 10(c): Average lifetime routing using 1D poisson 
distribution in [11]

Average lifetime routing using uniform distribution:
Changing the representation for sensors from 1D to 3D 
will give us better description for the real environment. 
A twenty sensor networks were deployed to be
randomly distributed using Uniform distribution.
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Figure 9(a) shows the average lifetime for 10
sensor networks with 20 sensors in each network. It' is 
obvious that the OML has a higher lifetime than the 
lifetime of the CMAX. Figure 9(a) and 9(b) shows a 
comparison between our results for the OML and the 
CMAX using 3D and the results for 1D experiments 
proposed in [4]. We can notice that both of the figures 
are showing that the OML providing higher life time 
compared with the CMAX. But, the range of the life 
time provided by our experiments is higher than the 
range in [11] for both the OML and the CMAX. We 
believe that this difference in range between the two 
experiments is because that we used 3Dimentions for 
representing the position of each sensor, while in  [11] 
they used 1 dimension. 

After simulating the CMAX and the OML heuristic 
with the above assumptions, it is shown that the OML 
heuristic has superiority over the CMAX. These results 
agree with the studies which were done in [11]. 

Average lifetime routing using poisson distribution:
Changing the type of distribution of sensor nodes to 
Poisson will give us better description for the real
environment and even more with using 3D instead of 
1D. A twenty sensor networks were deployed to be
randomly distributed using Poisson distribution.

The same as the previous experiment, but here we 
use the Poisson distribution. Figure 10 (a) shows the 
average lifetime routing using Poisson distribution for 
the OML and the CMAX with OML providing higher 
lifetime than CMAX. Figure 10(b) and 10(c) shows a 
comparison between our results for the OML and the 
CMAX using 3D and the results for 1D experiments 
proposed by [4]. 

Again in Fig. 10(b) and 10(c), it is obvious that 
both of the figures are showing that OML providing 
higher life time compared with CMAX. But, the range 
of the life time provided by our experiments is much 
higher than the range in [11] for both OML and 
CMAX. Difference in range here is even higher than 
the difference shown by Fig. 9. 

We believe that this large difference in range
between the two experiments is because that we used 
3Dimentions that gives less power consumption (i.e.: 
longer lifetime) with Poisson distribution that is even 
more than Uniform distribution. While in [11] they 
used 1Dimension.

Figure 11(a) shows the average lifetime changes 
according to the change in λc. It is worthy to mention 
here that for values of λc from 21 to 23, the average 
lifetime for the OML heuristic was very high. For
values between 25 and 212, the average lifetime  for 
OML is lower than the average lifetime for the CMAX 
algorithm.  For λc in   24,  28 the average lifetime for the 

Fig. 11(a): Average lifetime for the CMAX and the
OML heuristic using poisson distribution

Fig. 11(b): Average lifetime for the CMAX and the
OML heuristic using 3D poisson distribution

Fig. 11(c): Average lifetime for the CMAX and the
OML heuristic using 1D poisson distribution 
in [11]

OML was approximately equal to the average lifetime 
for the CMAX heuristics.

Figure  11(b)  and  11(c) show the average lifetime 
for the CMAX and the OML heuristic using 3D Poisson 
distribution  compared  with  1D  presented  in  [11]. It 
is  clear  that  no  much  difference  between  them  can 
be noticed. 
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Fig. 12(a): Average lifetime using different types of
distribution for the OML heuristic

Fig. 12(b): Our Average lifetime using different types 
of 3D distribution for the OML heuristic

Fig. 12(c): Average lifetime using different types of 1D 
distribution for the OML heuristic in [11]

With Poisson distribution, when we average the 10 
networks lifetime for the 2D case compared with the 
3D case, we found out the average lifetime for the
OML is 68% better than the CMAX, while it was 24% 
in [11].

After simulating the CMAX and the OML-using
Poisson distribution-the experiments indicate the
superiority  of  the  OML  heuristic over the CMAX and 

Fig. 13(a): Average lifetime using different types of
distribution for the CMAX heuristic

Fig. 13(b): Our Average lifetime using different types 
of 3D distribution for the CMAX heuristic

Fig. 13(c): Average lifetime using different types of 1D 
distribution for the CMAX heuristic in [11]

maximization in the average lifetime values for both 
heuristics is achieved. 

Distribution effect on maximizing lifetime: Figure
12(a) shows the effect of different types of distribution 
in    maximizing    lifetime    for    the    OML.   Poisson 
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distribution is performing better in our experiments
than the results given by [11].

Figure 12(b) and 12(c) show a comparison between 
our results for average lifetime using different types of 
3D distribution for the OML heuristic and the results 
for 1D experiments proposed by [11]. It is obvious that 
Fig. 12(c) is showing that Uniform distribution is
providing higher lifetime compared with Poisson. But, 
in Fig. 12(b) we find that Poisson distribution is
providing longer lifetimes in most of the networks. In 
addition, the range of the lifetime provided by our 
experiments is much higher than the range in [11] for 
both Poisson and Uniform distribution. 

We believe that this large difference in range
between the two experiments is because that we used 
3Dimentions that gives less power consumption (i.e.: 
longer lifetime) with both distributions (and Poisson 
distribution is even more than Uniform distribution). 
While in [11] they used 1Dimension. 

Figure 13(a) shows the effect of different types of 
distribution in maximizing lifetime for the CMAX
heuristic. We can see that Poisson and Uniform
distributions are approximately similar.

Figure 13(b) and 13(c) show a comparison between 
our results for average lifetime using different types of 
3D distribution for the CMAX heuristic and the results 
for 1D experiments proposed by [11]. It's obvious that 
both are giving the same range for lifetime.

To sum up, the results show that using 3D for 
Poisson  and  Uniform  distributions increases the
lifetime for the OML heuristic while it has no effect 
approximately on the CMAX.

The results obtained was almost identical to [11] 
and previous studies in many aspects. However, some 
differences appeared in the case of 3D compared to 1D 
[11]. All the studies agreed that the OML has
superiority over the CMAX including our study. With 
respect to the effect of changing the distribution to 
Poisson in order to get more realistic description of the 
real life, results obtained in [11] indicates that the
Average  lifetime  of  all  heuristics  was decreased 
when moving to Poisson distribution and results of
uniform was higher than that of Poisson, which is not 
the case with our results; The OML Average lifetime 
was  increased  and  the  Poisson  results  was  higher 
than Uniform results. In the case of the CMAX it is 
concluded  that  it  was  also  less  sensitive  to
changing to 3D.

Comparing first phase (Threshold) and second
phase (POSET) and results
Average lifetime routing using 1D distributions: For 
the case when we generate the adjacency matrix (1D) 
and  using  the  threshold case (a mean of the number of 

Fig. 14(a): Average lifetime routing using uniform
distribution of 1D (Threshold)

Fig. 14(c): Average lifetime routing using uniform
distribution of 1D (POSET)

Fig. 14(b): Average lifetime routing using poisson
distribution of 1D (Threshold)
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Fig. 14(d): Average lifetime routing using poisson
distribution of 1D (POSET)

Fig. 15(a): Average lifetime routing using uniform
distribution of 2D (Threshold)

Fig. 15(b): Average lifetime routing using uniform
distribution of 2D (POSET)

Fig. 13(c): Average lifetime routing using poisson
distribution of 2D (Threshold)

Fig. 15(d): Average lifetime routing using poisson
distribution of 2D (POSET)

edges), on average, the lifetime is increased when using 
Uniform rather than Poisson. This results agreed with 
the results from Table 1, in that, the number of edges is 
less when moving to Poisson, as shown in Fig 14 (a) 
and (b). For the other methodology based on POSET 
adjacency matrix generation, the average lifetime of the 
OML has increased when moving from 1D Uniform to 
1D Poisson (Fig. 14 (c) and (d)), while CMAX did not 
show a significant changes. This is due to the fact that 
CMAX is more stable for terrain changes.

Average lifetime routing using 2D distributions: For
the 2D case as depicted in Fig. 15, the results agree 
with the results of the 1D case. The lifetime in 2D case 
is more as compared to 1D case. That is because; the 
number of edges is less in 2D case, which results in less 
number of paths. As we know, less number of paths 
results in less power consumption
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Fig. 16(a): Average lifetime routing using uniform
distribution of 3D (Threshold)

Fig. 16(b): Average lifetime routing using poisson
distribution of 3D (Threshold)

Fig. 16(c): Average lifetime routing using uniform
distribution of 3D (POSET)

Average lifetime routing using three dimensional 
distributions: As we increase the dimension, the
probability to have an edge (connection) is decreased. 
From  Fig. 16,  the  life  time  of  the  network  is  much 

Fig. 16(d): Average lifetime routing using poisson
distribution of 3D (POSET)

higher as compared with the 1D and 2D case for both 
generation  methodologies (Threshold and POSET). 
The  increases  of  the  life  time  due to the decrease in 
the number of paths. This agrees with the results shown 
in Table 1.

CONCLUSION

Uniform random distribution of sensors best fits 
flat lands where no geographical differences, such as 
terrains. To better evaluate routing heuristics, earth's 
terrain should be taken into consideration. This can be 
accomplished by the way we generate the placement of 
the sensor node as well as the interconnection between 
the sensors. For that, we used two techniques. One is 
based on the threshold and another one is based on 
POSET with permutation between Uniform and Poisson 
distribution. When we compared the number of edges 
from the 1D, 2D, to 3D, either methodology revealed 
that the number of edges decreased when moving to 
higher dimension. This is due to the fact that we have 
less number of paths. Previous research assumed longer 
lifetime routing heuristic has better performance, which 
it is not necessary true. As expected, going in to 3D 
space, more sensors are blocked (i.e. are not in the
range of each other). In other words, number of edges
decreased as well as number of paths. For example the 
average lifetime for the OML is 68% better than the 
CMAX, while in [1] it is 24%, which agree with the
experimental results. Furthermore, the new suggestion 
of the use of partial order theory and multi-dimensional
concept, which appears to be a new methodology in 
generating the adjacency matrix, that produce different 
kind of interconnectivity matrix(adjacency matrix) as 
evident by the results of this work that has a major 
effect on the performance of different routing
heuristics.
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