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In many wireless networks, such as ad hoc, sensor, and delay-tolerant networks, the destination node is determined from the source
node by the ﬂooding process. Flooding eﬃciency is important for nodes, because they are driven by limited batteries. In this paper,
we propose a simple ﬂooding scheme to transmit a route request (RREQ) message based on the remaining power of its own node
without using control packets and complex calculations. We applied the proposed scheme to ad hoc on-demand distance vector
(AODV) routing protocol as an example and carried out computer simulations (ns3). The results showed that the proposed
scheme was superior to conventional schemes in static and mobile scenarios. First, we showed the limit of node density that
causes the decrease of throughput in the proposed scheme and that the proposed scheme was superior in terms of energy
eﬃciency (bits/J), including throughput and energy consumption. Next, as the number of ﬂooding times is made uniform in the
proposed scheme, all nodes will have almost the same battery replacement time. As a result, when the nodes are static, the
lifetime in the proposed scheme is longer than that in the conventional scheme.

1. Introduction
The internet of things (IoT) allows users to select the type of
wireless communication methods, such as low-power widearea (LPWA), Wi-Fi, and short-range communications
based on user requirements and system speciﬁcations. Even
when a base station is not operational, nodes can communicate with each other without the base station [1]. To enable
communication even in such a situation, a mobile ad hoc network (MANET) based on multihop communication between
many nodes is used without relying on centralized infrastructure [2–4]. In this paper, we focus on MANET. One of the
critical challenges to address for MANET and sensor networks is to minimize their power consumption since they
conﬁgured with battery-powered nodes [5]. This is because
in a MANET consisting of many nodes, information cannot
reach the destination node if a node runs out of battery power
while transmitting and receiving information. Though the
ﬂooding process is necessary for route establishment, the

battery life is decreased if the ﬂooding process is focused on
speciﬁc nodes. In such a case, it is diﬃcult to replace the
battery. Therefore, reducing the energy consumption from
the physical layer to the network layer is necessary from the
viewpoint of both software and hardware. Several surveys
on the energy eﬃciency of MANET, mainly with regard to
the routing protocols, have been described [6–10]. In
addition, various protocols for sensor networks based on
MANET have been developed [11–13].
In this paper, we propose a simple ﬂooding scheme using
only the remaining energy of each node, without the need for
additional information. In general, there is a trade-oﬀ
between energy consumption and throughput improvement
[14], and even though energy consumption can be improved,
the throughput may decrease. In previous schemes, energy
and transmission performance, such as throughput and
delay, are evaluated separately, and the evaluation has not
been always adequate. Therefore, we evaluate the proposed
scheme using the energy eﬃciency (bits/J) [15], which is an
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important index in next-generation wireless communication,
combining with energy consumption and throughput. In
addition, we show the dominance of the proposed scheme
by comprehensively evaluating the variance of the remaining
energy and lifetime of the whole network when a node is
static or moving. Though the proposed scheme is widely
applicable to ﬂooding-based wireless routing in optimized
link state routing (OLSR) [16] in MANET, wireless sensor
network (WSN), delay-tolerant networking (DTN) [17],
and so on, in this paper, ad hoc on-demand distance vector
(AODV) [18] routing in MANET is used as an example.
The main contributions of this paper are as follows. In
this paper, we proposed a simple ﬂooding scheme to transmit
RREQ messages based on only the remaining power of its
own node in the ﬂooding process without the other information such as control packets and complex calculations. The
proposed scheme was applied to AODV of MANET routing,
and we showed that the proposed scheme was superior to
conventional methods [18, 26] in the following points using
computer simulations:
(i) As the node density decreases, the throughput of the
proposed scheme is lower compared with that of the
conventional methods, whereas the throughput of
the proposed scheme increases when the node density becomes higher. The limit of node density that
causes the decrease of throughput is nearly 40
nodes/km2 in this evaluation
(ii) Irrespective of the node density, the energy consumption was reduced in the proposed scheme
(iii) As a result, the proposed scheme is shown to be
superior in terms of energy eﬃciency (bits/J), with
regard to throughput and energy consumption
(iv) As the nodes to be ﬂooded are equalized in the proposed scheme, all nodes have almost the same battery replacement time
(v) When the nodes are static, the network lifetime in
the proposed scheme does not decrease regardless
of the node density or the number of ﬂows
The rest of this paper is organized as follows. In Section 2,
we describe the related works. In Section 3, we show the proposed scheme, smart AODV, which is called SAODV. In
Section 4, we discuss the performance of the proposed
scheme using computer simulations. Finally, we present our
conclusions in Section 5.

2. Related Works
Energy consumption reduction methods in MANET are
mainly divided into two groups: energy-eﬃcient route selection and ﬂooding eﬃciency. The latter related to the proposed scheme is described in Section 2. For the former,
methods have been proposed in which the amount of
remaining energy of a node is used as a route selection metric
[19–21]. Though the lifetime of the entire network can be
extended, the regular exchange of control messages increases

the additional energy consumption. It is a serious problem in
an environment when the network topology changes every
moment. If the battery level of a node falls below a certain
threshold, a method of exiting the route [22] or avoiding participation in route construction [23] has been proposed. It is
diﬃcult to determine an appropriate threshold, and new
items are required for the control packets, making the processing more complicated.
Next, we describe conventional researches on energy
consumption based on eﬃcient ﬂooding. First, the ﬂooding
operation is brieﬂy described using AODV routing as an
example [21]. In AODV, the source node S transmits a route
request (RREQ) packet to neighboring nodes to determine
the route. The node that received the RREQ packet repeats
the transmission of the RREQ packet in the same manner
so that the RREQ packet ﬁnally reaches the destination node
D. In addition to this route discovery operation, ﬂooding is
also performed in the operation of searching for the cost
route of the disconnected route or route maintenance. As
well as AODV, the same process can be applied to the other
on-demand protocol such as dynamic source routing (DSR)
[24]. In OLSR [16], which is a proactive protocol, multipoint
relaying (MPR) nodes serve as the ﬂooding nodes. The problem with ﬂooding is that a sudden increase in traﬃc causes
many packet collisions is known as the broadcast problem
[25]. To reduce this problem, improved ﬂooding schemes
have been proposed. In the original ﬂooding operation,
gossip-based routing protocol has been proposed as a
method to determine whether RREQ messages can be transmitted or not, based on a predetermined probability p [26].
In Section 3, AODV implementing this processing is called
gossip-based AODV, which is called GAODV. Though this
method can reduce the energy consumption of the entire network, the setting of the probability p is diﬃcult. This is
because the appropriate value of p diﬀers depending on the
density and moving speed of nodes. In [27], the impact of
various parameters such as node speed on the performance
of a ﬁxed probabilistic approach [26] has been shown. Particularly, mobility and pause times have a substantial impact on
the reachability of data transmitted from the source node to
the destination node. In [28], a probabilistic approach that
dynamically adjusts the rebroadcasting probability according
to the node density and node movement has been proposed.
Although the node density can be estimated using the packet
counter, it is necessary to set the time interval and 1threshold
for checking the packet counter appropriately according to
the environment. In [29], a probabilistic approach that
dynamically adjusts the rebroadcasting probability by considering the network density has been proposed. Simulation
results have shown that the scheme can improve the saved
broadcast up to 50% without aﬀecting the reachability, even
under high mobility and density conditions. However,
because the average number of neighboring nodes is determined by the number of mobile nodes in the network and
the area of the network, throughput performance aﬀects
them. In [30], a probabilistic approach that dynamically
adjusts the rebroadcasting probability according to the number of neighboring nodes is presented. This method has been
shown to outperform the results in [29]. However, it requires
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complicated processing to determine the probability; moreover, the optimal value depends on the environment and
should be evaluated by various models.
In [28–30], a method has been proposed in which each
node periodically transmits hello packets to recognize the
number of surrounding nodes and dynamically determines
the probability p. Because the probability should be calculated and the average number of neighboring nodes should
be assessed in advance, the energy consumption associated
with these overheads is a concern, as in [19–21]. However,
[27–30] mainly demonstrate the throughput and reachability
performance, whereas the energy consumption performance
is not discussed. Moreover, the eﬀect of the dynamical and
probabilistic approach on the lifetime of the entire network
has not been clariﬁed. Reference [28] has highlighted the
necessity for a new strategy that can dynamically adjust the
broadcast probability based on the current state of the node.
In [16, 31, 32], the energy consumption of MPR nodes, which
are the targets of ﬂooding in OLSR routing, is reduced based
on the same concept described above.

3. Proposed Scheme
We propose a simple ﬂooding scheme to transmit RREQ
based on only the remaining power of own node in the ﬂooding process without the other information such as control
packets and complex calculations to grasp the network status.
This paper shows the case where the proposed method is
applied to AODV [18] routing as an example. The proposed
scheme is shown in Figure 1. The node that receives the
RREQ packet generates a random variable X from 0 to 100
by itself. The value of X is compared with the ratio of the
remaining energy of the node, Y (%). If the value of Y is
greater than or equal to the value of X, ﬂood the received
RREQ packet to the adjacent node; otherwise, discard it. As
a result, though a node with a large amount of remaining
power tends to ﬂood, the opposite is said for a node with a
small amount of remaining power. The proposed scheme is
widely applicable to ﬂooding-based wireless routing in OLSR
[16], WSN, DTN [17], etc. Moreover, as the proposed
scheme modiﬁes only the ﬂooding process, it has little impact
on other processes and can therefore be easily implemented
to the previous methods.

4. Performance Evaluation
4.1. Setup and Deﬁnition. We evaluate the performance of the
proposed scheme using a discrete-event network simulator,
ns3 [33] (version 3.20). Figure 2 shows the basic simulation
model.
After the source node (S) sends the packets, the relay
nodes (R) use a routing scheme to transport the packets to
the destination node (D). For example, Figure 2 shows an
ad hoc network in an evacuation area in a disaster situation
[1]. Important information transmitted from the victim S
arrives at the gateway D connected to the internet via the rescuer R with an ad hoc terminal. As a wireless channel, the
path loss, with an exponential coeﬃcient, α is considered.
According to the implementation of ns3 [33], some energy
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RREQ message comes in
Processing within a node
X ← random variable
Y ← ratio of the remaining energy to initial energy (%)
(0 ≤
_ X, Y ≤
_ 100)
X>Y

X: Y
X≦Y
Forward RREQ

Drop RREQ

Figure 1: Proposed ﬂooding scheme based on the remaining power
of own node.

is consumed whenever an event occurs. The energy consumption of a node n is linearly approximated and expressed by
En ðt + Δt 0 Þ = En ðt Þ + V ⋅ Δt 0 ⋅ I i ,

ð1Þ

where En ðtÞ (J) is the energy consumption at time t (s), V (V)
is the supply voltage, I i (mA) is the current consumption
deﬁned for each event i ∈ f1, 2, ⋯, 5g, and Δt 0 (s) is the time
interval. The simulation parameters are presented in Table 1.
The energy left in the node n is expressed by
~ n ðt Þ = β × E0 − En ðt Þ,
E

ð2Þ

where E0 is the initial power of the battery (J), and β (%) is the
ratio of the remaining energy to the full energy at the initial
state. Hereafter, β is called the initial energy ratio.
We deﬁne ﬁve quantities to evaluate the proposed
method. Throughput THðtÞ (Kbps) is the amount of data
that arrives from the node S to the node D per unit time,
expressed by
THðT sim Þ =

PD ðT sim Þ ⋅ Psize
,
T sim

ð3Þ

where PD ðT sim Þ (packets) is the total number of packets
received by the node D during one simulation time, T sim
(s), and Psize (Kbits/packet) is the packet size. ECðT sim Þ (W)
denotes the energy consumption per unit time; it is the total
energy consumption in the whole network system during one
simulation time, expressed by
ECðT sim Þ =

1

N

〠 En ðT sim Þ,

T sim n=1

ð4Þ

where N is the number of all nodes. Energy eﬃciency EE
(Kbits/J) is a combined measure of throughput and energy
consumption. Using expressions (3) and (4), it is expressed by
EEðT sim Þ =

THðT sim Þ ⋅ T sim
,
ECðT sim Þ

ð5Þ
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Table 1: Simulation parameters.
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Figure 2: Simulation model. In a static scenario, the relay nodes R
are static randomly. In a mobile scenario, the relay nodes R are
moving randomly. In both scenarios, source node, S, and
destination node, D, are ﬁxed static.

where T sim is one simulation time. The variance in remaining
energy with all nodes, Eσ , at time,T sim , is expressed by
Eσ ðT sim Þ =

2
1 N ~
〠 En ðT sim Þ − EðTsim Þ ,
N n=1

ð6Þ

~ n ðT sim Þis
where N is the total number of relay nodes, E
expressed by (2), and EðT sim Þ is the average remaining energy
of all nodes at time, T sim . The lifetime, LT (hour), is deﬁned as
the time until the ratio of total remaining power with all nodes
becomes 10%. Table 1 shows the basic simulation parameters.
Some routing-related parameters use request for comment
(RFC) default values of AODV [18], and energy consumption
parameters use the default values for ns3 (version 3.20). One
simulation time, T sim , is 300 seconds, and packet transmission
from node S is suppressed for 20 seconds after the start of simulation to stabilize the routing operation. We consider two
scenarios: (1) all relay nodes (R) are static, which is called
the static scenario, (2) all relay nodes (R) are moving randomly, which is called the mobile scenario. Nodes S and D
are always at a ﬁxed position in these scenarios. In the static
scenario, the random placement of nodes R is initialized in
each simulation. In the mobile scenario, a random waypoint
model deﬁnes the movement of node R. In this paper, we evaluated the performance of the proposed SAODV compared
with the conventional schemes, GAODV and AODV as
described in Section 2. In GAODV, the RREQ transmission
probability, p, is set to 0.6 and 0.8 according to Reference [26].
4.2. Impact of the Initial Energy Ratio. We evaluated the case
where the node density, ρ (nodes/km2), is 30. Each item is
evaluated by uniformly increasing the ratio of the remaining
energy, β from 10% to 100% in steps of 10% step for all
nodes. Figure 3 shows the result of throughput, TH. In both
static and mobility cases, when β is larger, all methods have
the same performance, but when β is about 40% or less, the
performance of the proposed method is degraded. Because
the range that the RREQ message can reach is limited. For
the entire range of β, the throughput of the mobile scenario
is lower than that of the static scenario. This is because route
disconnection occurs due to the node movement. Figure 4
shows the result of energy consumption, EC. Contrary to
the throughput, energy consumption is reduced due to the

IEEE 802.11b

Simulation time (T sim )
Side length of the target area (L)
Number of trials in one simulation
Number of relay nodes (N)
Velocity of relay node (vr )
Pass loss exponent (α)
Antenna gain
Limit coverage of direct transmission

300 sec
1 km
100
30
1.41 m/sec
3.5
1
250 m

Bit rate
Application protocol
Traﬃc type
Generate traﬃc
Packet size
Routing protocol

1.0 Mbps
UDP
CBR
2.0 Mbps
1500 bytes
AODV

Initialization energy of a node (E0 )
Transmission power (Pt )
Receiver threshold
Supply voltage (v)
Idle current (I1)
Clear channel assessment (CCA)
busy state current (I2)
Channel switch current (I3)
Tx current (I4)
Rx current (I5)

3600 J
28 dBm
-96 dBm
3V
0.426 mA
0.426 mA
0.426 mA
17.4 mA
19.7 mA

operation of the proposed scheme. The energy consumption
is almost constant in the conventional schemes, AODV,
GAODV (p = 0:6), and GAODV (p = 0:8) regardless of the
value of β. However, the energy consumption in the proposed scheme decreases as the value of β decreases in both
static and mobile cases. Thus, a disadvantage related to
throughput is an advantage with regard to power consumption. Figure 5 shows the result of energy eﬃciency, EE.
Though all methods are almost equal in the static scenario,
the proposed method has the best performance in the case
of mobility.
Figure 6 shows the variance of the remaining energy for
all nodes, Eσ . Although it is almost constant in the conventional schemes, it decreases as β decreases in the proposed
scheme. In the proposed scheme, the remaining energy of
all nodes can be equalized, and the battery replacement time
is expected to remain approximately the same. This reduces
the eﬀort required for battery replacement.
4.3. Impact of Node Density. We evaluated the performances
described in Section 4.1 for various node density ρ when β is
50%. Figure 7 shows the result of throughput, TH. In both
static and mobile cases, when ρ is approximately 40
nodes/km2 or more, the throughput of the proposed scheme
becomes the highest. This contrasts with the result shown in
Figure 3, where ρ is 30 nodes/km2. Moreover, in a situation
where ρ is higher, the throughput decreases as the RREQ

5
End-to-end throughput TH (Mbps)

End-to-end throughput TH (Mbps)

Wireless Communications and Mobile Computing
0.15
0.125
0.1
0.075
0.05
0.025
0
0

20

40

60

80

0.15
0.125
0.1
0.075
0.05
0.025
0
0

100

20

Initial energy ratio 𝛽 (%)

60

80

100

Mob. GAODV p = 0.8
Mob. AODV

Mob. SAODV
Mob. GAODV p = 0.6

Sta. GAODV p = 0.8
Sta. AODV

Sta. SAODV
Sta. GAODV p = 0.6

40

Initial energy ratio 𝛽 (%)

(a) Static scenario

(b) Mobile scenario

0.8

Total energy consumption EC (W)

Total energy consumption EC (W)

Figure 3: End-to-end throughput, TH with the initial energy ratio, β (ρ = 30 nodes/km2).
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Figure 6: Variance of remaining energy, Eσ , with the initial energy ratio, β (ρ = 30 nodes/km2).
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Figure 7: End-to-end throughput, TH, with node density, ρ (β = 50%).
1.2
Energy consumption EC (W)

Energy consumption EC (W)

1.2
1
0.8
0.6
0.4
0.2
0

1
0.8
0.6
0.4
0.2
0

30

35

40

45

Node density

50

55

𝜌 (nodes/km2)
Sta. GAODV p = 0.8
Sta. AODV

Sta. SAODV
Sta. GAODV p = 0.6
(a) Static scenario

60

30

35

40

45

50

55

60

Node density 𝜌 (nodes/km2)
Mob. SAODV
Mob. GAODV p = 0.6

Mob. GAODV p = 0.8
Mob. AODV

(b) Mobile scenario
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14
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transmission probability, p, increases, even in the conventional schemes. For these reasons, when ρ is larger, the ratio
of RREQ messages required for route construction is larger
than that required for information packets, and the throughput may be decreased. In [26], it is shown that almost every
node gets the message using p between 0.6 and 0.8. Even in
such a congested situation, as the proposed scheme suppresses the excessive transmission of RREQ messages, the
avoidance of congestion and reduction of retransmitted
packets can be achieved. As a result, higher throughput can
be realized. On the other hand, in the static scenario, the best
throughput is achieved when ρ is nearly 40; it should be
noted that there exists an optimal ρ according to the environment in terms of throughput. Figure 8 shows the result of
energy consumption. As shown in Figure 4, the proposed
scheme reduces energy consumption due to its operation.
Figure 8 shows that energy consumption decreases as node
density increases. Figure 9 shows the result of energy eﬃciency, EE. From the results of throughput and energy consumption, we conclude that the energy eﬃciency in the
proposed scheme is higher than conventional schemes
regardless of the value of ρ.
Figure 10 shows the result for the lifetime, LT. In the
static case, although the values of LT in conventional
schemes decrease when ρ or p increases, it remains nearly
the same in the proposed scheme. This is because in the conventional schemes, the energy consumption decreases LT,
because of the increase in transmission and reception of
RREQ messages. However, as the number of ﬂooding times
is made uniform in the proposed scheme, all nodes have
almost an equal chance to transmit the RREQ messages. This
consideration is also related to the results in Figure 6. The
values of LT are smaller in the case of movement than those
in the static scenario. It is considered that energy is consumed by transmitting and receiving control packets to
retransmit when a communication path is disconnected due
to node movement. However, even in the case of movement,
the proposed scheme has better performance than conventional schemes. In particular, we showed that the lifetime
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Figure 10: Lifetime, LT, with node density, ρ (β = 50%).

was extended up to about 2.2 times in the static scenario
and about 1.4 times in the mobile scenario compared to the
original AODV when the node density was 45 nodes/km2.
4.4. Impact of the Number of Flows. We discussed the cases in
which the number of ﬂows, in other words, number of node S
was one shown in Figure 1. In this section, we evaluate by
increasing the number of ﬂows to conﬁrm the further eﬀects
of the proposed method. The number of source nodes S is
increased at equally spaced positions on the left-hand line
segment with one destination node D ﬁxed, as shown in
Figure 2. Figure 11 shows the impact of LT on the number
of ﬂows, F. The consideration for the result in Figure 11 is
almost equal to that of Figure Communication standards
IEEE 802.11b Simulation time (T sim ) 300 sec Side length of
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Figure 11: Lifetime, LT, with the number of ﬂows, F (β = 50%).

As a result, we showed that the proposed scheme was superior to conventional schemes in terms of energy eﬃciency
(bits/J], including throughput and energy consumption.
Moreover, as the nodes to be ﬂooded are equalized in the
proposed scheme, the variance in the remaining energy of
all nodes becomes smaller. The proposed approach ensures
that all nodes need almost the same battery replacement
time. Thus, the lifetime in the proposed scheme does not
decrease when the nodes are static, regardless of the node
density or the number of ﬂows.
Future works include the evaluation of the proposed
scheme for unmanned aerial vehicle (UAV) networks [34]
and comparison with other dynamical and probabilistic
approaches.
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the target area (L) 1 km Number of trials in one simulation
100 Number of relay nodes (N) 30 Velocity of relay node
(vr ) 1.41 m/sec Pass loss exponent (α) 3.5 Antenna gain 1
Limit coverage of direct transmission 250 m Bit rate 1.0 Mbps
Application protocol UDP Traﬃc type CBR Generate traﬃc
2.0 Mbps Packet size 1500 bytes Routing protocol AODV Initialization energy of a node (E0 ) 3600 J Transmission power
(Pt ) 28 dBm Receiver threshold -96 dBm Supply voltage (v)
3 V Idle current (I1) 0.426 mA Clear channel assessment
(CCA) busy state current (I2) 0.426 mA Channel switch current (I3) 0.426 mA Tx current (I4) 17.4 mA Rx current (I5)
19.7 mA . The proposed scheme can keep the lifetime constant regardless of the number of ﬂows. This is because
increasing the node density and the number of ﬂows can be
considered to have equivalent eﬀects. In particular, we
showed that the lifetime extended up to nearly 2.0 times in
the static scenario and 1.3 times in the mobile scenario compared to the original AODV when the number of ﬂows was 3.
Thus, the proposed scheme is more eﬀective, even in an environment with a larger number of ﬂows.

5. Conclusions
We proposed a simple ﬂooding scheme to transmit RREQ
message based on only the remaining power of each node
in the ﬂooding process without additional information such
as control packets and complex calculations. We applied
the proposed scheme to AODV of MANET routing and
showed the superiority of the proposed scheme to the conventional scheme using computer simulation. As the node
density decreases, the throughput of the proposed scheme
becomes lower than that of the conventional methods,
whereas the throughput of the proposed scheme increases
when the node density becomes higher than nearly 40 in
the evaluated environment. Regardless of the node density,
energy consumption was reduced in the proposed scheme.

Acknowledgments
This work was in part supported by the 2019 Telecommunications Advancement Foundation.

References
[1] H. Nishiyama, M. Ito, and N. Kato, “Relay-by-smartphone:
realizing multihop device-to-device communications,” IEEE
Communications Magazine, vol. 52, no. 4, pp. 56–65, 2014.
[2] S. Corson and J. Macker, “Mobile ad hoc networking
(MANET): Routing protocol performance issues and evaluation considerations,” RFC 2501, 1999.
[3] C. E. Perkins, Ad Hoc Networking, Addison-Wesley, 2001.
[4] S. Ci, M. Guizani, H. H. Chen, and H. Sharif, “Self-regulating
network utilization in mobile ad hoc wireless networks,” IEEE
Transactions on Vehicular Technology, vol. 55, no. 4, pp. 1302–
1310, 2006.
[5] L. M. Feeney and M. Nilsson, “Investigating the energy consumption of a wireless network interface in an ad hoc networking environment,” in Proceedings IEEE INFOCOM 2001.
Conference on Computer Communications. Twentieth Annual
Joint Conference of the IEEE Computer and Communications
Society (Cat. No.01CH37213), vol. 3, pp. 1548–1557, Anchorage, AK, USA, 2001.
[6] A. J. Goldsmith and S. B. Wicker, “Design challenges for
energy-constrained ad hoc wireless networks,” IEEE Wireless
Communications, vol. 9, no. 4, pp. 8–27, 2002.
[7] C. Yu, B. Lee, and H. Y. Youn, “Energy eﬃcient routing protocols for mobile ad hoc networks,” Wireless Communications
and Mobile Computing, vol. 3, no. 8, pp. 959–973, 2003.
[8] D. Minoli, K. Sohraby, and B. Occhiogrosso, “IoT considerations, requirements, and architectures for smart buildingsenergy optimization and next-generation building management systems,” IEEE Internet of Things Journal, vol. 4, no. 1,
pp. 269–283, 2017.

Wireless Communications and Mobile Computing
[9] A. Batra, A. Shukla, S. Thakur, and R. Majumdar, “Survey of
routing protocols for mobile ad hoc networks,” IOSR Journal
of Computer Engineering, vol. 8, no. 1, pp. 34–40, 2012.
[10] S. Prakash, J. Saini, and S. Gupta, “A review of energy eﬃcient
routing protocols for mobile ad hoc wireless networks,” International Journal of Computer Information Systems, vol. 1,
no. 4, pp. 36–46, 2010.
[11] I. Demirkol, C. Ersoy, and F. Alagöz, “MAC protocols for wireless sensor networks: a survey,” IEEE Communications Magazine, vol. 44, no. 4, pp. 115–121, 2006.
[12] V. KumarSachan, S. A. Imam, and M. T. Beg, “Energy-eﬃcient
communication methods in wireless sensor networks: a critical
review,” International Journal of Computer Applications,
vol. 39, no. 17, pp. 35–48, 2012.
[13] Z. Ul, A. Jaﬀri, and S. Rauf, “A survey on “energy eﬃcient routing techniques in wireless sensor networks focusing on hierarchical network routing protocols”,” International Journal of
Scientiﬁc and Research Publications, vol. 4, no. 1, pp. 2250–
3153, 2014.
[14] S. Cui, R. Madan, A. Goldsmith, and S. Lall, “Joint routing,
MAC, and link layer optimization in sensor networks with
energy constraints,” in IEEE International Conference on Communications, 2005, vol. 2, pp. 725–729, Seoul, South Korea,
2005.
[15] F. Adachi, “Wireless network evolution toward 5G network,”
in 2016 21st OptoElectronics and Communications Conference
(OECC) held jointly with 2016 International Conference on
Photonics in Switching (PS), pp. 1–3, Niigata, Japan, 2016.
[16] T. Clausen and P. Jacquet, Eds., “Optimized link state routing
protocol (OLSR),” RFC 3626, 2003.
[17] V. Cerf, S. Burleigh, A. Hooke et al., “Delay-tolerant networking architecture,” RFC 4838, 2007.
[18] C. Perkins, E. Belding-Royer, and S. Das, “Ad hoc on-demand
distance vector (AODV) routing,” RFC 3561, 2003.
[19] W. Heinzelman, A. Chandrakasan, and H. Balakrishnan,
“Energy-eﬃcient communication protocols for wireless
microsensor networks,” in Proceedings of the 33rd Hawaiian
International Conference on Systems Science (HICSS), pp. 1–
10, Maui, HI, USA, 2000.
[20] R. C. Shah and J. M. Rabaey, “Energy aware routing for low
energy ad hoc sensor networks,” in 2002 IEEE Wireless Communications and Networking Conference Record, vol. 1,
pp. 350–355, Orlando, FL, USA, 2002.
[21] J. Ben-Othman and B. Yahya, “Energy eﬃcient and QoS based
routing protocol for wireless sensor networks,” Journal of Parallel and Distributed Computing, vol. 70, no. 8, pp. 849–857,
2010.
[22] X. Jing and M. J. Lee, “Energy-aware algorithms for AODV in
ad hoc networks,” in Proceedings of Mobile Computing and
Ubiquitous Networking, pp. 466–468, Yokosuka, Japan, 2004.
[23] S. P. Bhatsangave and V. R. Chirchi, “OAODV routing algorithm for improving energy eﬃciency in MANET,” International Journal of Computer Applications, vol. 51, no. 21,
pp. 15–22, 2012.
[24] D. Johnson, Y. Hu, and D. Maltz, “The dynamic source routing
protocol (DSR) for mobile ad hoc networks for IPv4,” RFC
4728, 2007.
[25] Y. C. Tseng, S. Y. Ni, Y. S. Chen, and J. P. Sheu, “The broadcast
storm problem in a mobile ad hoc network,” Wireless Networks, vol. 8, no. 2/3, pp. 153–167, 2002.

9
[26] Z. J. Haas, J. Y. Halpern, and L. Li, “Gossip-based ad hoc routing,” in Proceedings.Twenty-First Annual Joint Conference of
the IEEE Computer and Communications Societies, vol.
3no. 3, pp. 1707–1716, New York, USA, 2002.
[27] M. Bani-Yassein, M. Ould-Khaoua, L. M. MacKenzie, and
S. Papanastasiou, “Performance analysis of adjusted probabilistic broadcasting in mobile ad hoc networks,” International
Journal of Wireless Information Networks, vol. 13, no. 2,
pp. 127–140, 2006.
[28] Q. Zhang and D. P. Agrawal, “Dynamic probabilistic broadcasting in MANETs,” Journal of Parallel and Distributed Computing, vol. 65, no. 2, pp. 220–233, 2005.
[29] M. B. Yassein, M. O. Khaoua, L. M. Mackenzie,
S. Papanastasiou, and A. Jamal, “Improving route discovery
in on-demand routing protocols using local topology information in MANETs,” in PM2HW2N 2006: Proceedings of 2006
ACM International Workshop on Performance Monitoring,
Measurement, and Evaluation of Heterogeneous Wireless and
Wired Networks 2006, pp. 95–99, Terromolinos, Spain, October 2014.
[30] A. M. Hanashi, A. Siddique, I. Awan, and M. Woodward, “Performance evaluation of dynamic probabilistic broadcasting for
ﬂooding in mobile ad hoc networks,” Simulation Modelling
Practice and Theory, vol. 17, no. 2, pp. 364–375, 2009.
[31] T. Kunz, “Energy-eﬃcient variations of OLSR,” in 2008 International Wireless Communications and Mobile Computing
Conference, pp. 517–522, Crete Island, Greece, September
2008.
[32] H. Chizari, M. Hosseini, S. Salleh, S. A. Razak, and A. H.
Abdullah, “EF-MPR, a new energy eﬃcient multi-point relay
selection algorithm for MANET,” Journal of Supercomputing,
vol. 59, no. 2, pp. 744–761, 2012.
[33] Anon, “ns-3, a discrete-event network simulator,” 2008.
[34] T. Li, W. Liu, T. Wang, Z. Ming, X. Li, and M. Ma, “Trust data
collections via vehicles joint with unmanned aerial vehicles in
the smart internet of things,” Transactions on Emerging Telecommunications Technologies, vol. 2020, pp. 13–16, 2020.

