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Energy efficient routing protocols can potentially reduce the amount of energy con-

sumed in packet forwarding. However, existing literature lacks studies on improving 
green performance of geocast routings for the Internet of Vehicles. Therefore, this study 
proposes an energy efficient min delay (EEMD)-based geocast routing protocol to find 
optimal relay nodes by incorporating energy consumption and packet delivery delay. We 
introduce energy efficiency in packet forwarding as a more appropriate indicator than 
energy consumption. We present a green protocol model and analyze its green network-
ing performance in packet forwarding. Extensive simulation shows that our designed 
EEMD protocol allows efficient energy-saving data forwarding under various vehicular 
traffic conditions.    
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1. INTRODUCTION 
 

The Internet of Things is driving the evolution of conventional vehicular ad hoc 
networks (VANETs) into the Internet of Vehicles (IoV) paradigm. The IoV refers to 
dynamic mobile communication systems that communicate between vehicles and public 
networks using vehicle-to-vehicle (V2V), vehicle-to-road (V2R), vehicle-to-human 
(V2H) and vehicle-to-sensor (V2S) interactions. The IoV is expected to become the core 
building block of intelligent transportation systems (ITS) that encompass a broad range 
of wireless communication and electronic technologies. The IoV involves mobile com-
munication systems in vehicles (including automobiles and high-speed rail trains) that 
operate over public Internet to offer new solutions to driving safety by increasing situa-
tional awareness and avoiding collision risks through data transmission [1, 2, 3]. A 
VANET is a network that uses moving vehicles as communication nodes in a high mo-
bile network. The vehicles implement ad hoc networking technologies, such as dedicated 
short-range communications, Wi-Fi, and wireless access in vehicular environment. 
VANETs are a key component of ITS [4] [5]. Vehicular networks concurrently consist 
of a large number of vehicles running on petroleum. Many automotive manufacturers 
Communicated by Li-Der Chou. 
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(e.g., Tesla and Nissan) have conducted studies to enhance vehicles through green tech-
nologies, such as hybrid gasoline and electric engines, which are used in fully electric 
vehicles (FEVs) [6] [7]. 

Geocast routing protocols can send messages to some or all nodes in a selected re-
gion and can overcome the limitations of geographic unicasts, such as long packet deli-
very latency and unstable delivery. With geocast routing protocols, new promising ser-
vices and applications are feasible for vehicular networks [8] [9]. The potential applica-
tions of geocast routing are geographic advertising, delivery of geographically restricted 
services, and peer-to-peer applications.  

 Numerous researchers [10, 11, 12] have studied energy efficient routing in wireless 
sensor networks and mobile ad hoc networks. However, little attention is paid to green 
network protocols in VANETs. Previous studies on geocast routing protocols for VA-
NETs are mainly focused on improving networking performance, such as decreasing 
packet delivery delay or increasing packet delivery ratio. Few studies on geocast routing 
protocols in vehicular networks aim to reduce energy consumption during packet deli-
very. Many previous studies assume that radio transceivers in VANETs have unlimited 
energy because they are powered by the vehicle’s gasoline engine. However, most ve-
hicles with hybrid or purely electric engines are expected in green VANETs to reduce 
their CO2 emissions. Electricity consumption is particularly crucial for FEVs. An energy 
efficient routing protocol is essential to efficiently forward packets with high quality of 
service (QoS) and green networking performance. 

In the present work, we aim to design an energy efficient min delay (EEMD)-based 
geocast routing protocol to contribute to the development of the Internet of Vehicles. We 
design a green networking model to analyze energy efficiency in packet forwarding and 
a min delay-based packet delivery end-to-end delay (EED) on relay nodes. The 
EEMD-based protocol can forward packets via selected optimal relay nodes with high 
energy efficiency and can reduce power consumption while providing competitive net-
work performance. 

The rest of the paper is organized as follows. Section 2 discusses state-of-the-art 
energy efficient routing protocols for VANETs. Section 3 describes our proposed 
EEMD-based geocast routing protocol and analyzes the energy efficiency model in 
packet forwarding. Section 4 evaluates the proposed protocol. Section 5 concludes the 
study. 

2. STATE-OF-THE-ART 

Energy saving in routing protocols for VANETs is a great challenge because of the 
high dynamics of network topology and the intermittent inter-vehicle communications. A 
geocast routing protocol can forward packets to all nodes within a geographic region. 
Figure 1 shows the taxonomy of geocast routing protocols for VANETs. Many geocast 
routing protocols in the literature are focused on improving networking performance, 
such as minimizing packet delivery latency or increasing dissemination reliability [13, 14, 
15]. The energy consumption and greenhouse effect introduced by wireless communica-
tions in vehicular networks are major concerns in green networking. Geocast routing for 
VANETs thus imposes new research challenges to save energy.  
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A geocast routing protocol for urban VANET (GRUV) is proposed in [16] to adapt 
to dynamic vehicular network environments. The GRUV uses three forwarding ap-
proaches to disseminate packets to forwarding zones in urban areas. A pull-based geo-
cast routing protocol called Geocache is designed in [17] to support peer-to-peer applica-
tion in VANETs. Geocache integrates a caching mechanism to reduce the number of 
messages exchanged. An environmentally friendly geocast (EFG) protocol [18] is de-
signed to avoid the environmentally damaging mechanisms of vehicles, such as high 
acceleration and frequent acceleration and braking. The EFG protocol describes how 
traffic light signals are delivered to vehicles approaching intersections and thus behaves 
like a traffic light signal dissemination protocol. 

 

 
Fig. 1. Taxonomy of geocast routing protocols for VANETs  

 
The literature lacks studies on geocast routing protocols aimed at reducing energy 

consumption in packet forwarding. Our proposed EEMD-based geocast routing protocol 
integrates the energy consumption models of multicasting/geocasting packets and 
min-based packet forwarding strategies. Relay nodes with minimum energy consumption 
may not provide reliable packet forwarding. In this work, we present energy efficiency in 
packet forwarding as a more suitable indicator than energy consumption in relay nodes.   

3. ENERGY EFFICIENT MIN DELAY-BASED GEOCAST ROUTING  

In VANETs, vehicles are treated as either wireless routers or relay communication 
nodes for forwarding packets to other vehicles and road infrastructure. An energy-aware 
routing protocol should enable packet forwarding via energy-saving delivery paths be-
tween sending and receiving nodes. Green and network measurements must be analyzed 
to build a green multicast/geocast networking model. Green measurements refer to per-
formance measures used to study greenness impact. Network measurements refer to how 
network protocol performs with respect to various performance metrics. 



 

DAVID CHUNHU LI, LI-DER CHOU, LI-MING TSENG AND YI-MING CHEN 

 

 

212 

 

 
3.1 Problem Description 
 
In this section, we describe the problem on saving energy in packet forwarding in vehi-
cular networks. We formulate the problem as follows: given a vehicular network, we aim 
to find optimum multiple paths with the best energy efficiency and minimum packet de-
livery end-to-end delay (EED) to deliver packets from sending nodes to receiving nodes 
in regions of interest. Figure 2 shows two competitive gas stations (Shell and BP) in an 
urban area. A mobile advertising vehicle of Shell gas station is the source node that 
sends geographic messages (e.g., special offers and promotions) to vehicles, which serve 
as the receiving nodes, near the BP gas station (i.e., vehicles located within a 1 km radius 
from the BP gas station). Many vehicles can be found in the forwarding regions. Our 
proposed geocast routing protocol addresses the problem of finding optimal relay nodes 
considering energy efficiency and QoS. The vehicles selected as relay nodes should have 
good green networking characteristics, such as high energy saving efficiency, low power 
consumption, and short packet delivery delay. The selection process consists of two parts. 
The first part involves the evaluation of energy efficiency in packet forwarding. The 
second part involves the estimation of packet delivery delay to receiving nodes. 

  

 
Fig. 2. Region of forwarding and region of interest in geocast routing 

 
3.2 EEMD Protocol Overview 
 

We present the rules of packet forwarding in our proposed EEMD-based geocast 
routing protocol. Figure 3 shows the flowchart of the EEMD-based protocol. A tolerable 
number nt of multiple forwarding paths exists for a geocasting message. This tolerable 
number is the minimum number of available forwarding paths for multicast-
ing/geocasting packets.  
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Fig. 3. Flowchart of EEMD-based geocast routing protocol 

 
(1)  All nodes with low residual electric battery power are excluded from selection 

of relay nodes. 
(2) In vehicular networks with high traffic density, the highest priority in relay node 

selection is the selection of nodes with maximum energy efficiency in packet 
forwarding. The second priority is the selection of nodes with the shortest av-
erage packet delivery EED. Each node only compares its packet forwarding 
energy efficiency with neighbor nodes. The nodes with the highest level of 
energy efficiency are selected as the relay nodes. 

(3) If two or more relay nodes have the same energy efficiency, the nodes with the 
shortest packet delivery EED are selected. The proposed protocol chooses 
nodes with the shortest packet waiting time in the queue buffer as the next re-
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lay nodes to reduce packet delivery latency and loss caused by packet traffic 
congestion in some hot spots. 

(4) In vehicular networks with sparse traffic, the highest priority in relay node se-
lection is the selection of nodes with the shortest average packet delivery EED. 
Sending nodes become message carriers and use carry-and-forward tech-
niques to temporarily hold messages and find the next relay nodes for packet 
forwarding. Once neighbor nodes are found by message carriers, the nodes 
with the shortest average packet delivery delay are selected. The 
EEMD-based protocol chooses a geographic min delay-based routing strategy 
to select the next relay nodes moving in the direction of the region of interest. 

(5) The packet delivery paths in the EEMD-based protocol consist of the fewest 
number of relay nodes possible, with these nodes having high energy effi-
ciency or short packet delivery EED.  

 
3.3 Energy Consumption Model for Geocasting Messages 

 
Energy is consumed when packets are sent and received through nodes. Communi-

cation nodes in wireless networks are in one of three states: transmitting state, receiving 
state, and idle/sleeping state. Each state has a significantly different contribution to 
energy consumption. The energy spent by the node under idle/sleeping state is often neg-
ligible when compared with that under transmitting and receiving states. We refer to the 
energy consumed by communications nodes for receiving packets as Er and to the energy 
consumed for retransmitting such packets as Ert. The energy consumed by inter-vehicle 
communication nodes in one-hop packet forwarding is as follows: 
 

o r rtE E E= +  (1) 
 

Let nr denote the number of relay nodes on each packet delivery path. The total 
energy consumed in packet forwarding on the paths is expressed by 
 

( )P r r rtE n E E= ⋅ +  (2) 
 
3.4 Energy Efficiency in Geocasting Packets  

Although some nodes consume minimum energy, the communication stability of 
these nodes is weak because wireless communication interference or building obstacles 
may affect inter-vehicle communication links. We should not merely select relay nodes 
according to energy consumption. The optimal indicator is energy efficiency in packet 
forwarding, which can describe how relay nodes efficiently forward packets while con-
suming the least amount of energy. In selecting optimal packet delivery paths with high 
energy-saving efficiency, we must derive the energy efficiency function to describe the 
green networking attributes of packet delivery paths. For the convenience of the reader, 
we introduce the following definition. 

Definition 1: Given a communication node, energy efficiency (Ee) is the number of 
packets transmitted to the communication links per one unit of spent energy. 
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number of transmited packets
consumed engery

=eE  (3) 
 

The number of successful packet transmissions has a close relationship with the 
probability of a successful one-hop packet forwarding. Thus, we must analyze one-hop 
packet transmission failure (PF) and success (PS) probabilities. Inter-vehicle wireless 
communication is intermittent because of the fast-changing network topology and ve-
hicle movement. Packet transmission frequently fails because of packet collision, wire-
less signal interference, and blocked radio signals. For a desired sending node with 
transmission range r, PF is the probability that the node fails to transmit packets to its 
adjacent nodes in one-hop transmission. Various factors cause packet transmission fail-
ure. The two principal reasons are the forced dropping of packets resulting from the 
queue buffer overflowing with receiving nodes and the severe degradation of wireless 
radio signal strength. 

We assume a Poisson distribution for the rate of packet arrival in the queue buffer 
of relay nodes and a normal distribution for the rate of packet service in the relay nodes. 
The behavior of packet forwarding in the relay nodes can be described with a Poisson 
input and general service (M/G/1) model. For a finite queue buffer, the packet arrival 
process is a Poisson process with a random variable of packet arrival rate λ . The proba-
bility that at least one packet arrives in the next moment is 
 

( ) ( )
0

( ) (1) 1 1 (1) 0 1 1
0!
eP A P N P N e

λ
λλ −

−= ≥ = − = = − = −  (4) 
 

The packet service rate µ  is a normal random variable with expected value E(X) 
and standard deviation σ . A finite queue buffer overflows when the packet arrival rate 
exceeds the packet service rate. The probability that a randomly selected output packet 
has a service rate of 1λ −  or less is given by 
 

 
1( ) ( 1)

( ) 1 ( )

X XP S P X P P

P Z

µ λ µ µλ γ
σ σ σ

γ γΦ

− − − −   = ≤ − = ≤ = ≤   
   

= ≤ = −
 (5) 

 
We let ( 1 ) /γ λ µ σ= − − . Let A and B be the events in which the randomly se-

lected packet has a service rate of 1λ −  or less and at least one packet arrives in the 
next moment for a finite buffer queue. We are interested in P(A|B); hence, the condi-
tional probability of A given B is the probability of packet transmission failure resulting 
from queue buffer overflow. This probability is obtained by 
 

( ) ( )
1

(1 ( ) 1( )( | ) 1 ( )
( ) 1F

eP A BP A B
P B e

λ

λ

γ
γ

Φ
Φ

−

−

− ⋅ −∩
= = = = −

−
P  (6) 

 
Wireless communication in VANETs is highly affected by complex vehicular net-

working environments, such as dynamic vehicle locations, building obstacles, and wire-
less radio signal interferences. For simplicity, we assume that positioning and location 



 

DAVID CHUNHU LI, LI-DER CHOU, LI-MING TSENG AND YI-MING CHEN 

 

 

216 

 

technologies work well in VANETs and that no localization error occurs. In this study, 
the primary factor that causes the failure of the receiving nodes to receive wireless net-
work signals is the degradation of wireless link quality, such as in the case of fading 
signals. We assume that wireless signal fading in inter-vehicle wireless networks is a 
Rayleigh fading link model [19]. If packets are successfully transmitted between two 
nodes, wireless network signals must be strong enough to let the receiving nodes suc-
cessfully receive packets. In such a case, the signal-to-noise-and-interference ratio must 
be greater than a certain threshold Θ ,which is determined by communication hardware 
specifications. Let R denote the received power. Thus, the probability of nodes receiving 
a correct network signal is given by 
 

( ) exp NP R
R
Θ

Θ  > = − 
 

 (7) 
 

where N is the noise power, and R  is the average received power. Thus, the 
probability of packet loss due to a failed reception of a wireless network signal is given 
by 
 

2 1 ( ) 1 expF
NP R

R
Θ

Θ  = − > = − − 
 

P  (8) 
 

One-hop packet transmission failure probability PF has two parts. The first part is 
the probability of failed packet transmission due to queue buffer overflow (PF1). The 
second part is the probability of packet loss due to a failed reception of a wireless net-
work signal (PF2). Thus, the one-hop packet transmission failure probability is 
 

( )2 2 1 ( ) 1 expF F
N

R
γ Θ

Φ   ⋅ = − ⋅ − −    
FP = P P  (9) 

 
The probability of a successful packet transmission is 

 

( )1- 1 1 ( ) 1 expF
N

R
γ Θ

Φ
   = − − ⋅ − −      

SP = P  (10) 
 

As a result, the energy efficiency of packet forwarding for each relay node is calcu-
lated and the energy efficiency of packet forwarding paths is obtained as follows: 
 

1

rn

Ti
i

P

N

E
=

⋅
=
∑ S

e

P
E  (11) 

 
where NTi is the total number of packets transmitted from the desired source nodes, 

and nr denotes the number of relay nodes on each packet forwarding path. Figure 4 
shows the pseudo code of energy efficiency in geocast packets of EEMD-based protocol.  
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Fig. 4. Pseudo code of energy efficiency in geocasting packets of EEMD-based protocol 

 
3.5 Geographic Min Delay-based Routing  

Vehicle density is always dynamically changing. Various vehicle densities must be 
considered to estimate average packet delivery EED. We address the issue by consider-
ing two typical situations: dense and sparse traffic densities. In dense traffic networks, 
each node has many neighbor nodes within its transmission range. Inter-vehicle commu-
nication frequently jams because of a large amount of packet transmission. Therefore, 
the average packet delivery EED is mostly caused by packet waiting time in the queue 
buffer of relay nodes. The average packet waiting time is related to the average system 
size based on Little’s formula. Let Wq denote the average packet waiting time in the 
queue buffer of relay nodes. The probability that an arriving packet finds n packets in the 
queue buffer is identical to the stationary distribution of queue buffer size. Thus, the dis-
tribution of waiting time in the queue buffer is 
 

1

(1 )

|
( ) (0) Pr

1

q q n
n

t

n packets processed in t
W t W p

new arrival packet found n packets in queue

e µ ρρ

∞

=

− −

≤ 
= + ⋅ 

 
= −

∑  (12) 

 
where µ  is the mean service rate, and /ρ λ µ=  is the traffic intensity. We can 

compute the mean packet waiting time in the queue buffer as follows: 
 

(1 )

0 0
[1 ( )] t

q qW W t dt e dtµ ρ ρρ
µ λ

∞ ∞ − −= − = =
−∫ ∫  (13) 

 
In a sparse traffic network, some nodes become packet carriers and temporarily 

carry packets until they find suitable neighbor nodes within their transmission range. The 
packet forwarding policy in such intermittent inter-vehicle communication links is to 
forward packets as soon as possible to reduce packet delivery delay. Let Lc denote the 
distance that nodes carry the packets. dc denotes the carrying delay or the time that the 
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vehicles spend in carrying the packets and finding suitable nodes for packet forwarding. 
Carrying delay dominates average packet delivery EED in a sparse traffic network. The 
average carrying delay of relay nodes is max/c cd L V= , where Vmax is the road speed 
limit. Consequently, the estimated packet delivery average EED in vehicular networks 
with bipolar traffic density is expressed by 
 

1

1

:

:

r

r

n

qi
i
n

ci
i

W high traffic density
EED

d sparse traffic density

=

=



= 



∑

∑
 (14) 

 
Figure 5 shows the pseudo code of geographic min delay-based geocasting packets of 
EEMD-based protocol. 
 

 
Fig. 5. Pseudo code of geographic min delay-based geocasting packets of EEMD-based pro-

tocol 

4. SIMULATION EVALUATION 

Extensive simulations are necessary to examine the performance of our proposed 
EEMD-based protocol in VANETs. Unlike traditional mobile ad hoc networks, vehicular 
networks exhibit unique asymmetric road traffic loads. Thus, we study the effect of traf-
fic loads on green and networking measurements. Our simulations are based on the net-
work simulator NS2 [20]. Two geocast routing protocols, namely, GRUV [16] and Geo-
cache [17], are compared with the proposed EEMD-based protocol. We change the 
shape of the region of interest in the original GRUV into a circle and compare the GRUV 
(circle) with our proposed EEMD-based protocol. Table 1 presents the details of the si-
mulation environment and parameters. An intelligent driver model with lane change is 
used to describe the vehicle mobility patterns in the simulation. SUMO [21] is used gen-
erate realistic vehicle mobility patterns. A real area is selected from a freely available 
digital map called the OpenStreetMap [22], and SUMO is used to automatically export a 
simulation topology (Figure 6). The selected area is downtown Taipei where the number 
of vehicles ranges from 50 to 500. 
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Fig. 6. Simulation network topology 

 
We use the following strategy to implement the energy model in each vehicle dur-

ing the simulations. The total electrical energy of a vehicle decreases once the vehicle 
receives a packet. The same rule applies when vehicles transmit a packet to the next relay 
node. We evaluate all simulated routing protocols with the following performance me-
trics: average power consumption of paths, maximum power consumption of nodes, 
packet delivery delay, and packet delivery ratio. 

 
Table 1: Simulation Environment 

Simulation Parameter Value 
Network size  5000m * 5000m 
Number of Vehicles 50 - 500 
Geocast region  circle area with a radius of 500m   

Number of lane 3 
Vehicle speed 5 m/s – 30m/s  
Max comfortable acceleration  2.0 m2/s 
Max comfortable deceleration  1.0 m2/s 
Vehicle transmission range  250m 
MAC protocol IEEE802.11p 
Link fading model  Rayleigh fading  
Mobility model IDM-LC 
Antenna model Omni-directional  
Data traffic  Constant Bit Rate (CBR) 
Data packet size 512 bytes 
Packets rate 4 packets/s 
Simulation time 2000s 
Confidence Level 95% 
Initial energy (mJ) 1000 
Transmission power (mW) 3.2 
Received power (mW) 1.2 
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Fig. 7. Average power consumption of paths as a function of vehicle number 

 
Figure 7 compares the average power consumption of the GRUV, Geocache, and 

EEMD-based paths. Vehicle number affects all routing protocols and increases power 
consumption. The EEMD-based protocol achieves the lowest power consumption as 
vehicle number increases. Clearly, the network becomes highly connected as traffic den-
sity increases. The total power consumed in relay nodes in dense networks is greater than 
that in sparse networks. Given that nodes become increasingly connected as node density 
increases, the relay node selection strategy of routing protocols significantly affects 
power consumption in packet forwarding paths. Energy efficiency is the highest priority 
of the routing policies in the proposed EEMD-based protocol. In sparse networks, op-
timal relay nodes are decided by a min-delay strategy. Consequently, the total number of 
relay nodes in the packet forwarding paths in the EEMD-based protocol is considerably 
low, and the average power consumption of the paths is significantly reduced.  

 

 
Fig. 8. Maximum consumed power of nodes as a function of vehicle number 

 
Figure 8 compares the maximum power consumed by nodes as the number of ve-

hicles changes. In sparse networks (50 vehicles), the maximum power consumed by a 
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node in the EEMD-based protocol is approximately half of that consumed in Geocache 
and GRUV. Similar results are found in dense networks (500 vehicles). The 
EEMD-based protocol is thus very competitive in reducing energy consumption for 
packet forwarding. The proposed protocol can choose optimal relay nodes while consi-
dering both energy efficiency in packet forwarding and the geographic locations of 
nodes. In this way, the power consumed by relay nodes is greatly reduced. 

 

 
Fig. 9 Average packets delivery end-to-end delay as a function of vehicle number 

 
Figure 9 compares the packet delivery delays of the GRUV, Geocache, and 

EEMD-based protocols given a varying number of vehicles. As expected, the average 
packet delivery delay of all the routing protocols decreases as the number of vehicles 
increases because vehicles can easily find relay nodes under high vehicle density. As a 
result, overall packet delivery delay is reduced. The EEMD-based protocol experiences 
fewer packet delivery delay compared with the two other protocols under all vehicle 
densities because of its min-delay routing strategy. Furthermore, the EEMD-based pro-
tocol can find optimal relay nodes in both dense and sparse vehicle densities. Packets are 
quickly forwarded among relay nodes with either short waiting times in queue buffer or 
packet carrying delay. 

Figure 10 shows the packet delivery ratio with varying numbers of vehicles. As 
density increases, vehicles are likely to find stable relay nodes for packet forwarding. 
This condition contributes to the success of packet reception in receiving nodes. The 
EEMD-based protocol has the highest delivery ratio regardless of the number of vehicles 
because it requires fewer hops for packet forwarding compared with the other two pro-
tocols. When a high number of hops are needed in packet forwarding, the probability of 
unstable paths increases because of communication channel contention and traffic con-
gestion. Given such probability, the probability of packets being dropped along the paths 
is high. 
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Fig. 10. Packets Delivery Ratio as a Function of Vehicle Number Average  

5. CONCLUSIONS 

The Internet of Vehicles is an emerging field that crosses multiple disciplines in-
cluding automotive, intelligent transportation, information technology, communications, 
energy, etc. Advanced technologies are needed to make transportation more clean, effi-
cient, connected and safe. Green networking involves optimized techniques and devices 
for directly or indirectly reducing energy usage. Energy efficient routing protocols have 
been shown to reduce energy consumption and prolong the lifetime of inter-vehicle 
communication links in VANETs. Geocast routing protocols have the potential to pro-
vide various peer-to-peer applications. However, existing literature lacks studies on im-
proving the green performance of geocast routings in VANETs. Therefore, the present 
study analyzes energy efficiency in packet forwarding on geocasting paths. The geo-
graphic min delay-based routing strategy is presented, and a novel EEMD-based geocast 
routing protocol is proposed. With the EEMD-based protocol, optimal relay nodes are 
selected to reduce energy consumption in packet forwarding by incorporating the factors 
of energy consumption and packet delivery delay. Finally, extensive simulations are 
conducted to examine the performance of the EEMD-based protocol compared with two 
existing geocast routing protocols, namely, GRUV and Geocache. The simulation results 
show that the proposed EEMD-based protocol outperforms the GRUV and Geocache in 
terms of both green and networking performance. 
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