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ABSTRACT

Communications for mobile sink groups such as rescue teams or platoons bring about a new challenging issue for handling group 

mobility in wireless sensor networks. Recently, a group region-based approach has been proposed to send data to a mobile sink group. 

However, it uses excessive flooding for 3 steps (group region discovery, region information notification, and data dissemination) to 

support mobile sink group. Thus, it causes high energy consumption and data delivery failure. Moreover, its per-sink mobility 

supporting scheme makes energy consumption and data delivery failure more serious. Thus, this paper proposes an Energy-efficient 

and Reliable Mobile Group communication protocol (ERMG) to support a mobile sink group, which exploits a virtual grid structure. For 

the group region discover and notification and the data dissemination, ERMG uses communications with only cell heads of grid cells 

that manages group sinks. ERMG also uses a per-grid based scheme to support sink mobility. Simulation results show that ERMG 

has 30% less energy consumption and 6% more desired delivery deadline success ratio than the existing protocols.
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요     약

무선 센서 네트워크에서 구조 나 군 소 와 같은 이동 싱크 그룹을 한 통신은 군집 이동 특성에 의해 이동성 지원 측면에서 새로운 

도  과제를 야기한다. 최근에 그룹 역 기반의 이동성 지원 근법이 제안되었지만, 근법에서 제시하는 3 단계(싱크 그룹 역 발견, 

역 정보 통지, 데이터 달)의 과정은 과도한 러딩(flooding)을 요구한다. 따라서 많은 에 지 소모와 혼잡  간섭으로 인한 데이터 달 

실패를 야기한다. 더욱이, 이는 개별 싱크 단 의 이동성을 지원하기 때문에 앞의 문제를 심화시킨다. 따라서, 본 논문은 가상 격자 구조를 

활용한 에 지 효율 이고 신뢰성있는 이동 싱크 그룹 통신 방안(Energy-efficient and Reliable Mobile Group communication protocol, 

ERMG)을 제안한다. ERMG는 그룹 역의 발견과 역 정보 통지, 데이터 달을 해 오직 싱크 그룹을 리하는 격자 셀의 표(cell 

heads)와의 통신만을 요구한다. 한, ERMG는 효율 인 이동성 지원을 해 격자 단 의 이동성 지원 방안을 사용한다. 시율 이션 결과는 

ERMG가 기존 방안들에 비해 에 지 소모량이 평균 30% 감소하 고, 달 요구 시간 내 성공률이 평균 6% 증가하 음을 보인다.

키워드 : 무선 센서 네트워크, 이동 싱크 그룹, 에 지 효율성, 신뢰성, 이동성 지원
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1. Introduction1)

The research on communications for groups consisting 

of multiple mobile sinks bring about a new challenge for 
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handling mobility in Wireless Sensor Networks (WSNs) 

[1]. In a mobile sink group, sinks move together and 

collect data to accomplish their tasks in the network [2]. 

Rescue teams in disaster areas or platoons in battle fields 

could be imagined as applications on mobile sink groups. 

Like the group mobility model presented in [3], a mobile 

sink group collectively move around the sensor field, but 

each member sink in the group freely moves within its 

group region, a geographically restricted region.

Recently, group region-based routing protocols [4, 5] 

https://doi.org/10.3745/KTCCS.2017.6.5.239
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Fig. 1. The overview of ERMG: the Discovery of CGCs Based 

on DGR and the Data Dissemination to Sinks by CHs of CGCs

have been proposed to disseminate data from a source to 

a mobile sink group. They use flooding to discover the 

group region and to notify the group region information 

to group sinks. Then, for disseminating data from the 

source to the sinks in the group region, M-Geocating [4] 

uses flooding within the group region and PBDD [5] uses 

data storage on a line within the group region and data 

retrieve from the line by long distance forwarding. To 

support sink mobility, they exploit a per-sink scheme that 

constructs a footprint chaining to relay data to each of 

moving sinks [6].

However, the existing protocols, M-Geocasting [4] and 

PBDD [5] are inefficient in terms of the energy con-

sumption and the data delivery ratio. The discovery and 

notification of the group region information by flooding 

cause high energy consumption of sensor nodes in the 

group region. The data dissemination by flooding or long 

distance forwarding causes high data delivery failures 

because the flooding has the broadcasting problem and 

the long distance forwarding uses many low link quality 

communications of sensor nodes. Moreover, the per-sink 

mobility supporting scheme makes the energy consumption 

and the data delivery failure more serious because it 

disseminates data to each moving sink by long distance 

relaying with low link quality.

Therefore, this letter proposes an Energy-efficient and 

Reliable Mobile Group communication protocol (ERMG) to 

disseminate data to mobile sink groups. ERMG exploits a 

virtual grid structure to avoid flooding and long distance 

forwarding, and thus achieve the reliability and energy- 

efficiency instead of paying the small cost for constructing 

the virtual grid. ERMG discovers and notifies the group 

region information by communications with only Cell Heads 

(CHs) in grids where sinks locate and thus saving the 

energy consumption of sensor nodes. ERMG also 

disseminates data to sinks from CHs by shorter distance 

communications and thus reducing energy consumption 

and growing the data delivery ratio. Furthermore, ERMG 

uses a per-grid based scheme to support mobility of 

sinks and thus additionally enhancing both the energy 

saving and the data delivery ratio. Simulation results show 

that ERMG has better performance than M-Geocasting 

and RBDD in terms of the energy consumption and the 

data delivery ratio.

The rest of this paper is organized as follows: We 

describe our energy-efficient and reliable mobile group 

communication protocol (ERMG) in section 2. The over-

head analysis and performance evaluation are given in the 

sections 3 and 4, respectively. The section 5 conclude this 

paper.

2. The Proposed Protocol (ERMG)

2.1 Network Model

As a network model, we consider a large-scale sensor 

network that are deployed by a great number of sensor 

nodes. A mobile sink group with multiple sinks moves in 

the sensor network to perform its missions. On the 

sensor network, we construct a virtual grid structure 

which is composed of small cells. Every grid cell has a 

cell ID and a rectangle area of ×m2. Every sensor 

node and sink could be aware of its location information 

(x, y) by utilizing GPS devices or localization techniques 

[7]. Thus, every node could know its cell ID (a, b) from 

its location (x, y) as:  ⌊  ⌋ , and 

 ⌊  ⌋where (x0, y0) is the location of the 

virtual origin, which is provided as a system parameter 

at the deployment phase. Each cell has a Cell Head (CH) 

which is the nearest node to the center point of a cell. 

Each sink registers its own sink ID and location 

information to the CH in the cell where it locates. All 

of data and control packets are forwarded to their 

destinations by a geographic routing protocol such as 

GPSR [8]. In next subsections, we present sink group 

cells discovery and advertisement, data dissemination, and 

mobility supporting in ERMG, respectively. However, 

different from the existing protocols, ERMG use no 

flooding for all of phases.

2.2 Sink Group Cells Discovery and Advertisement

A mobile sink group is comprised of a Leader Sink 

(LS) and multiple Member Sinks (MSs). As a group repres-

entative, the LS discovers a group region and advertises 

the region information to sources. Typically, a mobile sink 
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group collectively moves toward its target locations, but all 

sinks of the group randomly move only within a certain 

geographic boundary [3]. We define this boundary as a 

Defined Group Region (DGR) as shown in Fig. 1. A DGR 

could be represented as a circle with a center point (xc, yc) 

and a radius r. We assume that the radius r is fixed and 

the movement of a group means the change of the center 

point.

Since no sink in a group knows the information (i.e. a 

center point and a radius) of its DGR, the LS starts a 

process to find the DGR. A DGR is on an Expected 

Group Region (EGR) which is also a circle. An EGR 

has 2r as its radius and the location of the LS as its 

center point because the LS could be located anywhere in 

the DGR. Based on this EGR, the LS extracts cells under 

the EGR. We define these cells as Expected Group 

Cells (EGCs). The LS selects one neighboring sensor 

node as an agent node and then sends query messages 

for group region acquisition to the EGCs via the agent 

node. For this step, the LS sends the query messages 

only to CHs of EGCs by unicasting. Thus, we could 

eliminate the flooding for group region acquisition. With 

receiving the query messages, every CH in the EGCs 

checks whether MSs exist in its own cell. If it has MSs, 

it replies an ACK message with its own cell ID and 

locations of MSs to the LS via the agent node. Based on 

the locations of MSs included in ACK messages, the LS 

calculates a DGR and extracts cells under the DGR. We 

define these cells (i.e. gray cells) as Calculated Group 

Cells (CGCs).

After extracting the CGCs, the LS sends a adver-

tisement message to provide the group region information 

(i.e. IDs of the CGCs) to all CHs in the CGCs. It also 

sends a copy of the advertisement message to sources in 

order to receive data from them. The LS can obtain the 

location information of the sources by location service 

schemes [9]. The advertisement message with containing 

IDs of CGCs is exploited for two purposes. The first is 

for data dissemination. CHs of CGCs can deliver data of 

sources to adjacent CGCs based on IDs of CGCs. The 

second purpose is for supporting mobility of sinks. Based 

on IDs of CGCs, when a sink moves to another cell, it 

decides whether it traces its own movement trajectory 

individually or reports the change of the group region to 

the LS. In ERMG, only CHs of CGCs receive the adver-

tisement message from the LS. Thus, ERMG could also 

remove the flooding for providing group region adver-

tisement.

2.3 Data Dissemination

For disseminating data to a mobile sink group, a 

source receives the group region information from the LS. 

The received region information contains cell IDs of 

CGCs. Then, the source finds the nearest one among 

CGCs from itself and sends data to the CH of the 

nearest CGC. When the data are sent toward the nearest 

CGC by geographic routing, a sensor node in the nearest 

CGC receives the data. Then, the sensor node sends the 

data to the CH of the nearest CGC because it knows the 

location of the CH. If the CH of the nearest CGC 

receives the data, it sends the data to CHs of all CGCs. 

To do this, CHs of CGCs uses the following rule. When 

the CH of a CGC receives data, it should relay the data 

to CHs of its adjacent CGCs. Each CH of the CGCs is 

aware of adjacent CGCs by group region advertisement  

of LS. Thus, the CH of the nearest CGC first sends data 

to CHs of all adjacent CGCs. Then, with the same way, 

the adjacent CHs also send the data to CHs of thier all 

adjacent CGCs except the one from which they receive 

the data. Duplicate data from CHs of different adjacent 

CGCs are simply dropped. Even if a CGC has no member 

sink, the CH of the CGC stores the data in order to 

support sinks entering later into its own cell. This 

process continues until CHs of all CGCs receive the data. 

If every CH of all CGCs receives the data, it sends the 

data to all sinks which locate in its own cell and register 

to it.

Fig. 1 shows an example of the data dissemination. 

The source delivers data to the nearest CGC (i.e. the cell 

(2,2)). The CH in the cell (2,2) forwards the data towards 

its adjacent CGCs (2,3) and (3,2). Next, the CH of the 

cell (3, 2) forwards its adjacent CGCs (3, 1), (3, 2), and 

(4, 2). Last, the CH of the cell (4, 2) forwards its 

adjacent CGC (4, 3). The CHs of all CGCs send the data 

to sinks in their own cells. In this way, the data 

dissemination to sinks can be performed without flooding 

in the DGR.

2.4 Mobility Supporting

Sinks in a group have two types of mobility, intra-cell 

mobility and inter-cell mobility because ERMG uses a 

virtual grid structure. The intra-cell mobility means that 

a sink moves within a cell. The inter-cell mobility means 

that a sink moves from a cell to another cell. Thus, 

ERMG supports these two mobility types for providing 

data dissemination to sinks.

For the intra-cell mobility, a sink designates a 

neighbor sensor node as an agent and then the agent 
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Fig. 2. The Overhead Analysis for Communications Between a LS and CHs and Between CHs and Sinks

about the Number of CGCs in ERMG

reports its own location to the CH of its cell. If the sink 

leaves the transmission range of the agent, it selects a 

new agent and notifies the location information of the 

new agent to both the CH and the previous agent. The 

CH only saves the location of the new agent for data 

dissemination to the sink. The previous agent only 

forwards holding data to the new agent.

For the inter-cell mobility, there are two situations. 

The first situation is that a sink moves from a CGC to 

another CGC. The second one is that a sink moves from 

a CGC to a cell outside CGCs. If a sink moves from a 

previous cell to a new cell, it selects an agent in the new 

cell and registers the ID of the previous cell to the CH 

of the new cell via the agent. For the first situation, 

because the new cell is one among CGCs, the CH of the 

new cell also stores data of sources. Thus, when the sink 

registers to the CH, it could simply receive data from the 

CH. For the second situation, because the new cell does 

not belong to CGCs, the CH of the new cell does not 

have data of sources. Thus, when the sink registers to 

the CH, the CH requests and receives data of sources to 

the CH of the previous cell. As a result, the CH of the 

new cell can send data to the sink. Additionally, for the 

second situation, the CH of the new cell sends the cell 

ID to the LS. When the number of cell IDs which do not 

belong to CGCs exceeds a predefined threshold value, the 

LS recognize this condition as a group movement (i.e. the 

change of a DGR). Thus, the LS again starts the process 

to calculate new CGCs.

3. Overhead Analysis

In this section, we analyze the communication overhead 

of ERMG. Intuitively, communications only between 

member sinks and CHs are expected to reduce the 

communication overhead. In ERMG, the important consi-

deration to use the grid structure is to set the proper 

number of CGCs. Insufficient numbers of CGCs might 

increase distances between member sinks and the CH in 

a cell. Contrastively, excessive numbers of CGCs might 

be harmful to the overhead rather than flooding. Thus, 

we compute total communication distance between CHs 

and the LS according to the number of CGCs. In our 

analysis model, we consider a square CGC as shown in 

Fig. 2, and assume that the LS is located in the center of 

the CGCs and each CH is located at the center of each 

cell. To help easily understand the computation of the 

total distance, we consider that the number of side cells 

is a even number. Although the number is odd, the 

growing trend of the total distance would be similar to 

the case of the even number.

In Fig. 2, the CGCs can be divided into 4 sub squares. 

Since all squares are symmetric with respect to the LS, 

the total distance of a sub square equals to those of the 

other 3 sub squares. A sub square can be again divided 

into two parts: diagonal cells and non-diagonal cells. In 

Fig. 2, a sub square consists of ×  cells. The sum 

dd of distances in diagonal cells is 


. Since non- 
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Fig. 4. The Energy Consumption for the Radius of a 

Group Area

diagonal cells are symmetric, the sum dnd of distances in 

non-diagonal cells is

× 
 
 

  


 



      (1)

We consider the distance dsc for communications 

between member sinks and CHs as 


, where e is 

the number of message exchanges and b is the number 

of member sinks. In this formula, we assume that the 

member sinks are located at the distance 
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for the worst condition. Then, the total distance T for all 

of 4 sub squares is
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Fig. 2 shows the total distance for the number of 

CGCs. In our analysis, we set the value of b to 10. When 

the number of CGCs is too few, namely,   is too large, 

the distance between member sinks and CHs becomes too 

long. However, as the number of CGCs grows, the total 

distance sharply decreases and again slightly increases. 

However, since we assume that a group region is 

considered as a circle, CGCs involved in the region 

quadratically increase as the group size grows or the grid 

size shrinks. The number of CGCs is influenced by group 

size r or cell size  . The group size r is usually defined 

by the system. Thus, it is important to set a proper cell 

size.

4. Performance Evaluation

In this section, we compare the performance of ERMG 

with those of M-Geocasting [4] and PBDD [5] through 

simulation results. We implemented the three protocols in 

a QualNet [10] simulator. The simulated network is a 

1000m×1000m area which is uniformly deployed by 2000 

sensor nodes. Sensor nodes follow the specification of 

MICA2 [11]. We use the 802.11 protocol as the MAC 

protocol and the Reference Point Group Model [12] as the 

mobility model for a mobile sink group. The transmission 

range of the sensor nodes are 50m, and their transmitting 

and receiving power consumption rates are 21mW and 

15mW, respectively. A sensor node randomly selected as 

a source sends 20 data packets to a mobile sink group. 

The mobile sink group has 10 sinks and its region radius 

is 100m. The grid cell size   in ERMG is set to 100m. 

We use two metrics, the energy consumption and the 

data delivery ratio for performance evaluations.

Fig. 3. The Energy Consumption for the Density of 

Sensor Nodes

Fig. 3 shows the energy consumption for the density 

(i.e. the number) of sensor nodes. As the density of sensor 

nodes grows, a group area has more sensor nodes. M- 

Geocasting and PBDD increase the energy consumption 

with the density due to the increased sensor number 

included in flooding. However, M-Geocasting consumes 

about 1.75 times more energy than PBDD, because 

M-Geocasting uses flooding for all of group region 

acquisition, group region advertisement, and data dis-

semination but PBDD uses communications with a virtual 

line storage for data dissemination. Since ERMG utilizes 
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communications with only a few CHs, it has low energy 

consumption. As the density increases, ERMG slowly 

decreases the energy consumption due to the reduced hop 

counts.

Fig. 4 plots the energy consumption for the radius of a 

group area. If the radius increases, since the group area 

quadratically escalates with the radius, both M-Geocasting 

and PBDD considerably grow the energy consumption due 

to flooding for the large group area. ERMG is also 

affected by the radius, and thus grows the number of 

CHs in the group area. However, since communications 

with CHs consumes less energy than flooding, ERMG 

saves nearly 40% energy than M-Geocasting and PBDD.

Fig. 5. The Energy Consumption for the Number of Sinks

Fig. 5 shows the energy consumption for the number 

of sinks. Since M-Geocasting uses only floodings, it has 

high energy consumption but is not affected by the 

number. On the other hand, both PBDD and ERMG grow 

the energy consumption when the number increases. 

However, since ERMG uses communications with CHs 

but PBDD uses communications with sensor nodes on a 

line structure, ERMG consumes less energy than PBDD.

We investigate the communication overhead between 

the LS and CHs for the cell size in our overhead 

analysis. If the cell size is too small, there are a lot of 

CHs within a group area. An LS should communicates 

with all of them. On the contrary, if the cell size is too 

big, distances for the location registration of member 

sinks to CHs will be very long. In Fig. 2, our analysis 

shows that the proper grid size depends on the group 

area size. Fig. 6 compares the energy consumption for 

various grid sizes in ERMG. The proper grid size increases 

as the group area size increases. The around inflection 

point in each line could be the best grid size.

Fig. 6. The Energy Consumption for Various Grid Sizes in ERMG

Fig. 7 shows the data delivery ratio for the radius of a 

group area. Since M-Geocasting use flooding, it has low 

data delivery ratio due to the broadcast storm problem 

but is not affected by the radius. As the radius increases, 

PBDD sharply decreases the data delivery ratio due to 

increased long distance communications with sensor nodes 

on a line structure. However, since ERMG has no change 

for distances between sinks and CHs, it keeps 70% or 

higher data delivery ratio with the radii.

Fig. 7. The Data Delivery Ratio for the Radius of a 

Group Area

Fig. 8 shows the data delivery ratio for the density of 

sensor nodes. If the density increases, M-Geocasting 

decreases the data delivery ratio due to growing the 

broadcast storm problem of flooding. Contrastively, as the 

density increases, both PBDD and ERMG grows the data 

delivery ratio due to reduced hop counts. However, ERMG 

has about 6% higher data delivery ratio than PBDD 

because it uses communications with CHs.
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Fig. 8. The Data Delivery Ratio for the Density of Sensor Nodes

5. Conclusion

In this paper, we propose an Energy-efficient and 

Reliable Mobile Group communication protocol (ERMG) 

for supporting mobile sink groups in wireless sensor 

networks. By using a virtual grid structure and CHs, 

ERMG obtains the region area of a sink group and sends 

data to the group without flooding or long distance com-

munications. ERMG also manages efficiently the mobility 

of sinks through a per-grid based mobility support 

instead of the per-sink based mobility support. Simulation 

results have confirmed the effectiveness of ERMG that 

has about 30% less energy consumption and about 6% 

more delivery deadline success ratio compared to the 

existing studies.
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