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Abstract 
 

With the advent of IoT technology and Big Data computing, the importance of WSNs 

(Wireless Sensor Networks) has been on the rise. For energy-efficient and collection-efficient 

delivery of any sensed data, lots of novel wireless medium access control (MAC) protocols 
have been proposed and these MAC schemes are the basis of many IoT systems that leads the 

upcoming fourth industrial revolution. WSNs play a very important role in collecting Big Data 

from various IoT sensors. Also, due to the limited amount of battery driving the sensors, 
energy-saving MAC technologies have been recently studied. In addition, as new IoT 

technologies for Big Data computing emerge to meet different needs, both sensors and sinks 

need to be mobile. To guarantee stability of WSNs with dynamic topologies as well as 

frequent physical changes, the existing MAC schemes must be tuned for better adapting to the 
new WSN environment which includes energy-efficiency and collection-efficiency of sensors, 

coverage of WSNs and data collecting methods of sinks. To address these issues, in this paper, 

a self-organization scheme for mobile sensor networks with mobile multiple sinks has been 
proposed and verified to adapt both mobile sensors and multiple sinks to 3-dimensional group 

management MAC protocol. Performance evaluations show that the proposed scheme 

outperforms the previous schemes in terms of the various usage cases. Therefore, the proposed 
self-organization scheme might be adaptable for various computing and networking 

environments with big data. 
 

Keywords: WSN (Wireless Sensor Network), multi-sink, IoT (Internet of Things), Mobile 

Sensor Network, Big Data Computing 
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1. Introduction 

The world is changing rapidly with the fourth industrial revolution and one of the 

keywords is 'IoT (Internet of Things)'. The IoT technology makes the connections between the 
objects. The data are transmitted and gathered through the internet. By big data technologies, 

the huge data are processed to make useful information for not only daily life [1][2] but also 

industry and general society [3].  

With the advent of IoT technology, the importance of WSN (Wireless Sensor Network) has 

been on the rise. Collecting data is the basic step for IoT technologies and big data 
technologies. For the efficient data transmission, a lot of novel MAC protocols and the 

schemes are proposed and these are the foundation for the IoT.  

The initial MAC protocols and schemes are designed to collect the data based on the static 

location. Sensors, as well as sinks, are deployed at a certain position and all the changes in 

topology are the failures caused by running out of battery or physical problem.  

However, sensors become to be able to move recently. Even some studies are considering 

the mobility of the sink. Vehicles, drones, mobile phones, and many other things can be an 
example of mobile sensors and mobile sinks. For example, drones and robots can collect data 

where the nuclear disaster occurred. Also, it is possible to search survivors using drones when 

an accident happens at sea or on a mountain. After collecting data, the data can be accumulated 
and make useful information such as where the accidents occurred frequently and etc. 

Yet, because the previous studies on MAC protocols are based on stationary nodes, they 

can not be used in the dynamic topology. Since the MAC protocols and schemes are not 

designed to adjust to the dynamic topology, a lot of failures happen during the transmission. In 

other words, the previous MAC protocols are not or rarely check the neighbors’ existence. 

Thus, the sensor cannot recognize that their neighbors are not there even after the neighbors 
have moved to other locations. The sensor nodes only try to communicate with other nodes 

repeatedly because they cannot recognize changes. This eventually causes the waste of energy. 

Also, it makes the congestion as they keep trying to communicate. It eventually affects the 
stability of the network. Therefore, novel MAC protocols and schemes are proposed for the 

new WSN environment which contains mobility. 

Additionally, these environments have height. Of course, the real world is a 3-dimensional 

environment, but the degree is considerably different compared to the previous environment. 

The previous environment is almost flat that it is possible to ignore the difference of height. 
Therefore, the height becomes an important factor too.  

To take these factors into consideration, 3-dimensional group management MAC 

(3D-GM-MAC) protocol [4] has been proposed. However, it still has problems caused by 

network expansion. If the size of a network is very large, it may have longer delay, bottleneck 

phenomenon or data loss which impede the collection-efficiency. With the advance in 
technology, the data of ozone can be collected on a national scale [5]. It is possible to gather 

the data where nuclear disasters occur [6]. Also, the target field can be undersea to research for 

marine lives [7]. Coupled with big data technologies, the data enable analyzing the global 
ozone map to measure the seriousness of ozone layer and planning how to prevent the ozone 

layer disapearance. They also enable tracking the marine lives so that people can understand 

the marine ecosystem. Thus, the problems caused by the huge size of networks should be 

resolved. 



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 14, NO. 3, March 2020                                     945 

Multiple sinks can resolve this problem by enabling the network expansion. Multiple sinks 
can lessen the number of sensor nodes that each sink have to cover. Despite of the cost for 

installing more gateways, multiple sinks can collect data with less delay, less bottleneck 

phenomenon and less data loss. In other words, they can improve the collection-efficiency 

compared to the single sink. 

For example, electricity transmission and distribution networks are large enough not to be 
covered by one gateway. The multiple sinks enables easier maintanance of the networks. Of 

course, except the examples above, any networks large enough to apply multiple sinks can be 

the target fields. 

In this paper, to adapt the mobile multi-sink to the 3-dimensional group management MAC 

protocol, a self-organization scheme for mobile sensor networks with mobile multi-sink is 
proposed. The processes of initial setting and resetting group number are proposed. Also with 

the periodic initial setting, it prevents from propagating the wrong information of the nodes 

such as group number. 

2. Related Work 

WSN is a foundation of IoT system. WSN makes the IoT system possible to collect the 
data from various sensors. Also, the MAC protocols used in WSN have proposed recently. 

However, because of the advance in technology, the sensors become to have mobility. The 

sensor nodes in the WSN become to move and the name has been changed to WMSN 

(Wireless Mobile Sensor Network). Coupled with this change, the MAC protocols also have 
changed to adjust the dynamic topology.   

  2.1 CSMA/CA (Carrier Sense Multiple Access / Collision Avoidance)  

In wireless networks, a node which wants to participate in the communication checks the 

medium before transmitting its data. It waits for a certain time period to make sure that the 

medium is free. And then, it generates a random value and waits for the amount of generated 
random value. If the medium is free even after all the waitings, the node sends RTS (Request 

to Send) packet to the node which is the destination of its data. If the node gets the CTS (Clear 

to Send) packet from the destination node, it starts to transmit its data. If not, it retransmits the 

RTS packet by the predetermined number of times. If it fails to get CTS packet, even after 
sending all the RTS packets, it waits again for the certain time period [8]. 

2.2 S-MAC (Sensor-MAC)  

S-MAC is the most typical type of contention-based MAC protocols. The biggest problem 

for sensor nodes in contention-based MAC protocol is the idle listening state. Because sensor 

nodes usually have limited energy, reducing energy consumption is important [9][10]. 

Therefore, in S-MAC, each node periodically goes into sleeping state to reduce the time for 

idle listening. Following the CSMA/CA, the nodes transmit their data during the active time. 
After the active time, the node goes into sleeping state. The active and sleep time is 

predetermined.  Fig. 1 shows the basic scheme of S-MAC. 
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Fig. 1. Basic scheme of S-MAC with periodical listen and sleep 

2.3 T-MAC (Timeout-MAC)  

T-MAC is an enhanced version of S-MAC. The sensor nodes dynamically end the listening 

period. They end the listening state after the end of transmitting data. Fig. 2 shows the basic 
scheme of T-MAC. Because the node sleeps after transmitting data, the time for active state 

reduces and it makes the energy saving compared to the S-MAC [11]. 

 

 

Fig. 2. T-MAC duty cycle 

2.4 E²-MAC (Energy-Efficient MAC) 

E²-MAC adopts the idea of buffer threshold. Each sensor node has its own buffer threshold. 

When the amount of data in the sensor node exceeds the buffer threshold set previously, it 
transmits the data. With the buffer threshold, the efficiency of energy increases compared to 

the T-MAC [11][12]. 

2.5 M-MAC (Mobility-adaptive MAC) 

M-MAC is a schedule-based MAC protocol [13][14] based on the design of TRAMA[15]. 

M-MAC breaks the time into rounds and each round has k frames. The frame has two fields; 

scheduled access field and random access field.  

Each node predicts its future mobility using the AR-1 mobility estimation model. While 
the scheduled access and random access field have fixed length in TRAMA, the length of each 

access field varies depending on the frame size that the cluster head has calculated by using the 

mobility prediction. Fig. 3 shows the frame structure of M-MAC compared to the TRAMA. 

 

Fig. 3. Frame structure of M-MAC 



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 14, NO. 3, March 2020                                     947 

2.6 M-TDMA (Mobility-aware TDMA based MAC) 

 M-TDMA is founded on TDMA (Time Division Multiple Access). It has been proposed to 

adapt to the network composed with mobile sensor nodes [16]. 

First, it divides the network into non-overlapping clusters by FLOC algorithm. Each 

cluster has a cluster head. Each node has one assigned slot. Some slots are shared across the 

clusters for mobile nodes and some are not assigned to other nodes for future allocation. These 
free slots are for the nodes which will enter this cluster in the future or retransmissions. 

 Another characteristic is that it halves the slot when it only have one slot left to assign. 

Because of this characteristic, it can still have a time slot to assign in the future even though the 

length is shortened . 

2.7. MS-MAC (Mobility-aware MAC protocol for sensor networks) 

MS-MAC is an extended version of S-MAC which supports the mobility of sensor nodes. 

It has sleep and listen duty cycles and periodic synchronization. In MS-MAC, the period of 
synchronization varies with the degree of mobility. If the sensor node has small mobility, the 

period gets longer. On the other hand, if the mobility gets bigger, the period of synchronization 

gets shorter. This is because the topology has more changes as the nodes get stronger mobility. 

Therefore the more frequent adjusting is needed [17].  

2.8 GM-MAC (Group Management MAC) 

GM-MAC is based on the T-MAC. It is proposed for the network with mobile sensor nodes 
with a stationary sink. The basic principle of GM-MAC is grouping the sensor nodes by the 

distance from the sink [18]. Data are relayed to the upper group node until they reach to the 

sink. The process is divided into two, which are the initial setting and resetting group number. 
GM-MAC uses the preamble in recognizing the neighbors and setting the group number. Fig. 

4 shows the basic scheme of GM-MAC after the initial setting . 

 

 

Fig. 4. Basic scheme of GM-MAC 

3. 3-Dimensional Group Management MAC 

GM-MAC is designed for the wireless mobile sensor network as mentioned at Ⅱ-8. 

3D-GM-MAC (3-Dimensional Group Management MAC) is an extended version of 
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GM-MAC. It extends the GM-MAC to the 3-dimensional environment. Fig. 5 shows the basic 
scheme of 3D-GM-MAC [7]. 

 

 

Fig. 5. Basic scheme of 3D-GM-MAC 

3.1 Initial Group ID Setting 

Initial setting is for setting the group ID of each node at the first time of communicating. 

Advertisement packet is used for the initial setting. It contains the group ID and the version of 

group ID. The version of group ID is updated every update of the group number. 

 

 

Fig. 6. Flowchart of Initial Group ID Setting 

 

First, the sink broadcasts the advertisement packet, which contains its group ID 0, to the 

neighbors. The neighbors which received the packet set their group ID as 1. After setting the 

information, the nodes with group ID 1 send their advertisement packet to their neighbors. Of 
course, the parent node can receive the advertisement packet from their child node. In this case, 

the parent node discards the advertisement packet and does not generate another advertisement 

packet. By propagating of advertisement packet from the sink, the initial setting is finished. 



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 14, NO. 3, March 2020                                     949 

Also, every time the node receives the advertisement packet, it compares the version of group 
ID. The node only updates their information when the advertisement packet has newer 

information. Fig. 6 shows the flowchart of Initial Group ID Setting and Fig. 7 shows the result 

of initial setting.  

 

Fig. 7. Result of initial setting in 3D-GM-MAC 

3.2 Update of the Group ID 

In 3D-GM-MAC, there are two circumstances that a node updates its group ID. One is 

when the moving distance of the node exceeds the maximum communication range of the 

node. The other is when the node cannot transmit its data to the upper group node.  

Under these two circumstances which are mentioned above, the node updates its group ID. 
For the update of group ID, the node sends hello packet to the neighbors. The neighbors which 

received an answer hello packet back with the reply packet including their group ID. After 

getting all the reply packets, the node starts to calculate the new group ID.  

If the node receives a reply packet from the sink, it immediately sets its group ID as 1. 

Otherwise, it compares between the min(Gn), which means the gsmallest group ID among the 
reply packets, and the result of GroupNum(listreply). If the new group ID is smaller than the 

smallest group ID, it is impossible to set its parent node and transmit data. So, if the result of 

GroupNum(listreply) is smaller than the min(Gn), the node sets its group ID as min(Gn)+1 to 

make it possible to set the parent node to transmit its data. Or it configures its group ID as the 
result of GroupNum(listreply). 

 (1) 

The GroupNum(listreply) is a formula to calculate a new group ID, which is considering 
the group weight and the moving distance. Because the volumes or the areas that each group 

takes varies depending on the group ID, the group weight is considered. Also, if a node is 

moving fast, it is hard to maintain its information. For that, the formula has the multiplying 

(1-movingDistance/maxDistance) to put less reliability to the information of the node which is 
moving faster.  
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    (2) 

Stochastically, it is likely to find a node with a bigger group number rather than one with a 

smaller group number. To resolve the unbalanced number of the nodes, group weight should 

be considered. The ratio is related to the areas or the volumes that a group number takes. 

Considering the idea, the formula for group weight has drawn.  

For example, in the case of 2-dimensional environment, group number X occupies the area 
equal to the area of a circle with a radius of X minus the area of a circle with a radius of X-1.  

Therefore, the area that group number X takes is calculated as below. 

     (3) 

The expression for 3-dementional environment is derived in the same way. Thus, the 

formula for calculating the group weight is as below. 

   (4) 

However, not every node succeeds to set its new group number. It may not receive any 

reply packet. This may be due to some error during the transmission or simply because the 

node is in an isolated area. In this case, the node remains with the previous group number. 
Accordingly, the node repeats the same process until it sets a new group number and 

communicates with other nodes. 

3.3 Buffer Threshold 

In 3D-GM-MAC, the bigger the group number is, the bigger the number of the nodes in 

that group. Therefore, if every node has same buffer threshold, the bottleneck phenomenon or 
data loss can occur around the sink. Fig. 8 describes when data loss occurs when 

3D-GM-MAC is applied to a network without bufferthreshold concept.  

 
Fig. 8. Data loss when 3D-GM-MAC is applied to a network without bufferthreshold concept 
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To prevent this from happening, the buffer threshold varies depends on the group ID. If a 

node is located at closer to the sink, it configures the buffer threshold bigger. The ratio of 
increase for the increasing the group ID depends on the volume or the area the group takes.  

The expression (5) is for calculating the buffer threshold. It is derived from the same 

concept used in calculating group weight in 3.2. Of course, the buffer threshold changes when 

the group number changes.  

 

               (5) 

4. Multi-Sink with GM-MAC 

4.1 Necessity of Multi-sink 

In GM-MAC and 3D-GM-MAC, it is possible to have bottleneck phenomenon or data loss, 

especially around the sink. This is because of the characteristic of GM-MAC and 
3D-GM-MAC, which is transmitting the data from the lower group nodes to the higher group 

nodes by relaying. Therefore, the larger the field where the MAC protocol operates is, the 

more the nodes are and the higher the possibility is to experience the bottleneck phenomenon 

or data loss.  

Additionally, as a network expands, the group number increases continuously and the 
buffer threshold decreases. Eventually, the buffer threshold reaches to a very small value less 

than one data packet. Let the group number at the time is N. The nodes with group numbers 

bigger than N will transmit the data as soon as they collect the data. That makes the concept of 
buffer threshold meaningless.  

Also, in the perspective of energy consumption, as the size of a network gets larger, the 

average energy to transmit data to the sink will increase. If a node is deployed and has group 

number M, data collected by the node should be transmitted M times to reach the sink. The 

delay becomes longer because it takes more time to be delivered for data from a node to the 
sink if the node is located in the lower group.  

Multi-sink can work with these problems. Multi-sink reduces the burden that the single 

sink has. Multi-sink is needed where the target field is too large so that data are delivered too 

slowly or lost. It can be judged by the administrator. One condition can be when the maximum 

group number is bigger than N; which makes the buffer threshold is less than one data unit.  
For example, electricity transmission and distribution system is large enough to adapt multiple 

sinks. Besides, skyscrapers, big smart factories, and any other system large enough can be 

target system. 

4.2 Sink-change Threshold 

Since there are multiple sinks in the topology, it is possible for sensors to change the sink 

where their data eventually transmitted to. It is because the sensors are mobile. As sensors are 
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move around, a sensor can be more close to other sinks than the sink that the sensor already set. 
It is better to change the sensor’s sink as the close one from the originally set one since it needs 

less data transmission and less energy. 

The change happens around the boundary of multiple sinks. Because the mobility of a node 

is not linear, it is possible to be in and out of a sink area. Fig. 9 shows the frequent sink change 

during the node is moving around the boundary of multiple sinks. 

 

 
Fig. 9. Frequent sink change at the boundary of multiple sinks 

 

This makes the sink ID of the node be changed and the frequent changes in the topology 

cause instability. Therefore, in this paper, the sink-change threshold K is used to decide 

whether the node passes the boundary of the multiple sinks and is included completely in the 

area of another sink. The specific way to adopt the sink-change threshold K is described in 4.4. 

4.3 Initial Setting / Periodic refreshing 

The periodic refreshing process is the same as the process of initial setting. However, they 
have a difference in their goal. The initial setting is done when all the nodes turn on and starts 

to operate first. The aim of initial setting is setting the sink ID and group number for all the 

sensor nodes and sinks.  

The periodic refreshing is done periodically during the transmission. The period is 

predetermined. By the periodic refreshing, it prevents the propagating of wrong information 
that is given from the nodes which can not transmit its data because they already moved. If a 

node moves and becomes to be unable to transmit the data with its information, the 

information is wrong. However, it is possible to get this wrong information from its neighbor 

before the node updates its information to be right. 

The general concept of initial setting and periodic refreshing is similar to the 
3D-GM-MAC. The biggest difference is that each node has the sink ID, which indicates the 

sink that the node is connected to eventually. 
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The sink ID of each sink has predetermined and the group numbers of sinks are all set as 0. 
With this information, the nodes make advertisement packets and the each advertisement 

packet is transmitted to the neighbors. If a node receives an advertisement packet and the 

information is not set, the node sets its information based on the advertisement packet. The 

sink ID is configured as the one in the advertisement packet, and the group number is set by 
adding 1 to the group number in the advertisement packet. After that, the node makes its 

advertisement packet with its information and sends to the neighbors. 

In the case that the information is already set when a node receives an advertisement packet, 

the node compares between its own information and the one in the packet. If the group number 
in the received advertisement packet is smaller than the one the node already has, it changes its 

information based on the received advertisement packet. Also, it does the process of sending 

its advertisement packet with updated information. Otherwise, it discards the received 

advertisement packet. Starting from the sinks, the advertisement packets spread out to the edge 
of the network. Fig. 10 shows an example of the scheme after initial setting with 2 sinks.  

 

 
Fig. 10. An example of scheme after initial setting with 2 sinks 

 

4.4 Resetting Group Number 

The physical topology is continuously changing as the time goes by. This is caused by the 

mobilities of the sinks and sensor nodes. Therefore, it is impossible to communicate for the 

sensor nodes with the initial information. Fig. 11 shows a circumstance that the node A can not 
transmit its data anymore after all the nodes are moving.  
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Fig. 11. A circumstance that the node A can not transmit its data after movement 

 

If the sensor node realizes that it can’t transmit its data with the information it already has, 

it should update its information to transmit the data. Following the original GM-MAC, a node 
defines the impossibility of transmission as not receiving CTS packet after sending 3 RTS 

packets.  

If a node can’t receive any CTS packet after sending 3 RTS packets, it broadcasts hello 

packets to its neighbors. The neighbors which received the hello packet is sent back a reply 

packet to the node, the source of hello packet. The reply packet contains the group number and 
the sink ID. The node which needs for resetting group number gathers all the reply packets and 

classifies the packets by their sink IDs. The group numbers are calculated by the formula in 

3D-GM-MAC with the reply packets for each sink ID.  

As the results, in the group numbers, group numbers for each sink are calculated. Let these 

group numbers are G1, G2, ..., Gs. S is the number of the sinks. Because the smallest Gn 
means that the node is located closest to the sink which has sink ID N. Fig. 12 shows the node 

which is calculating the group numbers after receiving the reply packets from its neighbors. 

Fig. 12 shows two sinks as an example, but if there are more sinks, the number of group 
numbers to be calculated increases by that amount. 

 

 
Fig. 12. An example of the scheme after calculating the group numbers based on each sink in the 

network with 2 sinks 
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However, it is not good to choose the smallest group number Gn. If the node chooses the 
smallest group number Gn, the node might change its sink ID again after a while. This is the 

issue that mentioned in 4-2. 

Therefore, the node adds the sink-change threshold K to the calculated group numbers 

except the one calculated based on the previously connected sink. The sink-change threshold 

K is globally configured so every node applies the same value as the K. Fig.13 describes that 
the result of adopting the sink-change threshold K to Fig. 12.  

 

 

Fig. 13. The result of adopting the sink-change threshold K to Fig. 12 

 

 

Fig. 14. The results of resetting group number when the K is 3 (left) / The results of resetting group 
number when the K is 1 (right) 

 

After adding K, the rest of the process is choosing the smallest among the group numbers 

which are the results of adopting the sink-change threshold K. Of course, if the smallest group 

number is the one added K, the group number is set as the initial calculated group number 

without adding K. The sink-change threshold K is only used for giving handover when the 
node is passing through the sinks, but not influencing the information set on the node. Fig. 14 
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shows the new information for node A after the process of resetting group number depends on 
the K. The left in Fig. 14 shows the results when the K is 3, and the right shows the one when 

the K is 1. 

On the other hand, the node which needs to reset its group number may not be able to 

receive any reply packet. In this case, as mentioned in 3.2. it repeats the same process unless it 

sets a new group number. However, because sensor nodes are mobile, it is likely to have 
neighbor nodes as sensors move around. 

5. Experimentation and Comparative Analysis 

5.1 Simulation Environment 

This simulation is implemented by using c++. This simulation is for monitoring the energy 

of each sensor node and the number of live nodes as time goes by. The Table 1 shows the 

specification of the simulation. 

 
Table 1. Specification of the simulation 

Factor Value Remark 

Physical space 300m x 300m x 300m 3-dimensional space, x,y,z 

Number of Sink node 2  

Number of Sensor node 100  

Mobility Maximum 5 meter per minute Sensor node movement randomly 

Initial Battery Capacity 3000mW  

Size of Collect Data 5bytes / 10bytes  

Frequency of Collecting Data Average 1 time per minute 

Data collection event by Poisson 

distribution,  

All nodes are collected once per 

minute on average. 

The period of refreshing 

No periodic refreshing 

15 mins 

30 mins 

60 mins 

 

The sink-change  

threshold K 
1 / 2 / 3  

Tx Energy Consumption 0.0145mW Specification of T.I CC2420 

Rx Energy Consumption 0.0156mW Specification of T.I CC2420 

Maximum Transmission 
Distance 

90m 
Maximum transmission range of 

CC2420. 

Buffer size of all nodes 1024bytes 
Default size of Sensor node 

Buffer  
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5.2 Simulation Evaluation 

Fig. 15 shows the remaining energy of each node and the number of active sensor nodes. 

The simulation is done with K  = 2 and periodic refreshing every 30 minutes. The red line 
above indicates the number of active sensor nodes and the rest lines show the remaining 

energy of each sensor nodes.  

As the graph shows, all of the sensor nodes consume energy with a similar degree. That is 

to say, the sensor nodes stop working at a similar point. It also makes the number of active 
sensor nodes plummets at a certain point. This characteristic is very important. When the 

energy is not decreasing similarly, some sensor nodes use their battery earlier than the other 

nodes. It can cause the isolation of other nodes. Or, even though it does not cause the isolation 

of other nodes, it still has a problem of not collecting data from some places. Therefore, it is 
important to have the characteristic regardless of the value of K or the period of the refreshing 

process. 

 

 
Fig. 15. Remaining energy of each node and the number of active nodes with K =2 and periodic 

refreshing every 30 mins 

 
 

Fig. 16 shows the number of active nodes when K is 1, 2, and 3 with refreshing process 

every 15 minutes. In this case, the value of K that makes the network lifespan longer is 2. 

However, regardless of the K, the number of active sensor nodes plummet at a certain point as 

mentioned before. 
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Fig. 16. The number of active nodes when K is 1, 2, and 3 with refreshing process every 15 mins 

 

Fig. 17 shows the number of active nodes when K is 1, 2, and 3 with refreshing process 
every 30 minutes. Still, the lifespan of the network with K = 2 is the longest among them. The 

network with K=1 has the shortest lifespan with refreshing process every 30 minutes, while 

the one with K=3 has the shortest lifespan when the refreshing process is done every 15 

minutes. 

 
Fig. 17. The number of active nodes when K is 1, 2, and 3 with refreshing process every 30 mins 

 

Lastly, Fig. 18 gives the number of active nodes when K is 1, 2, and 3 with refreshing 

process every 60 minutes. It is obvious that the network with K=1 is the best. Additionally, the 

number of active nodes decreases rapidly at a certain point regardless of the conditions. 
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Fig. 18. The number of active nodes when K is 1, 2, and 3 with refreshing process every 60 mins 

 

To sum up, the first day the battery starts to run out is all different as the Table 2 shows. By 

the results, the lifespan varies depending on the value of K and the period of refreshing process. 

Therefore, it is important for administrator to set appropriate sink-threshold K and the period 
of refreshing process. However, regardless of the value of K and the period of refreshing 

process, the balanced energy consumption is maintained. 

 
Table 2. The first day when the nodes are starting to run out of their battery 

Sink-Threshold  

K 

 

Refreshing  

period 

1 2 3 

15 min 1,222 1,235 1,195 

30 min 1,163 1,207 1,193 

60 min 1,407 1,340 1,276 

6. Conclusion 

In this paper, the ways of initial setting, periodic refreshing and the resetting group number 

have been proposed for adapting multiple sinks to the 3D-GM-MAC. In the initial setting, the 

sink ID and group number are set based on their location from the sinks. It chooses the closest 
sink and set the information to transmit the data to the sink. Also, the periodic refreshing has 

the same process of the initial setting but the aim is different. It is for preventing from 

propagating of wrong information caused by the mobility.  

Additionally, it proposes the way of resetting group numbers. When a node realizes that it 

can’t transmit the data with its information, it tries to figure out a new sink ID and group 
number based on the information of its neighbors. Furthermore, it uses the sink-change 



960                                                                                       Shin et al.: Self-organization Scheme of WSNs with Mobile Sensors and 

Mobile Multiple Sinks for Big Data Computing 

threshold K for preventing a node from frequent sink change when it passes through the 
boundary of multiple sinks.  

Finally, the results of the simulation show that the energy of each node reduces with similar 

degrees, regardless of the period of refreshing or the sink-change threshold K. However, the 

period of refreshing and the sink-change threshold K have to vary to maximize the lifespan of 

the whole network by considering the network situation and configuration details. 

The simulation results show that the balanced energy consumption regardless of other 

conditions added to apply multiple sinks. Additionally, while the WiFi enables only 1-hop 
connections between a router and devices, the proposed scheme uses the multi-hop 

communication. Thus, even though it uses multiple sinks, it is still cost-effective as the 

number of gateways can be decreased compared to the original WiFi technology. Also, it is 
still able to add new sensor nodes in the middle of communication. By periodic refreshing, 

new sensor nodes can participate in the communication. 

However, if the network is small enough to cover with a single sink, the processes for 

multiple sinks are not necessary. Instead, it can be a burden because of additional calculations. 

Yet, even though the network does not need other sinks, it still has advantages because it still 
has scalability. 
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