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Abstract 

IoT devices such as smart watches and smart bands are used in an IoT environment to 

provide healthcare services. These IoT devices measure users’ continuous movement and 

transmit the results through the network. However, if the IoT device is out of the network 

range, continuous services are interrupted. In addition, it is difficult to monitor and 

control a large number of IoT devices connected to the network with only a single 

integrated management server. Therefore, in this study, we propose a smart model for 

mobility management of IoT devices by defining a smart gateway to manage IoT device 

connection to the network. In this model, we also designed and implemented a protocol 

for mobility management between Smart gateway and IoT device. Finally, comparison of 

handover delay time with existing mobility management protocols confirmed that the 

delay time was approximately halved. We additionally measured the request/response 

time according to the distance between the smart gateway and the mobile IoT device. This 

confirmed the effectiveness of the IoT device mobility management method using the 

proposed protocol, which is about 80 ms faster than the existing protocol. 
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1. Introduction 

IoT (Internet of Things) is a technology that enables provision of various application 

services through various IoT devices connected to the network, and is widely used in 

various fields such as health care and smart homes. IoT devices transmit data that has 

been acquired and processed by a device that can be uniquely identified on the network. 

The transmitted data is provided as a service to the user through the IoT application [1]. 

For example, smart watches and smart bands are used in healthcare services. These 

wearable devices attached to the user's wrist measure health information such as heart rate 

and amount of exercise and analyze exercise and sleep data based on the results of 

measurement [2,3]. These devices can measure the movements and exercise posture of 

hospitalized patients to provide appropriate exercise for patients and thus accelerate 

recovery. However, if these IoT devices are not connected to the network or if the 

connection is interrupted, IoT service cannot be provided. Mobile IoT devices in 

particular can easily leave the network range, which may lead to problems such as 

frequent service interruption. 

Many studies have been conducted on the management of mobile IoT devices for the 

purpose of providing continuous IoT service. [4]. IETF has standardized various mobility 

management protocols, such as Mobile IPv4/v6, FMIPv4/v6 and PMIPv4/v6 [5, 6, 7, 8, 
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9,10]. However, these mobility management protocols require high signaling overhead, 

high-level CPU processing, and significant power consumption. IoT devices use different 

CPU, memory, battery capacity, and communication bandwidth. The IETF’s Light-

Weight Implementation Guidance (LWIG) classifies according to IoT device limits [11]. 

The criterion for the limitation is the memory used by the device and the loadable code 

size, from the most limited class of 0 with less than 10 KB of memory and less than 100 

KB of loadable code to class 2 with more than 50 KB of memory and loadable code 

capacity of 250 KB or more. These limited devices use a standard such as IEEE 802.15.4 

appropriate for low-speed and low-power applications. In addition, some studies have 

been conducted on the application of CoAP (constrained application protocol), 

appropriate for limited devices, to IEEE 802.15.4 [12,13,14]. However, the above-

described mobility management protocols are difficult to use in limited devices because 

they require high performance. A mobility management system based on CoAP has been 

proposed to solve this problem [15]. This system manages the mobility of each node by 

managing the IP addresses of CoAP nodes through WMMS (web of things mobility 

management system) in an integrative manner. For example, CoAP node A and CoAP 

node B are connected to the network. CoAP nodes A and B receive each other’s IP 

address from the WMMS for communication. When CoAP node A moves out of the 

network range, it notifies the WMMS that it is moving. WMMS determines that CoAP 

node A is no longer connected to the network and does not transmit the address of CoAP 

node A to other CoAP nodes. After that, CoAP node A notifies that it is connected to the 

network and is reconnected to WMMS and its current IP address. The WMMS updates 

the IP address of CoAP node A and transmits the IP address in the same way as before to 

support communication between CoAP nodes. However, if tens or hundreds of thousands 

of IoT devices exist at the same time, WMMS using a single server is difficult to monitor 

and control the mobility management of all devices. In addition, if WMMS does not 

operate appropriately, the mobility management of IoT devices is interrupted because it 

cannot detect the movement of CoAP nodes or receive updated IP address. 

To solve this problem, a method is required to identify IoT devices within the network 

range and to manage mobility by distributing and arranging smart gateways operating as a 

single management node. Therefore, in this paper, we propose an IoT device mobility 

management model. We also designed a mobility management protocol between smart 

gateway and IoT devices based on CoAP to be used with this model. In this model, smart 

gateways that connect neighboring IoT devices to the network are distributed. The 

distributed smart gateways are connected in a single cluster and each cluster has a cluster 

manager that manages the smart gateway. If there are multiple clusters, the server 

managing the cluster manager is the mobility management server. The smart gateways 

connected by clustering identify and manage the information on neighboring IoT devices. 

Information about the IoT devices connected to the smart gateway is also transmitted to 

the cluster manager. As the distributed smart gateways are clustered, mobility 

management for IoT devices in the cluster based on the cluster manager becomes possible 

even if the mobility management server does not operate appropriately. In this paper, we 

implemented and tested the protocol and evaluated its efficiency by comparing its 

performance with that of the mobility management protocol proposed previously to 

validate the proposed and designed protocol. 

Following the introduction in Chapter 1, we address the requirements for mobility 

management of IoT devices and the existing CoAP-based mobility management protocol 

in Chapter 2, and describe the IoT device mobility management model and protocol that 

reflects the requirements that we have designed in Chapter 3. Chapter 4 addresses and 

evaluates the experiment results to confirm the effectiveness of the proposed protocol. 

Finally, in Chapter 5, we discuss the results of this study and suggest directions for future 

studies. 

 

http://www.sersc.org/journals/IJGDC/


International Journal of Grid and Distributed Computing 

Vol. 11, No. 2 (2018) 

 

 

Copyright ⓒ 2018 SERSC Australia 57 

2. Related Researches 
 

2.1. Issues Related to IoT Device Management 

Many IoT devices must be managed efficiently because they provide services. IoT 

devices with limited battery capacity and mobility are especially difficult to manage. For 

example, if a battery-powered device runs out of battery, the network signal becomes 

weak, resulting in the connection disruption. In addition, mobile IoT devices may go out 

of network range or suddenly enter a new network range and become available. To solve 

these problems, studies have been conducted on issues related to the management of IoT 

devices and requirements and solutions [18]. 

Figure 1 shows issues related to IoT devices with mobility. Activity1 shows a case in 

which A1, which is a new IoT device not identified in the existing network range, enters. 

Activity2 shows the process of determining whether that device is available by 

monitoring multiple IoT devices within the network range. Activity2-1 shows the process 

of selecting and connecting an available IoT device, while Activity2-2 shows the process 

of replacing the existing IoT device with alternative IoT device in the event of insufficient 

battery or connection interruption. Finally, Activity3 shows a case in which an IoT device 

that should be within network range disappears due to battery depletion or leaving the 

network range.  Studies have been conducted on IoT device management frameworks to 

solve problems arising from mobile IoT device issues, and the following functional 

requirements have been defined. 

 

 

Figure 1. Mobile IoT Device Issues 

First, it is necessary to discover a device that enters and operates within the network. 

The discovered device is connected to the network and is used to provide services through 

IoT applications. Second, it is necessary to monitor the status of the IoT device operating 

within the network range to determine whether it is available or is out of the network 

range. Third, it is necessary to provide a connection so that the IoT device sought by IoT 

applications can be used. Finally, if the device is not operating normally due to network 

instability, battery consumption, or if a higher quality device is identified, the device must 

be replaceable. These requirements must be met to manage IoT device mobility. However, 

performance- related issues such as overhead, handover delay, and packet loss rate should 

be taken into consideration. 
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2.2. CoAP-based Mobility Management Protocol 

Various existing mobility management protocols are used to avoid service interruption 

caused by the mobility of IoT devices. For example, Mobile IPv4/v6, FMIPv4/v6, and 

PMIPv4/v6 have been standardized for the management of network layer mobility, and 

Migrate TCP and mSCTP (mobile stream control transmission protocol) have been 

standardized for the management of transport layer mobility [19,20]. However, the 

standardized mobility management protocols are very complicated and require high 

overhead and high-level CPU processing, so they are not appropriate for a limited 

network environment. 

Therefore, the MPCS (mobility protocol of CoAP sensor) and the mobility 

management system have been proposed as a mobility management protocol appropriate 

for a limited network environment, and Figure 2 shows the procedure of managing the 

mobility of CoAP nodes. 

 

 

Figure 2. CoAP Sensor Mobility Management Procedure 

The mobility management system comprises a WMMS (web of things mobility 

management system) that manages CoAP nodes and nodes. Each CoAP node functions as 

server and client and transmits the data between nodes. WMMS includes a MMT 

(mobility management table) to manage the mobility of the CoAP node and the IP 

addresses of each CoAP node through it. CoAP node A can therefore exchange data after 

receiving the IP address through the WMMS for communication with CoAP node B. Next, 

it is assumed that CoAP node B moves from WSN1 to WSN2. CoAP node B detects the 

RSS (radio signal strength) signal of the physical layer when it deviates from the network 

range of WSN BS1. When this signal value drops, CoAP Node B notifies the WMMS that 

it is preparing for handover. Upon receiving this signal, the WMMS notifies CoAP node 

A that CoAP node B is switched to the handover state. After that, CoAP node B moves 

into the new network WSN BS2 range and notifies the WMMS that it is connected to the 

network. The WMMS updates the new IP address of node B and notifies CoAP node A 

that the handover state of CoAP node B has ended. After that, communication between 

CoAP node A is reestablished. 

However, when tens or hundreds of thousands of CoAP nodes are present 

simultaneously, WMMS management of all nodes will incur overhead, which may result 

in handover time delay between CoAP nodes or increased packet loss. When WMMS 

does not function normally, mobility management of CoAP nodes is completely stopped. 

Therefore, we used a method of distributing and arranging smart gateways to manage IoT 
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devices with mobility for this study. We also proposed a mobility management model 

based on CoAP, which is a protocol appropriate for a limited IoT environment, and an 

application protocol appropriate for this model. 

 

3. Continuous Mobility Management of IoT Devices 
 

3.1. Smart Model for Continuous Mobility Management using IoT Devices 

As a large number of IoT devices operate in a large-scale IoT environment, they must 

be efficiently managed by reducing overhead. For example, in rehabilitation equipment 

for hospitalized patients, patient identification devices are required to manage the 

continuous movement of each patient. In addition, the movement information measured 

by the identification device must be transmitted to the network. To this end, we used a 

clustering technique that groups IoT devices distributed over a network based on a certain 

criterion. The smart poster devices in the hospital are grouped by clustering to receive 

measurement information from neighboring patient identification devices. At this time, 

the smart poster device functions as a smart gateway that connects the patient 

identification device to the network. The smart gateway is an interface device that 

provides the function to manage each IoT device to the gateway through which IoT 

devices are connected to the network. In addition, it manages the information of each IoT 

device connected through the cluster manager by clustering distributed gateways. In this 

study, we proposed a smart model for the integrative management of the mobility of 

neighboring IoT devices using distributed smart gateways. 

As shown in Figure 3, distributed gateways are grouped to form a cluster. The smart 

gateways A1-A5 are grouped and are connected based on the cluster manager A1 for 

operation. In addition, there are IoT devices B1, B2, B3, B4, B5, and C1 operating around 

the smart gateways A1-A5. IoT devices B1, B2, and C1 operate around gateway A1. 

Since they must pass through the smart gateway A1 to transmit measured information to 

the network through the mounted physical sensors, they can operate appropriately only 

when they are connected to the smart gateway A1. In this way, the smart gateway 

manages IoT devices with mobility through connection to neighboring IoT devices. Each 

smart gateway contains information about its neighboring IoT devices in its own DMT 

(device management table). In addition, each smart gateway transmits information about 

the IoT devices it manages to the cluster manager A1. A1 manages the smart gateways 

connected to the cluster through the information stored in the clustering management 

table (CMT). The cluster manager has information about smart gateways and IoT devices 

in the cluster, and the MMS (mobility management server) manages cluster managers in 

an integrative manner. In this environment, the smart gateway manages the mobility of 

neighboring IoT devices with three main functions. 

The first function is to discover IoT devices operating within the smart gateway range. 

In this model, when the IoT device is booted, it tries to connect with the smart gateway 

through a discovery message. When the IoT device B1 starts to operate, B1 broadcasts a 

Discovery.req message indicating the start of operation. Since IoT device B1 operates 

within range of the smart gateway A1 network, the smart gateway A1 receives the 

Discovery.req message broadcasted by B1. The smart gateway A1, which normally 

receives the message, registers information about the IoT device B1 included in the 

message in the DMT and responds with a Discovery.res message to complete the process 

of discovering the IoT device. Information about the IoT device B1, including 

identification ID, device address, and monitoring period is used when the smart gateway 

A1 monitors the IoT device. 
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Figure 3. Mobility Management Process using Smart Gateways and IoT 
Devices 

The second function is to monitor the status of the IoT devices connected to the 

network. The smart gateway regularly verifies that detected IoT devices correctly 

maintain connection. A monitor message is used at this time. As shown in Figure 6, the 

smart gateway A1 transmits a Monitor.req message to the IoT device B2 within its 

network range. This message is created based on the information stored in the DMT 

managed by the smart gateway A1. D_id in DMT identifies each IoT device and D_addr 

represents the address value of IoT devices. Monitor_cycle is the period of the 

Monitor.req message transmitted by the smart gateway and the IoT device B2 transmits a 

Monitor.req message every 600 seconds. 

The final function is to detect and trace the movement of IoT devices to provide 

appropriate service. As shown in Figure 6, Mobile C1, a typical mobile device, operates 

within the range of smart gateway A1. Since mobile C1 is connected to the network 

through smart gateway A1, A1 includes information about C1 in its DMT and transmits 

Monitor messages to C1 at intervals of 600 seconds, which is the period of Monitor_cycle. 

The mobile C1 performs a handover operation when it moves out of the range of the 

network of smart gateway A1. To do this, the mobile C1 continuously detects the RSS 

value from the connected smart gateway A1, and transmits a Hold.req message to the 

smart gateway A1 when the detected value falls below a predetermined standard. Upon 

receiving this request, the smart gateway A1 deletes the items for the mobile C1 

belonging to its own DMT and notifies the smart gateway acting as the cluster manager 

that the C1 managed by the smart gateway A1 is in a Hold state. After changing the 

Connect_flag value of the corresponding mobile C1 in its own CMT to 0 and then asking 

the smart gateways clustered with it to search the mobile C1, smart gateways A1-A5 

broadcast a Trace message to track the mobile C1. At this time, the mobile C1 which has 

moved into the network range of the smart gateway A3 transmits Trace.res in response to 

the Trace.req message broadcasted by the smart gateway A3. Upon receiving this 

message, the smart gateway A3 registers a new mobile C1 in its DMT and notifies the 

cluster manager of this fact. The cluster manager confirms that the mobile C1 is 

appropriately connected to the other smart gateway and updates the CTM accordingly. 

In the smart model for managing IoT mobility, a network protocol is needed to support 

transmission between a smart tracker and IoT device. CoAP, which is the basis of the 
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mobility management protocol proposed in the previous studies, will enable it to transmit 

the IoT device data in a limited environment or efficiently with limited resources. 

Therefore, the application of CoAP-based MMPI (mobility management protocol of IoT 

device) to the smart model enables it to manage the mobility of IoT devices through a 

smart tracker. 

 

3.2. Design of IoT Device Mobility Management Protocol 

The mobility management protocol for IoT device (MMPI) to be used in the IoT device 

mobility management model is broadly classified into two types: a protocol for the 

transmission between IoT devices and smart gateways and a protocol for the transmission 

between the smart gateways that are responsible for cluster managers. Figure 4 shows the 

structure of the data transmitted between IoT devices and smart gateways. 

 

 

Figure 4. Structure of the Data Transmitted between IoT Device and Smart 
Gateway 

The message header consists of the first to fourth fields. The first field, PT, used to 

identify each message, consists of 1 byte. The second field, SEQ, representing the 

message serial number, consists of 2 bytes. Monitor messages are transmitted regularly 

according to the defined CYCLE. If transmission is performed frequently at intervals of 1 

sec or less, about 3600 messages are transmitted per hour. Therefore, a message size of 2 

bytes is required to use up to 65535 messages. The third field represents the ID of the IoT 

device or the smart gateway transmitting the message. It consists of 1 byte because it 

stores the value for distinguishing the unique ID of the IoT device and smart gateway. 

The fourth field represents the address for utilizing the URI in the CoAP. This field can 

express a URI of up to 50 bytes, and its size is determined variably according to the URI 

length. Excluding the four fields in the message header, items are used according to the 

type of message. The TYPE field represents the type of IoT device and consists of 1 byte. 

The CYCLE field represents the monitoring period of the IoT device. The value of the 

CYCLE field is stored in the DMT of the smart gateway, and the smart gateway regularly 

transmits monitor messages to the IoT device according to the stored value. The VALUE 

field represents the result value for the request. 

Figure 5 shows the structure of the data transmitted between the smart gateway and the 

smart gateway responsible for the cluster manager. Like the structure of the data 

transmitted between the IoT device and the smart gateway, it includes the message 

headers with four fields and has the same configuration. Since Register messages include 

information about the IoT device detected by the smart gateway, the ID value of the IoT 
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device detected using the DID field is transmitted to the cluster manager. Since Inform 

messages are used to transmit information about the IoT device detected by the smart 

gateway, the DID field is included. Finally, since the Explore message is used to trace 

when the cluster manager transmits to neighboring smart gateways to trace the IoT device, 

the value of the IoT device to be tracked is included in the DID field. 

 

 

Figure 5. Structure of the Data Transmitted between Smart Gateway and 
Cluster Manager 

Figure 6-8 is a sequence diagram that shows how the smart gateway and cluster 

manager manage the mobility of IoT devices using the defined protocols. As shown in 

Figure 7, when the IoT device operates, it broadcasts a Discovery.req message. The 

Discovery.req message includes the type of PDU, message sequence number, DID 

representing the ID of the IoT device, and CoAP address value. It also has a TYPE 

representing the type of IoT device and CYCLE representing the monitoring cycle. The 

smart gateway receives this broadcast message and registers the information of the IoT 

device included in the message in its DMT. When the DMT registration process is 

complete, the smart gateway responds to the IoT device with a Discovery.res message. 

After that, the smart gateway transmits a Register.req message to the cluster manager, and 

this message includes the SID, which is the ID of the smart gateway, along with the DID, 

which is the ID of the IoT device ID registered in the corresponding smart gateway. This 

information is registered in the CMT of the cluster manager. After that, the cluster 

manager responds by including the registration results in VALUE as a Register.res 

message. 

Figure 7 shows how IoT devices move out of the smart gateway range. When the 

IoT device moves out of the network range of the smart gateway, the IoT device 

detects the RSS value from the smart gateway. If the detected RSS value falls below 

a predetermined reference value, a Hold.req message is requested. The smart 

gateway responds with a Hold.res message and notifies the cluster manager that the 

IoT device has moved out the network range with an Inform message. As before, the 

cluster manager changes the Connect_flag value of the CMT and transmits a 

response message to the smart gateway. The smart gateway that received the 

response message deletes the corresponding IoT device information in the DMT. 
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Figure 6. Sequence Diagram of IoT Device Registration Process 

 

Figure 7. Sequence Diagram of IoT Device Movement Process 

Figure 8 shows the process of searching IoT devices within the cluster range of the 

smart gateway when the value of Connect_flag is changed to 0. The IoT device whose 

Connect_flag value from the cluster manager CMT has changed to 0 via an Inform 

message requested by the smart gateway is likely to move and operate within the network 

range of other smart gateways in the cluster. Therefore, the cluster manager transmits an 

Explore.req message to smart gateways to search for IoT devices whose Connect_flag 

value is changed to 0. The smart gateways connected to the cluster manager that received 

the request message broadcast each Trace.req message. 
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Figure 8. Sequence Diagram of IoT Device Tracing Process 

4. Experiment and Evaluation 
 

4.1. Experimental Overview and Environment 

To evaluate the performance of the proposed MMPI in this study, we built and 

experimented with a test bed using the IoT device mobility management model. Two 

experiments were conducted like Figure 9.  

 

 

Figure 9. Experimental Environment for the Evaluation of MMPI 
Performance 
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The first experiment was to evaluate availability by measuring the delay time 

according to the movement of the IoT device, and the second experiment was to evaluate 

the efficiency of the MMPI at providing continuous IoT service. Test bed is built to 

evaluate two experiments with the following specifications. Smart gateways A1 and A2 

were implemented using the Nodejs framework v6.9.1 in Windows OS, and IoT device 

B1 was implemented using Raspberry Pi 3, which supports wireless networks, to ensure 

mobility. Based on Raspbian OS v4.4.49, the program was implemented using JavaScript 

on the Nodejs Framework v4.4.0 

 

4.2. Experiment to Evaluate Availability According to the Movement of IoT Devices 

In this experiment, we measured the handover delay time due to the movement of IoT 

devices to evaluate the availability of mobile IoT devices. Figure 10(a) shows the process 

by which the IoT device B1 moves out of range of the smart gate A1 and is connected to 

the smart gateway A2. We compared this process by applying both the WMMS and 

MPCS used in the proposed CoAP-based mobility management system. In the 

conventional method, A1 and A2 only function as internet connection gateways. We 

measured the delay time for the IoT device B1 to be connected to the internet again 

through gateway A2 when it was out of the range of gateway A1. We also compared the 

delay time of each method by creating a Delaytime.log file storing the delay time. 

 

 

Figure 10. Measurement Results of Handover Delay Time in Mobility 
Management Model 

Figure 10(b) shows the results of comparing the handover delay time when the IoT 

device moves between the MPCS of the existing studies and the MMPI proposed in this 

study. MPCS handover delay time has a range of about 400 to 450 ms. Since MMPI has a 

range of about 200 to 230 ms, the delay time was approximately halved. This is because 

the smart gateway detected and processed the IoT movement rather than the time it took 

to reach the WMMS through the gateway, so it was judged that the delay time was 

decreased. Therefore, since the IoT mobility management model using MMPI decreases 

handover delay time more than the existing model, the IoT device was judged to have 

higher availability when it moves because it can provide continuous IoT service through a 

faster connection. 

 

4.3. Experiment to Evaluate IoT Service Efficiency 

In the second experiment, we measured the data transmission time according to the 

distance between the smart gateway and the IoT device. The mobile IoT device has 

different network speeds depending on the distance from the gateway. Therefore, it is 
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necessary to confirm how efficiently IoT service can be provided. To measure this, we 

measured the time taken to send a request to an IoT device and to receive a response 

according to network range. As shown in Figure 11(a), the distance between smart 

gateway A1 and A2 was defined as y (m), and the distance between IoT device B1 and 

smart gateway A1 was defined as x (m). Accordingly, the distance between the smart 

gateway A2 and the IoT device B1 is y-x (m). In the experiment, the value of y was 

defined as 15 m, and it was measured by moving it by 1 m increments. IoT device C1 was 

defined as moving from gateway A2 to A1 and had the same specifications and 

performance as B1. We measured by moving the IoT device B1 from the smart gateway 

A1 to A2 and C1 from A2 to A1. Each IoT device B1 and C1 responded to 100 requests 

through the smart gateway, and the average of their response times was measured. The 

time taken for the request from the server to be sent to the IoT device through the gateway 

and responded to was also measured and compared with the existing system. 

 

 

Figure 11. Response Time between IoT Device and Smart Gateway 

Figure 11(b) shows the results of measuring the response time by distance between IoT 

device and smart gateway. This experiment also shows the comparison with the system 

proposed previously. It can be seen that the response time increases as the distance 

between IoT device and smart gateway increases. At a distance of 7-8 m from the smart 

gateway A1, the device is connected to the smart gateway A2 and receives a response to 

the request. When the distance from the smart gateway is not very large, there is almost 

no difference in response time between the model using MMPI and the existing system. 

On the other hand, when IOT device movement is monitored and requests and responses 

are made through connection with new gateway, the mobility management model using 

MMPI has a fast speed of approximately 80 ms. This is because IoT devices can be 

detected quickly and connected to other gateways. Therefore, there is not much difference 

in response time between IoT devices and smart gateways when compared with the 

existing system. In addition, the IoT device can provide more effective service than was 

previously possible when it moves as it can respond more quickly. 

 

5. Conclusion 

In this study, we proposed an IoT device mobility management model for 

managing mobile IoT devices and designed an MMPI to be used in the model. The 

IoT device mobility management model groups the distributed smart gateways into 
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clusters and manages the mobility of the neighboring IoT devices. This is not 

mobility management through a single server. Since it uses the gateway through 

which the IoT device is connected to the network, it can manage efficiently through 

distributed processing. We also defined and designed a CoAP-based MMPI 

appropriate for the proposed model. 

Two experiments were conducted to evaluate the performance of the designed 

MMPI with the proposed IoT device mobility management model. The first 

experiment was to evaluate the availability of mobile IoT devices. In this 

experiment, we measured the delay time occurring when the IoT device moves out 

of the smart gateway range and is connected to the network through other smart 

gateways. Results confirmed that the proposed system had less delay time than the 

existing system. The second experiment concerned efficiency in IoT service 

provision according to the distance between IoT device and smart gateway. In this 

experiment, we measured the response time to requests by distance. We did not find 

any significant difference from the existing system at near distances, but found a 

faster response time when the IoT device was re-connected to the network because 

the distance was too large, so we judged that it can provide more efficient service. 

To improve the performance of the proposed mobility management model and 

protocol, it is necessary to further study smart gateway clustering techniques. It is 

also necessary to study efficient distributed processing by applying the proposed 

clustering method as one of various clustering methods studied to date. It is also 

necessary to supplement the proposed protocol to make it suitable for various 

clustering methods. 
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