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Abstract of Thesis

Nowadays, the cyber-physical system (CPS) has become more ubiquitous and reality due to the emergence of ToT
devices. Many research studies can embed sensors and actuators to IoT devices for connecting themselves to the
network. After that, the IT technician will assign the location of each IoT devices to the identity of those devices in
the system, and then the authorized persons can monitor and control them through the network. However, the
task that assigns the devices to a location called address labeling becomes more laborious when the vast number
of IoT devices are deployed in the big area. Due to the current address-labeling task is performed manually, it
causes time-consuming and labor-intensive.

To assign the address to the devices automatically, (tlobal Positioning System (GPS) is a general technology in an
outdoor environment. However, the system cannot apply GPS-based location service in some areas such as an
indoor environment due to the GPS is unavailable in these areas. In this study, I malke the matching procedure to
assign the location of indoor IoT devices to their cyber objects avoiding manual effort. Since there are two kinds of
areas by the degree of privacy-preserving, those are the public areas and the private areas. I, therefore, propose
two different techniques for dealing with both cases. On the one hand, the residents in public places do not
request high privacy-preserving, and it is possible to send the IT workers or robot equipping with the
configuration tool for site-survey. Because the IoT devices, having wireless modules such as Bluetooth or Wi-Fi
modules, can broadcast the advertising package periodically. Then I can use the smartphone embedded with
wireless devices for observing the radio signal form IoT devices, and the smartphone can estimate the location of
IoT devices by performing the RSSI-based localization technique.

On the other hand, the residents in private places such as households have a concern about their privacy. Then
the IT workers and robots may not be available in these kinds of situations for privacy-preserving reasons. I, thus,
provide a distance estimation based on the sequence of events from sensors. I leverage the indoor layout, and I
offer the matching algorithm to assign the devices on the indoor map. As a result, I can reduce the burden on the
location-device mapping procedure for both kinds of locations. In this study, I focus on two applications: 1) The
heating, ventilation, and air conditioning (HVAC) system in the building in which the worker is available to
perform a site survey method. 2) The smart home system in which the location-device mapping procedure is done

automatically without any help from residents.

Firstly, I study a method to perform the address labeling for the HVAC system in the smart building. By
attaching the Bluetooth Low Energy (BLE) to the HVAC indoor units, I can collect the signal propagation and
consider the change in signal strength of every BLE device for labeling their address. I request one tester to carry
the smartphone and walk around the building to collect the signal strength. By considering the change in signal
strength, my method can match the BLE devices to their physical locations accurately. I validate my approach by
deploying the BLE devices in 2 real office building. In the experiment, my matching method can match at least
70% BLE devices to their location correctly.

Secondly, I study on the localization of devices in smart homes. I focus on the technique that encourdges the
non-tech-savvy users to use the smart home system. Conseguently, the smart home system should he configured




by themselves without help from end-users. In the smart home system, the sensors connect to the
infrastructure-mode wireless network, and their wireless module is usually in sleep mode. When the wireless
module is in the sleep mode, it does not emit a radio signal. As a result, I cannot measure the R5SI because I
cannot predict the time when sensors send the data to the server. In the study, I consider the location-related
sensor, e.g., 2 motion sensor, and provide two location estimation methods. One method finds the characteristics
of stay time of residents to identify the places as anchors where those residents live. Another one considers the
resident movement between two sensors to estimate the rela'tive distance between those sensors. With the proper
matching algorithm, I can label the sensors with a semantic location, especially the name of the rovoms and
landmarks.

I validate my technique in actual houses, and the result shows that my method can label the sensors with their
location by above 80% correctness, after three-day observation.

Thirdly, the above approach, however, requires a dense network to srchive high accuracy. For example, that
method requires the resident deploying at least one sensor in each area, e.g., room, corridor, and stairs. However,
in the general situation, the residents usually put one sensor in staying-type places, and they may not put the
sensor in transition areas such as the corridor and stairs. Therefore, I, thirdly, improve the previous technique to
be suitable for dealing with a practical situation. 1 develop the method to estimate the relative distance between
sensors and the matching algorithm. As a result, I can label the sensors with their location in the case of scattered
sensor networks, which corresponds to most traditional houses. The experiments in the realistic home revealed
challenges to be addressed to make this method scale to various house configurations.

Through these contributions, my studies can perform an address setting procedure for commercial-off-the-shelf
devices and can apply to the exiting smart-building and smart-home application. Even though some IoT devices
support the high accuracy estimation of distance and direction, my matching procedure is needed to map those
IoT devices into the locations. This dissertation has established the address setting procedure for the IoT devices
in hoth private and public places.
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