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Abstract
Finding a location of human or things accurately is a key function of modern location-based service architectures. Global Positioning System (GPS) has good accuracy (~50m) in outdoor environments, and it is used by most of service providers. Indoor environments, however, GPS is not reliable because the signal of GPS may not be reachable especially underground, inside a building, and urban areas, and so on. This paper proposes an indoor positioning system using ID-based Visible Light Communication (VLC) beacon. Our scheme uses commercial LED lights with VLC module as VLC transmitter, photodiode based VLC receiver, and light-mapped indoor map. The VLC frame was designed and implemented for the proposed system.
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I. Introduction
Acquiring a location of human or thing is accomplished by Radio Frequency (RF) such as Cell Tower, WiFi, and Global Positioning System (GPS) [1-3]. The GPS and hybrid method of them are reliable to get one’s position at outdoor environments [4-6]. In some cases, however, getting a location of someone is not reliable in urban areas where much of huge buildings may act as obstacles for RF signal, inside buildings, underground areas, and so on. These problems can be solved by using multiple WiFi Access Points (AP) [7-10], Bluetooth [11-13], and Radio Frequency Identification (RFID) [14-16]. Service providers who need to use positioning systems at indoor have difficulties to use these solutions because these solutions require additional infrastructures and have relatively low accuracy than GPS. Also, they can interfere existing RF-based communications. On the other hand, Visible Light Communication (VLC) can be an adequate solution to that problem. With the wide use of Light Emitting Diode (LED) lights, it is much easier to implement VLC. The LED-based VLC is not changing existing infrastructures but changing existing lights to VLC-supported LED bulbs. In addition, the VLC does not interfere existing RF-based communications.
Therefore, we propose the indoor positioning system using the ID-based VLC beacon and implementation. This paper is organized as follows. Section II deals with the proposed system architecture. Design of VLC format and light-mapped indoor map are also described. Section III presents implementation details on the testbed environment. Finally, Section IV concludes this paper.
II. System Architecture
A. Overview
Fig. 1 shows the protocol stack of proposed System. Every component except VLC receiver should be registered to the server.
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Fig. 1 The protocol stack of proposed system

The server manages a status of aggregation agents and LED lights. It can manipulate ID, dimming rates, and on/off state of lights through the aggregation agent. The aggregation agent, or AA manages LED lights. It manages all connected lights locally and sends registration messages to the server, also receives management messages from server to execute commands. The LED light uses Pulse Width Modulation (PWM) based VLC. It transmits their ID value which can be configured by the server, and also receives management messages sent from aggregation agents.
In order to provide ID and dimming rate configuration, the AA and LED light communicate through IEEE 802.15.4 as a configuration channel [17]. The LED light and VLC receiver use IEEE 802.15.7 for communicating through visible light [18].
The server and aggregation agent communicates using Constrained Application Protocol (CoAP) [19]. CoAP helps aggregation agent to be more lightweight other than HyperText Transfer Protocol (HTTP) based communication [20]. Moreover, it gives developers to implement their applications fast and reliable because it provides reliable transfer and resource observation.
B. Light mapped indoor map
Fig. 2 shows the light-mapped indoor map. Every light has its own ID value. It is configured by the server using device management messages.
Once every light is configured, the light-mapped indoor map should be created to know where the user exists. The map uses existing indoor map. Except for VLC component, it describes every components including rooms, restrooms, elevators, and so on. We add an approximate position of lights to the map.
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Fig. 2 The light-mapped indoor map

C. Message flow
Fig. 3 shows the message flow of the proposed system. Every device initializes its device.
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Fig. 3 The message flow of proposed system

After device initialization, the server waits for a device registration request message from aggregation agent. The agent creates own IEEE 802.15.4 communication network and waits for the LED light to join it. The LED light runs two separate module: lighting module and VLC module. Whenever the VLC module is ready, the light runs its LED array to light an area. The bulb keeps searching IEEE 802.15.4 Network to join for every 5 seconds. Once a network is found, it joins the network and sends the aggregation agent hello message. When the aggregation agent receives the hello message, it registers the light locally, which has the address of IEEE 802.15.4 MAC of the light and available function list. For example, the list may have VLC and dimming function. After registering the light locally, the agent responds aggregation agent hello ack message. Every time the aggregation agent registers a light, it sends LED light registration message to the server. The message includes the MAC address of light and an ID number which will be the data of VLC beacon. The server saves the information of light then responds with LED light registration ack message. When the agent receives the ACK message, it configures VLC function of the LED light with VLC configuration message. After receiving the VLC configuration message, the light configures its VLC module and starts VLC module. Then, finally, it responds with VLC configuration ack message.
D. VLC frame format
TABLE I shows the VLC frame format and example. The frame consists of 3 parts: Preamble, Data, and CRC16.

TABLE I THE VLC FRAME FORMAT AND EXAMPLE
	Preamble
	Data
	CRC16

	0x0102
	0xAABBCCDDEEFFGGHH
	0x94EC


The preamble part is the header of a VLC frame. It distinguishes a frame from lots of received VLC frames. The data part contains the ID of LED lights. The example uses the MAC address of IEEE 802.15.4 of LED light. The CRC16 is used to verify the received frame is valid.
III. Implementation in testbed environments
We implement the transmission of data using VLC in a testbed environment. The server and aggregation agent will be implemented for further study.
A. Testbed Environment
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Fig. 4 Testbed Environment
We designed the testbed environment as shown in Fig. 4 which tests VLC. In the environment, LED light based VLC transmitter and Photo Diode (PD) based VLC receiver are tested. The power of light is switched by VLC module, and this makes it transmits data through visible light.

TABLE II shows the VLC format which used for testbed environment. The ID of location and VLC transmitter are used for indoor positioning.
TABLE II 
THE VLC FRAME USED IN TESTBED ENVIRONMENT

	ID of location
(2 Byte)
	ID of VLC transmitter
(2 Byte)
	MAC address of upstream channel
(6 Byte)

	0x0001
	0x0001
	0x64E599F796D4

	Security key for upstream channel (10Byte)
	CRC16 (2Byte)

	0x0102030405060708090A
	0xB089


They will be server that issued ID values. The MAC address of upstream channel and security key for the upstream channel are used for later use.  They are used when the VLC receiver needs to communicate aggregation agent. The CRC16 field is for validation of VLC frame.
B. Implementation

Fig. 5 shows the VLC transmitter which we implemented. Data should be encoded because the visible light is an analog signal.
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Fig. 5 The VLC Transmitter which we implemented.
We used PWM to encode data and Fig. 5 shows the encoded data sent through visible light. As shown in Fig. 5, both PD-based VLC receiver and digital camera can be used as VLC receiver.

Fig. 6 shows that the PD-based VLC receiver receives the data that were sent through visible light. The PD-based VLC receiver receives the data and checks whether the data is valid using CRC16. 
When the data is valid, the data is sent to the upper layer, and finally, we can use the received data. Fig. 7 shows the data sent from the VLC receiver.
[image: image6.png]rd




Fig. 6 PD-based VLC receiver which receives data.
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Fig. 7 The valid data received from VLC receiver
IV. Conclusions
Finding the position of human or things is commonly done by GPS. For some cases, however, especially in underground areas, inside buildings, and urban areas, acquiring positions by GPS are not reliable.
Our study proposes the indoor positioning system using the ID-based VLC beacon. The server, Aggregation Agent (AA), VLC Transmitter, and VLC Receiver are used in the proposed system. The VLC transmitter uses IEEE 802.15.7 as a beacon and IEEE 802.15.4 as a configuration channel. In the testbed experimentation, a LED light based VLC transmitter and PD based VLC receiver are used. We also confirmed that our design of VLC system was working. We plan to implement the rest part of our proposed system in the future.
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