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Localization refers to the detection of an object or a person’s real-time location. One of the earliest technologies developed would be the Global Positioning System (GPS), commonly used in outdoor detection. Despite its ability to provide very good location-based services, the accuracy of GPS is severely reduced within indoor environment due to weak GPS signals, caused by the non line-of-sight satellite signal reception. To compensate for this shortcoming, indoor localization systems are developed. They are typically based on Radio Frequency (RF) technologies such as Bluetooth, Wi-Fi, and Zigbee in combination with positioning techniques such as trilateration, triangulation and fingerprinting. The project developed in this write up incorporates existing indoor and outdoor localization methods to create a single system capable of  carrying out positioning in either scenarios. The proposed system consists of a portable device which is attached to a human or object of interest. The device calculates its current position and proceeds to upload information to the online database. A web server is used to access the contents of database, such as the carrier’s real-time location and previous position. The proposed system is capable of using GPS for outdoor positioning and a combination of Bluetooth Low Energy with proximity sensing as well as trilateration for indoor positioning, via measurement of RSSI signals for every 30 seconds. The accuracy achieved for indoor positioning is less than 1.5 m.
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1. Introduction 
1.1 Project Background
Over the years, indoor and outdoor localization technology has been delivering promising results. Outdoor localization is the detection of real-time position in the outdoor area. The process is widely utilized in the Global Navigation Satellite System (GNSS), a term given to satellite navigation systems that provide autonomous geo-spatial positioning with global coverage. GNSS technologies pinpoints a target’s location by requesting information from satellites and perform trilateration for outdoor positioning.
Indoor localization is the sequence of steps used to track and locate the indoor position of humans or objects. Such technologies are particularly useful in applications including indoor area navigation, employee tracking, area surveillance, etc. Indoor localization techniques and technologies have been developed in response to the inability of GPS to detect indoor positions.
The success of indoor and outdoor localization has paved way for research emphasizing on development of systems capable of utilizing both indoor and outdoor localization, which is particularly useful for continuous location tracking.
[bookmark: _Hlk21788962]1.2 GPS in Outdoor Localization
GPS is a satellite-based navigation system that provides time and location-based information to the receiver located on the earth's surface. GPS are by default implemented for outdoor localization due to its high accuracy, short time delay and the ability to function in different weather condition, provided that there are line-of-sight signals between the GPS receiver and the orbiting satellites. These satellites are used as reference nodes to calculate a targeted location. At least 3 satellites in direct connection to the receiver are required to determine the location. Nevertheless, GPS is not suitable to be deployed inside buildings primarily due to high physical obstructions and confinement especially in high rise buildings [1].
1.3 Indoor Positioning System (IPS)
IPS system estimates a target objects' location based on the observation data collected by a set of sensing devices or sensors [2]. The information obtained is used in applications such as indoor navigation, human or object tracking, and location monitoring. A general IPS is usually made up of an algorithm with three stages [3]. The stages are the measurement of the characteristic of refence node signal using location sensing device, estimation of distance to/from the object that needs to be located, and the pinpoint of position by combining range estimates. Estimated positions are often reported as a symbolic reference for instance, “storeroom”, or as a coordinate-based reference, depending on the purpose of application [4]. Various RF technologies and methods have been developed to provide precise and reliable indoor localization, with some combined to enhance performance. These are essential due to signals like radio waves, magnetic fields or reflective surfaces inside the building that can cause wrong propagation of the signals [5]. Accuracy of indoor localization varies depending on the RF technologies and methods used.
[bookmark: _Hlk58750390]1.4 IPS Radio Frequency Technologies (RF)
RF technologies are used in design of indoor localization due to high speed, availability and low cost. Examples of RF technology prominently used are Wi-Fi, Bluetooth, and Zigbee.
Wi-Fi technologies are often considered by researchers in designing indoor Location Based Service (LBS) due to the popularity of Wi-Fi hotspots that provides convenient environmental conditions for indoor positioning [6]. To achieve high accuracy, Wi-Fi Access Points (APs) dedicated for indoor localization are used instead of using Wi-Fi signals from installed private and public Wi-Fi APs to provide LBS [7].
Bluetooth technology is commonly used in indoor localization because it is integrated into a wide range of mobile devices [8]. Compared to Wi-Fi, Bluetooth technology requires less power and lower implementation cost. The lower power consumption means it is less prone to interference caused by another wireless device operating at a similar frequency. Bluetooth technology has been considered as a potential competitor to the Wi-Fi in designing modern LBS especially since the introduction of Bluetooth Low Energy (BLE). BLE uses less bandwidth and power protocol, with the addition of a lower transmitting duty cycle [9], contributing to the possibilities of design an indoor LBS which is efficient in terms of energy, cost, performance, and simplicity.
The Zigbee is a wireless technology designed to use low-power digital radio signals for personal area networks. Its technology is used for IPS due to mesh topology, low-cost and low power consumption. Zigbee modules are low-cost given the device’s microprocessor is small and simple. The mesh topology network that features multiple transmission paths allows the network to function normally even when one of the reference nodes goes offline, although the accuracy may be affected. Preference of Zigbee is also due to the ease of retrieving information such as RSSI as these are incorporated in transmitted packets, with no additional hardware needed. The comparison between the described technologies is demonstrated in Table 1 [10].
Table 1: Comparison between BLE, Zigbee and Wi-Fi Technology
	Technology
	BLE
	Zigbee
	Wi-Fi

	Frequency
	2.4 GHz
	2.4 GHz
	2.4 GHz

	Data-Rate
	1 Mb/s
	0.250 Mb/s
	54 Mb/s

	Power Consumption
	Very Low
	Very Low
	High

	Range
	Short to Medium
	Medium
	Medium to Long

	Complexity /
Ease of Use
	Simple to use
	Simple, but not yet adopted in mobiles and computers
	Complex and requires configuration of hardware and software

	Adaptability
	High
	Low
	High



1.5 Indoor Positioning Techniques
Indoor localization techniques are used to determine the user’s position based on the information collected from RF sensing devices. Various methods have been explored and implemented with smartphones and other RF compatible devices in recent years. Major indoor localization techniques include fingerprinting, trilateration, triangulation and proximity estimation.
Trilateration (Figure 1) is the method used to determine the position of an object based on the simultaneous range measurements from three stations located at a fixed position [11]. All range measurements obtained by sensing devices are converted into spatial distance representing radii of circles surrounding the fixed positions. The real-time location of the target is then indicated by the intersection of circles. Position of the target object is calculated by solving a series of non-linear simultaneous equations.
[image: ]
Figure 1: Trilateration
Fingerprinting is defined as the characterizing of an indoor environment based on parametric data from one or more wireless radios or sensors over many spatial points. The method consists of the offline training phase and an online localization phase. In the offline training phase, fingerprints of selected points are collected and combined to form a radio map. The location of an individual or target object is determined during the online phase. A mobile station (MS) equipped with RF sensor retrieves real-time RF measurements such as a sample measured vector of RSSI from various APs and reports it to a central server. The server compares received data with the radio map to decide the location of MS. The accuracy is proportional to the number of fingerprints collected during the offline phase.
Proximity sensing is the most basic form of indoor localization using RF beacons. The method uses a known location close to an object to determine the location [12]. When a target is within the reach of an RF beacon, the target’s position is assumed to be the same as the receiver’s location. When more than one beacon detects the target, the target is assumed to be collocated with the beacon having the strongest signal [13].
1.6 Indoor-Outdoor Localization
The success of indoor and outdoor localization has led to the research of indoor-outdoor systems with the ability to provide seamless localization solutions. The seamless localization system generally involves combining the GPS with existing RF technologies with the addition of a function that allows the switching between outdoor and indoor localization depending on the target’s current area in a location, whether it is the indoor or outdoor area.

2. METHODOLOGY AND IMPLEMENTATION
Figure 2 shows the Unified Modeling Language (UML) diagram of the proposed indoor-outdoor localization system. The system relies on the interaction between a portable device with installed BLE Beacons and online platforms to provide location-based service.

[image: ]
Figure 2: UML diagram of indoor-outdoor localization system UML diagram

[bookmark: _Hlk18256209]2.1 Portable Device
A portable device is attached to the target of interest for continuous location tracking. The key functions of the device are indoor-outdoor area detection, positioning, and information upload. To attain seamless localization, the device decides the target’s current area and reacts according to the decision. If the target is inside a building, it scans for the BLE beacons and initiates indoor positioning (Proximity Sensing/Trilateration). For outdoor scenario, the device uses the GPS module to perform outdoor localization. In general, the portable device is capable of functioning as both beacon and GPS tracker for indoor outdoor positioning purposes.
The ESP32 is one of the main components of the portable device. Its main function is to coordinate all process which occur within the portable device. It also has supporting functions that varies depending on the portable device’s current area. In the indoor area, the ESP32 will be also be used as a BLE scanner to pick up signals broadcasted by nearby BLE Beacons. Based on the information retrieved, the microcontroller will then compute the target’s position. In the outdoor area, the device receives and translate data from the GPS module. Once the localization is completed, the microcontroller uploads information to the online platforms. The ESP32 is also synched to the NTP server to obtain the current date and time.
[image: ]
Figure 3: u-Blox Neo-6M GPS module
The u-Blox Neo-6M GPS module (Figure 3) is paired with the ESP32 to allow portable device to perform outdoor localization. The ceramic antenna detects GPS signals from satellites. The target’s outdoor position is calculated using the trilateration method within the NEO-6M GPS chip and transferred to the ESP32 to be processed. Figure 4 shows the prototype of the portable device whereas Table 2 sums up the functionality of each component.
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Figure 4: Portable device (Prototype Version)

Table 2: Portable device component function
	Component
	Function

	ESP32 Microcontroller
	· BLE Beacon Scanner
· Indoor Localization
· Information upload

	Yellow LED
	· Indicate type of localization performed
( ON = Outdoor , OFF = Indoor )

	Red LED
	· Wi-fi connection indicator
( ON = Not connected , OFF = Connected )

	u-Blox Neo-6Mv2 GPS module
	· Outdoor GPS Localization 

	Ceramic Antenna
	· GPS satellites detection




[bookmark: _Hlk21788234]2.2 BLE Beacons
Custom-made BLE beacons (Figure 5) are used as reference points for indoor positioning. RSSI of the beacons are measured by the portable device to perform indoor localization. The HM-10 BLE modules which act as the beacon operates on the iBeacon protocol, easing the process of designing beacon detection algorithm and retrieve information due to simple structure of packets broadcasted. The protocol is be activated by issuing a specific AT command to the HM-10 BLE module.

[bookmark: _Hlk58265593]




Figure 5: Custom-made BLE beacon and beacon casing


2.3 Online Platform
The online platform is used to analyse the device carrier’s location. It consists of an asynchronous web server, online MySQL database and the history log. The asynchronous web server is used to monitor the target’s real-time position. The online database is used to store the target’s position for every localization scheme performed while the history log displays the contents of the database. Figure 6 shows the asynchronous web server and history log during operation of system:
Figure 6: Asynchronous web server and History Log

2.4 Indoor Positioning 
Indoor positioning is achieved using indoor proximity sensing and trilateration technique. For indoor proximity sensing, the portable device scans for BLE beacons installed at different indoor locations. If the device only detects the presence of a single beacon, the target’s position is assumed to be the same as the location of the beacon. If multiple BLE beacons are scanned, the device compares the measured RSSI values of all the beacons. The target’s position is then collocated with the BLE Beacon that has the least negative value of RSSI reading. 
The trilateration technique serves as an extension to the proximity sensing, as it is only utilized when the target is assumed to be in a larger indoor area and simple approximation does not provide sufficient information about a target’s location. The target’s position within the indoor area is reported as a coordinate reference. 
To setup trilateration positioning system, three BLE Beacons are installed at various points of the selected indoor location, with the height of 2m above the ground level to provide better area coverage and to reduce the number of objects obstructing the line-of-sight between beacons and the portable device. The beacons are arranged such that the indoor area has full BLE signal coverage. Next, the length and the width of the indoor location is measured. The selected location is assumed to be a 2D plane consisting of the y-axis and x-axis, with the length and width of the area representing the maximum y-axis and x-axis value respectively. The coordinates of the beacons within the 2D plane are also recorded. During the trilateration process, beacon coordinates will be used in the calculation of the target’s position within the 2D plane. Figure 7 illustrates the steps of trilateration in the design.
[image: ]
Figure 7: General process of designed indoor trilateration technique

2.5 Indoor-outdoor Localization
Indoor proximity sensing would be performed by default. By scanning for the presence of BLE Beacons, the system will decide whether the target is within an indoor area. If the target is within the specified larger indoor area, indoor trilateration will be performed to provide a more detailed information about the target’s position within the specified area. Else, the system will only collocate the target’s indoor location with the area which beacon signal is the strongest. Should the beacons be absent, or signal strength is lower than threshold value, the system assumes the target is not within the designed indoor location and will attempt to detect the target’s location via outdoor GPS localization. Any information generated by localization process will be uploaded to the online platforms. Figure 8 sums up the flow of the localization process.


[image: ]
Figure 8: Proposed Indoor-Outdoor Localization System

3. results and discussion
3.1 Indoor Proximity Sensing Test
To examine the accuracy and performance of indoor proximity sensing, BLE Beacons are installed in locations of the indoor area. The student’s apartment is used as the test area, with the beacons installed in the living room, main entrance area, and the kitchen. The BLE Beacons are placed approximately 2.0m above the ground level to reduce the number of obstacles obstructing the line-of-sight between beacons and portable device. In the testing, a person equipped with the portable device transitions between different indoor location for every 2 minutes according to the designed test path as shown in Table 3. 
From the test results in Figure 9 and Table 4, the  indoor proximity sensing system can approximate one’s location with minor errors. Localization errors tends to occur at the boundary between locations or unintentionally caused by the fluctuation of RSSI readings.
Table 3: Designed Test Path
	No.
	Location

	1
	Indoor Area A (Living Room)

	2
	Indoor Area B (Main Entrance)

	3
	Indoor Area C (Kitchen Area)

	4
	Indoor Area A (Living Room)

	5
	Indoor Area C (Kitchen Area)



[image: ]
Figure 9: Sample results obtained from indoor proximity sensing test
Table 4: Indoor Proximity Sensing Accuracy
	Specs / Parameter
	Value

	Total number of prediction, T
	75

	Total number of correct prediction, C
	65

	Total number of errors made, E
	9

	
Accuracy 

	
88%



3.2 Indoor Trilateration Test
The test is conducted by having a person standing on a randomly selected 2D coordinate (Figure 10) while holding the portable device. The reliability of the algorithm is tested by ensuring the error distance between actual and estimated coordinate never exceeds 1.5m. The graph in Figure 11 and Table 5 shows the error distance for each test.

[image: ]






Figure 10: Location layout for indoor trilateration test

[image: ]
Figure 11: Error distance for each trilateration test

Table 5: Trilateration test average error distance
	Specs / Parameter
	Values

	Total number of test
	52

	Maximum error distance
	1.36 m

	Minimum error distance
	0.14 m

	Average error distance  
	0.68 m



The designed indoor trilateration system is able to estimate one’s location with the error distance of less than 1.5m. The error distance is due to inaccurate RSSI measurements caused by signal attenuation and interference. RSSI measurement fluctuates according to direction of portable device, resulting in inconsistent value of error distance produced when target does not move from a location.

3.3 Outdoor GPS Localization Test
Accuracy of the outdoor GPS localization system is tested by having a person moving from one outdoor location to another while holding the portable device. The coordinates produced from the portable device is visualized in the Google Maps. The estimated path is then compared with the actual path travelled during the test. Three tests are shown in Figure 12, 13 and 14. 
[image: ]
Figure 12: Outside an apartment. Actual Path vs Estimated Path

[image: ]
Figure 13: Bridge area. Actual Path vs Estimated Path

[image: ]
Figure 14: Housing Area. Actual Path vs Estimated Path
From the tests conducted, the device is able to detect the change in outdoor position and produce coordinates that corresponds to the target’s real-time outdoor location while functioning as a GPS tracker.

3.4 Indoor-Outdoor Localization Switching Mechanism
A test on the mechanism is conducted by having a person transitioning between indoor and outdoor environments while equipped with the portable device. The type of data produced by the portable device is recorded (Table 6) and analysed as a method to check whether the algorithm is properly designed.
Table 6: Type of data produced by portable device in both indoor and outdoor area
	Area
	Technique
	Type of data
	Output example

	Indoor
(Student’s apartment)
	Proximity Sensing
	Indoor Area
	Indoor Area A, B & C

	
	Trilateration
	Indoor Coordinates
	(1.50,0.80)

	Outdoor
	GPS trilateration
	Outdoor Coordinates
(Latitude & Longitude)
	(5.317379,100.279007)


[bookmark: _GoBack]Based on the table, the data produced varies according to the location of portable device. This indicates that the switching algorithm is functioning properly, given the portable device is able to perform localization scheme that corresponds to the target area and output the correct information, as indicated in the several test mentioned in previous sections. 

4. CONCLUSION
A system which is able to perform both indoor and outdoor localization is successfully developed. The system is capable of providing continuous tracking of a target’s location in both indoor and outdoor scenarios at regular intervals of 30 seconds. Indoor positioning is achieved using both proximity sensing and trilateration technique, with the latter being an extension of the proximity sensing method, while GPS is used in outdoor localization. Once the localization process completes, any data produced is successfully uploaded to the web server and database for viewing and storage purposes. The system provides a simple design reference for application that requires location tracking in both indoor and outdoor scenarios.
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