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__________________________________________________________________________________________ 

Abstract: With the popularization of visible light communication technology, indoor 

positioning methods based on visible light communication technology have gradually become 

a hotspot of research and application. The existing positioning methods or systems still have 

the following three problems: 1 The data calibration and positioning model training in the 

offline phase requires a lot of manpower and material resources, and the time consumption 

makes the system difficult to get practical application; 2 WLAN signal fluctuation in the real 

environment The data is highly dynamic, and the collected data has significant timeliness and 

cannot provide long-term effective positioning guarantee. 3 In the actual environment, the AP 

equipment changes frequently, resulting in the training data and the positioning data feature 

dimensions being unequal, resulting in the model failure. Aiming at the above problems, this 

paper proposes a model update method based on crowdsourcing data. By continuously 

integrating incremental data, the positioning model is kept in real time. The method mainly 

includes a semi-supervised speed learning machine (SELM), an incremental positioning 

method with time-dependent mechanism (TMELM) and a feature-adaptive online speed 

learning machine (FA-OSELM). Based on the above methods, this paper designs and 

implements an indoor positioning platform system based on crowdsourcing data. The practical 

application shows that the proposed method can significantly reduce the data collection 

workload of the model training phase, effectively improve the model training speed, and 

maintain high positioning accuracy for a long time. 

Keywords: Indoor positioning; incremental learning; speed learning machine; feature 

adaptation; aging mechanism; crowdsourcing data. 
__________________________________________________________________________________________ 

1. INTRODUCTION 

With the increasing demand for indoor positioning and navigation services in recent years. 

Achieving low-cost, high-precision indoor positioning has increasingly important practical 

significance. At present, the commonly used indoor positioning technologies mainly include 

the following [1]: WIFI, Bluetooth ZigBee, ultra-wideband, RFID and other positioning 

schemes. The algorithms have time-based arrival (TOA), time difference of arrival (TDOA), 
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and received signal strength indication (RSSI). ), fingerprint and other positioning algorithms 

[1]. 

However, these positioning solutions have the disadvantages of difficult deployment, 

complicated equipment, and high cost. In response to these shortcomings and the development 

of visible light communication technology in recent years, foreign researchers have begun to 

propose an indoor positioning scheme based on visible light. Compared with the traditional 

scheme, the indoor location based on visible light has no electromagnetic pollution and is easy 

to deploy, which not only meets the lighting requirements, but also reduces power consumption 

and cost. With the development of next-generation green LED lighting technology, indoor 

positioning based on visible light will be a promising indoor positioning alternative [2]. 

At present, the research on the indoor location based on visible light in foreign countries has 

just started. The literature [2] proposes a positioning scheme based on TOA for infrared and 

visible light. Literature [3] proposes a method of indoor positioning using visible light in 

TDOA. Reference [4] proposes a visible light indoor positioning method based on multi-carrier 

and received signal strength (RSS). However, these solutions have some disadvantages, such 

as complex algorithms, the need to redeploy dedicated reference nodes, precise time 

synchronization or accurate time difference measurement, resulting in complex, high cost and 

difficult deployment of LED lights and receivers for positioning. Big disadvantages. The 

solution proposed in this paper solves this problem: low power consumption, simple 

modulation and demodulation algorithm, low cost, small size, no need to redeploy the light 

source, just install a low-cost LED light to the original light Positioning can be achieved on the 

seat to meet the requirements of scalability and robustness [5]. 

Aiming at the above problems encountered by the location fingerprint algorithm in updating 

the model, this paper proposes an indoor positioning method based on Crowdsourcing, which 

introduces a large number of crowdsourced incremental data from users, using 

semi-supervised speed learning machine (SELM) and aging mechanism. Incremental 

Positioning Method (TMELM) and Feature-Adapted Online Extreme Speed Learning Machine 

(FA-OSELM), applied from non-calibrated samples to model learning, training sample 

timeliness, and model adaptive 3 samples with different feature dimensions The problem is 

solved from the angle, and the indoor positioning platform system based on crowdsourcing 

data is realized, and the application effect is achieved. 

2. INDOOR POSITIONING METHOD BASED ON CROWDSOURCING DATA 

The semi-supervised speed learning machine (SELM) [9] introduced in this paper, the 

incremental positioning method with time-dependent mechanism (TMELM) [10] and the 

feature-adaptive online speed learning machine (FA-OSELM) [11] are all based on The 

Extreme Learning Machine (ELM), this section first briefly introduces the ELM model, and 

then describes the SELM, TELEM, FA-OSELM algorithm models. 
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2.1 Extreme speed learning machine (ELM) 

ELM (Extreme Learning Machine) belongs to the category of artificial neural network and is a 

single hidden layer feedforward neural network. The neural network has a short training time 

and a relatively simple network structure. For an input vector x ∈Rn and SLFN with L hidden 

layer nodes [4].  

 
Fig 1. Structure of ELM (Single-hidden layer feedforward neural networks) 

2.2 Semi-supervised speed learning machine (SELM) 

In order to ensure the accuracy of the location fingerprint localization algorithm, it is necessary 

to collect a large number of calibration samples for model training. When the sample data is not 

enough, the model can not meet the requirements in the positioning accuracy, and the manual 

collection of large quantities of calibration data is huge. Therefore, this paper proposes the 

crowdsourcing collection idea, that is, the user will collect data during the process of using the 

positioning system, and obtain the data as the incremental training data when the model is 

updated, but the training data collected in this way is uncalibrated. data. In response to this 

problem, it was solved by introducing a semi-supervised ELM (SELM) [9]. Using SELM can 

make full use of uncalibrated data to train the model, greatly reducing the workload of 

calibration data collection. In order to achieve better position prediction than ELM, and with 

good generalization ability, according to the theory of structural risk minimization, the model 

needs to balance the empirical risk with the complexity of the learning function f. This paper 

achieves the expected goal by introducing the Laplacian operator [10] of the graph. 

   In the real environment, large-scale calibration data collection is very difficult, and the 

acquisition of non-calibrated data is easier than calibration data. Through unsupervised 

crowdsourcing, users can collect and upload the collected visible light communication in real 

time while using the positioning system. The data, in turn, updates the training model in real 

time. This method greatly reduces the workload of calibration data collection. The trained 

model has a good generalization ability and performs well when the calibration data is very 

sparse. 
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3. INDOOR POSITIONING PLATFORM BASED ON CROWDSOURCING DATA 

Based on the indoor positioning method proposed in this paper, the three difficult problems 

encountered in the indoor positioning method based on the traditional model in updating the 

positioning model are solved, and the indoor positioning platform based on crowdsourcing data 

is realized. The overall architecture of the system is shown in Fig. 2.  

 

 
Fig 2. Whole architecture of localization platform 

3.1 Data layer 

3.1.1 Indoor map 

Indoor maps are required for both the basic data collection phase and the actual location phase. 

By drawing an accurate indoor map, the basic acquisition stage can accurately map the 

collection area, and the actual positioning stage can present the positioning result to the user 

intuitively and in real time. 

3.1.2 Visible light communication data 

The visible light communication data is used to train the positioning model. Through the basic 

acquisition and crowdsourcing collection, two kinds of data collection methods can obtain a 

large number of training samples, so as to carry out model training and updating. 

(1) Basic collection 

For the location fingerprint algorithm, the initial fingerprint model must be obtained through 

supervised learning, that is, the initial training should use the calibration sample data, and the 

basic acquisition is used to obtain the corresponding calibration training samples. In the 

positioning platform, the basic collection part is implemented by a dedicated data collection 

client. For an indoor environment where location fingerprint data has never been collected, 

sufficient calibration sample data is collected by making a corresponding environment map 

and combining with the data collection client. An initial position fingerprint model is trained 

and applied to the positioning calculation [8]. 
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(2) Crowdsourcing collection 

The basic acquisition is only used as the training initial positioning model. In the subsequent 

model updating process, if the calibration sample data is collected in large quantities manually 

by manual method, the workload is huge, and the crowdsourcing collection solves the problem 

well. . 

The client automatically performs uncalibrated fingerprint data collection during the real-time 

positioning process, and each time position estimation collects corresponding uncalibrated 

samples, and the user uses the positioning platform more times, the longer the time, the 

collected uncalibrated samples       the more data there is. Through the crowdsourcing collection 

method, a large number of uncalibrated samples can be obtained, and these uncalibrated 

samples can be fully utilized to update the positioning model in real time, which reduces the 

workload of manually collecting calibration data, and can also locate the fingerprint model [7]. 

The accuracy is maintained at a high level for a long time. 

3.2 Interface layer 

The interface layer provides a positioning engine call SDK, which implements the positioning 

core algorithm and is packaged as an application interface for third-party application calls. The 

overall architecture of the SDK consists of three modules: interface module, data loading 

module and positioning calculation module (Fig. 3). 

 

 
Fig 3. Whole architecture of SDK 

 

(1) Interface module 

The interface module is an abstract encapsulation of the SDK's overall framework. By 

exposing a simple call interface and a callback mechanism to achieve data communication and 

interaction between the underlying SDK and the application, third-party applications can easily 

navigate without understanding the internal implementation principles of the SDK. Integrated 

indoor positioning function in the application. 
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(2) Data loading module 

Before performing the positioning calculation, the SDK needs to load the fingerprint data into 

the system memory before the position calculation can be performed. Since it is not possible to 

load all fingerprint data into memory at one time, a freshness-based cache update mechanism is 

implemented in the positioning SDK. Through this mechanism, the SDK can reduce the 

number of times the fingerprint is read from the external storage, effectively avoiding the IO 

bottleneck and improving the performance of the SDK [10]. 

(3) Positioning calculation module 

After the fingerprint data is loaded, the AP scans the AP to collect the positioning data, then 

calls the core positioning algorithm to calculate the position. Finally, the positioning result is 

returned to the application in the form of interface callback. Finally, the application presents 

the positioning result to the user in the form of map coordinates. At the same time, the SDK 

calls the cache update algorithm to perform asynchronous fingerprint update according to the 

current positioning result, and ensures the validity of the fingerprint data in the current cache 

[11]. 

3.3 Application layer 

Based on the positioning and navigation services provided by the SDK, different applications 

can be implemented according to the actual application scenarios and user requirements. For 

example, in an unfamiliar environment, the user can quickly reach the destination through the 

real-time navigation function provided by the positioning platform; Shangchao can push the 

promotion information to the target user through the positioning platform to perform precise 

location marketing; and build a positioning platform in the community and smart buildings. It 

can greatly improve the safety of the community; the location-based location service combines 

the children's watch to create a smart anti-lost device, which effectively protects the safety of 

children outdoors. It can be seen that the positioning platform based on crowdsourcing data has 

rich application scenarios in the fields of pedestrian navigation, location marketing, security 

monitoring and near-field socialization. 

4. CONCLUSION 

The three core problems of the indoor positioning method based on traditional model are: data 

increment problem, time-varying problem of incremental data and unequal length of data 

feature dimension. This paper introduces SELM.TMELM.FA-OSELM method respectively. 

The solution is solved from three levels, which effectively improves the positioning accuracy 

and stability. At the same time, it realizes an indoor positioning platform based on 

crowdsourced data, and combines Wi-Fi positioning with practical applications to achieve 

good results. The next step will focus on more specific applications of visible light 

communication positioning, enhance the stability of the positioning platform, and enhance the 

user experience. 
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