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Visible Light Positioning (VLP) is considered to be one of the most promising candidates for future Location Based Service (LBSs). The traditional Received Signal Strength Indication (RSSI) based VLP system is highly sensitized with receiver's orientation. However, the assumption of the receiver's orientation fixed or perfectly known is not realistic in practice. Thus, a random angle between receiver and the horizontal plane inevitably appears among localization, which extremely affects positioning results. This paper proposed an Environment-Aware RSSI based positioning algorithm for VLP system. It enables to mainly eliminate random angle interference without the help of extra equipment. The positioning error caused by random angle was theoretically analyzed and validated by numerical simulation. Moreover, a demonstration on a real 5G New Radio (NR) signal platform was implemented to verify the feasibility of our algorithm. According to the results, the average positioning error declined by 73.28%.

I. INTRODUCTION

With the enormous growth of Internet of Things (IoT) applications and deep integration of information technology into a number of industrial scenarios, Location Based Services (LBS)s are urgently stimulated to be reformed from all dimensions. The familiar Global Positioning System (GPS) is now in everyday use around the world. Unfortunately, it is burdensome for the indoor environment due to the huge attenuation of satellite signal when passing through solid walls [START_REF] Enge | Special issue on gps: The global positioning system[END_REF]. In order to fill the technical gap of indoor positioning, most approaches are based on the reception of radio frequency (RF) signals, e.g. WiFi [START_REF] Rojo | Machine learning applied to wi-fi fingerprinting: The experiences of the ubiqum challenge[END_REF], Bluetooth [START_REF] Sato | Rapid ble beacon localization with range-only ekf-slam using beacon interval constraint[END_REF] or Ultra Wideband (UWB) [START_REF] Liu | Survey of wireless indoor positioning techniques and systems[END_REF]. However, the fundamental problem in radio based systems is multipath propagation. Radio signals may reach a receiver by both direct line of sight and multiple reflected p aths. This means that there is no simple and reliable way of determining the distance or direction of the transmitter from the received signal [START_REF] Gu | A survey of indoor positioning systems for wireless personal networks[END_REF].

Alternatively, Visible Light Positioning (VLP) is considered to be one of the most promising candidate for future LBS benefits f rom i ts s everal i rresistible a dvantages. F irstly, VLP system coexist with illumination, which reduce the complexity and cost of installation and maintenance. Meanwhile, LEDs as the transmitter provides VLP system with long lifetime, non electromagnetic radiation and low power consumption [START_REF] Li | An approach of LED lamp system lifetime prediction[END_REF] [START_REF] Lee | Performance evaluation of hybrid VLC using device cost and power over data throughput criteria[END_REF]. Moreover, the position accuracy recorded in the literature is among the best of all indoor positioning approaches [START_REF] Zhou | Indoor positioning algorithm using light-emitting diode visible light communications[END_REF].

Most of VLP approaches relay on Received Signal Strength Indicator (RSSI) and strictly required the sensitive area of receiver paralleled with the ground to guarantee the accuracy. However, the assumption of the receiver's orientation fixed and known is not realistic in practice. Especially, when the receiver is held by users or integrated on robots during the movement, a random angle deviation between transmitter and receiver will be inevitably generated and significantly affects positioning results [START_REF] Li | A positioning algorithm for vlp in the presence of orientation uncertainty[END_REF].

There existed several studies on the interference of receiver's orientation. E.-M. Jeong et al. presented a positioning approach with the help of an extra equipment to measure the orientation [START_REF] Jeong | Tilted receiver angle error compensated indoor positioning system based on visible light communication[END_REF]. Q. Li et al. investigated an approach of nonlinear relationship model between RSS and the orientation of receiver. The prediction of the model and an iterative procedure based gradient descent algorithm were employed to fix positioning error [START_REF] Li | A positioning algorithm for VLP in the presence of orientation uncertainty[END_REF]. D. Mai et al. proposed an enhanced positioning approach to minimize the positioning error by building up the Identification (ID) of LEDs in physical and link network layers [START_REF] Mai | Design and Performance Evaluation of Large-Scale VLC-Based Indoor Positioning Systems under Impact of Receiver Orientation[END_REF]. In general, most of existed works required an extra equipment or extremely increased the complexity of system. Therefore, a random angle interference cancellation method that is high accuracy and dispenses with extra equipment is urgently required.

This paper proposed an Environment-Aware RSSI based positioning algorithm to eliminate the interference of random angle for VLP system. This proposal regards random angle interference as environment perturbations which can be described by a set of environment indexes. By establishing the mapping between them with received signals power beforehand, the deviation of random angle can be mainly eliminated from the positioning results. The main contributions of this paper are summarized as follows:

• The theoretical analysis and numerical simulation based validation indicated that the random angle interference is an important factor degrading the positioning accuracy. • We proposed an Environment-Aware RSSI based positioning algorithm to eliminate the interference of random angle. The classification model is trained firstly in offline phase and is used in online phase to calculate coordinates of target. • The proposed algorithm was validated by a series of numerical simulation and demonstrated on a realistic 5G New Radio (NR) signal based VLP platform. Demonstration results indicated that the proposed algorithm declined the average Positioning Error (PE) from 22.34 cm to 5.97cm. The rest of this paper is organized as follows: Section II analyzes the traditional RSSI based VLP system and the positioning error caused by random angle interference. Section III details the framework of proposed algorithm. Section IV compares our proposed algorithm and traditional RSSI based VLP algorithm by a series of simulations. To validate the proposed algorithm, demonstration employed on a 5G NR signal based VLP platform is presented in Section V. Section VI concludes and discusses the advantages and the limitations of our proposal.

II. TRADITIONAL RSSI BASED VLP SYSTEM AND THE IMPACT OF RANDOM ANGLE INTERFERENCE

In this section, the traditional RSSI based VLP system is introduced and the positioning deviation caused by random angle is derived theoretically.

In a typical VLP system, several LEDs are used as transmitters. The target is equipped with a Photodiode (PD) as a receiver. Traditional RSSI VLP system uses transmitterreceiver distances to calculate the estimated coordinate. Here, assumed that there are N (N ≥ 3) LEDs at the same height and the lights from LEDs are Line-of-Sight (LOS) propagation. To simplify illustration, LED i, i ∈ [1, N ] is taken as an example.

According to the characteristic of Optical Wireless Channel (OWC) [START_REF] Ghassemlooy | Optical wireless communications: system and channel modelling with Matlab®[END_REF], when receiver parallels with transmitter shown in Fig. 1 (a), incident angle Ψ equals to radiation angle φ. The calculation of distance D i between receiver and the LED i can be derived by equation (1) (2):

Ψ i = Φ i (1) 
D i = A P D (m i + 1) • P i t • H mi 2πP i r T s (Φ i )g(Φ i ) cos (Φ i ) 1 m i +2
(2)

m i = -ln 2 ln cos Φ i 1/2 (3)
where, H is vertical distance between LED i and receiver, A P D is effective area of receiver. P i t and P i r are transmitted and received signal power of LED i. T s (Ψ i ) and g(Ψ i ) are the gain of optical band-pass filter and non-imaging concentrator. The order of Lambertian emission m i for LED i is defined as equation ( 3), where Φ i 1/2 is semi-angle at half-power of LED i.

As the Fig. 1(b)(c) show, when the receiver tilts a random angle θ i , the incident angle Ψ i is replaced by equation ( 4). Meanwhile the expression of distance D i is derived by equation [START_REF] Gu | A survey of indoor positioning systems for wireless personal networks[END_REF]. To describe the deviation caused by random angle, is defined and simplified as equations (6) (7) (8) [START_REF] Li | A positioning algorithm for vlp in the presence of orientation uncertainty[END_REF].

Ψ i = Φ i -θ i (4) 
D i = ( A P D (m i + 1) • P i t • H mi 2πP i r • T s (Φ i -θ i )g(Φ i -θ i ) • cos (Φ i -θ i )) 1 m i +2 (5) = N i=1 (D i -D i )/N (6) 
a i = A P D • (m i + 1) • P i t • H mi 2πP i r (7) f (θ) = T s (Φ i )g(Φ i ) cos (Φ i )-T s (Φ i -θ)g(Φ i -θ) cos (Φ i -θ) (8) = N i=1 (a i • (f (θ i ))) 1 m i +2 /N (9) 
Therefore, the random angle will significantly affect the positioning accuracy. Our algorithm is proposed to eliminate this interference by declining the deviation .

III. ENVIRONMENT-AWARE RSSI BASED POSITIONING

ALGORITHM

The proposed algorithm regards the interference of random angle as environmental perturbations. The framework of the proposed algorithm is depicted in Fig. 2, which contains two phases: Offline (Classification model establishment) and online (Positioning). 

λ = {m, G} (11) 
Once environment indexes of all LEDs on all reference points have been extracted completely, the sets Λ and S (equations (13) ( 14)) are obtained and applied to train the classification model. This model builds up the mapping between environment indexes and the PRSs power shown in [START_REF] Shi | 5G Internet of Radio Light Positioning System for Indoor Broadcasting Service[END_REF]. In this paper, an one-against-all Multi-SVM classifier [START_REF] Liu | One-against-all multi-class SVM classification using reliability measures[END_REF] has been employed. 

B. The online phase: Positioning

The objective of this phase is to estimate the coordinates of the target receiver. When the receiver captures real-time PRSs powers of each LED, the corresponding environment indexes λ will be predicted by the classification model M shown in equation ( 16). As the distances between receiver and each LED have been figured out, the set of distances D is used to estimate the coordinate of the receiver(x, ŷ, ẑ) by RSSI trilateration, shown in equations ( 17) to (23).

M ([P 1 r , P 2 r , ..., P N r ]) → λ( m, Ĝ) (16) 
{ D| Di = ( (m 0 + m + 1)A P D P i t H (m0-m+1) 2πP i r ) 1 m t +3 , i ∈ [1, N ]} (17)            (x 1 -x) 2 + (y 1 -ŷ) 2 + (z 1 -ẑ) 2 = D1 (x 2 -x) 2 + (y 2 -ŷ) 2 + (z 2 -ẑ) 2 = D2 . . . (x N -x) 2 + (y N -ŷ) 2 + (z N -ẑ) 2 = DN (18) AX = B (19) X =   x ŷ ẑ  (20) A =      2x 2 -2x 1 2y 2 -2y 1 2z 2 -2z 1 2x 3 -2x 1 2y 3 -2y 1 2z 3 -2z 1 . . . . . . . . . 2x N -2x 1 2y N -2y 1 2z N -2z 1      (21) B =      D 2 1 -D 2 2 -x 2 1 + x 2 2 -y 2 1 + y 2 2 -z 2 1 + z 2 2 D 2 1 -D 2 3 -x 2 1 + x 2 3 -y 2 1 + y 2 3 -z 2 1 + z 2 3 . . . D 2 1 -D 2 N -x 2 1 + x 2 N -y 2 1 + y 2 N -z 2 1 + z 2 N      (22)   x ŷ ẑ  = (A T A -1 )A T B ( 23 
)
where (x i ,y i ,z i ) represents the coordinate of ith LED. To evaluate the positioning accuracy, the positioning error is defined as equation ( 24):

P E = (x -x) 2 + (ŷ -y) 2 + (ẑ -z) 2 (24) 
IV. SIMULATION RESULTS

In this section, to verify the feasibility of our proposal, a series of numerical simulations had been employed. Firstly, the simulation set up was introduced, which included the virtual scenario description, simulation parameters and the methodology of the simulation design. Subsequently, the disparity of our proposal and traditional RSSI VLP system on deviation elimination was visualized. Finally, the performance of transitional RSSI Based VLP system and our proposal was compared and analyzed. 

A. Simulation set-up

B. Results and Analysis

Firstly, the comparison between our proposal and traditional RSSI VLP algorithm on deviation is shown in Fig. 4. It is obvious that our proposal gained less deviation than the traditional approach. The maximum and minimum deviation declined from 0.36 m to 0.01 m, and from 0.2133 m to 1.33×10 -5 m, respectively. Meanwhile, the average deviation came to 3.5 ×10 -3 m from 0.31 m.

Positioning results of traditional RSSI based VLP algorithm and the proposed algorithm are shown in Fig. 5 and6. In Fig. 5, it is obvious that the reference points are mostly far from the real position. The minimum and maximum PE are 0.0008 m and 1.3676 m, and the average PE is 0.4633 m. Fig. 6 shows Signal samples from each LED were collected 30 times by the receiver at 24 different points. Using the proposed algorithm, 96 environment indexes were extracted from all the samples. These environment indexes and signal power of the all samples were put into a multi-SVM classifier to train the mapping which introduced previously as classification model.

Once the classification model had been trained, another 20 times test on each point for each LED were employed exactly in the same way. Each sample was enable to obtain an environment index which was predicted by the classification model. By using their indexes and PRSs, the estimated coordinate can be calculated by the proposed algorithm.

B. Demonstration Results

Fig. 9 and 10 show positioning results of traditional RSSI based VLP system and the proposed algorithm. The positions of four LEDs, the reference points and the estimated points are represented by yellow, blue and red color on both figure, respectively. For traditional approach, the minimum and the maximum PE were 4.10 cm and 43.69 cm, and the average PE was 22.34 cm. By employing our proposal, the minimum PE and maximum PE came to 0.55 cm and 20.34, and the average was 5.97 cm. Additionally, Fig. 11 and Fig. 12 show Cumulative Distribution Function (CDF) results of traditional RSSI based VLP system and the proposed algorithm. Here, 10 cm is considered as an acceptable PE, and only 48% results of the traditional VLP system meet the requirement, fortunately, our proposal increased it to 78%. In this paper, a novel algorithm is proposed to eliminate the interference of random angle deviation. The impact of this deviation on positioning accuracy was theoretically analyzed and validated by numerical simulation. According to the simulation results, our proposal effectively inhibits the random angle deviation. The average Positioning Error (PE) declined by 94%. Additionally, a demonstration on a laboratory platform with 5G NR signals was implemented. The average PE declined by 73.28%. In this paper, to focus on the interference of random angle, we assumed that the light propagation is Line-of-Sight. the Non-Line-of-Sight propagation will be considered in the future investigation. In addition, different kinds of machinelearning based classifier will be compared and implemented to further increase the performance of our algorithm.
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 1 Fig. 1. Three possibilities of receiver attitude: (a) the receiver is parallel to the ground, (b) the angle of the receiver towards the LED is θ, and (c) the angle of the receiver away from the LED is θ.
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 2 Fig. 2. The framework of Environment-Aware RSSI positioning algorithm
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Fig. 3 .

 3 Fig. 3. A typical indoor VLP scenario A typical indoor VLP scenario was established with the room size of 5 m × 5 m × 3 m, which is illustrated in Fig. 3.
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 45 Fig. 4. Deviation of our proposal and traditional RSSI VLP algorithm
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 8 Fig. 8. Structure of 5G-NR signal among the demonstration
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 9 Fig. 9. Demonstration results using traditional RSSI based VLP algorithm
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 1112 Fig. 11. Cumulative Distribution Function(CDF) of traditional RSSI based VLP system

V. EXPERIMENTAL DEMONSTRATION

In this section, an experimental demonstration was employed to validate the performance of proposed algorithm in a realistic scenario. The platform of this demonstration is based on 5G Internet of Radio Light (IoRL) which belongs to the European project Horizon 2020 [START_REF] Shi | 5G Internet of Radio Light Positioning System for Indoor Broadcasting Service[END_REF]. Among the demonstration, real 5G NR signals were generated and utilized as PRSs to estimate the performance of our proposal. The demonstration setup and the results are detailed as follows.

A. Demonstration Setup

This demonstration was employed on a 5G NR signal based VLP system. A flow chart of the experiment and its realistic scenario are shown in Fig. 7. Four LEDs were fixed on the ceiling with a known location. The receiver kept 1.042 m height and moved on a plane parallel to the ground. During the movement, the tester deliberately inclined the receiver with a random angle which was within [-5°, 5°].