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GPS (Global Positioning System) has been developed more mature and perfect in outdoor positioning. However, because GPS
signals cannot be effectively transmitted in a complex indoor environment, positioning and navigation cannot be performed in
typical situations such as indoor emergency occurrence location determination, shopping mall guides, and intelligent service
robot fixed-point services. With the deepening of related researches, technologies based on ultrasound, WiFi, Bluetooth, radio
frequency identification, infrared, etc. have been used to achieve indoor target positioning. The traditional WiFi-based indoor
positioning technology uses the RSS value and CSI value of the WiFi signal to build a fingerprint database for positioning. The
algorithm is complex and highly cost, and the function is relatively single. In this paper, for the first time, we propose a new
algorithm for integrating indoor target positioning and communication based on WiFi signals. Using RSS value of WiFi signal
for target location and using CSI value for indoor wireless channel modeling to get the system transmission function to achieve
communication purpose, the experimental results show that the positioning algorithm can achieve positioning within the ideal
accuracy range, and the communication algorithm part can accurately recover the system function of the wireless multipath
channel and finally achieve the goal of integration of positioning and communication based on the WiFi signal level.

1. Introduction

1.1. Background. With the rapid development of the wireless
communication, mobile internet technology has been
steadily matured and gradually completed in recent years
[1, 2]. Since positioning service is able to provide more accu-
rate time information and space information, improve user
experience, ensure the property safety of people in all walks
of life, and promote the development of the information
society, it can be regarded as one of the most successful
applications of the mobile internet technology, which has
been paid more and more attention. On the one hand, out-
door positioning technology has made great progress, where
Global Positioning System (GPS) technology has been
widely used due to its performance of low latency, ideal
accuracy, and high resolution [3-5]. However, since GPS
positioning technology severely relies on signals propagating

in the air, the complex environment indoors hinder the sig-
nal’s propagation, and GPS’s applicability is severely limited
in the indoor environment. On the other hand, as for the
indoor positioning aspect, there are many types of technolo-
gies to realize the indoor positioning, such as ultrasonic [6],
infrared [7], sensor [8], RFID [9], WiFi [10], UWB [10], and
Bluetooth [11, 12], whose comparison of advantages and
limitation are presented in Table 1. Note that despite differ-
ent positioning method is with different complexity and cost
of implementation, low cost and widely use characteristics
make WiFi-based approach a more promising indoor posi-
tioning technology. Furthermore, though most algorithms
and technologies can achieve the goal of indoor positioning,
how to maximize the indoor wireless signal’s utilization, e.g.,
joint positioning and communication with indoor wireless
signal [13], while keeping certain positioning accuracy has
not been fully considered and investigated.
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TaBLE 1: Comparison of different positioning technology.

Name Advantages

Limitations

Ultrasonic positioning

Infrared positioning
RFID positioning The system structure and
UWS positioning and low system complexity.

WiFi positioning Simple equipment, low cost, and

The equipment is simple, and the
measurement results have high accuracy.

Does not spread during transmission.
measurement principle are simple.

Low power consumption, strong anti-interference,

common implementation difficulty

Affected by NLOS, the hardware requirements are high,
and the cost is high.

Affected by NLOS, the transmission distance is limited.
Accuracy is directly proportional to system complexity.

Requires strict clock synchronization at the
sender and receiver, and the hardware cost is high.

Low accuracy and lack of effective use of signals.

1.2. Related Works. As one indispensable metric of the WiFi
signal, received signal strength (RSS) could reflect the geom-
etry distribution of the transmitted signal, where the larger
RSS value is, the closer the target is to the transmitter. Based
on such theory, the WiFi-based indoor positioning approach
is put forward, which relates the target’s position with the
RSS value by establishing the WiFi-based signal fingerprint-
ing databased. At this time, the position of the target can be
estimated by comparing the current RSS value with the
established fingerprinting. Up to now, lots of efforts have
been made on the RSS-based WiFi indoor positioning tech-
nology, for example, Huang et al. [14] analyzed the reasons
for moving objects’ positioning errors in the RSS-based posi-
tioning approach, where a motion speed and Kalman
filtering-based weighted filtering algorithm is proposed.
The new fusion algorithm performs better than traditional
Kalman filtering algorithms, whose positioning error can
be greatly reduced [15]. Ma et al. [16] put forward the online
and offline positioning method based on the traditional fin-
gerprint positioning algorithm, whose experimental results
show that the weighted fusion of the two positioning results
can be more accurate than the WKNN and joint probability
algorithm. Given the limitations of the traditional WKNN
algorithm, Wang et al. [17] proposed an improved algorithm
based on the RSS fingerprint database, where the positioning
accuracy can be enhanced by the proposed algorithm to
some extent. In [18], Deng et al. proposed an improved
fusion algorithm based on Kalman filtering, and the posi-
tioning accuracy of the proposed algorithm is higher than
that of the WiFi-based positioning algorithm. In [19], Hsieh
et al. used the deep learning method to derive the RSS and
CSI values of WiFi signals, by which the positioning accu-
racy can be enhanced compared to the traditional position-
ing algorithms. Yu et al. [20] solved the problem of
inaccurate RSS data sources, where a practical algorithm
for extracting RSS information is proposed. Besides, experi-
mental results show that the positioning accuracy of the
algorithm can reach 1.5m. Lembo et al. [21] gave the
detailed analysis on the RSS measurement at the physical
structure level and combined the neural network algorithm
to improve positioning accuracy, which is proved to meet
the needs of ideal positioning errors compared with the typ-
ical baselines. In the scenario where a smartphone is used
indoors, Guo et al. put up an RTT-RSS-based ranking algo-
rithm with WiFi signals, and the experiment results show

that the algorithm’s accuracy can reach 1.435m. Shu et al.
[22] proposed a prediction algorithm based on indoor WiFi
data’s queuing time, whose experimental results show that
the proposed wheel model is consistent with the theoretical
analysis and has strong applicability. Yang and Shao [10]
proposed a high-resolution time of arrival (ToA) estimation
algorithm, and compared with the traditional algorithms,
the experimental results of the positioning performance are
improved.

In terms of communication function of the WiFi signal,
it can be realized based on the CIS information. Specifically,
with the help of CIS value, after modeling the indoor wire-
less channel, the transmission function of the wireless com-
munication system can be derived to complete the
communication function. So far, many researchers have
devoted themselves to the CSI-based communication reali-
zation; for example, in [23], after analyzing the classical
wireless channel modeling method, Michelson et al. put for-
ward the multiple factor-based wireless channel modeling
algorithm due to the needs in real life. And the experiment
results show that the proposal can trade oft theory and prac-
tice of communication function well. Kumar et al. [24] pro-
posed a wireless channel model in the indoor single-input
and single-output (SISO) scenario, where the experiment
results show that the proposed model can play an essential
role in broadband mobile communications. Xu et al. [25]
modeled the wireless channel under the conditions of multi-
ple transmissions and multiple receptions, and experiments
prove that the model can reflect the state of the wireless
channel to a certain extent. Kalachikov and Shelkunov [26]
used a matrix analysis method to analyze the wireless chan-
nel model in the multi-input and multioutput (MIMO)
scene in theory. The results show that the designed model
is more in line with the characteristics of actual measured
values than the traditional model. Stridh et al. [27] modeled
the MIMO channel at 5.8 GHz, where the experimental
results show that the established model is feasible. Liu et al.
[28] gave the model of the wireless channel from the per-
spective of a Markov chain, and the experimental results
show that although the model can meet the practical
requirements under various parameter settings.

In summary, despite RSS-based approaches can realize
the indoor positioning with WiFi signal, the tradeoft
between high positioning accuracy, smaller positioning
error, and less implement cost is difficult to achieve.
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Moreover, the wireless channel function can be estimated
with the CSI information, but the proposed model has not
been comprehensively analyzed and proofed in theory.
Therefore, form the viewpoints of numerical results and the-
oretical analysis, the joint indoor positioning and communi-
cation based on RSS and CSI of WiFi signal have not been
taken into consideration, which would be the work of this

paper.

1.3. Motivation and Contribution. Based on the above anal-
ysis, to address this problem, this paper is aimed at propos-
ing one WiFi-based indoor positioning and communication
scheme, where RSS information is used to achieve the posi-
tioning goal and communication function is realized with
the help of CSI information. The main contribution of this
paper can be summarized as follows:

(1) To achieve the indoor positioning goal with WiFi
technology, the RSS information is utilized, where
an empirical model is established to replace the tra-
ditional fingerprinting database with the curve fitting
approach

(2) To realize the WiFi-based indoor communication
target, we establish the wireless channel modeling
under the SISO and OFDM-based MIMO scenarios,
respectively, where the proposal is proved to be fea-
sible given the environment noise existence

(3) To evaluate the feasibility and performance of the
proposal, numerical experiments are conducted,
and the results have shown that when compared
with other benchmarks, the proposed method can
achieve smaller positioning error with less imple-
ment cost

1.4. Outline of the Paper. The rest of this paper is organized
as follows. In Section 2, the typical indoor positioning tech-
nologies are introduced from three aspects, i.e., ToA-based
positioning, TDoA-based positioning, and CSI-based posi-
tioning. Section 3 establishes the system model and formu-
lates the problem, where RSS-based positioning model and
Kalman filtering model are detailed. Section 4 gives the
empirical model-based indoor positioning scheme with
WiFi, where the collection and process steps of RSS data
are presented. In Section 5, the theoretical analysis for
WiFi-based indoor communication is given, where the deri-
vations of wireless channels are detailed from SISO and
OFDM-based MIMO scenarios, respectively. The numerical
experiments are conducted in Section 6, where indoor posi-
tioning performance is evaluated with numerical results and
indoor communication function is verified in theory. Finally,
a brief conclusion is given to summarize the whole paper in
Section 7.

2. Typical Indoor Positioning Technology

2.1. ToA-Based Indoor Positioning. The round-trip time
(RTT) refers to the time between the transmitter and the
receiver. With the help of RTT, the distance between the

transmitter and the receiver can be obtained by multiplying
half of RTT and the signal propagation speed. Figure 1
shows the principle of time of arrival- (ToA-) based posi-
tioning. As shown in Figure 1, MP indicates the object’s
position to be determined; AP,, AP,, and AP; indicate three
access points, respectively. According to the measured RTT
value, the values of d;, d,, and d; can be calculated. Denote
the positioning information of AP,, AP,, AP;, and MP as
AP, (x,,3,), AP, (%3, 3,), AP, (x5, 7,). MP(x,y). respectively.
Hence, the position of MP can be solved by combining the
following equation:

(x=x)*+(y-y)’ =di,
(x—x2)2+(y—y2)2=d§, (1)
(x=x3)2+ (y=p3) = 3.

Moreover, it should be noted that despite the ToA-based
positioning approach is with simple operation and needs no
complex transmitting and receiving equipment, it still faces
some challenges, such as low positioning accuracy, high
positioning error, and strict requirement time synchroniza-
tion for the transmitter and receiver.

2.2. TDoA-Based Indoor Positioning. In the Time Difference
of Arrival (TDOA) scheme, the node to be located directly
sends two different signals to the reference node that has
been set in advance. Compared with ToA-based positioning
scheme, there is no need to perform strict time synchroniza-
tion on the transmitting and receiving end, and only the
arrival time to the reference node for the two different sig-
nals needs to be measured. At this time, the distance
between the transmitter and the receiver can be obtained
by multiplying the half difference time and the signal’s prop-
agation speed. Figure 2 depicts the principle of TDoA-based
positioning technology. As shown in Figure 2, MP indicates
the object’s position to be estimated. AP;, AP,, and AP,
indicate three access points with known position informa-
tion. Hence, the three access points can make up a hyper-
bolic line with two random access points as focus. Since
MP must be inside a triangle formed by AP, AP,, and A
P, the position of MP can be derived by solving the inter-
section of the three hyperbolic lines.

In addition, the advantage of TDoA-based positioning is
that there is no need for strict time synchronization, and the
hardware equipment at the receiving end is simple. How-
ever, its limitation is that the transmitter needs to be able
to send two different signals.

2.3. CSI-Based Indoor Positioning. Due to the time variability
of the wireless channel, the multipath effect will also change
with time going by. To depict the characteristic of the wire-
less channel model, indicators including the time delay, fre-
quency attenuation, and Doppler frequency shift generated
on all paths are adopted to establish the wireless channel
model, which is further represented by the channel impulse
response (CIR) function. When the spectrum of the received
and transmitted signals is known, the channel frequency
response (CFR) which reflects the multipath characteristics



F1GURE 1: Principle of ToA-based positioning.

FIGURE 2: Principle of TDoA-based positioning.

of the channel can be calculated. Then, based on the inverse
Fourier transform (IFT) approach, the CIR can be calcu-
lated, where channel state information (CSI) is the sample
version of CIR/CFR under one specific transmission
protocol.

To be specific, in the CSI-based indoor positioning
scene, according to the signal attenuation during propaga-
tion, the channel model for signal propagation can be estab-
lished. After combining the environmental factors in
different scenarios, the position information of the target
point can be estimated through related operations. In sum-
mary, the advantage of CSI-based indoor positioning is that
the multipath propagation of signals can be better solved
and characterized. However, the complex mathematical
model and workload of signal processing also hinder the
implement of this scheme.

3. System Model and Problem Formulation

3.1. RSS-Based Positioning Model. In the RSS-based position-
ing scheme, the premise is to establish the fingerprinting
database of the WiFi signal, where the RSS value can be
related to the geometry position. Then, for the target object
to be located, we only need to measure the RSS value and
compare such value with the fingerprinting database to esti-
mate the position by the matching algorithm. Specifically, in
the indoor environment, the sum of multipath signals can be
expressed as follows:

N
V=Y |V]e s, (2)

i=1
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where |V,| and |0, represent the amplitude and phase of
the ith path’s signal and N is the total number of paths. At
this time, the RSS value can be calculated as follows:

RSSI =20 log,,|V|. (3)

Without loss of generality, on the one hand, when the
target object is within the plane of two dimensions, at least
three access points, i.e., anchor points, with known position
need to be placed in advance. On the other hand, if the target
locates at the space of three dimensions, there are at least
four access points with known position deployed in the
indoor environment [29].

3.2. Kalman Filtering Algorithm. In the wireless communica-
tion system, the Kalman filtering algorithm can reduce the
errors resulted from the environment noise. As far as the
Kalman filtering algorithm is concerned, based on the mea-
sured value in the current data and the predicted value and
error at the previous moment, it can calculate the current
optimal amount and predict the data value at the next
moment. It should be noted that the error is included in
the calculation process, which is specifically divided into
prediction error and measurement error, i.e., noise. Besides,
the errors exist independently and are not always affected by
data measurement. To be specific, the general form of the
Kalman filtering algorithm is detailed as the following five
steps.where X,_, and X, represent the posterior state esti-
mates at time k—1 and k, respectively; X, represents the
prior state estimates at time k; P; denotes the posterior esti-
mate covariance at k; and P} represents the prior estimate
covariance at k.

Step 1. One step prediction equation of state:

X, =AX_, + Buy_,. (4)
Step 2. One-step prediction of mean square error:

P, =AP,_ AT+ Q. (5)
Step 3. Filter gain equation (weight):

P H"

Hy=— kK
" HP.HT +R

Step 4. Filter estimation equation (optimal value):
X = X + Ki(Zy — HX). (7)
Step 5. Filter the mean square error update matrix:
Pe=(I-KH)Pp, (8)

Meanwhile, H is the transformation matrix from state
variables to observations, Z, represents the measured value,
K, represents the filter gain matrix, A represents the state
transition matrix, Q represents the covariance of the system
excitation process, R represents the measurement noise



Wireless Communications and Mobile Computing

covariance, and B represents the matrix that converts the
input to the state.

3.3. Problem Formulation. Based on the above established
models and analysis, in the indoor environment, the goal of
this paper is to minimize the positioning error with less imple-
mentation cost, which is based on the RSS value of the WiFi
signal, and maintain the communication function according
to the WiFi signal’s CSI information at the same time.

4. Empirical Model-Based Indoor
Positioning with WiFi

4.1. Basic Idea. In this section, to realize the indoor position-
ing with WiFi signal’s RSS value, one empirical model-based
positioning scheme is put forward. Specifically, we firstly
determine the indoor environment for RSS data collection.
Then, after Gaussian filtering and Kalman filtering, linear
coding of the original data is adopted to improve the reliabil-
ity of the data. Finally, we use the processed RSS data to con-
struct the empirical model, where the least square method is
used to obtain the optimal positioning model.

4.2. Data Collection. To meet the needs of minimum posi-
tioning accuracy, the indoor environment should be divided
accordingly, where the size of the grid points can directly
influence the positioning accuracy. As is known that two-
dimensional plane positioning technology requires three
access nodes, and three border nodes are selected as access
nodes in the grid. At each grid point, we measure and record
the grid’s RSS values, which are from three access nodes in
turn. Each grid point is measured 100 times to eliminate
the influence of measurement errors on the data.

4.3. Data Processing. There are two main steps in the data
processing stage. To be specific, at first, the collected RSS
data is processed with the Gaussian and Kalman double fil-
tering operations. Then, we perform linear coding operation
on the filtered data, by which the influence brought by the
equipment difference can be eliminated.

4.4. Curve Fitting-Based Empirical Model. In this subsection,
the curve fitting-based empirical model is adopted to realize
the RSS-based indoor positioning. In general, three major
operations are performed by the following steps:

Step 1. Construct appropriate empirical models (i.e., Gauss-
ian fit, polynomial fit, and double exponential fit).

Step 2. Adopt the least squares to perform the fit test.

Step 3. Add weight to the established empirical model, which
can improve the reliability of the data.

Mathematically, the above illustrations can be further
expressed as the following four steps:

Step 1. Deploy M access nodes in the indoor environment,
and divide the measurement site into N grid points. Hence,
there are M sets of raw RSS data, i.e.,

A (%15 1> RSSA, (1)) (%n>Yn» RSSA{(N))
A= : = : :

Ay (%1571, RSSA (1)) (Xn> Yn» RSSA(N))

)

Step 2. After performing the double filtering, linear coding,
and other signal processing operations, the RSS data can be
denoted as follows:

A'=F...C-A, (10)

where F is the filtering process and C represents the lin-
ear encoding process.

Step 3. Establish the relationship between the processed RSS
data and the geometry position of the measured grid points,
which is expressed as follows:

RSSA, (x1)1) (N> n)
Y= : =g : : - (1)

RSSAy (*1:01) (N> )
Among them, g represents the mapping relationship of
functions.

Step 4. Determine the weighting coefficient of each RSS func-
tion, mathematically,

(x> ¥;) =K'971[Y]’ (12)

where K is a matrix of weighting coefficients, and

_ RSSi(i)
" 2LRSSj()

5. Theoretical Analysis for WiFi-Based
Indoor Communication

In this section, we use theoretical analysis to derive the
mathematical expression of the indoor wireless channel
transmission function. Besides, we also optimize the derived
transmission function by considering the noise and inter-
channel effects in theory. At last, a more applicable trans-
mission function model is derived in the mathematical form.

5.1. Wireless Channel Modeling in SISO Scenario. As shown
in Figure 3, the wireless channel model of SISO scenario is
presented. When there are n paths in the wireless channel,
the expression of the CIR function h(t) can be further



written as follows:

o(t—1,) 0
h(t) = [ay, 0, 05 -+ ot ] -

0 o(t-1,)

—j2m —j2 t —jenfy. -2
Ne P, g2t ¢ f¢f’,---e]"f¢n’}:(x-5'fd,

(14)

where the matrix a represents the fading, the matrix §
means the delay, and the matrix f, represents the Doppler
frequency shift generated on the propagation path.

5.2. Wireless Channel Modeling in OFDM-Based MIMO
Scenario. Multiple orthogonal subcarrier signals are used in
the orthogonal frequency division multiplexing (OFDM)
technology, where the data is divided into several subdata
streams, thereby reducing the transmission rate of the sub-
data streams. Then, the divided data is utilized to modulate
several carriers, respectively, which is essentially a frequency
division multiplexing technology. In summary, OFDM can
effectively resist the effects of multipath.

Assume that the input signal is x(¢), after analog-to-
digital conversion, x(n) is obtained. Specifically, when the
number of subcarriers is N, after serial-to-parallel transfor-
mation, a set of sequences with the same number of subcar-
riers (N) is obtained, ie., x1(n),x2(n),x3(n)--- xN(n).
After the carrier modulation operation (which is performed
by IFFT in OFDM), the data is sent to the wireless channel.
Since there are many multipaths of the wireless channel, M
is selected as the main object of the channel modeling (the
energy proportion of these M paths should reach more than
80% of the total energy). At this time, the attenuate and
delay of OFDM symbols are performed by the M paths the
accordingly. Finally, the signal is sampled at the receiving
end to obtain various sets of CSI values, where CSI values
contains the corresponding phase and amplitude informa-
tion of each subcarrier. Mathematically,

x,(n) CSI, ¢ o 20T, g, 2704 gy o2n(i4)
x,(n) CSL, : () g, P g o),
A/D wirelesschannel
x(t) =4 x(n)

CSI, : (xlejz"l(fa‘”'l)’ [xzejzn(fﬁrz), “'lXMszn(f‘H""),

xy(n) CSI,, - aleﬂﬂ(fmf.)) %eﬂﬂ(fmrz), ...(XMBJ'Zﬂ(fM‘rm)_

(15)

In addition, the above process can be further expressed
as follows:

X8| % [a-H]=Y, (16)

where the * sign indicates a convolution operation, X
represents an original signal, S means a serial-to-parallel
transformation, « is fading on each path, and system transfer
function is denoted by H.
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As shown in Figure 4, in a MIMO system, when theith
antenna in the transmitting end is selected to send the data
and thejth antenna is in charge of receiving signals in the
receiving end, at this time, the state of sending and receiving
can be viewed as the process of using OFDM technology
under the SISO condition. When p transmitting antennas
and g receiving antennas are adopted, the expression of the
sending signal is

T T T T T
X(0)= [ 05050 5w . 07)

The expression of the received signal is

O AGR AU AORS 0] I

Hence, the CSI at this time can be expressed as follows:

O AOB AU HORSA0] ()

where h,,, is a complex number representing the ampli-

tude and phase of the subcarriers in the antenna stream.
Besides, the above process can also be expressed in the
matrix form as follows:

In summary, the ith antenna transmits data and thejth
antenna receives information. After the above analysis, the
system transfer functions of LOS and several other non-
LOS paths can be obtained. Under the premise of transmit-
ting signals at a known transmitting end, by performing
convolving the transmitting signal with the transmission
function, the received signal can be obtained.

6. Evaluation Results and Performance Analysis

6.1. Experiment Settings. The RSS-based indoor positioning
experiment is conducted in the aisle. Besides, the experimen-
tal mobile device is the smartphone with android [30, 31].
Figure 5 shows the measurement of different signal’s RSS
values, where the interface is the screenshot of smartphone
application named WiFi ANALYSIS ASSISTANT, and the
deployment of the access points is shown in Figure 6.

6.2. Indoor Positioning Performance Evaluation with
Numerical Results. After Gaussian filtering and Kalman fil-
tering processing, the position of each point in the aisle is
represented by two-dimensional coordinates, and the best
RSS value corresponding to each point is obtained. The
RSS value of different position is presented in Table 2.

At this time, after adopting the curve fitting-based
approach, we can draw the three-dimensional images of
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F1GURE 3: Wireless channel model of SISO scenario.
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FiGure 4: Wireless channel model of MIMO.

tommynet 11 (9)
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WiFi channel

F1GURE 5: The interface of different signal RSS value.

the coordinates and the RSS values of each measured point
separately. For ease of presentation, we have taken the abso-
lute value of the signal strength.

It can be seen from Figures 7-9, that after the fitting pro-
cess, the three graphs, respectively, represent the functions
between the RSS of access point O, RSS of access point A,
RSS of access point B, and the geometry coordinates (x, )
of the plane. To be specific, the upper half of the figure
shows the three-dimensional relationship, and the lower half
shows the top view. From these results, the closer the signal
access points are, the denser it is, which evaluates the cor-
rectness of the proposal.

In the judgment process, the weighted fusion method in
data fusion is adopted for the confidence of the three access
points’ RSS values, and the weights of the three points are set
as follows:

RSSO(0) RSSA(A) RSSB(B)
(RSSO(O) +RSSA(A) + RSSB(B)’ RSSO(O) + RSSA(A) + RSSB(B)” RO(O) + RSSA(A) + RSSB(B))
34 25 35
= (K. Ky Ky) = (ﬁ’ 5 i) =(0.36,0.27,0.37),

(21)

where the RSS values of the RSSO(O), RSSA(A), and
RSSB(B) correspond to the three access points measured at
three access points of O, A, and B in order.

In order to prove the effectiveness of the proposed
scheme, we use the positioning error indicator to make com-
parison experiment with the traditional WKNN algorithm
and the traditional joint probability algorithm here. The
expression of the positioning error is

poserr = \/(x —x0) 2+ (v —y0)% (22)

where (x, y) represents the estimated coordinates of the
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()] (i99)
é AP (0O) [5 .y
O e -

AP (A)

—— . (RBSO, RSSA, RSSB) [—— —

X
FIGURE 6: The deployment of the access points.
TaBLE 2: RSS value of different position.
(%, y) (m) (RSSO, RSSA, RSSB) (-dBm) (X,Y) (m) (RSSO, RSSA, RSSB) (-dBm)
(0.00, 0.00) (-34, -74, -82) (0.86, 0.00) (-66, -76, -63)
(0.00, 0.60) (-57, -72, -79) (0.86, 0.60) (-67, -71, -65)
(0.00, 1.20) (-69, 70, -78) (0.86, 1.20) (-74, -70, -66)
(0.00, 1.80) (-78, -62, -75) (0.86, 1.80) (-76, -66, -68)
(0.00, 2.40) (-81, 25, -72) (0.86, 2.40) (-77, -64, -73)
(0.43, 0.00) (-61, -73, -77) (1.29, 0.00) (-70, -75, -35)
(0.43, 0.60) (-63, -68, -76) (1.29, 0.60) (-71, -74, -48)
(0.43, 1.20) (-65, -75, -75) (1.29, 1.20) (-72, -78, -70)
(0.43, 1.80) (-73, -69, -73) (1.29, 1.80) (-75, -77, -66)
(0.43, 2.40) (-71, -58, -70) (1.29, 2.40) (-80, -85, -77)

RSSO

e RSSO vs. X, Y

FIGURE 7: Relation between RSSO and position.
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RSSA

e RSSAvs. X, Y

FIGURE 8: Relation between RSSA and position.

RSSB

e RSSBvs. X, Y

FIGURE 9: Relation between RSSB and position.

object and (x,, y,) represents the actual coordinates of the
object.

After estimating the position of the object 100 times, the
accuracy comparison results of several traditional position-
ing algorithms are as follows:

(1) The positioning error of the traditional WKNN algo-
rithm is 0.37 m

(2) The positioning error of the traditional joint proba-
bility algorithm is 0.53 m

(3) The positioning error of the WKNN algorithm based
on the joint probability class is 0.48 m

(4) The positioning error of our algorithm is 0.25m

6.3. Indoor Communication Function Verification in Theory.
In this subsection, we verify the indoor communication

function in theory. At first, the number of multipath chan-
nels is set as 6, the modulation method is BPSK modulation,
and the ambient noise is additive white Gaussian noise. The
detailed derivation process is listed as following steps.

Step 1. The analog signal after digital-to-analog conversion
can be transformed into signal X, which is denoted as follows:

a; - fl

ag f6

Step 2. After BPSK modulation, the signal can be further
expressed as follows:
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Xu=1: - i (24)
!
@

Step 3. When the data is transmitted through wireless multi-
path channel, it can be denoted as follows:

! jwt ! jwt
. e . e
a,-my-e! Qg Mg €

C=(CSI,,--CSL,)" = : : ,

! jwt ! jwt
.m, - e’ .m, e
fl 1€ ! f6 6 € !

(25)

where the model of the wireless multipath channel is

(Hl HG) = (ml . ethl s Mg ejwts)’
: o (26)
h(ty= Y md(t—t,) = H(w)= ) me™".
i=1 i=1
Step 4. Denote H as the channel matrix
H, 0
H= (27)
0 H,
Then, we have
Cc'=X,-H, (28)
which can also be expressed as follows:
H=[X,]" C". (29)

Based on Equation (27), the multipath transmission func-
tion in the wireless channel can be obtained. In addition,
under the AWGN conditions, the coefficient matrix K is intro-
duced to improve the accuracy and reliability of the transmis-
sion function. Specifically, the effect of introducing the
coefficient matrix K mainly focuses on twofold: (1) reduce
the effect on the system transfer function after addictive
Gaussian white noise and (2) reduce the mutual influence
between adjacent channels. At this time, denote the coefficient
matrix K as follows:

K= : - [ (30)

When taking the addictive noise and the influence
between adjacent channels into consideration, X, becomes
X',;» mathematically,
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O ' Op
Xy-Xy=| ¢+ | (31)
Oss ** Of6
Hence, the following equation holds on:

Xy -H=C,
" , (32)
Xy -K-H=C'T.
Next, we can use the minimum mean square error crite-
rion to calculate the coefficient matrix K and figure out K to
minimize the following equation

kll k16
Ic'T-C"['=|X};-K-H-X,,-H[' &

k61 k66

a,+o, f;+aﬂ a, - f
! !

g+ 046 fet 056 aé fé
6 6 6 ’
! !
=Y K| D Alvoy |- ) Al

i1 A'={ar) A={ar)

(33)

At last, the transmission function H, which represents the
communication function of the wireless communication sys-
tem, can be determined as follows:

H=K-H=K-X,/-C". (34)

7. Conclusion and Future Work

The method for realizing indoor positioning and communi-
cation based on WiFi signals is of practical significance, and
it is not difficult to implement, and the cost is low. This
paper proposes a new algorithm for indoor target position-
ing and communication integration based on WiFi signals.
The RSS and CSI values in the WiFi signal are used to
achieve indoor target positioning, respectively, and the
derived indoor wireless channel system transfer function is
used to achieve the purpose of communication. In the posi-
tioning part based on the RSS value, the accuracy of the algo-
rithm can reach 0.25m, which can meet the indoor
positioning requirements under certain conditions. In the
communication part based on the CSI value, the transmis-
sion function of the indoor wireless channel is creatively
described using the CSI value. The transmission function
of the system is optimized under the conditions of noise
and interference between adjacent channels. Finally, the goal
of integration of positioning and communication based on
WiFi signal level was achieved for the first time. In the next
work, we need to further improve this algorithm, taking into
account factors such as the movement of people indoors, the
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location of access points, and the transmission power of
WiFi signals, so that our algorithm is more accurate, and
the model we build is more complete to meet the character-
istics of indoor complex wireless channel environment.

Data Availability

The RSS data for location used to support the findings of this
study are included within the article.
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