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Abstract — Indoor positioning technology of wireless devices needs multi-attribute signal models for range-based positioning. These 
include: i) path loss model of linear distance, ii) path loss model of logarithm distance, iii) attenuation factor model, and iv) MK 
model. Based on: i) a relatively simple path loss model of logarithm distance, and ii) trilateral positioning algorithm with relatively 
smaller calculated distance, we propose iii) a real-time positioning algorithm based on multi-attribute measurable distance 
(MFRSSILA), such that iv) the weight parameters will update the positioning algorithm in real time. In this algorithm, 3 access 
points (AP) which can reflect information from the furthest distance are selected such that: i) based on information gain method 
using distinction degree and ii) the method of signal reception function to increase anchor nodes, iii) we update the parameters 
acquired in real time in distance measurement model, iv) weighted processing is carried out for distance in trilateral positioning 
calculation and v) Kalman filtering error is used for correction at the same time. Our experiments show that the proposed 
positioning algorithm can reduce the error caused by environmental factors and measured value of signal intensity. Compared 
with trilateral positioning algorithm, the new algorithm has much higher positioning accuracy. 
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I. INTRODUCTION 

At present, wireless positioning technology mainly 
includes TOA (positioning technology based on 
electromagnetic wave propagation time), TDOA (positioning 
technology based on time difference of arrival of 
electromagnetic wave), AOA (positioning technology based 
on incident angle of electric wave), CELL-ID (positioning 
technology based on cellular cell identity, RSSI (positioning 
technology based on received signal intensity) and so on and 
these positioning technologies have their own application 
environment. In process of positioning, non-line-of-sight 
propagation, multi-path propagation and signals of other 
electronic equipment will have great influence on positioning 
accuracy. In indoor positioning, TOA and TDOA positioning 
technologies which are based on propagation time and 
difference in propagation time will give rise to limited 
propagation time of signals due to insufficient indoor 
distance, thus causing great relative error; due to refraction 
and diffraction of indoor barriers on electric wave, the AOA 
positioning technology based on incident angle of electric 
wave will give rise to distortion of measured angle and 
scope. Furthermore, TOA, TDOA and AOA and other 
positioning technologies require introduction of other 
auxiliary terminals in process of positioning. Therefore, the 
positioning method based on RSSI is widely used in indoor 
positioning [4]. Advantages of Wi-Fi such as higher 
transmission rate, support of multimedia transmission, low 
cost, free frequency band, wide coverage and so on make it 
outstanding among various indoor positioning methods and 
Wi-Fi chip has been widely used in various users’ intelligent 
terminals (smartphone, panel personal computer and so on). 
With the development of “wireless city”, telecom operator, 
companies and families in various cities in our country have 
deployed a large number of Wi-Fi hotspots and gateways. 

Therefore, the positioning system based on Wi-Fi is the 
inevitable trend of wireless positioning field and the 
application of Wi-Fi to realize indoor positioning gradually 
becomes research hotspot [2-3]. There are two positioning 
schemes based on RSSI, among which one is to use various 
signal propagation models (including path loss model of 
linear distance, path loss model of logarithm distance, 
attenuation factor model and MK model) to know the 
distance from points to be determined to AP (access point) 
and various mathematical calculation methods (including 
trilateral measurement method, hyperbolic curve 
measurement method and least square method etc.) are used 
and measure distance will be used for positioning of points to 
be determined. This scheme is simple and practical and it 
meets requirements of large-scale promotion [5] but has 
relatively lower accuracy. The other method is to use signal 
fingerprint technique and enough training data shall be 
collected for this positioning scheme to establish 
environmental model and then the established model will be 
imported according to collected real-time data to know the 
current positioning results. This scheme has higher 
positioning accuracy but it has high cost and disadvantage of 
inconvenience due to constant large-scale update of collected 
data [6]. 

II. RSSI DISTANCE MEASUREMENT AND 

POSITIONING ALGORITHM 

A. Distance Measurement Stage 

Signal attenuation model is used in basic trilateral 
positioning algorithm to determine the distance between 
point to be determined and 3 AP. The distance between point 
to be determined and 3 AP is used for positioning and the 
whole process can be divided into two stages: distance 
measurement stage and positioning stage. In distance 
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measurement stage, the point to be determined will receive 
signal intensity of AP in three different known positions and 
it can be converted into distance between target point with 
corresponding AP according to transmission loss model of 
wireless signal. In general, in process of transmission, 
wireless signals are prone to be influenced by path loss, 
shadow fading and so on and the relationship between power 
of received signal and change of distance is given in path 
loss model of logarithm distance in signal transmission. In 
cities, outskirts and other environment, the path loss model 
of logarithm distance is usually simplified into the following 
model [7]: 

 )log10( AdnRSSIr   (1) 

(1) In Equation (1), n  refers to dissipation factor of 
signal path propagation and it is influenced by signal 

transmission environment; rRSSI  refers to intensity of 

received signal; A  refers to the intensity of signal received 
in reference distance and the reference distance is assumed to 
be 1m in general. 

It can be concluded from Equation (1) that the 

relationship between distance d and rRSSI ,n and A  is:  

 n

ARSSIr

d 10

)(

10


  (2) 

The distance measurement based on RSSI  is mainly 
completed by that equation but in complex indoor 
environment, the value of parameters A and n  has wide 
range of change and it is acquired from experience in 
general. However, parameters acquired from experience will 
cause error in measured distance. 

B. Positioning Stage  

In ideal conditions, in case the distance from points to be 
determined to three AP is acquired in distance measurement 
stage, then we can know the position of points to be 
determined [8], namely three AP in known position is taken 
as the center of a circle and the distance from three AP to 
points to be determined is taken as the radius to draw a 
circle. As a result, the intersection of three circles is the 
position of point to be determined. 

 

Figure 1. Schematic diagram of trilateral positioning method 

As shown in Fig. 1, in case the coordinate of unknown 
node D is assumed to be ),( yx , coordinates of three known 

points CBA ,, are respectively ),( AA yx , ),( BB yx and 

),( CC yx , and then their distance with point D  are 

respectively CBA ddd 、、 . We can know the following 

equation set according to the distance equation.  
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According to equation set (3), we can know the position 
of point D .However, in practical positioning calculation, 
due to error of distance acquired in distance measurement 
stage, three circles may not intersect at one point, as shown 
in Fig. 2. They are two typical circumstances that the 
distance from the point to be determined to three known 
points can not intersect at one point and the error caused by 
measured distance will give rise to no solution of point to be 
determined.  

 

Figure 2. Typical circumstance of no solution caused by distance error  

As for circumstances with no solution, Formula (4) will 
be used for approximate calculation of the position for points 
to be determined: 
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Where, ),( ABAB yx  refers to the point which is closer to 

the point C  in intersection points of circle A  and circle B , 

),( ACAC yx  refers to the point which is closer to B  in 

intersection points of circle A  and circle C  and 

),( BCBC yx  refers to the point which is closer to A  in 

intersection points of circle B  and circle C . 
In process of using Equation (4) for approximate 

calculation of coordinate of the point to be determined, the 
default point to be determined is the central position of three 
intersection points. In practical positioning, this phenomenon 
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is rare and the calculation by Formula (4) will give rise to 
positioning deviation in most cases.  

III. MFRSSILA POSITIONING ALGORITHM  

As for distance error caused by experience parameters in 
distance measurement model of basic trilateral positioning 
algorithm and positioning deviation caused by approximate 
positioning calculation, the MFRSSILA positioning 
algorithm is put forward in the Thesis based on the basic 
trilateral positioning algorithm. The MFRSSILA algorithm 
firstly adopts the method of information gain (named 

InfoGain for short) to choose the AP which can reflect 
information of the point to be determined most and then real-
time acquisition of parameters of distance measurement 
model is carried out and distance weight is introduced to the 
trilateral positioning calculation so as to increase positioning 
accuracy. In the end, Min-Max algorithm is adopted for error 
detection and Kalman filtering is used for error correction 
and then the corrected positioning place will be used in the 
next positioning. Processes of the whole positioning 
algorithm are shown in the following figure.  

 

 

Figure 3. Procedures of MFRSSILA positioning algorithm.  

A. AP selection Strategy  

In general, various AP can be detected in area of interest. 
The signal of every AP will provide some information for 
positioning. In application of trilateral positioning algorithm, 
signal intensity information provided by 3 AP will be used. 
As for AP selection, the method based on InfoGain will be 
adopted and the main ideas of this algorithm are as follows 
[9]:  

It is assumed that the area to be positioned is divided into 
n  checks and m  refers to the number of AP detected in 
each check. Each P is regarded as one characteristic off that 
check and each check will be described by m  
characteristics. As for one specific check N , sample data 
from AP will be off-line collected and the mean signal 

intensity iM  of the i  AP will be the i  characteristic of 

check N . The InfoGain criterion selected by AP is used to 
estimate the distinction degree ability D of each AP and 
select the highest value, as shown in Formula (5): 

 )|()()( ii MNHNHMD   (5) 

Where,  


n

j jj NpNpNH
1

)(log)()(  is the 

entropy of check N  when the AP value - iM  is unknown 

and )( jNp  is the probability of check jN . In 

consideration that the terminal is equally located in each 
check in area to be positioned, it is deemed to be uniform 
distribution. 
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can be used to calculate the conditional entropy of the check 

when iM  is given and v  is the value of a certain signal 

from iM  and it can be used to calculate the sum of every 

possible value of iM . 

According to the intensity of every signal acquired from 
AP, Formula (5) is used to calculate the distinction degree 
ability D  of every AP and 3 AP with the highest distinction 
degree ability will be selected. As for traditional selection of 
AP, intensity of received signal or the number of times of 
signal to be detected instead of regional distinction degree 
ability is taken into consideration. Compared with traditional 
selection method, InfoGain will select AP with higher 
distinction degree ability so as to acquire more information 
for positioning.  
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B. Real-time Update of Model Parameters  

In above-mentioned RSSI  distance measurement 
model, parameters A  and n  depend on environment and 
they have no fixed value. In practical application, parameters 
will be calculated according to empirical value in different 
circumstances, thus having greater error. Therefore, in 
complex positioning environment, it is necessary to use the 
parameter value which can reflect positioning environment 
most in distance calculation based on distance measurement 
model so as to acquire relatively accurate distance value[10].  

The distance measurement model in Formula (1) is used 
to take A  and n  as the unknown quantity. In case the signal 
intensity relationship between AP can be used to know two 
parameters in current circumstance, then this parameter will 
be deemed to be most appropriate one in current 
circumstance. In case the signal intensity of two points such 
as A  and B  respectively calculated in three anchor nodes 

),(),,(),,( CCBBAA yxCyxByxA  and point C  in 

current circumstance are respectively given to be ARSSI  

and BRSSI , then the distance from point C  to points  A  

and B  are respective 22 )()( ACACA yyxxd   and 
22 )()( BCBCB yyxxd   which are acquired from distance 

measurement model:  
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System of simultaneous equation (6) can be used to know 
the value of A  and n . The parameter value at this time is 
the real-time parameter value in current circumstance and 
therefore the distance value calculated by parameter value at 
this time is relatively accurate.  

As for general environment, AP only possesses signal 
emission ability instead of signal receiving ability. In the 
Thesis, according to characteristics of intelligent space, 
computers are distributed in different regions and computers 
are equipped with wireless local area network card. In this 
way, the computer can be deemed to be AP capable of 
communication and the target terminal will receive the signal 
from a certain AP and the AP will receive signal intensity 
information of the other AP. Environmental parameters will 
be calculated according to above-mentioned process and then 
applied to positioning calculation.  

C. Distance Weight Value 

The cure of signal intensity changing with distance at 
certain indoor environment and the curve of signal intensity 
obtained by signal receiving equipment are drawn according 
to the idea of obtaining real-time environmental parameters 
of Section 2.2 by using the distance measurement model 
given above, as shown in Fig. 4. 

 

 

Figure 4. Curve of signal intensity changing with distance. 

 

It can be seen from the figure, as distance increases, 
signal intensity error increases. The longer the distance is 
from AP, the less accurate the measured signal intensity is. 
Therefore, the algorithm proposes to weigh the distance 
obtained in distance measurement model in positioning 
calculation based on real-time distance measurement 
parameters obtained to reduce the error caused by signal 
intensity and distance. 

Selection of weighing parameter shall reflect the level of 
effect of all the APs on target points. With the distance 
directly reflecting the physical relationship between target 
point and AP, compared to mean value method, distance 
method in reverse chronological order, the inverse of 
distance square better reflects the effect of AP on target 
point. Therefore using the inverse of distance square is 
proposed as the weight value of distance in positioning 
algorithm. 

According to trilateral positioning algorithm, the 

equation for the distance weight parameter i  from target 

point to three APs is as follows: 
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Where iD  represents the sequence from large to small 

distance in the 3 selected APs. The position of target point is 
changed from simply using center gravity to being 
determined by the following equation: 
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The typical meaning of Equations (7) and (8) is to lay 
more emphasis on the AP with longer distance than the AP 
with shorter distance. The longer the distance is, the smaller 
the its proportion will be and so will be the error caused.  
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D. Error Detection and Correction 

The algortithm selects Min-Max algorithm to detect error 
for the above poisitioning to inspect whether the positioning 
is out of the Min-Max boundary. The coordinates of the Min-

Max boundary consist of the actual position of jp  and the 

distance jd  determined by positioning. Boundary area of 

every AP is defined by Equation (9): 

 )min(ˆ)max( jjjj dppdp   (9) 

Once positioning error is detected, positioning terminal 

will calculate the distance jd̂ between center of boundary 

area to every AP. The distance between jd̂  and jd  indicates 

the error controlled by threshold value Th . Error condition 

can be described by Equation (10): 

 
Thjj
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ddH
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0H means the error of estimation is within Th  while, 

1H  means the error of estimation is beyond Th  . 

After error is detected, use Kalman filtering to correct the 
error. Kalman system state model is described by equation 
(11):  

 11ˆˆ   kkk wxx  (11) 

As the system state value at moment k , kxˆ  is the 

predicted value by the previous predicted value sequence 

1ˆ kx . 1kw  is a zero-mean white noise process. 

Measurement model is given by Equation (12): 

 kkk vxz  ˆ  (12) 

kz  is the measured value while kv  is the zero-mean 

white noise sequence. The following equation is used for 
Kalman filter calculation: 
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Q  and R  represents respectively the process noise 

covariance and measured value noise covariance. P
represents covariance of positioning position. I can be seen 
from Kalman filter, the predicted position and measured 
position are both under consideration with the position 

obtained by positioning algorithm represented by kz  and the 

positioning position of previous state represented by 
kx ˆ . 

During the whole process of Kalman filtering is applied in 
each error calculation to continuously conduct recursion for 
covariance. Kalman gain is adjusted between [3,4] with the 
corrected distance applied in the new position calculation. 

 

IV. EXPERIMENTAL COMPARISON 

A. Experimental Environment 

Use Android smartphone as user’s mobile terminal and 
computer as anchor node. Each computer is equipped with a 
wireless card so that the anchor node may both send Wi-Fi 
signal and conduct Wi-Fi wireless communication with other 
devices. The communication between nodes is Socket 
communication. The selected experimental scene is a 
teaching building floor in an area of 15m×60m. There are 4 
anchor nodes distributing in the 4 top points of the area, with 
2 placed in the middle every 20 meters, totaling 8 anchor 
nodes. The experiment adopts Equation (14) for error 
calculation and conducts comparison for experimental 
results.  

 22 )()( yyxx   (14) 

Where ),( yx  represents the calculated position of the 

point to be positioned while ),( yx   represents the actual 
position of the point to be positioned.  

B. Distance Measurement Parameter Updating and Basic 
Trilateral Positioning Experiment 

The experiment updates the proposed distance 
measurement model in a real-time manner and compares it 
with empirical parameters of traditional distance 
measurement model. Under experimental environment, the 
terminal to be positioned moves arbitrarily and receives the 
node intensity information from anchor nodes. Select 3 APs 
with the highest degree of distinction according to the AP 
selection algorithm in Section 2.1 and calculate the obtained 
intensity calculate in accordance with real-time parameter 
and empirical parameter respectively to obtain the position of 
the point to be positioned. The positioning result is shown in 
Fig.5. 
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a. Use empirical value to position track

 

b. Use Real-time parameter obtained to position track

 

c. Error comparison 

Figure 5. Real-time parameter and empirical parameter positioning result comparison. 

 

It can be seen from Fig. 5, the positioning error obtained 
by real-time parameter is smaller than that obtained by 
empirical parameter, which means the proposed real-time 
parameter applies to the experimental scene. 

C. Kalman Filtering Calibration Experiment 

Under the same experimental environment, conduct error 
detection for error detection by Min-Max algorithm and use 

Kalman filtering for calibration. The experiment adopts the 
sampling cycle of 1s and selects the point with higher error 
to conduct Kalman iterative recursion. The experimental 
result is shown in Table 6.  
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Figure 6. Calibration error curve of Kalman filtering 

It can be seen from Fig. 6, as the number of iterations 
increases, position error decreases gradually. When the 
number of iterations reaches around 10, the position of 
positioning point can be maintained within 0.5m, which is 
already within the range of error detection by Min-Max 
algorithm. Using Kalman filtering to correct error can 
significantly improve positioning accuracy.  

D. MFRSSILA Positioning Experiment 

Real-time positioning experiment of weight is further 
introduced based on the experiment above. Select the point 
D of the above experiment to simply experimental 
environment to Fig. 7.  

A(0,15) B(20,15)

C(20,0)O(0,0)

D(15,10 )

 

Figure 7. Schematic diagram of experimental scene. 

 

TABLE 1. RESULT COMPARISON OF 3 POSITIONING METHODS 

Algorithm 
Positioning results 

Coordinates Mean error Maximum error

Basic trilateral positioning 
algorithm (17.39,12.72) 3.62m 5.35m 

Distance measurement model 
parameter updating (16.88,12.31) 2.98m 4.23m 

MFRSSILA positioning 
algorithm (16.53,12.05) 2.56m 3.84m 

Assume D is the point to be positioned. Select 3 APs of

)15,0(A , )15,20(B  and )0,20(C  as positioning datum 

point by InfoGain code. The coordinates of D  are measured 
according to actual position. Positioning terminal has 
measure the signal intensities of the 3 APs as ARSSI , 

BRSSI and CRSSI , using basic trilateral positioning 

algorithm, parameter updating positioning algorithm and 
MFRSSILA for positioning. Repeat the positioning process 
for 10 times and take the mean value of the 10 times as the 
positioning result, which is shown in Table 1.  

It can be seen by comparing the coordinates and errors of 
the 3 methods that positioning error can be significantly 
reduced by using MFRSSILA positioning algorithm. 

  

V. CONCLUSION 

Conduct analysis for the factors causing positioning error 
in algorithm based on basic trilateral positioning algorithm 
and thus MFRSSILA positioning algorithm is proposed. First 
use InfoGain strategy to select AP related to the points to be 
positioned while proposing the positioning idea of parameter 
updating, the realization of which is to rely on the signal 
receiving function of added anchor points. The Thesis also 
proposes to introduce distance weight at time of calculating 
target point coordinates based on analysis of Wi-Fi signal, 
that is, to lay emphasis on the distance information provided 
by the AP near target point to reduce positioning error. 
Experiments show that the positioning algorithm may 
improve positioning accuracy to some extent. The algorithm 
uses real-time parameter obtaining method to improve 
distance measurement model to reduce the interference from 
all factors of environment. Distance weight is also 
introduced in positioning calculation to reduce the effect of 
error caused by distance measured in distance measurement 
model on positioning calculation to improve positioning 
accuracy. 
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