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Abstract 
Among many practical applications, such as environmental monitoring, health monitoring 
and battlefield surveillance, the position information plays an important part in 
understanding the application context. However, the localization accuracy and the 
calculation overhead are a pair of contradiction. For addressing the aforesaid problem, 
improving the localization accuracy and reducing the calculation overhead, a two-phase 
(offline and online) indoor positioning algorithm joint position fingerprint is proposed, 
which is combined cloud computing theory with NN-KNN.  In the offline phase, the 
fingerprint database is constructed; and then, counting on that fingerprint database the 
object positioning is executed in the online phase, which based on NN and KNN. 
Simulation results have shown that compared with the NN and KNN positioning 
algorithms, the proposed algorithm can effectively improve the localization accuracy and 
mitigating the computation cost in the indoor environment.  
Key words: INDOOR POSITIONING, LOCATION FINGERPRINT, CLOUD 
COMPUTING, NN, KNN 

 
 
 
 

1. Introduction 
In recent years, with the development of 

wireless local area network associating with 
positioning technology and application, the indoor 
positioning based on location fingerprint or 
Received Signal Strength (RSS) has been greatly 
concerned. The current main bright indoor 
location tracking technology, A-GPS positioning, 
radio waves in combination with ultrasound 
positioning and location-based, such as received 
signal strength. Refers to the location where the 
fingerprint characteristics based on radio waves, 
such as accepting the RSS positioning the 
fingerprint, which is used to indicate the basis of a 
unique location.  

Although time of signal arrival (ToA) and 
time difference of signal arrival (TDoA) can 
perform well outdoors, they suffer great multipath 
interference and other signal attenuations indoors. 
A large number of indoor positioning methods 
adopt position fingerprint. Hereinto, position 
fingerprint is the special relationship between a 
specific position and some certain measurable 
physical stimulation, such as RSS. Position 
fingerprint-based localization algorithms are 
normally classified into two phases, the former is 
offline phase and the latter is online localization 
phase. What’s more, the popular indoor 
positioning schemes can be divided into 
fingerprinting-based and machine learning-based 
methods.  Most of these fingerprinting-based 
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schemes leverage the RF signals such as 
LANDMARC [1], RADAR [2], improved upon 
RADAR, ActiveCampus [3], etc. Almost those 
schemes need site survey over the object region to 
create the fingerprint database, which results in 
the numerous manual efforts and cost and also 
brings the inaccuracy coming from manual 
process. Therefore, the machine learning-based 
positioning schemes are studied, such as 
depending on Nearest Neighbor (NN) [4] and K-
Nearest Neighbor (KNN) [5] matching algorithm. 
In fact, NN and KNN algorithms consider the 
differences between the RSS at client side and the 
RSS in the related fingerprint database. Since NN 
algorithm take directly the nearest neighbor 
coordinates, it is faster than KNN. Nevertheless, 
KNN algorithm is more accurate than NN, and its 
calculation cost is also lower than NN [6, 7]. In 
this paper, their respective merit is combined to 
develop a novel joint scheme.  

In this paper, a two-phase (offline and 
online) indoor positioning algorithm joint position 
fingerprint is proposed, which is combined cloud 
computing theory with NN-KNN.  In the offline 
phase, the fingerprint database (i.e., the RSSs and 
coordinates) is constructed; and then, counting on 
that fingerprint database the object positioning is 
executed in the online phase, which based on NN 
and KNN. Simulation results have shown that 
compared with the NN and KNN positioning 
algorithms, the proposed algorithm can effectively 
improve the localization accuracy and mitigating 
the computation cost in the indoor environment. 
The rest of the paper is organized as follows. In 
section 2, NN and KNN are described, and then 
NN-KNN algorithm is proposed. The experiment 
and analysis are presented in Section 3. Finally, in 
Section 4, the conclusion is listed. 

2. NN-KNN algorithm 
2.1NN algorithm and KNN algorithm 
In the KNN algorithm, first acceptance 

signal strength calculated from the online phase 
(RSS) sample values and position in the 
fingerprint database, sample values. Assuming the 
reference point (RP) and an access point (AP) by 
the number of m and n, the distance is defined as 
follows: 

�𝐿𝐿𝑞𝑞𝑞𝑞 = �∑ �𝑠𝑠𝑗𝑗 − 𝑠𝑠𝑞𝑞𝑗𝑗 �𝑛𝑛
𝑗𝑗=1 �

1
𝑞𝑞 � , 𝑞𝑞 = 1,2, … ,𝑚𝑚           (1) 

Where 𝑠𝑠ij  is the location of the fingerprint 
database, the j AP RSS samples in the i value of 
RP, 𝑠𝑠j is the j line positioning phase AP real RSS 
samples [8, 9]. 

According to the principle of KNN 
algorithm, the calculated K RP having a minimum 
distance, the position coordinates are (xi, yi) (i = 
1,2, ..., k) , then the test point (TP) of the position 

coordinate estimates RP for which the K centroid. 
The following equation (2) is shown.  
(𝑥𝑥�,𝑦𝑦�) = 1

𝑘𝑘
∑ (𝑥𝑥𝑞𝑞 ,𝑦𝑦𝑞𝑞)𝑘𝑘
𝑞𝑞=1                                         (2) 

In NN algorithm, taken as the nearest RP 
TP of position estimates, i.e. (2) where K is taken 
as 1, to obtain the results NN algorithm. 

2.2. Location fingerprint matching 
algorithm to calculate streamline 

In the fingerprinting-based indoor location 
positioning process, due to the electromagnetic 
wave propagation loss, RSS exponentially with 
distance attenuation. When the short distance 
transmission, attenuation faster than the 
transmission distance decay more slowly, when 
the transmission distance close to about 8m, the 
signal power change the transmission distance is 
not obvious[10,11]. 

According to the above characteristic, in a 
certain location area, TP received from an AP 
than 8m RSS stabilized in the vicinity of a certain 
value fluctuations, so this part there is no 
contribution to the matching location data, which 
indicates that, in the position of the fingerprint 
matching process calculation, a large number of 
redundant calculations. The algorithm proposed in 
the matching calculation ignores other than 8m 
AP TP from the RSS, the location of the 
fingerprint matching process to reduce the amount 
of computation. The algorithm is as following.  
Suppose there is n AP in a certain location area, is 
set when the time TP from AP8m RSS as the 
critical value a, a TP is received in real time from 
different RSS AP is, the elements of the vector x 
with each threshold value a subtraction, as shown 
in equation (3) below: 

�

𝑥𝑥1 − 𝑎𝑎
𝑥𝑥2 − 𝑎𝑎
⋮

𝑥𝑥𝑛𝑛 − 𝑎𝑎

�                                                              (3) 

Calculated results of the judgment, When 
𝑥𝑥𝑞𝑞 − 𝑎𝑎 > 0 , remain 𝑥𝑥𝑞𝑞 , when 𝑥𝑥𝑞𝑞 − 𝑎𝑎 ≤ 0  , 
discard 𝑥𝑥𝑞𝑞 . The new vector 
𝑥𝑥 ′ = (𝑥𝑥𝑞𝑞1,𝑥𝑥𝑞𝑞2,⋯ , 𝑥𝑥𝑞𝑞𝑚𝑚 ), (𝑚𝑚 ≤ 𝑛𝑛)  by the preserved 
xi composition.  

In matching the calculation process, 
Suppose a RP at the location of the fingerprint 
database data as y = (𝑦𝑦1,𝑦𝑦2,⋯𝑦𝑦𝑛𝑛) , remove the 
counterpart x o form a new vector which is 
𝑦𝑦 ′ = (𝑦𝑦𝑞𝑞1,𝑦𝑦𝑞𝑞2,⋯𝑦𝑦𝑞𝑞𝑚𝑚 )  Under the rules of the 
algorithm. Then calculates the distance between 
vector 𝑥𝑥 ′ and 𝑦𝑦 ′ [12, 13].As shown in equation (4) 
below: 
d =
�(𝑥𝑥𝑞𝑞1 − 𝑦𝑦𝑞𝑞1)2 + (𝑥𝑥𝑞𝑞2 − 𝑦𝑦𝑞𝑞2)2 + ⋯+ (𝑥𝑥𝑞𝑞𝑚𝑚 − 𝑦𝑦𝑞𝑞𝑚𝑚 )2 
 （4） 
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As an alternative to the traditional 

distance calculation between vectors x and y. 
Other RP at the same calculation is carried out, 
and finally the positioning calculation based on 
position location algorithm used by the 
fingerprint. 

Matching calculation process at each 
reference point, the algorithm computational 
savings compared to the conventional method as 
following: Addition: 3 (nm) times, multiplication: 
(nm) times, since each of the RP to the database 
screened, calculating the amount of actual 
savings: addition: (2n-3m) times, multiplication: 
(nm) times. Throughout the positioning process, 
due to the irregular and random TP position 
selected AP arrangement, the number of AP in 

each TP 8m distance outside varies, assuming the 
amount of the savings calculation is the average 
value of the total p a targeted area of RP, each 
positioning CPC savings calculation is: Addition: 
p (2n-3m) times, multiplication: p (nm) times. 

2.3. NN-KNN algorithm 
NN-KNN jointly proposed algorithm [14, 

15], using a variety of algorithms for joint 
position, and according to the concept of cloud 
computing, the online phase of the real-time 
positioning tasks assigned to a different server for 
processing, the final position of each algorithm is 
a weighted sum of the results, to get the final 
positioning results. 

Complete NN-KNN joint positioning 
algorithm shown in Figure 1. 

Offline phase Online stage

Signal strength 
measurements at 

the reference 
point

Establish the 
fingerprint 
database of  

position 

Measured signal 
strength at the 

point of 
measurement

Positioning 
results

NN algorithm 
matching 
location

KNN algorithm 
matching 
location

Weighted 
allocation 
algorithm

 
Figure 1. NN-KNN algorithm combined positioning map 

 
First, the offline phase, the RSS measured 

from each AP at each of the RP and to establish 
the location of a fingerprint database according to 
the measured RSS. 

The second step, the online phase, since 
the first measurement of TP at each AP, RSS, 
RSS, and then based on the location of the 
fingerprint database, using the above location 
fingerprint matching algorithm proposed 
streamlining the calculation using different 
algorithms on different server location fingerprint 
matching location. 

The third step is to calculate the value 
obtained for the different positioning algorithms 
on different servers weighted sum TP position to 
get the final estimate. 

3. Experiments and Analysis 
3.1. experimental environments 
The simulation environment of a 

laboratory building top of the layout chosen by 
respectively 44m * 32m and 14m * 12m 
rectangular mosaic, as shown in Figure 2. FIG 
gray for outdoor areas, size of 32m * 12m; white 
region by the separate rooms and corridors, 
forming region to be positioned in the region have 

been placed in nine AP, as shown in Figure 2, the 
red five-pointed star. The area to be positioned 
into the side length of 2m virtual grid, each grid is 
at the apex of RP. 

 

 
 
Figure 2. Experimental environment 
 

Simulation, the location fingerprint 
database [16] and TP at the distance of each 
measuring RSS corresponding AP pitch is 
determined by the indoor transmission loss model, 
we choose the indoor transmission loss model for 
MK model, which belongs to the statistical model, 
the model considers the wall or the like of the 
signal attenuation, can more accurately reflect the 
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wireless signal in the indoor environment the 
transmission loss, as shown in equation (5) below. 
𝐿𝐿𝑝𝑝𝑞𝑞𝑝𝑝𝑝𝑝 = 𝐿𝐿0 + 10 × 𝑛𝑛 × log𝑥𝑥 + 𝑁𝑁𝑤𝑤 × 𝐿𝐿𝑤𝑤           (5) 
In this formula, Lpico represents received signal 
strength, L0 represents the distance between 
transmitter propagation loss at the end of 1m, n is 
the path loss coefficient, x represents the distance 
transmitting end to the receiving end, NW 
indicates rays from the transmitter to the receiver 
through the wall of the number, LW 
representative wall loss coefficient. According to 
this article the simulation environment, Select L0 
= 37dB, n = 2, LW = 3dB, simulation results used 
in this paper path loss is calculated as follows: 
𝐿𝐿𝑝𝑝𝑞𝑞𝑝𝑝𝑝𝑝 = 37 + 20 × log𝑥𝑥 + 3 × 𝑁𝑁𝑤𝑤                    (6) 

 
3.2. Design of Experiment 
In this paper, simulation experiments were 

chosen following equation (6) as the signal 

transmission loss model, and added white 
Gaussian noise 10dB SNR, the location area 
randomly selected 100 points as the target point. 
In equation (1), the paper orientation general 
guidelines for selecting a value of q 2, i.e. select 
Euclidean distance as the distance in accordance 
with the pattern matching indoor location 
positioning fingerprints. 

In equation (2), KNN algorithm K will 
have a greater impact on the positioning accuracy, 
and therefore it is necessary to influence the value 
of K KNN algorithm to study the positioning 
accuracy. As the distance between the pattern 
matching positioning. This paper studies the 
change in the value of K varies between 1-10 
when positioning the corresponding average error 
of KNN algorithm, the simulation results shown 
in Figure 3. 
 

  
Figure 3. K different values impact on the average error 
of positioning KNN algorithm 

Figure 4. NN, KNN and NN-KNN algorithm positioning 
performance comparison (K = 2) 

 
Simulation results show that the average 

error of positioning KNN algorithm with different 
values of K irregular changes, and K = 2 reaches a 
minimum. In this paper, the following 
experiments were selected so that the positioning 
error of the mean value of the smallest of the three 
K: K = 2, K = 3, K = 5 and compare the effects of  
 

 
different values of K joint positioning algorithm 
performance by simulation. 
First, in 1: 1 ratio of the weighted distribution 
were studied in the K = 2 and K = 3 when 
comparing NN algorithms, KNN algorithm 
proposed joint positioning performance NN-KNN 
algorithm, shown in Figure 4, Figure 5. 
 

  
Figure 5. NN, KNN and NN-KNN algorithm positioning 
performance comparison (K =3) 

Figure 6. NN-KNN algorithm positioning performance 
comparison of different weight  
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(K = 2) 

 
Secondly, a comparison of the weighted 
distribution in different proportions NN-KNN  
 

 
algorithm localization performance, still select K 
= 2 and K = 3 will be described in two different 
situation Figure 6, Figure 7. 

  
Figure 7. NN-KNN algorithm positioning performance 
comparison of different weights  
(K = 3) 

Figure 8. K value more joint positioning algorithm 
performance comparison 

 
Finally, many K value for different values 

of K joint algorithm is studied, and choose K = 2, 
K = 3 and K = 5 simulation analysis, the results 
shown in Figure 8. 

As can be seen from Figure 4 and Figure 
5, in a 1: 1 ratio of the weighted distribution, NN-
KNN jointly proposed algorithm performance in 
positioning accuracy of less than 2m or less than 
NN algorithm and KNN algorithm, and 2m is the 
most concerned about indoor positioning 
accuracy. In Figure 6 and 7, NN algorithm and 
weighted KNN algorithm, 3: 7-weighted 
algorithm locating the optimal performance, 1: 1, 
followed by a weighted algorithm positioning 
performance, and 7: 3 weighted algorithm 
positioning the worst performance in the Figure 4 
and 5 above, they have been verified KNN 
algorithm outperforms NN positioning algorithm, 
which algorithm is described with a single 
performance of the weighted proportion joint 
algorithm, algorithm performance of the algorithm 
given a higher weighting values larger, can be 
improved positioning accuracy. Figure 8 
illustrates the increase in the number of joint 
algorithm can improve the positioning 
performance of the algorithm. 

Under different K value, it can be seen 
from the above simulation diagram, K = 2 when 
the joint positioning algorithm outperforms the 
joint when K = 3 algorithm positioning 
performance, which the aforementioned K= 2 
positioning KNN algorithm outperforms K = 3:00 
KNN algorithm consistent positioning 
performance, indicating that the value of K KNN 
algorithm and combined algorithms have the same 
impact on the trend. 

 
 

4. Conclusions 
This paper proposes a joint NN-KNN 

algorithm based on the concept of cloud 
computing, and propose a method of reducing the 
amount of calculation of the position of 
fingerprint matching algorithms to streamline, the 
algorithm is applied to the joint. The joint 
algorithm, the paper comprehensive analysis of its 
performance compared with NN algorithm and 
KNN algorithms, as well as the relationship 
between the joint performance of the algorithm at 
different weights with a single algorithm 
performance between simulation results show that 
the proposed algorithm can effectively improving 
the performance of indoor positioning calculation 
process and reducing the amount of computation. 
In future work, the algorithm performance 
analysis will be carried out in other environments, 
as well as the design of a weighted allocation 
algorithm based on adaptive cloud environment. 
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