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Abstract	
It	 is	 important	 to	determine	 the	 location	of	nodes	 in	a	wireless	sensor	network	 for	a	
location‐based	service.	In	this	paper,	we	proposed	a	fingerprint	positioning	algorithm	
based	 on	 Gaussian	 distribution.	 The	 algorithm	 establishes	 a	 fuzzy	 decision	 matrix	
between	the	reference	node	and	the	unknown	node	according	to	the	multi‐dimensional	
Gaussian	distribution	characteristics	of	the	wireless	signal	in	the	positioning	area,	then	
constructs	 the	 ideal	 node,	 calculates	 the	 proximity	 between	 the	 ideal	 node	 and	 the	
different	 reference	 nodes	 based	 on	 the	 Mahalanobis	 distance,	 and	 finally	 uses	 the	
centroid	method	 to	estimate	 the	unknown	node	 location.	The	 simulation	experiment	
shows	 that	 the	relative	positioning	error	of	 the	algorithm	 is	 low,	and	 the	positioning	
accuracy	is	high.	
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1. Introduction	

As an important support network for physical information perception and collection, Wireless 
Sensor Network (WSN) is widely used in target tracking [1], smart home [2], and other fields. 
As one of the key issues in wireless sensor network research, sensor location information 
acquisition has received extensive attention. Existing WSN positioning algorithms are mainly 
based on ranging, including Angle of Arrival (AOA) [3], Time of Arrival (TOA), and Time of 
Arrival Difference (TDOA) [4]. In recent years, the rapid development of wireless 
communication technology makes RSSI (Received Signal Strength Indication) measurement 
more convenient and accurate. As a result, many RSSI-based fingerprint positioning algorithms 
have emerged [5].  
RSSI fingerprinting positioning typically divides the positioning process into two stages [6]: 
offline learning and online positioning. During the offline learning stage, the anchor node sends 
wireless signals. We measured the RSSI value from multiple anchor nodes on different 
reference nodes to establish the original fingerprint database. In the online positioning stage, 
the RSSI information measured by the unknown node is matched with the fingerprint database 
to predict the location of the unknown node. In this paper, we proposed a fingerprint 
positioning algorithm based on Gaussian distribution according to the spatial distribution 
characteristics of wireless positioning signals.  

2. Build	an	Offline	Fingerprint	Database	

The foundation of the fingerprint positioning algorithm is to establish the mapping relationship 
between RSSI and known coordinates, namely, the fingerprint database. First, we install m 
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anchor nodes in the positioning area and accurately measure the coordinates of the anchor 
nodes. The anchor node is a physical node that can transmit wireless signals. Then we set n 
( n m ) reference nodes with the middle-spacing grid in the positioning area. During the offline 
learning stage, the RSSI of the different anchor nodes is measured at a reference node, forming 
a signal fingerprint of the coordinates in which the node is located.  
In order to reduce interference in the indoor environment, we use multiple sampling and 
compute the mean value to obtain a more accurate RSSI. Suppose the number of samples is M 
at each reference node. Then, the RSSI vector of the m anchor nodes measured at the kth by 
reference node j is 1 2( , , , )mjk jk ik ikrssi rssi rssi rssi � . The mean of RSSI vector for anchor node j	for 

anchor node i measured by reference node j is: 
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So, we get the RSSI fingerprint vector for reference node j:  
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The coordinate of reference node j is  ,j jx y . RSSI measurements are made at each reference 

node to obtain a fingerprint data matrix for the positioning area A.  
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3. Online	Position	Algorithm	

After establishing the RSSI fingerprint database, the unknown node can be located online. 
During the online positioning stage, the unknown node measures the RSSI of each anchor node, 
and fuses it by the fuzzy method with the RSSI of the reference node in the fingerprint database. 
Then, the coordinate differences between its position and the reference node are computed. 
Based on these differences, we estimate the coordinate of the unknown node, finally. 
Unknown node x measures the signal strength of each anchor node and obtains a vector 

1 2( , , , )mx x x xrssi rssi rssi rssi � . For anchor node i, the signal strength measured by unknown node 

x is i
xrssi , the signal strength at reference node j in the fingerprint database i

jrssi . Then, the 

fuzzy approximation of the two values is called proximity i
jv , which expressed as: 
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If 1i
jv  , this dictates that the distance between unknown node x and reference node j to 

anchor node i is approximately equal. If 0i
jv  , this dictates that the distance between node x 

and reference node j is far apart.  
For anchor node i, we calculate the proximity vector iV  of unknown node x to all reference 
nodes based on formula (3):  
 

 1 2, , ,
Ti i i

i nV v v v �                                                                        (4) 

 

iV  reflects how close the unknown node x is to all reference nodes under the signal of anchor 

node i. For example, there are two reference nodes, k and j. If i i
j kv v , this dictates that the 

unknown node x is closer to the reference node j. We calculate the proximity of unknown node 
x for m anchor nodes and establish fuzzy positioning decision matrix D: 
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3.1. The	Multi‐dimensional	Gaussian	Positioning	Algorithm	
In the indoor environment, the anchor node position remains unchanged and transmits 
wireless signals with constant power. Because the noise and electromagnetic interference are 
relatively stable, the RSSI from the same anchor node in the same location meets the Gaussian 
distribution [7]. Therefore, the RSSI from the same anchor node measured at all reference 
nodes can be considered to meets the one-dimensional Gaussian distribution. Moreover, all 
anchor nodes are independent of each other, and there is no data exchange. Therefore, 
according to the central limit theorem, we consider the positioning environment subjects to 
multi-dimensional Gaussian distribution.  

3.2. Multi‐dimensional	Gaussian	Distribution	

Set the multi-dimensional Gaussian distribution variable  1 2, , ,
T

dX x x x � , and  ~ ,X N   , 

so the probability density function of X is 
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 1 2, , , d     �  is the mean of each dimension variable,   is a covariance matrix that 

describes the correlation between dimensions. 
Mahalanobis distance describes the differences in sample data to eliminate the scale differences. 
For example, assuming that x and y are two samples in total X, the difference between them can 
be measured by Mahalanobis distance:  
 

𝑑ெሺ𝑥, 𝑦ሻ ൌ ඥሺ𝑥 െ 𝑦ሻ்Σିଵሺ𝑥 െ 𝑦ሻ                                                       (7) 

 
  the covariance matrices of x and y:  
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3.3. The	Deviation	between	the	Unknown	Node	and	the	Reference	Node	
In the decision matrix D, the dimension is the number of anchor nodes. A column vector 

 1 2, , ,
Ti i i

i nV v v v �  represents how close an unknown node under the i dimension is to the 

reference node. A row vector  1 2, , ,    1m
j j j jf v v v j n  �  indicates how close the reference 

node j is to an unknown node under all dimensions. Thus, estimating the location of the 
unknown node requires selecting the closest reference nodes. 
Construct an optimal ideal node that should take the optimal value on each column vector, i.e., 
the closest unknown node under each dimension. The ideal node is  * * * *, , ,j j jf v v v � , where 

 

 *
1 2max , , ,k k k

k nv v v v                                                                      (9) 

 
The decision matrix D is a multi-dimensional Gaussian matrix composed of n m-dimensional 
samples.  
The distance between each sample and the ideal node is calculated using the formula (7), i.e., 
the deviation value j  of the ideal node from the reference node  

 

   * 1 * 
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j j jf f f f   B                                                           (10) 

 
Wherein, B is the covariance matrix of the sample, calculated from the formula (8). 

3.4. Estimate	Unknown	Node	Coordinate		
The deviation value j  is arranged in descending order, and the reference nodes for the first K 

items are connected into a polygon. Its centroid is the estimated location of an unknown node 
[8]. Thus, the estimated coordinates are calculated as follows: 
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Wherein, ( *, *)x y  is the estimated coordinates of the unknown node, the coordinates  ,j jx y  

of the reference node j are obtained from fingerprint database A.  

4. Simulation	Results		

In order to evaluate the positioning performance of the proposed algorithm, we simulated and 
verified the algorithm on MATLAB 2018. The positioning simulation area is shown in Figure 1, 
with a size of 120m ×120m. Reference nodes are distributed in a grid. Anchor nodes and 
unknown nodes are set randomly, and the anchor node location is known. 
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Figure	1. The positioning area diagram 

 

The distance between the actual coordinates  ,k kx y  of the unknown node k and the estimated 

coordinates  * *,
kkx y  is defined as the positioning error. 
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k k k k kerr x x y y                                                                 (12) 

 
The ratio of the average positioning error of l unknown nodes to the maximum communication 
radius of the anchor node is treated as a relative positioning error (RPE): 
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M is the maximum communication radius of the anchor node.  

4.1. Reference	Node	Interval	
Reference nodes are evenly deployed in the positioning area. Changing their intervals affects 
positioning accuracy. Figure 2 shows the relationship between the RLE and the reference node 
interval. The reference node interval expansion will reduce the number of reference nodes 
around the unknown node, result in lower positioning accuracy. 

 
Figure	2.	The reference node interval with RPE 
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From Figure 2, it can be obtained that when the interval is 5 to 20m, the RPE of the algorithm 
increases with the increase of the reference node interval, which means that the positioning 
accuracy is reduced. On the other hand, when the interval is less than 5m, the adjustment of the 
reference node interval has little effect on the RPE. Therefore, considering the accuracy and 
deployment cost, we think that the reference node interval should select 10m in practical 
applications. 

4.2. The	Scale	of	the	Anchor	Node	
The anchor node ratio is the ratio of the number of anchor nodes to the total number of nodes. 
Adjusting the anchor node scale affects positioning accuracy. In addition, increasing the ratio of 
anchor nodes will increase deployment costs.  

Figure	3.	RPE with anchor nodes ratio 
 

As shown in Figure 3, when the anchor node ratio is 0.45, the RPE of the proposed algorithm is 
0.05. On the other hand, when the anchor node ratio exceeds 0.45, the continuous increase in 
the number of anchor nodes has little effect on reducing positioning error. 

5. Conclusion	

From the above simulation results, it can be concluded that the algorithm proposed in this 
paper has improved positioning accuracy in WSN. Furthermore, the relative positioning error 
of the algorithm is small, so it has good practicability. 
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