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Abstract -WLAN-based location systems are implemented 
in indoor location service in recent years. These systems 
suffer largely from the signal disturbance under open 
WLAN environment, which introduces decrease in 
accuracy and stability of the location service. This paper 
presents a new algorithm, which utilizes multi-space 
projections of radio space on sub-level signal spaces to 
mitigate the influence from disturbed Wireless stations to 
improve accuracy and stability of the location service 
under complex open WLAN environment. 
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1 Introduction 
  WLAN-based location systems have been presented 
and investigated in recent years. Compared with traditional 
location systems, such as Global Position System (GPS), 
WLAN-based location service takes the advantages of 
widely deployed WLAN infrastructures; therefore it needs 
no extra equipments. WLAN-based location systems can 
cooperate with other WLAN-based business services. This 
natural relationship helps location service to join in the 
growing business application and service. That is to say, 
there is a very big market for location service to be 
integrated into other business services to improve the 
application experience of services, such as city guidance, 
museum guidance, emergency call service, and staff 
tracking.  

 WLAN-based location service mainly uses statistic or 
pattern recognize technique in the location algorithm, such 
as [6] [7] [11] and [15].   These algorithms build a multi-
vector signal space based on the measurement under 
WLAN environment in advance. The multi-vector signal 
space can be defined as P{P1,P2,P3…Pn}, where n is the 
number of vectors. Each vector Px is mapped to a signal 
variable (e.g. RSSI, SNR) collected from a selected Access 
Point (AP). All the Px builds the whole multi-vector signal 
space. 

 We call the multi-vector signal space radio map or 
radio space. Each vector represents a signal variable space, 

which is formed by the signal space of one AP. The multi-
vector signal space helps us to realize the physical location. 
As we know, the signal space built by access point is a 
sphere coordinate space. But the location service needs to 
locate the terminal within a real physical space based on a 
right angle coordinate (e.g. 2-D or 3-D physical space). 
Therefore, location service generally requires the radio 
space to have enough number of signal vectors and the 
radio space be successfully mapped to relational physical 
space based on a right-angle coordinate. During the 
location service based on radio space, each vector of radio 
map will make its contribution to the physical location of 
terminal.  

 Radio signal is tend to be disturbed because of the 
multi-path phenomenon and attenuation happened during 
their transmission. This is especially serious under the 
crowded indoor environment. The flowing crowd and 
unstable environment undermines the stable signal 
transmission between AP and WLAN terminals. Though 
under most cases, this attenuation only occurs on one or a 
few Access Points, the result will indicate the severe error 
of distance measurement in the location service because 
one or a few vectors of radio space is seriously disturbed. It 
is a small probability event that all APs’ signal 
transmissions are disturbed simultaneously by complex 
indoor environment. So it is possible to find an improved 
algorithm to mitigate the influence from the unavoidable 
disturbance under real WLAN environment.  

 In this paper, we present an improved algorithm, 
which utilizes the combination of multiple projections of 
main radio space on different sub-level radio spaces to 
mitigate influence from disturbed AP. It can minimize the 
error of distance measurement in the continuous spatial 
locating process.  We will describe the detail of this 
algorithm in the following paragraphs and present the 
analysis of some tests done by our Weyes location system 
(Which is a WLAN-based location system built in our lab 
environment).This paper is supported by Beijing Nova 
Program. 



 

2 Related Work 
 WLAN-based location service was widely researched 
by many institutes and labs. RADAR system, presented by 
Microsoft Research, is the first to use WLAN-based 
technology to realize the indoor location service [6]. Radar 
records the received signal strength (RSS) from different 
access points at the reference locations, and makes the 
radio map (radio space) with those reference location 
points. Then RADAR uses a search method named nearest 
neighbor(s) in signal space (NNSS) to search the radio 
space and pick a location point which is the nearest to the 
observed RSS vector in Euclid distance within radio space. 
NNSS-AVG is an improved algorithm for continuous 
space location service. It searches the radio space and gets 
a list of top M location points that is the most closed to the 
observed signal strength in radio space. Then NNSS-AVG 
calculates the average position from those top M location 
points within radio space.   

 Horus system is another WLAN-based location 
system [11], which also uses RSS as the base reference 
value to build radio map. Each point on the radio map of 
Horus system does not record the single array of RSS but 
the probability of location based on each observed RSS 
value of each access point.  Then, the radio space of Horus 
records the cluster of probability for each access points 
covering the area. When Horus provides location service 
online, it uses the probability model to calculate the multi-
locations’ probability, and then uses the Center of Mass 
algorithm to calculate the real coordinate. In Center of 
Mass algorithm, the real location of a WLAN client is 
calculated according to the probability of multiple locations 
on the radio map. The larger the probability of the location 
is, the nearer the mobile station is to the location. So, 
Horus system presents an estimate of the location in a 
continuous space, and takes the probability of location into 
location service.  

 Although compared with WLAN-based location 
systems built on the radio space and location algorithm, 
such as RADAR, Horus and other WLAN-based location 
systems improves their algorithms to reach better accuracy, 
all these systems still confront some common problems. 
The disturbance to the signal transmission in complex 
indoor environment is the main problem among them. It 
directly causes the unstable of signal value from access 
points and contributes to the error of distance measurement 
in location service.    

 Radio space is a multi-vector one. Radar system 
requires the number of AP(s) be larger than or equal to 4 to 
generate each vector. So the number of vector of Radar’s 
radio space should be no less than 4. Horus system also 
requires adequate number of AP to build a usable radio 
space. In fact, under many real WLAN environments, the 
number of AP is more than enough but general location 

systems only use part of them. Those access points 
redundant to general location systems are necessary for the 
multi-space projection algorithm presented by this paper. 
The additional access points can be used in weakening the 
disturbance of environment. That is what this paper will 
talk about in the following sections. 

3 Multi-Space Projection Location 
Algorithm 

 In the multi-vector radio space, every vector indicates 
a signal variable collected from an individual AP.  The 
number of vector of radio space will influence the 
precision of location service. According to the result from 
our testbed, the number of vectors should be no less than 
four on each point. The additional available vectors of a 
radio space can improve the accuracy of location service, 
however when the number of vectors exceeds six, the 
improvement of the accuracy is not very notable. So under 
the real WLAN environment, the number of vectors for 
radio space must be within a reasonable range. The 
additional vectors of a radio space are not necessary for 
location service under this situation.  

 The error of distance measurement in location system 
is mainly resulted from the disturbance of signal of a 
curtain AP or AP(s). Moving bodies and objects within 
WLAN environment frequently disturb the transmission of 
signal from one or more AP at many time stamps. The 
Multi-vector projection algorithm is realized under the 
above situations to resolve disturbance on signal space.  

 The radio space is defined as a group P{L(X, Y), 
R{R1,R2,…,Rn}}, where n is the number of vectors and the 
number of visible APs. L(X,Y) record the physical location 
coordinated to the point in radio space, and R{Ri} (i=1,…n) 
represents the multi-vector radio space. In our test system, 
we select the received signal strength (RSS) as the 
reference vector for radio space, and vector Ri (1<i<n) 
records the value of RSS from APi.  

 We introduce a sub-level radio space which is defined 
as a group Psub{L(X, Y), Rsub{R1,R2,…,Rm}} where 1<m<n.. 
Rsub{Rj}(j=1..m), and Rsub{Rj} ∈ R{Ri}. The sublevel radio 
space is different from the main radio space in the number 
of vector. Each main radio space can be divided into Cm

n 
number of different sublevel radio spaces Psubk(1≤k≤ Cm

n) . 

 Each sub-level radio space Psubk can be used as 
normal radio space to do locating work. We need to collect 
a group of vector value r{r1,…rn}, and only those ri which 
belong to the vectors within that sub-level radio space can 
be adopted in the location process to calculate the physical 
coordinate of evaluated location point. We define those 
location points as the projection from points in the main 
radio space to the sub-level radio space.  For example, we 
can use the NNSS algorithm of Radar system [6] in 



 

locating process on the sub-level radio space. The Center 
of Mass algorithm of Horus system [11] can also be used if 
we change the structure of radio space to fit for the 
requirement of Hours. 

 The evaluated location point from each sub-level 
radio space is defined as Et(x, y), 1≤ t ≤ Cm

n , which is 
the projection of the location point E(x,y) in the main radio 
space on each radio space.  

 The multi-space projection (MSP) algorithm is 
realized in the following steps.  

 D(Et(x, y)) is the distance in the sublevel radio space 
Psubk between the evaluation location point and the real 
location point. It is simplified as D(t) (1≤ t ≤ Cm

n). 

 Min(D(t)) is the minimum value of  {D(t)} (1≤ t ≤ 
Cm

n).  

 Q is defined as a gene for filter Et(x,y) during location 
process, and  

Q >=1. 

 Final{Et(x,y)} is a group of Et(x,y).  

 For each Ei(x,y) belongs to Final{Et(x,y)},  

D(i) ≤ Min(D(t)) * Q . 

 There are two methods to calculate the final physical 
coordination. The first is called MSP-AVG, it simply 
calculates the average physical coordination of 
Final{Et(x,y)}. 

 MSP-AVG: 

E(x*,y*) =  Average(Final{Et(x,y)}) 

 The other is called MSP-POSS. It defines P(i) as the 
possibility of  the Ei(x,y) derived from the sub-level radio 
space Psubi.  

 MSP-POSS: 

 E(x*,y*) =  ∑ (P(i) * Ei(x,y))  (1≤i≤Cm
n,Ei(x,y)∈ 

Final{Et(x,y)}) 

 There are many methods to calculate P(i), for 
example: P(i) = 1- ( D(i) /  ∑(D(t) )  (1≤i,t≤Cm

n,Et(x,y)∈ 
Final{Et(x,y)}) 

 Under open WLAN environment, when one AP is 
disturbed by environment elements, the related vector in 
the main radio space will be infected too. As the result, the 

error of distance measurement is introduced by this 
infection when we evaluate the location of a client in the 
main radio space.  

 For those radio space Psubi which do not include the 
infected vector, if we use the sub-level radio spaces for 
location process, the error of distance measurement can be 
avoided in the evaluation of Ei(x, y), D(i) is smaller and the 
point is more closed to the real location point. For those 
sub-level radio spaces which include the infected vector, 
the error of distance measurement still exists on the 
coordinate of evaluated location points Et(x, y), D(i) is 
bigger and the point is farther from the real location point. 
So a gene Q can help location process to fill out those 
Et(x,y) which are largely far away from the real location 
point, and get the group Final{Et(x,y)},  which is used in 
the final process .  

 In comparison, MSP-AVG is simpler and less 
computing consuming. MSP-POSS implements the 
possibility model to gain higher accuracy. 

 In the next section, we will analysis the performance 
of MSP, and compare it with results from other location 
algorithms.    

4 Comparing Test and Analysis  
 This section presents a performance comparison test 
between MSP and NNSS-AVG. Both of them were 
realized on our WLAN-based location system. The tested 
bed was built on the 5th floor of YiFu science building, the 
location of the national lab of computer science school. As 
showed in figure 2, there are totally 7 access points 
(Netgear WG302) on the floor. The WLAN clients were 
X86 based laptops supporting centrino. 

 On each physical location, WLAN clients could see 
all the seven access points and collect their signals. Firstly, 
we selected 91 points as the reference points in the main 
radio space, and collected RSS from AP(s) on each 
reference points. The RSS from one or more AP(s) formed 
one vector in the main radio space.  

 After the main radio space was built, we realized an 
improved NNSS-AVG algorithm (NNSS-AVG+) on our 
Weyes location system. The algorithm was improved from 
the original NNSS-AVG of RADAR.  The original NNSS-
AVG algorithm of RADAR chooses the fix number of 
nearest reference points to calculate the average 
coordination as the final evaluated location points. The 
NNSS-AVG+ also do the average operation but the fix 
number of nearest reference points are replaced by the 
dynamic number of reference points whose Euclid 
distances from real location points are less than or equal to 
Q*Min(D(t)) (Q>=1).  



 

 We also realized the MSP algorithm using same radio 
space. During the test of MSP, we realized the simpler one 
- MSP-AVG, and tried some different settings of m and Q 
to find their contribution to the performance. 

 During our test, Q was a fix gene both worked for 
both the improved NNSS-AVG   and MSP-AVG. 

 Both NNSS-AVG+ and MSP-AVG support continued 
space location. So during the test, we freely selected 20 
positions on the floor, and on each position we tested for 5 
times. Each time we collected 10*7 signal values and 
evaluated the different coordinates of evaluated location 
points with NNSS-AVG+ and MSP-AVG algorithm. The 
error of distance measurement is defined as the distance 
between the real position and the evaluated position. The 
result is displayed as in figure 1. The above test was made 
between 9:00 AM and 11:00 AM, which is busy hours in 
our lab environment. 

 

 

 

 

 

 

Figure 1. The cumulative distribution map for the error of 
distance measurement resulted from NNSS-AVG+ and 

MSP-AVG. 

 

 

 

 

 

Figure 2. The percent distribution map for the error of 
distance measurement resulted from NNSS-AVG+ and 

MSP-AVG. 

 In order to test the performance of MSP under the 
infection, we simulated another advanced disturbance test. 
In the disturbance test, stochastic AP or AP(s) were 
selected to create an artificial disturbance by controlling 
the transmission power of stochastically selected AP to 
50% of full power.  The result of the test when only one 

AP was stochastically selected to work under transmission 
power, and when two APs were stochastically selected to 
work under controlled transmission power was shown in 
figure 3. 

 

 

 

 

 

 

 

Figure 3. The percent distribution map for the error of 
distance measurement resulted from different situations 

during simulated test. 

 From above tests, we can find that during the real 
office environment, MSP-AVG can gain about 20% 
increment to NNSS-AVG+ when the error of distance 
measurement is less than or equal to 4 meters (equal to 40 
pixels) (when Q=1.25, n =7, m = 5).  During the simulated 
disturbance test, under the situation that only one AP is 
selected to simulate infection (when Q=1.25, n =7, m = 5), 
MSP-AVG can gain a larger increase than NNSS-AVG+ 
when the error of distance measurement is less than or 
equal to 7.5 meters (Figure 3). The increase is also obvious 
under the situation that two AP(s) were selected to simulate 
infection at the same time (when Q=1.25, n =7, m = 5) 
(Figure 3). 

 Additional tests for the performance of different 
settings of m and Q show that, when m is less than or equal 
to 4, the performance of MSP-AVG is worse than or close 
to that of NNSS-AVG+. When Q is increased, the 
evaluated positions from location system tend to 
concentrate to a much smaller area and the error of distance 
measurement is much more closed to a fix number. But 
when Q is larger than 2, this infection is largely weakened.  

5 Conclusion and Future Work 
 This paper presents a multi-space projection (MSP) 
algorithm, which has the advantage in decreasing the 
environment influence to the signal transmission of APs.  
MSP separates the main radio space to several sub-level 
radio spaces, and tries to evaluate the location point with 
sub-level radio spaces that is less infected. The comparison 
test between NNSS-AVG+ and MSP-AVG indicated the 
advantage of MSP-AVG under the disturbed WLAN 
environment. 
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 MSP algorithm requires additional access points to 
separate disturbed access points from radio space, so it 
needs more infrastructure equipments than other location 
algorithms. Fortunately, WLAN environment is very 
popular and easily deployed under many office 
environments. All of those WLAN equipments can be 
utilized as the infrastructure support of MSP. For example, 
on the floor of our lab, there are totally 11 access points, 
deployed by different offices. Seven of them were selected 
to serve for location service. 

 MSP requires much more computing resource than 
other algorithms during location process. Under our testbed, 
MSP-AVG algorithm required 1000% time more resource 
than NNSS-AVG+. But it still had a very quick response 
and met the requirement of location service. 

 Different kinds of disturbance to the WLAN exist in 
the real indoor environment. Our future work includes the 
improvement of MSP on accuracy of MSP and less cost of 
computing resource. Other kinds of disturbance existed in 
real open WLAN environments are also researched by in 
our works, for example, realizing the adaptability of 
location system to the difference of WLAN equipments in 
Weyes system.  
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