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ABSTRACT

Considering the scenario that multiple users require localization services in the same area, this thesis proposes a
centralized location algorithm based on the information exchange between users. Users measure the signal strength
from base station and other users, and then send the measurement result to a localization server, the server
estimates the distance between users based on these measurements, and use MDS algorithm to calculate the relative
position between users, the fingerprint localization result can be revised by this relative position information
iteratively. With the distance estimation between users, the algorithm can combat the influence on wireless signal
strength measurements introduced by a plurality of users, the localization precision can be effectively improved.
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INTRODUCTION

In the densely populated area, often there areiptailtiser location service. On the one hand, becafiliuman
disturbance, the indoor multipath environment canity changes, will cause the positioning accurdegline; on
the other hand, if the location service providegasately to each user, can achieve the positiopimgoses, but
there is no effective use of measurement resultsroltiple users, is a waste of resources. Conisigesuch

application scenarios, this chapter proposes a€atéd multi-user algorithm, comprehensive utilaabf multiple

users to the base station signal measurement sesulRSSI(Received Signal Strength Indication), tser's
location to calculate, to achieve the objectivéngiroving the positioning accuracy.

In the shopping center, exhibition hall and otherspnnel intensive place, users often have a grdateand for
services based on the position of the guide, imirtdn. In such applications, due to the randomégsersonnel
movement, resulting in the wireless environmeninges greatly, the variance of the RSSI value as#me point
increases, the positioning accuracy and steeprmecio we need a new location algorithm is proposadeet the
complex application scenarios such demand.

In the distributed location fingerprint of traditial, each user in advance the fingerprint map iocaarea,

measuring signal from each base station in thetiposig of the RSSI, inside the receiver to compléte

calculation of the position. Positioning such tadidhe independence, the advantage of real-timasanement to
complete fingerprint can immediately calculate theation of the user, in addition, because it doesneed the
information sent to the outside, but also can gyegatuce energy consumption, radio signals froenktase stations
exist only location system, therefore not due ® iticrease in the number of users caused by neteamrgestion,

network strong expansion. However, in the positigninethod of this, users are relatively independwuit through

the collaboration between users to deal with therenment, when the user more location within tegion, users
will spread to the wireless signal caused by odoiygeflection, the positioning accuracy of easkrusharply.

In the application of multiple user positioning, mcuitable for the centralized positioning meth&dch user can
listen for other users to send the signal intensitythe fingerprint information to complete the anfation
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interaction and relative distance estimation, drelauxiliary information is sent to the locatiomas. Using this

method, the fingerprint data server not only cataiobthe user, also can be the relative positiamwéen users is
estimated. With this information, the server carr@ct the error location positioning on individuesers, the number
of users increases offset due to the performangeadation. Many users are put forward in this ceapboperative
localization algorithm is based on this idea, terunteraction between measured RSSI resultsrteatdingerprint

orientation alone, to achieve the objective of iaying the positioning accuracy.

1. COOPERATIVE LOCALIZATIONALGORITHM FOR MULTI USER

MDS technology can achieve a series of node mappinga multidimensional space to another in the
multi-dimensional space, while maintaining the aiste between the nodes of the same. MDS technaisgy a
dissimilarity matrix classical, namely matrix diste between nodes of a record in the multi-dimeradispace, to
calculate a multidimensional space (usually twoatisional or three-dimensional coordinates of trieso

The dissimilarity data in MDS algorithm is obtainég measurement, usually use the Euclidean distamce
dissimilarity representation between nodes. Tha wfethis algorithm is the matrix transformatioa,aonstruct the
topology of the network in a multidimensional spasehe new. In new network topology constructiomjtual
distance between nodes in the network topology thedcorresponding node before the dissimilaritywieen
information.

In the multi user cooperative localization, the rudgough measuring RSSI information to estimate thlative
distance between users, the location server catvected by the result of fingerprint orientatiehative distance
between users. Because each user can obtain betsweeand near distance information, the serverusanMDS
(Multi-Dimensional Scaling, multidimensional scajjnmethod to the relative distance information itite relative
position information of user on a two-dimensionane. Using this relative position information, daoimed with the
fingerprint orientation for each user individuallgsults, will be able to revise the results obtdipesitioning,
positioning more accurate results.

MDS algorithm on RSSI measurement between the wvmlele to use, estimate the relative position betwibe
various users; on the other hand, the server dsiggrprint localization algorithm to locate forarauser, estimates
can be obtained for each user location value. Beeotf these two kinds of location information, lbea precision
of each user can use iterative method to improge th

Combined the fingerprint localization algorithm feingle user, can put forward cooperative localiratlgorithm
is as follows:

® Users measure each base station signal RSSI values.

® User measurements from other user signal RSSI satadculate the path loss transmit power basate@packet
data.

® The path loss signal users will be measured fimggrmformation and other users to the locatiorvee

® The location server according to the rough locatibR base station fingerprint user measured imatt user.

® The location server using the path loss betweeMB& algorithm and the user, calculating the re&position
relationship between users.

® Select the K user as the anchor node localizatgorithm, using WKNN results of their position réle to other
users, will be converted to absolute position.

® For all A combinations, repeat the previous stepabt€ulation.

® The A MDS location algorithm and WKNN algorithm vdts averaging the results, get the final positigniesult.

RESULTSAND DISCUSSION

In order to cooperative localization algorithm forulti user authentication is proposed, combinedh vitie
distribution by measuring the collection to RS3le tmulti user scenarios for cooperative localizatidgorithm
simulation.

3.1 Performance comparison of cooperative localization algorithm and WKNN algorithm for multi user

We first in the different user number case, conmgagroperties of the multi user cooperative logaatgorithm and
WKNN algorithm. The simulation area is 20m * 20ngian, the stochastic distribution of each userectethe
number of cooperative users value of K is 4, basedhe above two kinds of fusion method under diffié
simulation on the number of users, as shown inréiguresults:
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Fig.1 Mean localization error comparison between multi-user cooperative algorithm and WKNN

As can be seen from the graph, multi user cooperaticalization algorithm in the number of userdaige, the
positioning accuracy compared with the WKNN aldaritimproved algorithm, positioning accuracy anditieely

stable. This shows that the multi user cooperdtiealization algorithm can make full use of locatimformation

between users, by positioning the information an\WKNN algorithm results of correction, finally gite results
more accurate positioning. And in the number ofrgisalthough the increase of interference usenngbéves, but
also more accurate location information, so asamtain the stability of the positioning accuracy.

3.2Effect of the reference point density

In the cooperative localization algorithm for muliser, the user can use the mutual location infoomaso the
results of fingerprint positioning accuracy requients can be reduced. Considering the fingerpeifgrence point
location algorithm in this parameter range, if thduced reference point number, increase the referpoint of the
distance, fingerprint orientation error will inceeg but the error correction can be the result BS\bositioning. In
order to investigate the impact of performance @bperative localization algorithm reference poiensity for
multiple users, we conducted simulations on difiédensity reference point, the results as showigime 2:
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Fig.2Mean localization error of multi-user cooperative algorithm with different grid size

As can be seen from the graph, with the increasefefence point spacing, positioning error WKNNaalthm

increases, and the positioning error of multi useperative localization algorithm for smaller ieases. This is due
to the multi user cooperative localization algaritlusing the distance information between usersésl to correct
the positioning results, but such a correctionhi@ tase of sparse reference point effect more obyigo, in the
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application scenario more number of users, careas® the distance between reference points, sposigoning
accuracy will not have too much damage, but théesysconstruction and maintenance workload can batlyr
reduced. It is also one of the multi user coopeeatbcalization algorithms in the application ofetlyreater
advantage.

3.3Multiple user random distribution

Next consider the more close to the practical aptibn scenarios, namely the distribution of udarfocating
randomly within a region, which is consistent witle user to walk around to the actual situationg=igure 1 can
be seen, in the user the random distribution, jpoéitg accuracy of cooperative localization aldarit for multiple
users affected by the number of users. Througlatiad¢ysis of a certain location results, the aateslilts to observe
multi user cooperative localization algorithm imdam distribution of user location. Figure 3 shoavsypical
localization results of 25 distribution of userslatalization random graph, the simulation contaimdtiple users
gather together and a single user alone, can postror analysis under different conditions in.

20 s i
‘ ‘T. O Real position i
'IB'E‘ - ‘-"i‘..'_ .......... WK NN - P
,.v‘ Multi-user r&
18 ) .
her i) :
s
14 B, b 2 MY
12 bt = g
Py s 5]
] o
*g 10 ==
b o
8
~®
8 > -
L —
2 o
e,
5 = Q s Fe -l

0 2 4 6 8 10 12 14 16 18 20
meter

Fig.3 Localization result of randomly distributed users

In Figure 3 can be seen in the location of the,uer random distribution of location error, co@iae
localization algorithm for multi user can still alit smaller WKNN algorithm. In the simulation regibelow
and to the right and lower left, the distance betwthe user far, though it has little effect on rieasurement
of RSSI user base station signal by other usersthaimulti user cooperative error location infotima
location algorithm can obtain the user between lénge, so the location results of modified limitede
improvement of the positioning accuracy is not olgi In the top right of the user area, closepalgh RSSI
measuring user interference by users, but usersob&in more accurate distance meter position ,error
although individual users directly use the fingerplocalization algorithm to calculate the largleut through
the use of the adjacent users more accurate locafiormation, relative to the WKNN algorithm, ptishing
accuracy of cooperative localization algorithmriaultiple users get bigger promotion.

CONCLUSION

Aiming at the application scene in the locationtloé user more, this paper proposes a Co locateti-user
algorithm, through the use of interactive inforroatibetween users is extracted, the distance bettveemiser
information, carried out iteratively by location carsingle user results, achieve the objective ofrawimg the
positioning accuracy. Finally, the chapter on tleperative localization systems is simulated analyaed, the
simulation results show that with the distancenaestion between users, the algorithm can combainfhence on
wireless signal strength measurements introducedfdiyrality of users, the localization precisi@nde effectively
improved.
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