METHODS AND APPARATUS FOR | MPROVI NG ACCURACY OF W RELESS LAN LOCATI ON
TRACKI NG SYSTEM BACKGROUND OF THE | NVENTI ON Fi el d of Invention: The present
invention relates to wireless LAN client |ocation tracking system and nore
specifically to nethods and apparatus for inproving the accuracy of the

| ocation tracking system In particular, the apparatus, a custom zed

w rel ess LAN device, that sends out transmtted power information in

several powMETERDSAND AP RARATUSD FQRIMPRQVINGAGLGURAGCNAOF i s

described. Descri piIREIESSEAR LOCATIONITRADKINGSYSTEMSS LAN based
| ocation tracking systemuse received signal strength to conpute the

| ocation of wireless client in a Wreless LAN system Mst of themuse the
received signal strength in the following way. C osest AP In the sinplest
form a wireless LANclient's |location could be identified by the

associ ated wirel ess LAN Access Point. The accuracy is limted to the
coverage of Access Point. Normally the accuracy level is around 50 neters.
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solution, the relationshi pq)et ween received signal's strength and di stance
is used to im[)rovq the accuracy. Based on each surroundi ng Access Point's
RSSI ( RedBtldeof InyeyHanr: Strength Indicator) or Tine arrival information, the
di.stance between the wireless client to each AP could be cal cul ated. Thus
t he i nt éfteeptesamn ihvam@on relatels dontvirblgsst RAN atieviti oatofn ohikény sysideh tandambre
ef fect apecifitdligno hlethodagerl dppsratie fdrumpebiving thakesratyef the fiehtigh threkivgeystdd®S| t o
di stance varies a lot in different building and | ocation. A practical
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fi nger prij, Rfmation in several power level and the method for improving location accuracy is described.

Description of the Prior Art:

All existing wireless LAN based location tracking system use received signal strength to
compute the location of wireless client in a Wireless LAN system. Most of them use the received
signal strength in the following way.
* Closest AP
In the simplest form, a wireless LAN client's location could be identified by the associated
wireless LAN Access Point. The accuracy is limited to the coverage of Access Point.
Normally the accuracy level is around 50 meters.

* Trilateration and Triangulation

In the trilateration and triangulation solution, the relationship between received signal's
strength and distance is used to improve the accuracy. Based on each surrounding Access
Point's RSSI(Received Signal Strength Indicator) or Time arrival information, the distance
between the wireless client to each AP could be calculated. Thus the intersection line will
identify the location of client.

Multipath effect and other blockage inside building makes the mapping between RSSI to
distance varies a lot in different building and location. A practical system needs to be
calibrated before it can produce reasonable result.

» RF fingerprint

In RF fingerprint solution, instead of the mapping between distance and signal strength,
the mapping between location to signal strength is used. It is the most computation and
calibration intensive solution. During calibration stage, all location's received signal
strength from different Access Point is logged in database. Later when a wireless client
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I'n RF fingerprint solution, instead of the mappi ng -between di stance and
signal strength, the mapping between | ocation to signal strength is used.
It is the nost conputation and calibration intensive solution. During
calibration stage, all location's received signal strength fromdifferent
Access Point is logged in database. Later when a wreless client - 1111 |11
[T e till 1* 66166* 11111111111111 *@&0000 * reports its received signal
strengt h, t hepdrisdtatréasived sigpaltstierighin tenlgeationwpinputhiigndenging vgll dind ghte alesesth.  The
changi ng enwnatdnnment will affect the accuracy of |ocation conputation
severely. The need for intensive calibration makes the depl oynent for this
sol ution a ditefch&ifidg drR&bamdiieill Bifes tieQitcltasy dTaGALGREI RN sevaRely. THY Of
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limtation for prior art systemis that the transmtted power is inferred
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cover aggesodutiongnd higscoxeragey Aeke qlesse AR Jogprionggacking isyséam for gkamile, igaoer schene

i n pri orcougragestggquicanadighentranswarpowee | Whileor lowge iesont owge kidiegtes g davean  SUMVARY
OF THE |cNiviEEhgd i@fliub thus hdigheessnittidnnSe atfixedirammitgppar sthese depriardrt system

PAP( Posidoeartivigk Aetl dsislofmion trackiisg desar. i bed. A normal w rel ess LAN Access
Point or Cient could take the role of PAP if they inplenent the specified

Power | i jnf | nt that contains transmt
power |$ﬁﬁ%ﬁﬁﬁm mmiﬁ ki ng use of the PAP power
information is al so described. Each PAP added to the Wrel ess LAN system

Wi T T p QY Greleh@nve AR UL %arLMﬁédQﬂP@&ﬁHﬁ;ﬂé?b{ccgﬁ PlifiFis bddgHhal JA%QmJaRQQHSCUANt 0 be

‘g'r teg'egt T BE ?Jmt Qf ClQﬁt c‘BMVd taﬁlﬁtﬂ% 'Jf‘?APE} nﬁeb%nﬂ?énﬂht%%&f?\é@%odeﬁf%%hnaﬁ&t }El!:r%gt(
rtlfn rmatlofl e%{neﬁ %at {nams ranant d).o Sc{r mformatb;> procgslglg%j IXBIQJBIOCI gh "(ljﬁ lise ofr tEe I?

iiagnﬁlet WS&S’% ormation is also (Fscrlbeg or ance uct ng ow ng hl’ ee

Each PAP added to the Wireless LAN system will improve the computed location accuracy of the installed location
to be within 1 meter or below, depending on the minimum power level setting

The present invention solves the problem of unstable mapping between received signal strength to location or
distance by introducing the following three key method:

1. A data structure of Power Information Element contains the current transmitting power is added to PAP.
The PAP transmits out Power Information Element in beacon or other dedicated data frame.

Using transmitted power information from the PAP instead of the received signal strength eliminates the
inaccurate changing map between signal strength and distance or location.

2. The PAP transmits out the Power Information Element by a set of predefined different power level.
Different level of power corresponds to different level of location accuracy and coverage.

The higher the power, the bigger the coverage. The smaller the power, the more accurate the location
estimation. By transmitting the power information at different power level, the new tracking system now
can increase accuracy without sacrifice the coverage.

3. The wireless client collects all received Power Information Element from all PAP in the same location
tracking system. The minimum power level it receives will give the most accurate reference to its current
location. The wireless client then can make a decision of its location on its own. Or it can report its
received power information to a Location Computation Server for a better estimation combined with
existing solution .



1. A data structure of Power Information El enent contains the current
transmitting power is added to PAP. The PAP transmits out Power |nformation
El ement in beacon or other dedicated data frame. Using transmtted power
information fromthe PAP instead of the received signal strength elimnates
t he inaccurate changing map between signal strength and di stance or

| ocation. 2. The PAP transmts out the Power Information El enent by a set
of predefined different power level. Different |evel of power corresponds
to different |level of |ocation accuracy and coverage. The hi gher the power,
t he bi gger the coverage. The smaller the power, the nore accurate the
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sacrifice the coverage. 3. The wireless client collects all received Power
Information El enent fromall PAP in the sanme |ocation tracking system The
m ni mum power level it receives wll give the nost accurate reference to
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| nf or mat/POFMRticaRlamenti . 3 j|lustrates the flow chart of the PAP to send
out Powdtig.Intlastrate the differaagef locatiog acaprgcly |bgttecn existingrrstangod thelpigseht der i vi ng
nor e acouveatien.| ocati on i nformation from Power |Information Element. Fig. 5
illustrate the difference of |ocation accuracy between existing system and
the present invention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS I n
the foll owi ng description, the preferable enbodi nent will be explai ned
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shown i Nﬂg NE al Location Tracking Systemcontains Locati on
Comput a’[llzo erverl\?E §Work connection 2 Access Point 3,

In the following description, the preferable embodiment will be explained based on the
accompanying drawings . It shall be apparent to one skilled in the art, however, the invention
may be practiced without such details.

As shown in figure 1, A typical Location Tracking System contains
* Location Computation Server 1,
» Network connection 2
» Access Point 3,
* PAP4,
» Wireless Client 5

Access Point is used to provide data link to PAP, wireless client as in the normal Wireless
LAN system.

PAP is used to provide position information to Wireless Client. It could be a light weight
Access Point, Wireless Client, or existing Access Point with software enhancement. The
PAP will transmit Power Information Element periodically. And it will also connect to



PAP 4, Wreless Cient 5 Access Point is used to provide data link to PAP,
wireless client as in the normal Wreless LAN system PAP is used to

provi de position information to Wreless Cient. It could be a |light weight
Access Point, Wreless Client, or existing Access Point with software
enhancenment. The PAP will transmt Power Information El ement periodically.
And it will also connect to Access Point by switching to client node

peri odi cal | yAacessrEop by syvitehigge chierftrpedet periodically torrershiuavan statns Bdragation
Locati on Corfpumputiton SSeewer is used to calculate the location of Wreless
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As shown in figure 2, a example of Power Information Element contains:
- LTS ID
- PAP ID
+ POWER_LEVEL
» Checksum

LTS _ID refers to Location Tracking System ID. This will be the unique identification code
for the particular Location Tracking System. If multiple Location Tracking System is
installed in one place, this could be used to differentiate between each system.

PAP_ID refers to Positioning Access Point ID. Each Location Tracking System may have
multiple PAP installed to improve the accuracy. Each installed PAP will be assigned a

unique PAP_ID. In Location Computation Server(1), it will associate each PAP _ID to a
reference location.

POWER_LEVEL refers to the transmitted RF power level for this Power Information
Element. Each time PAP transmits out a Power Information Element with different power
level, this field will also be updated.

Checksum refers to a secured check sum for validity check of this Power Information
Element. Since Power Information Element is sent out in clear text, for a secure system, it
may be preferred to use SHA or other secured hash function with hiden secret to compute

a check sum for validity check. Only those Power Information Element with correct check
sum will be processed.

Figure 3 illustrates the processing flow of Power Information Element inside a PAP. It can be
run as a separate software process in a Wireless LAN Device.
At Step 6, A Power Information Element Array for the particular PAP is initialized with
the correct LTS ID, PAP ID, POWER LEVEL, Checksum. The array contains a set of
predefined POWER_LEVEL that PAP is supposed to transmit out. The number of
POWER_LEVEL is determined by the system accuracy requirement and also how fine the

Wireless LAN device could adjust its transmit power level. This array only needs to
initialize once.



for the particular Location Tracking System If -nultiple Location Tracking
Systemis installed in one place, this could be used to differentiate
bet ween each system PAP ID refers to Positioning Access Point |ID. Each
Location Tracking System may have nultiple PAP installed to inprove the
accuracy. Each installed PAP will be assigned a unique PAP _ID. In Location
Conmputation Server(1l), it will associate each PAP_1D to a reference
| ocati on. PONER LEVEL refers to the transnmitted RF power |evel for this
Power | nf or faemditerE] wnidnthe PBRdbopisi thughifhe tPomshifarmatert ElsmPatvenray erfedaymat i on
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13, it will filter out those Power Informatl on Element with wong LTS JD or
Checksurfigure 5 illustrates why in Step 16 we can derive a more accurate location of Wireless Client,

while the existing prior arts can not arrive at the same level of accuracy.
As an example, when wireless frame is received from both PAP and AP with a weak
RSSI(10), the possible location of Wireless Client in the present invention and prior art
system are illustrated in Figure Sa and 5b.
In Figure 5a, a POWER_LEVEL will give us extra information. As the POWER _LEVEL
corresponds to 1 meter, we're sure it should be within 1 meter of coverage of this PAP.
But in Figure 5b, based on the received RSSI(10), we can't make the same conclusion, it
could be the following two scenario:
* There is blockage in the environment, the weak signal is due to environment.
Wireless Client's position could actually be around circle 19
» There is no blockage, the weak signal is due to Free Space Path Loss, the Wireless
Client's position could be actually be around circle 18.
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At Step 14, it will group all the received -Power |nformation El enent by
their PAPID. Each group contains all the Power Information Elenent froma
specific PAP with the unique PAPID. At Step 15, for each group, the Power

I nformation Elenent with m ni num PONER_ LEVEL is retained while others are
removed. At Step 16, fromthe mnimumtransmtted POMNER LEVEL, and the

PAP' s | ocation we've 100%certainty that the Wreless Cient is within a
nmost accur at¥ it swbrayethef basértborPAP pirasd dhventianh we paectefove dd sDinstofitiee t o
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LEVEL, we canomdse ot her existing nethod like _ trilateration or
triangulation to conpute the exact |ocation of the Wrless Cient. Figure 5
illustrates why in Step 16 we can derive a nore accurate | ocation of
Wreless Cient, while the existing prior arts can not arrive at the sane

| evel of accuracy. As an exanple, when wireless frane is received fromboth
PAP and AP with a weak RSSI (10), the possible location of Wreless dient
in the present invention and prior art systemare illustrated in Figure 5a
and 5b. In Figure 5a, a PONER LEVEL will give us extra information. As the
PONER_LEVEL corresponds to 1 neter, we're sure it should be within 1 neter
of coverage of this PAP. But in Figure 5b, based on the received RSSI(10),
we can't make the sane conclusion, it could be the follow ng two scenari o:
There is bl ockage in the environment, the weak signal is due to
environment. Wreless Cient's position could actually be around circle 19
There is no bl ockage, the weak signal is due to Free Space Path Loss, the
Wreless Client's position could be actually be around circle 18. So it is
obvi ous that based on the present invention, we can renove the sone of the
anbiguity associated with environnent and increase the |ocation accuracy to
1 meter or nore. Wiat is clained is: 1. A nethod to inprove the accuracy
of location tracking systemthat conprising: a data structure of Power,
Informati on El enent that contains explicitly defined transmt power |evel,

| ocation tracking systeminformati on and check sum and



an apparatus that can send out the Power Information El enent through
wireless interface, and a software task running on Wreless LAN dient that
can receive validated Power Information El enent and an al gorithm for
utilizing the Power Information El enent data structure. 2. A data structure
as claimed in claim1, wherein the said Power |Information El enment contains
transmtted Power Level. 3. A data structure as clainmed in claim2, wherein
the said Power Information El enent contains Location Tracking System I D,
Apparatus ID, and Check Sum 4. A data structure as claimed in claim 3,
wher ein ﬁﬁw i:giﬁg m,coul d be cal culated by a secured hash al gorithm
5. An apWi g ¢ *‘in claiml1, wherein the said power Information
Element is transmtted using a set of predefined Power Level. 6. An
apparatus as clainmed in claim5, wherein the said Power Information El enent
is transmtted periodically. 7. An apparatus as clainmed in claim6, wherein
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| nfor mati on Bt gt h wrong Location Tracking System | D and Check Sum
10. An al gor i2SRAA% teskannrieg phWerekassd-ON Glirat brttap receire yalidatadnPowen group
al | - Power | nfleforratiogElenenterd by Apparatus | D and search for the mni mum
transmtted powgorithay éir Uflbmngtilcﬂi’ompphlrfmgon Blement dafgstakigor.i t hm as cl ai ned
i n clai m 1,2 wAehtistrutthe aalcipimed inrclaisd , wherein the saidPowarisforhiton Fewert | evel
i nst ead of t heontfeetranedited Poatr Bévengt h for | ocation cal cul ati on.
3. A data structure as claimed in claim 2, wherein the said Power Information Element
contains Location Tracking System ID, Apparatus 1D, and Check Sum.
4. A data structure as claimed in claim 3, wherein the said Check Sum could be calculated
by a secured hash algorithm.
5. An apparatus as claimed in claim1, wherein the said power Information Element is
transmitted using a set of predefined Power Level.
6. An apparatus as claimed in claim 5, wherein the said Power Information Element is
transmitted periodically.
7. An apparatus as claimed in claim 6, wherein the apparatus will connect to Access Point
periodically by switching to Wireless Client mode to report its status.
8. A software task as claimed in claim 1 will collect all Power Information Element from
the surrounding apparatuses by tune to the apparatus's channel periodically.
9. An algorithm as claimed in claim 1, wherein the algorithm will remove Power
Information Element with wrong Location Tracking System ID and Check Sum.
10. An algorithm as claimed in claim 9, wherein the algorithm will group all Power
Information Element by Apparatus ID and search for the minimum transmitted power
level for each Apparatus ID.
11. An algorithm as claimed in claim 1, wherein the algorithm use the minimum transmitted
power level instead of the received signal strength for location calculation.



