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BACKGROUND OF THE | NVENTION Field of Invention: The present invention
relates to wireless LAN client |ocation tracking system and nore
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several power |evel and the nethod for inproving |ocati-on accuracy is-
described. Description of the Prior Art: Al existing wr sed
| ocation tracking system use received signal strength to ﬁ%ﬁﬂm‘@ﬁm‘n@@

| ocation of wireless client in a Wrel ess LAN system Mbst" t he
received signal strength in the following way. C osest AP | n'!'¥H& si npl est
form a wireless LANclient's |location could be identified by the

associ BAIC K GREOUND O FHE AN VIENIAONy is linted to the

cover age of Access Point. Normally the accuracy level is around 50 neters.
Trilatgzraltloﬁg Trlangul ation In the trllateratlon and triangul ation

sol uti drield “Y"& % onshi p between received signal's strength and distance
is used to inprove the accuracy. Based on each surroundl ng Access Point's
RSSI ( Rdei preders pemtic relaigs Ho| witkless dyAN oliemt decation i tadkingnfystemt angh marbe

di st anapecifiedllyeo mdthalswind apgsstus fordmprdvingethe hcAitagyaflthe loeatiol eackigaystethus
the intersection line will identify the location of client. Miltipath
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system ne to be rated Gre it can cer easona
fingerprint In RE fingerprint sol ution, instead of the mappi ng between
di st ané%ﬁsﬁﬁﬂtlgi‘gﬁﬁle %‘E‘?'éﬁg’f h, the nmappi ng between |ocation to signal
strength is used. It is the nost conputation and calibration intensive
sol ut i o¥l existingrgirclabs A Nthased lstatpa, tragking|sgstemi use received signaldstrengthad
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.

RF

* 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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strength fromdifferent Access Point is |ogged in database. Later when a
wireless client I LLELEEL TEEE LErer et rerer reerr rrer rrrl Goood
reports its received signal strength, the |location conputation engine wll
find the closest match. The changing environnent will affect the accuracy
of | ocati onegurtyitstraddivl sigaestednpth, Telocairmtohiputatioh @Agink & ik &int Micadlbgese makes
the depl oyngptn for this solution a difficult task . he invention has been
carried out | n view of existi ng I ocat [ on trackl ng system s chal |l enges and

I initation or._contri for e.in i on
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| ocation. SUMVARY OF THE | NVENTI ON In the present invention, an apparatus
cal | ed ThaR{veoson hasheeg cAced out Poview of iezsisﬂii@l@czitbmdrackingrsgstmls ohiallelges and_ AN
Access lingitafibn. OTheGhajentomabiitthgt fakier foiehd inh&@ubcy BAR dafioh Balyulhtigl i€ M thet he

speci f isRalaPReBEth RhRY SRR EOHNE hAIBRiroRhREE ThERds nd\siaBlcertibhigBtlvBg use of
t he PAPSgQQP"&Fen ﬂhrhfnﬁrd'f@zﬁcg%rlo%a%éo descri bed. Each PAP added to the
Wrel ess LAN s%stemwl i nprove the conputed | ocation accuracy of the
installed location to be within 1 neter or bel ow, depending on the m ni num
power | evel setting The present invention solves the problem of unstable
mappi ng between received signal strength to location or distance by

i ntroducing the follow ng three key nethod: 1. A data structure of Power

I nformati on El enent contains the current transmtting power is added to
PAP. T ) ' El enent in beacon or other
dedi caml\gr‘&iggﬁgﬁﬁmymg i nformati on fromthe PAP

i nstead of the received signal strength elimnates the inaccurate changing
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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



The hi gher the power, the bigger the coverage. The snmaller the power, the
nore accurate the location estimation. By transmtting the power
information at different power |evel, the new tracking system now can

i ncrease accuracy wthout sacrifice the coverage. 3. The wireless client
col I ects all jt§ Regiigtesh FPOVRA. Dt eATRpPbA its R@RRApolvePRfcHMatiBAR & DotdiRn Sane

| ocation tra@Bfn?Qtaﬁ)ﬂﬁTS@mer 378 T émmaaeepgémtiﬁx&m texfsﬁﬁgg?ﬁﬁﬁow Il give the

nost accurate reference to its current cation. The w ess client then
can make a decision of 2 its location onits owmn. O it can report its
recei ved power information to a Location Conputation Server for a better
estimation conbined with existing solution . BRI EF DESCRI PTION OF THE
SEVERAL VI EWS OF THE DRAWNGS A preferred formof the present invention is
illustrated in the acconpanying drawings in which: Fig. 1 illustrates the
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Element. Fig. 4 illustrates the algorithm of deriving nore accurate
| ocation information fromPower Information Element. Fig. 5 illustrate the

differ I ti accuracy bet. n_exksting system and the present
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foll owing description, the preferable enbodinment will be explained based on
the addnpHHstraies e Smisd setup diagemmwhersd Adperurdhe used. one skilled in the
art, hdug\atlpstrates thewdntmasion aontpirted ipnideca Power Infarmation Elententlet ai | s.  As
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W r el essforhhdt ERnAgEess Point is used to provide data link to PAP,
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invention,

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

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.



3 PAP is used to provide position information to Wreless Client. It could
be a light weight Access Point, Wreless Cient, or existing Access Point
wi th software enhancenent. The PAP will transmt Power |nformation El enent
periodically. And it will also connect to Access Point by switching to
client nodepARis @ed eaproyide @osiEipR irforrhfioAne VEiréleds Tlicat. LOSAN BAa lighn Pt | on
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PAP. I'n t he PFESEP DREHi ifRt mpds RHEQ TP RERT et SHED Y higFaust d
use Free SPa¥BPYHaEM $B¥L: So calibration is not really necessary. Wreless
Client refers to any Wrel ess LAN enabl ed not ebook, WFI tag etc that

under st andsLdRetex Compotarran ServeElseredito atwblat¢ thepoaties of NgirdlesswlieAsS siaibwn i n
figure 2, aeporanidPAPGistdasaside teolLsvation TrackmEesSyktean Mt s ke exactib&atioR PAP | D
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have nul tiyiderstangs Powerdnfosmatign iElgsmeny and fiepreeessingdiew-Each i nstal | ed PAP

will be assigned a unique PAP_ID. In Location Conputation Server(1l), it
wi |l associate each PA-P-11) to a reference |ocation. POANER LEVEL refers

to the AJaiosiihfiedreR, aRRUBPlel PRIwek Bifoinldton Fa¥REntlcBh@IH¥Rt i on  El enent. Each
time PAP trapgRifiy out a Power Information Elenent with different power

level , thig phgrfhwi Il also be updated. Checksumrefers to a secured check
sum for vali g@k}g E f this Power Information Elenent. Since Power

I nf ormati on S ent out in clear text, for a secure system it my
be preferrédcpé‘)"]iﬁ%’@ SHA or other secured hash function with hiden secret to
conpute a check sumfor validity check. Only those Power Infornmation

El ement w tbI'®dDrrefers wHawhktion 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



sumwi | |. be processed. Figure 3 illustrates the processing flow of Power
Information Elenent inside a PAP. It can be run as a separate software
process in a Wreless LAN Device. At Step 6, A Power Infornmation El enment
Array for the particular PAP is initialized with the correct LTS ID,
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At Step 14, it will group all the received Power Information Element by their PAP_ID.
Each group contains all the Power Information Element from a specific PAP with the
unique PAP_ID.
At Step 15, for each group, the Power Information Element with minimum
POWER_LEVEL is retained while others are removed.
At Step 16, from the minimum transmitted POWER_LEVEL, and the PAP's location
we've 100% certainty that the Wireless Client is within a most accurate coverage of the
PAP based on the predefined Distance to Signal Strength Mapping. With multiple PAP's
minimum transmitted POWER_LEVEL, we can use other existing method like
trilateration or triangulation to compute the exact location of the Wirless Client.

Figure 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 5a 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:



uni que PAP_ID. At Step 15, for each group, the Power Information El enent
with mninmum POAER LEVEL is retained while others are renoved. At Step 16,
fromthe mnimumtransmtted POMNER LEVEL, and the PAP's |ocation we've
100% certainty that the Wreless Client is within a nbst accurate coverage
of the PAP basedher it Bl%c]@d’g%dﬂiherkﬁﬁlr%ﬁkﬂtnﬂﬁ weéak Sighapis dot ieaghilnMapPi Ng.
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t he possi blmodeocati on of Wreless Client 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 nmeter 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 following two scenario: 5 There
is blockage in the environnment, the weak signal is due to environnent.
Wreless Client'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 obvious

t hat based on the present invention, we can renove the sone of the

anbugity associated with environnent and increase the |ocation accuracy to
1 neter or nore. 6 What is clainmed is: 1. A nethod to inprove the accuracy
of location tracking systemthat conprising: a data structure that
contains Power Information Elenent and an apparatus that can send out Power
I nformati on El enent through wireless interface and




a software task running on Wreless LAN Client that can receive validated
Power Information Elenment and an algorithmfor utilize the Power

I nformation Elenment. 2. A data structure as claimed in claim1l, wherein the
said Power Information Elenent contains transmtted Power Level. 3. A data
structure as clainmed in claim?2, wherein the said Power Information El enent
contains Location Tracking System|ID, Apparatus |ID, and Check Sum 4. A
data structure as clained in claim3, wherein the said Check Sum could be
cal cul awhaibysxlmmed ISash algorithm 5. An apparatus as clainmed in
claim1l1, wherein the said Power Information Elenent is transmtted using a
set of predefined Power Level. 6. An apparatus as clainmed in claimb5,
wherein the said Power Infornmation Elenent is transmtted periodically. 7.
An apparatus as clained in claim6, wherein the apparatus will connect to
Access Poilt A pethpdn dnirpye thy agwireayifecation Waeking systadh that compusing:o r eport
its status. aglatestamfuredraecerasiks Bewet aforsdtiom Ebdngantadd wi | | col | ect al | Power
| nf or mat i on aklagp@atusf therBantsbvd SwirPoowen thignaRRIahesaBrodyh wirksé htdrfiRe
apparat us' s gggannel periodically. 9. An algorithmas clainmed in claim]l,

wherein the [ | r : ' . ; wr ong
Location Tr éﬁ%ﬁ?ﬁ%ﬁé Bg%emnhinﬁl&lwlgﬁggﬁﬁguﬂlyt%ﬁ%n%gflg%??ﬁ}%% Cllai med in
claim9, wherern tt% qu (E will grou a,ELe Power I nformation El enent by
Appar at us | Bnél:l&i)fg rfgh‘%f Bt %PWT(IP%EWF{??% Mt-ed power |evel for each

- Appar at us 3-DA dpfa stpgtigp goelpinead insladmal, phgreimthelsaidRower lferrastiont lemantigor i t hm
use the m ni penaing trassmitie@Bowerolevel.| evel instead of the received signal
strengt h fhbr Al datattieiure ad clainadd iarlaim 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.



