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(57) ABSTRACT

A communication system for supporting a positioning opera-
tion within a specific area includes a system server and a
communication device. The system server receives training
location data corresponding to m training locations, wherein
m is a natural number greater than 1, and obtains a first set and
a second set of parameters according to m sets of training
location data respectively corresponding to m training loca-
tions by way of conversion. The communication device
downloads a part or an entire of the first set and the second set
of parameters from the system server, establishes a position-

(21) Appl. No.: 12/844,003 ing function according to the downloaded part or entire of the
first set and the second set of parameters, determines to-be-
(22) Filed: Jul. 27, 2010 positioned location data of a to-be-positioned location, and
substitutes the to-be-positioned location data into the posi-
(30) Foreign Application Priority Data tioning function to generate positioning result data corre-
sponding to the to-be-positioned location of communication
Dec. 21,2009  (TW) i, 098143990  device.
20
System

server




US 2011/0148711 A1

Jun. 23,2011 Sheet 1 of 4

Patent Application Publication

|

U0

¥ &

NN
NN
NN
jodd

N
0o
0oad
uodo

JOAIOS
walsAg

N

0c




Patent Application Publication  Jun. 23, 2011 Sheet 2 of 4 US 2011/0148711 A1

. Hand-held
Signal System .
. communication
receiver server .
device
(a)
(b)
(c)
>
(d1)
—>
(d2)
—>
(d3)
—>

FIG. 2



US 2011/0148711 A1

Jun. 23,2011 Sheet 3 of 4

Patent Application Publication

JOAISS
WalsSAg

{

0] 2

, ; . b-m TG

a\]



Patent Application Publication  Jun. 23, 2011 Sheet 4 of 4 US 2011/0148711 A1

Sl
System
server 60 70 '
i § " [ Hand-heid ; §
boomme oo ommmmoonne +-{communication | |
AL _deviee Jap) |
FIG. 4
Signal System Hand-held
. communication
receiver server )
device
(a")
(b")
(e)
()
' (9)
(c)

(d1')

(d2')

(d3')




US 2011/0148711 Al

POSITIONING METHOD AND
COMMUNICATION SYSTEM USING THE
SAME

[0001] This application claims the benefit of Taiwan appli-
cation Serial No. 098143990, filed Dec. 21, 2009, the subject
matter of which is incorporated herein by reference.

BACKGROUND

[0002] 1. Technical Field

[0003] The disclosure relates in general to a device of a
communication system, and more particularly to a commu-
nication system using a communication device therein to
perform a positioning operation itself.

[0004] 2. Description of the Related Art

[0005] Global positioning system (GPS) is the simplest and
has provided a mature localization technique for obtaining
the longitude-latitude coordinate information. The GPS per-
forms the corresponding positioning operation according to
signals outputted from satellites. In the indoor environment,
the satellite signals are poorly received so that the GPS cannot
operate normally. The current techniques are using wireless
signals to positioning the to-be-positioned object in the
indoor environment where the GPS cannot work effectively.
[0006] Conventionally, the pattern-matching positioning
system is more resilient to the unpredictable signal fading
effects and thus could provide higher accuracy for positioning
results in more complex environments. The pattern-matching
system consists of two phases: training phase and positioning
phase. In the training phase, signal intensities provided by
base transceiver stations on many training locations are col-
lected to establish a training signal intensity feature vector at
a system server end corresponding to each training location.
The components of the training signal intensity feature vector
respectively indicate the signal intensities of the base trans-
ceiver stations received at the corresponding training loca-
tion.

[0007] Next, in the positioning phase, a to-be-positioned
device integrates the signal intensities of the base transceiver
stations collected at an unknown location as a to-be-posi-
tioned signalintensity feature vector, and provides the feature
vector to the system server end. Then, the system server
compares the to-be-positioned signal intensity feature vector,
provided by the to-be-positioned device, with multiple train-
ing signal intensity feature vectors, which are found in the
training phase and respectively correspond to multiple train-
ing locations, and thus obtains a most similar training signal
intensity feature vector from the training signal intensity fea-
ture vectors, wherein its corresponding training location
serves as the possible positioning location of the to-be-posi-
tioned object.

[0008] Tt is an important issue in the industry to design a
positioning system, which is based on the wireless signals.

SUMMARY

[0009] The disclosure is directed to a positioning method
and a communication system using the same.

[0010] According to first aspect of the present disclosure, a
communication system for supporting a positioning opera-
tion in a specific area is provided.

[0011] Thespecific area includes m training locations and n
signal transceiver stations, wherein n and m are natural num-
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bers greater than 1. The communication system includes a
system server and a communication device. The system
server receives a set of training location data corresponding to
each of the m training locations. The set of training location
data relates to signal intensities outputted from the n signal
transceiver stations and detected on each of the m training
locations. The system server further converts m sets of train-
ing locations data, respectively corresponding to the m train-
ing locations, into a first set of parameters and a second set of
parameters, which determine a signal distribution function
within the specific area. The communication device down-
loads a part or an entire of the first set of parameters and a part
or an entire of the second set of parameters from the system
server, and correspondingly establishes a positioning func-
tion, relating to the signal distribution function, on a side of
the communication device. The communication device fur-
ther receives signals, outputted from the n signal transceiver
stations, at a to-be-positioned location to determine to-be-
positioned location data, and the communication device sub-
stitutes the to-be-positioned location data into the positioning
function to generate positioning result data corresponding to
the to-be-positioned location of the communication device.
The positioning function is a function of the to-be-positioned
location data.

[0012] According to second aspect of the present disclo-
sure, a positioning method, applied to a communication sys-
tem, for supporting a positioning operation in a specific area
is provided. The specific area includes m training locations
and n signal transceiver stations, wherein n and m are natural
numbers greater than 1. The positioning method includes the
following steps. First, a set of training location data corre-
sponding to each of the m training locations is received. The
set of training location data relates to a part or an entire of
signal intensities outputted from the n signal transceiver sta-
tions and detected at each of the m training locations. Next, m
sets of training location data, respectively corresponding to
the m training locations, are converted into a first set of
parameters and a second set of parameters, which determine
a signal distribution function. Then, a part or an entire of the
first set of parameters and a part or an entire of the second set
of parameters are downloaded from a system server to a
communication device. Next, a positioning function, corre-
sponding to the signal distribution function, is established on
one side of the communication device according to a part or
an entire of the downloaded first set and second set of param-
eters. Then, signals, outputted from the n signal transceiver
stations, are received on a to-be-positioned location, where
the communication device is located, to determine to-be-
positioned location data. The positioning function is a func-
tion of the to-be-positioned location data. Finally, the to-be-
positioned location data is substituted into the positioning
function on the side of the communication device so as to
generate positioning result data corresponding to the to-be-
positioned location of the communication device.

[0013] The disclosure will become apparent from the fol-
lowing detailed description of the preferred but non-limiting
embodiments. The following description is made with refer-
ence to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG.11isablock diagram showing a communication
system according to an embodiment of the disclosure.
[0015] FIG. 2 is a sequence diagram associated with the
communication system of FIG. 1.
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[0016] FIG.3isablock diagram showing a communication
system according to a second embodiment of the disclosure.
[0017] FIG. 41isablock diagram showing a communication
system according to a third embodiment of the disclosure.
[0018] FIG. 5 is a sequence diagram associated with the
communication system of F1G. 4.

DETAILED DESCRIPTION

[0019] The disclosure relates to a communication system,
wherein a system server establishes asignal distribution func-
tion according to the spatial dependence of the training space.
The signal distribution function is determined by the first set
of parameters and the second set of parameters. The system
server transmits, through the communication link, the first set
and the second set of parameters to a communication device
in a communication system associated with the disclosure.
Thus, the communication device can generate a positioning
function corresponding to the signal distribution function
according to the first set and the second set of parameters, and
substitute a to-be-positioned signal intensity feature vector,
received thereby, into the continuous positioning function so
that the positioning operation thereof can be completed at the
end of the communication device. The positioning function
has the to-be-positioned signal intensity feature vector serv-
ing as a variable.

First Embodiment

[0020] FIG.11isablock diagram showing a communication
system 1 according to an embodiment of the disclosure.
Referring to FIG. 1, the communication system 1 includes a
system server 20 and a communication device 30. The com-
munication system 1 supports a positioning operation of the
communication device 30 in a specific area S. For example,
the specific area S includes m training locations 11 to Im and
n signal transceiver stations bl to bn, wherein n and m are
natural numbers greater than 1. For example, the signal trans-
ceiver stations b1 to bn may be a wireless local area network
(Wireless LAN) signal access point (AP), a mobile phone
communication system (Cellular Radio) base transceiver sta-
tion (e.g., global system for mobile (GSM), a code division
multiple access (CDMA), a base transceiver station for a
mobile communication transmission system) or any other AP
associated with the wireless communication system.

[0021] FIG. 2 shows a sequence diagram associated with
the communication system of FIG. 1. In one example, the
communication system 1 of this embodiment has four opera-
tion phases including a training phase, a function establishing
phase, a downloading phase and a positioning phase.

[0022] The training phase is performed in the operation
flow (a), in which a signal receiver is adopted to receive a
wireless signal outputted from each of the n signal transceiver
stations b1 to bn on each of the training locations 11 to Im, and
to detect its corresponding signal intensity. The n sets of
signal intensities respectively corresponding to the n signal
transceiver stations bl to bn are detected corresponding to
each of the training locations 11 to Im, and the n sets of signal
intensities are recorded as a corresponding set of training
location data, for example. For each of the n sets of signal
intensities, it may be a single signal intensity test result, a
simple average or a weighted average of several signal inten-
sities corresponding to the same signal transceiver station, or
the signal intensity obtained by any other mathematical
operation model. In one example, the set of training location
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data is a feature vector including n components. For example,
the training location data corresponding to the i training
location li may be labeled as the feature vector vi, which
satisfies:

vi= (i, 1), v(i.2), v(53), . .. V)],

sgreenwherein v(i,1), v(i,2), . . ., and V(i,n) respectively
represent the signal intensities of the wireless signals output-
ted from the n signal transceiver stations b1 to bn and received
on the training location 1i, wherein “i” is a natural number
smaller than or equal to m. The system server 20 receives m
sets of training location data v1 to vm corresponding to all the
training locations 11 to In.

sgreen[0023] The function establishing phase is performed
in the operation flow (b), in which the system server 20
converts the m sets of training location data v1 to vm respec-
tively corresponding to the m training locations into a first set
of parameters and a second set of parameters, and determines
the signal distribution function according to the first and
second sets of parameters. In one example, the signal distri-
bution function is the function constructed by a long-distance
signal attenuation model in a shield-free space, the model
adopts the first set of parameters relating to the signal output
intensity of each of the signal transceiver stations b1 to bn,
and the second set of parameters relates to the environment
parameters around each ofthe signal transceiver stations b1 to
bn.

sgreen[0024] The downloading phase is performed in the
operation flow (c), in which the communication device 30
downloads a part or an entire of the first set of parameters and
a part or an entire of the second set of parameters from the
system server 20.

sgreen[0025] The positioning phase is performed in the
operation flows (d1) to (d3). First, in the operation flow (d1),
the communication device 30 establishes a positioning func-
tion f corresponding to the signal distribution function on the
side of the communication device 30 according to the down-
loaded part or entire of the first set of parameters and the
downloaded part or entire of the second set of parameters.
sgreen[0026] Next, in the operation flow (d2), the commu-
nication device 30 receives the signals, outputted from the n
signal transceiver stations bl to bn, on a to-be-positioned
location1so as to determine a set of to-be-positioned location
data, which indicates the signal intensity corresponding to
each of the n signal transceiver stations b1 to bn on the
to-be-positioned location 1.

sgreen[0027] Thereafter, in the operation flow (d3), the
communication device 30 substitutes the to-be-positioned
location data into the positioning function fto generate posi-
tioning result data corresponding to the to-be-positioned
location of the communication device 30. Thus, the commu-
nication system 1 can finish the operation of positioning the
communication device 30 through the four operation phases
including the training phase (operation flow (a)), the function
establishing phase (operation flow (b)), the downloading
phase (operation flows (¢)) and the positioning phase (opera-
tion flows (d1) to (d3)).

sgreen[0028] In detail, the long-distance signal attenuation
model in the shield-free space adopted in the operation phase
(b) may be represented by the following equation:

) d
PL(d) = PLidy) + 10¢log(d— ],
0

sgreenwherein d is a distance between the transmitter and the
receiver; PL(d) is the signal attenuated intensity after the
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distance d; d, is a reference distance; PL(d,) is the signal
attenuated intensity under this distance; and ¢ is an environ-
ment variable. When the signal distribution function is estab-
lished, the signal intensity Pr(l,bj), obtained on the to-be-
positioned location 1 by the detection of the wireless signal
outputted from the j signal transceiver station bj, is assumed
to be equal to the emitted signal intensity Pt(j) of the signal
transceiver station bj minus the signal attenuation level PL(|
1,bj ||) between the signal transceiver station bj and the to-be-
positioned location 1, wherein j is a natural number smaller
than or equal to n; and || Lbj || is the Euclidean distance
between the 10-be-positioned location 1 and the signal trans-
ceiver station bj). When the long-distance signal attenuation
model of the shield-free space is applied to the signal attenu-
ation level PL(| Lbj ||), the signal distribution function for
representing the signal intensity Pr(l,bj) satisfies:

Pril, bj) = P j) - PL|L, bjl)

= Pi(j ; Il &l
= Pi(j)— PL{dg) - 10X () xlo o
= ; . ll4, bl

=P (- 10><¢l&j)><log(d_0]

Pret () = Pi(j) = PLdh),

wherein P, (j) is the parameter corresponding to the signal
output intensity of the signal transceiver station bj; and ¢(j) is
the environment variable corresponding to the signal trans-
ceiver station bj.

[0029] The parameters P, (j)Ij=1,2, .. ., nare the firstsetof
parameters to be obtained in the function establishing phase,
and the parameters ¢(j) 1j=1,2, . . . , n are the second set of
parameters to be obtained in the function establishing phase.
Inthe operations of calculating the parameters P,_(j) and ¢(j),
the conditions that the to-be-positioned location 1 is equal to
the i” training location Ii (i is a natural number smaller than or
equal to m) and that the signal intensity Pr(li,bj) correspond-
ing to the i training location and the i signal transceiver
station bj is equal to the j” component v(i,j) of the x” feature
vector vi recorded in the previous training phase are substi-
tuted into the signal distribution function to obtain:

=1
Prli, bj) = v(i, J)

o +crogf 1 )
G )= Pag ()= 10907 X logl =5 |

[0030] Because i may be any digit among 1 to m, if the
signal intensities corresponding to all the m training locations
are represented by a matrix, the equation may be converted
into:

1 -10log(ILL, bill) w1, j)
1 -10log(l12, &) X[Pﬂm}_ W2, j)
5 ' ) :

1 - 10log([lm, b)) vim, j)
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sgreen[0031] In one example, the best solution of the
matrix containing the parameters P, (j) and ¢() may be
obtained according to the least-squares analysis to obtain the
parameter P, (j) and ¢(D):

Pre ]
[ f(/)}:[me(j) o1 =@ATaytATc

0]
sgreenwherein A is the matrix

1 ~10logIL1, bjl)
1 —10log(l12. bjl)

5

1 —10log(||1m, bjl)

sgreenA” is a transpose matrix of the
sgreenmatrix A, and C is the matrix

(L, j)
w2, j)

vim, J)

sgreen[0032] Similar operations are applied to all the n
signal transceiver stations b1 to bn to obtain the first set of
parameters P, (1), P, (2), . . ., P, (n) relating to the signal
intensities emitted from the n signal transceiver stations b1 to
bn, and the second set of parameters ¢(1) , ¢(2), . . ., $(n)
relating to the environment variables of the n signal trans-
ceiver stations b1 to bn. Consequently, the operations in the
function establishing phase may be finished.

sgreen[0033] In the operation flow (d2) of the positioning
phase, the to-be-positioned location data s determined by the
communication device 30 satisfies, for example:

s=[81,82,83, - - -5 S,

sgreenwherein s, s, s, . . . , s, respectively represent the
signal intensities of the outputted signals corresponding to the
signal transceiver stations b1 to bn and received on the to-be-
positioned location 1.

sgreen[0034] The positioning function f relating to the sig-
nal distribution function and generated in the positioning
phase satisfies, for example:

f= s - Pri I
J=1

sgreen[0035] The positioning function f(1) represents the
difference between the to-be-positioned positioning data s,
corresponding to the to-be-positioned location 1, and the fea-
ture vector of each training location. Thus, when the position-
ing function f{1) has the minimum, the corresponding training
location may become the optimum estimated position, which
mostly approaches the to-be-positioned location 1. For
example, in the operation flow (d3), the communication
device 30 obtains the minimum of the positioning function
(1) according to the technique composed of the gradient
descent search and the tangent search.



US 2011/0148711 Al

sgreen[0036] The gradient descent search is a recursive
search procedure and may be represented as:

1 D=1® 0, g%

wherein 1%+Y, 1% and d® are two-dimensional vectors, and
o, represents a scalar. First, a start position is randomly
picked. Net, in each round of k (k=1), we have to determine
a search direction and a forward distance until we are suffi-
ciently close to the lowest location of the target function f.
Furthermore, there are two stop conditions. The first condi-
tion is to check whether the improvement magnitude between
two continuous rounds of search positions is smaller than a
standard value Al,,,,. That is, the condition is:

1+ D10 <A,

The second condition is that the number of searches has
reaches a defined limit value k,,,.. That is, the following
equation is satisfied:

k=k,

max

[0037] Afterthe gradient descent search is stopped, the stop
position is regarded as the best solution of the target function.
However, the steepest gradient descent search is adopted to
determine d* and e, In each round k, the maximum ascend-
ing direction of the function is:

af) af(l‘“)}

VI = ax 7 Ay

[0038] Thus, it dP=-VH(1®) is selected, the function value
of the target function may descend in the fastest manner.
Therefore, the equation ofthe gradient descent search may be
rewritten as:

Z(k+ Do Z(k)_ (ka f( Z(k))

[0039] Thus, the positioning function (1) is differentiated
to calculate the forward direction and the coordinate variable
at a certain position, and the equations are represented as
follows:

:(—Z)Z(SJ—PI(Z b/)w—Pr(l" bj)
1

—ZOZ¢ (s; = Pr(®, b)) —log 4, il

=1

z)Z b/) Prl®, bj)

—zoZ@s — Pr! b/)i—log 18R, bl

=1

[0040] Assume the gradient at the certain position is V1(1),
the equations may be calculated as:

n

SO =gV A = ) ;-

=

- BY U, b)Y’

n

=) 6i-

=

Pl + 108 log(164 — BV i, b))

n

= Z o
=
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[0041] Next, the most convergence value is obtained using
the tangent search, which may be represented as follows:

Bi= P
1+l = r‘i_g i
=G —am-n P

wherein Gy(f3) = f([“‘) _ ,BVf(l“‘]))

[0042] Inaddition, the sum of any two initial values 3, and
[, is taken, and introduced into:

i A fUE = BV f(9)

GB= 55

n
2}
=20)¢ 101508l = AV £, b
=1

When the calculated f3 satisfies I, —f,I1<Ap,,,,, ort=t, .., the
tangent search is stopped, wherein Ap,,,,, and t,, are prede-
termined parameters.

[0043] Thereafter, the communication device 30 substi-
tutes the most convergence value of f into the ¢ in the
equation of the gradient descent search, and judges whether
the positioning function f(1) is converged to the minimum to
judge whether the certain position 1 is the most convergence
value. If the certain position 1 is not the most convergence
value, the operations of the above-mentioned equations are
repeated based on the certain position 1¥ to again obtain
VE{1%) and o, ,, which are then substituted into the equa-
tion of the gradient descent search and the above-mentioned
equations are repeated until the most convergence value of the
to-be-positioned position 1 is obtained. Heretofore, the com-
munication device 30 finishes the operation of the operation
flow (d3) to finish the position of the position thereof.
[0044] Inthe communication system 1 of the embodiment,
the minimum of the positioning function f(1) is searched using
the steepest gradient descent search and the tangent search in
the positioning phase. However, the communication system
of this embodiment is not limited thereto, and other existing
optimum algorithms (e.g., regression analysis) may be
adopted to search the minimum of the positioning function

).
Second Embodiment

[0045] FIG.3isablock diagram showing a communication
system according to a second embodiment of the disclosure.
As shown in FIG. 3, the difference between the communica-
tion system of the second embodiment and the communica-
tion system of the first embodiment is that the communication
system of the second embodiment a distance inverse interpo-
lation method is adopted to establish the signal distribution
function in the function establishing phase. In the function
establishing phase, for example, a system server 40 may also
establish the signal distribution function according to the
distance inverse interpolation method. After the feature vec-
tors v1 to v corresponding to each of the m training loca-
tions 11 to Im are generated, the system server 40 calculates
the signal intensity Pr(1,bj) corresponding to the signal trans-
ceiver station bj on the to-be-positioned location 1 in a
weighted manner according to the inverse interpolation
model with reference to the signal intensities v(1,7), v(2,), . .
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., v(m,j) corresponding to the signal transceiver station bj on
all the training locations 11 to Im. For example, the intensity
distribution function corresponding to the inverse interpola-
tion model satisfies:

Pril, bj) =

Z wixv(i, )
> wijss
lies

wherein the signal intensity Pr(l,bj) represents the signal
intensity corresponding to the signal transceiver station bj on
the to-be-positioned location 1; v(i,j) represents the signal
intensity corresponding to the j” signal transceiver station bj
on the training location li; and wi satisfies

i = ™

1 and 1i are respectively the training locations of the to-be-
positioned location, A is the system parameter having the
value greater than 0. The weighting coefficients of the signal
intensities v(1,j) to v(m,j) of each reference are determined
according to i, and the term:

> wi

lie$

is used to form a normalization reference term to perform the
normalization operation on the signal intensity generated by
weighting the signal intensities v(1,f) to v(mj).

[0046] However, the signal intensity gradient VPr(li, bj)
detected on each of the training locations 11 to Im is equal to
zero according to the intensity distribution function estab-
lished by the inverse interpolation model. Thus, the steepest
gradient descent search operation relating to the signal inten-
sity gradient in the positioning phase has the problem. In
order to solve this problem, the system server 40 sets the
signal intensity corresponding to the signal transceiver sta-
tion bj on each of the training locations 11 to Im to have an
artificial gradient value in the function establishing phase.
The artificial gradient value satisfies:

VPl b)lg 21T

[0047] In one example, the system server 40 establishes a
continuous tangent plane of the signal intensity on each fea-
ture vector v(i,j). For example, the continuous tangent may be
expressed as follows:

T, i,j(z):v(ir j )+gijxx (x-xi)+g, i,;'yx (i)
wherein (X,y) is the position of the to-be-positioned location
1; and (xi,yi) is the position of the training location li.
[0048] The relationship corresponding to each of the train-
ing locations satisfying the condition le=(xe, ye)€ Ng(1) may
be established as follows:

8 (we=xi)+g; # (ye-yi)=v(e,))-v(i,j)
[0049]  According to the Ng(1) group (Ng(1) is the training
position group that may affect the constructed T, (1) plane)
having € training locations around the training location, the

relationships between all the coordinates and the feature vec-
tors may be represented as:
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xl—xi yl-yi v(l, )y =vii, j)
2-xi y2-yi| [&; v(2, )=V, j)
. xS E .
: gi,j :
xe—xi ye—yi vie, ) =v(i, J)

[0050] In one example, the best solution of the matrix
including the parameters g, * and g, *are searched according
to the least-squares analysis so that the parameters g, * and
g,/ may be obtained:

g?.
i T -
[ : }“gij g1 =@ aaTc
ij

wherein A is the matrix

x1—xi yl-yi
x2—xi y2-yi

5

xe—xi ye—yi
AT'is the transpose matrix of the matrix A, and C is the matrix

v(L, p=vii, )
V2, =i, )

vie, j) =i, )

[0051] Thereafter, the system server 40 regards G, ;* and
G,/ as the gradient information of the signal intensity on the
training position li, and modifies the intensity distribution
function corresponding to the inverse interpolation model
into:

Pr(l, bj) = LZ

2. wilgs
fies

wixT; ;({0)

[0052] The similar operations are applied to all the n signal
transceiver stations b1 to bn to obtain the associated first setof
parameters (i=1 to m; j=1 to n) and the associated second set
of parameters (i=1 to m; j=1 to n) and thus finish the opera-
tions in the function establishing phase.

[0053] In another embodiment, the intensity distribution
function established according to the inverse interpolation
model may also be established selectively according to the
signal intensities detected at the training locations near the
to-be-positioned location 1, rather than the signal intensities
detected on all the training locations so that the operation load
may be lowered. For example, we only consider the signal
intensities detected on the T position reference locations in the
sub-area Nr(1) of the specific area S, wherein the physical
position of the sub-area Nr(1) approaches the to-be-posi-
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tioned location 1, and the intensity distribution function estab-
lished according to the inverse interpolation model may be
rewritten as:

Pril, bj) =

wixT; 11)

L W@l
HENTD

[0054] The main feature using the interpolation method
resides in that the coefficient of the signal intensity function is
not constant, but may be dynamically changed according to
different positions. Thus, in the processes of collecting and
constructing the training data, the constant signal intensity
function cannot be generated while the signal intensity func-
tion is dynamically generated during the positioning process.

[0055] The system server 40 constructs the coordinate of
each training location and its corresponding feature vector
and gradient information into a data structure with the spatial
dependence. In general, when the data is being stored, the
used data structure is the R tree structure in order to speed up
the subsequent positioning operation.

[0056] In the positioning phase, a communication device
50 utilizes the gradient descent search to converge the differ-
ential function f to a minimum. The differential function fis
differentiated to calculate the forward direction and the coor-
dinate variable at a certain position, wherein the gradient is
represented as follows:

2)2 bj))—Pr( )
. p},p}, - D};D},
= (_2)2 (s;— Pr(l“‘), bj)) S0 a 4374
! D}\Dj,

afey & W@ o8 o
5 _(—2); (s; - Pr(i®, b/))aPr(Z ,bj)
Djy-le,

wherein:

X Yy o_
DY =D} =

> i

tieN{i%)

d
X _ ; (k) ;
Diy = Z (wzxg{j+7},j([“)awz]
lieN{i%)
Y . y (k) 4 .‘
D= Z wixg ;i + Tl )EMJ
tien{itk))

Dis=Diz= ) T, wi
lieNAi®)

D= T

tien{ilk))

Jun. 23,2011

[0057] In order to calculate the forward distance of the
gradient descent search, the communication device 50 estab-
lishes the following functions:
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[0058] For the sake of simplicity, the communication
device 50 lets 14V=1®_q, VI(1®), and obtains the most con-
vergence value of [} according to the tangent search and the
equation:
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wherein the calculating equation of G',(B) is, for example:
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[0059] Thereafter, the communication device 50 substi-
tutes the most convergence value of §§ into the o, in the
equation:

RIS S
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in order to judge whether the positioning function f is con-
verged to the minimum to judge whether the certain position
1% is the most convergence value. If the certain position 1 is
not the most convergence value, the training position group is
updated based on the certain position 1 and the R tree data
structure. Thus, the dynamic signal intensity function and the
dynamic differential function of each base transceiver station
are changed, and then the following equations are repeated:
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so that the most convergence value of f} is again obtained and
then substituted back into the equation:

JOrD =By oy kd(k)

The above-mentioned operations are repeated until the most
convergence value of the to-be-positioned position 1 is
obtained. Thus, the communication device 50 can finish the
positioning operation on the position where it is located.

Third Embodiment

[0060] Thecommunication system of this embodiment fur-
ther applies a memory management algorithm to selectively
adjust the data quantities of the first set of parameters and the
second set of parameters downloaded by the communication
device. FIG. 4 is a block diagram showing a communication
system according to a third embodiment of the disclosure.
FIG. 5 shows a sequence diagram associated with the com-
munication system of F1G. 4. As shown in FIGS. 4 and 5, the
difference between the communication system of the third
embodiment and that of the first or second embodiment is that
the system server 60 of this embodiment further partitions the
specific area S'into K partitions A(1), A(2) . .., A(K), and
correspondingly divides the first set of parameters, obtained
in the function establishing phase, into K groups and divides
the second set of parameters into K groups, wherein the K
groups of the first set of parameters respectively correspond
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to the K partitions, and the K groups of the second set of
parameters also respectively correspond to the K partitions.
The system server 60 further establishes a clustering look-up
table to correspond the K groups of the first set of parameters
to the K partitions, respectively, and to correspond the K
groups of the second set of parameters to the K partitions,
respectively. For example, the operations of partitioning the
specific area S' and establishing the clustering look-up table
are performed in the flow (e) between the function establish-
ing phase (b') and the downloading phase (c").

[0061] Similar to the specific area S shown in FIGS. 1 and
3 of the first and second embodiments, the specific area S' of
this embodiment also includes n signal transceiver stations
and m training locations distributed in each of the K partitions
A(1) to A(K). In this embodiment, however, each training
location and each signal transceiver station are not depicted in
FIG. 4 in order to clearly depict each of the partitions A(1) to
A(K) and the specific area S'.

[0062] An operation flow (f) after the flow (e) may further
be included, in which the communication device 70 down-
loads the clustering look-up table from the system server 60,
and judges the to-be-positioned location of the communica-
tion device 70 as approaching at least one current position
partition of the K partitions A(1) to A(K) according to the start
position data corresponding to the to-be-positioned location
of the communication device 70. For example, the commu-
nication device 70 adopts the positioning result data, obtained
in its previous positioning operation, as the start position data.
In another example, the communication device 70 includes
another positioning module (not shown), and the communi-
cation device 70 determines the start position data according
to another set of positioning result data provided by the
another positioning module, wherein the another positioning
module is, for example, a global positioning system (GPS)
positioning module. In still another example, the start posi-
tion data is provided by the system server 60. For example, the
system server 60 utilizes the conventional wireless signal
positioning system performs a pre-positioning operation on
the communication device 70 before the operation of the
downloading phase so as to obtain the start position data. For
example, the system server 60 provides the start position data
to the communication device 70 in the downloading phase. In
addition, the clustering look-up table could store in the
memory of the communication device.

[0063] The flow (g) after the flow (f) may further be
included, in which the communication device 70 finds the
corresponding current position partition according to the start
position data indicating its current position. Then, the flow
(c") 1s performed to download, from the system server 60, the
portions corresponding to the current position partition in the
K groups of the first set of parameters and the K groups of the
second set of parameters. Thereafter, the flows (d1') to (d3")
are performed to establish the positioning function and gen-
erate the positioning result data according to the downloaded
portions of the first set of parameters and the second set of
parameters. For example, the communication device 70 falls
within the partition A(2), and the current position partition is
the partition A(2). Thus, the communication device 70 of this
embodiment can finish the positioning operation of the to-be-
positioned location on the communication device 70 itself
under the condition where the portions of the first set of
parameters and the second set of parameters are received, but
not the entire of the first and second sets of parameters are
downloaded. Consequently, the memory capacity that has to
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be prepared corresponding to the positioning operation in the
communication device 70 may be effectively reduced so that
the communication device 70 has the better memory usage
efficiency.

[0064] In one embodiment, the communication device 70
may further obtain the relationship between the physical posi-
tions of the to-be-positioned location of the communication
device 70 and the current position partition according to the
positioning result data obtained by its positioning, and thus
determine whether to download other portions of the K
groups of first sets of parameters and the K groups of the
second set of parameters or not to perform the positioning
operation on the communication device 70.

[0065] Whenthe generated positioning result data indicates
that the position of the communication device 70 approaches
the boundary of the current position partition, the communi-
cation device 70 decides to download the other portions of the
K groups of the first set of parameters and the K groups of the
second set of parameters to update the first and second sets of
parameters on the side of the communication device 70, and
to perform the positioning operation on the communication
device 70 approaching the boundary of the current position
partition.

[0066] 1In the operations of downloading the other portions
ofthe K groups of the first set of parameters and the K groups
of the second set of parameters, for example, the communi-
cation device 70 judges the moving direction of the commu-
nication device 70 according to x sets of positioning result
data obtained in the previous x positioning operations, and
thus determines the moving direction data, wherein x is a
natural number greater than 1. The communication device 70
also finds the next position partition according to the moving
direction data, and correspondingly downloads the portions
corresponding to the next position partition from the K groups
ofthe first set of parameters and the K groups of the second set
of parameters so as to update the parameter data on the side of
the communication device 70. For example, if the moving
direction of the communication device 70 is directed to the
direction (the right side of FIG. 4) from the partition A(1) to
the partition A(2), then the next position partition is the par-
tition A(1), for example.

[0067] In another example, the communication device 70
selects y peripheral position partitions around the current
position partition (e.g., the partition A(2)) as the next set of
possible position partitions, and correspondingly downloads
the portions corresponding to the next set of possible position
partitions from the K groups of the first set of parameters and
the K groups of the second set of parameters so as to update
the parameter data on the side of the communication device
70, wherein y is a natural number and has a value relating to
the memory capacity of the communication device 70. For
example, if the communication device 70 can allow the data
quantity corresponding to two groups of the first set of param-
eters and two groups of the second set of parameters of two
partitions, then y is equal to 2, and the y peripheral position
partitions are, for example, the partitions surrounding the
current position partition, such as the partitions A(1) and
AQ(3).

[0068] In still another example, the communication device
70 selects N (N=8 in the following example) peripheral posi-
tion partitions around the current position partition as the next
set of possible position partitions, and correspondingly down-
loading, from the K groups of the first set of parameters and
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the K groups of the second set of parameters, the portions
corresponding to the eight peripheral position partitions.
[0069] In the illustrated embodiment, the communication
device 70 finds a corresponding current position partition
(i.e., the partition A(2)) according to the start position data.
However, the communication device 70 is not limited thereto.
In other examples, the communication device 70 may also
find the corresponding current position partitions, which
approach the current position of the communication device
70, according to the start position data. For example, the
communication device 70 adopts the partitions A(1), A(2)and
(3) substantially approaching its current position as the cur-
rent position partitions, and correspondingly performs the
positioning operation according to three groups of the first set
of parameters and three groups of the second set of param-
eters corresponding the partitions A(1) to A(3).

[0070] The system server in the communication system
according to the embodiment of the disclosure establishes the
signal distribution function according to the spatial depen-
dence of the training space. The signal distribution function is
determined according to the first set of parameters and the
second set of parameters. The system server further transmits
the first and second sets of parameters to the communication
device through the communication link in the communication
system. Thus, the communication device can generate a posi-
tioning function corresponding to the signal distribution
function according to the first and second sets of parameters,
and substitutes the to-be-positioned signal intensity feature
vector received thereby into the continuous function so as to
finish the positioning operation thereof at the end of the
communication device. The to-be-positioned signal intensity
feature vector serves as the variable in the positioning func-
tion. Thus, compared with the conventional wireless signal
positioning system, the communication system according to
the embodiment of the disclosure has the following advan-
tages. First, the data quantity to be stored in the positioning
operation may be reduced by converting the huge amount of
training location data into the positioning function deter-
mined by the first set of parameters and the second set of
parameters. Second, the data operation loading needed in the
positioning operation can be effectively lowered. Third, the
overall positioning operations can be completed by the com-
munication device. Fourth, the transmission bandwidth of the
communication link between the communication device and
the system server needs not to be occupied in the positioning
operation.

[0071] The communication device could be a hand-held
conununication device.

[0072] While the disclosure has been described by way of
examples and in terms of preferred embodiments, it is to be
understood that the disclosure is not limited thereto. On the
contrary, it is intended to cover various modifications and
similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and
similar arrangements and procedures.

1. A communication system for supporting a positioning
operation in a specific area, which comprises m training loca-
tions and n signal transceiver stations, wherein n and m are
natural numbers greater than 1, the communication system
comprising:

a system server for receiving a set of training location data

corresponding to each of the m training locations,
wherein the set of training location data relates to signal
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intensities outputted from the n signal transceiver sta-
tions and detected on each of the m training locations,
the system server further converts m sets of training
location data, respectively corresponding to the m train-
ing locations, into a first set of parameters and a second
set of parameters, which determine a signal distribution
function within the specific area; and

a communication device for downloading a part or the
entirety of the first set of parameters and a part or the
entirety of the second set of parameters from the system
server, and correspondingly establishing a positioning
function, relating to the signal distribution function, ona
side of the communication device, wherein the commu-
nication device further receives signals, outputted from
the n signal transceiver stations, at a to-be-positioned
location to determine to-be-positioned location data,
and the communication device substitutes the to-be-po-
sitioned location data into the positioning function to
generate positioning result data corresponding to the
to-be-positioned location of the communication device;

wherein the positioning function is a function of the to-be-
positioned location data;

wherein the system server has means to further perform
area partitioning according to actual spatial positions of
the m training locations to partition the m training loca-
tions into K partitions, the system server further estab-
lishes a clustering look-up table for dividing the first set
of parameters into K groups respectively corresponding
to the K partitions, and also dividing the second set of
parameters into K groups respectively corresponding to
the K partitions, wherein each of the K partitions com-
prises at least one of the m training locations, and K is a
natural number greater than 1; and

wherein the communication device further downloads the
clustering look-up table from the system server and finds
the to-be-positioned location of the communication
device approaching at least one current position parti-
tion of the K partitions according to start position data
corresponding to the to-be-positioned location of the
communication device, wherein the communication
device downloads a portion the K groups of the first set
and the second set of parameters corresponding to the at
least one current position partition, and therefrom estab-
lishes the positioning function and generates the posi-
tioning result data.

2. The system according to claim 1, wherein the first set of
parameters comprises n sets of intensity data respectively
corresponding to emitted signal intensities of the n signal
transceiver stations, and the second set of parameters com-
prises n sets of environment variable data respectively corre-
sponding to signal attenuation models of environments where
the n signal transceiver stations are located.

3. (canceled)
4. (canceled)

5. The system according to claim 1, wherein the commu-
nication device further calculates a relationship between a
position of the communication device and a physical position
of the at least one current position partition according to the
obtained positioning result data, and therefrom determines
whether to download the other portion of the K groups of the
first set and the second set of parameters or not, so as to
perform the positioning operation on the communication
device.
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6. The system according to claim 5, wherein the commu-
nication device determines to download the other portion of
the K groups of the first set and the second set of parameters
when the positioning result data indicates that the position of
the communication device approaches a boundary of the at
least one current position partition.
7. The system according to claim 6, wherein the commu-
nication device has means to find moving direction data of the
communication device according to x sets of the positioning
result data obtained in previous x positioning operations, and
therefrom find a next position partition, and correspondingly
download the other portion of the K groups of the first set and
the second set of parameters, which corresponds to the next
position partition, wherein X is a natural number greater than
1.
8. The system according to claim 6, wherein the commu-
nication device selects y peripheral position partitions around
the at least one current position partition as a next set of
possible position partitions, and correspondingly downloads
the other portion of the K groups of the first set and the second
set of parameters, which corresponds to the next set of pos-
sible position partitions, wherein y is a natural number.
9. The system according to claim 6, wherein the commu-
nication device has means to select N peripheral position
partitions around the at least one current position partition as
anext set of possible position partitions, and correspondingly
download the other portion of the K groups of the first set and
the second set of parameters, which corresponds to the next
set of possible position partitions, wherein N is a natural
number.
10. The system according to claim 1, wherein the commu-
nication device determines the start position data according to
positioning result data obtained in a previous positioning
operation.
11. The system according to claim 1, wherein the commu-
nication device further comprises another positioning module
for generating another set of positioning result data, and the
communication device determines the start position data
according to the another set of positioning result data.
12. The system according to claim 1, wherein the start
position data is provided by the system server.
13. A positioning method, applied to a communication
system, for supporting a positioning operation in a specific
area, which comprises m training locations and n signal trans-
ceiver stations, wherein n and m are natural numbers greater
than 1, the positioning method comprising the steps of:
receiving a set of training location data corresponding to
each of the m training locations, wherein the set of
training location data relates to a part or the entirety of
signal intensities outputted from the n signal transceiver
stations and detected at each of the m training locations;

converting m sets of training location data, respectively
corresponding to the m training locations, into a first set
of parameters and a second set of parameters, which
determine a signal distribution function;

downloading a part or the entirety of the first set of param-

eters and downloading a part or the entirety ofthe second
set of parameters from a system server to a communica-
tion device;

establishing a positioning function, corresponding to the

signal distribution function, on one side of the commu-
nication device according to a part or the entirety of the
downloaded first set and second set of parameters;
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receiving signals, outputted from the n signal transceiver
stations, on a to-be-positioned location, where the com-
munication device is located, to determine to-be-posi-
tioned location data, wherein the positioning function is
a function of the to-be-positioned location data;

substituting the to-be-positioned location data into the
positioning function on the side of the communication
device so as to generate positioning result data corre-
sponding to the to-be-positioned location of the commu-
nication device;

performing area partitioning according to actual spatial
positions of the m training locations to partition the m
training locations into K partitions;

establishing a clustering look-up table to divide the first set
of parameters into K groups respectively corresponding
to the K partitions, and to divide the second set of param-
eters into K groups respectively corresponding to the K
partitions, wherein each of the K partitions comprises at
least one of the m training locations, and K is a natural
number greater than 1;

downloading the clustering look-up table from the system
server to the communication device;

finding the to-be-positioned location of the communica-
tion device approaching at least one current position
partition of the K partitions according to start position
data corresponding to the to-be-positioned location of
the communication device; and

downloading a portion the K groups of the first set and the
second set of parameters corresponding to the at least
one current position partition, and therefrom establish-
ing the positioning function and generating the position-
ing result data.

14. (canceled)

15. (canceled)

16. The method according to claim 13, further comprising

the step of:

calculating a relationship between a position of the com-
munication device and a physical position of at least one
current position partition according to the obtained posi-
tioning result data, and therefrom determining whether
to download the other portion of the K groups of the first
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set and the second set of parameters or not so as to
perform the positioning operation on the communica-
tion device.
17. The method according to claim 16, further comprising
the step of:
determining to download the other portion of the K groups
of the first set and the second set of parameters when the
positioning result data indicates that the position of the
communication device approaches a boundary of the at
least one current position partition.
18. The method according to claim 17, further comprising
the steps of:
finding moving direction data of the communication
device according to x sets of the positioning result data
obtained in previous x positioning operations, wherein x
is a natural number greater than 1; and
finding a next position partition according to the moving
direction data, and correspondingly downloading the
other portion of the K groups of the first set and the
second set of parameters, which corresponds to the next
position partition.
19. The method according to claim 17, further comprising
the step of
selecting y peripheral position partitions around the at least
one current position partition as a next set of possible
position partitions, and correspondingly downloading
the other portion of the K groups of the first set and the
second set of parameters, which corresponds to the next
set of possible position partitions, wherein y is a natural
number.
20. The method according to claim 17, further comprising
the step of:
selecting N peripheral position partitions around the at
least one current position partition as a next set of pos-
sible position partitions, and correspondingly down-
loading the other portion of the K groups of the first set
and the second set of parameters, which corresponds to
the next set of possible position partitions, wherein N is
a natural number.



