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ABSTRACT

A method of reducing poWer consumption of a radio badge in
a boundary detection localization system is disclosed, in
Which the radio badge is carried by a tracked target and
performs location sampling communication With an infra
structure component of the localization system at the start and

end of sampling time intervals such that positions of the radio
badge can be estimated. The method includes: determining a

velocity of the radio badge; estimating a critical time for the
radio badge to reach a critical region through division in
Which a critical distance from an estimated position obtained
at the end of a most recent sampling time interval to the

critical region is the dividend, and the velocity of the radio
badge is the divisor; and controlling the radio badge to per
form location sampling communication With the infrastruc
ture component of the localization system at the end of the
critical time.

18 Claims, 3 Drawing Sheets
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METHOD OF REDUCING POWER
CONSUMPTION OF A RADIO BADGE IN A
BOUNDARY DETECTION LOCALIZATION
SYSTEM

estimated position obtained at the end of a most recent sam

pling time interval to the critical region is the dividend, and
the velocity of the radio badge is the divisor; and controlling
the radio badge to perform location sampling communication
With the infrastructure component of the localiZation system
at the end of the critical time.
According to a second aspect of this invention, the method

CROSS-REFERENCE TO RELATED
APPLICATION

comprises: determining a velocity of the radio badge if it is

This application claims priority of Taiwanese Application

determined from an output of the accelerometer that the radio
badge is in a mobile state; estimating a critical time for the

No. 097146751, ?led on Dec. 2, 2008.

radio badge to reach a critical region through division in
BACKGROUND OF THE INVENTION

Which a critical distance from an estimated position obtained
at the end of a most recent sampling time interval to the

1. Field of the Invention
The present invention relates to an indoor localiZation
method, more particularly to a method of reducing poWer

critical region is the dividend, and the velocity of the radio
badge is the divisor; and controlling the radio badge to per
form location sampling communication With the infrastruc

consumption of a radio badge in a boundary detection local

ture component of the localiZation system at the end of the
critical time.
According to a third aspect of this invention, the method

iZation system.
2. Description of the Related Art

Sensor network technologies have undergone signi?cant

20

advances in recent times. This has enabled a variety of appli

comprises: determining a velocity of the radio badge; esti
mating a critical time for the radio badge to reach a critical
region through division in Which a critical distance from an

cations in consumer electronics. For example, sensor net

Works are increasingly being used for asset tracking in Ware

estimated position obtained at the end of a most recent sam

houses, patient monitoring in medical facilities, using

pling time interval to the critical region is the dividend, and
the velocity of the radio badge is the divisor; and controlling
the radio badge to perform location sampling communication
With the infrastructure component of the localiZation system

location to infer activities of daily living (ADL) at home, and

25

other such object-tracking applications.
One class of localiZation technology aims at detecting the

crossing of boundaries. For example, boundary detection
localiZation may be used for detection of troop movement,
such as by detecting Whether enemy troops have crossed a

at one of
30

national borderline, for theft control, such as by detecting the
exiting of products from a store, or for child safety, such as by
detecting Whether a young child has entered a balcony area.

Early detection is essential for boundary detection ser
vices. That is, users of such technology desire to be noti?ed of
boundary crossing events before a tracked target goes too far
into a critical region. One Way to ensure early detection is

35

the end of a preset extended time interval if the estimated
critical time is greater than a predetermined upper bound,
the end of a preset shortened time interval shorter than the
extended time interval if the estimated critical time is less
than a predetermined loWer bound, and
the end of the estimated critical time if the estimated criti
cal time falls betWeen or on the upper and loWer bounds.

BRIEF DESCRIPTION OF THE DRAWINGS

frequent sampling via a high sampling rate that is ?xed, Where
the sampling rate is de?ned as the rate at Which an infrastruc

ture component of the localiZation system and mobile units
thereof are triggered to perform communication and compu

40

tation. HoWever, the energy consumption of the mobile units,

FIG. 1 is a schematic diagram, illustrating an example of
hoW a target is tracked along a path toWard a critical region;

Which are attached to or carried by tracked targets and are

typically small battery-poWered tags or radio badges, is
directly proportional to the sampling rate.
The problem With ?xed-rate sampling is that While the

Other features and advantages of the present invention Will
become apparent in the folloWing detailed description of the
preferred embodiment With reference to the accompanying
draWings, of Which:

45

FIG. 2 is a schematic diagram, illustrating another example
of hoW a target is tracked along a path toWard a critical region,

sampling rate can be set high to provide real-time location

in Which the critical region is simpli?ed for computer-simu

information, When the target is far from the critical region
Where the requirement for timely service is not as high, a high
sampling rate and the high poWer requirements associated
thereWith Will be unnecessary. This is particularly problem

lation purposes; and
FIG. 3 is a How chart of a method of reducing poWer
consumption of a radio badge in a boundary detection local
iZation system according to a preferred embodiment of the

50

present invention.

atic for the mobile units.
SUMMARY OF THE INVENTION
55

Therefore, the obj ect of the present invention is to provide
a method of reducing poWer consumption of a radio badge in
a boundary detection localiZation system, in Which the radio
badge is carried by a tracked target, performs location sam
pling communication With an infrastructure component of the
localiZation system at the start and end of sampling time
intervals such that positions of the radio badge can be esti
mated, and is provided With an accelerometer.
According to a ?rst aspect of this invention, the method

60

comprises: determining a velocity of the radio badge; esti

65

mating a critical time for the radio badge to reach a critical
region through division in Which a critical distance from an

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

A method of reducing poWer consumption of a radio badge
in a boundary detection localiZation system according to a
preferred embodiment of the present invention is used to
detect Whether a tracked target carrying a radio badge has
reached a boundary of a critical region. The radio badge
performs location sampling communication With an infra

structure component of the boundary detection localiZation
system in order to estimate positions of the radio badge.
In greater detail, the boundary detection localiZation sys
tem is radio frequency-based, and is composed of an infra
structure component and a mobile component. The infra
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structure component includes a positioning engine, and
beacon nodes installed on, for example, the ceiling of a
deployed environment. These beacon nodes use radio to peri

limits the error of detecting the tracked target crossing the

boundary of the critical region 9. For example, if the velocity
(V) of the radio badge is determined to be extremely loW, the
critical time (T) estimated using Equation (2) Will be exceed
ingly large. HoWever, if the tracked target subsequently

odically broadcast beacon packets containing their beacon
IDs. The mobile component includes the radio badge carried
by the tracked target. The radio badge acquires a record of the

moves more quickly or more directly toWard the critical

region 9, the estimated critical time (T) Will not be accurate.
To prevent such errors, the upper limit of the critical time (T)

receiving poWer of beacon packets, and a sensor netWork

infrastructure relays this record, pairs of beacon IDs, and
signal strength (SS) back to the positioning engine of the
infrastructure component. Once the positioning engine col

is set to be equal to the upper bound.
It is noted that the smaller the upper bound, the greater the

likelihood that the boundary detection localiZation system

lects enough SS information from the radio badge, it esti
mates the current position of the radio badge. The radio badge

Will be triggered to localiZe the tracked target at the critical
point (C). HoWever, a smaller upper bound Will also result in

may be provided With an accelerometer in some implemen
tations.
Referring to FIG. 1, given a critical region 9 of interest for

a reduced amount of energy conservation.

In practice, indoor localiZation systems report tracked tar

a particular application, the method according to the present

get positions With errors. If tWo recent reports are taken Within

invention controls the rate at Which the boundary detection

a very short period of time, the physical change of the position

localiZation system is triggered to acquire location informa
tion, and in particular, the rate at Which the radio badge
performs location sampling communication With the infra
structure component of the boundary detection localiZation
system. When the tracked target (and hence the radio badge
carried by the tracked target) moves close to the critical region

of the tracked target Will be small relative to the localiZation
error. In other Words, the velocity prediction Will be domi
nated by the location estimation error. As a result, more fre

20

quent sampling Will not help improve the accuracy in detect
ing boundary crossing events. Setting a loWer bound avoids
such ineffective use of energy.

The method of reducing poWer consumption of a radio

9, the sampling rate increases to enable accurate detection of

the tracked target entering the critical region 9. When the
tracked target moves aWay from the critical region 9, the

25

to the preferred embodiment of the present invention Will noW
be described With reference to FIGS. 1 and 3.

sampling rate decreases to conserve poWer. Moreover,
through use of the accelerometer provided on or in the radio

badge, the radio badge is controlled to perform location sam
pling communication With the infrastructure component of
the boundary detection localiZation system only When it is
determined that the radio badge is in a mobile state so as to
further conserve poWer of the radio badge.
It is assumed in the method of this invention that the
tracked target moves at a constant velocity betWeen tWo posi

First, in step 10, the upper and loWer bounds of the critical
time (T) are set. In the preferred embodiment, the upper
30

memory of the radio badge and/or the infrastructure compo
35

Next, in step 101, it is determined from an output of the
accelerometer mounted on or in the radio badge Whether the
radio badge is in a mobile state (i.e., non-Zero speed).If it is
determined that the radio badge is not in a mobile state,

40

sub sequent steps of the method are not performed, and
instead, step 101 is repeated until a mobile state of the radio

badge is detected.

the distance betWeen (P l) and (P2) divided by the correspond
ing time interval (t2)-(tl), as shoWn in Equation (1) beloW:
(1)

bound is set to be 3.5 seconds and the loWer bound is set to be
1 second. In some embodiments, the upper and loWer bounds
are preset, for example, as values stored in a non-volatile
nent.

tion readings. Hence, in the preferred embodiment, tWo posi
tion samples are used for estimation of velocity. As shoWn in
FIG. 1, (P1) and (P2) are the tWo most recent sampling points,
i.e., the start and end of a most recent sampling time interval.
The velocity (V) betWeen (P1) and (P2) can be calculated to be

badge in a boundary detection localiZation system according

If, on the other hand, it is determined that the radio badge

45

is in a mobile state in step 101, then in step 11, tWo most recent
estimated positions of the radio badge are obtained at the start
and end of the most recent sampling time interval. In step 11,

if the location sampling communication is conducted for the
?rst time betWeen the radio badge and the infrastructure com
ponent of the boundary detection localiZation system, the

A critical point (C) is Where the line of movement of the
tracked target intersects the critical region 9. When the
tracked target reaches the position (P2), the method of this
invention sets the time for the next sample (i.e., the time at
Which the radio badge performs location sampling commu
nication With the infrastructure component) by calculating a
time (referred to hereinafter as a “critical time”) needed for
the tracked target to move from the current position (P2) to the

most recent sampling time interval is set to be equal to a
50

55

critical point (C) at the velocity (V). Denoting a distance

60

(2) beloW:
TID/V

(2)

To avoid drastic error resulting from a rough estimation of
velocity or from an extremely loW estimation of velocity, the
maximum value of the critical time (T) is bounded in the
present invention by a preset upper bound. This upper bound

example, When the predetermined ?xed time interval is used,
the ?rst estimated position of the radio badge may be obtained
immediately after the radio badge is turned on, and the second
estimated position of the radio badge may be obtained at the
end of the predetermined ?xed time interval.

Next, in step 12, the velocity (V) of the radio badge is
determined. In the preferred embodiment, the velocity (V) of
the radio badge is determined using Equation (1) that is,

betWeen (P2) and (C) as (D) (referred to hereinafter as a

“critical distance”), the critical time (T) for the tracked target
to reach the critical point (C) can be estimated using Equation

predetermined ?xed time interval. In one embodiment, the
predetermined ?xed time interval is 2 seconds. To provide an

65

through division in Which a distance betWeen the tWo most
recent estimated positions of the radio badge, Which are
obtained at the start and end of the most recent sampling time
interval, is the dividend, and the most recent sampling time

interval is the divisor. Next, in step 13, the critical time (T) for
the radio badge to reach the critical region 9 is estimated. In

the preferred embodiment, the critical time (T) is estimated
using Equation (2), that is, through division in Which the

US 8,130,103 B2
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critical distance (D) from the estimated position obtained at

sampling rate. Estimation accuracy refers to hoW close the
radio badge is to the critical region 9 at the end of an estima
tion period. In the case of the present invention, estimation
accuracy refers to hoW close the radio badge is to the critical
region 9 at the end of the critical time (T), Which may be set
to be equal to the upperbound or the loWerbound as described
above.
Average location sampling rate is noW explained. The total

the end of the most recent sampling time interval to the

critical region 9 is the dividend, and the velocity (V) of the
radio badge is the divisor.
Next, in step 14, it is determined Whether the critical time
(T) estimated in step 13 is greater than the upper bound.
If the critical time (T) estimated in step 13 is greater than
the upper bound, Which indicates that the critical time (T)

calculated using Equations (1) and (2) is too large, then in step
15, the critical time (T) used for controlling the radio badge in

poWer consumption of the boundary detection localization
system is not, of course, actually measured in the computer

a subsequent step (i.e., step 18) is set to be equal to the upper
bound, Which is 3.5 seconds in the preferred embodiment.
Next, in step 18, the radio badge is controlled to perform
location sampling communication With the infrastructure
component of the boundary detection localization system at
the end of the critical time (T)
Subsequently, in step 19, it is determined Whether the radio
badge has reached the critical region 9. If the radio badge has
reached critical region 9, the How is terminated. Otherwise,
the How goes back to step 101.

In step 14, if it is determined that the critical time (T)
estimated in step 13 is not greater than the upper bound, then
in step 16, it is determined Whether the critical time (T)
estimated in step 13 is less than the loWer bound.
If the critical time (T) estimated in step 13 is less than the
loWer bound, Which indicates that the critical time (T) calcu

simulation. In practice, the amount of energy required to
localize a tracked target depends upon the design of the sys
tem and hence varies from system to system. In the simula
tion, it is assumed that, for a given boundary detection local
ization system, poWer consumption for each localization is
?xed. It is also assumed that a small number of nodes

equipped With RF transceivers have been disposed in the
simulation area, and that the tracked target is equipped With a
20

corresponding transceiver (i.e., the radio badge) to receive RF
signals, and based on the RF signals, Equations (1) and (2)
may be used to calculate the velocity (V) of the tracked target
and the next sampling time.

25

number of localization samples is directly proportional to the
poWer consumption of the mobile units. Hence, in the simu

Since the RF interface is the primary energy consumer, the

lated using Equations (1) and (2) is too small, then in step 17,
the critical time (T) used for controlling the radio badge in

lation, the average location sampling rate Was measured to

step 18 is set to be equal to the loWerbound, Which is 1 second

in the preferred embodiment. After step 17, step 18 is per
formed using the loWer bound as the critical time (T), after
Which step 19 is performed as described above.
Moreover, if it is determined in step 14 that the critical time
(T) estimated in step 13 is not greater than the upper bound,
and in step 16 that the critical time (T) estimated in step 13 is

30

evaluate the poWer ef?ciency of the method of the present
invention. A loWer average sampling rate is indicative of
better energy ef?ciency. The results of the computer simula

tion shoW that, in comparison With conventional boundary
detection localization methods utilizing a ?xed sampling rate,
the method of reducing poWer consumption of a radio badge
in a boundary detection localization system of this invention
35

realizes a higher estimation accuracy and a loWer average

not smaller than the loWer bound, this indicates that the criti

positioning sampling rate (i.e., loWer poWer consumption).

cal time (T) estimated in step 13 using Equations (1) and (2)

The applicants also conducted a ?eld test for further evalu
ation of the method of the present invention. The ?eld test Was

falls betWeen or on the upper and loWer bounds of the critical

time (T), and hence may be used directly in step 18. That is, in
this case, the radio badge is controlled to perform location
sampling communication With the infrastructure component
of the boundary detection localization system at the end of the
critical time (T) estimated in step 13, after Which step 19 is
performed as described above.
In some embodiments, the radio badge is controlled to

40

estimate locations. The idea of a signature map is to exploit
the mapping betWeen a location of a tag (or radio badge) and
45

the RSSI from a set of pre-deployed beacons, referred to as
the RSSI vector. The tracking area is surveyed to construct a

reference RSSI signature for each sampled location. Using

perform location sampling communication With the infra
structure component of the boundary detection localization
system at one of the folloWing: the end of a preset extended

time interval if the estimated critical time (T) is greater than
the predetermined upper bound; the end of a preset shortened
time interval shorter than the extended time interval if the
estimated critical time (T) is less than the predetermined
loWer bound; and the end of the estimated critical time (T) if

performed by setting up a Zigbee-based localization system
to verify the simulation results. An RSSI (Radio Signal
Strength Indicator)-signature-based approach Was adopted to

50

the estimated critical time (T) falls betWeen or on the upper

the signature map, the localization system compares the RSSI
vectors collected in the tracking phase to the reference RSSI
signatures to identify the closest possible location. In the ?eld
test, a k-nearest-neighbor (KNN) method Was used for signa
ture comparison, in Which the applicants selected the top k
sample locations Whose RSSI signatures Were the closest to
the collected RSSI vector. AKNN estimator is able to output
a location as an average of the top k locations’ coordinates

Weighted by the Euclidean distances betWeen the RSSI vector
and the signature. The location from the KNN estimator is
later processed by particle ?lters, Which are nonlinear ?lters
that incorporate human mobility models to improve localiza
tion accuracy. In operation, the radio badge Will turn its radio

and loWer bounds. In such alternative embodiments, the pre
set extended and shortened time intervals may be different
from the upper and loWer bounds.
To evaluate the method of the present invention, the appli
cants performed a computer simulation. Referring to FIG. 2,

55

to simplify the setting for the computer simulation, the critical
region 9 is formed in a regular shape, in Which the region more

60 interface on to collect RSSI vectors so as to obtain an esti

mated location from the positioning engine.

than a distance (R) aWay from the starting point is set as the
critical region 9, and the critical points (C), also referred to as

entry points Qi), form a circle centered at the starting point
and delineate the start of the critical region 9.
TWo ef?ciency measurements Were used in the computer

simulation, namely, estimation accuracy and average location

65

For the ?eld test, the localization system included 14 bea
cons deployed 6 meters apart on the ceiling. These beacons
served as beacon nodes Which periodically broadcasted mes
sages containing RSSI values at an interval of 200 ms. On the
user side, the tracked target Wore a radio badge for localiza
tion and movement detection. The beacons and the radio

US 8,130,103 B2
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badges used the same 2.4 GHZ Zigbee radio interface, and

estimated critical time in step (b) is less than a preset
loWer bound, the critical time used in step (c) is set to be
equal to the loWer bound.
2. The method of claim 1, Wherein the upper bound is 3.5
seconds and the loWer bound is 1 second.
3. The method of claim 1, Wherein steps (a) to (c) are

therefore Were able to exchange RF messages.

Moreover, in the ?eld test, the applicants set the critical
region 9 as a vertical line along the middle of a corridor to test

the sensitivity of the sampling mechanism. In the ?eld test, as
in the case of the computer simulation above, the same param
eter set values Were used for the upper and loWer bounds, that
is, an upper bound of 3.5 seconds and a loWer bound of 1
second, and the predetermined ?xed time interval Was set as 2

repeated if it is determined after step (c) that the radio badge
has not reached the critical region.

4. The method of claim 1, Wherein, in step (a), the velocity
of the radio badge is determined through division in Which a
distance betWeen tWo most recent estimated positions of the

seconds. The results of the ?eld test shoW that, in comparison
With conventional boundary detection localiZation methods
utiliZing a ?xed sampling rate, the method of the present

radio badge, Which are obtained at the start and end of the

invention realiZes a higher estimation accuracy and a loWer

average positioning sampling rate.
The accelerometer used in step 101 (see FIG. 3) of the
method of this invention may be, for instance, an ADXL 202
2-axis accelerometer or an ADXL 330 3-axis accelerometer

available from Analog Devices Incorporated. HoWever, this
invention is not limited in this regard, and any accelerometer

capable of performing the operation associated With step 101

20

most recent sampling time interval, is the dividend, and the
most recent sampling time interval is the divisor.
5. The method of claim 4, Wherein, in step (a), the most
recent sampling time interval is set to be equal to a predeter
mined ?xed time interval if the location sampling communi
cation is conducted for the ?rst time betWeen the radio badge
and the infrastructure component of the localiZation system.
6. The method of claim 5, Wherein the predetermined ?xed
time interval is 2 seconds.
7. A method of reducing poWer consumption of a radio

may be used.
In the method of reducing poWer consumption of a radio

badge in a boundary detection localiZation system of the

badge in a boundary detection localiZation system, the radio

present invention, the velocity (V) of the radio badge is deter

badge being carried by a tracked target, performing location

mined based on the distance betWeen tWo most recent esti

25

mated positions of the radio badge, and the critical time (T)
for the radio badge to reach the critical region 9 is estimated
using the calculated velocity (V) and the critical distance (D).
In some embodiments, the method of this invention also
determines Whether the radio badge is in a mobile state, and

mated, and being provided With an accelerometer, said

method comprising:
30

the radio badge is controlled to perform location sampling
communication With the infrastructure component of the
localiZation system only When the radio badge is in a mobile

the present invention results in higher estimation accuracy, as
Well as a loWer average positioning sampling rate, and hence,
a loWer poWer consumption.
While the present invention has been described in connec
tion With What is considered the most practical and preferred
embodiment, it is understood that this invention is not limited

badge is in a mobile state;
(b) estimating a critical time for the radio badge to reach a
critical region through division in Which a critical dis
35

40

arrangements included Within the spirit and scope of the
45

tions and equivalent arrangements.
What is claimed is:
1. A method of reducing poWer consumption of a radio
badge in a boundary detection localiZation system, the radio

badge being carried by a tracked target and performing loca

tance from an estimated position obtained at the end of a

most recent sampling time interval to the critical region

to the disclosed embodiment but is intended to cover various

broadest interpretation so as to encompass all such modi?ca

(a) determining a velocity of the radio badge if it is deter
mined from an output of the accelerometer that the radio

state. Hence, as evidenced by the computer simulation and

?eld test, in comparison With conventional boundary detec
tion localiZation methods Which employ ?xed sampling rates,

sampling communication With an infrastructure component
of the localiZation system at the start and end of sampling time
intervals such that positions of the radio badge can be esti

50

is the dividend, and the velocity of the radio badge is the
divisor; and
(c) controlling the radio badge to perform location sam
pling communication With the infrastructure component
of the localiZation system at the end of the critical time;
Wherein if the estimated critical time in step (b) is greater
than a preset upper bound, the critical time used in step
(c) is set to be equal to the upper bound, and if the
estimated critical time in step (b) is less than a preset
loWer bound, the critical time used in step (c) is set to be
equal to the loWer bound.
8. The method of claim 7, Wherein the upper bound is 3.5
seconds and the loWer bound is 1 second.
9. The method of claim 7, Wherein steps (a) to (c) are

tion sampling communication With an infrastructure compo
nent of the localiZation system at the start and end of sampling
time intervals such that positions of the radio badge can be

repeated if it is determined after step (c) that the radio badge

estimated, said method comprising:
(a) determining a velocity of the radio;

of the radio badge is determined through division in Which a
distance betWeen tWo most recent estimated positions of the

has not reached the critical region.

10. The method of claim 7, Wherein, in step (a), the velocity
55

(b) estimating a critical time for the radio badge to reach a
critical region through division in Which a critical dis

radio badge, Which are obtained at the start and end of the

tance from an estimated position obtained at the end of a

most recent sampling time interval to the critical region

is the dividend, and the velocity of the radio badge is the
divisor; and
(c) controlling the radio badge to perform location sam
pling communication With the infrastructure component
of the localiZation system at the end of the critical time;
Wherein if the estimated critical time in step (b) is greater
than a preset upper bound, the critical time used in step
(c) is set to be equal to the upper bound, and if the
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most recent sampling time interval, is the dividend, and the
most recent sampling time interval is the divisor.
11. The method of claim 10, Wherein, in step (a), the most
recent sampling time interval is set to be equal to a predeter
mined ?xed time interval if the location sampling communi
cation is conducted for the ?rst time betWeen the radio badge
and the infrastructure component of the localiZation system.
12. The method of claim 11, Wherein the predetermined
?xed time interval is 2 seconds.
13. A method of reducing poWer consumption of a radio

badge in a boundary detection localiZation system, the radio
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badge being carried by a tracked target and performing loca

14. The method of claim 13, Wherein steps (a) to (c) are

repeated if it is determined after step (c) that the radio badge

tion sampling communication With an infrastructure compo
nent of the localization system at the start and end of sampling
time intervals such that positions of the radio badge can be

has not reached the critical region.

15. The method of claim 13, Wherein, in step (a), the
velocity of the radio badge is determined through division in

estimated, said method comprising:
(a) determining a velocity of the radio badge;

Which a distance betWeen tWo most recent estimated posi
tions of the radio badge, Which are obtained at the start and

(b) estimating a critical time for the radio badge to reach a
critical region through division in Which a critical dis

end of the mo st recent sampling time interval, is the dividend,
and the most recent sampling time interval is the divisor.

tance from an estimated position obtained at the end of a

most recent sampling time interval to the critical region

16. The method of claim 15, Wherein, in step (a), the most

is the dividend, and the velocity of the radio badge is the
divisor; and
(c) controlling the radio badge to perform location sam
pling communication With the infrastructure component

recent sampling time interval is set to be equal to a predeter
mined ?xed time interval if the location sampling communi
cation is conducted for the ?rst time betWeen the radio badge
and the infrastructure component of the localiZation system.

17. The method of claim 16, Wherein the predetermined

of the localiZation system at one of the end of a preset
extended time interval if the estimated critical time is
greater than a predetermined upper bound, the end of a
preset shortened time interval shorter than the extended
time interval if the estimated critical time is less than a

predetermined loWer bound, and the end of the estimated
critical time if the estimated critical time falls betWeen or
on the upper and loWer bounds.

?xed time interval is 2 seconds.

18. The method of claim 13, the radio badge being pro
vided With an accelerometer, Wherein step (a) is performed if
20

it is determined from an output of the accelerometer that the
radio badge is in a mobile state.
*

*

*

*

*

