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(7) ABSTRACT

A person positioning and health care monitoring system
includes a monitoring center, a RFID tag device, and a track-
ing module. The monitoring center includes positioning data
corresponding to a target. The RFID tag device is located on
the target and includes a memory storing a target identifica-
tion (ID) number and an infrared LED. Each tracking module
includes infrared cameras and an RFID device. The tracking
module uses the RFID device to communicate with the RFID
tag device so as to receive the target identification (ID) num-
ber. The tracking module communicates with the monitoring
center so as to provide the target identification (ID) number
and orientation data corresponding to the target for the moni-
toring center. The monitoring center determines coordinates
of the target according to coordinates of the tracking module
and the orientation data corresponding to the target.

Monitoring

Center

|

11

12

|

Tracking
Module N | ) )

( ( Tracking
Module N+1

)

12

RFID Tag
Device

Region N

Region N+1



Feb. 4,2016 Sheet 1 of 8 US 2016/0034731 A1

Patent Application Publication

[+N uor3oy

¢l

)

[-+N °PINPpON
JunjorL],

I "OI4

N UOISoY

el ——

AIIA(
el LIy

N S[MPOIN
Suyoea],

1Lu9))
FULIOIUON

1-N uorsay]

1

w

I-N S[NPON
gunypori],

—



Feb. 4,2016 Sheet2 of 8 US 2016/0034731 A1

Patent Application Publication

qrcl

¢ OId

74|

S[NPOIN RISWRD) ]

)

vCl

01AS( dI4d

AIOWAN

I0SS9001J

——¢Cl

——(Cl

— 1Tl




Patent Application Publication Feb.4,2016 Sheet3of8 US 2016/0034731 A1

13

133~  Antenna Processor 1131

134—+——  RFID Chip Memory —1—132

135———— Infrared LED(s) Battery ——1—142
Cpi:a_ifs_}iééélé}bhlé{éﬂ

136— Y-axis Accelerometer!
fommmm e ]

1368~ Z-axis Accelerometer

137\——’—‘% Gyroscope i

;r Angular !
138 __ Accelerometer__!

139~_/—~§Temperature Sensor,

14—

14— % Heart Beat

FIG. 3



Feb. 4,2016 Sheet4 of 8 US 2016/0034731 A1

Patent Application Publication

v 'DId

SI0SURS 1210 ‘Araneq dmpdeg ‘a1 ¥l
UIIM 901A9(T BT Iy

(Z ‘A “X)1981e],

[

[A-A=TAV >

£

/

IX-X=1XV

A

(TZ TA TX) 1+N w1owe)
(1+N 1opedy ALTA) 1+N NPON SurydorL]

(1Z 1A ‘X)) N e1owe) |
(N 1opeay dI1¥) N SINPON Surori],

7

X



Patent Application Publication Feb.4,2016 Sheet5of8 US 2016/0034731 A1

833 S51-1 Activate RFID Tag Device 13
' ;
Tum off the backup battery $52
of RFID Chip and the IR ’
LED RFID Tag Device 13

detects one or more signals
from RFID Reader 123

Activate a backup battery, an IR

54
854 LED and at least one sensor

W
Reply the ID number of the RFID
'Tag Device 13 to the RFID Readers

123

[¥.5]
=4
wh

v

Measure acceleration, angunlar acceleration,
S536 —temperature, blood pressure, or heart beat

rafe

Transmit measurement data fo the
RFID Readers 123

Recetve a shutdown ~
stgnal from a monitoring center 11 or
any tracking module 12

No

S50 —1 Stop operation

FIG. 5



Patent Application Publication Feb. 4,2016 Sheet 6 of 8 US 2016/0034731 A1

Activate Tracking Module N |~ S601

An RFID Reader 123 starts to detect 8602

An RFID Tag
Device responds

8603

Send target ID number and orientation | __ gg04
data to a monitoring center 11

5607
1 /

The monitoring center
notifies Tracking Module
N 1o scan for the tarpet
according to azimuth and
elevation angles

The monitoring
center has stored the
ID target number

No

3603

Send azimuth and elevation data to
S606 —| Tracking Module N to track and lock-in
the target

h

4

& T =;" 'y

Rotate a
steppiag
motor 1o

he target is below a
ceniral axis

Yes | Rotate a stepping
motor {o rofate
<608 downward

The target is above 8609

~ the central axis

o Rotate a stepping

Rotate a o motor to rofate o [~

. The target 13 on the Y .
stepping , the left

gft of the central ax

motor to — >N
totate to No 8612 8613
the right

The target is to the
ioht of the central axis

S614

Stably track the target

™~ S616

FIG. 6



Feb. 4,2016 Sheet 7 of 8 US 2016/0034731 A1

Patent Application Publication

[SEY it R=5)
FOURIEY DU 19201

10UUE) PUE W31
sty 1efe L

st 3eFe

DRI 3G

TT S[LP0)N BUIOBATL
10 43300 Fuiopuow
213 O BiED UONRAS]D
DUE UMY DEIS

pavorn 3G

1OLAE PR 3]
S 398

N RIRPOPN FHDPEIL
A0 35USD FULIYIUOW
217} O BIEP UODRRAJS
PR HNUAZE plUag

PoNoEn o
JOUTRD pue WEU
STLAL JOBIE I,

JOUEED PUR 3]
g SIe ]

PRNDEH 2
JOUTED PUB 175]
ST 10818

i
ARPO
Fyovi]
30

B 20
IO
a1

o BREp
TORAZD
pue
TIBILEZR
U1 PUAR

FOLS ./ tILN
N Fumonisod 10] 2 10T 1337190 SULL
IOPOI SUony * 7. | BUTUOmISOd 1o] 123Ua0 SUHOUON Fumopised 107 7910 FULIONEHOW
B 3 . =1 LA - ALY * ¢
Suppnil I2¥H92 SULIOITOWI 2] O 10318 o 2} O] 12338} S I0 BIBD a1j 01 15318y 13 JO YD
T | |0 mep noneacp pue mnwmze pusy / TUOURASIR PUR INLUIZE 0L} PUIS HOBASIS PUR YIHINIZE 0] PUAS
oy Su a \monm a 4
OO Koo A A0 A ot
EitH] WEEY (9) aimpiaduis] (¢} 11LS IRy () armyeiaduing (g} ey () emetadmay (¢}
ovamp | | -opey wwog 1eal1 (5} “vonRIIY (| e ea e (¢} ‘uonBsR[R0YY “Sjey ey MERH (1) “UOLEIEIIY
3 T { £ OISO ¢ -y oS (e - o ) TR - ¥
VORBADND Mm.msr.mﬂ#\ m_w-«”/ @hﬂvﬂ.ohnw »UOOﬂm APM mc.\hw L.NM?WQ& P\M" M.mm‘—@mmuhm) ﬁooﬁm “,C.Wu .WMWAW HN.—@MMHA%. n,.HAw yu.msuruwu.mnw *JOOMm ﬁ,mm
pue | Fuouemiesoy (1) ustues Funiopuom N MOURIDREINY {17 1IN FULIONGOTT N tonEIRATY (1) ees BULORTAN
= L o I * Li [t
naze . 2T 0] 5195103 21 10 JRUBIS 213 0 SI951R) OU1 10 [RUSIS s op s o 3o puds
U1 PHRS FULMO][D] SUD 1583] 38 TUSHRLY o SHIMO[O] 2UD 1SBD] I8 MEUSHRLY - SUIMOOT STQ 1EEA] 18 WLUSTRAT
T SINPOR _2TPoRy - -
. SumporlL 4 FUDIB1T, 1
@ Funpen Tov S¥IeR 107 17 10 Sunfeniof 11
107 11 321w30 Sunregmowt o wWOIF | | repues Ju 13yuas Bunrepuow oy wog erp || 1mu0s 30 12305 FUIIONTOI 21 THOI] B3RP
z0:.6-"| =P wonBAcp pue womze 241234 | | woyuow UBTIEAD]D PUR WINEUIZR 2AIDDOH EIOJTIOHE TIONBAS2 PUR [PHIBIEZE 3AI105Y
+ S T 0iis_ R i
$2[POLT BULR OrEREp D[ApOT SUMNIRT 0% 82D SSHIPOW SU oD
) . . o BT &
1 sueeipe 0m1 30 smueo Bunoguom BOHEASED meaelpe omg 10 1270 Sunosucnx | | WOREASE 20u(pe 0] IO 131UaD SULIOIHOTT
0.8 BUIOI] ﬂowm@.m PRI0HLOWE 531 O3 puw £iody ﬁcmmm.w PRArHIOW B Ui pue © TWOL QOMMM 1 PRIOINIONUE S3T 0L
sTo3u2 1251E] 400 B 1BI) GOREMINCT WEIZE || cxoyra jo@rm; AT B I TOBRMHOT @Ewﬂw SIMUD 12518 MAT B I TORROLTOU
B SBAI00T [ A UPOIN TURDELL puss B S2ATD2I N SINPON FUTHORLL pueg ¥ SRAIR00I 1-A7 DFRDOTY SUDYORIT
I " e 1 .

a
@D

GOLS




Patent Application Publication Feb.4,2016 Sheet8of8 US 2016/0034731 A1

11
1%2
Memory
1% 1
Processor
1%3
RFID Device

FIG. &



US 2016/0034731 Al

PERSON POSITIONING AND HEALTH CARE

MONITORING SYSTEM
BACKGROUND
[0001] 1. Technical Field
[0002] Thepresent invention relates to a person positioning

and health care monitoring system.

[0003] 2. Related Art

[0004] Due to extended lifespans of human beings, there
are ever increasing numbers of older people in the world. In
order to take care of older individuals, nursing homes are
provided for their assistance.

[0005] However, although nursing homes have profes-
sional care-givers to assist the senior residents, the care-
givers cannot look after each resident at all times, or carefully
watch the health of the residents and provide immediate assis-
tance for those in need, especially when the residents move
around in the nursing home.

SUMMARY

[0006] Inoneembodiment, a person positioning and health
care monitoring system comprises a monitoring center, a
plurality of RFID tag devices, and a first tracking module. The
monitoring center stores position data of'a plurality of targets.
The plurality of RFID tag devices correspond to the plurality
of targets. Each RFID tag device comprises amemory and an
infrared LED. The memory stores an identification (ID) num-
ber of a corresponding one of the targets. The first tracking
module comprises a plurality of infrared cameras and an
RFID device. The first tracking module obtains the ID num-
bers of the RFID tag devices by using the RFID device to
communicate with the plurality of RFID tag devices. The first
tracking module communicates with the monitoring center by
having the RFID device send the ID numbers of the targets
and orientation data corresponding to the targets to the moni-
toring center. After the monitoring center receives the 1D
numbers of the targets and the orientation data of the targets,
the monitoring center determines coordinates of the targets
for positioning according to coordinates of the first tracking
module and the orientation data corresponding to the targets.
[0007] To better understand the above-described objec-
tives, characteristics and advantages of the present invention,
embodiments, with reference to the drawings, are provided
for detailed explanations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The invention will be described according to the
appended drawings in which:

[0009] FIG. 1 is a view showing a person positioning and
health care monitoring system according to one embodiment
of the present invention;

[0010] FIG. 2is a view showing a tracking module accord-
ing to one embodiment of the present invention;

[0011] FIG. 3isa view showing an RFID device according
to one embodiment of the present invention;

[0012] FIG.4isa view for demonstrating steps of calculat-
ing coordinates according to one embodiment of the present
invention;

[0013] FIG.S5isaflow chart of a RFID tag device related to
a partial method of operating a person positioning and health
care monitoring system according to one embodiment of the
present invention;
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[0014] FIG. 6is a flow chart of a tracking module N related
to a partial method of operating a person positioning and
health care monitoring system according to one embodiment
of the present invention;

[0015] FIG. 7 is a flow chart among the tracking modules
related to a partial method of operating a person positioning
and health care monitoring system according to one embodi-
ment of the present invention; and

[0016] FIG. 8 is a block diagram showing a monitoring
center according to one embodiment of the present invention.

DETAILED DESCRIPTION OF DISCLOSED
EMBODIMENTS

[0017] The following description is presented to enable any
person skilled in the art to make and use the disclosed
embodiments, and is provided in the context of a particular
application and its requirements. Various modifications to the
disclosed embodiments will be readily apparent to those
skilled in the art, and the general principles defined herein
may be applied to other embodiments and applications with-
out departing from the spirit and scope of the disclosed
embodiments. Thus, the disclosed embodiments are not lim-
ited to the embodiments shown, but are to be accorded the
widest scope consistent with the principles and features dis-
closed herein.

[0018] Referring to FIG. 1, in at least one embodiment, a
person positioning and health care monitoring system 1 com-
prises a monitoring center 11, at least one tracking module 12,
and at least one RFID (radio-frequency identification) tag
device 13. The monitoring center 11 is configured to wire-
lessly communicate with the at least one tracking module 12.
The at least one tracking module 12 is configured to wire-
lessly communicate with the RFID tag device 13 and use the
RFID tag device 13 to track at least one target and/or monitor
the state of the at least one target. In some embodiments, the
person positioning and health care monitoring system 1 com-
prises a plurality of tracking modules 12. The monitoring
center 11 can wirelessly communicate with each tracking
module 12. The tracking modules 12 can wirelessly commu-
nicate with each other. Each tracking module 12 can wire-
lessly communicate with the RFID tag device 13.

[0019] Referring to FIG. 1, in some embodiments, the pet-
son positioning and health care monitoring system 1 is
applied to a plurality of regions (N-1, N, and N+1) and has a
plurality of tracking modules 12, each of which corresponds
to an region (N-1, N, or N+1).

[0020] Referring to FIG. 8, in some embodiments, the
monitoring center 11 comprises a processor 11, a memory
112, and an RFID device 113. The processor 11 is configured
to execute instructions of programs for the monitoring center
11. The memory 112 at least stores position data of at least
one target. The RFID device 113 is configured to communi-
cate with the tracking module 12. In some embodiments, the
memory 112 comprises a volatile memory. In some embodi-
ments, the memory 112 comprises non-volatile memory.
[0021] Referring to FIG. 2, the tracking modules 12 com-
prises a processor 121, a memory 122, an RFID reader or
device 123, and an infrared camera 124. The processor 121 is
configured to execute instructions of programs for the track-
ing modules 12. The memory 122 can store programs or data.
The RFID device 123 is configured to communicate with the
monitoring center 11 and the RFID tag device 13. The infra-
red camera 124 can generate pictures, which can be used to
determine orientation data (including azimuth data and eleva-
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tion data) of at least one target. The orientation data can be
used to drive a pitch axis tracking device 124q and a yaw axis
tracking device 1245 of the infrared camera 124 to track at
least one target. The tracking modules 12 are configured to
send azimuth data and elevation data of the pitch axis tracking
device 124a and the yaw axis tracking device 124b corre-
sponding to a tracked target to the monitoring center 11, and
the monitoring center 11 can determine the coordinates of the
target according to the coordinates of the infrared camera 124
and the azimuth and elevation data corresponding to the tar-
get, thereby monitoring the target.

[0022] Insomeembodiments, the tracking module 12 com-
prises a plurality of stepping motors. Each infrared camera
124 is coupled with at least one stepping motor in order to
drive the corresponding infrared camera 124 to rotate up or
down. In some embodiments, the tracking module 12 com-
prises a plurality of stepping motors, and each infrared cam-
era 124 is coupled with at least one stepping motor in order to
drive the corresponding infrared camera 124 to rotate left and
right.

[0023] Referring to FIG. 3, the RFID tag device 13 com-
prises a processor 131. The processor 131 of RFID tag device
13 is responsible for operating the RFID tag device 13. The
RFID tag device 13 comprises a memory 132. The memory
132 can store an ID number of a target, whereby the person
positioning and health care monitoring system 1 tracks a
target carrying the RFID tag device 13. The RFID device 113
comprises an antenna 133 and a RFID chip 134 coupled with
the antenna 133. The RFID tag device 13 uses the RFID chip
134 and the antenna 133 to communicate with the tracking
module 12. In some embodiments, the tracking module 12
retrieves the target ID number stored in the memory 132 of a
RFID tag device 13 through the RFID chip 134 and the
antenna 133. The RFID tag device 13 comprises an infrared
LED (light-emitting diode) 135. The infrared LED 135 gen-
erates light, and thereby forms a light image on a picture
created by an infrared camera 124. The tracking module 12
sends the azimuth and elevation angles of an infrared camera
124 corresponding to a tracked target to the monitoring center
11, and the monitoring center 11 uses the coordinates of the
infrared camera 124 and the azimuth and elevation angles
corresponding to the target to determine the coordinate infor-
mation of the target.

[0024] Insome embodiments, the RFID tag device 13 com-
prises accelerometers 136. The accelerometers 136 are con-
figured to provide instantaneous acceleration in three dimen-
sions when a target is moving. The RFID tag device 13
transmits the three-dimensional acceleration to the tracking
module 12, and the tracking module 12 transmiits the three-
dimensional acceleration to the monitoring center 11. If the
target does not change direction, the monitoring center 11
integrates the acceleration twice to determine a relative
motion vector for a time segment, thereby obtaining a path
and all locations of the target. In some embodiments, the
accelerometer 136 comprises a Z-axis accelerometer 136a.
When the monitoring center 11 finds that acceleration pro-
vided by the Z-axis accelerometer 136a of the RFID tag
device 13 on a target who was moving is less than or equal to
a threshold value, the monitoring center 11 generates a warn-
ing that the target may fall over. Normally, when people stand
up or walk, the Z-axis accelerometer 1364 outputs a down-
ward acceleration value of 1G or 9.8 meters per second
squared, which is equivalent to the gravity acceleration on the
surface of the Earth. When a target that was moving lies down
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or falls over on the ground, the Z-axis accelerometer 136a
outputs a value of approximately zero. With such a charac-
teristic, the monitoring center 11 can use an outputted value to
determine whether a target falls over and accordingly gener-
ate a warning to relevant persons who can get to the target and
provide instant help.

[0025] Insomeembodiments, the RFID tag device 13 com-
prises a gyroscope 137. The gyroscope 137 is used to measure
an orientation of a target and thereby provide an instanta-
neous angular velocity vector. The monitoring center 11 inte-
grates the instantaneous angular velocity information of the
target from the gyroscope 137 so as to determine and obtain
the data of the direction of motion at every moment. The
monitoring center 11 uses the data of the direction of motion
and an integrated instantaneous velocity vector from each
accelerometer, and performs coordination conversion, and
thereafter, relative position information of the target at every
moment when the target is moving can be obtained. The
monitoring center 11 finally adds up the previous relative
position data and the latest relative position data to determine
the path of motion. The monitoring center 11 can use the path
of motion to determine when, where, and what happened
during the target’s journey; when and where the target moved
forward, turned around, turned left, turned right, fell onto the
ground, and how long the target stood up from the ground, or
when the target fell again and did not stand up. Such inferred
information is valuable and the monitoring center 11 can use
the inferred information to seek help when the target fell over,
or discover that the target had fallen over or had difficulty in
walking by analyzing the inferred information and can imple-
ment a preventive measure.

[0026] Insomeembodiments, the RFID tag device 13 com-
prises at least one angular accelerometer 138. The angular
accelerometer 138 can determine angular velocity according
to angular acceleration. The monitoring center 11 can use the
angular velocity to determine a rotation angle of the corre-
sponding target. The angular accelerometer 138 is similar in
function to the gyroscope 137 while also complementary to
the gyroscope 137.

[0027] Insomeembodiments, the RFID tag device 13 com-
prises a temperature sensor 139 configured to measure a
temperature of a corresponding target for the monitoring
center 11 to monitor.

[0028] Insomeembodiments, the RFID tag device 13 com-
prises a blood pressure meter 140 configured to measure a
blood pressure of a corresponding target for the monitoring
center 11 to monitor.

[0029] Insomeembodiments, the RFID tag device 13 com-
prises a heart beat rate monitor 141 configured to measure a
heart beat rate of a corresponding target for the monitoring
center 11 to monitor.

[0030] Insomeembodiments, the RFID tag device 13 com-
prises a power supply 142, such as a battery, configured to
supply electricity to the infrared LED 135 and the RFID tag
chip.

[0031] Insomeembodiments, the RFID tag device 13 com-
prises a component, which is an infrared LED 135, an accel-
erometer 135, a gyroscope 137, an angular accelerometer
138, a temperature sensor 139, a blood pressure meter 140, or
aheart beat rate monitor 141. A target can carry a plurality of
RFID tag devices 13 with different components. In some
embodiments, the RFID tag device 13 comprises a plurality
of components, and the components comprise an infrared
LED 135, an accelerometer 135, a gyroscope 137, an angular
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accelerometer 138, a temperature sensor 139, a blood pres-
sure meter 140, and a heart beat rate monitor 141.

[0032] Referring to FIG. 4, the tracking module 12 is con-
figured to obtain an orientation data corresponding to a
tracked target, wherein the orientation data comprises azi-
muth data and elevation data. In some embodiments, the
RFID tag device 13 comprises an infrared LED 135. The
tracking module 12 uses the infrared camera 124 to track the
infrared LED 135 of the RFID tag device 13. Information
about azimuth and elevation data between the target and the
infrared camera 124 is reported by the tracking module 12 and
sent to the monitoring center 11 in order to determine the
coordinates of the target. As shown in FIG. 4, two adjacent
tracking modules 12 (N and N+1) are used as an example. If
atarget is between the two tracking modules 12 (N and N+1),
the monitoring center 11 determines the coordinates of the
target by using the pitch or elevation angles (8, and 0,) and
yaw or azimuth angles (¢, and ¢,). Assuming that the loca-
tions of the infrared cameras 124 are represented by (X,,Y,)
and (X,, Y,), the pitch or elevation angles of the infrared
cameras 124 are represented by 0, and 0,, the yaw or azimuth
angles of the infrared cameras 124 are represented by ¢, and
., the distances of the infrared cameras 124 from the target
arerepresented by D, and D,, and the coordinates of the target
are represented by (X, Y). Equations (1) can be obtained as
follows:

Y =Y, = Dy cosf cosg, D
X — X| = Dycost; sing;
Y —Y; = Dycostheosgy

X — Xz = Docoshysing,

[0033] Equations (1) are solved and the distances (D, and
D,) are obtained:

Cy-ay a; =€y 2
Cy—an ay - C
D, = v Dy =
ap —ap aj; —a
ay —ap az1 —ap

[0034] The coordinates of the target (X, Y) can be obtained
by substitute for D, and D, in equations (1) using equations
2.

[0035] FIG.5isaflow chart of a RFID tag device 13 related
to a partial method of operating a person positioning and
health care monitoring system 1 according to one embodi-
ment of the present invention, wherein the partial method
includes steps of activating a tracking module, turning off a
tracking module, controlling the target tracking, and trans-
mitting information. In Step S51, the RFID tag device 13 is
activated. In Step S52, the RFID tag device 13 checks whether
a signal or message from the RFID reader 123 of any one of
the tracking modules 12 is received. In Step S53, if the RFID
tag device 13 determines that no message from the RFID
reader 123 ofany one of tracking modules 12 is received, then
the RFID tag device 13 cuts off a supply to RFID chip and
infrared LED from a backup battery in order to preserve
energy. In Step S54, if the RFID tag device 13 has received a
signal or message from the RFID reader 123 of any one of the
tracking modules 12, the RFID tag device 13 starts using
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battery power to activate at least one sensors and an infrared
LED for tracking by utilizing the infrared camera 124 of the
RFID device 123 of tracking module 12. In Step S55, the
RFID tag device 13 transmits the ID number of the target to
the tracking modules 12. In Step S56, the RFID tag device 13
uses at least one of the above-mentioned sensors or compo-
nents, such as accelerometers 135, a gyroscope 137, angular
accelerometers 138, a temperature sensor 139, a blood pres-
sure meter 140, and a heart beat rate monitor 141, to obtain
measurement data by measuring acceleration, angular veloc-
ity, angular acceleration, temperature, blood pressure, or a
heart beat rate. In Step S57, the RFID tag device 13 transmits
the measurement data to the RFID readers 123 of tracking
modules 12. In Step S58, the RFID tag device 13 checks
whether there is a shutdown signal or message from the
monitoring center 11 or any tracking module 12. If no shut-
down signal or message is received, the method proceeds to
Step S52. In Step S59, if the RFID tag device 13 receives a
shutdown signal or message, the RFID tag device 13 stops
functioning.

[0036] FIG. 6is a flow chart of a tracking module N related
to a partial method of operating a person positioning and
health care monitoring system 1 according to one embodi-
ment of the present invention, wherein the partial method is
related to the operations of a pitch axis tracking device 124,
a yaw axis tracking device 1245, and stepping motors.

[0037] In Step S601, the tracking module N is activated.

[0038] In Step S602, the RFID device 123 of the tracking
module N carries out detections.

[0039] In Step S603, the RFID device 123 of the tracking
module N checks whether there is a response from any one of
the RFID tag devices 13 or responses from a plurality of RFID
tag devices 13. If no response has been received, the RFID
device 123 of the tracking module N continues performing
detections.

[0040] In Step S604, the RFID device 123 of the tracking
module N may receive a response from any one of the RFID
tag devices 13 or responses from RFID tag devices 13, and
receives the ID numbers of the targets sent by new RFID tag
devices 13. Next, the tracking module N transmits the
received target ID numbers to the monitoring center 11.

[0041] In Step 3605, the monitoring center 11 uses the
target ID numbers to determine ifthe coordinates of any of the
corresponding targets are recorded within recent time; for
example, 3 seconds (which is not a limitation to the present
invention) from receiving the target ID numbers.

[0042] In Step S606, if the monitoring center 11 has the
coordinates of the targets recorded within recent time, for
example, 3 seconds (which is not a limitation to the present
invention) from receiving the target 1D numbers, then the
monitoring center 11 sends azimuth and elevation angles of
the targets relative to the tracking module N to the tracking
module N; so that the tracking module N can determine an
average elevation angle (E) and an average azimuth angle (A)
as the gimbal angle commands to the infrared cameras 124a
and 124b to track and lock-in the targets.

[0043] In Step S607, if the monitoring center 11 does not
have the coordinates of the targets recorded within recent
time, for example, 3 seconds (which is not a limitation to the
present invention) from receiving the target ID numbers, the
monitoring center 11 instructs the tracking module N to use
the present azimuth and elevation angles of the infrared cam-
era as origins and begins rotating the infrared camera in a
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spiral manner outwards from the origins so as to gradually
increase the search region for the targets.

[0044] The tracking module N uses the position of a light
image of a picture from an infrared camera 124 in order to
determine an average elevation angle (E) and an average
azimuth angle (A) for the corresponding targets. If both the
absolute values of E and A are less than the corresponding
gimbal search limits, then the method proceeds to Step S608;
otherwise, the method proceeds to Step S701 of FIG. 7.
[0045] In Step S608, if E is less than -0.5 degree (which is
not a limitation to the present invention), it indicates that the
target is below the elevation axis of the infrared camera 124a
of the tracking module N. In Step S609, a corresponding
stepping motor is rotated to turn the gimbal angle of the
infrared camera 1244 to the elevation angle E so as to point
the elevation axis of the infrared camera 124a to the elevation
center of targets.

[0046] In Step S610,ifE is greater than 0.5 degree (which
is nota limitation to the present invention), the value indicates
that the target is above the elevation axis of the infrared
camera 124a of the tracking module N. In Step S611, a
corresponding stepping motor is rotated to turn the gimbal
angle of infrared camera 1244 to the elevation angle E so as to
point the elevation axis of the infrared camera 124a to the
elevation center of targets.

[0047] InStep S612,if the average azimuth value (A) of the
target(s) is less than -0.5 degree (which is not a limitation to
the present invention), the value indicates that the target is on
the left side of the azimuth axis of the infrared camera 1245 of
the tracking module N. In Step S613, a corresponding step-
ping motor is rotated to turn the gimbal angle of infrared
camera 1245 to the azimuth angle A so as to point the azimuth
axis of the infrared camera 1245 to the azimuth center of
targets.

[0048] In Step S614,if the average azimuth value (A) of the
target(s) is greater than 0.5 degree (which is not a limitation to
the present invention), the value indicates that the target is on
the right side ofthe central axis of the infrared camera 1245 of
the tracking module N. In Step S615, a corresponding step-
ping motor is rotated to turn the infrared camera 124 to the
gimbal angle A so as to point until the azimuth axis of the
infrared camera 1246 to the azimuth center of targets.
[0049] In Step S616, the above Steps S608 to S614 are
applied to adjust the gimbal angles of infrared camera 124
until both the tracking errors to the centers of targets in both
the elevation and azimuth axes of the infrared camera 124 are
less than 0.5 degree (which is not a limitation to the present
invention) so that the target(s) can be properly tracked.
[0050] FIG. 7 is a flow chart among the tracking modules
related to a partial method of operating a person positioning
and health care monitoring system 1 according to one
embodiment of the present invention, wherein the partial
method is related to the tracking control and the information
exchange between two tracking modules. Referring to FIG. 7,
the person positioning and health care monitoring system 1
comprises a plurality of tracking modules, which includes a
tracking module N-1, a tracking module N, and a tracking
module N+1. The plurality of tracking modules respectively
monitor different regions, wherein at least some of which can
overlap.

[0051] InStep S701, the tracking module N+1 is notified by
the monitoring center 11 or two adjacent tracking modules
that a new target is entering into the monitored region. In Step
S702, the tracking module N+1 determines the average values
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of azimuth and elevation angles (i.e. A and E in previous) of
all targets under its monitor (including targets that have
already been monitored and a new target that has not yet been
monitored) according to orientation data, for example within
a three second timeframe (which is not a limitation to the
present invention), of all targets, and respectively drives the
tracking devices 124a and 1245 coupled with the infrared
camera 124 of the tracking module N+1 according to the
average values of azimuth and elevation angles so as to track
the targets.

[0052] In Step S703, the tracking module N+1 retrieves
data of acceleration, angular acceleration, temperature, blood
pressure, or heart beat rate of the targets. Next, the tracking
module N+1 transmits data of at least one of the acceleration,
angular acceleration, temperature, blood pressure, or heart
beat rate to the monitoring center 11.

[0053] In Step S704, the tracking module N+1 uploads the
latest orientation data of the new target to the monitoring
center 11 in order to determine the coordinates of the target. In
some embodiments, the tracking module N+1 continuously
uploads the latest orientation data of the targets to the moni-
toring center 11 so as to allow the monitoring center 11 to
determine their coordinates.

[0054] In Step S705, the tracking module N+1 determines
whether one or more targets move out of left limit and leave
the region monitored by it (i.e. determines whether the azi-
muth gimbal angle of the IR camera tracking module 1245
rotate to the leftis larger than 60 degrees relative to the central
axis of the infrared camera when it is at the initialization
position; however, the present invention is not limited to the
afore-mentioned number of degrees).

[0055] In Step S706, the tracking module N+1 determines
that one or more targets move out of left limit and leave the
region monitored by it (i.e. determines that the azimuth gim-
bal angle of the IR camera tracking module 1245 rotate to the
left is larger than 60 degrees relative to the central axis of the
infrared camera when it is at the initialization position; how-
ever, the present invention is not limited to the afore-men-
tioned number of degrees) and enter into the region monitored
by the tracking module N. The tracking module N+1 notifies
the monitoring center 11 that the target(s) is not in its moni-
tored region and transmits the latest orientation data, includ-
ing azimuth and elevation data, to the monitoring center 11 or
the tracking module N.

[0056] In Step S707, the tracking module N+1 determines
whether one or more targets move out of right limit and leave
its monitored region (i.e. determines whether the azimuth
angle of the IR camera tracking module 1245 rotate to the
right is larger than 60 degrees relative to the central axis of the
infrared camera when it is at the initialization position; how-
ever, the present invention is not limited to the afore-men-
tioned number of degrees).

[0057] In Step S708, the tracking module N+1 determines
that one or more targets move out of right limit and leave the
region monitored by it (i.e. determines that the azimuth angle
of the IR camera tracking module 1245 rotate to the right is
larger than 60 degrees relative to the central axis of the infra-
red camera when it is at the initialization position; however,
the present invention is not limited to the afore-mentioned
number of degrees) and enter into the region monitored by the
tracking module N+2. The tracking module N+1 notifies the
monitoring center 11 that the target(s) is not in its monitored
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region and transmits the latest orientation data, including
azimuth and elevation data, to the monitoring center 11 or the
tracking module N+2.

[0058] In Step S709, the tracking module N receives noti-
fication that a new target is entering its monitored region from
the monitoring center 11 or one of the two adjacent tracking
modules.

[0059] In Step S710, the tracking module N receives the
latest orientation data, including azimuth and elevation data,
of the corresponding RFID tag device 13 from the monitoring
center 11 in order to track the target. The Step S710 is similar
to the Step S702 of FIG. 6.

[0060] In Step S711, the tracking module N retrieves data
of acceleration, angular acceleration, temperature, blood
pressure, or heart beat rate of the targets. Next, the tracking
module N transmits data of at least one of the acceleration,
angular acceleration, temperature, blood pressure, or heart
beat rate to the monitoring center 11.

[0061] In Step S712, the tracking module N uploads the
latest orientation data of the new target to the monitoring
center 11 in order to determine the coordinates of the target. In
some embodiments, the tracking module N continuously
uploads the latest orientation data of the targets to the moni-
toring center 11 so as to allow the monitoring center 11 to
determine their coordinates.

[0062] In Step S713, the tracking module N determines
whether one or more targets move out of left limit, leave the
region monitored by it, and enter into the monitored region of
the tracking module N-1 (i.e. determines whether the azi-
muth gimbal angle of the IR camera tracking module 1245
rotate to the left is larger than 60 degrees relative to the central
axis of the infrared camera when it is at the initialization
position; however, the present invention is not limited to the
afore-mentioned number of degrees).

[0063] In Step S714, the tracking module N determines that
one or more targets leave the region monitored by it (i.e.
determines that the azimuth gimbal angle of the IR camera
tracking module 1245 rotate to the left is larger than 60
degrees relative to the central axis of the infrared camera
when it is at the initialization position; however, the present
invention is not limited to the afore-mentioned number of
degrees). The tracking module N notifies the monitoring cen-
ter 11 and transmits the latest orientation data, including
azimuth and elevation data, to the tracking module N-1. In
some embodiments, the tracking module N transmits the
latest orientation data, including azimuth and elevation data,
of the targets to the monitoring center 11.

[0064] In Step S715, the tracking module N determines
whether one or more targets move out of right limit, leave its
monitored region . and enter into the monitored region of the
tracking module N+1 (i.e. determines whether the azimuth
gimbal angle ofthe IR camera tracking module 1245 rotate to
the right is larger than 60 degrees relative to the central axis of
the infrared camera when it is at the initialization position;
however, the present invention is not limited to the afore-
mentioned number of degrees).

[0065] InStep S716, the tracking module N determines that
oneormore targets leave its monitored region (i.e. determines
that the azimuth gimbal angle of the IR camera tracking
module 1245 rotate to the right is larger than 60 degrees
relative to the central axis of the infrared camera when it is at
the initialization position; however, the present invention is
not limited to the afore-mentioned number of degrees) and
enter into the region monitored by the tracking module N+1.
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The tracking module N notifies the monitoring center 11 and
transmits the latest orientation data, including azimuth and
elevation data, of the targets to the tracking module N+1. In
some embodiments, the tracking module N transmits the
latest orientation data, including azimuth and elevation data,
of the targets to the monitoring center 11.

[0066] Thetracking operations and steps performed when a
target moves between regions monitored by the tracking
module N-2, the tracking module N-1 and the tracking mod-
ule N are similar to the above-mentioned steps, so redundant
descriptions are omitted for sake of brevity.

[0067] In at least one embodiment, the person positioning
and health care monitoring system can be used indoors and
outdoors, and quickly and effectively tracks and locates the
position of people. In some embodiments, the person posi-
tioning and health care monitoring system can be configured
as an elderly care system. In some embodiments, the tracking
module may have an infrared camera and a person can carry
aplurality of RFID devices, which may be disposed on his/her
chest, back, wrist or pants, and each RFID device includes an
infrared LED, an accelerometer, a gyroscope, an angular
accelerometer, a temperature sensor, a blood pressure meter,
and a heart beat rate monitor. The person positioning and
health care monitoring system can track people for day and
night. The people are tracked by ID number, not by image
analysis. Moreover, the system can measure health conditions
of tracked people so that the system can reduce manpower.
Therefore, the person positioning and health care monitoring
system can integrate the functions of an RFID device, extend
monitoring regions, quickly identify targets, does not require
image analysis technologies, and greatly improves efficiency.
[0068] It will be apparent to those skilled in the art that
various modifications and variations can be made to the dis-
closed embodiments. It is intended that the specification and
examples be considered as exemplary only, with a true scope
of the disclosure being indicated by the following claims and
their equivalent.

What is claimed is:

1. A person positioning and health care monitoring system

comprising:

a mounitoring center storing position data of a plurality of
targets;

a plurality of RFID tag devices corresponding to the plu-
rality of targets, each RFID tag device comprising a
memory and an infrared LED, the memory storing an
identification (ID) number and the orientation data of a
corresponding one of the targets; and

a first tracking module comprising a plurality of infrared
cameras and an RFID device;

wherein the first tracking module obtains the identification
(ID) numbers of the RFID tag devices by using the RFID
device to communicate with the plurality of RFID tag
devices;

wherein the first tracking module communicates with the
monitoring center by the RFID device so as to send the
identification (ID) numbers of the targets and orientation
data corresponding to the targets to the monitoring cen-
ter;

wherein after the monitoring center receives the identifi-
cation (ID) numbers of the targets and the orientation
data of the targets, the monitoring center determines
coordinates of the targets for positioning according to
both coordinates of the first tracking module and the
orientation data corresponding to the targets.
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2. The person positioning and health care monitoring sys-
tem of claim 1, wherein the orientation data comprises target
azimuth and elevation angles.

3. The person positioning and health care monitoring sys-
tem of claim 1, wherein the first tracking module comprises a
plurality of stepping motors for each infrared camera,
wherein the plurality of stepping motors are configured to
rotate the corresponding infrared camera up, down, left, and
right so as to track the targets.

4. The person positioning and health care monitoring sys-
tem of claim 3, wherein each infrared camera is rotated
according to the tracking error angles of an infrared image of
a targets-picture of the infrared camera from the average
values of target azimuth data and elevation data in the azimuth
and elevation axes of the infrared camera.

5. The person positioning and health care monitoring sys-
tem of claim 1, wherein when the first tracking module
obtains and determines the average values of the new orien-
tation data of the targets, the first tracking module sends the
new orientation data of the targets to the monitoring center,
wherein the new orientation data comprises azimuth and
elevation angles.

6. The person positioning and health care monitoring sys-
tem of claim 1, further comprising a second tracking module,
wherein the first tracking module and the second tracking
module are configured to respectively monitor different first
and second regions, wherein when one of the targets moves
from the first region monitored by the first tracking module to
the second region, the first tracking module send the latest
orientation data of the one of the targets to the monitoring
center or the second tracking module, wherein the latest ori-
entation data comprises azimuth and elevation angles.

7. The person positioning and health care monitoring sys-
tem of claim 6, wherein the monitoring center sends the latest
orientation data (i.e. azimuth and elevation angles of the
targets based on the second tracking module) to the second
tracking module.

8. The person positioning and health care monitoring sys-
tem of claim 6, wherein when the second tracking module
detects the one of the targets, the second tracking module
reads the identification (ID) number of the one of the targets.
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9. The person positioning and health care monitoring sys-
tem of claim 8, wherein after the second tracking module
sends the identification (ID) number and new orientation data
of the one of the targets to the monitoring center and the
monitoring center receives the identification (ID) number and
the new orientation data, the monitoring center determines
coordinates of the one of the targets according to coordinates
of the second tracking module and the new orientation data
provided by the corresponding RFID device for positioning.

10. The person positioning and health care monitoring
system of claim 1, wherein each RFID tag device comprises
a temperature sensor and each RFID tag device uses the
corresponding RFID device to send a measured temperature
to the monitoring center.

11. The person positioning and health care monitoring
system of claim 1, wherein each RFID tag device comprises
a blood pressure meter and each RFID tag device uses the
corresponding RFID device to send a measured blood pres-
sure to the monitoring center.

12. The person positioning and health care monitoring
system of claim 1, wherein each RFID tag device comprises
a heart beat rate monitor and each RFID tag device uses the
corresponding RFID device to send a measured heart beat rate
to the monitoring center.

13. The person positioning and health care monitoring
system of claim 1, wherein each RFID tag device comprises
a Z-axis accelerometer and each RFID tag device uses the
corresponding RFID device to send a measured Z-axis accel-
eration to the monitoring center.

14. The person positioning and health care monitoring
system of claim 13, wherein if one of the Z-axis accelerations
is less than or equal to a threshold, the monitoring center
generates a warning.

15. The person positioning and health care monitoring
system of claim 1, wherein the monitoring center is config-
ured to send a shutdown signal to one of the RFID tag devices
so as to turn off the one of the RFID tag devices.

16. The person positioning and health care monitoring
system of claim 1, wherein each RFID tag device comprises
apower supply configured to supply electricity to the infrared
LED and the RFID tag chip.
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