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7) ABSTRACT

A safety status sensing system and a safety status sensing
method thereof are provided. A first wearable sensing device
periodically transmits a first safety status message to the
LoRa host. After determining no message received from the
first wearable sensing device within a first time period, the
LoRa host issues a first alarm message and determines an
off-line location of the first wearable sensing device accord-
ing to the first device information of the first wearable
sensing device. The LoRa host determines that the off-line
location is within a communication coverage of the second
wearable sensing device, and transmits the first device
information to the second wearable sensing device. The
second wearable sensing device transmits a point-to-point
communication signal to the first wearable sensing device
according to the first device information.
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SAFETY STATUS SENSING SYSTEM AND
SAFETY STATUS SENSING METHOD
THEREOF

PRIORITY

[0001] This application claims priority to Taiwan Patent
Application No. 106138149 filed on Nov. 3, 2017, which are
hereby incorporated by reference in its entirety.

FIELD

[0002] The present invention relates to a safety status
sensing system and a safety status sensing method thereof.
More particularly, the present invention relates to a safety
status sensing system and a safety status sensing method
thereof that feature an easy deployment, a low power and a
high flexibility in safety status reporting.

BACKGROUND

[0003] In the prior art, wearable electronic devices have
been widely used in various fields. One primary application
of the wearable electronic devices is to sense a physiological
status of a human body and report the information measured
to a base station or a backhaul host for recording and
analysis. In this way, it can be confirmed whether the body
of the user is healthy and whether any abnormal status
occurs can be determined instantly.

[0004] However, for the aforesaid wearable electronic
devices and the systems thereof for detecting the safety
status of the user, the network environment and the system
hardware thereof usually need to be constructed in advance,
and the coverage thereof in which the user can be detected
is mainly based on the number of base stations in the
network.

[0005] Accordingly, when a large-scale activity (e.g., a
road running activity, a mountain climbing activity) is held
and the aforesaid wearable electronic devices and the safety
status sensing system thereof are to be used for enhancing
the security of the activity, constructing the network envi-
ronment and the system hardware in advance is hard to be
implemented and the hardware cost required by a larger
communication coverage also increases remarkably.

[0006] According to the above descriptions, an urgent
need exists in the art to improve the aforesaid problem,
thereby improving the flexibility and convenience in net-
work construction of the wearable electronic devices and the
safety status sensing system thereof and meanwhile reducing
the construction cost.

SUMMARY

[0007] The disclosure includes a safety status sensing
method for a safety status sensing system. The safety status
sensing system can comprise a LoRa host, a first wearable
sensing device and a second wearable sensing device. The
LoRa host communicates with the first wearable sensing
device and the second wearable sensing device according to
a LoRa protocol. The safety status sensing method com-
prises: (a) enabling the first wearable sensing device to
periodically transmit a first safety status message to the
LoRa host; (b) enabling the LoRa host to update first device
information of the first wearable sensing device that is stored
in the LoRa host according to the first safety status message;
(c) enabling the LoRa host to issue a first alarm message
after the LoRa host determines that no message has been
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received from the first wearable sensing device within a first
time period; (d) enabling the LoRa host to determine an
off-line location of the first wearable sensing device accord-
ing to the first device information stored after the step (¢): (e)
enabling the LoRa host to determine that the off-line location
is located within a communication coverage of the second
wearable sensing device according to second device infor-
mation of the second wearable sensing device, wherein the
second device information is stored in the LoRa host; (f)
enabling the LoRa host to transmit the first device informa-
tion to the second wearable sensing device; and (g) enabling
the second wearable sensing device to transmit a point-to-
point communication signal to the first wearable sensing
device according to the first device information.

[0008] The disclosure also includes a safety status sensing
system, which comprises a LoRa host, a first wearable
sensing device and a second wearable sensing device. The
LoRa host can comprise a host processor, a host LoRa
protocol transceiver, a host storage unit and an alarm
prompting unit. The first wearable sensing device comprises
a first device processor and a first device LoRa protocol
transceiver. The second wearable sensing device comprises
a second device processor and a second device LoRa pro-
tocol transceiver. The first wearable sensing device is con-
figured to use the first device processor to periodically
transmit a first safety status message to the LoRa host via the
first device LoRa protocol transceiver. Thereafter, the L.oRa
host is configured to use the host LoRa protocol transceiver
to receive the first safety status message from the first
wearable sensing device; use the host processor to update
first device information of the first wearable sensing device
that is stored in the host storage unit according to the first
safety status message; use the host processor to issue a first
alarm message via the alarm prompting unit after the host
processor determines that no message has been received by
the host LoRa protocol transceiver from the first wearable
sensing device within a first time period; use the host
processor to determine an off-line location of the first
wearable sensing device according to the first device infor-
mation; use the host processor to determine that the off-line
location is located within a communication coverage of the
second wearable sensing device according to second device
information of the second wearable sensing device, wherein
the second device information is stored in the host storage
unit; and use the host processor to transmit the first device
information to the second wearable sensing device via the
host LoRa protocol transceiver. The second wearable sens-
ing device is configured to use the second device LoRa
protocol transceiver to receive the first device information;
and use the second device processor to transmit a point-to-
point communication signal to the first wearable sensing
device according to the first device information via the
second device LoRa protocol transceiver.

[0009] The detailed technology and preferred embodi-
ments implemented for the subject invention are described
in the following paragraphs accompanying the appended
drawings for people skilled in this field to well appreciate the
features of the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1Ato FIG. 1B are schematic views illustrating
the operation of a safety status sensing system according to
a first embodiment of the present invention;
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[0011] FIG. 1C is a block diagram of a LoRa host accord-
ing to the first embodiment of the present invention;
[0012] FIG. 1D is a block diagram of a first wearable
sensing device according to the first embodiment of the
present invention;

[0013] FIG. 1E is a block diagram of a second wearable
sensing device according to the first embodiment of the
present invention;

[0014] FIG.2A 10 FIG. 2B are schematic views illustrating
the operation of a safety status sensing system according to
a second embodiment of the present invention;

[0015] FIG. 2C is a block diagram of a LoRa host accord-
ing to the second embodiment of the present invention;
[0016] FIG. 2D is a block diagram of a first wearable
sensing device according to the second embodiment of the
present invention;

[0017] FIG. 2E is a block diagram of a second wearable
sensing device according to the second embodiment of the
present invention;

[0018] FIG. 2F is a block diagram of another implemen-
tation of the LoRa host according to the second embodiment
of the present invention;

[0019] FIG. 2G is a block diagram of another implemen-
tation of the first wearable sensing device according to the
second embodiment of the present invention;

[0020] FIG. 3 is a flowchart diagram of a safety status
sensing method according to a third embodiment of the
present invention; and

[0021] FIG. 4A to FIG. 4C are flowchart diagrams of a
safety status sensing method according to a fourth embodi-
ment of the present invention.

DETAILED DESCRIPTION

[0022] In the following description, the present invention
will be explained with reference to certain example embodi-
ments thereof. However. these example embodiments are
not intended to limit the present invention to any specific
examples, embodiments, environment, applications or
implementations described in these example embodiments.
Therefore, description of these example embodiments is
only for purpose of illustration rather than to limit the
present invention.

[0023] In the following embodiments and the attached
drawings, elements unrelated to the present invention are
omitted from depiction; and dimensional relationships
among individual elements in the attached drawings are
illustrated only for ease of understanding, but not to limit the
actual scale.

[0024] Please refer to FIG. 1A to FIG. 1E. FIG. 1A to FIG.
1B are schematic views illustrating the operation of a safety
status sensing system 1 according to a first embodiment of
the present invention. The safety status sensing system 1
comprises a LoRa host 11, a first wearable sensing device 13
and a second wearable sensing device 15. FIG. 1C is a block
diagram of the LoRa host 11 according to the first embodi-
ment of the present invention, and the LoRa host 11 com-
prises a host processor 111, a host LoRa protocol transceiver
113, ahost storage unit 115 and an alarm prompting umt 117.
[0025] FIG. 1D is a block diagram of the first wearable
sensing device 13 according to the first embodiment of the
present invention, and the first wearable sensing device
comprises a first device processor 131 and a first device
LoRa protocol transceiver 133. FIG. 1E is a block diagram
of the second wearable sensing device 15 according to the
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first embodiment of the present invention, and the second
wearable sensing device comprises a second device proces-
sor 151 and a second device LoRa protocol transceiver 153.
Elements of each of the devices are electrically connected
with each other, and the devices communicate with each
other via the LoRa communication protocol. Interactions
among the devices will be further described hereinafter.
[0026] First referring to FIG. 1A, in the first embodiment,
the first wearable sensing device 13 and the second wearable
sensing device 15 are respectively worn by different users
and periodically report information relevant to user safety to
the LoRa host 11. Specifically, taking the first wearable
sensing device 13 as an example, the first wearable sensing
device 13 is mainly configured to periodically transmit a first
safety status message 130 relevant to the user safety status
to the LoRa host 11 via the first device LoRa protocol
transceiver 133.

[0027] On the other hand, when the first wearable sensing
device 13 is still within a communication coverage 11R of
the LoRa host 11, the host LoRa protocol transceiver 113 of
the LoRa host 11 can receive the first safety status message
130 from the first wearable sensing device 13, and the host
processor 111 updates first device information DATA13
relevant to the first wearable sensing device 13 that is stored
in the host storage unit 115 according to the first safety status
message 130 so as to master safety information relevant to
the user of the first wearable sensing device 13 instantly.
Similarly, the host storage unit 115 stores second device
information DATA1S5 of the second wearable sensing device
15 (in other embodiments, it may further comprise device
information of other wearable sensing devices).

[0028] Then referring to FIG. 1B, when the user of the first
wearable sensing device 13 moves so that the first wearable
sensing device 13 is not within the communication coverage
11R of the LoRa host 11, the LoRa host 11 cannot receive
any safety status message from the first wearable sensing
device 13, so the LoRa host 11 cannot monitor the safety
status of the user of the first wearable sensing device 13.
[0029] In other words, if the host processor 111 of the
LoRa host 11 determines that no message has been received
from the first wearable sensing device 13 by the host LoRa
protocol transceiver 113 within a first time period (not
shown), then it means that concerns have been raised over
the safety detection of the user. Thus, the host processor 111
of the LoRa host 11 first issues a first alarm message 110 via
the alarm prompting unit 117.

[0030] Thereafter, the host processor 111 of the LoRa host
11 first determines an off-line location 13off of the first
wearable sensing device 13 according to the first device
information DATA13 that is updated latest and stored in the
host storage unit 115. Next, the LoRa host 11 searches for
other wearable sensing devices that are around the off-line
location 130ff of the first wearable sensing device 13 and
within the communication coverage 11R of the LoRa host 11
according to the off-line location 13off and the second
device information DATA15 (in other implementations,
other device information is further comprised) stored in the
host storage unit 115, in order to attempt to connect with the
first wearable sensing device 13 via the other wearable
sensing devices.

[0031] In the first embodiment, the host processor 111 of
the LoRa host 11 determines that the off-line location 130ff
is located within a communication coverage 15R of the
second wearable sensing device 15 according to the second
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device information DATA15 of the second wearable sensing
device 15 that is stored in the host storage unit 115.
Accordingly, the host processor 111 transmits the first device
information DATA13 to the second wearable sensing device
15 via the host LoRa protocol transceiver 113 so that the
second wearable sensing device 15 attempts to connect with
the first wearable sensing device 13.

[0032] On the other hand, after the second device LoRa
protocol transceiver 153 of the second wearable sensing
device 15 receives the first device information DATA13, the
second device processor 151 transmits a point-to-point com-
munication signal 150 to the first wearable sensing device 13
via the second device LoRa protocol transceiver 153 accord-
ing to the first device information DATA13, thereby attempt-
ing to contact with the first wearable sensing device 13.
[0033] Please refer to FIG. 2A to FIG. 2E. FIG. 2A to FIG.
2B are schematic views illustrating the operation of a safety
status sensing system 2 according to a second embodiment
of the present invention. The safety status sensing system 2
comprises a LoRa host 21, a first wearable sensing device 23
and a second wearable sensing device 25. FIG. 2C is a block
diagram of a LoRa host 21 according to the second embodi-
ment of the present invention, and the L.oRa host 21 com-
prises a host processor 211, a host LoRa protocol transceiver
213, a host storage unit 215 and an alarm prompting unit
217.

[0034] FIG. 2D is a block diagram of a first wearable
sensing device according to the second embodiment of the
present invention, and the first wearable sensing device
comprises a first device processor 231, a first device LoRa
protocol transceiver 233, a first GPS positioner 235 and a
first cardiac rhythm sensor 237. FIG. 2E is a block diagram
of the second wearable sensing device 25 according to the
second embodiment of the present invention, and the second
wearable sensing device comprises a second device proces-
sor 251 and a second device LoRa protocol transceiver 253.
[0035] Similarly, elements of each of the devices in the
aforesaid second embodiment are electrically connected
with each other, and the devices communicate with each
other via the LoRa communication protocol. The second
embodiment mainly further illustrates operation details and
subsequent detection statuses of the safety status sensing
system of the present invention. It shall be particularly
appreciated that, because the second wearable sensing
device 25 of the second embodiment is mainly used as a
relay device when the first wearable sensing device 23 is
disconnected from the LoRa host 21, only the main elements
(the second device processor 251 and the second device
LoRa transceiver 253) are illustrated and the positioning or
heart beat sensing elements thereof are not particularly
described. However, this is not intended to limit the imple-
mentation of the second wearable sensing device 25.
[0036] First referring to FIG. 24, in the second embodi-
ment, during the deployment of the safety status sensing
system 2, the host LoRa protocol transceiver 213 of the
LoRa host 21 broadcasts an initial setting message 210 to
notify wearable sensing devices in the network environment
to report information, thereby initializing network environ-
ment parameters. On the other hand, after receiving the
initial setting message 210, the first device LoRa protocol
transceiver 233 of the first wearable sensing device 21 can
report to the LoRa host 21.

[0037] In detail, the first device processor 231 of the first
wearable sensing device 23 reports an initial status message
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230 to the LoRa host 21 via the first device LoRa protocol
transceiver 233 according to the initial setting message 210
so as to inform the LoRa host 21 of the status of the first
wearable sensing device 23. After the host LoRa protocol
transceiver 213 of the LoRa host 21 receives the initial status
message 230, the host processor 211 accordingly decides
first device information DATA23 of the first wearable sens-
ing device 23 and records the first device information
DATA?23 into the host storage unit 215. Similarly, the host
processor 211 records second device information DATA25
of the second wearable sensing device 25 into the host
storage unit 215 (in other implementations, the host storage
unit 215 may further comprise device information of other
wearable sensing devices).

[0038] Next, in the second embodiment, the first wearable
sensing device 23 and the second wearable sensing device
25 are respectively worn by different users and periodically
report information relevant to user safety to the LoRa host
21. Specifically, taking the first wearable sensing device 23
as an example, the first wearable sensing device 23 is mainly
configured to periodically transmit a first safety status mes-
sage 232 relevant to the user safety status to the LoRa host
21 via the first device LoRa protocol transceiver 233.
[0039] On the other hand, when the first wearable sensing
device 23 is still within a communication coverage 21R of
the LoRa host 21, the host LoRa protocol transceiver 213 of
the LoRa host 21 can receive the first safety status message
230 from the first wearable sensing device 23, and the host
processor 211 updates the first device information DATA23
relevant to the first wearable sensing device 23 that is stored
in the host storage unit 215 so as to master safety informa-
tion relevant to the user of the first wearable sensing device
23 instantly.

[0040] It shall be particularly appreciated that, in the
second embodiment, the first wearable sensing device 23 has
a first device identification (not shown), and the first safety
status message 232 reported to the LoRa host 21 periodically
by the first wearable sensing device 23 comprises the first
device identification (ID), a first heart beat rate detected by
the first cardiac rhythm sensor 237, a first time and a first
location detected by the first GPS positioner 235. Accord-
ingly, the first device information DATA23 is mainly con-
figured to petiodically record and update the first device 1D,
the first heart beat rate, the first time and the first location
associated with the first wearable sensing device 23.
[0041] Then referring to FIG. 2B, when the user of the first
wearable sensing device 23 moves so that the first wearable
sensing device 23 is not within the communication coverage
21R of the LoRa host 21, the LoRa host 21 cannot receive
any safety status message from the first wearable sensing
device 23, so the LoRa host 21 cannot monitor the safety
status of the user of the first wearable sensing device 23.
[0042] In other words, if the host processor 211 of the
LoRa host 21 determines that no message has been received
from the first wearable sensing device 23 by the host LoRa
protocol transceiver 213 within a first time period (not
shown), then it means that concerns have been raised over
the safety detection of the user. Thus, the host processor 211
of the LoRa host 21 first issues a first alarm message 212 via
the alarm prompting unit 217.

[0043] Thereafter, the host processor 211 of the LoRa host
21 first determines an off-line location 23off of the first
wearable sensing device 23 according to the first device
information DATA23 that is updated latest and stored in the
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host storage unit 215. Next, the LoRa host 21 searches for
other wearable sensing devices that are around the off-line
location of the first wearable sensing device 23 and within
the communication coverage 21R of the LoRa host 21
according to the off-line location 23off' and the second
device information DATA2S stored in the host storage unit
215, in order to attempt to connect with the first wearable
sensing device 23 via the other wearable sensing devices.
[0044] In the second embodiment, the host processor 211
of the LoRa host 21 determines the location and the com-
munication coverage of the second wearable sensing device
25 according to the second device information DATA25 of
the second wearable sensing device 25 that is stored in the
host storage unit 215, and thus it may further determine that
the off-line location 2301t is located within a communication
coverage 25R of the second wearable sensing device 25.
Accordingly, the host processor 211 transmits the first device
information DATA23 to the second wearable sensing device
25 via the host LoRa protocol transceiver 213 so that the
second wearable sensing device 25 attempts to connect with
the first wearable sensing device 23.

[0045] On the other hand, after the second device LoRa
protocol transceiver 253 of the second wearable sensing
device 25 receives the first device information DATA23, the
second device processor 251 transmit a point-to-point com-
munication signal 250 to the first wearable sensing device 23
via the second device LoRa protocol transceiver 253 accord-
ing to the first device information DATA23, thereby attempt-
ing to contact with the first wearable sensing device 23.
[0046] More particularly, in the second embodiment, the
second device processor 251 of the second wearable sensing
device 25 determines via the second device LoRa protocol
transceiver 253 whether any response message correspond-
ing to the point-to-point communication signal 250 is
received from the first wearable sensing device 23 within a
second time period (not shown) after the point-to-point
communication signal 250 is transmitted.

[0047] If the second device processor 251 of the second
wearable sensing device 25 determines that no response
message is received from the first wearable sensing device
23 within the second time period, then the concern that the
user of the first wearable sensing device 23 is in an unsafe
status is remarkably increased. Thus, the second device
LoRa protocol transceiver 253 of the second wearable
sensing device 25 transmits a no-response message 252 to
the LoRa host 21. After the host LoRa protocol transceiver
213 receives the no-response message 252, the host proces-
sor 211 of the LoRa host 21 issues a second alarm message
214 via the alarm prompting unit 217.

[0048] On the other hand, if the second device processor
251 of the second wearable sensing device 25 determines
that a response message 234 corresponding to the point-to-
point communication signal 250 is received from the first
wearable sensing device 23 within the second time period,
then the second device processor 251 transmits via the
second device LoRa protocol transceiver 253 the response
message 234 to the LoRa host 21. The response message 234
comprises information relevant to the safety of the first
wearable sensing device 23, so the host processor 211 of the
LoRa host 21 can accordingly update the first device infor-
mation DATA23 stored in the LoRa host storage unit 215 for
subsequent tracing of the user safety information after the
host LoRa protocol transceiver 213 receives the response
message 234.
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[0049] Tt shall be additionally appreciated that, in other
implementations, the location of the wearable sensing
device may be decided via other hardware. Specifically,
please refer to FIG. 2F and FIG. 2G. FIG. 2F is a block
diagram of another implementation of a LoRa host 21'
according to the second embodiment of the present inven-
tion, and the LoRa host 21' comprises a host processor 211,
a host LoRa protocol transceiver 213, a host storage unit
215, an alarm prompting unit 217 and a host GPS positioner
219. FIG. 2G is a block diagram of another implementation
of a first wearable sensing device 23" according to the second
embodiment of the present invention, and the first wearable
sensing device 23' comprises the first device processor 231,
the first device LoRa protocol transceiver 233, a three-axis
accelerometer 239 and a first cardiac rhythm sensor 237.

[0050] Further speaking, in other implementations, during
the deployment of the safety status sensing system 2, the
GPS positioner 219 of the LoRa host 21 may first generate
a host GPS location (not shown) and transmit the host GPS
location to the first wearable sensing device 23 via the host
LoRa protocol transceiver 213. Accordingly, when the first
wearable sensing device 23 knows the initial location of the
LoRa host 21 and starts to move away from the L.oRa host
21, the three-axis accelerometer 239 of the first wearable
sensing device 23 starts to generate displacement informa-
tion (not shown). In this case, the first device processor 231
can calculate the first location based on the initial location
(i.e., the host GPS location) and the displacement informa-
tion, and update the first location at any moment according
to the displacement information generated by the three-axis
accelerometer 239. In this way, the location of the wearable
sensing device can be estimated and updated even without
the GPS positioner.

[0051] A third embodiment of the present invention is a
safety status sensing method, and a flowchart diagram
thereof is as shown in FIG. 3. The method of the third
embodiment is for use in a safety status sensing system (e.g.,
the safety status sensing system of the aforesaid embodi-
ments). The safety status sensing system comprises a LoRa
host, a first wearable sensing device and a second wearable
sensing device. The LoRa host communicates with the first
wearable sensing device and the second wearable sensing
device according to a LoRa protocol. Detailed steps of the
third embodiment are as follows.

[0052] First, step 301 is executed to enable the first
wearable sensing device to periodically transmit a first
safety status message to the LoRa host. Step 302 is executed
to enable the LoRa host to update first device information of
the first wearable sensing device that is stored in the LoRa
host according to the first safety status message. Step 303 is
executed to enable the LoRa host to determine whether any
message has been received from the first wearable sensing
device within a first time period. If the determination result
is yes, then the step 302 is executed again.

[0053] On the other hand, if the determination result is no,
then step 304 is executed to enable the LoRa host to issue a
first alarm message. Next, step 305 is executed to enable the
LoRa host to determine an off-line location of the first
wearable sensing device according to the first device infor-
mation stored. Step 306 is executed to enable the [.oRa host
to determine that the off-line location is located within a
communication coverage of the second wearable sensing
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device according to second device information of the second
wearable sensing device. The second device information is
stored in the LoRa host.

[0054] Thereafter, step 307 is executed to enable the L.oRa
host to transmit the first device information to the second
wearable sensing device. Step 308 is executed to enable the
second wearable sensing device to transmit a point-to-point
communication signal to the first wearable sensing device
according to the first device information so as to attempt to
contact with the first wearable sensing device.

[0055] A fourth embodiment of the present invention is a
safety status sensing method, and flowchart diagrams
thereof are as shown in FIG. 4A to FIG. 4C. The method of
the fourth embodiment is for use in a safety status sensing
system (e.g., the safety status sensing system of the aforesaid
embodiments). The safety status sensing system comprises a
LoRa host, a first wearable sensing device and a second
wearable sensing device. The L.oRa host communicates with
the first wearable sensing device and the second wearable
sensing device according to a LoRa protocol. Detailed steps
of the fourth embodiment are as follows.

[0056] First, step 401 is executed to enable the LoRa host
to broadcast an initial setting message. Step 402 is executed
to enable the first wearable sensing device to receive the
initial setting message and transmit an initial status message
to the LoRa host according to the initial setting message.
Step 403 is executed to enable the LoRa host to determine
the first device information of the first wearable sensing
device according to the initial status message. Step 404 is
executed to enable the LoRa host to record the first device
information.

[0057] Next, step 405 is executed to enable the first
wearable sensing device to periodically transmit a first
safety status message to the LoRa host. Step 406 is executed
to enable the LoRa host to update first device information of
the first wearable sensing device that is stored in the LoRa
host according to the first safety status message. Step 407 is
executed to enable the LoRa host to determine whether any
message has been received from the first wearable sensing
device within a first time period. If the determination result
is yes, then the step 406 is executed again.

[0058] On the other hand, if the determination result is no,
then step 408 is executed to enable the LoRa host to issue a
first alarm message. Next, step 409 is executed to enable the
LoRa host to determine an off-line location of the first
wearable sensing device according to the first device infor-
mation stored. Step 410 is executed to enable the L.oRa host
to determine that the off-line location is located within a
communication coverage of the second wearable sensing
device according to second device information of the second
wearable sensing device. The second device information is
stored in the LoRa host.

[0059] Thereafter, step 411 is executed to enable the LoRa
host to transmit the first device information to the second
wearable sensing device. Step 412 is executed to enable the
second wearable sensing device to transmit a point-to-point
communication signal to the first wearable sensing device
according to the first device information so as to attempt to
contact with the first wearable sensing device. Step 413 is
executed to enable the second wearable sensing device to
determine whether a response message corresponding to the
point-to-point communication signal is received from the
first wearable sensing device within a second time period.
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[0060] If the determination result is yes, then step 414 is
executed to enable the second wearable sensing device to
transmit the response message of the first wearable sensing
device to the LoRa host. Step 415 is executed to enable the
LoRa host to update the first device information of the first
wearable sensing device in response to the response mes-
sage. If the determination result is no, then step 416 is
executed to enable the second wearable sensing device to
transmit a no-response message to the LoRa host. Step 417
is executed to enable the LoRa host to issue a second alarm
message in response to the no-response message.

[0061] According to the above descriptions, the safety
status sensing system and the safety status sensing method
of the present invention deploy the host and the wearable
devices in the network environment mainly through the
LoRa communication protocol of a low power, and utilize
the relay characteristic of nodes in the LoRa protocol
specification to extend the communication coverage for
safety reporting of the nodes. In this way, the flexibility and
convenience in network construction of the wearable elec-
tronic devices can be improved remarkably, and the con-
struction cost can also be reduced effectively.

[0062] The above disclosure is related to the detailed
technical contents and inventive features thereof. People
skilled in this field may proceed with a variety of modifi-
cations and replacements based on the disclosures and
suggestions of the invention as described without departing
from the characteristics thereof. Nevertheless, although such
modifications and replacements are not fully disclosed in the
above descriptions, they have substantially been covered in
the following claims as appended.

1. A safety status sensing method for a safety status
sensing system, the safety status sensing system comprising
a LoRa host, a first wearable sensing device and a second
wearable sensing device, and the LoRa host communicating
with the first wearable sensing device and the second
wearable sensing device according to a LoRa protocol, the
safety status sensing method comprising:

(a) the first wearable sensing device periodically trans-

mitting a first safety status message to the LoRa host;

(b) the LoRa host updating a first device information of
the first wearable sensing device that is stored in the
LoRa host according to the first safety status message;

(c) the LoRa host issuing a first alarm message after the
LoRa host determines that no message has been
received from the first wearable sensing device within
a first time period;

(d) the LoRa host determining an off-line location of the
first wearable sensing device according to the first
device information stored after the step (c);

(e) the LoRa host determining that the off-line location is
located within a communication coverage of the second
wearable sensing device according to second device
information of the second wearable sensing device,
wherein the second device information is stored in the
LoRa host;

(f) the LoRa host transmitting the first device information
to the second wearable sensing device; and

¢) the second wearable sensing device transmitting a
point-to-point communication signal to the first wear-
able sensing device according to the first device infor-
mation.

2. The safety status sensing method of claim 1, further
comprising the following steps before the step (a):
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(al) the LoRa host broadcasting an initial setting mes-
sage;

(a2) the first wearable sensing device receiving the initial
setting message and transmitting an initial status mes-
sage to the LoRa host according to the initial setting
message;

(a3) the LoRa host determining the first device informa-
tion of the first wearable sensing device according to
the initial status message; and

(a4) the LoRa host to recording the first device informa-
tion.

3. The safety status sensing method of claim 1, further

comprising:

(h) the second wearable sensing device determining, after
the step (g), that no response message corresponding to
the point-to-point communication signal is received
from the first wearable sensing device within a second
time period;

(i) the second wearable sensing device transmitting a
no-response message to the LoRa host according to the
result of the step (h); and

() the LoRa host issuing a second alarm message in
response to the no-response message.

4. The safety status sensing method of claim 1, further

comprising:

(h) the second wearable sensing device determining, after
the step (g), that a response message corresponding to
the point-to-point communication signal is received
from the first wearable sensing device within a second
time period;

(1) the second wearable sensing device transmitting the
response message to the LoRa host according to the
result of the step (h); and

(§) the LoRa host updating the first device information of
the first wearable sensing device in response to the
response message.

5. The safety status sensing method of claim 1, wherein
the first safety status message and the first device informa-
tion respectively comprise a first device identification (ID),
a first heart beat rate, a first time and a first location
associated with the first wearable sensing device.

6. A safety status sensing system, comprising;

a LoRa host, comprising a host processor, a host LoRa
protocol transceiver, a host storage unit and an alarm
prompting unit;

a first wearable sensing device, comprising a first device
processor and a first device LoRa protocol transceiver;
and

a second wearable sensing device, comprising a second
device processor and a second device LoRa protocol
transceiver;

wherein the first wearable sensing device is configured to
use the first device processor to periodically transmit a
first safety status message to the LoRa host via the first
device LoRa protocol transceiver;

wherein the LoRa host is configured to use the host L.oRa
protocol transceiver to receive the first safety status
message from the first wearable sensing device; use the
host processor to update first device information of the
first wearable sensing device that is stored in the host
storage unit according to the first safety status message;
use the host processor to issue a first alarm message via
the alarm prompting unit after the host processor deter-
mines that no message has been received by the host
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LoRa protocol transceiver from the first wearable sens-
ing device within a first time period; use the host
processor to determine an off-line location of the first
wearable sensing device according to the first device
information; use the host processor to determine that
the off-line location is located within a communication
coverage of the second wearable sensing device
according to second device information of the second
wearable sensing device, wherein the second device
information is stored in the host storage unit; and use
the host processor to transmit the first device informa-
tion to the second wearable sensing device via the host
LoRa protocol transceiver; and

wherein the second wearable sensing device is further
configured to use the second device LoRa protocol
transceiver to receive the first device information; and
use the second device processor to transmit a point-to-
point communication signal to the first wearable sens-
ing device according to the first device information via
the second device LoRa protocol transceiver.

7. The safety status sensing system of claim 6, wherein the
LoRa host is further configured to use the host LoRa
protocol transceiver to broadcast an initial setting message;

wherein the first wearable sensing device is further con-
figured to use the first device processor to receive the
initial setting message and transmit an initial status
message to the LoRa host according to the initial
setting message via the first device LoRa protocol
transceiver; and

wherein the LoRa host is further configured to use the host
LoRa protocol transceiver to receive the initial status
message; use the host processor to determine the first
device information of the first wearable sensing device
according to the initial status message; and use the
LoRa host storage unit to record the first device infor-
mation.

8. The safety status sensing system of claim 6, wherein the
second wearable sensing device is further configured to use
the second device processor to determine that no response
message corresponding to the point-to-point communication
signal is received by the second device LoRa protocol
transceiver from the first wearable sensing device within a
second time period; and use the second device LoRa pro-
tocol transceiver to transmit a no-response message to the
LoRa host; and

wherein the LoRa host is further configured to use the host
LoRa protocol transceiver to receive the no-response
message; and use the host processor to issue a second
alarm message via the alarm prompting unit in response
to the no-response message.

9. The safety status sensing system of claim 6, wherein the
second wearable sensing device is further configured to use
the second device processor to determine that a response
message corresponding to the point-to-point communication
signal is received by the second device LoRa protocol
transceiver from the first wearable sensing device within a
second time period; and use the second device LoRa pro-
tocol transceiver to transmit the response message to the
LoRa host; and

wherein the LoRa host is further configured to use the host
LoRa protocol transceiver to receive the response mes-
sage; and use the host processor to update the first
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device information of the first wearable sensing device
that is stored in the LoRa host storage unit in response
to the response message.

10. The safety status sensing system of claim 6, wherein
the first wearable sensing device has a first device ID and
further comprises:

a GPS positioner, being configured to determine a first

location; and

a cardiac rhythm sensor, being configured to detect a first

heart beat rate of a user;

wherein the first safety status message and the first device

information respectively comprise the first device 1D,
the first heart beat rate, a first time and the first location.

11. The safety status sensing system of claim 6, wherein
the LoRa host further comprises a GPS positioner config-
ured to generate a host GPS location and transmit the host
GPS location to the first wearable sensing device via the host
LoRa protocol transceiver, and the first wearable sensing
device has a first device ID and further comprises:

a three-axis accelerometer, being configured to generate

displacement information; and

a cardiac rhythm sensor, being configured to detect a first

heart beat rate of a user;

wherein the first device processor generates a first loca-

tion according to the host GPS location and the dis-
placement information, and the first safety status mes-
sage and the first device information respectively
comprise the first device ID, the first heart beat rate, a
first time and the first location.

12. A first wearable sensing device, comprising:

a first device processor; and

a first device LoRa protocol transceiver,

wherein the first device processor periodically transmits a

safety status message to a LoRa host via the first device
LoRa protocol transceiver, the first device LoRa pro-
tocol transceiver is further configured to receive a
point-to-point communication signal from a second
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wearable sensing device, and the first device processor
is further configured to transmit a response message to
the second wearable sensing device via the first device
LoRa protocol transceiver according to the point-to-
point communication signal.

13. The first wearable sensing device of claim 12, wherein
the first device processor further receives an initial setting
message of the LoRa host and transmits an initial status
message to the LoRa host according to the initial setting
message via the first device LoRa protocol transceiver.

14. The first wearable sensing device of claim 12, wherein
the first wearable sensing device has a first device 1D and
farther comprises:

a GPS positioner, being configured to determine a first

location; and

a cardiac rhythm sensor, being configured to detect a first

heart beat rate of a user;

wherein the first safety status message and the first device

information respectively comprise the first device 1D,
the first heart beat rate, a first time and the first location.

15. The first wearable sensing device of claim 12, wherein
the first wearable sensing device has a first device ID, and
the first device LoRa protocol transceiver is further config-
ured to receive a host GPS location from the LoRa host, the
first wearable sensing device further comprising:

a three-axis accelerometer, being configured to generate

displacement information; and

a cardiac rhythm sensor, being configured to detect a first

heart beat rate of a user;

wherein the first device processor generates a first loca-

tion according to the host GPS location and the dis-
placement information, and the first safety status mes-
sage and the first device information respectively
comprise the first device ID, the first heart beat rate, a
first time and the first location.
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