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An electronic device capable of adjusting antenna charac-
teristics dynamically includes a flexible antenna, a sensing
unit, an antenna tuner, a storage unit and a processing unit.
The sensing unit is configured to sense a curvature infor-
mation of the flexible antenna. The storage unit is configured
to store a look-up table, wherein the look-up table records a
plurality of curvature ranges and a plurality of predeter-
mined setting parameters, and each of the predetermined
setting parameters is corresponding to one of the curvature
ranges. The processing unit is configured to calculate a
curvature level of the flexible antenna, compare the curva-
ture level with the curvature ranges to select a setting
parameter corresponding to the curvature level from the
predetermined setting parameters, and set the antenna tuner
according to the selected setting parameter.

ABSTRACT

8 Claims, 4 Drawing Sheets

f//l

storage unit p—~_ 1¢

12
S
sensing unit
18
fal y
Processing| | wireless .| antenna flexible
unit | RF chip | tuner antenna
N~ N~ N~
20 14 10
look-up ~_ 140
table

electronic device




US 9,531,426 B2

Sheet 1 of 4

Dec. 27, 2016

U.S. Patent

IO

9DTASP OTUOIJOOT®

91T —~_

091 —

~— dn-3jooT

3Tun abexoas

sTqe3

A

OT /A8 0¢
N ™~ ™
BUUS]UR I9uni dtyo Iy JTUNn
STqTIxoTT | euusjue | ssoToxTM |© |BuTtsseooxg
A \
8T

3Tun burtsuss

~/
¢l

L




U.S. Patent Dec. 27, 2016 Sheet 2 of 4 US 9,531,426 B2

14

=

FIG. 2



U.S. Patent Dec. 27, 2016 Sheet 3 of 4

US 9,531,426 B2

I\
102
N L2
L
100 — A
Gl
S
Y

FIG. 3



U.S. Patent Dec. 27, 2016 Sheet 4 of 4 US 9,531,426 B2

\ 7
gl 102
XX G2
/n
100
N
Gl Yy

FIG. 4



US 9,531,426 B2

1
ELECTRONIC DEVICE AND ANTENNA
MODULE CAPABLE OF ADJUSTING
ANTENNA CHARACTERISTICS
DYNAMICALLY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electronic device and
an antenna module capable of adjusting antenna character-
istics of a flexible antenna dynamically, and more particu-
larly, to an electronic device and an antenna module capable
of adjusting antenna characteristics of the flexible antenna
dynamically based on a curvature level of the flexible
antenna.

2. Description of the Prior Art

An antenna is an electronic component used for emitting
and/or receiving wireless signals. It plays an important role
in a wireless communication system. There are antennas
everywhere in our daily life, such as in mobile phones, base
stations, Bluetooth devices, broadcasting devices, televi-
sions, and point-to-point wireless communication devices,
etc. The quality of wireless communication is determined
mainly based on antenna characteristics, such as antenna
efficiency, gain, total radiation power (TRP) and total iso-
tropic sensitivity (TIS), etc. In addition to the antenna design
itself, the curvature of the antenna during usage also has
great influence on the antenna characteristics. Thus, it is an
important topic to maintain good performance of the antenna
characteristics.

SUMMARY OF THE INVENTION

One of the purposes of the present invention is to provide
an electronic device and an antenna module capable of
adjusting antenna characteristics of a flexible antenna
dynamically based on a curvature level of the flexible
antenna, so as to resolve the aforementioned problems.

According to one embodiment of the present invention,
the electronic device capable of adjusting antenna charac-
teristics dynamically includes a flexible antenna, a sensing
unit, an antenna tuner, a storage unit and a processing unit.
The antenna tuner is electrically connected to the flexible
antenna. The processing unit is electrically connected to the
sensing unit, the antenna tuner and the storage unit. The
sensing unit is configured to sense a curvature information
of the flexible antenna. The storage unit is configured to
store a look-up table. The look-up table records a plurality
of curvature ranges and a plurality of predetermined setting
parameters. Each of the predetermined setting parameters
corresponds to one of the curvature ranges. The processing
unit is configured to calculate a curvature level of the
flexible antenna based on the curvature information, com-
pare the curvature level with the curvature ranges to select
a setting parameter corresponding to the curvature level
from the predetermined setting parameters, and set the
antenna tuner according to the selected setting parameter.

According to another embodiment of the present inven-
tion, the antenna module capable of adjusting antenna char-
acteristics dynamically includes a flexible antenna, a sensing
unit, an antenna tuner, a storage unit and a processing unit.
The antenna tuner is electrically connected to the flexible
antenna. The processing unit is electrically connected to the
sensing unit, the antenna tuner and the storage unit. The
sensing unit is configured to sense a curvature information
of the flexible antenna. The storage unit is configured to
store a look-up table. The look-up table records a plurality
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of curvature ranges and a plurality of predetermined setting
parameters. Each of the predetermined setting parameters
corresponds to one of the curvature ranges. The processing
unit is configured to calculate a curvature level of the
flexible antenna based on the curvature information, com-
pare the curvature level with the curvature ranges to select
a setting parameter corresponding to the curvature level
from the predetermined setting parameters, and set the
antenna tuner according to the selected setting parameter.

In sum, when the flexible antenna bends, the processing
unit calculates the curvature level of the flexible antenna
based on the curvature information sensed by the sensing
unit, and sets the antenna tuner according to the setting
parameter corresponding to the curvature level based on the
look-up table stored in the storage unit. Thus one can obtain
better antenna characteristics of the flexible antenna under
the curvature level. As long as the flexible antenna bends,
according to the present invention, the antenna characteris-
tics of the flexible antenna is dynamically adjusted based on
the current curvature level of the flexible antenna so as to
maintain good performance.

The above and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in
the art after reading the following detailed description of the
preferred embodiment that is illustrated in the various fig-
ures and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustrative functional block diagram of an
electronic device capable of adjusting antenna characteris-
tics according to an embodiment of the present invention;

FIG. 2 is an illustrative circuit diagram of the antenna
tuner of FIG. 1;

FIG. 3 is an illustrative diagram of the flexible antenna of
FIG. 1 before bending in a three-dimensional (3D) coordi-
nate system; and

FIG. 4 is an illustrative diagram of the flexible antenna of
FIG. 1 after bending in the 3D coordinate system.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Please refer to FIG. 1 through FIG. 4. FIG. 1 is an
illustrative functional block diagram of an electronic device
1 capable of adjusting antenna characteristics according to
an embodiment of the present invention. FIG. 2 is an
illustrative circuit diagram of the antenna tuner 14 of FIG.
1. FIG. 3 is an illustrative diagram of the flexible antenna 10
of FIG. 1 before bending in a three-dimensional (3D)
coordinate system. FIG. 4 is an illustrative diagram of the
flexible antenna 10 of FIG. 1 after bending in the 3D
coordinate system.

As shown in FIG. 1, the electronic device 1 capable of
adjusting antenna characteristics dynamically includes a
flexible antenna 10, a sensing unit 12, an antenna tuner 14,
a storage unit 16, a processing unit 18 and a wireless
radiofrequency (RF) chip 20. The antenna tuner 14 is
electrically connected to the flexible antenna 10 and the
wireless RF chip 20. The processing unit 18 is electrically
connected to the sensing unit 12, the wireless RF chip 20 and
the storage unit 16. In the embodiment, the processing unit
18 is electrically connected to the antenna tuner 14 through
the wireless RF chip 20. In practical application, the elec-
tronic device 1 may be any electronic device with commu-
nication function, such as a mobile phone, a base station, a
blue tooth device, a broadcasting device, a television (TV)
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or a point-to-point wireless communication device, etc. The
flexible antenna 10 may be a monopole antenna, a dipole
antenna, a Patched Inverse F Antenna (PIFA) or other
antennas. The storage unit 16 may be a memory device, a
memory card, a hard disc or other data storage device. The
processing unit 18 may be a processor or a controller with
data processing function.

In the embodiment, the storage unit 16 is configured to
store a look-up table 160. The look-up table 160 records a
plurality of curvature ranges and a plurality of predeter-
mined setting parameters. Each of the predetermined setting
parameters corresponds to one of the curvature ranges.
Moreover, the look-up table 160 further records a plurality
of predetermined wireless communication systems, a plu-
rality of bandwidth ranges each of which corresponds to one
of the predetermined wireless communication systems and
the plurality of curvature ranges each of which corresponds
to one of the bandwidth ranges. Please refer to Table 1. Table
1 shows an embodiment of the look-up table 160.

TABLE 1

look-up table 160

predetermined

wireless predetermined

communication bandwidth curvature setting
system range range parameter
Long Term Evolution By-B, Ro-R, Py,
(LTE) Ri-R, Py
R iRy Pr
Bi-B, Ro-Ry Pay
Ri-Ry P
Ro Ry Pas
B,_i-B, Ro-Ry Puy
Ri-R, P
R R, P
Universal Mobile By-B, Ro-R, Py,
Telecommunications R;-R, P
System (UMTS) .. L
R, R, Py
Bi-B, Ro-Ry Pay
Ri-Ry P
R, R, Py
B, 1-Bn Ro-Ry P
Ri-R, P
RoR, Py

In the embodiment of the present invention, Table 1 is
generated as follows. First, within a specific bandwidth
range in a given wireless communication system, the flex-
ible antenna 10 is fixed within a certain curvature range. The
setting parameter of the antenna tuner 14 is adjusted so as to
obtain better antenna characteristics. The setting parameter
after adjustment is then recorded in the look-up table 160.
The aforementioned steps are repeated for each bandwidth
range in every wireless communication system to complete
the look-up table 160. During manufacturing of the elec-
tronic device 1 according to the embodiment of the present
invention, the look-up table 160 is stored in the storage unit
16 as the basis for adjusting antenna characteristics of the
flexible antenna 10 in practical application.

The flexible antenna 10 receives a wireless signal and the
sensing unit 12 senses a curvature information of the flexible
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antenna 10. When the flexible antenna 10 receives the
wireless signal, the processing unit 18 determines a wireless
communication system and a bandwidth of the wireless
signal. When the flexible antenna 10 bends, the processing
unit 18 calculates a curvature level of the flexible antenna 10
based on the curvature information. The processing unit 18
then compares the wireless communication system of the
received wireless signal with the predetermined wireless
communication systems stored in the look-up table 160,
compares the bandwidth of the received wireless signal with
the bandwidth ranges stored in the look-up table 160, and
compares the curvature level of the flexible antenna 10 with
the curvature ranges stored in the look-up table 160 so as to
select a proper setting parameter corresponding to the wire-
less communication system and the bandwidth of the
received wireless signal, as well as the curvature level of the
flexible antenna 10 from the predetermined setting param-
eters stored in the look-up table 160. The processing unit 18
then sets the antenna tuner 14 according to the selected
setting parameter through the wireless RF chip 20. There-
after, the user can obtain better antenna characteristics of the
flexible antenna 10 under the specific curvature level. In
practical application, the data and/or control command gen-
erated by the processing unit 18 may not need to be
processed or amplified by the wireless RF chip 20, and may
be sent directly to the antenna tuner 14 instead. Thus, as long
as the flexible antenna 10 bends, according to the present
invention, the antenna characteristics of the flexible antenna
10 is adjusted based on the curvature level of the flexible
antenna 10 so as to maintain good performance.

As shown in FIG. 2, in the embodiment of the present
invention, the circuit of the antenna tuner 12 includes
switches S1, S2, S3 and capacitors C1 and C2. The afore-
mentioned setting parameters may be the capacitance set-
tings of capacitors C1 and C2. In the embodiment, the
processing unit 18 adjusts the capacitance of capacitors C1
and C2 by controlling the switching of switches S1, S2, S3
to adjust the antenna characteristics of the flexible antenna
10.

In the embodiment, the sensing unit 12 includes a first
gravity sensor G1 and a second gravity sensor G2, as shown
in FIGS. 3 and 4. The first gravity sensor G1 is disposed
adjacent to a middle part 100 of the flexible antenna 10, and
the second gravity sensor G2 is disposed adjacent to an end
part 102 of the flexible antenna 10. The first gravity sensor
G1 is configured to sense a first movement information of
the middle part 100, and the second gravity sensor G2 is
configured to sense a second movement information of the
end part 102. The aforementioned curvature information
includes the first movement information and the second
movement information.

In the embodiment, the processing unit 18 calculates the
curvature level of the flexible antenna 10 based on the first
movement information, the second movement information
and a length L of the flexible antenna 10. Alternatively, the
processing unit 18 may use the first movement information
and the second movement information as the curvature level
of the flexible antenna 10. The curvature level of the flexible
antenna 10 is calculated in as follows.

As shown in FIGS. 3 and 4, when the flexible antenna 10
bends, the first gravity sensor G1 and the second gravity
sensor G2 move accordingly. First of all, within a unit time
tn, the processing unit 18 calculates the first gravity sensor
G1’s movements xgl(tn), ygl(tn) and zgl(tn) along the
X-axis, the Y-axis and the Z-axis, respectively, and calcu-
lates the second gravity sensor G2’s movements xg2(tn),
yg2(tn) and zg2(tn) along the X-axis, the Y-axis and the
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Z-axis, respectively. Within the unit time tn, the processing
unit 18 then calculates the relative movements Xtn, Ytn and
Z1tn along the X-axis, the Y-axis and the Z-axis, respectively,
between the first gravity sensor G1 and the second gravity
sensor G2; wherein Xtn=xg1(tn)-xg2(tn), Ytn=ygl(tn)-yg2
(tn) and Ztn=zgl(tn)-zg2(tn). The processing unit 18 then
calculates the present relative movements Xn, Yn and Zn
along the X-axis, the Y-axis and the Z-axis, respectively,
between the first gravity sensor G1 and the second gravity
sensor G2; wherein Xn=Xn-1+Xtn, Yn=Yn-1+Ytn,
Zn=7n-1+7Ztn, X0=0, Y0=0 and Z0=0.

As described above, in the embodiment of the present
invention, the present relative movements Xn, Yn and Zn
along the X-axis, the Y-axis and the Z-axis, respectively,
between the first gravity sensor G1 and the second gravity
sensor G2 can be directly used to represent the curvature
level of the flexible antenna 10. Under such scenario, the
curvature ranges recorded in the look-up table 160 are
therefore the movement ranges between the first gravity
sensor G1 and the second gravity sensor G2.

Further, in another embodiment of the present invention,
the processing unit 18 may also calculate the curvature angle
of the flexible antenna 10 based on the present relative
movements Xn, Yn and Zn along the X-axis, the Y-axis and
the Z-axis, respectively, between the first gravity sensor G1
and the second gravity sensor G2, as well as the length L of
the flexible antenna 10 to represent the curvature level of the
flexible antenna 10. In the embodiment, the flexible antenna
10 may be designed so that the flexible antenna 10 is only
able to be bent at both ends, and the curvature shape of the
top half of the flexible antenna 10 and that of the bottom half
of the flexible antenna 10 are identical. For example, the
flexible antenna 10 is only able to be bent towards the Y-axis
and the Z-axis but not towards the X-axis, and both the top
half and the bottom half of the flexible antenna 10 are bent
towards the Y-axis and symmetrical with respect to the
Z-axis. At this time, the curvature level of the flexible
antenna 10 can be defined as 2*Yn/(L.-2*Zn). When the
curvature level is 0, it means the flexible antenna 10 is not
bent. When the curvature level is 1, it means the flexible
antenna 10 is bent to the middle extent. When the curvature
level is large, it means the flexible antenna 10 is extremely
bent. In the present invention, the curvature level of the
flexible antenna 10 can be defined by different ranges.

In another embodiment of the present invention, the
sensing unit 12 may be a variable resistor disposed adjacent
to the flexible antenna 10. When the flexible antenna 10 is
bent, the variable resistor is bent accordingly. The curvature
level of the flexible antenna 10 is calculated based on the
resistance of the variable resistor.

Please note that the flexible antenna 10, the sensing unit
12, the antenna tuner 14, the storage unit 16, the processing
unit 18 and the wireless RF chip 20 may be incorporated into
the antenna module capable of adjusting antenna character-
istics dynamically.

In sum, when the flexible antenna bends, the processing
unit calculates the curvature level of the flexible antenna
based on the curvature information sensed by the sensing
unit, corresponds the curvature level to a proper setting
parameter by looking up in a look-up table stored in the
storage unit, and then sets the antenna tuner by the corre-
sponding setting parameter. Thus one can obtain better
antenna characteristics of the flexible antenna under the
curvature level. As long as the flexible antenna bends,
according to the present invention, the antenna characteris-
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tics of the flexible antenna is dynamically adjusted based on
the current curvature level of the flexible antenna so as to
maintain good performance.

What is claimed is:

1. An electronic device capable of adjusting antenna
characteristics dynamically comprising:

a flexible antenna;

a sensing unit for sensing a curvature information of the
flexible antenna, wherein the sensing unit comprises a
first gravity sensor and a second gravity sensor, the first
gravity sensor is disposed adjacent to a middle part of
the flexible antenna, the second gravity sensor is dis-
posed adjacent to an end part of the flexible antenna,
the first gravity sensor is for sensing a first movement
information of the middle part, the second gravity
sensor is for sensing a second movement information of
the end part, and the curvature information comprises
the first movement information and the second move-
ment information;

an antenna tuner, electrically connected to the flexible
antenna;

a storage unit for storing a look-up table, wherein the
look-up table records a plurality of curvature ranges
and a plurality of predetermined setting parameters,
and each of the predetermined setting parameters is
corresponding to one of the curvature ranges; and

a processing unit, electrically connected to the sensing
unit, the antenna tuner and the storage unit, the pro-
cessing unit is for calculating a curvature level of the
flexible antenna based on the curvature information,
compare the curvature level with the curvature ranges
to select a setting parameter corresponding to the
curvature level from the predetermined setting param-
eters, and set the antenna tuner according to the
selected setting parameter.

2. The electronic device capable of adjusting antenna
characteristics dynamically of claim 1, wherein the flexible
antenna receives a wireless signal; the processing unit
determines a wireless communication system and a band-
width of the wireless signal; the look-up table further
records a plurality of predetermined wireless communica-
tion systems, a plurality of bandwidth ranges each of which
corresponds to one of the predetermined wireless commu-
nication systems and the plurality of curvature ranges each
of which corresponds to one of the bandwidth ranges; the
processing unit compares the wireless communication sys-
tem with the predetermined wireless communication sys-
tems, compares the bandwidth with the bandwidth ranges,
and compares the curvature level with the curvature ranges
so as to select the setting parameter corresponding to the
wireless communication system, the bandwidth and the
curvature level from the predetermined setting parameters.

3. The electronic device capable of adjusting antenna
characteristics dynamically of claim 1, wherein the process-
ing unit calculates the curvature level based on the first
movement information, the second movement information
and a length of the flexible antenna.

4. The electronic device capable of adjusting antenna
characteristics dynamically of claim 1, wherein the process-
ing unit directly uses the first movement information and the
second movement information as the curvature level.

5. An antenna module capable of adjusting antenna char-
acteristics dynamically comprising:

a flexible antenna;

a sensing unit for sensing a curvature information of the

flexible antenna, wherein the sensing unit comprises a
first gravity sensor and a second gravity sensor, the first
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gravity sensor is disposed adjacent to a middle part of
the flexible antenna, the second gravity sensor is dis-
posed adjacent to an end part of the flexible antenna,
the first gravity sensor is for sensing a first movement
information of the middle part, the second gravity
sensor is for sensing a second movement information of
the end part, and the curvature information comprises
the first movement information and the second move-
ment information;

an antenna tuner, electrically connected to the flexible
antenna,

a storage unit for storing a look-up table, wherein the
look-up table records a plurality of curvature ranges
and a plurality of predetermined setting parameters,
and each of the predetermined setting parameters is
corresponding to one of the curvature ranges; and

a processing unit, electrically connected to the sensing
unit, the antenna tuner and the storage unit, the pro-
cessing unit is for calculating a curvature level of the
flexible antenna based on the curvature information,
compare the curvature level with the curvature ranges
to select a setting parameter corresponding to the
curvature level from the predetermined setting param-
eters, and set the antenna tuner according to the
selected setting parameter.

6. The antenna module capable of adjusting antenna

characteristics dynamically of claim 5, wherein the flexible
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antenna receives a wireless signal; the processing unit
determines a wireless communication system and a band-
width of the wireless signal; the look-up table further
records a plurality of predetermined wireless communica-
tion systems, a plurality of bandwidth ranges each of which
corresponds to one of the predetermined wireless commu-
nication systems and the plurality of curvature ranges each
of which corresponds to one of the bandwidth ranges; the
processing unit compares the wireless communication sys-
tem with the predetermined wireless communication sys-
tems, compares the bandwidth with the bandwidth ranges,
and compares the curvature level with the curvature ranges
so as to select the setting parameter corresponding to the
wireless communication system, the bandwidth and the
curvature level from the predetermined setting parameters.

7. The antenna module capable of adjusting antenna
characteristics dynamically of claim 5, wherein the process-
ing unit calculates the curvature level based on the first
movement information, the second movement information
and a length of the flexible antenna.

8. The antenna module capable of adjusting antenna
characteristics dynamically of claim 5, wherein the process-
ing unit directly uses the first movement information and the
second movement information as the curvature level.

#* #* #* #* #*



