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(57) ABSTRACT

A pre-warning method utilized in a vehicle radar system
includes a first and a second millimeter-wave detection
modules detecting dynamic information of a plurality of first
targets and a plurality of second targets corresponding to the
vehicle radar system in different dimensions of an area and
obtaining a first and a second detection results, determining
whether there are identical targets within the plurality of first
targets and the plurality of second targets according to the
first and the second detection results, determining 3-D
dynamic information of at least an identical target after
determining that the plurality of first targets and the plurality
of second targets include the at least an identical target, and
determining whether to trigger an alarm signal according to
the 3-D dynamic information of the at least an identical
target.

12 Claims, 7 Drawing Sheets
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The first millimeter-wave detection module 1060 detects
dynamic information of a plurality of first targets in a
first dimension within an area corresponding to the
vehicle radar system 10, to obtain a first detection result

\]/ 404

The second millimeter-wave detection module 1062 detects
dynamic information of a plurality of second targets in a
second dimension within the area corresponding to the vehicle
radar system 10, to obtain a second detection result, wherein
the first dimension is different from the second dimension

v 106

The data fusion unit 1064 determines whether there
are 1dentical targets within the plurality of first targets
and the plurality of second targets according to the
first detection result and the second detection result

\l/ 408

After the data fusion unit 1064 determines that the plurality
of first targets and the plurality of second targets comprise at
least an identical target, the data fusion unit 1064 determines
a 3-D dynamic information of the at least an identical target

J/ 410

The data fusion unit 1064 determines whether to
trigger an alarm signal according to the 3-D dynamic
information of the at least an 1dentical target
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End
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1
PRE-WARNING METHOD AND VEHICLE
RADAR SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a pre-warning method and
a vehicle radar system, and more particularly, to a pre-
warning method and a vehicle radar system capable of
detecting target information in different dimensions.

2. Description of the Prior Art

As traffic safety is more important, vehicle safety equip-
ment is getting more various. In addition to active or passive
safety systems (such as anti-lock braking system, electronic
brake-force distribution system, traction control system,
electronic stability system, supplementary restraint system,
etc.), pre-warning protection systems attract more attention.
The pre-warning protection system uses an image self-
recognition method of machine vision to detect possible
situation which may cause danger, and sends out a warning
light signal or an alarm sound to a driver in advance. The
driver may change a driving direction according to the alarm
signals, to avoid a traffic accident due to the driver’s careless
or blind side of vision.

Common pre-warning protection systems, such as an
automatic cruise control, a blind spot detection system, an
automatic braking system, a forward/rear collision warning
system, a lane departure warning system, utilize frequency-
modulated continuous waveform (FMCW) radar system in
microwave form to perform target detections. These detec-
tions are performed by radar systems to transmit millimeter
wave signals, receive reflected signals from targets, and
compute information such as moving speeds, angles, ranges
of the targets in relation to the radar system. In addition, to
fit driving requirements, detecting ranges of the vehicle
radar systems usually extend toward horizontal direction. In
other words, the vehicle radar systems have detecting capa-
bility only in horizontal (Azimuth) dimension, so as to detect
targets in driving direction.

Since the vehicle radar systems in the prior art have
detecting capability only in horizontal dimension, if there
are targets with high or low elevation angles, such as traffic
signs, road signs, notice boards, pedestrian bridges, bill-
boards, manhole covers, road humps, etc., the vehicle radar
systems may make a false alarm, which may cause distur-
bance of drivers and unpredictable dangers. For example,
please refer to FIG. 1, which is a schematic diagram of a
forward collision warning system according to the prior art.
As shown in FIG. 1, vehicles A, B drive in a road way S.
According to a driving direction, the vehicle A is in front of
the vehicle B. A front collision warning system is installed
on a front of vehicle B, which detects traffic condition in the
front and forms a radar range RG. Therefore, when the
vehicle B is driving, the front collision warning system of
the vehicle B keeps detecting target conditions within the
radar range RG. Once a chance of collision is detected, the
front collision warning system would alert or activate an
automatic break mechanism. However, since the vehicle
radar systems in the prior art have detecting capability only
in horizontal dimension, target information in the vertical
dimension would not be distinguished. Therefore, take FIG.
1 for example, when the front collision warning system of
the vehicle B detects a road sign C, the front collision
warning system may determine that the road sign C is on the
driving road way, and send out an alert. Furthermore, the
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front collision warning system may activate an automatic
break, which may cause dangers of colliding by the rear
vehicles.

As can be seen, since the vehicle radar systems of the
prior art detect target information only in horizontal dimen-
sion, miss detections and false alarms might happen because
of external traffic and environment. Therefore, how to
enhance a pre-warning accuracy of the vehicle pre-warning
systems is a significant objective in the field.

SUMMARY OF THE INVENTION

It is therefore a primary objective of the present invention
to provide a pre-warning method and a vehicle radar system
to improve disadvantages of the prior art.

An embodiment of the present invention discloses a
pre-warning method, utilized in a vehicle radar system
comprising a first millimeter-wave detection module and a
second millimeter-wave detection module. The pre-warning
method comprises detecting dynamic information of a plu-
rality of first targets in a first dimension within an area
corresponding to the vehicle radar system, to obtain a first
detection result; detecting dynamic information of a plural-
ity of second targets in a second dimension within the area
corresponding to the vehicle radar system, to obtain a second
detection result, wherein the first dimension is different from
the second dimension; determining whether there are iden-
tical targets within the plurality of first targets and the
plurality of second targets according to the first detection
result and the second detection result; after determining that
the plurality of first targets and the plurality of second targets
comprise at least an identical target, determining a 3-dimen-
sional (3-D) dynamic information of the at least an identical
target; and determining whether to trigger an alarm signal
according to the 3-D dynamic information of the at least an
identical target.

An embodiment of the present invention further discloses
a vehicle radar system, utilized for a vehicle. The vehicle
radar system comprises a substrate, comprising a first plane
and a second plane; an antenna module, comprising a
plurality of antenna strings, formed on the first plane of the
substrate, each comprising a plurality of radiating units
connected in a sequence, wherein the plurality of antenna
strings are classified into a first group and a second group;
a plurality of wires, formed on the second plane of the
substrate, for transmitting radio-frequency (RF) signals; a
plurality of connecting units, disposed in the substrate, for
coupling the plurality of wires and antenna strings of the
second group within the plurality of antenna strings; a first
millimeter-wave detection module, coupled to antenna
strings of the first group within the plurality of antenna
strings, for transmitting or receiving RF signals via the
antenna strings of the first group, to detect dynamic infor-
mation of a plurality of first targets in a first dimension
within an area corresponding to the vehicle, so as to obtain
a first detection result; a second millimeter-wave detection
module, coupled to the plurality of wires, for coupling to the
antenna strings of the second group through the plurality of
wires and the plurality of connecting units, to detect
dynamic information of a plurality of second targets in a
second dimension within the area corresponding to the
vehicle, so as to obtain a second detection result, wherein the
first dimension is different from the second dimension; and
a data fusion unit, for determining whether there are iden-
tical targets within the plurality of first targets and the
plurality of second targets according to the first detection
result and the second detection result; after determining that
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the plurality of first targets and the plurality of second targets
comprise at least an identical target, determining a 3-D
dynamic information of the at least an identical target; and
determining whether to trigger an alarm signal according to
the 3-D dynamic information of the at least an identical
target; wherein when the first millimeter-wave detection
module transmits or receives RF signals via the antenna
strings of the first group, a first electric field generated by the
antenna strings of the first group extends toward a first
direction, and when the second millimeter-wave detection
module transmits or receives RF signals via the antenna
strings of the second group, a second electric field generated
by the antenna strings of the second group extends toward a
second direction different from the first direction; wherein at
least an antenna string of the plurality of antenna strings
belongs to both the first group and the second group.

These 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 pre-
ferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a forward collision
warning system according to the prior art.

FIG. 2 is a schematic diagram of a vehicle radar system
according to an embodiment of the present invention.

FIG. 3 is a schematic diagram of an embodiment of a data
fusion unit shown in FIG. 2 when determining the same
targets.

FIG. 4 is schematic diagram of a pre-warning process
according to an embodiment of the present invention.

FIGS. 5A and 5B are schematic diagrams of a radio-
frequency system according to an embodiment of the present
invention.

FIG. 6 is a schematic diagram of an embodiment of a first
millimeter-wave detection module in FIG. 1.

DETAILED DESCRIPTION

Since the conventional vehicle radar systems detect tar-
gets information only in horizontal dimension, miss detec-
tions and false alarms might happen because of external
traffic and environment. In order to enhance an accuracy of
the vehicle radar systems, the present invention determines
three dimensional (3-D) dynamic information of targets
through detecting target information in both horizontal
dimension and vertical dimension, to avoid miss detections
and false alarms caused by external environment and
enhance pre-warning accuracy.

Please refer to FIG. 2, which is a schematic diagram of a
vehicle radar system 10 according to an embodiment of the
present invention. The vehicle radar system 10 may detect
roadway environment and alarm possible traffic situations in
advance, so as to enhance pre-warning accuracy. The vehicle
radar system 10 comprises a first radio-frequency (RF)
transceiver module 100, a second RF transceiver module
102, an antenna module 104 and a signal processing module
106. The antenna module 104 comprises one or more
receiving antennas and one or more transmitting antennas,
which are shared by the first RF transceiver module 100 and
the second RF transceiver module 102, to perform roadway
environment detection. The first RF transceiver module 100
and the second RF transceiver module 102 may respectively
comprise components such as wires, power dividers, etc.,
and share the antenna module 104 through arrangement
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using connecting lines to achieve polarization of different
directions, i.e., horizontal polarization and vertical polariza-
tion. Moreover, the signal processing module 106 comprises
a first millimeter-wave detection module 1060, a second
millimeter-wave detection module 1062 and a data fusion
unit 1064. The first millimeter-wave detection module 1060
may transmit and receive millimeter-wave signals via the
first RF transceiver module 100 and the antenna module 104
to perform operations of target detection and estimation of
ranges, speeds and angles of targets. Similarly, the second
millimeter-wave detection module 1062 may transmit and
receive millimeter-wave signals via the second RF trans-
ceiver module 102 and the antenna module 104 to perform
operations of target detection and estimation of ranges,
speeds and angles of targets.

Utilizing millimeter wave wireless signal to sense targets
is known in the art, which is briefly narrated as follows. In
an embodiment, as shown in FIG. 6 (only the first millime-
ter-wave detection module 1060 is shown), the first milli-
meter-wave detection module 1060 comprises components
such as a local oscillator, a sweep controller, a frequency
mixing and low-pass filtering module, an analog to digital
converter, a digital signal processing module, etc. Moreover,
the sweep controller controls the local oscillator to generate
FMCW signals or other extensions of FMCW signals, and
emits the FMCW signals outward through the first RF
transceiver module 100 and the antenna module 104. Cor-
respondingly, after the first RF transceiver module 100 and
the antenna module 104 receive signals reflected from
targets, the frequency mixing and low-pass filtering module
performs frequency mixing on the reflected signals with the
sinusoidal signal generated by the local oscillator and per-
forms low-pass filtering, to obtain beat frequency between
these two signals. The analog to digital converter converts
the beat frequency signals into digital signals. The digital
signal processing module computes and obtains information
such as ranges, moving speeds, angles, etc., of the targets in
relation to the vehicle radar system 10.

Therefore, in the signal processing module 106, the first
millimeter-wave detection module 1060 and the second
millimeter-wave detection module 1062 share the antenna
module 104, and detect dynamic information (e.g., ranges,
moving speeds, angles, etc.) of targets in relation to the
vehicle radar system 10. The data fusion unit 1064 may
integrate the results obtained from the first millimeter-wave
detection module 1060 and the second millimeter-wave
detection module 1062, and determine 3-D dynamic infor-
mation of the targets, so as to produce an alarm signal ALM
adequately. In detail, since the first RF transceiver module
100 and the second RF transceiver module 102 make the
antenna module 104 radiate in different polarization direc-
tions, the first millimeter-wave detection module 1060 and
the second millimeter-wave detection module 1062 detect
target information indifferent dimensions through the first
RF transceiver module 100 and the second RF transceiver
module 102. For example, the first millimeter-wave detec-
tion module 1060 may detect target information in horizon-
tal dimension, while the second millimeter-wave detection
module 1062 may detect target information in vertical
dimension. In such a situation, if a same target is within both
detecting ranges of the first millimeter-wave detection mod-
ule 1060 and the second millimeter-wave detection module
1062, the data fusion unit 1064 may obtain both horizontal
and vertical dynamic information of the target within a same
signal period, integrate the horizontal and vertical dynamic
information, so as to compute information such as a range,
a moving speed, an azimuth angle, an elevation angle, etc.,
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of the target. That is, 3-D dynamic information of the target
is obtained. Therefore, the vehicle radar system 10 may
distinguish cars on the road and ghost targets with high or
low elevation angles (e.g., the road sign C illustrated in FIG.
1), so as to avoid false alarm.

More specifically, since the first millimeter-wave detec-
tion module 1060 and the second millimeter-wave detection
module 1062 share the antenna module 104 to achieve
different polarization directions, the first millimeter-wave
detection module 1060 and the second millimeter-wave
detection module 1062 may detect target information within
a same area in different dimensions. Furthermore, the data
fusion unit 1064 may integrate target information in differ-
ent dimensions, and determine locations and moving speeds
of targets in 3-D space. Thereby, miss detections or false
alarms, caused by detecting only in horizontal dimension as
the conventional art and affected by the environment, are
avoided.

Notably, the vehicle radar system 10 is an embodiment of
the present invention, and not limited herein. Methods,
which involve determining 3-D dynamic information of
targets according to dynamic information in different dimen-
sions, are within the scope of the present invention. For
example, the antenna module 104 is shared by the first RF
transceiver module 100 and the second RF transceiver
module 102, which is because that limited antenna disposal
space in general vehicles are considered. In fact, the antenna
module 104 may comprise multiple independent antennas,
which are independently utilized by the first RF transceiver
module 100 and the second RF transceiver module 102. In
addition, utilizing the first RF transceiver module 100 and
the second RF transceiver module 102 to achieve different
polarization directions is for exemplary purpose. Since hori-
zontal polarization signals and vertical polarization signal
are mutually orthogonal, in ideal condition, the received
signals of the horizontal polarization signals and the vertical
polarization signals would not interfere with each other,
such that efficiency is enhanced. However, if applied sys-
tems do not take this issue into consideration, non-orthogo-
nal polarization or a same polarization direction may be
adopted to realize the first RF transceiver module 100 and
the second RF transceiver module 102, as long as dynamic
information of a same target in different dimensions is sure
to be obtained.

Furthermore, the vehicle radar system 10 may be inter-
fered by environment noise since external environment of
the vehicle changes as the vehicle moves, or the vehicle
radar system 10 may be interfered by other internal elec-
tronics components, e.g., ignition system, generator, wipers,
electric windows, electric seats, air conditioner, radio, fuel
supply system, clutch system, etc. Thus, in the detection
results of the first millimeter-wave detection module 1060
and the second millimeter-wave detection module 1062,
dynamic information of the same targets may be deviated. In
such a situation, the data fusion unit 1064 may set a
threshold value for excluding outside interference. For
example, please refer to FIG. 3, which is a schematic
diagram of an embodiment of the data fusion unit 1064 when
determining the same targets. In FIG. 3, A1-A4 represent
target dynamic information detected by the first millimeter-
wave detection module 1060, and B1-B4 represent target
dynamic information detected by the second millimeter-
wave detection module 1062. Since Al-A4 and B1-B4
includes velocities (V) and ranges (R) in relation to the
vehicle radar system 10, A1-A4 and B1-B4 may be illus-
trated on a coordinate system consisting of velocity and
range. In addition, in FIG. 3, regions TH represent scopes
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within the threshold value. In other words, when the data
fusion unit 1064 receives the detection results of the first
millimeter-wave detection module 1060 and the second
millimeter-wave detection module 1062, the data fusion unit
1064 may determine whether same targets are detected by
the first millimeter-wave detection module 1060 and the
second millimeter-wave detection module 1062 by compar-
ing the detection results of the first millimeter-wave detec-
tion module 1060 and the second millimeter-wave detection
module 1062 to see if there are dynamic information located
within the regions TH. For example, in an embodiment, the
data fusion unit 1064 may base on Al-A4 first and indi-
vidually determine whether distances in the velocity-range
coordinate system between each of the dynamic information
A1-A4 and the closet dynamic information B1-B4 are within
the regions TH. Take FIG. 3 as an example, the distance
between the dynamic information Al and the closest
dynamic information B1 is smaller than the region TH, the
distance between the dynamic information A2 and the
closest dynamic information B2 is smaller than the region
TH, and the distance between the dynamic information A3
and the closest dynamic information B3 is smaller than the
region TH. Thereby, the dynamic information A1-A3 and the
dynamic information B1-B3 respectively corresponding to
the same targets are determined, and association and track-
ing on the targets are further performed. Since the detection
results of the first millimeter-wave detection module 1060
and the second millimeter-wave detection module 1062
respectively correspond to different dimensions, i.e., the
dynamic information A1-A3 and the dynamic information
B1-B3 respectively represent the target information in hori-
zontal dimension and vertical dimension, the data fusion
unit 1064 may integrate the dynamic information A1-A3 and
the dynamic information B1-B3, obtain information such as
the ranges, the relative speeds, the azimuth angles, the
elevation angles of the targets, and use the formula trans-
forming from polar coordinate to rectangular coordinate to
obtain the 3-D coordinate of the targets.

In addition, in FIG. 3, there is no other dynamic infor-
mation in the regions TH of the dynamic information A4,
B4, which may be regarded as possible ghost targets. In an
embodiment, these possible ghost targets may be paired with
the tracking targets on hand. If a tracking target with a close
coordinate and a close speed is paired for a specific number
of periods, the possible ghost target is regarded as normal
target, and association and tracking are performed on the
target. Otherwise, the possible ghost targets are confirmed as
the ghost targets and excluded. In addition to basing on the
dynamic information A1-A4 first and determining the rela-
tions of the dynamic information A1-A4 with the dynamic
information B1-B4, determination may also be made based
on the dynamic information B1-B4, which is also within the
scope of the present invention.

After the target information is determined, the data fusion
unit 1064 may determine whether the targets lie within a
predefined alert region. Notably, the alert region may be a
static region or a dynamic region with a certain moving
speed according to different applications. Take application to
blind spot detection as an example, if a target lies in a blind
spot region, alert condition is satisfied. Take application to
forward collision warning as an example, if a target lies in
a forward collision region and a relative speed of which is
smaller than a predefined rule, alert condition is satisfied. In
addition, determining whether a target lying within the alert
region may use a two-stage determining process. For
example, the data fusion unit 1064 may first determine
whether a target lies within the alert region in horizontal
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dimension, and further determine whether the target lies
within the alert region in vertical dimension after the target
lying in the alert region in horizontal dimension is con-
firmed. If the two are both satisfied, the target is confirmed
as lying within the alert region. Certainly, a single-stage
determining process may also be used. The alert region
included 3-D information. The data fusion unit 1064 com-
pares the 3-D dynamic information of the target with the
alert region, and determines directly whether the target lies
in the alert region. Furthermore, to prevent false alarm, an
alert may be provided if a frequency of a target lying in the
alert region during a specific number of periods is greater
than a specific value.

The operations of the vehicle radar system 10 stated in the
above are further summarized as a pre-warning process 40,
as shown in FIG. 4. The pre-warning process 40 comprises
following steps:

Step 400: Start.

Step 402: The first millimeter-wave detection module
1060 detects dynamic information of a plurality of first
targets in a first dimension within an area corresponding to
the vehicle radar system 10, to obtain a first detection result.

Step 404: The second millimeter-wave detection module
1062 detects dynamic information of a plurality of second
targets in a second dimension within the area corresponding
to the vehicle radar system 10, to obtain a second detection
result, wherein the first dimension is different from the
second dimension.

Step 406: The data fusion unit 1064 determines whether
there are identical targets within the plurality of first targets
and the plurality of second targets according to the first
detection result and the second detection result.

Step 408: After the data fusion unit 1064 determines that
the plurality of first targets and the plurality of second targets
comprise at least an identical target, the data fusion unit
1064 determines a 3-D dynamic information of the at least
an identical target.

Step 410: The data fusion unit 1064 determines whether
to trigger an alarm signal according to the 3-D dynamic
information of the at least an identical target.

Step 412: End.

The detail descriptions and alternations of the pre-warn-
ing process 40 may be referred to the paragraph stated in the
above. For example, in Step 406, the data fusion unit 1064
determines whether there are identical targets in the detec-
tion results of the first millimeter-wave detection module
1060 and the second millimeter-wave detection module
1062. According to the description in the above, the data
fusion unit 1064 may compare the target dynamic informa-
tion to see if a speed and range difference thereof is smaller
than a specific threshold value. Furthermore, in Step 410, the
data fusion unit 1064 determines whether to trigger an alarm
signal according to the 3-D dynamic information. According
to the description in the above, the data fusion unit 1064 may
first determine whether a target lies within the alert region in
horizontal dimension, and further determine whether the
target lies within the alert region in vertical dimension after
the target lying in the alert region in horizontal dimension is
confirmed. If the two are both satisfied, the target is con-
firmed as lying within the alert region. Meanwhile, the data
fusion unit 1064 may also provide an alert if a frequency of
a target lying in the alert region during a specific number of
periods is greater than a specific value.

Implementations of the vehicle radar system 10 are not
limited to any specific structure. For example, applicant
discloses a sharing antenna and an RF device producing
polarizations in different directions in U.S. patent applica-
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tion Ser. No. 14/691,547, which may be applied to the
vehicle radar system 10 of the present invention. For
example, please refer to FIGS. 5A and 5B. FIGS. 5A and 5B
are FIGS. 2A and 2B in U.S. patent application Ser. No.
14/691,547, which illustrate schematic diagrams of a first
plane P1 and a second plane P2 of an RF system 20.
According to U.S. patent application Ser. No. 14/691,547,
four sides [.1-[.4 are also annotated in the RF system 20 to
distinguish the illustrated directions of the first plane P1 and
the second plane P2. The RF system 20 comprises 10
antenna strings AST_1-AST_10, and each of the antenna
strings AST_1-AST_10 comprises 8 radiation elements R.
In addition to the antenna strings AST_1-AST_10 on the
first plane P1 of the RF system 20, the RF system 20 further
disposes a transmit power divider 212, a receive power
divider 214, a first RF processing module 216 and ring-
shaped couplers 222, 224, 226. Moreover, the first RF
processing module 216 is coupled to the antenna strings
AST_1-AST_3, AST_5, AST_7, AST_8, AST_10 through
the transmit power divider 212 and the receive power
divider 214, to realize a one transmit two receive (1T2R)
operation. In other words, RF signals received by the
antenna strings AST_1-AST_3 are delivered to two receiv-
ing terminals of the first RF processing module 216 (wherein
the antenna string AST_2 are shared by the two receiving
terminals of the first RF processing module 216), and RF
signals outputted by a transmitting terminal of the first RF
processing module 216 are emitted to the air through the
antenna strings AST_5, AST_7, AST_8, AST_10. For brev-
ity, the antenna strings AST_1-AST 3, AST_5, AST_7,
AST 8, AST 10, which are connected to the first RF
processing module 216, are classified as a first group of
antenna strings. On the other hand, the RF system 20
disposes a second RF processing module 230 and wires
CN_11, CN_12, CN_21, CN_22, CN_31, CN_32, CN_41,
CN_42, CN_5-CN_8 on the second plane P2, and is coupled
to the antenna strings AST_1-AST 4, AST_6-AST_9
through the connecting units VT. For brevity, the antenna
strings AST_1-AST_4, AST_6-AST_9, which are connected
to the second RF processing module 230, are classified as a
second group of antenna strings.

As can be seen from the above, the antenna strings
AST_1-AST_3, AST_7, AST_8 belong to both the first
group and the second group of antenna strings. In other
words, the first RF processing module 216 and the second
RF processing module 230 share a part of antenna strings
within the antenna strings AST_1-AST_10 (i.e., AST_1-
AST_3, AST_7, AST_8). In addition, the wires CN_11,
CN_12 of'the RF system 20 corresponds to two segments of
the same antenna string AST_1, the wires CN_21, CN_22
corresponds to two segments of the same antenna string
AST_2, the wires CN_31, CN_32 corresponds to two seg-
ments of the same antenna string AST_3, and the wires
CN_41, CN_42 corresponds to two segments of the same
antenna string AST_4. The wires CN_11, CN_21, CN_31,
CN_41 are connected to the same receiving terminal of the
second RF processing module 230, the wires CN_12,
CN_22, CN_32, CN_42 are connected to another receiving
terminal of the second RF processing module 230, and the
wires CN_5-CN_8 are connected to a transmitting terminal
of'the second RF processing module 230. In other words, the
second RF processing module 230 is coupled to the antenna
strings AST_1-AST_4, AST_6-AST_9 through the wires
CN_11, CN_12, CN_21, CN_22, CN_31, CN_32, CN_41,
CN_42, CN_5-CN_8 and the connecting units VT, to realize
the 1T2R operation.
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Therefore, the first RF processing module 216 may realize
the 1T2R operation through the antenna strings AST_1-
AST_3, AST_S5, AST_7, AST_8, AST_10, and the second
RF processing module 230 may realize the 1T2R operation
through the antenna strings AST_1-AST_4, AST_6-AST_9.
In other words, the RF system 20 utilizes the original 1T2R
array antennas to achieve a two transmit four receive (2T4R)
operation by using the sharing antenna strings. Required
disposal space is spared, which is suitable for space-limited
applications such as vehicle radar system.

In addition, when the first RF processing module 216
performs the 1T2R operation, the radiation elements R of
each antenna string of the antenna strings AST_1-AST_3,
AST 5, AST 7, AST_8, AST_10 are connected in series.
When the second RF processing module 230 performs the
1T2R operation, the radiation elements R of each antenna
string of the antenna strings AST_1-AST_4, AST_6-AST_9
are connected in parallel. In such a situation, when the first
RF processing module 216 and the second RF processing
module 230 perform operations, the RF system 20 may
generate different directions of polarization. For example,
through proper arrangements, if the RF system 20 presents
horizontal polarization when the first RF processing module
216 operates, i.e., a first electric field generated by the
antenna strings AST_1-AST_3, AST_5, AST_7, AST_8,
AST 10 extends toward horizontal direction, then the RF
system 20 presents vertical polarization when the second RF
processing module 230 operates, i.e., a second electric field
generated by the antenna strings AST_1-AST_4, AST_6-
AST_9 extends toward vertical direction.

Using the RF system 20 of FIG. 5A and FIG. 5B may
realize the vehicle radar system 10. In detail, the antenna
module 104 may be implemented by the antenna strings
AST_1-AST_10. The first millimeter-wave detection mod-
ule 1060 and the second millimeter-wave detection module
1062 may be implemented by the first RF processing module
216 and the second RF processing module 230 respectively.
The first RF transceiver module 100 may be implemented by
the transmit power divider 212, the receive power divider
214 and the ring-shaped couplers 222, 224, 226. The second
RF transceiver module 102 may be implemented by the
wires CN_11, CN_12, CN_21, CN_22, CN_31, CN_32,
CN_41, CN_42, CN_5-CN_8 and the connecting units VT.
In such a situation, the signal processing module 106 is
implemented by adding the data fusion unit 1064 connecting
to the first RF processing module 216 and the second RF
processing module 230 on the RF system 20, and a basic
structure of the vehicle radar system 10 is formed. Further-
more, by incorporating the pre-warning process 40 and its
alternations to modify the operations of the first RF pro-
cessing module 216 and the second RF processing module
230, the vehicle radar system 10 is realized.

Notably, the realization of the vehicle radar system 10 is
not limited to FIGS. 2A and 3B in U.S. patent application
Ser. No. 14/691,547. Adequate modification may be made
according to relative content of U.S. patent application Ser.
No. 14/691,547. For example, the RF system may be derived
to achieve a three transmit six receive (3T6R) operation, a
four transmit eight receive (4T8R) operation, etc. In addi-
tion, realization methods which achieve sharing antennas
and different polarization directions are all applied to the
present invention, and not limited to the embodiments stated
in the above. In addition, detecting structures which realize
the first millimeter-wave detection module 1060 and the
second millimeter-wave detection module 1062 are not
limited to FMCW systems. The frequencies and the fre-
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quency hopping patterns of the RF signals thereof may be
the same or different. Operational frequency band may also
be the same or different.

In the conventional art, since traditional vehicle radar
systems detect target information only in horizontal dimen-
sion, miss detections or false alarms might happen due to
environment. In comparison, the present invention detects
target information in both horizontal dimension and vertical
dimension, such that ranges, moving speeds, azimuth angles,
elevation angles of the targets may be obtained within a
same signal period, so as to distinguish targets with high and
low elevation angles and exclude target which is not in the
same horizontal plane. Therefore, false alarms are reduced,
reliability of the radar system is improved, and traffic safety
is enhanced. In addition, the present invention has less
limitation on radar detecting range and beam angle, which
simplifies calibration process and installation process.

In summary, the present invention may -effectively
enhance the reliability of the vehicle radar system and traffic
safety, and simplify calibration process and installation
process.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What is claimed is:

1. A pre-warning method, utilized in a vehicle radar
system comprising a first millimeter-wave detection module,
a second millimeter-wave detection module and a plurality
of radiating units, wherein the plurality of radiating units
form a plurality of antenna strings, radiating units of each
antenna string are connected in a sequence, and the plurality
of antenna strings are classified into a first group and a
second group, the pre-warning method comprising:

the first millimeter-wave detection module and antenna

strings of the first group within the plurality of antenna
strings radiating in a horizontal polarization to detect
dynamic information of a plurality of first targets in an
azimuth dimension within an area corresponding to the
vehicle radar system, to obtain a first detection result,
wherein the azimuth dimension has a first direction,
and when the first millimeter-wave detection module
transmits or receives RF signals to detect the dynamic
information of the plurality of first targets via the
antenna strings of the first group, a first electric field
generated by the antenna strings of the first group
extends toward the first direction;

the second millimeter-wave detection module and antenna

strings of the second group within the plurality of
antenna strings radiating in a vertical polarization to
detect dynamic information of a plurality of second
targets in an elevation dimension within the area cor-
responding to the vehicle radar system, to obtain a
second detection result, wherein the azimuth dimension
is orthogonal to the elevation dimension, the elevation
dimension has a second direction, and when the second
millimeter-wave detection module transmits or
receives RF signals to detect the dynamic information
of the plurality of second targets via the antenna strings
of the second group, a second electric field generated
by the antenna strings of the second group extends
toward the second direction;
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determining whether there are identical targets within the
plurality of first targets and the plurality of second
targets according to the first detection result and the
second detection result;

after determining that the plurality of first targets and the
plurality of second targets comprise at least an identical
target, determining a 3-dimensional (3-D) dynamic
information of the at least an identical target; and

determining whether to trigger an alarm signal according
to the 3-D dynamic information of the at least an
identical target;

wherein at least an antenna string of the plurality of
antenna strings belongs to both the first group and the
second group.

2. The pre-warning method of claim 1, wherein determin-
ing whether there are identical targets within the plurality of
first targets and the plurality of second targets according to
the first detection result and the second detection result is
determining that a first target within the plurality of first
targets and a second target within the plurality of second
targets are identical targets when the first detection result
and the second detection result indicate that a difference
between a first dynamic information of the first target and a
second dynamic information of the second target is smaller
than a threshold value.

3. The pre-warning method of claim 1, wherein determin-
ing the 3-D dynamic information of the at least an identical
target is determining a dynamic information in 3-D space of
the at least an identical target corresponding to the vehicle
radar system according to the dynamic information of the at
least an identical target in the azimuth dimension and the
elevation dimension.

4. The pre-warning method of claim 1, wherein dynamic
information of the plurality of first targets or the plurality of
second targets corresponding to the vehicle radar system are
selected from one or more of positions, distances, angles and
velocities of the plurality of first targets or the plurality of
second targets corresponding to the vehicle radar system.

5. A vehicle radar system, utilized for a vehicle, the
vehicle radar system comprising:

a substrate, comprising a first plane and a second plane;

a plurality of radiating units, formed on the first plane of
the substrate, and forming a plurality of antenna strings,
wherein radiating units of each antenna string are
connected in a sequence, and the plurality of antenna
strings are classified into a first group and a second
group;

a plurality of wires, formed on the second plane of the
substrate, for transmitting radio-frequency (RF) sig-
nals;

a plurality of connecting units, disposed in the substrate,
for coupling the plurality of wires and antenna strings
of the second group within the plurality of antenna
strings;

a first millimeter-wave detection module, coupled to
antenna strings of the first group within the plurality of
antenna strings, for transmitting or receiving RF signals
via the antenna strings of the first group, to radiate in
a horizontal polarization to detect dynamic information
of a plurality of first targets in an azimuth dimension
within an area corresponding to the vehicle, so as to
obtain a first detection result, wherein the azimuth
dimension has a first direction;

a second millimeter-wave detection module, coupled to
the plurality of wires, for coupling to the antenna
strings of the second group through the plurality of
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wires and the plurality of connecting units, to radiate in
a vertical polarization to detect dynamic information of
a plurality of second targets in an elevation dimension
within the area corresponding to the vehicle, so as to
obtain a second detection result, wherein the azimuth
dimension is orthogonal to the elevation dimension,
and the elevation dimension has a second direction; and
a data fusion unit, for determining whether there are
identical targets within the plurality of first targets and
the plurality of second targets according to the first
detection result and the second detection result; after
determining that the plurality of first targets and the
plurality of second targets comprise at least an identical
target, determining a 3-D dynamic information of the at
least an identical target; and determining whether to
trigger an alarm signal according to the 3-D dynamic
information of the at least an identical target;

wherein when the first millimeter-wave detection module
transmits or receives RF signals via the antenna strings
of the first group, a first electric field generated by the
antenna strings of the first group extends toward the
first direction, and when the second millimeter-wave
detection module transmits or receives RF signals via
the antenna strings of the second group, a second
electric field generated by the antenna strings of the
second group extends toward the second direction
different from the first direction;

wherein at least an antenna string of the plurality of

antenna strings belongs to both the first group and the
second group.

6. The vehicle radar system of claim 5, wherein the first
millimeter-wave detection module is formed on the first
plane of the substrate.

7. The vehicle radar system of claim 5, wherein the
second millimeter-wave detection module is formed on the
second plane of the substrate.

8. The vehicle radar system of claim 5, wherein the first
direction is perpendicular to the second direction.

9. The vehicle radar system of claim 5, further comprising
a first power divider, coupled between the first millimeter-
wave detection module and the antenna strings of the first
group.

10. The vehicle radar system of claim 5, wherein the data
fusion unit determines that a first target within the plurality
of first targets and a second target within the plurality of
second targets are identical targets when the first detection
result and the second detection result indicate that a differ-
ence between a first dynamic information of the first target
and a second dynamic information of the second target is
smaller than a threshold value.

11. The vehicle radar system of claim 5, wherein the data
fusion unit determines a dynamic information in 3-D space
of'the at least an identical target corresponding to the vehicle
radar system according to the dynamic information of the at
least an identical target in the azimuth dimension and the
elevation dimension.

12. The vehicle radar system of claim 5, wherein dynamic
information of the plurality of first targets or the plurality of
second targets corresponding to the vehicle radar system are
selected from one or more of positions, distances, angles and
velocities of the plurality of first targets or the plurality of
second targets corresponding to the vehicle radar system.
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