US 20090243890A1

asy United States
a2y Patent Application Publication (o) Pub. No.: US 2009/0243890 A1
TZUANG et al. (43) Pub. Date: Oct. 1, 2009
(54) MULTI-LANE VEHICLE DETECTION Publication Classification
APPARATUS (51) Tnt.CL
(75) Inventors: Ching-Kuang C. TZUANG, Taipei gzgg 5;%5 %8828})
(TW): Chi-Ho CHANG, Taipei (2006.01)
County (TW) (52) USeCl vooooecoeeesee 340/934; 340/933
Correspondence Address:
BACON & THOMAS, PLLC 67 ABSTRACT
625 SLATERS LANE, FOURTH FLOOR . . , . .
ALEXANDRIA, VA 22314-1176 (US) A vehicle detection apparatus adopting microwave sensing
schemes for performing the multi-lane vehicle detection is
(73) Assignee: Institute of Transportation provided in the present invention. According to the present
MOTC, Taipei (TW) ’ invention, the signal-to-noise ratio (SNR) of the detected
’ reflecting wave is varied within an inconsiderable range so
21) Appl. No.: 12/078,236 that the provided apparatus may exhibit a unique property
which is adoptable for the multi-lane vehicle detection and
(22) Filed: Mar. 28, 2008 the precision is unachievable by the existing detectors.

42




Patent Application Publication Oct. 1,2009 Sheet1 of 6 US 2009/0243890 A1

13
f/ 12

[ m——- 1

I POWER DIVIDER I

I VCO AMP |

>
= T
O
&

Fig. 1 1



Patent Application Publication Oct. 1,2009 Sheet2 of 6 US 2009/0243890 A1

0
Portl ort

‘ = =

10 |

D S g
' = | |E

30 | g 2 | d=5mm
! < <

S$21(dB)

9 9.5 10 10.5 11
Frequency(GHz)

Fig.2



Patent Application Publication Oct. 1,2009 Sheet 3 of 6 US 2009/0243890 A1

3
/\/ 36
33\ /35
\_/\ /V /
\ / |
Power
Divider —L Drivling Driving
Amplifier Amplifier
32 f P d
\\-Ba-f\fer
Amplifier : : 14
Mixer | Low-nois '\/
Voltage Amplifier
Contrﬂ, /

)

31 37

Fig. 3



Patent Application Publication Oct. 1,2009 Sheet 4 of 6 US 2009/0243890 A1

41




Patent Application Publication Oct. 1,2009 Sheet 5 of 6 US 2009/0243890 A1

0
- ¥ Measured(-35°)
' ¢ Measured|(-50°)
50 -
T
A30-: g i . ""':"'....l.‘
(2= 2. ...' lllll.
3 i : .l..
o 10|
Z -
@ I
A0 -
30
I50: I } lll I
5 10 15 20 25 30
D (m)



Patent Application Publication Oct. 1,2009 Sheet 6 of 6 US 2009/0243890 A1

A.;‘;“A‘“. o

'at "q‘;l;;'li';\,
' ff‘.'f'n!‘

V\JV U

£
e
Z
T
@
3
o
R
=
=
2
2 -6
70
_8 ' | S TR B N [ [ T R
6 11 16 21 26

D (m)

Fig.6



US 2009/0243890 Al

MULTI-LANE VEHICLE DETECTION
APPARATUS

FIELD OF THE INVENTION

[0001] The present invention relates to a vehicle detecting
apparatus, and more particularly to a microwave radar vehicle
detecting apparatus.

BACKGROUND OF THE INVENTION

[0002] The vehicle detecting apparatus is installed at the
roadside to collect the traffic information for instantaneously
determining the traffic situation and monitoring the vehicle
transportation for the traffic management. With the combina-
tion of the well-designed automatic assessment model, the
vehicle detecting apparatus is able to provide the desired
traffic information.

[0003] Regarding the existing vehicle detecting appara-
tuses, the loop-typed detector is commonly applied in the
present transportation management system(TMS). The varia-
tion of electrical induction may occur and may be detected
while the target vehicle passes the metallic loops of the detec-
tor that is arranged under the ground, and thereby the traffic
flow as well as the vehicle occupancy would be obtainable.
The speed and length of the vehicle are determined with the
duration of passing two adjacent loops, and therewith the
vehicle classification is further determined. Such detecting
apparatus, however, is disadvantageous since the lanes need
to be closed while the detecting apparatus is maintained,
which causes a great inconvenience for the transportation
management.

[0004] With respectto further detecting schemes, the use of
Doppler radar for vehicle detection results in relatively accu-
rate information for the vehicle speed. In order to obtain the
maximum echo power, however, the wave transmitted by
such radar exhibits the characteristic of uni-direction, and
accordingly each Doppler radar is merely adoptable for the
single-lane vehicle detection. The echo power of the Doppler
radar may vary with the distance between the detecting appa-
ratus and the target vehicle if such radar is applied for the
multi-lane vehicle detection, so that the detection accuracy
would be affected thereby. For this reason, it needs to arrange
a dedicated detecting apparatus for each respective traffic
lane if the traffic information for multiple lanes is desired, and
such arrangement also causes extremely high set-up and
maintain costs.

[0005] Moreover, the detecting apparatus using the Dop-
pler radar is only suitable for speed detection, which fails in
obtaining some further traffic parameters, such as the vehicle
classification, the occupancy and the density, that are desired
for the transportation management.

[0006] On the other hand, the remote traffic microwave
detector adopting the frequency-modulation continuous-
wave (FMCW) scheme is regarded as a generally cost-effec-
tive solution. Such detecting apparatus transmits FMCW sig-
nals with a fixed sector-shaped beam at a low power level, and
the microwave beam may form an invisible ellipse trace
above the road surface. In this case, the signal reflecting from
any object will be transmitted to the detecting apparatus for
the target detection and distance determination. It is believed
that such apparatus is of great potential in the vehicle detec-
tion application.

[0007] Regarding the existing microwave detecting appa-
ratus, the intermediate-frequency and digital signal processor
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thereof needs to carry out the post-stage signal process relat-
ing to the respective echo power of the signal that is reflecting
from the targets of different distances, so as to determine the
relevant traffic parameters. In this case, the functions of such
detecting apparatus are still limited, and is disadvantageous in
the relatively high cost due to the different designs thereof for
the post-stage signal process.

[0008] According to the statement above, a vehicle detect-
ing apparatus on different lanes at low cost is in need.

SUMMARY OF THE INVENTION

[0009] In accordance with a first aspect of the present
invention, a detecting apparatus for multi-lane vehicle detec-
tion is provided. The provided detecting apparatus includes a
radio-frequency transceiving unit having a signal input and a
s signal output and generating a difference-frequency signal,
at least two antennas of leakage-wave mode arranged closely
to each other and coupled to the signal input and the signal
output respectively, and an intermediate-frequency and digi-
tal signal processing unit coupled to the radio-frequency
transceiving unit and generating at least a traffic parameter
corresponding to at least a lane in response to the difference-
frequency signal.

[0010] Inaccordance with the mentioned aspect, the anten-
nas are configured to receive a microwave signal having a
signal-to-noise ratio reflecting from a target where the signal-
to-noise ratio is varied from O to 32 dB, and thereby the
detecting apparatus is operable in the multi-lane vehicle
detection.

[0011] Preferably, the antennas are configured at a position
to receive the microwave signal at an elevation angle, and the
detecting apparatus further includes an adjusting device
coupled to the antennas for adjusting the position or the
elevation angle.

[0012] Preferably, the radio-frequency transceiving unit
further includes a voltage controlled oscillator, a buffer
amplifier coupled to the voltage controlled oscillator, a power
divider coupled to the buffer amplifier, a first driving ampli-
fier and a second driving amplifier respectively coupled to the
power divider at a first end and a second end thereof, a mixer
coupled to the first driving amplifier, and a low-noise ampli-
fier coupled to the mixer.

[0013] Preferably, the voltage controlled oscillator, the
buffer amplifier, the power divider, the first and second driv-
ing amplifiers, the mixer and the low-noise amplifier are
integrated into a chip.

[0014] Preferably, the antennas are spaced from each other
at a distance of less than 5 mm and have an isolation value of
at least 40 dB.

[0015] Preferably, the traffic parameter is one selected from
a group consisting of a vehicle speed, a vehicle classification,
an occupancy, a density and a flow.

[0016] In accordance with a second aspect of the present
invention, an embedded detecting apparatus for multi-lane
vehicledetection is provided. The provided embedded detect-
ing apparatus includes a system-on-chip having a radio-fre-
quency transceiving module for generating a frequency-
modulation continuous-wave signal integrated thereon, an
antenna module coupled to the system-on-chip, and an inter-
mediate-frequency and digital processing unit coupled to the
radio-frequency transceiving module and generating a differ-
ence-frequency signal corresponding to at least a traffic
parameter of at least a lane in response to the frequency-
modulation continuous-wave signal.
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[0017] In accordance with the mentioned aspect, the
antenna module is configured to receive a microwave signal
having a signal-to-noise ratio reflecting from a target where
said signal-to-noise ratio is varied from 0 to 32 dB, and
thereby the embedded detecting apparatus is operable in the
multi-lane vehicle detection.

[0018] Preferably, the antenna module includes at least a
pair of antennas of leakage-wave mode.

[0019] Preferably, the antennas are configured at a position
to receive the microwave signal at an elevation angle, and the
embedded detecting apparatus further includes an adjusting
device coupled to the antennas for adjusting one of the posi-
tion and the elevation angle.

[0020] Preferably, the antennas are spaced from each other
at a distance of less than 5 mm and have an isolation value of
at least 40 dB.

[0021] Preferably, the traffic parameter is one selected from
a group consisting of a vehicle speed, a vehicle classification,
an occupancy, a density and a flow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above objects and advantages of the present
invention will become more readily apparent to those ordi-
narily skilled in the art after reviewing the following detailed
descriptions and accompanying drawings, in which:

[0023] FIG. 1 is a block diagram showing the microwave
vehicle detecting apparatus in accordance with a preferred
embodiment of the present invention;

[0024] FIG. 2 is a diagram illustrating the electromagnetic
coupling (8,,) between the receiving antenna array and the
transmitting antenna array of the microwave vehicle detect-
ing apparatus of the present invention, which is varied with
the frequency;

[0025] FIG. 3 is a photo revealing the layout of the system-
on-chip of the microwave vehicle detecting apparatus of the
present invention;

[0026] FIG. 4 is a diagram schematically illustrating the
setups of the detecting apparatus for multi-lane vehicle detec-
tion of the present invention;

[0027] FIG. 5 is a diagram illustrating the signal-to-noise
ratio (SNR) of the detecting apparatus of FIG. 4 at different
elevation angles, which is varied with the distance D between
the detecting apparatus and the target vehicle; and

[0028] FIG. 6 is adiagram illustrating the echo power of the
detecting apparatus of FIG. 4 at different heights, which is
varied with the distance D between the detecting apparatus
and the target vehicle.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0029] The present invention will now be described more
specifically with reference to the following embodiments. It
should be noted that the following descriptions of preferred
embodiments of this invention are presented herein for pur-
poses of illustration and description only: it is not intended to
be exhaustive or to be limited to the precise form disclosed.
[0030] Please refer to FIG. 1, which is a block diagram
showing the microwave vehicle detecting apparatus in accor-
dance with a preferred embodiment of the present invention.
The microwave vehicle detecting apparatus 1 of the present
invention adopts the frequency-modulation continuous-wave
(FMCW) for carrying out the detection of traffic parameters
for multiple lanes. The microwave vehicle detecting appara-
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tus 1 is mainly constructed by a receiving antenna array 11
and a transmitting antenna array 12 which are respectively
coupled to the signal input 131 and signal output 132 of the
radio-frequency transceiving unit 13. Moreover, the micro-
wave vehicle detecting apparatus 1 further includes an inter-
mediate-frequency and digital signal processing unit 14
which is coupled to the radio-frequency transceiving unit 13
for the real assessment of range measurement, so as to pro-
duce a traffic parameter such as the vehicle speed, the vehicle
classification, the vehicle occupancy, the density and the flow
in response to the difference-frequency signal generated
thereby.

[0031] According to the present invention, the receiving
antenna array 11 and the transmitting antenna array 12 are
arranged closely to each other so that the dimension of micro-
wave vehicle detecting apparatus 1 is possibly reduced. In
accordance with a preferred embodiment of the present
invention, the distance d between the receiving antenna array
11 and the transmitting antenna array 12 is less than 5 mm,
while the isolation of the two antenna arrays at various fre-
quencies, from 9 to 11 GHz for example, still maintains at 40
dB or even higher. The effect of near-field coupling could be
consequently eliminated, as shown in FIG. 2. With reference
to FIG. 2 in which the measured coupling of the receiving
antenna array 11 with respect to the transmitting antenna
array 12, S,,, is illustrated, it is believed that the effect of
near-field coupling of the two antenna arrays is reduced with
the decreased measured coupling thereof, and an improved
isolation thereof is achieved.

[0032] Regarding the above-mentioned embodiment, the
radio-frequency transceiving unit 13 is integrated into a stan-
dard 0.18 um one-poly six-metal (1P6M) complementary
metal-oxide semiconductor (CMOS) fully integrated system-
on-chip. Please refer to FIG. 3, in which the layout of such a
system-on-chip 3 developed by the applicant of the present
invention is revealed. The system-on-chip 3 of the microwave
vehicle detecting apparatus according to the present invention
is consisting of the voltage controlled oscillator (VCO) 31,
the buffer amplifier 32, the power divider 33, the low-noise
amplifier (LNA) 34, two driving amplifier 35 and 36, and the
mixer 37 integrated thereon, so as to carry out most proce-
dures of radio-frequency signal processing desired for the
signal detection. Furthermore, a power amplifier is also exter-
nally configured for enhancing the power of the signal output
by the system-on-chip 3.

[0033] In accordance with a preferred embodiment of the
present invention, the system-on-chip 3 is designed by using
the so called complementary-conducting-strip transmission
line (CCS TL) technology, and all building blocks as well as
the inter-stage connections of the system-on-chip 3 are real-
ized with the CCS TLs in order to maximize the attainable
isolation required by the FMCW detecting apparatus. Prefer-
ably, the power divider 33, which is located on the upper left
corner of the system-on-chip 3, is constructed by two 70.7Q
CCS TLs and an isolation resistor of 100Q shunting two
output ports respectively coupled to the two driving amplifi-
ers (Amp_LO) 35 and (Amp_TX) 36 through a CCS TL with
alength of 670 um and a further CCS TL with a length 0320
pm.

[0034] According to the present invention, the triangular
wave, which is generated by the external digital signal pro-
cessing unit, 1s fed to the on-chip VCO 31. The transmitted
signal is then split into two paths using an integrated two-way
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equal-split power divider, i.e. the power divider 33, and fed to
the driving amplifiers 35 and 36 through the two output ports.
[0035] With reference to FIG. 4, the setups of the detecting
apparatus for multi-lane vehicle detection of the present
invention are schematically illustrated. The detecting appa-
ratus 4 adopting the microwave scheme as mentioned for
performing the multi-lane vehicle detection is a road-side
unit, and is installed above the ground at a certain height,
denoted by h. The vehicle occupancy in multiple lanes is
detected by performing a range measurement with the detect-
ing apparatus according to the present invention. The dis-
tance, which is equal to the total width of the multiple lanes,
is denoted by D in FIG. 4, and represents the maximum
coverage of the detecting apparatus, wherein the field of the
antennas of the detecting apparatus is indicated by E. In the
present embodiment, the microwave vehicle detecting appa-
ratus is installed in an enclosure 41, and therein a system-on-
chip of radio-frequency transceiving unit as well as an inter-
mediate-frequency and digital signal processing unit are also
integrated. Two antenna arrays are arranged on the top surface
ofthe enclosure 41 and are covered by a radome (not shown).
As shown in FIG. 4, the H-plane of the antenna array is
orthogonal to the traffic lane, and slanted with an elevation
angle 6 by an adjusting device 42 coupled to the antenna
array. The elevation angle 0 as well as the height h are adjust-
able by the adjusting device 42 such that the Doppler effect
caused by the moving vehicle could be suppressed and the
signal-to-noise ration (SNR) of the signal obtained from each
lane could be regulated. In this embodiment, the height h of
the detecting apparatus and the distance D between the
detecting apparatus and the target vehicle are respectively 3m
and 30 m. Preferably, the detecting apparatus according to the
present invention is constructed by the antenna array of leak-
age-wave mode, where the measurement result thereof is
shown in FIG. 5.

[0036] Please refer to FIG. 5 illustrating the SNR of the
detecting apparatus of FIG. 4 at elevation angles of 35° and
50°, which is varied with the distance D between the detecting
apparatus and the target vehicle. As shown in FIG. 5, while the
detecting apparatus for multi-lane vehicle detection accord-
ing to the present invention receives the microwave signals
from the target vehicles at a distance ranged from 5 m to 30 m
in which the distance D of 30 m equals the sum of widths of
6 to 8 lanes, the SNR of the microwave signal reflecting from
the target at different distances is varied in a range between 28
dB and 34 dB owing to the specific design of the antenna of
leakage-wave mode.

[0037] Furthermore, with reference to FIG. 6, the echo
power of the detecting apparatus of FIG. 4 at different heights,
which is varied with the distance D between the detecting
apparatus and the target vehicle, is illustrated where curves
(A), (B), (C) and (D) indicate the measurement results forh of
2,3, 4 and 5 m, respectively. It is shown in FIG. 6 that the
maximum of echo power, approximately 30 to 35 dB, occurs
when the distance D between the detecting apparatus and the
target vehicle equals to 30 m and the height equals to 5 m.
Consequently, the echo power resulting from the detecting
apparatus according to the present invention is varied within
a substantially inconsiderable range, e.g. within a range of 32
dB typically.

[0038] In other words, by applying the detecting apparatus
ofthe present invention for performing the multi-lane vehicle
detection, the echo power would not substantially varied with
the different distances between the respective target vehicle
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and the detecting apparatus, and that is, the detection accu-
racy of the detecting apparatus would not affected thereby. In
this case, the post-stage process involving the algorithm and
actual design for the intermediate-frequency and digital sig-
nal processing unit could be advantageously simplified so
that the traffic parameters including the vehicle speed, the
vehicle classification, the occupancy, the density and the flow
could be obtained in a cost-effective manner. As a result, the
detecting apparatus according to the present invention is
operable in obtaining the traffic data from multiple lanes with
a relatively high degree of accuracy.

[0039] According to the present invention, a novel micro-
wave detecting apparatus constructed by the radio-frequency
(RF) module or system-on-chip of CMOS RF signal trans-
ceiving unit, two planar antenna arrays of leakage-wave mode
and the intermediate-frequency and digital signal processing
unit is provided and applied in a traffic management system
(TMS) for multi-lane vehicle detection. By the detecting
apparatus of the present invention, the echo power and the
SNR thereof are varied within a substantially inconsiderable
range while the distance between the target vehicle and the
detecting apparatus is changed. As a result, the provided
detecting apparatus still exhibits a stable ability in obtaining
a high degree of accuracy while detecting the vehicles in
different lanes, so as to realize the multi-lane vehicle detec-
tion that is unachievable by the conventional detecting appa-
ratus in this art. Furthermore, the detecting apparatus of the
present invention adopts the dual antennas of leakage-wave
mode for signal receiving and transmitting. In comparison
with the conventional one of single-antenna configuration,
the dual-antennas design according to the present invention is
advantageous in the compact installation with an excellent
isolation. Additionally, the circulator which connects the out-
put of the transmitter, the antenna and the input of the trans-
ceiver is eliminated according to the present invention on one
hand, and on the other, the present detecting apparatus could
be fabricated with the print circuit board (PCB) integration.
Therefore, it 1s believed that the present invention is advan-
tageous in the reduced dimension, improved detection accu-
racy and cost-effect in fabrication.

[0040] While the invention has been described in terms of
what are presently considered to be the most practical and
preferred embodiments, it is to be understood that the inven-
tion need not be limited to the disclosed embodiment. On the
contrary, it is intended to cover various modifications and
similar arrangements included within the spirit and scope of
the appended claims, which are to be accorded with the
broadest interpretation so as to encompass all such modifica-
tions and similar structures. Therefore, the above description
and illustration should not be taken as limiting the scope of
the present invention which is defined by the appended
claims.

What is claimed is:

1. A detecting apparatus for multi-lane vehicle detection,

comprising;

a radio-frequency transceiving unit comprising a signal
input and a s signal output and generating a difference-
frequency signal;

at least two antennas of leakage-wave mode arranged
closely to each other and coupled to said signal input and
said signal output respectively; and

an intermediate-frequency and digital signal processing
unit coupled to said radio-frequency transceiving unit
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and generating at least a traffic parameter corresponding
to at least a lane in response to said difference-frequency
signal,

wherein said antennas are configured to receive a micro-
wave signal having a signal-to-noise ratio reflecting
from a target where said signal-to-noise ratio is varied
from 0 to 32 dB, and thereby said detecting apparatus is
operable in said multi-lane vehicle detection.

2. The detecting apparatus according to claim 1, wherein
said antennas are configured at a position to receive said
microwave signal at an elevation angle and said detecting
apparatus further comprises an adjusting device coupled to
said antennas for adjusting one of said position and said
elevation angle.

3. The detecting apparatus according to claim 1, wherein
said radio-frequency transceiving unit further comprises:

a voltage controlled oscillator;

a buffer amplifier coupled to said voltage controlled oscil-

lator;

a power divider coupled to said buffer amplifier;

a first driving amplifier and a second driving amplifier
respectively coupled to said power divider at a first end
and a second end thereof;

amixer coupled to said first driving amplifier; and

a low-noise amplifier coupled to said mixer.

4. The detecting apparatus according to claim 3, wherein
said voltage controlled oscillator, said buffer amplifier, said
power divider, said first and second driving amplifiers, said
mixer and said low-noise amplifier are integrated into a chip.

5. The detecting apparatus according to claim 1, wherein
said antennas are spaced from each other at a distance of less
than 5 mm.

6. The detecting apparatus according to claim 1, wherein
said antennas have an isolation value of at least 40 dB.

7. The detecting apparatus according to claim 1, wherein
said traffic parameter is one selected from a group consisting
of a vehicle speed, a vehicle classification, an occupancy, a
density and a flow.
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8. An embedded detecting apparatus for multi-lane vehicle
detection, comprising:

a system-on-chip comprising a radio-frequency transceiv-
ing module for generating a frequency-modulation con-
tinuous-wave signal integrated thereon,

an antenna module coupled to said system-on-chip; and

an intermediate-frequency and digital processing unit
coupled to said radio-frequency transceiving module
and generating a difference-frequency signal corre-
sponding to at least a traffic parameter of at least a lane
in response to said frequency-modulation continuous-
wave signal,

wherein said antenna module is configured to receive a
microwave signal having a signal-to-noise ratio reflect-
ing from a target where said signal-to-noise ratio is
varied from 0 to 32 dB, and thereby said embedded
detecting apparatus is operable in said multi-lane
vehicle detection.

9. The embedded detecting apparatus according to claim 8,
wherein said antenna module comprises at least a pair of
antennas of leakage-wave mode.

10. The embedded detecting apparatus according to claim
8, wherein said antennas are configured at a position to
receive said microwave signal at an elevation angle and said
embedded detecting apparatus further comprises an adjusting
device coupled to said antennas for adjusting one of said
position and said elevation angle.

11. The embedded detecting apparatus according to claim
9, wherein said antennas are spaced from each other at a
distance of less than 5 mm.

12. The embedded detecting apparatus according to claim
9, wherein said antennas have an isolation value of at least 40
dB.

13. The embedded detecting apparatus according to claim
8, wherein said traffic parameter is one selected from a group
consisting of a vehicle speed, a vehicle classification, an
occupancy, a density and a flow.
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