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DEVICE FOR ACTIVATING INDUCTIVE
LOOP SENSOR OF A TRAFFIC LIGHT
CONTROL SYSTEM

FIELD OF THE INVENTION

This invention relates to the field of automated traffic con-
trol systems, particularly those with vehicle presence sensors
based on inductive loops buried beneath a roadway. More
specifically, this invention relates to the field of devices for
enhancing the ability of smaller vehicles to activate such
sensors.

DESCRIPTION OF RELATED ART

Control of traffic signal lights by automatic vehicular sen-
sors has become very common throughout the world, as an
alternative to signal control based purely on timing.

Although many modern vehicle sensing systems are based
on digital cameras with pattern recognition software, many
older and less costly systems are based on detection of a
change in inductance of'a loop of wire buried beneath the road
surface. Various such sensors have been available commer-
cially. Some of the more widely-used models are the C800
from 3M/Canoga, and the LM302 from Eberle Design, Inc.
The operation of these sensors is described, for example, in
U.S. Pat. No. 3,943,339 (Koerner, Bienhoff, henderson, Hig-
bee, and Koerner), U.S. Pat. No. 3,984,764 (Koerner), and
U.S. Pat. No. 3,989,932 (Koerner).

The basic operation of these systems relies on an inductive
loop or coil of wire buried beneath the road surface, typically
in a rectangular pattern with sides several feet long. This loop
has some nominal inductance which will be reduced when
some large metal object, such as a vehicle, is brought into
proximity, according to well known laws of electromagne-
tism. The loop is typically placed in an oscillator circuit such
that its inductance directly affects the frequency of oscilla-
tion. The sensing circuitry then monitors the oscillation fre-
quency and indicates presence of a vehicle when some suffi-
ciently large and abrupt change takes place in that frequency.
This is accomplished by either measuring the time taken to
accumulate some fixed number of oscillations, or by measur-
ing the number of oscillations in some fixed time. Alternately,
inductance change can be measured by applying a fixed fre-
quency signal, and monitoring a phase shift or bridge imbal-
ance as is commonly done in laboratory instruments for
inductance measurement. The important common feature is
that some alternating current signal, typically in the 20 kHz to
200 kHz frequency range, is applied to the loop, and that the
detection is triggered by some measurable change in the
frequency or phase of that current.

These systems are still very common, and can be expected
to persist in more emote areas where the cost of the visual
systems may not be justified. It is these less-traveled sites
which present a particular problem for the operators of
smaller vehicles such as bicycles and motorcycles.

Often a side-street or left-turn lane will have such a loop-
based sensor. Quite often, the sensitivity of these sensors will
be set such that only vehicles as large as an automobile will
cause sufficient perturbation to the magnetic field of the
inductive loop to activate the detector and cause the desired
traffic light change. Often, this sensitivity is deliberately
reduced to avoid maintenance problems associated with false
triggering from large temperature changes or aging. A smaller
vehicle, such as a bicycle, often will be unable to activate the
sensor, or the operator must resort to such inconveniences as
laying the bicycle down in the area of the loop with the hope
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that sufficient inductance change will result. When the main
street has a large amount of traffic, and the side street or turn
lane does not, the situation can be very frustrating.

Various approaches have been taken to solving this prob-
lem. Frasier (U.S. Pat. No. 5,652,577) describes a passive
device consisting of a relatively large metallic mesh or foil
which is to be laid over the loop so as to simulate the presence
of a large metallic object. This has the major drawback of
being very awkward and inconvenient.

Strang and Frus (U.S. Pat. No. 5,057,831) describes an
active system consisting of two coils connected via an ampli-
fier. One coil is used to sense the emitted alternating field
from the loop, while the other is used to generate an amplified
magnetic field which is then presented to the loop by mag-
netic induction. Thus, the system tries to create the effect of a
large metallic object, which would reduce or exclude any
applied field, by driving a somewhat canceling alternating
field back to the loop. This system has the advantage of being
active and thus smaller than the corresponding large metal
object, but has the disadvantage of being limited in the sen-
sitivity which can be provided via the gain of the amplifier
before self-oscillation takes place. In order to provide more
sensitivity, greater separation between the two coils would be
necessary, and the device would become larger. The adverse
effects of feedback between output and input are discussed in
’831 and described as regeneration. Although not based on
regeneration, the inventors of *831 describe it as difficult to
avoid. It will be especially difficult to avoid regeneration,
even with specific cancellation circuitry, across a wide range
of frequencies. Furthermore, relative orientation of the two
coils with respect to the loop is critical in order to ensure field
cancellation.

Baer and Sunda (U.S. Pat. No. 6,072,408) describe two
embodiments of active systems. In the first embodiment, a
voltage controlled oscillator (VCO) is driven throughout the
range of expected frequencies (20 kHz-200 kHz) and con-
nected to a transmitter and coil intent that, for some brief
instant, the frequency of the loop sensor will coincide with
that of the VCO. At this point, the loop sensor circuitry will
respond to the presence of an inductively coupled signal
much as it would to an abrupt change in inductance. If the
loop sensor circuitry is sufficiently unsophisticated, a brief
perturbation in its current caused by coupling at or near its
driven frequency would activate the detection circuitry.

In the second embodiment disclosed in 408, the VCO is
controlled by circuitry which temporarily or perhaps periodi-
cally shuts down the transmitter and attempts to measure the
actual frequency emitted by the loop sensor. With this mea-
surement, the transmitter is then set to a similar frequency so
that it can dwell on or near the correct frequency so as to
further enhance activation. These embodiments both suffer
from difficulties associated with some of the more advanced
aspects of loop sensor technology as described below.

In most modern implementations, loop sensor technology
implements a time-sharing approach to vehicle presence
detection. There are several reasons for this, but the primary
reason is that a single intersection might have many detection
zones. For example, there may be two left-turn lanes with
need to distinguish between vehicle presence in each. By
time-sharing the loop-sensing function, interaction between
two adjacent loop sensing circuits can be avoided. Each loop
is periodically activated for a brief time “window” (typically
5 ms to 50 ms), followed by a large interval of inactivity
during which time other loops can be activated. During that
activation window, the loop receives a brief “burst” of high-
frequency signal and detection determination is made during
that burst time. Adjacent loops will be activated in sequence,
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so that never will two be activated at the same time, and the
possibility of inadvertent interaction and false-triggering is
eliminated.

Additionally, many installations will have timing require-
ments such that a vehicle must be detected for a significant
duration of time (a dwell time) before activation occurs. This
is to ensure that a signal light change is required, and that the
vehicle didn’t just briefly trigger the detector and then make
anunusual move (such as a last-minute lane change or, worse,
a red signal transgression). Furthermore, some intersections
require that a first loop sensor be activated before a vehicle
dwells on a second sensor as if to ensure that the vehicle
actually approached from the approved direction.

For these reasons, the devices of Baer and Sunda would
have difficulties. The first embodiment would not provide a
sufficient duration of detection for those systems requiring a
dwell time. The second embodiment would have difficulty
with the large number of systems which employ time-sharing.
In order to capture the frequency of the loop sensor oscillator,
their embodiment sampled an input from an inductively
coupled coil for some time interval and counted the cycles-
received. With a time-shared signal, which is not continuous
but only present during some low duty cycle, the time interval
of the measurement must be somehow matched to that of the
loop sensor burst so that the instantaneous frequency of the
burst can be measured. This would undoubtedly require mea-
surement circuitry far beyond what is disclosed in the *408
patent, especially since burst durations vary from system to
system.

SUMMARY OF THE INVENTION

The present invention accomplishes loop sensor activation
by generating an out-put signal of large amplitude and apply-
ing it to a coil positioned for inductive coupling to the sensor
loop. The frequency of the output signal is brought close to
that of the loop sensor by adjusting a VCO while simulta-
neously monitoring the difference frequency signal derived
by heterodyne mixing of the generated signal with the signal
from the loop sensor. This difference frequency signal is
processed through a low-pass filter designed to only allow
signals of sufficiently low frequency to be amplified. When
the frequency of this mixer product is within the passband of
the low-pass filter, its amplitude is measured in a detection
process, and averaged over a time period corresponding to
many cycles of the time sharing described above. This mea-
surement is performed by a small controller, such as a micro-
controller, configured to also correct the frequency of the
VCO so as to maximize the amplitude of the signal at the
difference frequency. In this manner, a frequency very close
to that of the loop sensor is found, and a signal at that fre-
quency is simultaneously retransmitted to the loop sensor
over an arbitrarily long dwell time. By proper choice of the
corner frequency of the low-pass filter, the difference
between the loop sensor frequency and resultant VCO fre-
quency can be made small enough for activation of the vehicle
presence detection circuitry to occur.

In contrast with prior art activation techniques, the present
invention simultaneously transmits while monitoring its fre-
quency relative to that of the loop sensor. There is no need for
a pause in operation to measure the loop sensor frequency.
Furthermore, by the use of a balanced mixing arrangement, a
single coupling coil can be used and there is no need for a
second inductive coupling coil for communication with the
loop sensor.

A further major benefit of the present invention is that the
sensitivity is not limited by stability concerns. By using the
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heterodyne mixing principle, gain is applied only to signals at
the difference frequency. This difference frequency, when
present, is far below the operating frequency, and so there is
no need to keep the outgoing signal separated from the incom-
ing signal, aside from the amount of isolation required for
proper operation of the mixer. As a result, this gain can be
quite high, as can the sensitivity, while the output amplitude is
kept at its maximum value throughout the operating cycle,
regardless of distance from the sensor loop.

Furthermore, there is no need for a circuit according to the
present invention to calibrate its VCO in order for an input
frequency measurement to be mapped to an appropriate VCO
setting. By virtue of the heterodyne mixing and low-pass
filtering, the VCO frequency which leads to significant ampli-
tude of a signal at the difference frequency is automatically
very close to the input frequency.

A further benefit of the present invention is that time-
shared signals with even modest duty cycles are easily
accommodated by ensuring that the time constant of the
amplitude detection circuitry is sufficiently large. This serves
to average out the effects of the short bursts in such a manner
that the actual timing of the bursts is irrelevant.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of a basic activation device
according to the invention, showing inductive coupling coil 1,
inductor 2, VCO 3, balanced drive circuitry 4, balanced mixer
5, low-pass filter 6, amplifier 7, detector 8, and microcontrol-
ler 9.

FIG. 2 shows a representative time-shared loop sensor
signal 10, corresponding beat frequency signal 11, and detec-
tor output 12.

FIG. 3 shows details of an exemplary embodiment of the
invention.

FIG. 4 shows a flowchart of an exemplary embodiment of
the algorithm used by microcontroller 9.

FIG. 5 shows a block diagram of an alternative embodi-
ment of the invention, with automatic activation circuitry
provided by logic gates 47 and 48, master output control
signal 1101, analog switch 1102, high frequency amplifier
1103, and detector 1104.

FIG. 6 shows details of an exemplary embodiment of the
invention including signal 96 from microcontroller 9 which
enables or disables the balanced drive circuitry 4 for power
conservation purposes.

FIG. 7 shows a flowchart of an exemplary embodiment of
the algorithm used by microcontroller 9 when power conser-
vation is used with signal 96.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a block diagram of an exemplary embodi-
ment of the invention. Coil 1 serves to both carry the high-
power output signal being sent to the loop, as well as to
receive the much weaker signal emitted by the sensor loop.
Balanced drive circuitry 4 takes the signal from VCO 3, which
is constrained to have a frequency covering all the expected
operating frequencies of loop sensors (typically 20 kHz-200
kHz) and applies it to both coil 1 and inductor 2. Coil 1
consists of approximately 20 turns of wire wound in a rect-
angular form, approximately 4 inches by 5 inches along its
sides. The nominal inductance of coil 1 is chosen to be
approximately 50 microhenries. Inductor 2 is wound on an
iron-powder toroidal form and also has an inductance of
approximately 50 microhenries. The field of inductor 2
should be kept substantially isolated from coil 1 so that little















