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1

Our invention relates to vehicle-controlled
signal systems which automatically assign the
right of way in accordance with the varying
demands of traffic.

Such signal systems require a control equip-
ment which issues control impulses in such a
manner as to secure a traffic regulation with a
best feasible adaptation to local traffic condi-
tions.

This purpose is served by the known road !

treadle contacts built into the different trafiic
lanes of a street crossing and actuated by each
vehicle to release & control impulse. Treadle
contacts of this kind require extensive ground
installations that are apt to be affected by water
and inoperative when covered by snow and ice.

It has also been proposed to employ trans-
mitter-receiver systems operating with visible or
invisible .optical radiation, or with sound waves
of very high frequency, or with electromagnetic
waves. Although such transmitter-receiver sys-
tems for radiation of various kinds avoid the
shortcomings of a treadle-actuated installation,
they are deficient in other respects. The control
equipment for the signal must not respond to
pedestrians, nor to trolleys and other vehicles of
the other traveling direction. This precludes
installations in which a transmitter, located at
one side of the street, directs a horizontal beam
of radiation onto a receiver at the other side of
the street. Transmitter and receiver must be
disposed close to each other above the road sec-
tion under supervision. The radiation, directed
from the transmitter onto the traffic lane should
he reflected, from an object to be responded to,
toward the receiver. Due to the greafly varying
réflecting properties of vehicles, for optical and
acoustical radiation under different atmospheric
¢onditions, these types of radiation are very
badly suited for such installations. Also trans-
mitter-receiver systems for high-frequency radi-
ation, -as heretofore proposed, fail to guarantee
a satisfactory control.

It is an object of our invention to provide a
“raffic-responsive signal control system that,
while avoiding the disadvantages of treadle con-
tacts, is also capable of meeting the above-men-
tioned other requirements more satisfactorily
than any of the radiation emitting control sys-
tems heretofore available. )

Another object of our invention is to devise a
trafiic signal control of the radiation type wh@ch
operates without a receiver proper, i, e. which
permits simplifying the fraffic-responsive sensing
and impulse emitting means by having a single
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electronic unit emit the radiation and also re-
spond to the effects caused by a traffic object or
vehicle intercepting the radiation.

Other objects of the invention are to readily
permit confining the radiation beam of a radia-
tion-type traffic detector to a desired area of a
trafic lane so as to safely exclude interference
due to traffic on adjacent lanes or areas, and to
provide a traffic detector of greatly improved
sensitivity and selectivity.

The invention is based upon the recognition
that the input impedance of an antenna varies
in dependence upon conditions within the radia-
tion field or space. With a radiator for high-
frequency waves, the radiation space, due to its
total reflection and absorption phenomena,
reacts back on the radiator as a complex load.
The impedance (radiation resistance) of the
radiator, 1. e. the ratio of the applied voltage to
the current taken up by the radiator, varies
together with variations within the radiation
space. This dependence of directional radiation
impedance upon the field conditions in the radia-
tion space is utilized, according to the invention,
for controlling a traffic signal.

According to our invention, we dispose at least
one directional radiator, fed from a high-fre-
quency generator, above the road area under
supervision so that a laterally limifted beam of
radiation is directed toward the area, and we
provide thig transmitter system with translating
means which convert the variations of antenna
input impedance, caused by an object traversing
the radiation field, into corresponding electric
control impulses for a traffic signal.

According to another feature of the: invention,
we equip the impedance-responsive impulse pro-
ducing devices with discriminator means so that
a signal controlling impulse is issued only when
the intensity and dquration of the impedance
variation exceed given minimum values.

According to further features of our inven-
tion, we design the high-frequency radiator as
a broadside array of dipoles ahd operate it at
a frequency whose wave length is not appreciably
larger than the linear dimensions ¢f the traffic
objects to be responded to. According to a more
specific feature, the dipoles are designed and
energized to operate in parallel resonance and
have a length substantially equal to the wave
length of the frequency radiation, these length
magnitudes being preferably in the same order

-of ‘magnitude as the average linear dimensions

of the traffic objects. .
'The above-mentioned and other objectives and
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features of our invention will be apparent from
the following description in conjunction with the
appertaining drawing in which Figure 1 is a
schematic illustration of a traffic detector and
signal control system according to the invention,
while Figs. 2 to 5 show diagrammatically four
respective embodiments of the variation-sensing
and impulse controlling section of such a system.

According to Figure 1, a directional radiator 3,
consisting of an array of five parallel dipole an-
tennas, lying in a common plane, is energized
from a high-frequency generator I, The radia-
tor emits a laterally limited beam of radiation
toward the ground area 4 under supervision, for
instance, a traffic lane at a street crossing. For
producing a beam of best possible homogeneity,
several, at least three, dipoles are required. The
operating point of the individual dipoles and
the reflecting properties of the radiated ground
area determine a definite normal impedance
(radiation resistance) of the directional radiator,
i. e. a given ratio of high-frequency current and
high-frequency voltage at the input circuit of the
directional radiator or at any other point of the
transmission line between generator and radia-
tor. As-explained, an object, such as the vehicle
5, traversing the radiation beam and having
linear dimensions approximately equal to the
wave length of the radiated frequency, causes a
variation in impedance of the radiator. A detec-
tor device 2 is provided which senses these im-
pedance changes and converts them into electric
impulses. A direct impedance gauge circuit may
be tsed for this purpose, e. g. an impedance-
measuring bridge circuit. However, the changes
in radiation impedance may also be determined
as current or voltage changes by means of 2
high-frequency current or voltage indicator. Of
course, in all these cases a corresponding match-
ing member between the high-frequency trans-
mission and the radiator will be necessary. Be-
sides, at the suitable frequencies (about 300 mega~-
eycles), the circuit tap points for current and
voltage measurements must be properly selected.

Tt is also possible to design the generator and
couple it to the directional radiator in such a
mannei that the impedance variation of the
radiator directly influences a characteristic oper-
ating . quantity, e. g. the grid current, of the
generator, This permits translating the ‘imped-
ance variations of the radiator into electric im-
pulses by means of a detecting device responsive
to the particular operating quantity of the gen-
erator.

The indicative impulses issuing from the de-
tector 2 depend, as to amplitude and time curve,
upon the kind and velocity of the object re-
sponded to. They are, therefore, passed through
a frequency-dependent discrimihating device 6
whose time constant and sensitivity are adjusted
so that only impulses of a desired amplitude and
duration are released to a relay unit T for the
control of the signalling device 8. To this end,
the disefiminating device' § is preferably de-
signed as ax impulse amplifier of adjustable time
constant.

The operating point for the dipoles lies, prefer-
ably, within the range of parallel resonance be-
cause then the impedance curve is very steep
so that small variations in field conditions cause
1arge variations in impedance. To this end, the
length of the dipoles must be approximately equal
to half the wave length of the radiated fre-

quency. .
A reflector 9 may be mounted above the dipoles
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4
in order to secure a better utilization of thé
high-frequency energy. The reflector may con-
sist of sheet metal or wire mesh, or of an ar-
rangement of reflector dipoles.

In order to prevent a disturbing variation of
the normal impedance due to rain, snow, tem-
perature, ete., it is of advantage to provide for a
good reflectivity of the irradiated ground area.
This can be attained by surfacing the area with
a material whose dielectric constant is as high
as possible. This constant should at least have a
value of four. By embedding metallic reflectors
(plates, grids or wires) into the road area, such
as shown at 10, the required reflectivity is secured
in any event.

If it is desired to discriminate between objects
as to their direction of travel, two or more direc-
tional radiators may be disposed above the re-
spective lane areas, each having its own detector
device for changes in radiation impedance, the
indicating impulses from these detectors being
differently responded to by a single discriminat-
ing device depending upon the timely sequence
of the impulses. -

In this case, and also if a complete installa-
tion with several separately supervised trafiic
lanes is to be built, the various directional radia-
tors may be fed from a single generator.

As mentioned above, the traflic-responsive vari-
ations of radiation impedance may be determined
in various ways, in particular as changes in
radiator input voltage or current, as changes in
voltage to current ratio, or as changes in an
electric operating magnitude of the generator.
These possibilities are elucidated by the embodi-
ments shown in Figs. 2 to 4 and described
presently.

According to Fig. 2 the array 3 of dipoles is
connected to the transmission line by an im-
pedance matching coupling comprising capaci-
tors It and an inductive coupling member 12.
The voltage across the transmission line is ap-
plied to an amplifier from tap points located
away from voltage nodes. The signal from the
amplifier is applied to an electronic trigger unit
14 which issues its trigger impulses to the grid
circuit of a thyratron 15. The plate -circuit of
the thyratron is shown to be connected to the
coil 16 of an electromagnetic relay in series with
plate-current supply terminals 171. It will be
understood that the detector, amplifier, trigger
and cother units may be integrated or built to-
gether in any suitable manner, for instance, to
a single electronic tube arrangement and that
the desired impulse producing, filtering or dis-
criminating functions ‘may ‘be assigned to any
suitable unit or tube circuit section. For in-
stance, the trigger circuit may consist of an im-
pulse amplifier of such characteristic that a fir-
ing impulse is issued to the thyratron only if
the voltage across the input terminals of ampli-
fier 13 drops below given magnitude, and either
amplifier 13 or unit 14 may contain a timing
circuit so that a given duration of the voltage
reduction is-also necessary for triggering the tube
l§. The relay 16 represents the impulse respon-
sive relay of a signal control device which need
not depart from those known for treadle-actu-
ated or -electromagnetically - controlled - sigrial
systems. -

If the detector unit 2 is to respond to chinges
in current, its amplifier; according to Fig. 3; may
be input-conneécted dcross a resistor-or any cther
available series impedance of the transmission
line so that the voltage applied to the amplifier
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13 is substantially proportional to the load cur-
rent of the radiator, the rest of the system be-
ing otherwise similar to that of Fig. 2. It is
obvious, that voltage response according to Fig.
2-and current résponse according to Fig. 3 may
be combined by applying the two respective
voltages to a ratio measuring circuit so that the
control intelligence derived from the two volt-
ages is more strictly a measure of the radiation
resistance of the dipole array.

" In'the embodiment shown in Fig. 4, the high-
frequéncy generator is composed of an oscillator
19 and a power amplifier 28 interconnected by a
suitable coupling 2{. Oscillator and amplifier
are. of customary design, except that the grid
circuit of the amplifier tube 22 is coupled to
an amplifier 28, for instance, across a resistor or
other series impedance 24 of the grid cireuit.
The grid current of tube 22 varies in dependence
upon-variations of the antenna input impedance
and causes a corresponding voltage variation to
occur across the input terminals of amplifier
23. The amplified signals are applied to dis«
criminator and impulse transmitter sections as
described in the foregoing.

In .the embodiment shown in Fig. 5, the
coupling between high-frequency generator f
and dipole array 38 is designed as a Lecher wire
to facilitate matching of the antenna and trans-
mission line impedances. The shorting bar 32
and the feed points of a terminal bar 33 are pref-
erably displaceable, as is indicated by arrows.
By properly positioning the bars 82 and 23 rela-
tive to each other, the points of aittachment to
the detector unit 2 can readily be kept away
from.voltage nodes.  The detector unit 2 con-
sists essentially of an electronic voltmeter with
two symmetrically arranged diodes 34 and 35.
Such high-~frequency voltmeters are known as
such so that details of unit 2 need.not be further
described. The output veltage of the detector
is applied across the resistor of a potentiometric
rheostat 36 in series with a source 37 of direct~
current voltage. Source 37 imposes a polarizing
bias on the tube voltmeter so that the impulse
amplifier 6, of which the rhetostat 38 forms
part, is not affected by the normal voltage im-
pressed on the detector 2, but responds only to
variations of that voltage.

The amplifier § comprises two tubes 38§, 28
whose circuits include resistors, of which one is
denoted by £8, and capacitors of which one is
denoted by 4!. The amplifier circuits are es-
sentially conventional, except that the output
circuit includes in series the two coils 42, 43
of a differential relay 44 and a capacitor 45 in
parallel connection to only one of the two coils.
Relay 48 corresponds to relay i6 in Fig. 2, i. e.
its contact 45 controls the operation of the
traffic signal devices proper.

The sensitivity of the amplifier § can be ad-
justed by correspondingly adjusting the slide
contact of rheostat 35 so that only voltage varia-
.tions above a given minimum amplitude are ef-
fective to control the relay £4. The time con-
stant of the impulse amplifier is essentially de-
termined by the capacitors &f, 45 and by the
resistance values of resistor 48 and coil 42 re-
spectively. By adjusting the capacitors 4i and
45, this time constant can be so chosen tl:'lat_the
relay 44 is affected only by voltage varlat}ons
that extend a given minimum period of time.
Consequently, the impulse amplifier & also op-
erates as a discriminator. .

Normally, the anode current of amplifier tube
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38 flows through both windings 42, 43 of re-
lay 44 whose fields cancel each other so that
contact 46 remains open. However, a sudden
increase in plate current, as caused by a de-
tected voltage change of sufficient magnitude
and duration, is temporarily only effective in
ceil 43 but not in coil 42 because the capacitor
&8, due to the sudden increase in voltage drop
across coil 42, is charged and hence absorbs the
current increase. A sudden  decrease in plate
current of tube 39 is likewise temporarily effec-
tive in coil 43 only, while the current in coil 42
remains at first at the previous value due to
the fact that capacitor 45 now discharges
through coil £%2. - Consequently, any sudden
change in output current of amplifier 6 results
in an unbalanced excitation of the two coils of
the differential relay so that contact 46 is actu-
ated and issues a control impulse to the traffic
signal devices.

It will be appsrent from the exemplified em-
hodiments that the invention permits of various
modifications and alteration, and can be em-
bodied by devices other than those specifically
illustrated and described, without departing
from the essential features of the invention as
defined by the claims annexed hereto. .

We claim as our invention: :

1. In combination with a road lane for
vehicle travel, a traffic signal installation com-
prising a directional high-frequency radiator dis-
posed above a surface area of the road lane and
having a beam directed downwardly onto said
area and laterally substantially limited to said
arca, 2 high-frequency generator connected to
said radiator to provide energization therefor
and having a frequency corresponding to a wave
length in the order of magnitude of the average
vehicle length, detector means connected with
said radiator and responsive to input-impedance
variations of said radiator due to vehicles passing
through said beam, and traffic signal means con-
nected to said detector means to be controlled
by said impulses.

2. A vehicle-controlled traffic signal system,
comprising a high-frequency generator having a
wave length in the order of magnitude of the
average vehicle dimensions, a broadside array of
antennas connected to said generator and being,
when installed, horizontally disposed above a
traffic lane area under supervision tc direct a
laterally confined beam downwardly toward said
areaz, said antennas having a horizontal length
substantially equal to said wave length, detector
means connected to said array and responsive to
variations in input impedance of said array due
to vehieles passing through said beam, and signal
control means connected to said detector means
to be controlled by said variations.

3. A ftraffic-controlled signal system, compris-
ing a high-frequency generator having a wave
length in the order of magnitude of the average
vehicle length, a directional radiator disposed
above a surface area under supervision for beam-
ing high-frequency radiation toward said area,
said radiator being composed of at least three
dipoles dispesed substantially in a common hori-
zontal plane and having each a length substan-
tially equal o said wave length to operate in par-
allel resonance, detector means responsive to var-
jations in input impedance of said radiator due to
vehicles passing through said beam, and signal
control means connected to said detector means
to be controlled in dependence upon given min-
imum conditions of said variations.
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4. A traffic signal system according to claim 2,
comprising a reflective surface member dis-
posed above said array and having a substantial-
ly horizontal reflective surface extending sub-
stantially over the entire length and width of
said array.

_5..In combination with a vehicle traffic lane, a
traffic signal installation comprising a direc-
tional high-frequency radiator disposed above &
surface area of the road lane and having a beam
directed downwardly onto said area and lateral-
ly substantially limited to said area, a high-
frequency generator connected to said radiator to
provide energization therefor, said surface area
having a surface layer whose dielectric constant
has an average value of at least four, detector
means connected with said radiator and respon-
sive to input-impedance variations of said radia-
tor .due to vehicles passing through said beam,
and traflic signal means connected to said detec-
tor means to be controlled by said impulses.

6. In combination with a vehicle traffic lane, a
traffic signal installation comprising a direc-
tional high-freguency radiator disposed above a
surface area of the road lane and having a beam
directed downwardly onto said area and lateral-
ly substantially limited to said area, a high-
frequency generator connected to said radiator to
provide energization therefor, metallic reflection
means embedded in said area of said lane, detec-
tor ‘means connected with said radiator and re-
sponsive to input-impedance variations of said
radiator due to vehicles passing through said
beam, and traffic signal means connected to said
detector means to be controlled by said im-
pulses.

7. A trafic signal system according to claim 2,
comprising a transmission line connecting said
generator to said array, said detector means hav-
ing a circuit member connected in said transmis-
sion line and responsive to the current flowing
through said line from said generator to said

array.

ot

10

20

30

40

8

8. A traffic signal system according to claim 2,
comprising a frequency-dependent diseriminator
means of adjustable ‘time constant heing con-
nected between said detector means and said sig-
nal control means for releasing control-pulses to
said signal means when said variations exceed
given intensity and duration values.

9. A traffic-responsive signal contirol system,
comprising a directional high-frequency radiator
to be disposed above a surface area so-as to di-
rect g beam toward said area, a high-frequency
generator connected to said radiator to provide
energization therefor, detector means responsive
to. variations in input impedance of said radiator
due to. objects passing through said beam,. fre-
quency-dependent discriminator means of ad-
justable time constant comprising an impulse
amplifier and being connected with said detector
means for releasing control impulses in depend-
ence upon given intensity and duration of. said
variations, and signal control means connected to
said diseriminator means to be controlled by said
impulses. .
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