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ABSTRACT -OF THE DISCLOSURE

The disclosures relates to apparatus for measuring the
ratio of traffic volume measured at different locations. A
signal accumulating means such as an operational ampli-
fier receives a predetermined, uniform increment of sig-
nal in response to each detection of a vehicle by a vehicle
detector at one location. In addition, an amount of signal
dependent upon the magnitude of signal in the accumu-
lating means is subtracted from the accumulating means
in’ response to each vehicle detected at another of the lo-
cations. The magnitude of signals stored in the accumin-
lating means is then representative of the ratio of traffic
volume at the two locations.

Numerous instances arise when it is desirable to pro-
vide a voltage analog of the ratio of traffic volume at a
given location to total traffic volume at a plurality of
locations, For example, it may be desirable to provide a
voltage analog of the ratio of traffic moving along a par-
ticular lane of a multi-lane highway to total traffic along
the highway moving in. the same direction. In such in-
stance, separate vehicle detectors may be positioned to
sense traffic moving in each of the lanes in the selected
direction. Outputs of each of the separate vehicle de-
tectors may then be applied to the computer of the instant
invention, which thereupon provides an output voltage an-
alog of the percentage of total-traffic moving in a particu-
lar direction along the highway which is utilizing a par-
ticular lane. of the highway. Obviously, such measure-
ments.are not testricted to traffic. moving in a single di-
rections, since traffic moving in both' directions may also
be monitored, and traffic utilizing a single lane.in either
direction may then be expressed as a percentage of.total
traffic ‘utilizing the entire highway, through use of ‘the
computer comprising the instant invention. P

-The invention is: also useful for proving:a  voltage
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the ratio of the différence between traffic volume sensed at
two separate locations to the sum of traffic volume sensed
at'the two locations.

The invention contemplates novel computing means. for

providing a voltage analog of a traffic volume ratio com-
prising amplifier means having an input and an output,
feedback ' capacitor means shunted. across the input and
output of the amplifier means, means coupling a pulse
of fixed amplitude to the input of the amplifier means in
response to each vehicle detection at locations providing
numerator information for the voltage analog, and means
coupling a pulse of amplitude proportioned to output
voltage amplitude of the amplifier means to the input of
the amplifier means in response to each vehicle detection
at locations providing denominator information for the
voltage analog.
. The foregoing and other objects and advantages of the
Invention' will become apparent from the following de-
tailed description when read in conjunction with the ac-
companying drawings, in which:

FIG. 1 is a schematic diagram of one embodiment of

- the nove!l traffic parameter computer.

FIG. 2 is a schematic diagram of another embodiment
of the novel traffic parameter computer.

Turning now to FIG. 1 there is shown an operational
amplifier 10 having a feedback capacitor 11 shunted
across the input and output of the amplifier. A pair of
vehicle detectors D1 and DZ are respectively ‘coupled to
relays R1 and R2 of the computer. These vehicle de-
tectors preferably comprise presence -detectors such as
those described in J. H. Auer, Jr. and H. C. Kendall
Patent 3,042,303, granted July 3, 1962, although other
types of vehicle detecting means may be used satisfac-
torily with the computer and it is by no means necessary
that the detector be of the presence type. :

The heels of a pair of contacts 12 and 13 associated
with the relay R1 are coupled to a pair of capacitors 14
and 15, respectively through respective resistors 16 and
17. Similarly, the heel of a_contact 18 associated with re-
lay R2 is coupled to a capacitor 19 through a resistor 20,
Front contact 12 of relay R1 is coupled to a source of

“positive voltage. Back contacts 12, 13 and 18 are each

separately coupled to the input of amplifier -10. Front
contacts 13 and 18 are each separately coupled to the
output of amplifier 10.

In' operation, each time a. vehicle is sensed by - de-

““tector D1, capacitor 14 acquires a positive charge through

analog of the ratio of traffic volume in a particular section

of a highway to traffic volume in that section plus other
sections' of the highway. The computer may also be
used for measuring the percentage of total highway. traf-
fic volume entering orleaving at a particular access road

for the highway. This would involve placement of vehicle

detectors along:the highway and the access road. It is
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resistor 16. When the vehicle is:no longer sensed by ‘de-
tector D1, relay R1 deenergizgs, coupling . a positive
charge stored on capacitor 14 to the input of amplifier 19,

Resistor 16 is sufficiently small to permit capacitor. 14 to, -

““charge to a voltage amplitude” substantially. that of the
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obvious that- many other uses for this traffic pararnetgr

also exist.

Accordingly, one object of the invention is to ‘provide

apparatus for computing the ratio of traffic volume
sensed at one or.more particular locations to traffic vol-
ume sensed at one or more other locations.
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Another object is to provide apparatus for producing -

a - continuously "varjable  voltage of amplitude propor-

tional to the ratio of traffic volume measured at a particu- :

lar-location to the total of traffic volume measured ‘at

that location plus other locations. ‘
Another object is to provide a traffic parameter com-

puter utilizing' a single operational amplifier and passive
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components to provide a voltage analog of the ratio of -

traffic:volume at a particular location to traffic
a plurality of locations. ‘
Another object is to provide apparatus for computing

volume at
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»capacitor 14 to capacitor 11. )

posi.tive'voltage source during: the interval in which. a
vehicle is sensed by detector D1, regardless of speed of
the vehicle, and similarly is sufficiently small to permit

_r‘.substanfially full discharge of capacitor 14 during the”
Interval in: which relay R1.is denergized, regardless: of

how closely each vehicle follows the other in the stream
of trafﬁc being sensed. Hence, each time relay R1 is de-
energized, a fixed increment of charge is discharged from °

In similar fashion, when relay R1 is energized, capaci- -
tor 15 acquires a negative charge from the output volt-
age of amplifier 10. Again, it should be noted that ré-
sistor 17 is sufficiently small to permit capacitor 15 to

charge to a voltage equal to that stored across capacnor

11 during the interval in which relay R1 is energized,
even when a fast-moving vehicle is sensed by detector Di...
When relay R1 deenergizes, capacitor 15 discharges,
providing a voltage pulse to the input of amplifier 19.
This pulse tends to decrease the voltage amplitude across
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capacitor 11, since the polarity of voltage now provided
from capacitor 15 is of opposite polarity to the voltage
stored on capacitor 11. However, it should also be noted
that when relay R1 deenergizes, capacitor 14 provides
a charge to the input of amplifier 10 of polarity opposite
to that provided to the input of amplifier 10 from capaci-
tor 15.

In a fashion similar to that by which front contact 13
of relay R1 permits charging of capacitor 15 from capaci-
tor 11 and back contact 13 permits capacitor 15 to dis-
charge to the input of amplifier 10, front contact 18 of
relay R2 permits capacitor 19 to acquire a charge from
feedback capacitor 11 during the interval in which a ve-
hicle is sensed by detector D2, and back contact 18 per-
mits capacitor 19 to discharge to the input of amplifier
10 during intervals in which no vehicle is sensed by de-
tector D2. Again, it should be noted that resistor 20 is
sufficiently small to permit capacitor.19 to charge to sub-
stantially the amplitude of voltage stored across capacitor
11 when relay R2 is energized and to permit capacitor 19
to substantially fully discharge to the input of amplifier
10 when relay R2 is deenergized.

That the foregoing parameter computer provides an
output voltage analog of the ratio of traffic volume sensed
by detector D1 to traffic volume sensed by detectors D1
plus D2 may be shown in the following manner:

Let

(Qy=charge on capacitor 14

QOs=charge on capacitor 15

Qs;=charge on capacitor 19

C,=capacitance of capacitor 14

Ca=capacitance of capacitor 15

C;=capacitance of capacitor 19

E==positive reference voltage amplitude

E,=output voltage amplitude of amplifier 10

V,=traffic volume sensed by detector D1

V,=traffic volume sensed by detector D2

T=4 time interval during which vehicle detections are
made

ny==number of vehicles detected by detector D1 duriiig
time T

np=number of vehicle detected by detector D2 during
time T

When 4 vehicle is sensed by detector D1 capacitor 14
charges according to the equation

0,=C,E
and capacitor 15 charges according to the equation
Q2=C2E0

Similarly, when a vehicle is detected by detector D2, ca-
pacitor 19 charges according to the equation

Q3=C3E0

During time T, charges Qy, Q, and Qg are each multiplied
by the number of vehicles sensed in that time by the re-
spective detector producing the charge. Hence

(1) 0, T=mnCE
2) QyT=n;C3E,
and
3) Q3T=nyC3E,
Since
m
V=
and
N
Vz—T
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4
Equations 1, 2 and 3 can Ze rewritten respectively as
(4 O,=VC.E
(% Qy=V1CE,
and
(6) Q3=V3C3E,

Since capacitors 15 and 19 are both charged from output
voltage By of amplifier 10, total charge applied to the
input of amplifier 10 at equilibrium is equal to total
charge acquired at the output side of the amplifier during
time T. Hence.

01=02+03

or
V1CE=V1CEy+V G,

Then
(7) Bo— ViC.E

"TVLC+VACs
By making C3;=C, Equation 7 can be rewritten as

Byt GE
VAT C

Therefore, since C;, Co and E are constants, Ey is di-
rectly proportional to the parameter

AT
V14V,

It should be noted that in order to derive a volume
ratio of

Vi/Vs

to compare fo rexample, relative traffic volumes at two
different locations, it is merely necessary to open the
circuit comprising capacitor 15, resistor 17 and relay
contact 13.

FIG. 2 illustrates a modification of the circuit of FIG.
1, wherein the output voltage analog produced by the
computer represents the ratio of the difference between
traffic volume sensed by detectors D1 and D2 to the sum
of traffic volume sensed by detectors D1 and D2. This is
accomplished by utilization of an additional contact 21
on relay R2, the heel of which is coupled to a capacitor
22 through a resistor 23. Back contact 21 is coupled to
the input of operational amplifier 10, while front con-
tact 21 is coupled to a source of negative voltage, prefer-
ably of amplitude equal to that of the positive voltage
SOHICE.

Operation of the circuit comprising contact 21, resis-
tor 23 and capacitor 22 is substantially identical to op-
eration of the circuit comprising contact 12, resistor 16
and capacitor 14, with the exception that capacitor 22
acquires a negative charge, while capacitor 14 acquires
a positive charge. Thus, when a vehicle is sensed by detec-
tor D2, energizing relay R2, capacitor 22 acquires a nega-
tive voltage through front contact 21 in series with re-
sistor 23, The amplitude of the acquired negative voltage
is substantially that of the negative voltage source, since
resistor 23 is sufficiently small to permit capacitor 22 to
charge to an amplitude substantially that of the nega-
tive voltage source during the interval in which a fast-
moving vehicle is sensed by detector D2. When detector
D2 no longer senses a vehicle, capacitor 22 discharges to
the input of amplifier 10 through back contact 21 in series
with Tesistor 23, coupling a negative input voltage to
amplifier 10. Moreover, capacitor 19 discharges to the
input of amplifier 10 through a back contact 18 in series
with resistor 20, tending to decrease the magnitude of
voltage stored on capacitor 11, regardless of polarity.
This is so since the polarity of charge acquired by capaci-
tor 19 depends upon the polarity of voltage stored on
capacitor 11. Similarly, when relay R1 deenergizes after
detector D1 has sensed a vehicle, the polarity of charge
coupled from capacitor 15 to the input of amplifier 10
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is also such as to decrease the magnitude of voltage stored
on capacitor 11.

I capacitors 14 and 22 are of the same value, a larger
number of vehicle detections by detector D2 as com-
pared to D1 produces a positive voltage from the com-
puter as opposed to a negative voltage produced there-
from when the number of vehicles sensed by detector D1
-exceeds the number sensed by detector D2. Again, it should
be. noted that resistor 23 is sufficiently small to permit
capacitor 22 to substantially fully discharge to the jnput
of amplifier 10 ‘during the interval in which no vehicle
is detected by detector D2, regardless of spacing main-
tained between vehicles in the traffic stream.

That output voltage from the computer of FIG. 2 repre-
sents the ratio of the difference between traffic volume
sensed by detectors D1 and D2 to the sum of traffic volume
sensed by detectors D1 and D2 may be shown in the fol-
lowing manner:

Let

Cy4=capacitance of capacitor 22
Q,=charge on capacitor 22
~E=negative reference voltage amplitude

When a vehicle is detected by detector D2, capacitor 22
charges according to the equation

Qy=C,E »
During time T, charge Q, is multiplied by the number
of vehicles sensed in. that time by the detector producing
the charge.

Hence

(8) QuT=—n,C,E
which can be rewritten as

%) Qs=VCoE

Since capacitors 15 and 19 are both charged from output
voltage E; of amplifier 10, total charge applied to the
input of amplifier 10 at equilibrium is equal to total charge
removed from the amplifier during time T. Hence

O14-0:=05+0;

or

V] CIE—- V2C4,E= V102E0+ V2C3E0
Then
(10) _V.CE Vi.C.E

By

VG VG

By making C3=Cj and C4==C,, Equation 10 can be re-
written as
Vi=V:CE

Vi+Vs Cy

Therefore, since Cy, C, and E are constants, By is directly
proportional to-the parameter

Eq

Vi=V,
Vit+V,

It should be noted. that the computer of FIG. 2 pro-
vides an output voltage which may be either positive or
negative, depending upon the relative magnitudes of traffic
volume sensed by detectors D1 and D2, while output
voltage produced by the computer of FIG. 1 is always
of negative polarity. As a result, when traffic volume
sensed by detector D1 is equal to traffiic volume sensed
by detector D2, output voltage produced by the com-
puter of FIG. 1. is one-half of its maximum amplitude,
while output voltage produced by the computer of FIG. 2
is zero. Hence, relative traffic volume information may
be introduced into a single polarity or dual polarity cir-
cuit, depending upon selection of a parameter computer
in accordance with FIGS. 1 or 2.

It should be noted that by opening the series circuit
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comprising capacitor 19, resistor 20 and relay contact 18
in FIG. 2, the parameter

(11) Vi—V,

Vi
is derived. Alternatively, by opening the series circuit com-
prising capacitor 15, resistor 17 and relay contact 18 in
FIG. 2, the parameter

(12) ViV,

Vs
is derived. Moreover, the sign of V; in the numerator of
Equations 11 and 12 may be reversed by coupling front
contact 12 to a source of negative voltage, while the
sign of V; in the numerator of Equations 11 and 12 may
be reversed by coupling front contact 21 to a source of
positive voltage.

Thus, there has been shown apparatus for comput-
ing the ratio of traffic volume at one or more locations,
traffic volume at one or more other locations
and for computing the ratio of the difference between
traffic volume sensed at two separate locations to the
sum of traffic volume sensed at the two locations. The
system requires ‘& single operational amplifier, with
passive components supplying the remaining necessary
circuit elements. The system is rugged, stable and re-
quires minimal amounts of power for operation.

Although but several embodiments of the present in-
vention have been described, it is to be specifically under-
stood that these forms are selected to facilitate in dis-
closure of the invention rather than to limit the number
of forms which it may assume; various modifications
and adaptations may be applied to the specific forms
shown to meet requirements of practice, without in any
manner departing from the spirit or scope of the inven-
tion.

What I claim is:

1. A traffic parameter computer for providing a volt-
age analog of the ratio of traffic volumes at different
locations, comprising, detecting means situated at each
of said locations, an amplifier having an input and an
output, a capacitor shunted between the input and output
of said amplifier, first means responsive to one of said
vehicle detector means for coupling a pulse of a pre-
determined amount of said energy to the input of said am-
plifier in response to each vehicle detected at a first of said
locations, and second means responsive to the other of said
vehicle detectors for coupling a pulse of energy having
a magnitude proportional to the output of said amplifier
from the output of said amplifier to the input of said
amplifier in response to each vehicle detected at an-
other of said locations, whereby the output of said am-
plifier is representative of the ratio of the traffic volumes
at said first and second locations.

2. A traffic parameter computer comprising vehicle
detector means monitoring traffic at each of at least two
locations, an amplifier having an input and an output, a
capacitor shunted between the input and output of said
amplifier mearis responsive to said vehicle detector means
for one of said locations for coupling a positive pulse of
predetermined energy content and of predetermined po-
larity to the input.of said amplifier in response to each
detected vehicle monitored at said one location, means
responsive to said vehicle detector means for the other
of said two locations for coupling a -negative pulse hav-
ing an energy content proportional to the output of said
amplifier and a polarity the same as that of the output
of said amplifier to the input of said amplifier in re-
sponse to each detected vehicle at the other monitoring
location, and means transferring an. increment of signal
of a magnitude proportional to the output of said am-
plifier from the output of the amplifier to the input of
the amplifier in response to each vehicle detected.

3. Apparatos for measuring the ratio of traffic volurhe
as -a first location to the traffic volume at a second loca-
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tion comprising, first and second vehicle detectors at
said first and second locations respectively, signal accu-
mulating means, first means controlled by said first
vehicle detector for adding to said signal accumulating
means a predetermined uniform increment of signal for
each vehicle detected by said first vehicle detector, second
means controlled by said second vehicle detector means
for subtracting from said signal accumulating means a
decrement of signal representative of the then-existing
value of the signal stored in said signal accumulating
means in response to each vehicle detected by said sec-
ond vehicle detector, whereby the magnitude of signal
stored in said signal accumulating means is representa-
tive of the ratio of traffic volumes at said first and sec-
ond locations.

4. The apparatus of claim 3 which further includes
third means controlled by said second vehicle detector
for subtracting from the signal in said signal accumulat-
ing means the same predetermined uniform decrement of
signal for each vehicle detected by said second vehicle
detector as is added by said first means for each vehicle
detected by said first vehicle detector, whereby the signal
stored in said accumulating means is representative of
the ratio of the difference in traffic volumes at said first
and second locations to the sum of the traffic volumes at
said first and second locations.

5. The apparatus of claim 3 in which said signal
accumulating means comprises an operational amplifier.

6. The apparatus of claim 3 in which said first means
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comprises, a capacitor, means for charging said capacitor
to a predetermined uniform amplitude of voltage, and
means controlled by said vehicle detector for trans-
ferring the charge in said capacitor to said signal accu-
mulating means upon each detection of a vehicle by said
first vehicle detector.

7. The apparatus of claim 4 in which said signal ac-
cumulating means comprises an operational amplifier.

8. The apparatus of claim 4 in which each of said
first and third means comprises, a capacitor, means for
charging said capacitor to a predetermined uniform
amplitude of voltage which is of opposite polarity for
the respective first and third means, and means controlled
by the associated vehicle detector for transferring the
charge in the corresponding capacitor to said signal ac-
cumulating means upon each detection of a vehicle by
the respective vehicle detector.
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