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1
SYSTEM FOR COUNTING PILLS AND THE LIKE

This invention relates generally to apparatus for
counting items or parts. and particularly to high-speed
counting of small parts distributed in groups.

The availability of high-spced clectronic counting
circuits has made it possible to count such items one-
after-the other. The items are serially guided to pass or
fall past a suitable transducer, such as a photoelectric
cell. Ttis. in these cases, necessary to provide the neces-
sary material-handling equipment to guide the parts
into a single file with spacings between the parts. These
limitations, the necd to maintain spacing and single-file
orientation, are overcome in the present invention by
making use of a-priori information that the successive
items to be counted are substantially equal in some
measurable property. In consequence, the contribution
of that property of a group of such parts to a measur-
able parameter is a-priori an integral multiple of the
contribution of one part.

Accordingly it is an object of the present invention to
provide mcans for the digital counting of groups of
items, particularly when the number of items in the
groups counted vary randomly from group to group.

It is a further object of this invention to provide appa-
ratus with means for eliminating accumulated errors in
counting arising from measurcment errors and drift.

A feature by which the foregoing objects are
achieved is a digital accumulator in which the total re-
sponse of a transducer to the measured property of an
item is made up of a number (such as sixteen) of partiul
outputs, which accumulator is “cleared™. when a gap
occurs in the flow of items, indicating the passage of an
integral number of items.

Other objects and features of the invention will, in
part, be obvious and in part be apprehended from the
following specification and annexed drawings of which:

FIG. 1A is a schematic representation of a feed
mechanism, transducer, and logic of the invention,

FIG. 1B is a detail symbolic diagram of the arrange-
ments of parts at the transducer:

FIG. 1C is a graph of a typical wave form resulting
from the arrangement of FIG. 1B;

FIG. 2A is a schematic representation of the pre-
ferred embodiment of the invention;

FIG. 2B is an alternate representation of portions of
FIG. 2A:

FIG. 2C is a view of the counting field as seen from
the photo cells, and

FIG. 3 is a Jogic block diugram of the circuitry of the
preferred embodiment.

The broad principles of the invention are next dis-
cussed with the aid of a hypothetical parts counting sys-
tem illustrated in FIGS. 1A, 1B, and 1C. Shown in FIG.
1A is hopper 101 containing small parts 103 in bulk
quantities dropping them on conveyor system 110, The
conveyors present the parts to a suitable transducer
113 before the parts are transported to packaging
cquipment and the like. Mceans are provided for in-
creasing the separation between parts, for example, in
FIG. 1A. the convevor belt 115 is made to travel at a
faster rate than the belt 117 from which it receives the
parts, while in the preferred embodiment the parts are
separated as they accelerate in free fall from the feed
belt.

The transducer 113 detects some property of each
part, which property is selected so that the transducer

It

20

X

Kkl

40

45

50

R

60

65

2

responds in like amount to that property in each of the
parts to be counted: The property may be related to the
fact that all the parts arc of the same shape, the same
weight, same luminosity, same arca or such, and the
transducer responsc substantially linearly, that is, the
response for two items is twice that for one item, and
the response for 10 items is substantially 10 times that
for one. The total contribution from each item is the
product of the strength of the influence multiplied by
the duration of its exposure to the detector, in mathe-
matical terms the integral of the influence over the time
the part takes to transit the transducer. Integration is
also effected across the width of the transducer field
121.

An enlarged view of the field 121 of the transducer
113 is depicted as 121¢, 1215, and 121¢ in FIG. 1B for
three successive instants as the parts, irregularly dis-
tributed, pass the transducer. The corresponding re-
sponse characteristics of the transducer over the inter-
val may be as illustrated in FIG. 1C. It is scen from
FIGS. IB and 1C that the output signal of the trans-
ducer fulls to a minimum when no parts or only a negli-
gible fraction thereof fall within the cffective field, as
indicated for 121¢. A gap is then said to exist between
groups of parts. Duc to the above-stated uniformity in
a detected property of the parts coupled with the
knowledge that the number of parts presented to the
transducer between gaps is an integer. the appearance
of gaps presents opportunities for clearing fractional
counting errors that accumulate in the apparatus. It is
significant to the satisfactory performance of the appa-
ratus. If the inherent irregularity of delivery of the parts
does not insure, to any desired statistical degree of con-
fidence, that gaps will occur frequently enough. then
positive means are provided to interrupt the flow peri-
adically, since the probability of an incorrect round-off
increases with the number of parts in the group of parts
hetween two gaps.

Referring again to FIG. 1A, the integrator 130 is con-
nected to the trunsducer 113 and operates on the out-
put of the transducer and upon the pulses (described
below) inserted by the Pulse Generator 137, In the be-
ginning the time integral of the transducer’s output is
gencrated in the integrator 130 and is quantized by
decrementing, that is, approximately measured by de-
termining the number of fractional measures having a
constant integral into which it may be divided. Quantiz-
ing, may be achieved by more than one method; how-
ever, decrementing the remainder of the exact integral
by a determinalbe number of such fractional mcasures
until the remainder of the integral is approximately
zero provides the preferred method. Accordingly. a de-
tector 131 is provided for determining when the re-
mainder at the output 133 of the integrator falls below
a suitable threshold level amounting approximately to
that resulting from one fractional unit of a part. A logic
unit 135, responsive to the detector 131 activates a
pulse gencrator 137 a decrementing pulse of a size
scaled to equal that fraction (such as 1/16th) of the
output of the integrator 130 for the passage of one
item. Successive pulses are decremented from the re-
mainder at the summing point 139 at the input of the
integrator until the detector 131 senses a negative re-
mainder at the output 133 of the integrator 130. With
each decrementing pulse from the generator 137, a
pulse is sent to the fractional counter 140, The frac-
tional counter 140 is provided to register the number
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of fractional measurcs required to reduce the integral
remainder to the threshold level. This counter is de-
signed also to round off the total fractional count to the
ncarest whole part and to increment a second counter
143 by one unit for each such whole part determined.

ROUND-OFF

Round-off to the ncarest half-unit by the fraction
counter 140 is accomplished by incrementing the unit
counter 143 every time the fraction counter rcaches a
valuc which is an odd multiple of onc half, which is to
say, for the four-bit counter 140 as shown, whenever
the number of input counts to the fraction counter
reaches a value of 8N, where N is an odd integer. Thus,
if the integrator detector 131 is “off”, indicating the in-
tegrator has a threshold level under one fractional unit
(1/16th part), and a value of 7 (i.e.. 7/16th part) is in
the fractional counter, this represents a total of less
than 8/16th or half of a part. Any further increase in
the integrator which causes the threshold level of
1/16th to be exceeded results in a count of 8 in the frac-
tional counter. Thercupon. the units counter is duly in-
cremented as the most significant bit in the fractional
counter goes to “one.” When this bit goes to zero as a

count of 16 is reached, the unit counter 143 is not in- =

dexed, since this is an even multiple of 8. ( An alternate
way to reach the same result would be to “clear™ the
counter 140 to an initial count of 8, and thereafter to
increment the counter 143 whenever the most signifi-
cant hit of the counter 1340 gocs to zero),

As long as no gap occurs as determined by the gap
monitor 147, the fractional counter continues to count
and increments the unit counter 143 with cach odd
multiple of 8 counts.

Other functions of the system are to clear out resid-
ual measurcment errors in the fructional counter and in
drift und scale factor.

Mcasurement crrors are represented by the contents
of the fraction counter remaining after a group has
pussed. and the integrator has been discharged to a
value less thuan the threshold (1/16th). A priori, the
passage of an integral number of whole parts should
lcave no residue in the fractional counter. The residuc
which remains represents crror. In order that this crror
be not accumulated with the next group of parts. the
fraction counter is cleared whenever the presence of
both a gup and a sub-threshold level in the integrator
indicates that a whole number of parts have passed.

The logic also serves to clear fractional counts that
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may tend to accumulite during a long gap. A constant -~

drift in the continuous input signals and integrator is
mainfested in a low frequencey train of incrementing
pulscs. but the fractional counter 140 is by ecach of
them then immediately cleared by operation of the
logic, climinating uny buildup of error from such
sources.

These same sources of drift which are completely
eliminated during gaps. may be assumed to continue at
substantially the same rate during non-gap times. To
compensate in large measure the drift rate signal gener-
ated during gaps is smoothed in a long time-constant
low-pass filter drift compensator 148 which in turn pro-
duces negative feedbuck of the summing point 139 in
proportion to the drift detected during gaps.

A second compensation circuit 149 provides feed-
back proportional to the number of gaps to account for
the first or last item in a group being partly cut-off,

6O

4
PREFERRED EMBODIMENT

A preferred embaodiment of the transducer portion of
the invention adapted for counting opaque parts in il-
lustrated in FIGS. 2A, 2B, and 2C. Shown in FIG. 2A
is hopper 201 feeding parts 203 of approximately equal
cross-section, such as pills, coins, and the like, into chut
205. A vibrator 207 induces movement of the parts
past a wiper 211 and toward the lower edge 213 of the
chute where they fall toward a pin 215. The steep por-
tion 217 of the chute serves to stop the pitch and roll
rotations of the parts before they enter the transducer
ficld. Gate mechanism 218 introduces gaps are needed.

A photo-electric transducer is provided utilizing
lamp 219 emitting light passing through a lens 221 re-
flected back from a tilted mirmror 228 toward **signal™
photo cell 231. A portion of the light from the lamp
219 impinges on a “reference”’ photo cell 233. Shutter
means (not shown) are provided to balance the signal
and reference response when the ficld is clear.

FIG. 2B indicates in somewhat clearer outline the op-
tical arrangement for a pill counter. The pills 204 are
dropped to graze the guideplate 217 then drop between
two mirror plates 234 and 235 which are nearly parallel
and perpendicular to the beam of light colimated by the
lens 221, Light from the lamp 219 is condensed to form
an image of the filament and a virtual source 236 be-
tween the signal and reference photo cells 231 and 233,
The reference cell receives its light from the first mirror
plate 234 which has a clear portion 236 dcfining the
sensing field and ullowing light to pass through to the
second mirror across which the pills drop.

The lower limit of the field is defined by a contoured
mask 238. This makes it unnecessary that the beam be
of uniform intensity across the sensing field 237, Ordi-
narily the beam turns out to be somewhat more intense
at the center than at the edges; but since it is desired
that cach pill contribute the same integrated output, it
ts possible to compensate for greater intensity by a
shorter duration of exposure. Accordingly, uan edge of
the ficld 237 is modified by the contoured mask 238,
Using a vertical wire to simulate a falling pill, the signal
may be measurcd as a function of horizontal position
in the ficld. and the needed correction calculated and
the mask cut therefrom, accounting for gravitational
acceleration if required.

Reference is now made to the schematic diagram of
FIG. 3 disclosing electronic circuiting for the parts-
counting apparatus of the preferred embodiment. Stan-
dard logic symbols correspond to integrated or micro-
¢lectronic circuit modules which are identified in the
text by manufacture and part designation. Catalog ref-
erences are listed below. In the family of modules pre-
ferred the nominal level for logical ZERO is 0.2v. (0.8
v. max. ) and the level for a logical ONE is 3.3 v, (2.0v.
min. ).

In FIG. 3. signal and reference photo cells 231 and
233 are connected in parallel opposition and the net.
or differential. cell signal current is coupled to a high-
gain d.c. amplifiecr Al. The amplifier is provided with
differential inputs as indicated plus and minus with
fecdback resistances R, and R., potentiometer R, being
provided to maintain the amplifier within its lincar dy-
namic range over a variety of part sizes detected by the
signal cell 231, The output terminal 311 of the ampli-
fier AT is coupled through resistor Ry to an integrator
215 utilizing inverting ampiificr A2 with integrating ca-
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pacitor C1 and clamping diode CR1 parallel connected
between the input and output terminals 317, 321 re-
spectively of the amplificr A2. The diode CR1 prevents
the amplifier output from drifting too tar negative dur-
ing calibration, which is detailed below. Ater calibra-
tion, drift is to be positive only and CR1 inoperative.
Biasing is supplied from a potentiometer R, part of a
voltage divider between positive and negative supply
voltages B+ and B— A capuacitor C2 und resistor R,
serve to filter the bias voltage. The integrator output
signal at 321 is amplifier by non-inverting amplificr A3
the positive output of which is limited by a zener diode
CR2 to protect from under or overvoltage on the logic
inputs.

When no integrated signal is presented to the input
323 of the amplificr A3, above a threshold level corre-
sponding to onc fractional unit (e.g. 1/16th) its output
E; is maintained at the binary zero level (zero volts) by
the forward action of the zener diode CR2. On the

other hand. the output voltage E; of the amplifier A3 2

is at the binary 17 level when an integrated signal
greater than the threshold tevel does appear across the
input terminals 323, 324 of the amplificr A3. The in-
verting input 323 has a bias B1 developed by resistors
R51 and R82 of 5.1 and 0.82 ohms nominally respec-
tively and Zener diode CR3.

The output terminal 325 of amplifier A3 is coupled
to a sumple-and-hold unit SHI, directly to the terminal
J of the unit SH1 and also through inverter logic Ad to
the terminal K, the inverted input signal being provided
to eliminate input signal ambiguity. The unit SH1 has
complementing outputs at terminals Q and Q. Inter-
nally, as explained in the supplier's catalog, there are
“master” and “‘slave™ sections responsive to the rise
and fall of clock pulses from a clock pulse generator
330 coupled to terminal C of the unit SH1. On the rise
of the clock pulse. the master and slave sections arc
first isolated, then the input terminals J and K are cou-
pled to the master section. On the fall of the clock
pulsc. the inputs are disconnected from the master scc-
tion and then the up-dated stute of the master section
is coupled to the slave section with its cutputs Q and O.
Thus. the binary state of signal E; is periodically sam-
pled during the fall of cach clock pulse and held until
the fall of the following clock pulsc.

Complementing output terminal Q of SH1 is coupled
to one input terminal 331 of NOR gate NORI1, its other
input terminal 333 receiving clock pulses from the
clock generator. The output signal of the gate NOR 1
is fed to the input terminal 335 of the inverting ampli-
ficr A5 und to the inverting input terminal 337 of am-
plificr A6, while the output signal ut 341 of the ampli-
fier AS is connected to the positive terminal 339 of the
amplifier A6. The output signal of the amplifier A6 is
received by gate terminal 2 of a  p-channcl-
enhancement MOS field-cftect transistor T1 that serves
as a switch for pulses of current tor decrementing the
output level of the mtegrator 318, Decrementing s
“on” when the output of A6 is “low™. The “source™
terminal 4 of the switeh T1s connected to the input
terminal 317 of the integrating amplitier A2, The cur-
rent pulses. regulated in amplitude by a zener diode
CR3 and potentiometer R6 are applicd to the integra-
tor 315 in polarits opposite to the signal current trom
the amplifier AL, Thus switch T1 ablows a predeter-
muned quantum of charge to be subtracted from the in-
tegrab when its gate 2 is puised as the output of the am-
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plificr A6 is switched from the binary “one™ level to the
binary “zero” level for the durection of a clock pulse.
This switching is coincident with a binary zero on both
inputs of the gate NOR 1, one zero from negative clock
pulse from the clock gencrator 330, the other respon-
sive to the integrated output of amplifier A2 being
above the threshold level. The output at 341 of the am-
plifier A5 is also fed to the Fractional Counter 343 (il-
lustrated as having four binary stages. but more or less
may be appropriate). The selected preferred counter
module is onc that increments upon the fall of input
voltage from bindry 17" to binary zero, these changes
coinciding with the end of cach current pulse through
the switch T1. The fractional counters 343, in turn in-
crenients the decimal counter 345, The selected pre-
ferred decimal counter modules happen to increment
upon the rise of the input voltage from a zero to a 1.
This happens when the fractional counter 343 reaches
half of its full count. The desired round-off as described
above is the result. By means of the calibration switch
S. the pulses from the amplifier AS may be fed directly
to the decimal counter rather than to the fractional
counter. This provides a higher output counting rate
for calibration purposcs as detailed below,

Clock pulses to trigger the various switching opera-
tions and to control the width of the decrementing cur-
rent pulses are supplied by the clock pulse generator
330. It is illustruted us comprising a free-running relax-
ation oscillator comprising an amplificr A7 with a
5.100 ohm resistor R16 from the output terminal to the
inverting input terminal and shunt capacitor C13 to
control the frequency and a shunt resistor R17 and pos-
itive feedback resistor R18 both of 10,000 ohms and
connected to the other input terminal. The oscillator
output is carricd through a 750 ohm resistor R19 to
amplifiers A8 and A9. With positive fecdback 510 ohm
resistor R20 and 91 picofarad capacitor C4 in puarallel
und shunt zener diode CR7 these amplifiers, square and
limit the resulting clock pulse. climinating spurious
spikes. as required to mect the level and sharpness
specifications of the logic integrated circuits of the sys-
tem.

The introduction of parts into the counting field un-
balances the input and results in a negative-going out-
put signal from amplifier Al. When gaps are present in
the photocell ficld. the output voltage of the umplifier
Al presents a quiescent level to an amplifier ALQ in ad-
dition to the integrator 315, This umplifier and the as-
sociated sample-und-hold unit SH2 gencrate an output
pulse whenever a gap is detected. The operation of the
unit SH2, the amplifier A1l between its J and K inputs,
the zener diode CR4 and bias network R11, CS oper-
ates in the manner above-described for the unit SH-1
and associated circuits. The output level E, of the am-
plificr A10 is adjusted with R11 such that this output
level E| goes positive only when at least a part of an ar-
ticle to be counted is in the ficld. The minimum size of
this part is governed by the noise and drift Tevels of the
system.

The output termnal Q of unit SH2 holds the value of
the signal Fs sampled until the full of the next clock
pulse.

The terminals Q of the units SHT and SH2 are cou-

< pled through nor gate NOR2 and inverter A12 to the

clearing terminal 349 of the fractional counter 343 to
reset that counter than both E, and b, reach zero. This
condition corresponds to the coincidence of a fully-
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decremented integral and a gap. This condition pro-
vides the opportunity to clear out errors that accumu-
late in the counters while storing the integer values of
parts counted in the decimal counter, as explained
above.

COMPENSATION

Two forms of compensation are provided in the cir-
cuit of F1G. 3. The first is to compensate for incomplete
counts, i.e., where portions of the first and last parts of
a group arc below a signal level so as to be neglected
(as in FIG. 1B) by the circuitry. To compensate for this
a current is fed back to add an input proportional to the
number of gaps detected. The sccond compensation is
for drift. Drift in the system is indicated by number of
counts in the fractional counter which are dumped on
the average when a gap is encountered. By feeding
back at the beginning of cach group counted a quantity
which will subtract from the next group the observed
error of the previous group. drift is substantially elimi-
nated as a factor. It should be noted that this compen-
sation completely eliminates the accumulation of
counts during long standby periods. In such cases. grad-
ual drift will cause an occasional pulse to go to the frac-

tional counter; but will immediately be followed by a =

gap and cleared. At the same time the input is urged
negative so that the time required to generate the next
drifts pulse is increased.

The pulse which appears at the output Q of the unit
SH2 is differentiated by a differentiating circuit C6,
R22, rectified by diode CRS, and integrated by capaci-
tor C7 and variable resistor R23. The resulting current,
proportional to the number of gaps is fed back to the
positive terminal of the reference celt 233.

To generate the drift compensation signal, the out-
puts of the gate NOR2 and of unit SH2 are applicd
through the nor gate NOR3 to a differentiating circuit
C8, R25, rectificd by diode CR6 (oppositely poled to
diode CR&) and integrated by capacitor CY, and vari-
able resistor R26, to the same terminal of the reference
cell.

The preferred parts for the assembly of the system of
FIG. 3 are as set forth in Table 1.

TABLE 1

Al, National Semiconductor Corp.. Operational Am-
plifier, Circuit Type LM 207

A2, National Semiconductor Corp., Operational Am-
plifier Circuit Type. LM 308

A3, A6, A7 and A0, Signetics Corp.. operational Am-
plifer Circuit Type N5S741V.

Ad, AS, A8, A9, All, A12, cuch 1/6 of International

Telephone and Telegraph Corp.. Circuit Type ITT

7404 Inverters. ITT Product Catalog 1972/73

NOR1, NOR2, NOR3, each onc-tourth of Texas Instru-
ment Corp., Positive Nor Gates, Circuit LT/Type
SN7402

SH1, SH2. vach onc-halt of Texas Instruemnt Corp.,
MasterSlave Flip Flops. Circuit Type SN7473

T1. Satitron Devices Corporation, P-Channel Enhance-
ment. MOS-FET. Type 3N-—172

Fractional Counter, SN 74197

Decimal  Counter.  Computer
Model 912

Supply voltages, B+. B— each 15 volts

Mceasurements  Co..
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8
CALIBRATION

To calibrate the system initially, input to the input
decimal counter 345 is connected by switch S to bypass
the fractional counter 343 and be incremented directly
by the decrementing pulses. In this mode the unit
counter 345 is incremented each time that the inte-
grated signal is decremented. Thus the counter output
simply represents the quantized value of the integrated
input plus drift accumulating with time. The potenti-
ometer R11 is set to its upper end to block the amplifier
A10 with positive ouptut, thereby to disable the com-
pensation circuits.

The bias potentiometer R4 for the integrating ampli-
fier A2 is then adjusted to eliminate integrator drift.
With the light source off, or covered, the potentiometer
R4 is adjusted so that the counter indicates a small pos-
itive counting rate, e.g., one count per second. This
value is chosen to be small enough to contribute insig-
nificantly to the errors, and large enough to stay posi-
tive in value.

Next, the light source is made operative and the
counter rate will be obscrved to increase or decreasc
because of slight inbalance in the optical paths. The
light paths are then brought into balance by adjusting
a shutter, or mirror (not shown). During thesc drift-
rate adjustments, the diode CR1 serves its function in
limiting the negative value to which the integrator may
be driven. If the diode were not present, and the inte-
grator drifts to its negative extremity, a long delay is re-
quired to return the integrator level to its positive oper-
ating range where the drift rate will again be reflected
in a counting ratc.

If the calibrataion is for a part which differs in size
significantly from the parts last counted by the system,
or if it be an initial setup of the sytem. the output of the
amplifier A1 should be checked to sce that it operates
within its lincar range when the maximum expected
numbcr of parts are in the field of the sensor.

To check this, the maximum number of parts. (or a
mask of e¢quivalent arca) is held in the beam while a
voltmeter (not shown) mieasures the output of the am-
plificr Al. The potentiometer R1 is then adjusted. if
necessary, so that the voltage is between 25 and 100
percent of the specified linear range of the amplificr.

To calibrate the quantizer, so that each article ap-
plicd to the ficld contributes its proper number (e.g.
16) of counts, and equivalently its proper amount of
decrementing current to the integrator, a fixed number
(c.g. 100) of articles are run through the field repeat-
edly in the operating manner, and the accumulated
counts noted. If drift has been properly adjusted, the
statistical variation in the number of counts from run
to run will be less than about 2 percent. The resistor R6é
is then adjusted so that the observed count is the cor-
rect one. (e.g.. 1,600 counts for 100 items). Since sta-
tistical fluctuations will occur. this adjustment cannot
(and need not) be made exact: Once this setting causes
counts both above and below the correct count. the
quantizer is siid to be calibrated.

The gap monitor threshold level is calibrated with the
input of the unit counter reconnected by switch S to the
output of the fraction counter. The drift should then

< cuause counting in the unit counter at only the fraction

( 1/16th) of the previous observed rate. A single article
is suspended at the edges of the ficld to create a photo-
cell signal of something less than half its muximum (e.g.
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1/15th) and potentiometer R11 is then adjusted just
enough that the drift counting rate is stopped. Caution
must be taken to avoid setting the threshold too low
since drift or noisc could prevent the monitor from de-
tecting the gups.

The gap compensator sensitivity may also be adjusted
by returning the switch S to the *"calibration™ position
and running a number (c.g. 100) of articles through the
system at i maximum speed to obtain a minimum num-
ber of gaps and then at a lesser speed to obtain a signifi-
cantly greater number of gaps (up to one gap per arti-
cle). If the latter count is consistently low then the for-
mer, this indicates that the integral of the initial and
final articles of each group are being detectably re-
duced by the level of the threshold setting. To compen-
sate properly for this, the resistor R13 is decreased to
provide extra current to the integrated signal at the
start of each group in order that this added signal
equals that lost by the first (and last) article of the
group.

Should the latter count be lower, this indicates that
the resistor R13 is too low in vaue. It is increased to ob-
tain the desired equality.

It will thus be seen that the objects set forth above.
among those made apparent from the preceding de-
scription, are efficiently attained. Since certain changes
may be made in carrying out the above method and in
the constructions set forth without departing from the
scope of the invention, it is intended that all matter
contained in the above description or shown in the uc-
companying drawings shall be interpreted as illustrative
and not in a limiting sense.

it is also to be understood that the following claims
are intended to cover all of the generic and specific fea-
tures of the invention herein described, and all state-
ments of the scope of the invention which, as u matter
of language, might be said to full therebetween.

In particular it will be understood that the terms
“transducer™, “integrator™, and “counter” compre-
hend —means for converting a measurable parameter
to an integrable quantity—, —means for integrating—.
and —mecans for countingp—respectively, and compre-
hend not only the electronic meuns preferred. but
cquivalents as well, which may be electromechanical,
for example.

By way of further illustration, the mass of the article
may be the characterizing property. If the articles are
delivered from a conveyor belt at some particular ve-
locity. momentum becomes unother such mceasurable
property. The articles may be thrown off the end of the
conveyor belt to impinge in a substantially inelastic col-
lision with a vertical surface of a ballistic pendulum.
Each such collision would add the same increment to
the velocity of the pendulum. which velocity of repre-
sents the formed integral. Conveniently the suspension
of hte pendulum may be a d’Arsonval galvanometer
movement, and the resulting motion may be sensed by
induced voltage in its winding and opposed by pulses of
current through its winding which represent fractional
measures  of incremental velocity., and which are
counted as the velocity is returned to zero. Here the

transducer. the integrator, und the decrementing
means would all be associated with the galvanometer
mechanism.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as fol-
lows:
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1. Apparatus for counting parts prescnted in groups
sceparited by gaps, said parts generally characterized by
contributing substantially equally to the integral of a
transducer’s response thereto. said apparatus compris-
ing:

transducing means for detecting said parts and hav-

ing a response,

first means for forming an intcgral. connected to said

transducing means to operate said response,

second mecans for dividing said formed integral by a

number of equal fractional measures, including
means for varying said measures such that on the
average an integral number n of said measures are
required to form a quotient of one with a single
parts’s contribution to said formed integral, the in-
teger 1 being selected to be even,

third means for counting said measures and accumu-

lating both the number of odd multiples of half said
intcger (#/2) and a fractional remainder,

fourth means for detecting said gaps. said fourth

means having an output signal; and

fifth means responsive to said fourth means for clear-

ing said third means of said remainder upon the de-
tection of a gip and after said measures have been
counted by said third means.

2. Apparatus for counting articles presented in
groups separated by gaps. said articles gencrally char-
acterized by substantial equality in some measureable
property whereby each said article contributes substan-
tially equally to the integral of a transducer’s response
thercto, said appiratus comprising:

transducing mcans for detecting said articles and

having a response to said property thereof,

an integrator for forming an integral connccted to

said means to operate on said response,
decrementing means for diminishing said formed in-
tegral by successively taking away equal fractional
measures such that on the average substantially an
integral number it of said measures diminish said
integral by the amount of the contribution of each
of said articles,
counter comprising fractional counting means for
accumulating said number 1 and an integer count-
ing means, said fractional counting means becing
adapted to increment said integer counting means
to the next higher integer upon the decrementing
of the next said number n of said measures, and
means responsive to each of said gaps for clearing
said fractional counting mcans.

3. Appuratus as defined by claim 2

wherein said number i1 is an even integer.and

said fractional counting means comprises a binary

counter.

4. Appuaratus as defined by claim 3 wherein

said integer counting means is a digital electronic

counter, and suid fractional counter increments
said clectronic counter whenever the number of
said measures taken away is an odd multiple of half
ot said integral number 7.

5. Apparatus as detined by claim 2 whercin

said transducer comprises a photocell. a lamp, a lens,

and a mirror.

6. Apparatus as defined by claim 2 in further combi-
nation with

means for drift compensation comprising means for

feeding back to said integrator a signal propor-

=

kA
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tional to the number of counts cleared from said binary sate when no gap is detected, and a second
fractional counting means during said gaps. binary state when a gap is detected,
7. Apparatus as defined by claim 4 in further combi- said fractional remainder is accumulated in a binary
nation with counter the stages of which in number equal the
means for drift compensation comprising means for 5 logarithm to the base two of said integer n, and
feeding back to said integrator a signal propor- wherein said multiples are accumulated in a second
tional to the number of counts cleared frm said counter, said binary counter incrementing said scc-
fractional counting means driving said gaps. ond counter by a unit on the count of half of said
8. Apparatus for counting parts presented in groups integer u,
separated by gaps, said parts generally characterized by 19 said source of pulses comprises a clock generator and
contributing sugstantially equally to the time integral of switching mecans coupled to a voltage source to
the output response of a photo-clectric circiut, said ap- connect said voltage source to said first means
paratus comprising: upon coincidence of said clock pulses and said out-
a photo-electric circuit for detecting said parts and put E; having said first binary state, and comprising
having an electrical output response, 15 also
first means receiving said output response and for seventh means for clearing said binary counter upon
forming an intcgral of it over time, the coincidence of said second binary states of said
second means for detecting when said integral of said second and fifth means.
response differs by a threshold level from a refer- 13. A mcthod for counting articles presented in
ence level of said integral, 20 groups separated by gaps, said articles generally char-
a source of clectrical pulses substantially equal in acterized by substantial uniformity in some measurable
their contributions with calibrating means for ad- property, comprising the steps oft
justing the value thercof so that on the average sub- causing said articles to move through a defined meas-
stuntially an cven integral number o1 of said pulses urement field athwart their path at a predeter-
diminish said integral by the amount of the contri- 25 mined specd,
bution of each of said parts, obtaining from an appropriate transducer, a continu-
third means responsive to said second means for sub- ous responsc proportional to the total of said prop-
tracting said pulsed from said integral to bring said erty within said field.
integral across said threshold level, forming the time integral of said response,
fourth means for counting said pusles required to 30 decrementing said formed integral by successively
carry said integral across said threshold level and taking away equal fractional measures, whenever
accumulating both the of odd multiples of half said said integral attains a significant threshold value to
integer (172/2) and a fractional remainder, diminish it below said value, said measures being of
fifth means for detecting said gaps, and a size such that on the average substantially an inte-
sixth means responsive to said second and fifth means 35 gral number # of said measures diminish said inte-
for clearing said fractional remainder upon the de- gral by the amount of the contribution of each of
tection of a gap concurrent with the reduction of said articles,
said integral below said threshold value. counting said measures until a gap occurs in the flow
9. Apparatus as sct fotth in ckim 8 wherecin said of articles indicated by the complete absence of ar-
pulses are of uniform voltage and width. 40 ticles in said field and accumulating said count,
10. Apparatus as sct forth in claim 9 wherein said dividing the number of thus accumulated counts by
pulses are uniformly spaced. said integer n to obtain an integral quotient and a
11. Apparatus as set forth in claim 8 whercin said remainder,
pulses are uniformly spaced and of constant current adjusting said integrating step in proportion to the
amplitude and duration. 45 amount of drift which is a mecasure of system error,
12, Apparatus as sct forth in claim 8 wherein rounding-off the quotient to obtain the best count,
said second means has an output signal E; having a clearing any residue of said integral and the remain-
first binary state when said integral excecds said der, and
threshold level, and a sccond binary state when resuming the integration and counting with a fresh
said integral falls below said threshold level, 50 start after each gap until the count is complete.
said fifth means has an output signal E, having a first * ok ok ox ok
5s
6O



