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[57] ABSTRACT 

Method and apparatus for continuous monitoring of 
containers being conveyed from an automatic filling 
machine after completion of the filling operation to 
determine the average fill level of the containers. Av-
eraging may be accomplished by a block averaging 
system that averages the fill level for selected groups 
of the filling heads of the machine, averages the fill 
level for a selected filling head of the machine or pro-
vides continuous averaging of all of the filling heads of 
the filling machine. The monitoring system may also 
employ a synchronization circuit to insure accuracy of 
the fill level averaging accomplished by the system. 
Fill level signals generated by inspection of each con-
tainer being conveyed from the filling machine may be 
stored temporarily while synchronization is confirmed 
between a selected number of the filling heads of the 
machine and the number of containers filled by the 
filling heads of the machine during each filling cycle 
thereof. 

17 Claims, 10 Drawing Figures 
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CONTAINER FILL LEVEL INSPECTOR WITH 
PRODUCT AVERAGING SYSTEM 

FIELD OF THE INVENTION 
This invention relates generally to automatic con-

tainer filling machines incorporating a single filling 
head or a plurality of filling heads for filling containers 
with a product and more specifically relates to a 
method and apparatus for continuously monitoring fill 
containers being conveyed from the filling machine and 
providing an output signal display representing the av-
erage fill level of selected groups of the filled contain-
ers conveyed from the filling machine. 

BACKGROUND OF THE INVENTION 
In the product packaging industry there is wide-

spread use of container filling machines that automati-
cally fill containers with various products that may 
range from liquid products such as beer and various 
soft drinks to semi-liquid products such as soup and 
various canned vegetables. 

In the interest of economics and also in the interest 
of consumer relations, it is desirable that the containers 
contain precisely the amount of product recited on the 
container. It is therefore very important to closely con-
trol the fill level of products filled by automatic filling 
machines. If excessive amounts of product are dis-
pensed by the machine into each container or if the av-
erage amount of product dispensed is excessive, the 
economic nature of the product is adversely affected. 
Also, if filling machines frequently dispense insufficient 
amounts of product into the containers relations be-
tween the consumer and the marketer of the products 
will be adversely affected. 

When containerized products are sold to the consum-
ing public, the consuming public is generally protected 
by various federal, state and local regulations. It is typi-
cally required that the outside of the container bear a 
designation indicating the specific amount of product 
disposed within the container and the sale of insuffi-
ciently filled containers to consumers will generally 
constitute a violation of controlling regulations. 

In the product packaging industry, therefore, it is typ-
ically the case for product reject systems to be em-
ployed which systems detect the amount of product 
within each filled container being conveyed from an 
automatic filling machine and rejecting any containers 
that are found to contain insufficient amounts of prod-
uct. Obviously, it is possible to insure detection and re-
jection of each insufficiently filled container, but con-
certed efforts are always made to insure that the mini-
mum fill level of all containers is at least above the min-
imum limits set by the various regulatory bodies. To 
promote purchaser's satisfaction and maintain opti-
mum economic conditions, it is therefore desirable to 
insure that automatic container filling machines 
achieve accurate filling of each container dispensed. 

Although some filling machines are of the single fill-
ing head type such as those employed in the diary prod-
uct packing industry, container filling machines typi-
cally are rotary filling devices employing a large num-
ber of filling heads, also known as filling pockets, each 
of which being capable of filling one container as the 
rotary filling machine revolves one revolution. Empty 
containers are fed into the machine and come into 
contact with one of the filling heads and are filled while 
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traversing one revolution in assembly with the filling 
head. After the containers have been filled by the filling 
machine, they may be capped and sealed and then may 
be conveyed from the filling machine to a further han-

5 dling facility or to a facility where the containers are 
packaged for shipment to purchasers. 

As is typically the case, each of the filled containers 
exiting from the filling machine is passed by a discharge 
conveyer through an inspection station where the level 

10 of fluid in the containers is inspected by rays capable 
of penetrating the container within which the product 
is disposed. X-ray or gamma ray inspection systems are 
widely used for inspection of filled containers. As the 
containers pass through the inspection station, a beam 

15 of radiating energy is allowed to pass from a radiation 
source, such as an X-ray or gamma radiation source, 
for example, and the beam is attenuated by liquid 
within the container, which attenuation is proportional 
to the level of liquid in the container. The attenuated 

20 rays impinge upon a radiation detector which detects 
the radiation rate intensity and produces an electrical 
signal that is proportional to the degree of attenuation 
caused by the level of liquid, also referred to as the fill 
level, in the container. Proportional changes in the de-

2 5 tected radiation rate occur when the material level in 
the filled container is above or below an optimum fill 
level defined intermediate a radiation pattern gener-
ated by the radiation source. When the material level 
in the container moves up through the radiation pat-

30 tern, the product within the container acts as a radia-
tion absorber and the rate and intensity of the radiation 
acting upon the detector decreases. Conversely, as the 
material level moves down through the radiation pat-
tern the rate and intensity of the radiation impinging 

3 5 upon the detector increases. The signal output of the 
radiation detector is typically a series of electrical 
pulses each representing a detected radiation ray such 
as a gamma ray. The number of pulses per unit time is 
proportional to the detected rate and intensity of the 
radiation. 

Depending upon the degree to which the radiation is 
attenuated by the liquid level in the container and re-
lated to control circuitry in the form of appropriately 
attenuated signal pulses, it is typically the practice for 
a container to be accepted or rejected, depending upon 
the condition of the output signal of the detector. If the 
output signal indicates a container to be insufficiently 
filled, a reject signal will be generated and the rejected 
container will be removed from the conveyer by an 
electrically responsive mechanical reject mechanism. 
All containers that are filled to a level above the reject 
level will obviously be accepted and will be allowed to 
remain on the conveyer and be conveyed for further 

5 5 processing and handling. In this case, it is not known 
just how much liquid is present in the filled containers. 
It is only known that the containers are filled at least to 
a minimum acceptable level. 

Automatic filling machines are typically designed for 
6 0 operation over long periods of time and the adjustable 

filling heads or filling pockets of a machine may get out 
of adjustment due to vibration, clogging of fluid pas-
sages, wear, etc. and may begin filling containers with 
insufficient or excessive amounts of products. When 

6 5 this occurs, it becomes desirable to detect the filling 
head causing inaccurate filling of containers in order 
that the head may be adjusted and successive contain-
ers will be filled with the proper amount of product. 
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Some automatic filling machines have been developed mulated for averaging, may be updated by deleting the 
which include means for detecting improperly adjusted oldest signal of the signal group being averaged and by 
filling heads and, in some cases, have been designed to adding the latest signal to the group, 
achieve automatic adjustment of the individual filling Among the several objects of the present invention is 
heads. Some of the filling heads, however, may vary the 5 noted the contemplation of a novel method and appa-
amount of product dispensed into various containers ratus for continuously monitoring the fill level of con-
within certain limits, which limits may be acceptable or tainers filled by an automatic filling machine wherein 
unacceptable, depending upon the limits of the individ- an average fill level signal may be generated that is rep-
ual filling heads. It is desirable, therefore, to provide an resentative of any selected filling head of the filling ma-
automatic filling machine with a capability of averaging 10 chine. 
the detected fill levels for selected ones of the filling it is also an object of the present invention to provide 
heads of the machine in order to determine if, on the a novel method and apparatus for continuous monitor-
average any particular filling head is excessively high or i n g of containers filled by an automatic filling machine 
low in the filling of containers. which may be capable of providing average signals rep-

It may also be desirable to provide automatic filling 15 r e s enting a continuous average for each of the filling 
machines with the capability of averaging selected heads of the filling machine either selectively or simul-
biocks of the filling heads of the machine in order to taneously 
determine if the selected block of filling heads, on the Another object of the present invention contem-
average, dispenses excessive or insufficient amounts of p l a t e s t h e p r o v ision of a novel method and apparatus 
product It may further be desirable to provide auto- 20 for c o n t i n u o u s i n s p e c t i o n o f f l U ed containers exiting 
matic filling machines with the capability of conducting f r o m ^ automatic filling machine which monitoring 
averaging of all of the heads of the machine, taken si- t e m i n c l u d e s synchronizing means to insure that nu-
multaneously, or of averaging each of the fill levels pro- m e r i c a ] s i g n a l s generated representative of containers 
ducedby the various heads of the machine, depending b e i c o n v e y e d through an inspection station is syn-
upon the data characteristics desired for control and 25 c h r o

6
n i z e d w k h a s e l e c t | d n u m b e r o r t h e entire number 

adjustment of the machine. o f f l U i n g h e a d s o f a f l l l i n g machine before the signals 
Another problem encountered in container inspec- a t | d d u r i a r e v o l u t i on of the filling machine are 

tion and rejection involves the handedness of output ° , 
signals due to such things as product slosh, container . , . . . . . . . • t. • . ' on It is also an important object of the present invention non-uniformity, conveyer bounce, and isotope source 3U . , ,J . * 

. / V . r„ , . . v £„. to provide a novel method and apparatus for contmu-
randomness. Containers filled by automatic filling ma- . __„ . , . • , ? 
chines may have a certain amount of form above the ous inspection of filled^containers being conveyed from 
product level in the container which form may be mis- a. machine which apparatus is subject to any de-
taken during detection as an improper fill level thereby s ! r a 5 l e d e 8 r e e ? sophistication depending upon the de-
resulting in an error of the signal resulting from inspec- 35 sired nature of averaged output signals generated by 
tion of the container. Also, as containers are conveyed, the inspection apparatus 
the conveyer may undulate to some degree and the ! t 18 a " e v e n f u ? h e r ° b J e c t ° f t h e P r e s e " 1 i n v e n t l o n 

product, especially if the product is a thin liquid, may t o P r o v , d e a n o v e l m e * o d a n d apparatus for continu-
slosh about within the container thereby causing the ° u s m o n l t o n n S o f filSed containers being conveyed 
detection apparatus to detect an improper fill level. A 4 0 from a filling machine which method and apparatus are 
graphical plot of signals resulting from sloshing con- of simple nature and the apparatus is reliable m use for 
tainers will appear as a rather wide band, but, when a extremely long periods of time at minimal operating ex-
large number of the signals are averaged errors caused pense. 
by sloshing of the liquid will typically average out and ° t h e r a n d f u r t h e r objects, advantages and features of 
the average fill level detected will be a true average. 4 5 t h e invention will become obvious to one skilled in the 
This will prevent containers from being rejected as im- a r t u P ° n an understanding of the illustrative embodi-
properly filled when the error signal generated might ments, about to be described and various advantages, 
actually result from sloshing of liquid in a properly n o t referred to herein, will occur to one skilled in the 
filled container. art upon employment of the invention in practice. 

It is therefore a primary object of the present inven- 5 0 BRIEF SUMMARY OF THE INVENTION 
tion to provide a method and apparatus for continuous 
inspection of filled containers in order to achieve aver- A s filled containers are conveyed from an automatic 
aging of the level of fill within the containers being filling machine having a plurality of filling heads (which 
filled by an automatic filling machine. . may also be referred to as filling pockets or filling 

It is another important object of the present inven- valves) the containers are conveyed past a liquid level 
tion to provide a novel method and apparatus for con- detector employing a container penetrating radiation 
tinuously inspecting containers filled by an automatic technique, where penetrating radiation emitted by a re-
filling machine wherein the fill levels relating to groups dioactive source, such as a gamma source, is passed 
or blocks of contiguous filling heads of a rotary filling 6Q through the container and is attenuated by the liquid 
machine may be simultaneously averaged as the con- within the container. The attenuated radiation pattern 
tainers are conveyed from the filling machine. passing through the container impinges upon a radia-

It is an even further object of the present invention tion detector which detects the radiation rate and in-
to provide a novel method and apparatus for continu- tensity and produces an electrical signal that is propor-
ously inspecting containers being filled by an automatic 6 5 tional to the strength of the attenuated radiation de-
filling machine and for providing a signal representing tected. The detector output consists of serial pulses, the 
the average fill level of containers being filled which pulse rate of which is related inversely to the mass 
signal, after a proper number of signals have been accu- (product level) enclosed within the radiation field 
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being emitted from the radioactive source through a 
field window. 

The pulse stream being emitted responsive to attenu-
ation of the radioactive beam or pattern may be sub-
jected to a pulse shaping network and may then be 
transmitted to signal processing electronics, the config-
uration of which being selected for each function, such 
as reject decision, average level, etc., being performed. 
The pulse shaping network may utilize an integrator to 
perform pulse counting. Thus, a pulse shaping network 
insuring consistent pulse height and width may be uti-
lized preceding transmission of the shaped detector 
pulses to a discriminator for conversion of the pulse 
rate information to a signal level. The integrator output 
signal of course varies up or down, depending upon the 
rate of the received radiation or gamma count relative 
to a preset standard reflecting the optimum fill level. 

A temporary storage stage may be provided in units 
designed to reflect averaging of fill level signals gener-
ated responsive to individual filling heads. The tempo-
rary storage stage may comprise an operational ampli-
fier having a memory capability allowing the signal to 
be held until a synchronization circuit can insure syn-
chronization between the number of fill level signals 
generated at the inspection point and a similar number 
of selected filling heads of the filling machine. If the in-
spected containers fail to synchronize with the selected 
filling heads, the temporarily stored signals may be 
erased from the memory without being averaged. This 
insures that all averaging signals are based upon proper 
operational characteristics of the filling machine. 

After control logic circuitry has established synchro-
nization between the integrator signals accepted by the 
temporary storage, signals then may be released and 
transmitted to signal averaging circuitry. The signal av-
eraging may be achieved by adding 1 In of the discrete 
container signal to similarity attenuated signals within 
a specific average block. The average block may be de-
fined as every n containers, every n containers from a 
given valve or the last n containers in case the averag-
ing accomplished is to take the nature of a running av-
erage. In any case, the specific averaging mode is deter-
mined by control logic. 

Averaging may be implemented in an attenuator, 
summing amplifier and sample/hold circuit configura-
tion. Obviously, other alternative methods may be em-
ployed for performing mathemathical computation, 
such as by using a small digital computer, for example. 
The degree of sophistication required will of course 
dictate the implementation apparatus for the averaging 
mode. 

Finally, the averaged signal generated by the appara-
tus may be displayed in any one of several suitable 
ways, such as by graphical readout in the form of a strip 
chart recorder for example, by digital signal apparatus, 

or the like. If the averaging is accomplished in an ana-
log mode, a single output amplifier may buffer the ana-
log (average) signal to the signal display apparatus. The 
gain of the amplifier may be adjusted (scaled) to pro-
vide calibrated readings in appropriate units such as 
grams, millileters, ounces or inches, depending upon 
the desired characteristics of the output information. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In order that the manner in which the above-recited 

advantages and objects of the invention are attained, as 
well as others, which will become apparent, can be un-
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derstood in detail, more particular description of the 
invention, briefly summarized above, may be had by 
reference to the specific embodiments thereof, which 
are illustrated in the appended drawings, which draw-

5 ings form a part of this specification. It is to be under-
stood, however, that the appended drawings illustrate 
only typical embodiments of the invention and there-
fore are not to be considered to be limiting of its scope, 
for the invention may admit to other equally effective 

1° embodiments. 

IN THE DRAWINGS 
FIG. 1 is a pictorial representation in plane of a typi-

cal rotary container filling machine with directional ar-
1 5 rows indicating conveyance of empty containers into 

the machine for filling and discharge of filled contain-
ers from the machine after being filled with a product. 

FIG. 2 is an isometric view illustrating the exit con-
2 0 veyer of a filling machine which may be of the nature 

illustrated in FIG. 1 and showing a plurality of contain-
ers being conveyed past an inspection station, where 
the fill level of the containers may be inspected in ac-

2 5 cordance with the teachings of this invention. 
FIG. 3 is a sectional view taken through the conveyer 

illustrated in FIG. 2 and showing a radioactive beam 
passing through a container located on the conveyer 
and impinging upon a radiation detector having the ca-

3 0 pability of changing the attenuated radiation into elec-
trical pulses which may be processed by appropriate 
signal electronic circuitry. 

FIG. 4 is a sectional view of a radiation detector in-
cluding electronic circuitry for signal conversion, 

35 which detector may be employed in inspection appara-
tus constructed in accordance with the present inven-
tion. 

FIG. 5 is a graphical representation of the signal out-
put of the radiation detector of FIG. 4 which produces 

40 electrical pulses/unit time reflecting inversely the linear 
decrease of signal pulses resulting from attenuation of 
the radiation beam by variation in the fill level within 
inspected containers. 

FIG. 6 is a graphical representation similar to FIG. 5 
45 but showing the handedness occurring due to product 

slosh of liquid within an inspected container which, for 
example, may be caused by undulation or shaking of a 
container by the conveyer, as the container is conveyed 
from the filling machine through the inspection station. 

50 
FIG. 7 is a schematic diagram representing a con-

tainer fill level averaging circuit constructed in accor-
dance with the present invention. 

FIG. 8 is an electrical schematic diagram represent-
^ ing container fill level signal averaging circuitry of the 

nature illustrated in FIG. 7 and including a synchroni-
zation circuit for preventing averaging of accumulated 
fill level signals when the signals are not precisely rep-
resentative of the number of selected filling heads of 
the filling machine. 

FIG. 9 is an electrical schematic diagram illustrating 
sequential averaging electronics constructed in accor-
dance with the present invention and including both 

6 5 digital and analog display. 
FIG. 10 is an electronic schematic diagram illustrat-

ing container fill level averaging circuitry including 
both digital and analog display and also incorporating 
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synchronization control circuitry to insure proper ac- As illustrated in FIG. 4, the scintillation detector, 
cumulation of signals for averaging. generally illustrated at 36, may comprise a housing 38 

DESCRIPTION OF P R F F F R R F n F M R n n i M F N T S w h i c h a I s o s e r v e s a s a magnetic shield. A crystal 40, DESCRIPTION OF PREFERRED EMBODIMENTS s u c h a s a c e s i u m i o d i d e t h a l i u m a c t i v a t e d CsI(Tl) crys-
Referring now to the drawings for a more detailed de- 5 tal, sodium iodide crystal or the like may be disposed 

scription of the invention, in FIG. 1 there is shown a ro- within the housing 38 and may be connected to a pho-
tary container filling machine, generally at 10, includ- tomultiplier tube 42. The cesium iodide (TI) crystal ab-
ing a rotary mechanism 12 carrying a plurality of filling sorbs all incident gamma radiation and converts the ra-
heads or filling pockets 14. The rotary mechanism 12 diate energy into a small pulse of light. The photomulti-
may rotate counterclockwise, as shown by the direc- 10 plier tube 42 then amplifies the pulse of light generated 
tional arrow in FIG. 1. An input conveyer 16 may be by the crystal 40 and converts the same into an electri-
employed to convey containers 18 to be filled into the cal pulse. The photomultipliier tube may be provided 
filling machine where each of the containers may come w i t h a plurality of connector pins 44 adapted for con-
into contact with a respective one of the filling heads nection to electrical control circuitry that is capable of 
o f t h e machine and may be carried a complete revolu- 1 5 receiving the output pulses o f t h e photomultiplier tube 
tion by the machine during which time it is filled with a n d processing the same for use. 
a product. After being filled, the filled containers 22 Signal electronics 46 may also be disposed within the 
are discharge from the rotary filling mechanism of the radiation detector 30 and may be electrically con-
machine 10 onto a discharge conveyer 22, which is ca- nected to the pins 44 of the photomultiplier tube. An 
pable of conveying the filled containers to a facility for 2 0 o u t P u t s i gn a l conductor 48 may be provided to trans-
packaging and handling. electrical signals from the signal electronics 46 to 

As the filled containers are being conveyed toward S ! 8 n a l processing electronics, 
packaging and handling apparatus, therefore, it will be A s s h o w n i n F I G - 4 ' t h e c r y $ t a l 4 0 a n d t h e photomut-
desirable to inspect the containers and determine if b P l l e r t u b e 4 2 a r e supported withm the housing 36 by 
they have been properly filled by the filling machine 2 5 m e a n s , of sealant rings 50 and 52 which support the 
10. While some containers may be composed of a ma- crystal and photomuitipher tube in spaced relation with 
terial through which the fill level of the container may t h e h o u s i n S a n d m a i n t a i n t h e housing in sealed condi-
be visualized, for the most part, containers are not ca- t l oP" . . . . . , , 
pable of being inspected by visual means. It is therefore , 0

 A ? i n d l c a ^ f above, most trend concepts employed m 
desirable to provide means for automatically inspecting container fill levels sensing are based upon no-no go 
closed containers for proper fill level and for providing non-hnear) measurements. Thus, for example, a fa-
an output signal that is generated proportionally to the m i h a * t r e n d J n f technique is one where a count of 
height of the material level in each of the containers. p a s s e d ( ° r f a ' l e d ) containers per total basis product 

° . . . , , , , court, or per unit time, ts recorded. This number can 
The output signal then may be processed either for re- 35 , r , . ^ , . . „ , . . ^ , 
. . . " .. ® • . , . . • " be compared to a standard (acceptable) count and ac-ject actuation, to remove improperly filled containers . • . , j- 1 t u if „ 1 , . , , i • ,. J* K \ lL. tion taken accordingly. The number may also be added from the discharge conveyer and/or to otherwise pro- a l g e b r a i c a l l b a s s f ^ i n m i n u s , / t 0 e a c h u n d e r „ 
cess the fill level signals for any desirable use. As shown m a n d a f t o * a c h o v e r f m $ u c h a l g e b r a i c a l l 
in FIG. 2, a housing 24 may be disposed on one side of u t e d n u m b e r i d i a n i n d i c a t i o n o f

6
f l l l t r e n d s f 

the discharge conveyer 22 and may include a low level 40 
gamma radiation source 26 capable of emitting a radia- L i n e a r a v e r a g i o n t h e o t h e r h a n d i d e s a s i 
tion pattern 28 that may pass through a container being n a l p r 0 p 0 r t i 0 n a l to the fill level that is detected. This 
conveyed by the conveyer for detection of the level to c a n b e i l l u s t r a t e d graphically, as shown in FIG. 5, 
which the container may be filled. The radioactive w h e r e A a n d ^ r e p r e s e n t v a r i a t i o n in gamma count 
source 26 may, if desired, be a gamma radiation source 45 a c h i e v e d b y a t t e nua t ion of the radiation field as it is 
or m the alternative it may take any other suitable form p a s s e d t h r o u g h a f l i i e d container. A and b represent 
of radiation capable of passing through a container and minimum and maximum fill heights caused by the 
being attenuated to some degree by the contents of liq- h e i g h t o f t h e opening 34 in the lead collimator 42 as 
uid disposed within the container. shown in FIG. 3. 

In accordance with the present invention, it is practi- 50 A n o m i n a l f l l l l e v e i / n w o u l d produce, in this idealized 
cal to provide a low level gamma radiation source capa- curve, a gamma count /„. It is apparent that propor-
ble of emitting a shaped radiation pattern which may, tional values above and below the nominal fill level can 
for example, be 1/16 to V* inch high and in the same b e quite easily detected. If the gamma count to fill level 
plane as the material level o f t h e container. The radia- curve for each container measurement were well de-
tion pattern passes through the container and may im- 5 5 fined, the curve would be represented by a straight line 
pinge upon a radiation detector 30 which detects the as illustrated in FIG. 5. In actual practice, however, the 
radiation rate and intensity and produces an electrical gamma count/fill level curve for each container mea-
signal that is proportional to the rate and intensity of surements is not so well defined that a single line curve 
the radiation pattern received thereby. The radiation is presented. Because of the statistical parameters bear-
detector 30 may comprise a lead collimator 32 having ing upon each discrete reading, the curve tends to be-
an aperture 34 formed therein for allowing a beam of come a band as illustrated in FIG. 6. This handedness 
radiation to enter the detector 30. The lead collimator is due to such things as product slosh, container non-
absorbs all radiation except the radiation passing uniformity, conveyer bounce and isotope source ran-
through the aperture or slot 34, thereby allowing a scin- 6 5 domness. Thus, there is a degree of uncertainty for 
tillation detector 36 disposed within the detector 30 to each container reading but the uncertainty will not gen-
respond only to the radiation passing through the aper- erally result in accumulative error if the data is aver-
ture. aged. 
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The technique of linear averaging tends to reduce the plifier circuit to achieve a display signal in appropriate 
handedness of the curve shown in FIG. 6, by averaging units such as inches, milliliters, etc. 
the parameters causing handedness, such as product With reference now to FIG. 8, non-sequential (filling 
slosh, isotope randomness, etc. to be averaged to their head selection) averaging, may generally take the cir-
nominal or mean value. The result, therefore, is a more 5 cuit form illustrated in FIG. 7, but may include a syn-
precisely defined curve more closely representing the chronization circuit causing a discrete container stor-
line curve of FIG. 5. age circuit to be activated by synchronization control 

In accordance with the present invention, averaging in order that a specific measurement will be averaged 
computation is performed electronically and various only if a condition of synchronization exists between 
types of averages such as block average, running aver- 10 the number of filling heads of the machine and the 
age and selective averages can be implemented as de- number of containers inspected for fill level. A gamma 
sired without departing from the spirit or scope of the scintillator detector circuit 70, a pulse discriminator 
present invention. circuit 72, a pulse shaper circuit 74 and an integrator 

Where block averaging is employed, a designated circuit 76 may be provided that are essentially identi-
number n of output signals may be selected and an out- 1 5 cal, as compared to the circuits 54 through 60 shown 
put signal may be provided after every nth container is i n F I G - 7 - A discrete container memory circuit 78 may 
inspected, where n is the average base. The signal b e provided to receive the output signal from the inte-
(gamma count) for each container may be divided by 8 r a t o r c i r c u i t 7 6 ^ m a y r e t a i n t h e integrator signals 
n and stored in a temporary memory circuit. The sum u n t i l s u c h t i m e 3 8 synchronization is confirmed, where-
of n such attenuated signals compose the average (base 2 0 u P o n t h e s i 8 n a , s m a y b e transmitted to an average sum 
n) signal which is employed to provide a display of av- a n d h o l d c i r c u i t 8 0 t h e n t 0 a " a n a l o 8 storage cir-
erage fill cuit 82, an output calibrate amplifier circuit 84 and a 

A running average may be performed in a manner display circuit 86 which may be constructed and may 
similar to block averaging but is continuously updated , , f u n c t , < ™ essentially identically, as compared to the cir-
even though the average base remains the same. For 2 5 c " I t s 6 4 ' 6 6 ' 6 8 311(1 62, respectively, as described 
example,where n is the average base each discrete sig- a b ° v ® , m c o n ^ ° n W l t b F G - 7 -
nal (gamma count) may be divided by n and stored in A filler switch 88 may be disposed adjacent to the ro-

® „ . , _ . . tary element 12 of the filling machine 10 and may be a temporary memory. As each new increment is / * . , ^ . , 6 . „„ . , , . , J 
j c : , J r. . . . actuated by an actuating device 90 carried by the ro-summed, after the base n number of averaging signals ™ ^ , 1 . ^ b , ^ „ , , . -, , , . , , , . , . , " , , •iu tary mechanism after completion of each revolution of has been accumulated, the oldest data (n samples old) lt_ J „ „ . , . 'V , „„ , . . , ... .... , . . ji? ... , . . • , * . the filling machine. The switch 88, when actuated, will will be deleted from the accumulated signals to be aver- . , . , , . , . ,. . , . «, ' . 

, „ , • i •!! u - j j provide a signal which, as indicated in FIG. 8, may be 
aged. Thus, a new average signal will be provided [ r a n s m i t t e d f Q a synchronization comparator circuit 92. 
which may be displayed after each container is sam- A s c o n t a i n e r s a r e b e i c e d f r o m t h e fiUing m a _ 
pled. The average will be representative of a running 35 c h i n e o n the discharge conveyer 22 past the inspection 
average of the last n container fill levels that are de- s t a t i o n > t h e c o n t a i n e r s inspected may be counted by a 
tected. . . . . . . . container counter circuit 94 and a container count out-

Basic schematic circuitry is illustrated in block dia- t w i l l b e p r o v i d e d that may be transmitted both to 
gram form in FIG. 7, where a gamma scintillator detec- t h e s y n c h ronizat ion comparator circuit 92 and to a 
tor 54 of nature illustrated at 36 in FIG. 4 may provide 40 v a l v e s e l e c t c i r c u i t 9 6 . T h e v a lve select circuit is in turn 
signal pulse output responsive to the fill level detected c a p a b l e Df transmitting an output signal to a signal gate 
in each container being conveyed past an inspection c i r c u i t 9 8 . T h e o u t p u t o f t h e synchronization compara-
station. The pulses then may be conducted to a pulse t o r > a s s u m i n g the count established by comparison of 
discriminator circuit 56 constituting a part of the se- t h e f l i l e r s w i t c h s i g n a l a n d t h e container count signal 
quential averaging system. The discriminator circuit 45 a r e p r o p e r l y synchronized, will cause the signal gate 98 
may select for processing only the higher energy (non- t 0 transmit a signal to the discrete container memory 
attenuated) gamma pulses. An analog integrator circuit circuit 78, thereby releasing the stored signals for trans-
58 may be provided to count pulses provided by the mission to the average sum and hold circuit 80. The sig-
discriminator circuit 56 and may be preceded by a nals stored in the discrete container memory circuit 78, 
pulse shaper circuit 60 that achieves pulses of consist- 5 0 therefore, will not be released for accumulation and av-
ant width and amplitude for integration. The integrator eraging until such time as an appropriate signal has 
circuit, in addition to providing a pulse counting facil- been received from the synchronization circuitry. If 
ity, also provides an analog signal (proportional to the one of the filling heads of the machine fails to fill a con-
gamma count) that is employed to drive an analog dis- tainer during one revolution of the machine or, if for 
play 72 such as a strip chart recorder. some other reason, a container is removed from the dis-

An average sum and hold circuit 64 may be provided charge conveyer 22, the synchronization circuit will 
to receive the output of the integrator circuit 58 and to identify the discrepancy and cause deletion of all of the 
average and retain particular groups of signals received signals accumulated for that particular revolution of 
from the integrator circuit. The circuit 64 may convert 6 Q the filling machine. The average signal reflected by the 
the counted pulse signals from the integrator into ana- display therefore will remain free of any error that 
log signals which may then be temporarily stored in an might otherwise result if an improper number of con-
analog storage circuit 66 before being conducted to an tainers is discharged from the filling machine, 
output calibrate amplifier circuit 68. The output cali- The synchronization circuitry may also be employed 
brate amplifier serves to buffer the analog (average) 6 5 for identification of particular filling heads that were 
signal into a display signal which is then conducted to employed to fill particular containers being conveyed 
the analog display circuit 62 for visual presentation. through the inspection zone. The filler switch 88 will be 
This is accomplished by modifying the gain of the am- caused to provide a strobe pulse after completion of 
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each revolution of the filling machine. Under normal 
operating conditions, there will be a container from a 
specific filling head within the inspection zone of the 
fill inspection apparatus located downstream of the fill-
ing machine, at the instant each strobe signal is re-
ceived. Moreover, the container counter 94 will have 
counted as many containers as there are filling heads 
between strobe signals. If this counter should differ, the 
container fill signal taken during that revolution will be 
discarded and will not be included in the average sum-
mation. 

As an example, assume that the filling machine con-
tains 72 filling heads and the position of the sensor or 
fill level detector is such that container number 9, hav-
ing been filled by filling head number 9, is in the inspec-
tion zone at the time the strobe signal is generated. If 
container number 9 fails to be present in the inspection 
zone, the signal gate 98 will not be opened because a 
discrepancy will exist between the strobe signal and the 
container count and therefore the sample will be dis-
carded. Moreover, if discrepant, the counter will be 
forced to number 9 at the time the strobe signal is gen-
erated. During the next revolution of the filling ma-
chine, under normal conditions, the counter will ad-
vance through filling head number 72, will reset to 
number 1, and advance on to number 9. Should a con-
tainer be missing during that revolution, the counter 
will not advance to number 9. This non-synchronous 
condition will occur only rarely, but when it does occur 
the only effect will be elimination of sampling concern-
ing that particular revolution. This feature prevents in-
accurate fill level averaging. 

It should be noted that the logic circuitry provided by 
the synchronization circuit and its relation with prod-
uct fill level signal generation circuitry clearly defines 
a "logic window," enabling the operator of the ma-
chine to display a linear average related to any particu-
lar filling head of the machine, thereby indicating the 
average fill level generated by that particular filling 
head so that the containers filled thereby are positively 
identified as being properly or improperly filled. 

Although output signals of the pulse averaging cir-
cuitry may be displayed by analog display means, as 
discussed above in connection with FIGS. 7 and 8, and 
shown in FIGS. 9 and 10, the pulse signals may also be 
processed for digital display or for both digital display 
for temporary or permanent display. The analog dis-
play may achieve a permanent record in the form of a 
strip chart or the like of the averaged signals. 

In FIG. 9 a gamma scintillator detector circuit 100 
and a pulse discriminator circuit 102 may be con-
structed and may function identically as compared to 
the respective circuits 54 and 56, shown in FIG. 7. The 
output of the pulse discriminator 102 may be con-
ducted to a division counter 104 that performs an at-
tenuation of the signal received. The division counter 
circuit 104 may divide each of the signals received by 
1 In and then may provide an output that is received by 
a digital accumulator circuit 106 that serves to accu-
mulate and hold signals forming a block average. After 
the block of n number of signals have been averaged, 
an output signal will be transmitted to a digital display 
circuit 108 for immediate display. The digital display 
may, if desired, take the form of a digital printer, if a 
permanent record is desired, or may take any suitable 
type of temporary display giving a visual readout of the 
last accumulated block average. 
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Simultaneously, if desired, a digital analog converter 
circuit 110 may be provided to receive the digital sig-
nals and convert the same into the form of analog sig-
nals that may be received by an analog display mecha-

5 nism, such as a strip chart or the like. It is apparent, 
therefore, that both a digital and analog display of the 
averaged signals may be provided simultaneously. 

With reference now to FIG. 10, a gamma scintillator 
detector circuit 114, a pulse discriminator circuit 116 

10 and a division counter circuit 118 may be provided, 
having, if desired, the same construction and function 
as the circuits 100, 102 and 104, respectively, of FIG. 
9 and the division counter circuit 118 may provide an 
output signal that is conducted to a discrete container 

15 memory circuit 120 having a facility for serial storage 
of output signals, which may be released to a digital ac-
cumulator circuit 122 following confirmation of syn-
chronization between the number of filling heads of a 
filling machine and the number of containers dispensed 

20 during one filling cycle of the machine. The output of 
the digital accumulator 122 may be transmitted simul-
taneously to a digital display circuit 124 similar to the 
display circuit 108, illustrated in FIG. 9, and to a digital 
to analog converter 126, which converts the digital sig-

2 5 nal to an analog signal for display in the form of a strip 
chart or the like by an analog display circuit 128. 

The discrete container memory may function to 
transmit signals to the accumulator circuit 122 respon-
sive to a synchronization circuit including a filler switch 

3 0 130, such as that shown at 88 in FIG. 1, which func-
tions to generate a strobe pulse at the end of each rota-
tional cycle of the filling machine. A container counter 
circuit 132 may be employed to count the physical 
number of containers being conveyed by a discharge 

3 5 conveyer from the filling machine and may transmit its 
output to a synchronization comparator circuit 134 and 
to a valve select circuit 136 in similar manner as dis-
cussed above regarding FIG. 8. A gate signal circuit 
138 may receive the output of the synchronization 

4 0 comparator circuit 134 and may function to transmit a 
control signal to the discrete container memory circuit 
120 if appropriate signals are received from the syn-
chronization comparator and the valve select circuit. 
After the discrete container memory circuit 78 has 

4 5 been gated the accumulated fill level signals will be 
transmitted to the average sum and hold circuit 80 for 
mathematical averaging after which the average signal 
obtained will be displayed in the manner indicated 
above. The synchronization circuit therefore prevents 
averaging of accumulated signals until synchronization 
is verified. 

It is therefore apparent, in view of the foregoing, a 
novel method and apparatus have been provided by the 

5 5 present invention for inspecting containers being filled 
by an automatic filling machine and for obtaining linear 
averaging of the fill level of all of the inspected contain-
ers. Depending upon the nature of the output signals 
desired, the averaging concept may conveniently take 

6 0 the form of block averaging where containers filled by 
a selected group of filling heads may be averaged. For 
example, linear averaging computation may be 
achieved relating to containers filled by the first ten fill-
ing heads of a 72 head filling machine over a specific 

6 5 selected number of fills for example ten fills and a dis-
play either temporary or permanent and either analog 
or digital may be provided to reflect the average fill 
level of the group of filling heads concerned. Means 
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may be also provided to insure that the fill level average 
obtained reflects an average of all of the containers 
filled by each of the selected filling heads. For example, 
if one container is not filled by one of the selected fill-
ing heads or if for some other reason the container is 5 
removed from the discharge of the filling machine the 
accumulated and averaged signals will be deleted and 
will not be displayed. An averaging signal will be dis-
played only if it reflects a proper number of containers 
having been filled by a selected number of filling heads. 10 

After one block cycle is complete and an averaging 
signal is displayed containers filled by another block of 
filling heads may be inspected and averaged for fill 
level. For example, containers relating to filling heads 15 
numbers 11-20 of a 72 head filling machine will be lin-
early averaged in like manner. 

By employing means to insure relation of each con-
tainer to a specific filling head, obviously a logic win-
dow is developed that will enable the operator of the 20 
machine to detect a specific filling head that might re-
quire adjustment. 

If desired a running average of fill level signals may 
be accomplished either of a selected group of filling 
heads of the machine or of fill levels detected by in- 2 5 

specting containers relating to each of the filling heads 
of a container filling machine. If it is desired to detect 
the fill level relating to each of the filling heads of a ma-
chine having a large number of filling heads, it will ne-
cessitate the use of a small computer or some other 3 0 

suitable facility for achieving a large number of rapid 
mathematical calculations. In order to simplify the col-
lection and display of averaging information it may be 
deemed appropriate to select small groups of filling 
heads and to calculate block or running averages of the 3 5 

fill level of each of the selected filling heads of the ma-
chine. 

Individual valves may be monitored and displayed on 
any type of multiple head filling machine without re-
gard to the total number of filling heads, because only 4 0 

a single valve is selected for observation at a given time. 
Each valve may then be inspected in time sequence. 

Where a running average is conducted, a selected 
number n of filling cycles may be utilized and n number 
of fill level signals may be collected representative of 4 5 

each selected filling head. After n number has been 
reached, the running selection may be continued by de-
leting the oldest signal and by adding the newest signal 
and averaging the collection of signals after each revo-
lution of the filling machine. It is apparent that the 
present invention affords substantial latitude in the 
type of averaging display depending upon the degree of 
sophistication with which the container inspection ap-
paratus is provided. 5 5 

It is therefore seen that the present invention is one 
well adapted to attain all of the objects and advantages 
hereinabove set forth, together with other advantages 
which will become obvious and inherent from a de-
scription of the apparatus itself. It will be understood 6Q 
that certain combinations and subcombinations are of 
utility and may be employed without reference to other 
features and subcombinations. This is contemplated by 
and is within the scope of the present invention. 

As many possible embodiments may be made of this 6 5 
invention without departing from the spirit or scope 
thereof, it is to be understood that all matters, herein-
above set forth or shown in the accompanying draw-
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ings, are to be interpreted as illustrative and not in any 
limiting sense. 

What is claimed is: 
1. A method of monitoring and averaging the fill level 

of containers being filled by an automatic filling ma-
chine having a number of filling heads, said method 
comprising the steps of: 

conveying said filled containers in linear manner 
from said filling machine; 

passing said filled containers through a beam of radi-
ation being emitted from a source of radiation; 

producing electrical fill level signals responsive to at-
tenuation of said beam of radiation resulting from 
detection of the fill height of each of said succes-
sive filled containers; 

accumulating a predetermined number of successive 
electrical fill level signals in a memory system; 

extracting a selected group of said electrical fill level 
signals from said memory system; 

conducting a linear average of said selected group of 
said electrical fill level signals; 

producing an electrical output signal responsive to 
the average of said selected group of said electrical 
fill level signals; and 

displaying said output signal. 
2. The method of claim 1 wherein said selected group 

of said electrical fill level signals comprises all of said 
fill level signals stored by said memory system and said 
method includes the steps of: 

adding successive electrical fill level signals to said 
memory system and simultaneously deleting the 
oldest of said successive signals from said memory 
system while maintaining said predetermined num-
ber of successive electrical signals constant; 

conducting said linear average of said predetermined 
number of successive electrical signals after each 
addition and deletion of said signals; 

generating an output signal reflecting said average 
after each addition and deletion; and 

said display of said output signal being representative 
of said average of said output signals. 

3. The method of claim 1 wherein: 
said selected group of said successive electrical fill 

level signals corresponds to the number of filling 
heads of said filling machine. 

4. The method of claim 1 including the steps of: 
counting containers being filled and dispensed by 

said filling machine; 
comparing said counted containers with a known nu-

merical sequence; and 
omitting said displaying of said output signal and de-

leting all stored signals from said memory system if 
said counted containers fail to correspond to said 
known numerical sequence. 

5. The method recited in claim 1, including the 
method steps of: 

holding a predetermined accumulated average repre-
sentative of the containers filled by a predeter-
mined number of the filling heads of the filling ma-
chine while accumulating a subsequent selected 
number of fill level signals for subsequent averag-
ing; 

generating an analog signal representing the linear 
average of the signals being held; and 

said output signal displayed reflecting the linear aver-
age of the signals being held. 
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6. A method of monitoring containers being filled by 
an automatic filling machine having a plurality of filling 
heads, said method comprising the steps of: 

conveying said filled containers in linear and serial 
mariner from said filling machine; 5 

passing said filled containers in serial manner 
through a beam of radiation being emitted from a 
source of radiation; 

producing electrical fill level signals responsive to at-
tenuation of said beam of radiation resulting from 10 
detection of the fill height of said successive con-
tainers; 

accumulating a predetermined number of successive 
electrical fill level signals in a memory system cor-
responding to a selected number of filling heads of 1 5 

said filling machine; 
conducting a linear average of said accumulated 

electrical fill level signals; 
producing an electrical output signal responsive to 
the linear average of said fill level signals; 
displaying said output signal; 
successively adding successive electrical fill level sig-

nals to said memory system and simultaneously de-
leting the oldest of said successive signals while 2 5 
maintaining said predetermined number of succes-
sive electrical signals constant; 

conducting a linear average of said predetermined 
number of successive electrical signals after each 
successive addition and deletion of said signals; 3 0 

producing an output signal responsive to each aver-
aging sequence; and 

successively displaying each of said output signals, 
7. The method recited in claim 6 including the steps 

o f : 35 
counting containers being filled and dispensed by 

said filling machine; 
comparing said counted containers with the number 

of filling heads of said filling machine; and 
deleting all accumulated signals from said memory 40 

system if said counted containers fail to correspond 
with the numerical sequence of said filling heads of 
said filling machine. 

8. The method recited in claim 6 including the step 
of: 45 

identifying containers filled by certain filling heads of 
said filling machine; 

selecting fill level signals relating to said identified 
containers; 

conducting a linear average of the fill height of said 5 0 

identified containers; 
generating a signal responsive to said linear average; 

and 
displaying said linear average signal. 
9. A method of obtaining linear averaging informa- 5 5 

tion relating to the fill height of containers filled by se-
lected ones of the filling heads of a container filling ma-
chine having a plurality of filling heads, said method 
comprising: 

conveying said filled containers in linear and serial 
manner from said filling machine; 

passing said filled containers through a beam of radi-
ation being emitted from a source of radiation; 

producing electrical fill level signals responsive to at- 6 5 
tenuation of said beam of radiation resulting from 
detection of the fill height of each of said succes-
sive filled containers; 

selecting electrical fill level signals relating to succes-
sive containers filled by selected ones of the filling 
heads of said container filling machine; 

accumulating, in a memory system, a predetermined 
number of successive electrical signals relating to 
containers filled by said selected ones of said filling 
heads; 

conducting a linear average of said accumulated 
number of signals; 

producing an electrical output signal responsive to 
said linear average of said electrical fill level sig-
nals; and 

displaying said output signal. 
10. A method as recited in claim 9 wherein: succes-

sive fill level signals relating to containers filled by indi-
vidual filling heads of said filling machine are accumu-
lated in numerical sequence in said memory system; 
and 

a predetermined number of successive signals relat-
ing to containers filled by individual filling heads 
are averaged in linear manner for identification of 
the average container filling height of each of the 
individual filling heads of said container filling ma-
chine. 

11. A method as recited in claim 9 wherein said se-
lected fill level signals relate to containers filled by a 
selected one of the filling heads of said container filling 
machine and, following the step of displaying said out-
put signals, including the following steps: 

clearing said memory system of accumulated fill level 
data; 

selecting electrical fill level signals relating to con-
tainers filled by the next successive filling head of 
said container filling machine; and 

repeating the steps of conducting a linear average 
said fill level signals, producing an output signal 
representative of said linear average of the electri-
cal fill level signals generated responsive to radia-
tion inspection of selected containers and display-
ing said output signal. 

12. A method as recited in claim 9 including the steps 
of: 

counting containers being filled and dispensed by 
said filling machine; 

comparing said counted containers with a selected 
number; and 

omitting said displaying of said output signals and 
clearing said memory system of accumulated sig-
nals if the number of containers counted fail to cor-
respond to said selected number. 

13. Apparatus for obtaining linear averaging infor-
mation relating to the fill level of containers filled by an 
automatic filling machine and conveyed from said ma-
chine by a discharge conveyer, said apparatus compris-
ing: 

means for detecting the fill level of each container 
being conveyed by said discharge conveyer and for 
translating said fill level into electrical signals rep-
resentative of the fill level of each container; 

means for selecting particular ones of said electrical 
signals from said detecting and translating means; 

means for shaping said electrical signals into pulses 
of consistent width and amplitude; 

integrator means for counting said shaped pulses and 
providing an analog signal proportional to the fill 
level detected by said fill level detecting means; 



1 7 
3,818,232 

1 8 
averaging means for accumulating a selected number 

of said analog signals pertaining to a selected num-
ber of detected containers and for generating an 
average analog signal representing the average of 
said analog signals; and 5 

means for displaying said average analog signal. 
14. Apparatus as recited in claim 13 including: 
a discrete container signal memory for serial accu-

mulation of signals from said integrator means; and 
10 

synchronization means responsive to comparison of 
the number of containers detected to a predeter-
mined number for transmitting a release signal to 
said discrete container memory releasing said ac-
cumulated signals to said averaging means if said 15 
numbers synchronize and deleting said accumu-
lated signals if said number fail to synchronize. 

15. Apparatus as recited in claim 14: 
said synchronization means comprising a synchroni-

zation comparator circuit; 20 
said predetermined number relating to a selected 

number of filling heads of said filling machine; 
means for transmitting said predetermined number 

and said container count number to said compara-
tor means; and 25 

gating means between said synchronization compara-
tor and said discrete container signal memory and 
being responsive to a signal from said synchroniza-
tion comparator for transmitting said accumulated 
signals to said averaging means or for deleting said 30 

accumulated signals. 
16. Apparatus as recited in claim 14, wherein said 

synchronization means comprises: 
a synchronization comparator circuit; 
a filler switch carried by said filling machine and 

being actuated at the completion of each filling 
cycle of said machine, said filler switch being in cir-
cuit with said synchronization comparator circuit 
and providing said comparator circuit with a prede-
termined reference number at each actuation of 
said filler switch; 

a container counter circuit counting each container 
being conveyed through an inspection station by 
said discharge conveyer, said container counter 
circuit providing said synchronization comparator 
circuit with a container inspection count for com-
parison with said reference number; and 

a signal gate circuit interconnecting said synchroni-
zation comparator and said discrete container 
memory and being responsive to signals from said 
synchronization comparator for causing deletion of 
accumulated signals from said discrete container 
memory or causing transmission of accumulated 
signals to said averaging means. 

17. Apparatus as recited in claim 13: 
output calibrate amplifier means being interposed 

between said averaging means and said displaying 
means and amplifying said average analog signal to 
achieve signal units appropriate for display. 
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