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MASS/WEIGHT MEASUREMENT FILTERING SYSTEM
ABSTRACT

A filter system for mass/weight apparatus that
produces an electrical signal correlated to a
mass/welght including a mechanical design for the
apparatus so that the resonant vibrational frequency
thereof falls above signal components of interest in
the electrical signal, a fifth order low pass analog

signal, and a digital low pass filter having 2-1/2
poles at a cut-off frequency.
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MASS/WEIGHT MEASUREMENT FILTERING SYSTEM
SPECIFICATION

The present invention generally relates to

systems for filtering out noise from electrical
signals produced by mass/weight measurement apparatus.
More particularly, the invention relates to reduction
of sensitivity of a load cell to environmental
vibration. Yet more particularly, the invention
relates to systems for filtering out noilise from
electrical weight signals generated by devices for
vacuum assisted transfer of fluids.

The weight signal produced from a mass/weight
measurement device such as a strain guage load cell or
force balance generally includes undesireable
components attributable to environmental influences.

Such influences can include vibration, loading shock,
or the like.

Typically, the component of interest in the
weight signal is of a sufficiently low frequency that
low pass filtration can be employed to remove many of
the undesireable components. However, it is difficult
to conmpletely remove all undesireable components.

Certain filtration arrangements are disclosed 1in
United States patent Nos. 4,817,026 and 4,379,495.
However, the arrangements are not suitable for all
occasions. Specifically, the disclosed filtration
arrangements are applied in situations where the
signal components of interest are static, 1i.e.,
constant or nearly constant, DC values.

In hospitals, it is frequently necessary to
provide solutions for intravenous administration to a
patient which contain a variety of drugs in a single
solution container. A common example of such need
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arises when a patient 1s receilving all of his nutritional

needs 1atravenously. In this situation, the patient will

typically receive a basic solution containing amino

acids, dextrose, and fat emulsions which provide a major

portion of the patient’s nutritional needs. However, the

solution 1s i1nsufficient to maintain a patient for an
extended period of time. Therefore, a typical total
parenteral solution contalns as many as 8 to 12
additional additives. The additives are typically minute
quantities of vitamins, minerals, electrolytes, etc.

An automatic compounding device has been developed

to assist the pharmacist 1n preparing solutions for total
parenteral nutriticn. This devices 1s disclosed 1n
United States Patent No. 4,789,014. The disclosed device

1s used to assist the pharmacist in automatically

compounding very small quantities of fluids into a single

receiving container. The device allows the pharmacist to

accurately transfer multiple individual fluilds for
multiple source containers 1nto a single receilving

container.

In the device, fluid flows from multiple source

[ S

containers through individual fluid supply conduits into
a measuring chamber having a single fluid outlet conduit
in fluid communication with a single receiving container.

The measuring chamber comprises a load cell that weighs

minute quantities of fluids as they are added to the

measuring chambex.
The weight signal generated by the load cell of the

compounding device 1s such that it 1s either a constant

—

value (1.e., a DC ocutput signal) or a ramp
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wave (i.e., a very low frequency AC output signal). Thus,
the signal components of -nterest in the weight signal are
variapble.

Further, due to the minute quantities being measured,

the weight signal is particularly susceptible to

vibrational influences. The weight signal can be highly
susceptible to degradation in the presence of environmental

vibration, loading shock, and the like.

The present invention provides a filtering system foxr
filterinc mass/weight output signals of a mass/weight

measurement apparatus. The invention further provides a

load cell output signal filtering system that reduces the
environmental vibration influences on the load cell when
employed for measuring minute gquantitiles.

To these ends, 1in an embodiment, the invention
provides a system including mass/weight measurement

apparatus having a displaceable member specifically

designed to have a mechanical resonant frequency higher

than the frequency signal components of i1nterest of a

signal output from the appvaratus; an analog low pass filter

[#

coupled to the output of the apparatus; an analog-to-

digital converter coupled to an output of the analog low
pass filter; and a digital low pass filter coupled to an
output of the analog digital filter.

According to one aspect of the invention, there 1is

provided a system for a mass/weight measuring apparatus for
producing an electrical signal correlated to a constant or

varying sensed mass weight, comprilising:

a measuring system that provides an analog output
signal correlated to a constant or varying sensed
mass/weight, the measuring system having a displaceable

member with a rescnant vibrational frequency above signal
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components of interest in the output signal;
a low-pass ana.log filter coupled to the
measuring system for receiving the analog signal, the

analog signal providing an output signal;

an analog-to-digital (A/D) converter coupled to

the analog filter IZIor receiving the output signal, the

}

A/D converter providing a digital output signal; and
a low pass digita. filter couplec to the
analog-to-digital filter for receiving the digital output

signal, the digital filter -mplementing the following

equations:
Yif) uD am- |
Yiol!) = 516 + 10 o2 270 (Ym(t = 1))

wherein x(t) is the output of the A/D converter at time
t, and Y,,(t) 1s the digital filter output at time t, the

digital filter continuously averaging the digital signal.

According tc another aspect of the invention, there

is provided a system for a mass/weight measuring

apparatus for producing an electrical signal correlated
to a constant or varylng sensed mass welght, comprising:

a measuring system that provides an analog
output signal correlated to a constant or a bearing
sensed mass/weight, the measuring system having a
displaceable member with a resonant vibrational freguency
greater than fregquenciles of signal components of interest
1n the analog output signal;

& low-pass analog filter coupled to measuring

system for receiving the analog signal, the analog
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filter rroviding arn outpur signal, the analog fil-cer
g L 3 g

_h

having five poles at a cut-coff frequency;

t

an analog-to-digitali (A/D) converter coupled to
the analog filter for receiving the output signal, the
converter providing a digital output signal; and

a low-pass digital filter coupled to the analog
to-digital filter fcr receiving the digital output

signal, the digital filter implementing the following

2m—1
Zn Ym (t"l) H

where n 1s a preselected number of filter stages, X 1is

equation:

X n
Yn(t) =*2n + n}3m=1

the output ©f the A/D converter at time t, and Y _(t) 1is
the digital filter output stage n at time t.

According to a further aspect of the invention,

there 1s provided a method for producing a mass/weight
measuring apparatus output signal comprising the steps
of:

providing an analog output signal correlated to

a constant or bearing sensed mass/weight;

low pass filtering the output signal via a low-
pass analog filter coupled to the measuring system for
recelving the analog signal;

providing an output signal from the analog
filter:

converting the signal output from the analog
filter to a digital signal;

low pass filtering the digital signal via a

low-pass digital filter, the low-pass digital filter
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1mplementing the following equat.on:

l n 2m—1
Ip{t) = on + n m=1 \ 2" Y, (t-1)

According Tc¢ another aspect of the invention, there

1s provided A device for accurately transferring multiple

individual fluids from multiple source containers to a

“luid flows from the

single receilving container, 1n which

e rd

multiple source containers through individual fluid
condulizs to a chamber having a chamber fluid outlet
condui:- 1n fluid communication with the single receiving
container, the chamber also having a pressure condult,
the invention comprising:

first occlusion means for selectively
prevent-ing fluid flow from each of the individual fluid

conduizs to the chamber;

pressure means for selectively creating

positive and negative pressures 1n the chamber to control

the rate of fluid Zlow through the chamber;

second occlusion means for selectively

occluding fluid flow from the chamber outlet fluid
condulfZ to the receiving container;

control means for controlling the first and

second occlusion means and the pressure means, the
control means causing the first occlusion means to allow

fluid o flow through at least one of the i1individual

fluid conduits while causing the second occlusion means
to prevent fluid flow into the receiving container and
simultaneously causing the pressure means to create a

negative pressure 1n the chamber to precisely control
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the amount of fluid flow into the chamber, the control

means further causing the first occlusion means to prevent

fluid flow through all of the individual fluid conduits

after a predetermined amount of fluid has been delivered

5 to the chamber, the control means then further causing the

second occlusion means to allow fluid to flow from the

chamber through thes outlet conduit while simultaneously

causing the pressure means to create a positive pressure

1n the chamber tc force fluid from the chamber into the

10 recelving container;

prier

measuring means for weighing a quantity of fluid

as 1t 18 transferred

an electrical analo

4.

fluid; and

4

|
ot

to the chamber, the means providing

signal correlated to a weight of the

15 means Ior filtering the output signal of the

measuring means including a support for supporting the

chamber selected to have a resonant vibrational frequency

gr—

greater than components of interest of the signal output

by the measuring means, an analog low-pass filter, an

<0 analog-to-digital (A/D) converter, and a low-pass digital

filter, the low-pass digital filter implementing the

following equation:

- X

25

In another embodiment, the measurement apparatus is a

load cell.

zm-l

o
Y (¢) = ,n nXm---l 2" Yy (t1)

In another embodiment, the measurement apparatus is

30 part of a compounding system wherein material to be

compounded 1s welghed by the weighing apparatus.
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In another embodiment, the analog low pass filter
has 5 poles at a cut-off frequency.

In another embodiment, the digital filter is a
ten stage filter providing continuously averaged load
cell signal data using a weighted average technique.

In another embodiment, the digital filter has 2-
1l/2 poles at a cut-off frequency.

In another embodiment, the load cell has a
resonant fregquency of approximately 3 Hz or greater.

In another embodiment, the analog low pass filter
has a cut-off frequency of about 1.8 Hz.

In another embodiment, the digital low pass
filter has a cut-off frequency of about 4.9 Hz.

An advantage of the invention is a filtering
system that eliminates or reduces environmental
vibration influences on a signal output from
mass/weight measurement apparatus.

Another advantage of the invention 1is a
compounding system that more accurately measures
quantities of additives compounded in the device.

Another advantage of the invention is an improved
load cell systen.

These and other advantages and features of the
invention will become more apparent with reference to
the following detailed description of the presently
preferred embodiments and accompanying drawings.

ON THE DRAWINGS

FIG. 1 illustrates in perspective view, a
compounding device for mixing and transferring one or
more source fluids.

FIGS. 2(a)-(c) illustrate a weighing and mixing
chamber used in the device of FIG. 1.
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FIG. 3 1llustrates 1n partially exploded view a

mechanical design of a load cell assembly.

FIG. 4 1llustrates 1n perspective view a housing

covering the load cell of FIG. 3.

FIG. 5 1llustrates in perspective view a chamber

—
pr—wr.

support of the loac cell of FIGS. 3 and 4.

N
D

FIG. 6 1llustrates a block diagram o:

M1Croprocessor.

-

FIG. 7 1llustrates an electronic arrangement for the

load cell.

FIG. 8 1llustrates an analog low pass filter.

In FIG. 1 there 1s 1llustrated a device 10 provided

for accurately transferring individual doses of separate

4.

fluids from individual source contaliners

12. FEach individual source contailner can contaln a

different fluid 14. In some cases, the fluid in one

container might be i1ncompatible with fluids contained in
other source containers.

Such a device 10 1s more fully disclosed and
discussed i1n U.S. Patent No. 4,789,014. However, the

device will be described herein to assgsist 1n the

fr—

description of the presently preferred embodiments of the

invention.

In the device 10, fluid 1s transferred from each
source container 12 through a separate individual fluid
conduit 16 to a single chamber 18. The chamber 18 is

v

suspended from a load cell 20. The load cell 20 1is a

welghing apparatus that constantly weighs the total

weight of the chamber 18 to generate an output signal

which 18 i1ndicative of the amount of fluid in the chamber

18 at any given time. As such, the load

PRAS LHUNS ATA e g m I e -
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cell 20 generates a weight signal related to the
amount of fluid added to the chamber.

The chamber 18 is provided with a single chamber
fluid outlet conduit 22 which is in fluid
communication with a single receiving container 24.
In a preferred embodiment, the receiving container 24
can be previously partially filled with a base
solution 25 consisting of amino acids, dextrose, and
fat emulsions. However, it 1is not required that the
receiving container contain any fluid prior to
operation of the device.

The chamber 18 also includes a pressure conduit
26 which 1s coupled to a pressure means. In a
preferred embodiment, the pressure means is a single
peristaltic pump. The purpose of the pressure means
1s to selectively create positive and negative
pressures in the chamber 18 during operation of the
device to control the rate of fluid flow into and out
of the chamber 18.

The device 10 is further provided with a first
occlusion means 28. The purpose of the first
occlusion means is to selectively prevent fluid flow
from each of the individual fluid conduits 16 from
entering the chamber 18 in the absence of a command
from a control means 32, which preferably comprises a
system of microprocessors. During operation of the
device 10 in a preferred mode, the first occlusion
means 28 will only allow fluid to flow from one source
container 12 to the chamber 18 at a time. In this
manner, it 1s possible to very accurately monitor the
amount of fluid flowing from each container into the
chamber 18 through the use of load cell 20.
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The device further includes a second occlusion
means 30 for selectively occluding fluid flow from the
chamber outlet fluid conduit 22 to the receiving
container 24. In a preferred embodiment, the second
occlusion means 30 is a solenoid occluder.

The control means 32 controls the first and
second occlusion means as well as the pressure means.
The control means 32 causes the first occlusion means
28 to allow fluid flow through at least one of the
individual fluid conduits 16 while causing the second
occlusion means 30 to prevent fluid flow from the
chamber 18 1into the receiving container.

The control means 32 enhances fluid flow into the
chamber 18 by operating the pressure means to create a
negative pressure in the chamber 18, thereby drawing
fluid from a source container 12 through its
individual conduit line 16 into the chamber. After
the load cell 20 has sensed that the appropriate
amount of fluid has entered the chamber 18 from the
particular source container 12, the control means
causes the first occlusion means 28 to prevent further
fluid flow from that source container. At this point,
the control means 32 can cause the first occlusion
means 28 to allow fluid to flow from another source
container 12 into the chamber 18, or the second
occlusion means 30 to open to allow fluid to flow from
the chamber 18 into the receiving container 24.

The control means 32 may allow a second fluid to
flow into the chamber 18 when a first fluid is still
present in the chamber if the first and second fluids
are compatible with each other and if there is
sufficient empty space remaining in the chamber to
receive the entire amount of the second fluid to be
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dispensed. The control means 32 will not allow a
second fluid to enter the chamber when a first fluid
is still present if the two fluids are incompatible
with each other, or if insufficient room exists in the
chamber.

The control means 32 enhances fluid flow from the
chamber 18 into the receiving container 24 by causing
the pressure means to generate a positive pressure in
pressure condult 26 which is in fluid communication
with the chamber 18. This causes a positive pressure
in the chamber so that when the second occlusion means
30 is opened to allow fluid to flow from the chamber
to the receiving container 24, the positive pressure
will force the fluid out of the chamber and into the
receliving container 24. This greatly reduces fluid
retention in the chamber 18.

The chamber of a preferred embodiment is more
clearly described in FIGS. 2(a), (b) and (c). As
illustrated, the chamber 18 has a generally
rectangular cross-sectional area in a preferred
embodiment. The purpose of providing a rectangular
area for the chamber is to allow the body of the
chamber to be placed as close as possible to the
device 10 when the transfer set 34 is loaded in the
device.

The chamber is also designed to have downwardly
sloping walls 80 from the top of the chamber to the
outlet conduit 22. This helps absorb impact on the
load cell of transferred fluid, due to gravity and
vacuum induced acceleration. The effective height for
acceleration is reduced by the funnel shape. This
also reduces splashing which means less need for a
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rinse cycle. As will be readily apparent, it is
possible to design chambers having other shapes.

A key feature of the chamber is that the pressure
line 26 (FIG. 1) is in communication with an upper
portion of the chamber and that a manifold 67 delivers
individual fluids from each of the individual fluid
lines into the chamber through a separate fluid path.
This means that any mixing of the fluid does not occur
until the fluid enters the chamber. As discussed
above, it is possible to prevent mixing of fluids in
the chamber if desired by emptying the chamber after
each individual fluid has entered the chamber.

The details of the mechanical features of a
preferred load cell are more clearly illustrated in
FIGS. 3, 4, and 5.

Referring to FIG. 3 and FIG. 4, a load cell 156
is connected to a chamber support 158. The chamber
support 158 receives the chamber 18. The support 158
thus serves as a displaceable member which is
displaceable via leveraging and the like, relative to
the load cell 20. The load cell 156 senses the
weight of the chamber and generates weight signals
which are indicative of the amount of fluid in the
chamber. The electronics of the load cell 156 are
discussed in greater detail below. These signals pass
through line 160 to the control means 32.

In a preferred embodiment, the load cell 156 is
enclosed in a housing 162 as illustrated in FIG. 4.
As can be seen in FIG. 4, the chamber support 158
extends outside of the load cell housing 162.

A chamber housing 164 is also provided in a
preferred embodiment to protect the chamber and the
load cell from variations in load cell readings due to
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laminar air flow present around the device 10. The
chamber housing 164 also prevents unnecessary touch
interference with the chamber.

The chamber housing consists of a lower portion
166 which is mounted on the load cell housing 162.
The lower portion 166 may be removed periodically to
wash the housing. However, it is not necessary to
remove the lower portion of the housing 164 to insert
a chamber 18 into the chamber support 158. The upper
portion 168 of the chamber housing in the preferred
embodiment is a hinged l1id which is attached to the
load cell housing 162.

Referring to FIG. 5, it is illustrated in greater
detall how a preferred chamber support can be
structured. As 1llustrated, a load cell 500 is
enclosed within a housing 502. The chamber support
508 is attached to the load cell 500 through an
opening in the housing 502.

The chamber support 508 preferably is constructed
so as to have a substantially horizontal rectangular
opening 510 at a top end 512 thereof. A chamber 514
is received through the opening 510 as discussed
above.

) In side profile, the chamber support 508
preferably comprises a substantially L-shaped member
wherein the top end 512 comprises a first leg of the L
while a downwardly depending leg 516 serves as the
remainder of the L. The leg 516 is attached to the
mounting block 507 which extends through the opening
in the housing 502. The chamber support 508 is
attached to the load cell 500 using two bolts 518.
Attached at one lateral end of the top end 512
positioned away from the housing 502 is a bent clip
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520 that serves to exert retaining forces on the
chamber 514 when it is inserted within the support
500. To further retain the chamber 514, the support
508 includes a small spring pin loader 522 that
protrudes within the interior of the rectangular

opening 510, but at one end adjacent the housing 502,
l.e. opposite the clip 520.

The operation of the device 10 is described in
greater detail in the following description. After a
transfer set has been installed in the device 10, the
operator is then ready to program the device to
indicate the amount and type of each fluid to be
transferred from each of the individual source
containers into the receiving container.

In a preferred embodiment, two microprocessors
are used in the control means 32. While a variety of
microprocessors can be used, in one embodiment of the
invention, an Intel 8031 microprocessor can be used
for both of the microprocessors. One microprocessor
serves as a master microprocessor and another
microprocessor serves as a pumping control
microprocessor.

A simplified block diagram of a typical
microprocessor is illustrated in FIG. 6. As
illustrated in this figure, a typical microprocessor
includes an internal random access memory (RAM) 222
and a plurality of in/out (I/0) ports 224. The
microprocessors include a variety of hardware
registers which can be programmed to perform special
functions. In a preferred embodiment, the special
function hardware registers 226 may include serial
interface registers 288, timer/counters 230, and stack
pointer 232. In addition, to the internal features of
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a typical microprocessor as briefly described above,
additional external hardware is present in a typical
microprocessor control device. For example, an
external RAM 234, external in/out ports 236, and a
programmable memory (ROM) 238 are required to allow a
microprocessor to perform the desired functions.

During power up of the device 10, various
diagnostics and other checks are performed
simultaneously. These diagnostics are discussed in
detail in U.S. Patent No. 4,789,014. The diagnostics
include: testing the internal RAM 222 of each
microprocessor; testing an external RAM 234 of each
microprocessor; initializing internal and external
RAMs 222 and 234, initializing all in/out ports 224;
and initializing special function hardware 226 located
within the microprocessor (i.e. dedicate certain ports
228 for communication purposes, initializing the
timer/counter 230 of each microprocessor, initializing
the stack pointer for keeping track of program
routines).

All of the control logic discussed above is
performed by the master microprocessor in a preferred
embodiment. The three major functions performed by
the pumping microprocessor are to: (1) control the
pumping operation of the peristaltic pump; (2) process
signals generated by the load cell; and (3) control
the occlusion means. When the device 10 is originally
turned on by an operator, the pumping microprocessor
goes through an initialization process very similar to
the initialization process of the master
microprocessor, which procedures are fully discussed
in U.S. Patent No. 4,789,014.
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The electronics used to generate signals from the
load cell is now discussed in greater detail with
reference now to FIG. 7, a block diagram of the
electronics associated with a load cell 400 of a
preferred embodiment of the invention.

As illustrated in FIG. 7, the load cell 400 is
powered by a regulated DC source 402. As discussed
above, the chamber is suspended from a bracket on the
load cell so that the load cell 400 generates an
analog signal which is indicative of the weight of
both the chamber and any fluid contained in the
chamber. The load cell in a preferred embodiment, is
a shear-beam type load cell based on resistance strain
gauge technology. Weilight values are converted by the
load cell into DC signal voltages. These voltages, or
signal, are fed into a linear amplifier 404. The
signal generated by the load cell 400 is a relatively
low level signal which requires amplification prior to
transmission to an analog-to-digital converter.

The linear amplifier 404 preferably is a
commercially packaged integrated circuit, low-noise,
low-drift instrumentation amplifier. This
instrumentation amplifier 404 provides the bulk of
amplification needed to bring the low level signal
from the load cell to a level adequate for input into
the A/D converter. The signal from amplifier 404 is
then passed through a low-pass filter 406. This
filter serves to attenuate noise components generated
by semiconductors, seismic effects and load cell
mechanical resonance.

The signal is then passed from the low-pass
filter 406 to a "span trim and zero adjust" stage 408.
The span trim function of this stage is used to set
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the overall load cell amplifier gain (span) to a given
millivolt/gram value required at the input to an A/D
converter 410. The zero adjust function assures a
unipolar signal input voltage to the A/D converter,
which 1is configured in the unipolar mode. The signal
is passed from the span trim and zero adjust stage to
an additional low-pass filter 412.

The function of low-pass filter 412 is
essentially identical to the function of filter 406.

The signal then passes to the A/D converter 410
through line 412.

The A/D conversion process is implemented by A/D
converter 410 together with peripheral circuitry
consisting of a clock oscillator 414. The A/D
converter 410 converts the amplitude value of the
signal from the low pass filter 412 to an eguivalent
14-bit binary coded output signal. This signal is
transmitted through gates 420 and 422 which
sequentially place a high data byte and then a low
data byte on data bus lines 430 to the internal data
port of the pumping microprocessor. The information
is then transmitted to a status buffer in internal RAM
450 of the pumping microprocessor. Gates 420 and 422
transmit data to the microprocessor after the
microprocessor senses the end of conversion signal via
line 432 to pumping microprocessor 1I/0 304. After the
low data byte has been transferred, the A/D conversion
cycle is completed, and begins again with the arrival
of the next start conversion pulse into the A/D 410.

After an updated weight has been received from
the load cell 400, the next function performed by the
pumping microprocessor is to update the internal RAM
222 of the master microprocessor with weight
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information contained in internal RAM 450 of the
pumping microprocessor. This updating process takes

place every four tenths of a second in a preferred
embodiment.

As previously discussed, vibration and other
external forces can induce undesirable distortions,
i.e., noise, in the weight signal derived from the

load cell. As an aspect of the invention, a filtering

system 1is provided for filtering these noise signals
from the weight signal.

In an embodiment of the invention, the filter
system comprises three distinct filtering portions.
First, the mechanics of the load cell chamber support
are such that the resonant frequency thereof falls far
above the frequencies of interest in the weight
signal. Second, the analog signal produced by the
load cell 1is subjected to an analog low pass filter,
such as the filter 412 of FIG. 7, in a preferred
embodiment having five poles at the cut-off frequency
thereof. Third, following A/D conversion, the digital
sampling values extracted from the weight signal are
subjected to a digital low pass filter, in a preferred
embodiment having 2-1/2 poles at its cut-off
frequency.

In a preferred embodiment, the frequency response
of the analog low pass filter provides a five pole |
filter having its cut-off precisely aligned at 1.8 Hz.
The frequency response of the digital filter
preferably provides a 2-1/2 pole filter with a cut-off
frequency at 4.9 Hz. It is known that the
mathematical product of these filters yields the
overall analog and digital filter response.
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Furthermore, it can be appreciated that the band
pass of the system 1s designed so as not to affect the
signal components of interest content of the weight
signal.

A typical weight signal or fill signal derived
from the load cell 20 comprises either a constant
value or a ramp wave. A constant value is derived
whenever the measured weight is constant while a ramp
wave 1s derived during a fill routine as the measured
weight in the chamber increases. The rate of increase
of the weight in the chamber determines the slope of
the ramp wave.

Because the ramp wave increases over a period of
time, generally greater than 1 second, the frequencies
of interest of the weight signal are greater than 0 Hz
but also less than about 1-2 Hz. Accordingly, weight
signal components having frequencies above
approximately 1-2 Hz are not of interest and represent
noise 1in the signal.

With respect to the first portion of the
filtering system, it was determined that by making a
chamber support, such as that illustrated in FIG. 5,
as light as possible, the resonant frequency of load
celi and chamber support would be elevated above the
frequencies of interest. Accordingly, as a
displaceable member of a weighing apparatus, the
effect of vibration of the support will have been
significantly reduced.

To select an appropriate chamber weight, data was
compiled relating the presence of noise in the output
signal of a load cell (due to environment vibration)
to various chamber support weights. The following
table was compiled:
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Action:

Chamber
Support

Arm Weight (grams)

Peak
Amplitude

of Weight
Signal (grams)

Frequency
Range (Hz)
of Weight

Signal (all amplitudes)

Frequency Range (H2z)
of oscillations less
than 0.015 g. amplitude

Action:

Chamber
Support
Weight (grams)

Peak
Amplitude

of Weight
Signal (grams)

Frequency
Range (Hz)
of Weight
Signal

Action:

~ 17 - 2039984

Change One
Source Fluid
Container on Compounder

69 61g 101g

. 04qg . 049 .139g
pk-pk  pk-pk  pk-pk

3.9~ 2.89~ 2.63~
4.71 7.14 5.95
4076- 2087" 205—
5.88 7.0 5.985

Pound a Hammer on Laminar
Flow Hood Deck Near
Compounder

6g 61g 101g

0.16g 0.74g 0.89g
pk-pk  pk-pk  pk-pk

3.16- 2.33- 2.95-
7.14 5.0 6.25

Set Down a 2

Liter Glass

Bottle On Laminar
Flow Hood Deck Near
Compounder
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Chamber 6g 61g 1019
Support

Weight (grams)

Peak .024g . 10g . 0659
Amplitude pk-pk  pk-pk  pk-pk
of Weight

Signal (grams)

Frequency 3.84~- 2.77- 2.68~
Range (Hz) 5.5 7.14 5.0
of Weight

Signal

In a preferred embodiment of the invention, as a
compromise between choosing the lightest weight
possible and providing adequate structural integrity,
the support was chosen to have a weight of
approximately 40 grams. Accordingly, the resonant
frequency of the support and load cell was selected to
fall above 2 Hz, preferably about 3 Hz or greater.

With respect to the second portion of the
filtering system, in Figure 8 there is illustrated a
preferred analog low pass filter 600. The illustrated
low pass filter 600 comprises three operational
amplifier arrangements 602, 604, and 606 appropriately
cascaded 1n series. The low pass filter 600 is
referred to as an equal value Sallen-key fifth order
low pass filter.

The first operational amplifier arrangement
represents a first order low pass filter section while
each of the succeeding operational amplifier
arrangemnents 604 and 606 constitute second order low
pass filter sections. By cascading these sections
together, a fifth order low pass filter is obtained.
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With respect to the third portion of the filter
system, the digital low pass filter is a software
algorithm that implements the following egquation:

X Zn 2m—1
Yn(t) - 2n = n m= 2n

In thils equation: n is the selected number of filter
stages; X(t) 1s the filter input at time t; and Y (t)
is the filter output at stage n for time t. ¥Ym(t-1)
1s the value of stage M at time t-1.

In a preferred embodiment, the digital low pass
filter is of a tenth order and accordingly the
particular equation effectuated via the software
algorithm is the following:

Y (+-1)

X 210 [ 2™
Ylo (t) = 2I0 + 10 me1 210 Ym (t-1)

This equation translates into the following:

1 &
0 oM 1l Y (t=1)

Y(t) = 3230 + 10 - m

In a preferred embodiment, the analog-to-digital
conversion of the fill signal requires only about 40
s so that by the time the base level routine has a
chance to pole the H/D converter again (i.e. obtain
another welight fill signal sample) the next conversion
is complete. The polling routine itself will wait a
maximum of 200 s for the analog-to-digital conversion
routine to finish, once the routine has been entered.
The result 1s that the analog-to-digital converter is
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poled and read approximately every 5 ms, on average.
This results in a sampling rate of about 200 Hz.
Pursuant to normally accepted sampling theory, this is
at least 100 times greater than the minimum rate of
2Hz required to accurately reproduce or evaluate
signals having frequencies of 1 Hz or less.

The 5 ms interval analog-to-digital samples are
then fed through the 10 stage digital algorithm that
implements a low pass filter with 2-1/2 poles at about
4.9 Hz. The filter smoothes out the samples, but adds
approximately 250 ms phase delay from input to output
of the digital filter. Accordingly, the actual read-
out of the fill signal at any given time is behind the
actual amount present in the chamber by approximately
250 ms.

While a preferred embodiment has been shown,
modifications and changes may become apparent to those
skilled in the art which shall fall within the spirit
and scope of the invention. It is intended that such
modifications and changes be covered by the attached
claims.
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CLAIMS
1. A system for a mass/welght measuring apparatus for
producling an electrical signal correlated to a constant or
varyilng sensed mass weight, comprising:

a measuring system that provides an analog outpuc

signal correlated to a constant or varying sensed

mass/weight, said mzasuring system having a displaceable

member with a resonant vibrational frequency above signal
components of interest 1n said output signal;

a low-pass analog filter coupled to said

measuring system for receiving sald analog signal, said

analog signal providing an output signal;

an analog-to-digital (A/D) converter coupled to

salid analog fillter for receiving sald output signal, said
A/D converter providing a digital output signal; and

a low pass digital filter coupled to said analog-

to-digital filter for receiving said digital output signal,

sald digital filter implement:ing the following eguations:

X Lp am-
Yiolt) = 510 + 10 < 210 (Ym(t — 1))

wherein x(t) is the output of the A/D converter at time t,
and Y,,(t) 1s the digital filter output at time t, said

digital filter continuocusly averaging said digital signal.

2. The system of claim 1, wherein said analog filter has

a cut-off frequency of about 1.8Hz.

3. The system of claim 1, wherein said digital filter has

a cut-off frequency of about 4.9 Hz.
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4 . The system of c¢laim 1, wherein said analog filter nhas

five poles alignec at about 1.8 Hz.

5. The system of claim 1 wherein said digital filter

comprises 10 stages, 1.e. n=10C.

6 . The system of claim 1, wherein said digital filter
continuously averages said digital signal.
7 . The system of claim 1, wherein said displaceable

member has a resonant frequency greater than or equal to

about 3 Hz.

8 . A system for a mass/weight measuring apparatus Ifor

producing an electrical signal correlated to a constant or
varying sensed mass weight, comprising:

a measurlng system that provides an analog output

signal correlated to a constant or a bearing sensed

mass/weight, said measuring system having a displaceable

member with a rescnant vibrational frequency greater than

gr—

frequencies of signal components of interest 1n saild analog

output signal;

a low-rass analog filter coupled to measuring

system for receiving said analog signal, said analog Ifilter

providing an output signal, said analog filter having five

poles at a cut-ofI trequency;

an analog-to-digital (A/D) converter coupled to

said analog filter for receiving said output signal, said
converter providing a digital output signal; and
a low-pass digital filter coupled to said analog

to-digital filter for receiving said digital output signal,

salid digital filter implementing the following eguation:
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ﬁ L Y
. |
b

v X n il
n(t) 20t 'nImgl I i Ym (t-1) }:

5 where n 1s a preselected number of filter stages, X is the

P

output of the A/D converter at time t, and Y.(t) is the

digitcali filter output stace n at time

P
Lr -

9. The system of ciaim & wherein n 0.

10

10. The system of claim &, wherein the cut-off frequency

of said low-pass analog filter 1is about 1.8 Hz.

11. A method for producing a mass/weight measuring
15 apparatus output signal comprising the steps of:
providing an analog output signal correlated to a
constant or bearing sensed mass/welght;

low pass filltering said output signal via a low-

pass analog filter coupled to said measuring system for

20 recelving said analog signa.l;

providling an output signal from said analcg

filter;

converting said signal output from said analog

filter tc a digital signal;

25 low pass filtering said digital signal via a low-
pass digital filter, said low-pass digital filter

1mplementing the following equation:

X " 2m—l
y ¥,(t) = .n + n m=l \ 2% Y o (t=1)
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13. The method of claim 11, wherein said analog filter

has a cut-off freguency of about 1.8 Hz.

14. The method of claim 11, wherein said analog filter

has five poles aligned at about 1.8 Hz.

15. A device for accurately transferring multiple

individual fluids from multiple source contailners to a

single receiving container, 1in which fluid flows from said

multiple source contalners through individual fluid
conduits to a chamber having a chamber fluid outlet
conduit 1n fluid communication with the single receiving
container, the champer also having a pressure condult, the

invention comprising:

first occlusion means for selectively preventing

1

~luid flow from each of said individual fluid conduits to

said chamber;

pressure means for selectively creating positive

and negative pressures 1n sald chamber to control the rate

of fluid flow through said chamber;

second occlusion meansg for selectively occluding

-

fluid flow from said chamber outlet fluid conduilit to said

recelving container;

control means for controlling said first and

second occlusion means and said pressure means, said

control means causing saild first occlusion means to allow

fluid to flow through at least one of said individual

fluid conduits while causing said second occlusion means

to prevent fluid flow i1nto said receiving container and
simultaneocusly causing sald pressure means to create a
negative pressure 1n sald chamber to precisely control the

L aand

amount o fluilid flow 1nto said chamber, said control means

further causing said first occlusion means Lo prevent

e e i e e M L ln e e e Bad it 4 At i T e R b 35 e JRC IR ARSI L5 EONABEE S RN L 1T = e 8Lt et e Lt sped My WS e nglhea ] B o deiee e ST b B AN 2 0 A DR G UM 5 205 b I R S N AU 2 60 AL SR M AP Lot ] D P B o4 1V B My s ende
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fluid f_.ow through all of said individual fluid conduits

after a predetermined amount of fluid has been delivered

to said chamber, said control means then further causing

sald second occlusion means to allow fluid to flow from

said chamber thrcugh said outlet conduit while
simultaneously causing said pressure means to create a

positive pressure in sald chamber to force fluid frem said

chamber into said receiving container;

measuring means for weighing a quantity of fluid

|

as 1t 1s transferred to said chamber, said means providing

an electrical analog signal correlated tc a weight of said
fluid; and

means for filtering said ocutput signal of said

measuring means including a support for supporting said
chamber selected to have a resonant vibrational freguency

greater than components of interest of said signal output

by saild measuring means, an analog low-pass filter, an

anaiog-to-digital (A/D) converter, and a low-pass digital

4

filter, said low-pass digital filter implementing the

following eqguation:

-l
- ). = ). -1
Yn(t) = o + B/ a3l 2 m
16. The device of claim 15, wherein said analog low-pass

filter has five poles at a cut-off fregquency of about 1.8

Hz.

17. The device of claim 15, wherein said chamber support

has a resonant vibrational frequency greater than or equal

to about 3 Hz.

o = LH Lapis o AR AT DR ARG AR b Pt - 10 el AL = e e v o e e e c e e .
- . . ’ i1t maar. ety (M, ASGLINN ezt 2 NNA w st et s . 1340 P i FISF SECTHRVS 6~ SRR 05 4 1 0GR P e T TR -
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18. The device of claim 15 wherein n = 10.
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FIG. 4
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FIG. 8 o
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