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ON-LINE ELECTRONIC MOISTURE ANALYSIS 
‘ SYSTEM 

BACKGROUND OF THE INVENTION 
In general, this invention relates to a system to deter 

mine the moisture content in a baked product, and 
more particularly to an on-line moisture analysis 
system for directly indicating the moisture content of 
uniformly baked goods. 

In order to produce and package, for example, a 
baked Danish pastry item, with an'acceptable shelf life, 
the moisture content must be accurately controlled. If 
the product is packaged at too high a moisture content, 
there is a chance that it will become moldy during 
storage, and if the product is dried too long, it may have 
marginal acceptance with the consumer. There are a 
number of known methods to determine the amount of 
moisture in the product being packaged. One method 
for moisture determination is the A.O.A.C. Vacuum~ 
Oven Determination which requires 18 hours. Another 
method of moisture determination is by means of the “ 
Cenco” Moisture Balance, requiring 30 minutes time 
to complete, or by means of the Model G-8 Moisture 
Register requiring about 1 hour for a determination. 

Since a volume baked product is produced at the rate 
of approximately 200 items per minute, it is difficult to 
make a statistically signi?cant number of determina 
tions per day with one"‘Cenco” Moisture Balance or 
one Model G-8 Moisture Register. Also, if the 
Vacuum-Oven Method were used to make a signi?cant 
number of determinations, the results obtained would 
be too late to be relevant to the product output 
produced. 1 

Further complications for the available apparatus is 
that to make three rapid and accurate moisture deter 
minations, the product to be tested must be maintained 
at a constant temperature within a few degrees. Nor 
mally, the volume baked product moves on a cooling 
conveyor to the packaging machines, and varies in tem 
perature from approximately 95°F to l40°F. Therefore, 
temperature compensation must be added to any mea 
suring apparatus to make meaningful and accurate 
determinations. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide 
an on-line moisture analysis system. 
Another object of this invention is to make a simul 

taneous dielectric evaluation and temperature mea 
surement on uniformly baked goods and directly in 
dicate their moisture content. 
A further object of the invention is to provide an on 

line moisture analysis system to analyze and determine 
the moisture content of uniformly baked goods accord 
ing to an adjustable predetermined schedule, such that 
the goods may be accepted or rejected on a predeter 
mined basis triggered by the determined moisture con 

' tent. 

According to the broader aspects of the invention 
there is provided a’ . moisture analysis system for 
uniformly baked goods comprising means for measur 
ing the dielectric properties of said goods, comparator 
means coupled to the measuring means to indicate the 
changes in capacitance of said goods as compared to a 
standard, and means for measuring the temperature of 
said goods and providing a compensation signal to said 
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2 
comparator means, whereby said comparator means 
directly indicates the moisture content of said goods. 
A feature of the invention is that the on-line moisture 

analysis system further includes means for recording 
and indicating the moisture-content, means for accept 
ing or rejecting the goods on a predetermined basis as 
related to the moisture content, and means for sam 
pling and testing the goods in a predetermined time and 
test sequence. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing objects and features of the invention 
will best be understood if reference is made to the 
drawings in connection with the following description, 
in which: , 

FIG. 1 is a block diagram of an embodiment for an 
on-line moisture analysis system; 

FIG. 2 shows details of portions of the embodiment 
illustrated in FIG. 1; 

FIG. 2a illustrates further details of the arrangement 
of FIG. 2; I 

FIG. 3 shows details of a time delay and test 
sequence circuit which may be utilized in connection 
with the embodiment illustrated in FIG. 1'; and 

FIGS. 3a-c show further details of the time delay and 
test sequence circuit of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. 1, the various features of the inven 
tion are illustrated in a block diagram of the on-line 
moisture analysis system. A product 10 to be tested is 
placed on fringe ?eld electrode 11, and the change in 
capacitance is measured in a capacitance comparator 
and moisture indicator 12. One such type of compara 
tor and indicator is identified and marketed as a “Dan 
bridge CPC4 Comparator", by the Danbridge Com 
pany, Copenhagen, Denmark. Coupled to the 7 com 
parator 12 are extemals standards including a product 
gain compensator 13 and a product capacitance tuner 
14. The change in capacitance is measured as a plus or 
minus change compared to the standard capacitance 
set in the product capacitance tuner 14. In the com 
parator 12, the unbalanced voltage from a junction 
between the unknown and standard capacitance is fed 
into its input amplifier. The output of the ampli?er is 
fed through attenuators of the product gain compensa 
tor 13 to drive the indicator arm of the meter. The 
meter on the type comparator speci?ed above has a 
plus or minus 1 volt for full scale deviation. 

Since the capacitance reading of the comparator 12 
varies with the moisture in the product and with the 
temperature of the product if its weight, chemical com 
position and configuration are held constant, a radia- . 
tion pyrometer 15 enclosed in a controlled temperature 
chamber 15a is utilized to measure the temperature at 
which the product is being tested for moisture content. 
A temperature control circuit 9 is used to adjust the 
pyrometer 15 for the ambient room temperature. The 
output from the pyrometer 15 is coupled through a 
temperature compensation circuit 16 to produce an 
electrical signal which is added algebraically to the 
electrical signal from the fringe field electrode to com 
pensate for variations in temperature of the product, 
thereby the meter on the comparator 12 reads directly 
the moisture content of the tested product. 
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The resultant temperature compensated signal, 
besides driving the indicator arm of the meter, is also 
coupled from the comparator to a chart recorder 17 
which records the analog out voltage which indicates 
the moisture level of each item tested. This signal is 
further connected to a test limit selector 18. The selec 
tor 18 is coupled to a pair of counters 18a. A pass-re 
ject indicator-alarm 19 is activated in accordance with 
the preset numbers in the counters 18a in a known 
manner. The sampling and timing intervals are con 
trolled by a time delay and test sequence circuit 20. 
Circuit 20 is coupled to the command indicators 22 in 
cluding TEST, WAIT, and LOAD. In order to start a 
test, photo detector 21 indicates the presence of item 
10. The chart recorder 17 and limit selector 18 are ac 
tivated and controlled by circuit 20. The automatic test 
sample ejector 22 is activated and controlled by circuit 
20 and may comprise a single solenoid to push or pull 
the product 10 off the electrode 11. Additional com 
ponents of the system may include a remote count, 
alarm, and reset means 23, an automatic reload signal 
means 24, and an indicator modulator 25 for ?ashing 
the command indicator lights. 
The scheduling of operations is indicated by the 

three command lights 22a,b,c. When the instrument is 
turned on, a LOAD light on the test jig lights, after the 
item to be tested is properly placed on the jig, the 
LOAD lights goes off and a TEST light goes on. The 
time and sequence circuit 20 is activated by the photo 
cell 21 adjacent the electrode 11. The test period is 
ended when a timer causes a solenoidejector 22 to’ 
eject the item being tested from the test jig. The com 
mand indicator then switches from a TEST light to a 
WAIT light. The duration of the WAIT light is con 
trolled by a timing circuit 20 which can be controlled 
between 10 and 260 seconds. At the end of the WAIT 
cycle, the WAIT light goes off and the LOAD light goes 
on. The LOAD light blinks off and on under control of 
modulator 25 to attract the attention of the operator. 
When the operator properly places an item on the test 
jig, the LOAD light goes off and the TEST light goes on 
and a cycle is completed. 
The analysis system according to the invention will 

be further described in connection with FIG. 2. The 
dielectric properties of a single baked item are deter 
mined by placing the item on the fringe ?eld electrode 
11 comprising a plurality of interleaved elements l1a,b 
and having circular con?guration. The capacitance of 
the fringe ?eld electrode is changed by the addition of 
the baked item. The change in capacitance is measured 
as a plus or minus change in capacitance compared to a 
standard capacitance set 10 tuner capacitors 14a-j 
providing 1-30 pico farads. In the comparator, the un 
balance voltage from the junction between the unk 
nown input and the standard input is coupled to the 
comparator ampli?er. The output of the ampli?er is fed 
through range attenuators of the 10 200 ohm 20 turn 
trimpots 13a-j to drive the meter 12a. The meter 12a 
on the comparator has i 1 volt for full scale deviation. 

According to predetermined data analysis for the 
described embodiment, an acceptable uniformly made 
product has a 15.5 percent moisture contact. A one 
sigma deviation from the 15.5 percent moisture is 16.5 
percent or 14.5 percent moisture, and an acceptable 
limit is i 2 sigma or up to 17.5 percent moisture and 
down to 13.5 percent moisture. The meter 12a on the 
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4 
comparator must be calibrated from 13.5 percent 
moisture to 18.5 percent moisture for all products to be 
tested by the electrode 11. The standard range attenua 
tors and the standard capacitors are adjusted so that 
the meter is calibrated for each product. 
The capacitance reading of the comparator varies 

with the moisture in the freshly baked product and with 
the temperature, if the weight, the chemical composi 
tion and the con?guration of the product are held con 
stant. For example, when a hot (130°F) baked item is 
placed on the fringe ?eld electrode, the capacitance 
reading will increase as the temperature of the item 
decreases. If it were only necessary to hold the tem 
perature constant during the measuring period, a 
heated chamber would suf?ce. However, the baked 
items may reach the testing location at the same 
moisture content, but at random temperatures between 
95°F and 130°F, therefore the temperature must also 
be measured. Since the temperature cannot be mea 
sured by means ofa probe, because a probe must be in 
serted into each item in the exact same spot, and this 
insertion tends to destroy the sample so that it cannot 
be sold. A radiation pyrometer 15 is mounted over the 
fringe ?eld electrode 11 and measures the temperature 
of the product simultaneously as the dielectric proper 
ties are being measured. An electrical compensation 
signal is added algebraically to the signal from the 
fringe ?eld electrode when switch 26 is closed to com 
pensate the meter readings for variations in tempera 
ture of the product. A “Mikron 10” type pyrometer 15 
may be used, this type has an output of 0 MV at 60°F 
and 100.0 MV at 140"F. The pyrometer is contained in 
a temperature controlled (115°F at i 1°F) cabinet 15a 
to insure the stability of its output. 
The temperature control circuit 9 to adjust the 

pyrometer 15 to room ambient comprises a resistance 
16a and a 10 turn potentiometer 16b. The output of 
pyrometer is ampli?ed in the temperature compensa 
tion circuit 16 comprising a pair of ampli?ers type 
1:.A727 and uA74l which are connected to i 15 volt 
power supply. A resistive feedback network 16a is con 
nected to the ampli?ers as illustrated. The analog out 
put on line 26a from the circuit is i 1 volt with the zero 
voltage output being at ll5°F. There is no compensa 
tion when the pyrometer is at 115°F. There is a nega 
tive temperature compensation for pyrometer readings 
that are less than 1 15°F and positive compensation for 
temperatures over 1 15°F. 

Analyses of the data on several items of baked goods 
indicate that the temperature correction is about 0.195 
pf change per l.O°F change in temperature. When this 
correction is applied to the calibration of the meter on 
the comparator, the correction is 0.137 percent 
moisture change per l.0°F change in temperature. The 
amount of temperature compensation can be checked 
by placing a_ hot item to be measured on the fringe ?eld 
electrode and then reading the meter with the compen 
sation switch 26 in the OFF and ON position. Since the 
described circuit takes approximately'ten seconds for 
the comparator circuit to come to equilibrium and for 
the recorder to record a visible record on a strip chart, 
it is possible to measure and record up to 360 items per 
hour using the just described system. 
Other ‘features of the invention will now be 

described. The selector 18 is coupled to the compara 
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tor output and to two counters A and B. One counter 
counts the total number of items tested, and when the 
counter reaches a preset number, it activates an indica~ 
tor alarm to notify the operator that the sample number 
has been examined. The second counter counts the 
number of samples in the reject category, and when this 
counter reaches a preset number, it activates'the in 
dicator alarm to notify the operator that the sample 
number being tested is not acceptable. The selector 18 
accomplishes the classification of the item being tested 
into the proper category, and one type is identi?ed and 
marketed as the “Danbridge TLS-l Test Limit Selec 
tor”, by the Danbridge Company, Copenhagen, 
Denmark. 

Referring now to FIG. 2a, further details of- the ar 
rangement of FIG. 2 are illustrated. The CPC4 com 
ponent comparator 12 contains a comparator ampli?er 
whose input is tied to the measured capacitance from 
the test electrode 11 and the standard tuner 
capacitance 14 which have been tuned to the "particular 
type sample. The selector switch 12s is ganged to both 
the product gain tuner 13 and to the capacitance tuner 
so that they are simultaneously adjusted to the particu 
lar value, besides the individual adjustments to the 
components. The product gain'tuner adjusts the output 
gain of the CPC4 comparator ampli?er. Connected in 
series with the zero adjust 5K ohm resistor for the am 
pli?er is the .450 ohm resistor and the 100 ohm variable 
resistor illustrated in FIG. 2. The resistors are parallel 
connected by switch 26 to the ampli?er ptA74l' of the 
compensation circuit and to the common in reference 
to the comparator ground. This arrangement provides" 
the compensated output signal which is coupled to the 
meter. The compensated output signal is also coupled 
to the recorder and to the test limit selector 18. The 
test limit selector 18 includes a low limit ampli?er 18b, 
an accept amplifier 18c, and _a high limit ampli?er 1811. 
The signal from each ‘amplifier is coupled through 
relays l8e,f,g to activate the low, accept, and high re~ 
ject indicators. The output from the low limit and high 
limit amplifier are coupled through a driver'ampli?er A 
to reject counter A and to the indicator alarm 19. In a 
similar manner, each compensated output signal is cou 
pled through to driver ampli?er B to the total counter B 
and'then tothe indicator alarm 19_. In this manner, the 
specified CPC4 component comparator and test limit 
selector are utilized to directly indicate and record the 
amount of moisture of a test sample, and to register in 
counters A and B a total number sample and reject 
count. When the preset number is reached, an alarm in 
dication is given by unit 19. _ 

For example, with a sample sizevset at 100 items on 
the total counter, the one sigma limit for a 100 item 
sample may be set at 32 items (68.3 percent of product 
within : l sigma limits). Further, if we assume that for 
the small 100 item sample that the baked items tend to 
be too wet or too dry rather than a combination of too 
wet and too dry, the limit is set at 16 items for a plus or 

5 

25 

45 

55 

60 

a minus 1 sigma variation. If the limit were set at the 2 ~ 
sigma number, the operator would be noti?ed that his 
process is out of control when only two samples are re 
jected. However, when the ?rst limit is set at the l 
sigma limit, the operator can watch the ratio between 
the number of items tested and the number rejected, 

65 

and as long as the number of rejects is less than 16 per- ' 

6 
cent of the number of items tested, the process is in 
control. The 100 item sample could be tested in 17 
minutes or over a period of hours with practically the 
same statistical signi?cance. If a sample were to be 
taken every 10 seconds, a full-time operator would be 
required to place the samples on the electrode. If the 
sample is to be taken every 30 seconds, the 2-3 seconds 
required to place the sample on the electrode is not an 
imposition to the operator who may also be controlling 
the feeding of an on-line packaging machine. At one 
item every 30 seconds, the 100 item sample would take 
50 minutes. Every 50 minutes or less a quality control 
status of the process (number of rejects per sample) 
may be made. 
An example of the standard capacitances against 

which products are measured may be set for the various 
uniformly baked products as follows: (A) Cinnamon - 
1 1.67 pico Farads; (B) Strawberry - 10.01 pico Farads; 
(C). Apple - 12.62 pico Farads; (D) Blueberry - 14.23 
pico Farads; (E) Butterscotch - 10.70 pico Farads; and 
(F) Chocolate - 14.12 pico Farads. 
For these items there. is a different change in 

capacitance for each one percent change in moisture. 
The deviation of the measuring signal from the stan 
dard signal (standard capacitance) is ampli?ed and 
then attenuated to achieve various levels of amplifica 
tion. The trimpotentiometers l3a-j are individually 
switched into the comparator circuit to adjust the range 
of the comparator meter. When the standard range is 
set by switch 12s at 3 percent for full scale on the me- ' 
ter, the range for a “Blueberry” item should be set at 
3.38 percent and the range for a “Chocolate" item 
should beset at 3.27 percent. The meter on the com 
parator is set on the 10 percent rangewhen the instru 
ment is used, at a deviation of 10 percent from the stan 
dard ‘or center value, so that the meter is at full scale 
de?ection. The meter can be calibrated for moisture 
values according to the following scale: (A) 17.5 per 
cent moisture for +7.0 percent deflection; (B) ‘16.5 
percent moisture for +3.5 percent de?ection; (C) 15.5 
percent moisture for 0.0 percent de?ection; (D) 14.5 
percent moisture for —3.3 percent deflection; (E) 13.5 
percent moisture for —6.2 percent deflection; and (F) 
12.5 percent moisture for —9.0 percent de?ection. 
Referring now to FIGS. 3-3c, an embodiment of the 

time delay and test sequence circuit is illustrated. FIG. 
3 shows five relay circuits 31, 32, 33, 34 and 35 for tim 
ing and sequency. Relay 31 includes only a relay coil 
and its associated contacts 31a-d. The relay is con 
nect'ed to the photo cell detector 21, schematically il 
lustrated as a switch 21a, one side of which is coupled 
to a 12 volt DC source. The contact 310 is connected to 
the test indicator light 22a of the command indicators 
22 and is activated to indicate ready for test when the 
photo cell switch 21a is closed. The contact 31d starts 
the recorder motor. Relay 32 is‘ a three-second delay 
relay and is intiated by contact 31a of relay 31. Relay 
32 is more particularly described in connection with 
FIG. 3a. The relay 32 has its outputs coupled to the test 
limit selector 18 and recorder 17. ' 

Relay 33 provides a 10 second delay and is further 
detailed in connection with‘ FIG. 3b. Operation of relay 
33 is initiated by contacts 31b of relay 31. Relay 33 in 
cludes two active contacts 33l and 33m. Contact 33m is 
connected to control the solenoid of the‘automatic test 
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sample ejector. Relay 34 includes a coil which is 
rendered conductive by SCR 34a upon operation of 
contact 331, relay 34 operation initiates switching con 
tacts 34b and 340. Relay 35 provides a 26 second delay 
and is further detailed in FIG. 3c. Relay 35 in response 
to contact 34b operates contact 350 to cause modula 
tor 25 to blink load indicator light 220. In addition, the 
operation of 35a also removes power from the WAIT 
light 22b which was activated by contact 34c. 

Referring to FIG. 3a, relay 32 includes a transistor 
32a, two input resistors 32b, 32c and 32d, and timing 
capacitor 32e. Upon turning on transistor 32a, coil 32f, 
paralleled by diode 32g, is activated energizing con 
tacts 32h and 321‘. Resistor 32j is connected to the +12 
volt DC source, and when activated to timing capacitor 
32k. The other side of capacitor 32k is connected to the 
0 volt DC line. Coil 321, when activated, closes its con 
tact 32m to provide the momentary off-on signal to the 
test limit selector 18 to indicate the testing of a unit. 

FIG. 3b illustrates the components of relay number 
33 providing a 10 second delay. Contact 31b connects 
to a time constant capacitor 330 which through resistor 
33b and diode 330 is connected to emitter base coupled 
transistor 33d and 33e. The resistor 33f is connected at 
one end to the +12 volt DC power source and at the 
other end connected to one arm of the contact 31b. 
The other contact of relay 31b is connected to a varia 
ble resistor 33g and ?xed resistor 33h to the 0 volt DC 
line. Transistor 33d has its collector connected by re 
sistor 33i to the 0 volt DC line and transistor 33e has its 
collector connected by a coil 33]‘, paralleled by diode 
33k, to the 0 volt DC line. The coil 33]’, when ener 
gized, controls relays 331, 33m and 33n. This arrange 
ment permits a time delay adjustment for a test period 
‘from 5 to 30 seconds. FIG. 30 illustrates the 26 second 
delay 35. 
The circuit of FIG.v 3c is similar to that of FIG. 3b 

with the following modi?cations. The input is con 
trolled from relay 34 by contact 34b, the resistor 35b is 
500 ohms, the input timing capacitor 350 is 1,000 
MFD, and the resistor 35d is 10,000 ohms. Otherwise, 
the elements of this delay circuit are the same as that il 
lustrated in FIG. 3f. With the components illustrated, 
the time delay for the waiting period of the command 
indicators can be adjusted from 10 seconds to 4 
minutes and 20 seconds. 
According to the foregoing speci?cation, there is 

described a moisture analysis system for uniformly 
baked goods in which a fringe ?eld electrode is coupled 
for measuring the dielectric changes of said goods, a 
comparator is coupled to the fringe ?eld electrode to 
measure the changes'in capacitance as compared to a 
predetermined and set standard, and the temperature 
of the goods is measured and a compensation signal 
coupled to the comparator so that the comparator 
directly indicates the moisture content of the goods. 
The system operates in a predetermined test sequence 
to record, select, pass or reject goods on a predeter 
mined count basis as triggered by the comparator out 
put under the control of the timing and sequence cir 
cuit. 
Although I have described the invention in connec 
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tion with speci?c apparatus, it should be clearly un- 6 
derstood that this description is given by way of exam 
ple only and not as a limitation on the scope of the in 

8 
vention as set forth in the objects and features thereof 
and in the accompanying claims. 
We claim: 
1. A moisture analysis system for uniformly baked 

goods comprising: 
a fringe ?eld electrode positioned for holding and for 

' measuring the dielectric properties of said goods; 
comparator means including a comparator ampli?er 

' having one input coupled to said electrode to in 
dicate the changes in capacitance of said goods as 
compared to a standard, and said comparator am 
pli?er having gain compensation and capacitance 
tuning inputs for adjusting said comparator means 
for different types of baked goods; 

means for measuring the temperature of said goods 
and providing a compensation signal to said com 
parator ampli?er, whereby said comparator means 
directly indicates the moisture content of said 
goods; 

means for detecting the presence of a sample of said 
goods to be tested; 

command indicators coupled to said detecting means 
by a sequence circuit to indicate what portion of 
the test sequence is being performed; and 

means for ejecting said sample coupled to said 
sequence circuit. 

2. The system of claim 1 wherein said temperature 
measuring means includes: 

a radiation pyrometer; 
a temperature control circuit to adjust said pyrome 

ter for room ambient temperature; and 
a temperature compensation circuit coupled to said 
pyrometer to provide said compensation signal to 
said comparator means. 

3. The system of claim 1 including a time delay and 
test sequence circuit coupled to control the operation 
of said system. 

4. The system of claim 1 including means coupled to 
said comparator to record the moisture content of said 
goods. 

5. A moisture analysis 
produced goods comprising: 
means for measuring the dielectric properties of said 

goods; 
comparator means coupled to said measuring means 

to indicate the changes in capacitance of said 
goods as compared to a standard; 

means for measuring the temperature of said goods 
and providing a compensation signal to said com 
parator means, whereby said comparator means 
directly indicates the moisture content of said 
goods; 

a time delay and test sequence circuit coupled to 
control the operation of said system; 

means coupled to said circuit and positioned to de 
tect the presence of a sample of said goods to be 
tested; 

command indicators coupled to said circuit to in 
dicate the portion of the test sequence being per 
formed; and > 

means coupled to said circuit and positioned to eject 
said sample at completion of the testing sequence. 

6. The system of claim 5 wherein said comparator 
means includes gain compensation means and 
capacitance tuning means for adjusting said compara~ 
tor means for different types of goods. 

system for uniformly 
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7. The system of claim 6 wherein said temperature 
measuring means includes: ' 

a radiation pyrometer; 
a temperature control circuit to adjust said pyrome 

ter for room ambient temperature; and 5 
a temperature compensation circuit coupled to said 
pyrometer to provide said compensation signal to 
said comparator means. ' 
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