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ABSTRACT:- Moisture content of grain is one of the important parameters always considered
when deciding the quality and price of grain, at the stage of harvesting, storage, processing and
marketing. Grain having excess moisture content, if stored for long duration, will spoil due to
insect/fungusinfestation. Portable, field usable, and easy-to-use direct moisture (%) display Grain
Moisture Meter isa necessity for the benefit of farmers. Thetypesof Grain Moisture Metersavailable
in the market are with look-up tables, which cause inconvenience when carrying out measurements.
We have developed a grain moisture meter, which due to its novel design, eliminates this problem
and gives moisture (%) directly on a LCD display. The novelty of this instrument is that it is
compact, easy-to-use, portable, and field usable. The moisture meter is based on the principle of
dielectric constant variations due to change in moisture. Changes of moisture content affect the
dielectric constant of the grain, which in turn makes variation in capacitance. The resultant
capacitance variation is converted to voltage variation and calibrated in terms of moisture
percentage. On the basis of rigorous experiments the meter has been calibrated for wheat, paddy,
soybean, sunflower & mustard. However, the user can calibrate the meter at his level for other
grains also. The developed instrument is working satisfactorily for all practical purposes in the

range of 5-25 % of grain moisture with an accuracy of + 1% .

INTRODUCTION

The quality of grainisinfluenced by its moisture content.
Knowledge of the moisture content of food grains is
required for various reasons such as the need to know
the optimum stage of harvesting, whether the grainscould
be stored for extended period of time, to decide the price
of grains, and for research and development (R & D)
purposes. Conventional methods of moisture
measurementsin grainslike oven-dry method, distillation
method, drying with desiccants etc., are time-consuming
laboratory methods. Fast aswell asfield usable portable
Grain Moisture Meter is a necessity to meet the
requirements of farmers, grain storage personnel, and
agricultural products marketing corporations. The paper
explains the design and development of a low cost
portable Digital Grain Moisture Meter.

The methods for determining moisture content of grains
can be divided into direct and indirect methods. Oven-
dry method, distillation, drying with desiccants etc., are
direct methods, whereas those based on either electrical
resistance, dielectric (capacitance), chemical, hygrometry,
nuclear magnetic resonance or microwave spectroscopy
etc., areindirect methods.

Oven-dry method isawidely recognized method [1,2] for
determining moistureof grains. Itisabasic method against
which other indirect method based moisture meters are
calibrated. Two general proceduresare availablein oven-
dry method: (i) Grind thegrainand dry itintheovenfor 1
to2hoursat 130 °Cor (ii) Placethewhole grainin the
oven at atemperature of 100 °C for 72 - 96 hours. After
heating the grains are transferred to a desiccator where
they are alowed to cool to room temperature. Thelossin

AJST, \Vol. 6, No. 1: June, 2005

97



A.K.RAI

weight is determined and the moisture content cal cul ated
either by wet basis or dry basis.

In the distillation method [1,2] moisture is removed by
heating thegrainin oil and theloss of weight of the sample
determined. Inthe caseof desiccant drying[1,2], moisture
content of a product is determined by placing the sample
near an efficient drying agent like anhydrous sulphuric
acidinaclosed container. Thelossinweight isdetermined
and moisture (%) is cal cul ated.

All the above-mentioned methods have the disadvantages
of being time-consuming laboratory methods, and chances
of errors occurring during measurements are more if the
measurements are not done carefully.

Indirect methods involve the measurement of certain
property of the material, which depends upon the moisture
content. Any one of the direct methods explained above
isused to calibrate the systems based on indirect methods.
Chemical method for moisture measurement normally adds
certain chemicals, which decompose or combinewith water.
Calcium carbide method [3], calcium hydride method [1]
and Karl Fischer method [4] etc. are some of the chemical
methods. In hygrometry method [2] relative humidity of
theair in equilibrium with the material (grain) isused asa
measure of the moisture content.

Moisture measurement by nuclear magnetic resonance
(NMR) depends on the detection of the hydrogen nuclei
within the material. The magnetization in the sample is
converted to avoltage, whichisproportional to the number
of hydrogen nuclei present in the sample. This method is
not specific for moistureitself but isspecific for hydrogen
nuclei [11]. An advantage of thismethod isthat it israpid,
has high accuracy, and is a non-destructive measurement
technique. Its disadvantages are that the method senses
total hydrogen rather than water, and requires expensive
equipment.

Microwave spectroscopy [1] is yet another method in
which the attenuation of microwaves vary with moisture
content of grain, but the method isquit expensive. Another
indirect method is electrical resistance or conductivity
method [1,2] and the principle is based on the resistance
or conductivity of the material under test. That resistance
isinfluenced by many factors other than moisture content,
the error due to non-uniform distribution of moisture, and
physical contact with the material are major problemsin
thismethod. Furthermorethe method cannot give accurate
results[5] if moisture level islessthan 7% or greater than
23%.

Another popular method of moisture measurement isthe
capacitance (dielectric) method [1,2]. Instruments based
on thistechnique are subject to less error that arise from
non-uniform distribution of moisture and physical contact
withthe material under test. Thismethod permitsmoisture
measurement over a wider range than conductance
method, and properly calibrated capacitance type grain
moisture meterswork satisfactorily within 1% accuracy,
which servesalmost all practical purposesin agriculture.
The paper explains the development of grain moisture
meter based on the capacitance principle.

MATERIALSANDMETHODS

The Working Principle of the Capacitance-based
MoistureMeter

The functional block diagram of the system is shown in
Fig. 1. Parallel plates (aluminum) capacitor of size 16 x
14.5 cm separated by 3 cm and encapsulated inan acrylic
container acts as sensor. Grain sample is placed inside
the container.

The capacitance C of aparallel plate capacitor is[6]:

C= £ A
d

Farad o

where: £, =8.8419 x 10 Farad/meter isknown asthe

absolute permittivity of free space, £, isthe relative

permittivity of the dielectric or the dielectric constant of
thematerial, Aistheareaof theplate, and disthe distance
between the plates.

The grain whose moisture content is to be measured is
filled betweenthe plates, and acts asthe dielectric medium
of the parallel plate capacitor. Thus the sensor of the
instrument can be modeled as a capacitor of composite
dielectric medium consists of water, dry grain matter, and

air, with dielectric constants €, &,,, £, 5 respectively.
The capacitance of such a composite capacitor may be
obtained from the expression [7]:
A
d . d d

14 T2 4 3 2
erl €r2 €r3

C =

where d1, d2 and d3 are the thickness of the dielectric
medium contributed by the water of the grain, dry grain
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Figure 1: Functional Block Diagram of the capacitance-based moisture meter

matter, and air gapsinthegrain filled portion of the sensor
respectively. Sincetheratio of the dielectric constants of
water, dry matter of grain,and airis80: 5:1[1, 8], the sensor
can be approximated as a capacitor with dielectric medium
of water and the capacitance of such capacitor may be:

_ &A
d /e, ©)

Hence, the capacitance change in the sensor is
predominantly due to the moisture content of the grain.

Development of theGrain M oistureM eter

Theelectronic circuit of thesystemisdepictedinFig. 2. A
high frequency square wave oscillator workingin2 MHz
excited the sensor. The output across the sensor was fed
toasignal conditioning circuit, which consists of avoltage
doubler [9] i.e., IC 7661, which was used to double the
output of the sensor. Thiswas followed by a RC circuit,
which givesthe DC voltage variation against capacitance
change in the sensor. The voltage variation against
moisture (%) of grain was approximated to astraight line
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Figure 2: The electronic circuit of the grain moisture meter

and theinstrument calibrated by adjusting slope, ‘m’ and
Y-axisintercept value ‘¢’ of the calibration curve by the
electronic circuit so that direct display of moisture (%) is
possible on a LCD display. A separate channel switch
was provided for each commodity (type of grain).

The prototype of the system was calibrated for five
commodities (wheat, paddy, soybean, sunflower and
mustard), but it can be calibrated for any number of
commodities by giving separate push switch for each
channel.

The schematic diagram of the devel oped prototype system
is depicted in Fig. 3. The meter has two compartments;
the first compartment, ABCDEFGH is the grain holder
where capacitor type sensor is fitted. The other
compartment, EFGHIJKL occupiesthe electronic circuit
of the system. A knab for adjusting zero reading before
filling the sample into the grain holder is also provided.

Calibration of theM oisture M eter

The meter has been calibrated for wheat, paddy, soybean,
sunflower and mustard. To calibrate the system for the
said commodities, the output (mV) of the system should
be recorded against different samples with varying
moisture (%). To performthis, aset of sampleswith varying
moisture (5 - 25%) of the above mentioned commodities
were conditioned. For conditioning, the grainswerefirst
cleaned, foreign materials, and shrivelled grainsremoved.
Samples with lower moisture content were prepared by
drying the grain in an oven, by placing the trays
containing grain of layer thickness of about 1.5 cm, at a
temperature below 45°C[10]. After atimeof 5to 6 hours,
the grain was removed from the oven and allowed to cool
to room temperature, and from this 600 gm. of the grain
was filled into the sample jar. A small quantity of this
sample was taken and its moisture determined by oven
dry method. The moisture (%) was determined in wet-
basis[2]. Theremaining grain was again kept inside the
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Fig. 3: Theschematicdiagram of thegrain moisturemeter

oven and dried. After 5 to 6 hours the grain was once
again removed for preparing another sample. Thisprocess
was continued until the required number of samples of
varying moisture (%) for calibration purpose had been
mede.

Sampleswith higher moisture (%) were prepared by placing
the samples (600 gm) in different containers and water
was added in the desired quantity. After closing the jar,
the sampleswere thoroughly shaken for about one minute
with an interval of half an hour for four hours. All the
samples were maintained at room temperature and an
equilibrium period of oneweek wasallowed for the samples
to achieve the desired moisture level uniformity. The
samples thus prepared were used for calibrating the
system. A separate push switch was provided for each

commodity the moisture content of which was measured
by pressing the corresponding push switch. The push
switch connectsthe corresponding Y -axisintercept value
adjustment circuit, which determines the intercept value
of the appropriate curve. This novel arrangement
distinguishes our developed system from other moisture
meters for which look-up tables for finding the moisture
percentage have to be provided, a, cause inconvenience
to the users.

At present our system is calibrated for five commodities
as mentioned above, but can be calibrated for any number
of commodities using separate push switches for each
commodity provided the obtained calibration curves can
be approximated as straight lines which enables direct
display of moisture (%) onthe LCD display of the system.
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RESULTSAND DISCUSSIONS

The electrical output (mV) against different samples of
varying moisture (5 to 25%) for wheat, paddy, soybean,
sunflower and mustard are shown in Table 1. These
readings were taken after adjusting the slope ‘m’ to a
desired value using the slope adjustment circuit. The
correlation coefficient of the obtained datain the case of
wheat, paddy, soybean, sunflower and mustard were
found as0.999, 0.987, 0.991, 0.999, and 0.999 respectively.
Usingacommercial regression analysis software package,
lines of regression were obtained for these commaodities
asYn=mnXn+Cn;n=1,2...5. Thevauesof ‘m and‘c’
for wheat, paddy, soybean, sunflower and mustard were
foundtobe1.0and0, 1.4 and 6.8, 1.8 and 5.4, 1.3 and 3.0,
and 1.0 & O respectively. These regression lines
considered ascalibration curvesareplottedin Fig. 4. The
‘c’values were adjusted using the Y -axis intercept value
adjustment circuit, which generates corresponding ‘c’
values with negative polarity wherever necessary.

Laboratory Testingand Field Trials

The developed system was tested in the laboratory for
different samples of the commodities mentioned above.
The test results are given in Table 2. Each record of the
tableisthe average of five readings. The performance of
the system is evident from the table as the error in
measurement lies between + 1%, which is the quoted
specification of the system and is sufficient for at the
farmer'slevel for field uses.

The system was also sent to Central Instruments
Organisation (CSIO), Chandigarh, India, a National
Laboratory under Council of Scientific and Industrial
research (CSIR) for testing, thereafter, it was taken for
fieldtrail by makingit availableto different farmersthrough
Secretary, MadhyaPradesh, Krishi Vipnan Board, Jabal pur,
India. Fieldtrial reportswerefound satisfactory.

Table 1: Electrical output of the moisture meter for different samples

Sample Wheat Paddy Soybean Sunflower Mustard
No. X Y X Y X Y X Y X Y
) | (MV) | %) | (MV) | %) | (MV) | %) [ (MV) | () | (mV)
1 9 9 9.3 7 75 75 5 35 5 5
2 10.8 10.7 99 74 82 84 6.5 5.7 74 75
3 11.3 11.2 111 8.6 9.1 10 7.1 6 93 91
4 119 12 115 89 9.6 11.7 9 85 10 102
5 124 124 121 9.7 104 126 10.2 10.2 11.6 114
6 129 13 129 10.2 111 14.2 11.8 125 128 129
7 14 14 133 109 11.8 165 133 14.2 135 136
8 16.1 16 144 122 14.9 225 14.8 16 144 144
9 169 17 147 13 164 254 17.9 20 16 16.2
10 19 191 16.2 157 20 30 19 215 17.8 18
11 211 21 20 215 231 A 215 25 192 194
12 238 23.7 215 23 25 38.3 23 27 20.2 20.1

Note: X = Moisture(%)
Y = \oltage output(mV) of the system

Each record of the table isthe average of five readings
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Figure 4: The moisture content calibration curves for different types of grains

Table 2: The laboratory test results of the developed moisture meter

Sample Wheat Paddy Soybean Sunflower Mustard

No. MC, [MC, |E, |MC, |[MC, |E, |MC, |[MC, |[E, [MC, |[MC, |[E, |MC, |MC, |E;
1 102 |10 02 108 |11 02 |82 8 02 |6 6.2 02 |75 7.6 01
2 115 (114 |01 (114 115 |01 |89 88 01 (7.2 7 02 (82 8 0.2
3 12 12 0 21 |12 01 |96 9.9 03 (93 9 03 (93 9 0.3
4 136 (138 (02 |128 (131 |03 |104 |107 |03 (108 (109 (01 J101 |104 |03
5 145 (148 |03 (135 |138 |03 112 115 (03 |121 (12 01 (116 |114 |02
6 151 |15 01 |14 14 0 12 124 |04 |13 131 (01 |124 121 |03
7 16 164 |04 (149 |[151 (02 |128 |129 |01 (139 (136 (03 |13 132 |02
8 168 |17 02 (156 |155 |01 (141 143 (02 142 (131 (01 (139 (141 |02
9 175 178 |03 |16 163 |03 |152 |155 |03 |15 |158 |03 (143 (144 |01
10 181 (183 |02 (172 |17 02 [163 |16 03 [168 |17 02 (152 |156 |04

Average Error 0.2 |Average Error 0.18 [Average Error 0.25 |Average Error 0.19 [Average Error 0.23

Note: MC, = Actual moisture content(%) by oven method
MC,, =Measured moisture content (%) using the devel oped moisture meter
E, = Error (%)
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CONCLUSIONS

A portable, a field usable digital grain moisture meter
weighing approximately 500 gm, and operating with single
9V battery has been developed. Whereas grain moisture
meters using capacitor type of sensors are available in
themarket, all such systems provide printed |ook-up tables
along with their instruments, from which the moisture
percentage of diverse commodities have to be obtained.
Our system has an edge-over compared to these other
systems because of the direct display of moisture (%) of
different commodities using simple techniques explained
above.

Since the sensor of our system is based on capacitance
method and the grain is acting as diel ectric medium of the
sensor, temperature variations in grain introduce minor
error in meter reading. It isanticipated that |ack of density
correction may slightly affect the accuracy of the
measurements. However the developed instrument is
working satisfactorily for all practical purposes in the
range of 5 - 25% of grain moisture with an accuracy of
+1%.
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