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Abstract— Quality of food is determined in terms of food
texture, taste and appearance butmoisture contei@)(of

food is a determination factor of quality & stabjliof the
processed food. Complex impedance measurement has
several advantages over conventional  moisture
measurement methods and can be used for portable
moisture measurement. This paper presents the Auto
Balancing Bridge Circuitry to determine the complex
impedance of the grain sample for moisture analyEige
complex impedance measurement has been done uding A
Balancing Bridge method. Experimentation has beaned

to reduce the losses of internal ABB circuit sot tihaan
provide measurements at high frequency range. #eio
radio frequencies, density- independent moisturatertd
determination is achievable with multiple-frequency
measurement. Due to operational amplifier’s linitat at
higher frequencies, proper design of ABB circuitviesy
crucial in the proposed circuit. Hence, ABB circinitwas
simulated in Multisimé& best opamp was selected.
Keywords— Complex impedance measurement,
balancing bridge method, moisture content.
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l. INTRODUCTION
The Food and Agriculture Organization of the United
Nations (FAO) gauges that 32 percent of all foolivdeed
on the planet was lost or squandered in 2009. This
evaluation is taking into account weight. At tharpavhen
changed over into calories, worldwide food misfaguand
waste adds up to pretty nearly 24 percent of alrisbment
delivered. Basically, on out of each four food ces
proposed for individuals is not consumed by them..
Economically, they represent a wasted investmeatt ¢an
reduce farmer’s income and increase consumer’snsese
Environmentally, food loss and waste inflict a hast
impacts, including unnecessary greenhouse gas iemsss
and inefficient used water and land, which in toam lead
to diminished natural eco systems and the servicey
provide. Quality of food is determined in terms fobd
texture, taste and appearance but moisture cootéobd is
the prime determination factor quality & stabiliof the
processed food.
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Moisture content of the food material is importaiot
consider whether the food is suitable before itssconption
because moisture content affects the physical aedical
aspects of food which relates with the freshnesse.ti
Standard methods for determining moisture in graguire
oven drying for specific time periods at specifiné
periods at specified temperatures by prescribechoast
Because such methods are tedious, time consumimy, a
expensive, they are not suitable for general ugeerngrain
trade, and hence other rapid testing methods haem b
developed.

Kandala et. Al in [1] have presented a laboratoagedul
electronic instrument that measures the complexdapce

of a parallel plate capacitor with a sample of pgdernels
between its plates. The author used the measutadsvin
empirical equation to estimate the moisture conténthe
sample which were in good agreement with the values
obtained through the standard air oven method. d&or
similar purpose an impedance analyzer has also been
designed that too determines the moisture contant i
peanuts. These values obtained by the presentéghdes
[2] were also in agreement with the standard aienov
method. Similar techniques are presented in [3]revtibe
author presents a low cost instrument to measuee th
impedance and phase angle along with a parallek pla
capacitance system to determine the moisture cbiien
yellow corn. This impedance spectroscopy is higtdgd in
real time applications in measuring moisture conten
various packaged food product such as cookie dasgim
[4], where the author conducted experiments with
concentric ring dielectric sensor in frequency &frgm 10
Hz to 10 KHz. The author calibrated the system véth
linear model in which the dependence of capacitard
moisture content is determined. These methodsesepted

in [2] and [3] are non-destructive methods thatvjgle
rapid results and have considerable applicationt$ o
drying and storage processes of corn and grairpaaduts
products.

It has been found that complex impedance measuteisien
the accurate and non-destructive method for ma@stur
determination [5]. The scope of the present worktas
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develop a digital sustainable and portable grairistuce
meter based on complex impedance measurement.

A variety of methods for impedance measurementt®exis
[6]: bridge, resonant, 1-V, RF I-V, network anlagsiThe
bridge method exhibits high accuracy, but due t®nbed

of balancing this method we consider not suitalble dur
application. Resonant method is achieving good dor
application. Resonant method is achieving good racguin
quality of inductance measurement, but there igedrfor
resonance tuning. It can be considered as an ofufofew
measurements as it was done in [7], but it is blétéor low
cost automated system. The data analysis inditba¢d-V

and auto balancing bridge methods look the most
promising. We will concentrate on the auto balagcin
bridge method because of its good and accurate
performance among high frequency and impedanceesang
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Fig. 1: Impedance measurement methods characteizat

. METHODOLOGY

2.1.Basic Principle
The basic principle behind the measurement of cerpl
impedance measurement is the measurement of impedan
of a circuit which is generally defined as the tota
opposition a device or circuit provides to the flofvAC
current at a given frequency.

Imaginary axis

Xmmm==

Real axis

R
Fig. 2:Basic Impedance Measurement
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Z=R+ jX =|z|

R =|Z|cos &
X =|zZ]|sin 8

1Z| = VR? + X 2
6 = tan 1[£j
R

Here, we are using ABB for impedance measuremdmd. T
ABB method is commonly used in modern LF impedance
measurement instruments. Its operational frequeacge
has been extended up to 110 MHz [10].
2.2.ABB Method
The ABB employs the inverting topology operational
amplifier. Basically, in order to measure the coempl
impedance of the DUT, it is necessary to measuee th
voltage of the test signal applied to the DUT aral d¢urrent
that flows through it. Accordingly, the complex iegance
of the DUT can be measured with a measurementitircu
consisting of a signal source, a voltmeter, andimmeter
as shown in figure 3(a). The voltmeter and ammeter
measure the vectors (magnitude and phase angl&)eof
signal voltage and current, respectively.

Fig 3(a):The simplest model of ABB for impedance
measurement

Fig 3(b):Impedance measurement using operational
amplifier

The test signal current,jlflows through the DUT and also
flows into the I-V converter. The operational arfiphi of
the I-V converter makes the same current as Ix flmwugh
the resistor (Rr) on the negative feedback loopcé&ithe
feedback current (Ir) is equal to the input currix} flows
through the Rr and the potential at the Low terinisa
automatically driven to zero volts. Thus, it isledlvirtual
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ground. The |-V converter output voltage (Vr) is RERERERERE N
represented by the following equation:

V. =1,.R =1.R 0]

Ix is determined by the impedance (Zx) of the DUiT ¢he
voltage Vx across the DUT as follows:

|, === (ii)

From the equations (i) and (ii), the equation fopédance
(Zx) of the DUT is derived as follows:

The vector voltages Vx and Vr are measured withvéeor
voltmeters as shown in figure 2(b).Since the vati®r is
known, the complex impedance Zx of the DUT can be
calculated by using equation (viii). The Rr is edllthe
range resistor and is the key circuit element, thic
determines the impedance measurement range. The Rr
value is determined using the formulae given dsvid
(“%—O.Z)XZM,N 1

GAIN

Rres= (VPK+V'%D—VDCOFFSET)
Where: Vpg is the peak voltage of selected output ranges
ZminiS the minimum impedance

GAIN is the selected gain

Vppis the supply voltage and the DCOFFSET Voltaghés t
voltage for selected impedance range [8].

In the impedance measurement system the DirectteDigi
Synthesizer module (AD9958) is being used for geticem

of power supply frequency which can be load into
controller. The DDS gives 2V analog signal at diffe
frequencies, which are applied to ABB circuitry a@din-
Phase detector (AD8302). The op-amp is selecteedbas
simulation result obtained by Multisim. The outpdtABB

is measured voltage, which is second input of A2B83the
ADB8302 directly gives voltage ratio and phase défee of
applied signal. From these voltages and phase, the
impedance of the sample can be calculated, whighsgi

accurate and non-destructive measurement of complex O - S

impedance of sample. WA

Il RESULTS
We have simulated ABB circuit in multisim as shown
figure, using different operational amplifiers.

e DC 10MOhm

Simulation with Op amp LM342

www.ijaems.com Page | 1199



International Journal of Advanced Engineering, Management and Science (IJAEMS)
Infogain Publication (Infogainpublication.com)

[Vol-2, Issue-8, Aug- 2016]

ISSN : 2454-1311
stability of output voltage is obtained with OPAG%T
higher frequency ranges.We have used OPA657 with
reference resistor ofth So, we obtained voltage in terms
of V, as per our requirements.

Simulation with Op amp LM12LK
Fig. 4. Schematics of ABB in Multisim
Here we have used power supply in the range 2VMo 6
with frequency ranging from 1 MHz to 150 MHz. Hayé
is the operational amplifier. Table 1 shows différeutput
voltages at different frequencies. The best resuilts more
Table 1:0p-amp comparison at different frequencies

Ul vin Frequency Vout
1-30 MHz -678.942 V
40-60 -678.942 V
ADS001A 2V-6V 70-90 -678.942 V
100-120 -678.942 V
130-150 -678.942 V
1-30 MHz -0.825V
40-60 -0.825 vV
LM12LK 2V-6V 70-90 -.0825 V
100-120 -0.825V
130-150 -0.825V
1-30 MHz -0.171 uV to -0.145uV
40-60 -0.148 uV to -0.069 uv
OPAG57 2V- 6V 70-90 -0.025uV to 0.105 uV
100-120 0.177 uV to 0.334 uv
130-150 0.402 uV to 0.419 uv
1-30 MHz 0.02 mV
40-60 0.02 mVv
LM324AJ 2V- 6V 70-90 0.02 mV
100-120 0.02 mV
130-150 0.02 mVv
1-30 MHz 1.6mVto 2.32mV
40-60 1.6mV to 2.33mV
AD644KH 2V-6V 70-90 1.6mV to 2.33mV
100-120 1.6mV to 2.33mV
130-150 1.6 mV to 2.33 mV
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V. CONCLUSION

The existence of high correlation between the didke
properties of grain and amount of water preseithéngrain

at radio frequencies has facilitated the rapid avuoh-
destructive sensing of moisture content. At loweadio
frequencies,  density-independent  moisture  content
determination is achievable with multi- frequency
measurement. Due to the limitations of operational
apmplifier at high frequencies ABB circuit is veryucial in

the proposed circuit. So, we have to simulate ABBuit in
Multisim& using different operational amplifiersig found
that OPAB657 is best suited for our applicationtds a low
noise, high gain BW product of about 1600 MHz.
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