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DEVELOPMENT OF AN ELECTRONIC SENSOR FOR 
DATE SORTING BASED ON MOISTURE CONTENT 
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ABSTRACT 

An electronic date moisture sensor utilizing a Wheatstone bridge circuit and 
an operational amplifier as a signal conditioner was developed.  The sensor 
was designed to produce a voltage output that was proportional to date 
moisture content.  The voltage output was amplified to activate a DC motor, 
which in turn could be used to operate a date separating device.  Samples of 
dates of four different local types (Sokari, Rawthana, Om Al-Khashab and 
Nabtit-Aly) were used at different moisture contents to establish a 
correlation between the sensor voltage output and date moisture contents.  
The voltage output was found to be proportional to date moisture content.  
An output of less than 5.5v was associated with date moisture contents 
ranging between 2.5% and 26%.  However, the voltage output was higher 
than 6v was associated with date moisture contents of 38% and above.   

INTRODUCTION 
ates are fruits that are considered to be a traditional agricultural 
product in the Arab World.  They are thought to be very nutritious 
and very popular fruits in the Kingdom of Saudi Arabia, where 

individual Saudi consumes, on the average, an annual amount of 35.8 kg 
(Saudi Ministry of Agriculture, 2007).  The Kingdom of Saudi Arabia is one 
of the most important countries for date production, where its production in 
year 2007 was estimated at 982,546 tons (Saudi Ministry of Agriculture, 
2008), making it the largest date producer in the world.  The high production 
of dates and the growing demand for good quality dates and date pastries 
give a huge potential and importance to the date industry in Saudi Arabia.  
Currently, there are sixty one large date processing plants operating in the 
country for date grading and packaging, however, the capacities of these  
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plants are limited to less than 10% of the annual date production (Saudi 
Ministry of Agriculture, 2007).  Therefore, efforts must be exerted to 
increase the productivity of these factories to accommodate more tonnage of 
raw dates produced.  Accommodation of more tonnage could be achieved by 
either increasing the number of date factories or improving the date 
processing systems.  Date separating and sorting are two processing steps 
that are conducted manually in all of the date processing plants (Al-Janobi, 
2000).  Manual date sorting is tedious, costly, laborious and can produce 
non-homogenous dates in terms of their moisture contents as the worker 
concentration varies along the workday, therefore, automating date sorting is 
very significant (Al-Janobi, 2000).  Inspection and grading of food and 
agricultural products by human inspectors are inaccurate, labor intensive and 
time consuming operations (Ni et al., 1997; Heinemann et al., 1994).  On the 
other hand, automating the date sorting process can greatly contribute into 
the productivity of the date factories; consequently, increasing the amount of 
total date production that can be accommodated by these factories. 

A practical, rapid moisture sensor for individual fruits (dates) can 
provide the means to automatically sort dates based on their moisture 
contents.  Thereby, the amount of skilled labor required can significantly be 
reduced resulting in a more cost efficient operation and more stable industry 
(Al-Janobi, 2000).  Automatic sensing of individual date moisture content 
can be efficiently used to separate high-moisture dates at harvest from those 
that do not require drying and careful grading, thus the quantity of material 
to be manually graded can be greatly reduced (Nelson and Lawrence, 1992 
and 1994).  In addition, human error in sorting can be eliminated producing 
more homogenous dates. 

The need for on line moisture sensing devices has initiated studies on 
ways to instantaneously sense moisture content of whole individual dates 
nondestructively (Nelson and Lawrence, 1992 and 1994).  The overall goal 
of this study was to participate in fulfilling this need by developing a 
practical inexpensive electronic date moisture sensor that can be integrated 
into a complete automatic date processing line to nondestructively sort high-
moisture from low-moisture dates.   

REVIEW OF LITERATURE 
Date fruit processing and industry has not seen as much development 

as with other fruits.  In most packing houses and processing plants, dates are 
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still hand sorted and graded as they move along on conveyors or oscillating 
tables.  However, studies and researches have been conducted to participate 
in the effort to automate date sorting process.  One of these studies depended 
on the technology of machine vision.  This technology has been widely 
utilized in the field of agriculture and food industry to sort and grade 
numerous agricultural and food products (Ahmad and Reid, 1991; Miller and 
Delwiche, 1989; Okamura et al., 1991).  A study by Wulfson et al. (1989) 
revealed that date surface color and texture were two determinant factors that 
could be efficiently used to sort dates using the technology of machine 
vision.  Al-Janobi (2000) conducted a study to inspect dates by color 
machine vision.  He used histogram feature means, variance and wrinkle 
ratio to grade a local date type (Sifri) into four quality categories based on a 
color threshold technique.            

Individual dates are different in terms of texture composition, color, 
shape, size and sugar and moisture contents.  The variation in date moisture 
content produces different date elasticity, which hand sorters use, by feel, as 
one criterion for date sorting and grading (Chesson et al., 1979).  Date 
moisture content is a factor that influences color, uniformity of size, surface 
defects and texture, which are criteria usually used for date sorting (Nelson 
and Lawrence, 1992).  Thus, moisture content can be used as a factor based 
on which dates can be sorted.  However; the conventional oven method to 
determine date moisture content was thought to be destructive to the fruit and 
labor and time-consuming (Ismail and Alyahya, 2003).  On the other hand, 
the electric meter method was described by Nelson and Lawrence (1994) to 
be more appropriate for laboratory work since it required grinding of the 
subject materials.  Ismail and Alyahya (2003) developed a sensor to 
instantaneously detect date moisture content using a modified Colpitts 
oscillator and 2N743 transistor.  The sensor produced a voltage proportional 
to date moisture content. A linear relationship between the sensor voltage 
output and date moisture content was obtained.  The R2 value of this 
relationship was 95%.  Results of the study revealed that the sensor was 
responsive and accurate in measuring date moisture content. 

MATERIALS AND METHODS 
Development of the Sensor 

Dates, as a food product, can transfer an electric current if it is moist.  
It was found that the electrical resistance of agricultural was proportional to 
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the moisture content (Kandala and Nelson, 1990).  Previous researches on 
the electrical properties of dates, such as electrical resistance, electrical 
conductivity, and the dielectrical properties, indicated that date moisture 
content could be successfully measured using a moisture sensor that could be 
based on any of these properties.  Thus sensor in this study was developed on 
the basis of electrical resistance property.  It was designed to measure the 
electrical resistance of date tissue as the current passed through it, and 
produce a voltage signal proportional to the electrical resistance of date 
tissue.  The sensor output (voltage signal) was amplified utilizing an 
operational amplifier and displayed on a digital multimeter screen.  A 
Wheatstone bridge was incorporated in the sensor’s circuit (shown in figure 
1) to generate a voltage signal (Vo) greater than zero when the balance of the 
bridge arm, where Vo = 0, was disturbed.  Disturbance occurred as a result of 
a change in sensor resistance (RS) due to a change in the sensed moisture of 
the medium (dates) under study.  The voltage signal (Vo) was found to be 
proportional to the changes in RS (ΔRS).  Sensor sensitivity (K) can be 
determined as: 

4R
V

ΔR
V

K
s

o ==                           (1) 

Parameters in equation 1 were designed to obtain the maximum sensitivity of 
the developed sensor.  The value of input voltage to the Wheatstone bridge 
circuit (V), appearing in equation 1, was set to 9 volts. 
 
 
 
 
 
 
 
 

Figure1:  The electrical circuit diagram as a part of the date moisture sensor. 
A differential amplifier, shown in figure 2, was used to amplify the 

value of the output voltage of the sensor (Vo).  Nilsson (1983) reported that 
in order to predict the behavior of an operational amplifier when circuit 
elements are externally connected to its terminals, the constraints imposed on 
the terminal voltages and currents by the amplifier itself must be understood 
as follows:                 Vamp=A Vo ……………….………. (2) 
And                         ccampcc VVV +≤≤−  ……..……… (3) 
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Where;   Vamp is the amplifier voltage output, 
A is a constant defined as the open-loop voltage gain, 
Vo is the sensor voltage output, 
Vcc is the power supply voltage to the amplifier.  

Equation 2 states that the output voltage (Vamp) is proportional to the voltage 
Vo, where the proportionality constant (A) is known as the open-loop voltage 
gain.  However, equation 3 states that the output voltage of the amplifier 
(Vamp) is bound by the power supply voltages.  If Vamp is at either limiting 
value of the Vcc, the operational amplifier becomes saturated.  The amplifier 
is operating in its linear range as long as  Vamp< ccV . 

The output of the amplifier that expresses both of the two previous 
equations (2 and 3) is shown in figure 3.  The importance of the voltage 
constraints lies in knowing the typical numerical values of Vcc and A.  The 
dc power supply voltage (Vcc) seldom exceeds 20 v and A is rarely less than 
10000 (104) (Nilsson, 1983).  Therefore, the magnitude of Vo in the linear 
range of operation must be less than the value of. 

4
cc

10
20

A
V

=   or 2 mv.  Due 

to this fact, Nilsson (1983) concluded that when the operational amplifier 
was operating in its linear region, the value of Vamp became very small.   

The differential amplifier was incorporated in the sensor’s circuit as 
shown in figure 4.  Figure 5 illustrates the complete experimental setup that 
was developed to sense the date moisture content.  The voltage transformer 
shown in figure 5 was used to supply a voltage of 9 v to both of the 
electronic circuit and the multimeter.  Sensing the moisture content was 
performed by placing a single  date between the sensor’s electrodes and 
recording the resulted output voltage from the amplifier that was displayed 
by the multimeter.  Variations in date moisture content caused the resistance 
on the transistor to vary accordingly, which allowed the use of the output 
voltage as a function of date moisture content. 
Determination of Date Moisture Contents 

Four freshly harvested types of dates (Sokkari, Rawthana, Om 
alkhashab and Nabtat Ali) were selected for the study as they were the most 
common types of dates in Al-Gaasim region in Saudi Arabia.  A sample of 
about 1 kg of each type was acquired and the four samples were mixed to 
form one major sample of about 4 kg.  Dates in the major sample were 
initially classified into three groups based on their moisture; dry, medium 
and moist.  This initial classification was performed by hand sensing the 
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softness of the dates, on the basis that the softer the date the more moisture it 
contained.  

 
 

 
 
 
 
 

 
 

Figure 2:  Terminal voltage variables of the ideal differential amplifier. 

 
Figure 3:  Voltage transfer characteristics of the amplifier, Vs is the 

saturation voltage. 

 
Figure 4:  The amplifier incorporated in the sensor’s circuit. 

 
Figure 5:  Complete Experimental setup. 
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An electrical scale (LIBROR EB-4000H) with a capacity of 4000.00 
g and an accuracy of 0.01 g was used to obtain 5 g samples from each of the 
three groups of dates.  On the wet basis, date moisture contents were 
determined following the standard procedure outlined by Rygg (1948) and 
Barreveld (1959).   

RESULTS AND DISCUSSION 
In a previous study by Ismail and Alyahya (2003), a strong 

correlation between date moisture content and a sensor output voltage was 
revealed.  However, the output voltage was very low even at high date 
moisture contents.  The output voltage did not exceed 1.4 v even at a high 
moisture content of more than 40%.  As a result, the use of this sensor to 
actuate a mechanical device was basically limited or even not possible.  The 
new sensor electronic circuit introduced in this study was instrumented with 
a differential amplifier, or sometimes referred to as an operational amplifier, 
which has become increasingly important in recent years as it is a basic 
building block in the design of analog computers (Nilsson, 1983).  The 
purpose of using the amplifier was to generate a voltage output enough  to 
activate a mechanical device that can be part of an automatic date sorting 
systems. 

The date moisture content values were plotted against the sensor 
output voltage as shown in figure 6.  The effect of the amplifier on the 
voltage output was evident as a voltage of more than 5 v was produced with 
a moisture content that was as low as 2.5%.  A voltage of 6 v or above was 
produced as a response to moisture contents that were in the vicinity of 40% 
or more.  

Results shown in figure 6 depict the actual behavior (effect) of the 
amplifier on the sensor voltage output.  The actual behavior of the amplifier 
reflects its expected theoretical behavior illustrated in figure 3.  The linear 
region shown in figure 3 was actually reproduced in figure 6, where a narrow 
linear region between 5.5 v to 6.2 v, corresponding to moisture content 
values between 26% and 38%, was formed by actual data points.  In the 
linear region, the sensor was found to be very sensitive to changes in 
moisture content values, where an increase in the moisture content value 
from 27% to 38% resulted in an increase in the voltage output from 5.6 v to 
6.2 v.  The majority of the date moisture data points formed two groups, one 
at each end of the linear region (figure 6).  One group of the data points 
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included the samples with moisture content values that ranged between 2.5% 
and 26%, which generated an output voltage of less than 5.5 v.  The sensor 
was observed to maintain a very low sensitivity to changes in moisture 
contents within this group.  The other group, however, included the samples 
that were associated with moisture content values of 38% and above, which 
generated an output voltage of more than 6 v.  A reasonable sensor 
sensitivity was exhibited to changes in moisture content values among data 
points in this group.  Based on the sensor output voltage, the majority of the 
samples in this study were basically separated into two groups, one with high 
moisture content (generating high voltage output) and the other with low 
moisture content (generating low voltage output).  This criterion can be 
exploited to control the operation of a DC-motor that would actuate a gate in 
a mechanical sorting system.  The DC-motor can be set to operate at a 
voltage of 5.5 v or above, thereby, it would open the gate to route the high 
moisture content dates (above 26%), that would generate the required 
voltage, to another path in the processing line. 

CONCLUSTIONS 
A non-destructive method employing an electronic sensor was 

developed to detect date moisture content.  The sensor was instrumented 
with a signal amplifier to amplify the senor output voltage to a value that 
could be utilized to operate a mechanical date-moisture based automatic 
sorting system.  Specific conclusions from the study include the following: 
• The date moisture content can be non-destructively sensed using the 

developed electronic circuit that contains a Wheatstone bridge sensor 
and an operational amplifier.  . 

• The amplifier was able to elevate the sensor output voltage to more than 
5.5 v when the date moisture content reached more than 26%.  This 
voltage can be utilized to operate a DC-motor, which in turn, can open a 
gate in a mechanical automatic sorting system. 

• Based on the output voltage of the developed sensor, a non-destructive 
automatic moisture-based sorting system can be developed to classify 
dates into two groups.  One includes the dates that do not require drying 
(moisture content of less than 26%), and the other includes the dates that 
require drying (moisture content of more than 26%). 
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Figure 6:  Sensor output voltage versus date moisture contents. 
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  الملخص العربي

  تصميم حساس إليكتروني لدراسة إمكانية استخدامه في تصنيف التمور
  على أساس المحتوى الرطوبي

  ٢خالد القعدى/د  ١خيرى مصباح إسماعيل/د
ى   ث إل ذا البح دف ھ زود ة                         -١يھ تون  م رة ويتس تخدام دائ ي باس اس إليكترون ميم حس تص

د في تشغيل م-٢.  بمكبر عامل لتكبير إشارة الإحساس ة استخدام الحساس الجدي  حركدراسة إمكاني
انيكي للت تحكم في نظام الفصل الميك ار في ال وع ثابت التي وى كھربي من الن ى أساس المحت مور عل

وى الرطوبي . الرطوبي ر والمحت ين خرج المكب ة ب اد العلاق ات التمور لإيج استخدمت العديد من عين
د . للتمور ى طرفي الحساس بع د عل اس الجھ م قي استخدمت الدائرة لتمرير تيار كھربي خلال التمرة ث

وائي  غ الھ ي ذو التفري رن الكھرب ورتكبيره بينما استخدمت طريقة الف وى الرطوبي للتم ين المحت .  لتعي
وى  ى من محت وعتين، الأول ائج في مجم ة ناجحة في فصل النت أظھرت النتائج أن الدائرة الإليكتروني

ة من  ٥.٥عندما أعطى المكبر جھد أقل من % ٢٥إلى  ٥رطوبي  ا كانت المجموعة الثاني فولت بينم
ر م%٣٠محتوى رطوبي أكبر من  د أكب ذا يمكن استخدام . فولت ٦.١ن عندما أعطى المكبر جھ وبھ

ى  المكبر في تشغيل محرك كھربي من النوع ثابت التيار للتحكم في نظام الفصل الميكانيكي للتمور عل
  .أساس المحتوى الرطوبي
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