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Abstract—Paddy drying process depends upon ambient
conditions, paddy quality, temperature and mass of hot drying
air. Existing techniques of paddy drying process are highly
nonlinear. In this paper, a neural network based automated
controller for paddy drying is designed. The designed controller
manages the steam temperature and blower motor speed to
achieve constant paddy drying time. A Layer recurrent neural
network is adopted for the controller. Atmospheric conditions
such as temperature and humidity along with the size of the
paddy are used as input to the network. Experimental results
show that the developed controller can be used to control the
paddy drying process. Implementation of developed controller
will help in controlling the drying time at almost constant value
which will definitely improve the quality of rice.

Index Terms—Paddy, Drying Time, Neural
Simulation, Control Strategies

Controller,

. INTRODUCTION

Rice is the second largest produced cereal crop in the

world and routinely eaten by almost half of its population.

Nearly half of the total paddy production is processed in
parboiling and drying plants. Whole grain of rice is
natural choice of the people. Parboiling and drying
process is applied to harden the rice kernel in order to
enhance head rice yield in milling [1]. The well known
reason for paddy parboiling and drying is to get high rice
yield, higher nutritional value and resistance to spoilage
by insects and mould [2, 3]. Paddy drying is a highly
energy consuming process. Paddy dryers are divided into
two broad categories, unheated air dryer and heated air
dryer. Natural unheated air dryers are not used in
commercial paddy drying. Heated air dryers such as re-
circulatory batch dryer, baffel dryer, rotary dryer and
Louisiana state university (LSU) dryer are commercially
used for parboiled paddy drying. LSU dryer is most
preferred by paddy processors in central part of India
because of weather conditions and availability of skilled
operators. Ambient temperature and relative humidity
have great effect on drying process [4, 5]. Knowledge of
ambient temperature and relative humidity is needed to
supply required mass & temperature of drying air for
efficient drying performance.
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The variable temperature drying using fuzzy controller
with features of non-linear, time variability and other
variables during paddy drying process, improve the
production efficiency of dryer and reduce drying cost of
high moisture content paddy[6]. The work in [7, 8]
propose an advanced control strategy used to design
temperature, relative humidity and air velocity nonlinear
tracking controllers, in order to overcome its highly non-
linear dynamics over whole drying operating conditions.
In online quantitative feedback theory (QFT) based self-
tuning controller [9] for a conveyor belt type grain dryer
plant a mathematical model of the grain dryer plant was
obtained using system identification and real-time
input/output data. QFT technique potentially has
excellent solution towards this problem due to its well
known capability to achieve robust performance
regardless parameter variation such as long delay time,
presence of disturbances and plant uncertainty. An
automatic multi parameter processing system improve the
tiresome procedure for grain drying in a deep fixed - bed
dryer [10]. Drying experiments [11] conducted to assess
the effects of inlet drying air temperature, feed mass flow
rate, on energy efficiency, entropy generation,
improvement potential rate, and sustainability index.
Study conducted by researchers [12, 13, 14] show that the
surface drying process can be controlled by three
variables temperature, humidity rate, and direction of air
flow rate from external source. Values of these variables
should be optimized to obtain maximum efficiency and
drying performance.

Theoretical model predicts that paddy drying time is
based on initial grain moisture and relative humidity [15].
The paddy drying at 35<C temperature with typical
drying conditions, take less than 5 hours for tempering
and higher temperature shortened the tempering time [16].
The relative humidity do affects tempering time. Speed of
drying depends on temperature and humidity of drying air
[17]. Drying requirements of agricultural and food
products vary from product to product. Each product has
its specified drying condition for best quality [4]. In
heated air drying operation, drying air temperature and
relative humidity can be controlled by blower motor
speed and steam temperature. Experiments conducted on
rough rice drying at different air velocity & temperature
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show that there is less effect of air velocity when rice is
dried at lower temperature, but have significant effect of
air velocity when dried at higher temperature [18]. It is
also seen that the effect of temperature is more important
than air velocity effect, however if both air parameters
are considered together, the drying effect is higher. The
work in [19] presents the influence of drying temperature
on rice taste quality.

Dimensions are important factor of paddy to be studied
for quantitative analysis of heat penetration and
requirement. Paddy shape is treated cylindrical body for
heat conduction purpose [20]. The weight of paddy is
moisture dependent whereas equilibrium moisture
contents (Me) is dependent upon ambient temperature &
relative humidity of environment and variety of paddy.
To evaluate the required heat for drying, equilibrium
moisture contents (Me), specific heat of moist paddy (Cg),
specific heat of bone dry paddy (Cdr), total temperature
rise during drying etc. are essential [3]. Accurate
information of these factors are needed for successful
simulation and optimisation of grain drying and aeration
systems. Specific heat of moist paddy (Cg) is required, to
calculate the total amount of heat to raise the temperature
of paddy to a certain level. Specific heat of dry paddy
(Cdr) for different size varies in range from 1.3 to 2.0 kJ/
kg within the moisture range 0 - 20% weight basis (w.b.).
Moisture inside brown parboiled rice behaves almost like
free water when moisture content is above 12% weight
basis [1, 21]. Heat required for rising the temperature of
water contents of paddy depending on bone dry paddy
weight, its initial moisture contents and rise in
temperature. The important physical properties such as
shape, size, environment condition, volume, surface area,
colour etc. of different grains is necessary for design of
various separating, handling and drying systems [3].
Environmental condition comprises of ambient
temperature and relative humidity varies with seasons and
places. These variations do affect paddy drying
characteristics as well as drying duration. The researches
show that drying process depends on mass and
temperature of drying air, ambient condition, quality of
paddy and its feed rate etc. Proper combinations of motor
speed and steam temperature have to be maintained to
achieve the required mass & temperature of drying air.
Grain moisture contents and its quality can be helpful in
deciding the best possible drying conditions and drying
duration.  Experimental  observations of  drying
characteristics and drying duration in various drying
conditions for medium and thick quality paddy with
constant feed rate shows that there are considerable
difference in drying duration when processed under
constant drying air temperature and mass.

Normally operator keeps constant temperature and
flow rate of hot air (drying element) in all drying
conditions irrespective of change in weather conditions.
This constant flow and temperature of drying air is bound
to get variable drying time with varying ambient
conditions. The variable drying time is to be regulated or
made constant by controlling temperature and mass of
drying air within permissible limit. The required
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temperature and mass of drying air can be achieved by
variations in blower motor speed and steam temperature
and the proposed ANN controller would be helpful in
these variations to regulate the drying time.

An objective of this paper is to regulate the drying time
of process in different input conditions. In view of this
objective, observations of experimental data along with
existing drying parameters for industrial scale paddy
drying, using Louisiana state university (LSU) dryer
system have been collected in different drying conditions.
Considering these conditions and input — output
parameters a model has been prepared. The prepared
model is simulated and validated for various drying
parameters. The validated model is again simulated for
various drying parameters with new motor speed and
steam temperature obtained from ANN output. After
simulation real time experimentations have been done to
achieve & validate the targeted drying time with new
control variables.

The research work is organized in two major stages. In
first stage drying parameter data have been collected for
maximum possible ambient conditions with traditional
drying process, and in the second stage, motor speed and
steam temperature have been changed to achieve the
desired drying time. The details of paddy dryer system,
present process control techniques (based on operator's
skill), block diagram of existing and proposed changes in
the process control using ANN are discussed in section 2.
Methodology for design of controlled paddy drying
process, real time observations as well as simulated
drying parameters and drying duration, application of
suitable integrated ANN to select new inputs for process
control to change drying time are given in section 3.
Experimental testing and results are given in section 4
and finally section 5 deals with Conclusion.

Il. PADDY DRYING SYSTEM

The continuous flow mixing type LSU grain dryer
consists of rectangular drying chamber (4.10 m ><2.35 m
x 5 m), with 32 ton installed capacity located at
SHRINATH rice processing plant Gondia (M.S) is
chosen for experimentation. The dryer system is equipped
with a blower, heat exchanger, duct and boiler. The 35
HP, 750 rpm GEC make squirrel cage Induction motor
runs the blower at constant speed. An additional Lenz A.
C. Frequency drive system has been connected to motor
supply terminal for experimentation to vary motor speed.
A blower of 0.95 m. fan diameter, 3000 m%minute air
blowing capacity is coupled by V belts with Motor. Sony
make heat exchanger with 90 steam tubes of 1 meter
length and 0.03 meter diameter has been used for drying
air heating. VEE SON'S Energy system (Trichirapally
make) steam boiler model FFF4 with rated working
pressure 150 kg /cm? and 2 Ton /hour capacity has been
installed for steam supply in existing dryer plant.

A. Existing paddy drying process

The strategic decision of operator is very important in
existing paddy drying process for proper paddy drying.
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His previous knowledge helps to decide the steam
temperature circulated through heat exchanger steam
tubes. A blower fan attached to motor blows the air at
normal temperature and pressure in cross flow to steam
tubes. The blown air comes in contact with heat
exchanger's steam tubes and gets heated. This hot air
supplied to drying chamber through duct in cross flow
with paddy. The paddy flows from top to bottom with
uniform flow rate, comes in contact of hot air and dry as
shown in Fig.1 (without NN controller). Operator
normally do not change blower motor speed and steam
temperature as a result drying air at constant volume and
temperature is supplied to dryer chamber. The supply of
drying air at constant volume and temperature is taking
different drying time, in different operating conditions
which is undesirable. As a result frequent manual
moisture measurement of the paddy is required to take the
decision to stop drying air supply.

B. Proposed paddy drying process

Drying air temperature and flow rate is depending on
blower motor speed and steam temperature. The objective
of this study is to make constant or desired drying time
for each size of paddy, irrespective of change in weather
condition. To achieve this, drying air temperature and
flow rate is estimated by simulating the prepared model.

The relation between blower motor speed and steam
temperature is established with hot drying air temperature
and flow rate at different atmospheric temperature and %
relative humidity.

In the proposed modified process diagram sensors for
environmental temperature and % relative humidity has
been added. The size of the paddy is detected by camera
(Fig.1). The detected size of paddy is classified in to thick
and medium size. These sensed and detected data are fed
to ANN controller to make decision of motor speed and
steam temperature. According to output of ANN
controller, motor speed and steam temperature have been
varied. This varied motor speed, controls the mass of air
which comes in contact with steam tubes and getting
heated in heat exchanger. Heated drying air temperature
and its mass is maintained (within permissible limit) in
such a way so that drying period in all weather conditions
are either constant or targeted one. There are humerous
combinations of blower motor speed and steam
temperature to achieve targeted drying period.
Probabilities of mistakes are very high in selection of
proper combination of motor speed and steam
temperature which may cost more energy, over or under
drying of paddy.

Parbolled
paddy
Ambient Temp ‘
. Blower motor
Strategic
decislon of > Heat > Drying Standardized
WHRH e e chamber drying time
operator : Exchange mbe ying -
- Steam temp
b
Paddy size ’l:'
detector :‘
g Dry paddy
=
NN o
Controller

Fig. 1. Block diagram of proposed paddy drying process

To avoid all these difficulties we have developed the
sensor unit and Neural Network controller. Proposed NN
controller is trained and simulated by all possible
combinations of ambient temperature, relative humidity
and size of paddy as input parameter and required
combinations of blower motor speed and steam
temperature for making desired drying time in different
ambient conditions as target to the NN. According to
simulated output changes in motor speed and steam
temperature is maintained for regulating the hot air
temperature, coming out from heat exchanger to achieve
desired or standardized drying period.

I1l. METHODOLOGY FOR DESIGN OF CONTROLLED PADDY
DRYING PROCESS

Paddy drying is a sensitive process and depends on
environment conditions and its size. Environmental data
collected from the local weather centre show that there
are large variations in the ambient temperature and
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relative humidity. The recorded range of average ambient
temperature (day time) is 15 to 45T and relative
humidity is 13 % to 93% for complete calendar year.
There are numerous combinations of ambient temperature
and relative humidity to dry the paddy in a calendar year.
The paddy sizes are differentiated using morphological
features obtained by paddy bulk images [22, 23]. There
are large variations in paddy varieties and size which are
classified into small, medium and thick size [21, 24, 25,
26]. Experimental observations for medium and thick
sized paddy drying in all seasons have done. In present
practice paddy is dried with constant air flow rate and
seasonal change in steam temperature. This is really very
crude and unscientific method. The drying duration varies
with ambient conditions. This variation in drying duration
affects milling and even parboiling process which lowers
the profit margin. To get rid from these hurdles there is
an urgent need of modification in drying process. A data
of traditional drying process are analyzed to design the
proposed drying process. For correct analysis data must
be spread all over year so that maximum possible drying
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conditions are obtained. In view of above said
requirement, with the help of operator Mr. Ramchand, 54
uninterrupted  (causes of interruptions are either
mechanical or power failure) drying process observations
at various ambient temperature and relative humidity are
recorded. The recorded data includes 31 thick and 23
medium size paddy drying process observations. These
observations comprises, ambient air temperature, relative
humidity, mass & temperature of drying air, % moisture

31

contents and temperature of paddy during drying, drying
duration, blower motor speed (air flow rate), steam
temperature, hot air temperature at entry and exhaust
points for dryer chamber. Due care is taken to have real
time observations for both types of paddy in most
possible drying conditions. Out of 54 recorded data, 9
sample data of extreme conditions for both types of
paddy are shown in table 1.

Table 1. Real time observations in normal drying condition

Ambient Normal Bunning Conditions
condition (motor speed is constant and steam temperature is changing)
g | Paddy Drying time (hr) | Motor . | Sinmiate
size o spead Ay Steam Hot air .
Temp. | %o RH Simulate Vol/br | Temp. | temp. d huot axr
Feal d (RFM) temp.
1 M 40 30 33 527 TI0 | 3000%60| 115 78 76.23
2 M 34 58 .2 & 720 | 3000%60) 113 17 74.61
3 M 31 85 7.15 6.9 70 | 3000%60) 113 73 71.88
4 M 21 65 7 7.13 TI0 | 3000%60| 125 75 7334
5 T 41 35 6.3 5.07 TI0 | 3000%60| 115 78 76.52
6 T 30 85 73 7.15 TI0 | 3000%60| 125 79 76.33
7 T 25 90 7.55 8.4 TI0 | 3000%60| 125 77 7438
g T 21 63 23 79 TI0 | 3000%60| 130 78 73.43
9 T 17 69 8.45 8.6 TI0 | 3000%60| 130 76 73.56

In present situations variation in drying duration is
unavoidable and authentic documentation regarding
drying durations at different atmospheric conditions are
not available. Operators have to check the paddy moisture

continuously to confirm the completion of drying process.

Sometimes paddy is over dried because of negligence
due to physical tiredness or lack of operator's awareness.
To overcome these practical difficulties it is felt that there
is a need to develop the process model which must
accommodate variable parameters such as ambient
temperature, relative humidity, mass of paddy, its
equilibrium moisture contents (M.), specific heat of moist
paddy (Cqg), specific heat of bone dry paddy (Cdr) and
total temperature rise during drying process. A suitable
MATLAB simulink paddy drying process model [27, 28]
able to incorporate above said parameters is developed.
The developed model is simulated for real-time observed
drying conditions and results are found very close to real-
time observations as shown is table 1(refer real and
simulated drying time). It is also observed that simulated
and real time drying  process durations are close to
each other and within tolerable limits, which inspired us
for experimentation on drying system.

A. Application of Artificial Neural Network

Total 504 different combinations for ambient
temperature, relative humidity and size of paddy have
been observed to perform the drying process. It is
difficult for an operator to remember all these
combinations and respective drying time data. Apart from
this sometimes environment conditions changes in
between drying process and make it complicated. These
complications create lot of confusion in selection of
operating conditions which may lead towards more
erratic outputs. The applications of artificial neural
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networks are most widely used for solving such types of
data analysis and control [29, 30]. A suitable ANN has to
be design to change the operating conditions as per need.
Feed-forward ANNSs allow signals to travel one way from
input to output only. There is no feedback i.e., the output
of any layer does not affect that same layer. Feed-forward
ANNSs tend to be straight forward networks that associate
inputs with outputs. Layer recurrent or feedback networks
are powerful and found most suitable for classification of
complicated and large number of data. Layer recurrent
networks can have signals travelling in both directions by
introducing loops in the network. In these networks,
computations derived from earlier input are fed back into
the network, which gives them a kind of memory.
Feedback networks are dynamic, their state is changing
continuously until they reach an equilibrium point. They
remain at equilibrium point until the input changes and a
new equilibrium needs to be found. A three layer
recurrent NN is designed in this study. Total 504 set for
input components (paddy quality, ambient temperature
and relative humidity) are made as per need of drying
conditions and their respective targeted outputs (motor
speed and steam temperature) are obtained. A data bank
is prepared to operate the dryer with controlled motor
speed and seam temperature for constant drying time at
all probable drying conditions. Graphical presentation of
data (normalized) for input variables, and outputs
(operating conditions) along with errors are given in
subsequent section.

B. Input variables

(i) Paddy quality: - Drying time is depending on
specific heat of paddy and specific heat is depending on
size of paddy. Paddy is divided into thick and medium
size. The specific heats of medium and thick size paddy
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are 0.39 and 0.49 Kcal/kg<C. First assigned input to NN
(for medium paddy = 0.39 and for thick paddy = 0.49)
have been set for paddy quality (Fig. 2).

(ii) Ambient temperature: - The range of ambient
temperature varies between 13 to 45<C at Gondia in
Vidarbha region, India. Since paddy dryers are operated
in day time only to minimize the energy consumption and
labour related problems that's why the range of day time
temperature (15 to 45<C) is taken. Normalized values of
temperature are ranging from 0.4307 to 1 (Fig. 2) is the
second input to NN.

(iii) Relative humidity: - The range of relative humidity
is varying from 13 to 93% at Gondia in Vidarbha region,
India. The normalized values of relative humidity are
ranging from 0.139 to 1 (Fig. 2) is the third input to NN.

C. Target variables

(i) Motor speed: - The range of motor speed varies
from 265 rpm to 720 rpm. The normalized range of motor
speed has been taken 0.3673 to 1 as first output (Fig. 3) to
train NN.

(i) Steam temperature: - The range of Steam
temperature varies from 105<C to 145<C. The normalized
range of steam temperature has been taken 0.7447 to 1
(Fig. 3) as second output to train NN.

Three inputs, two outputs recurrent ANN having two
hidden layers has been trained with random data division
for above said inputs and outputs. The no. of neuron for
first and second hidden layers are 10 and 6 respectively,
while 500 epochs, TANSIG transfer function, 500
maximum fails are selected for training process of
network. The best validation performance is achieved at
265 epochs while the simulated mean square error is
0.00097.

D. Errors

The supplied targets to NN and simulated outputs are
very close to each other. Errors (mean) for motor speed
and steam temperature are shown in Fig. 4.

(i) Error in motor speed: - The minimum error in the
motor speed is - 7% while maximum error is found 12%.
Mean error for motor speed is - 0.000007% while
standard deviation in error is 2.6%. Lower percentage of
standard deviation is indicating that most of the outputs
are close to targeted motor speed.

(ii) Error in steam temperature:-The minimum error in
the steam temperature is 2.8% while maximum error is
found 3.5%. Mean error for steam temperature is — 0.06%
while standard deviation is 0.9%. Lower percentage of
standard deviation is indicating that almost all outputs are
close to targeted steam temperature.

IVV. EXPERIMENTAL TESTING AND RESULTS

Testing and validation of any process is most important
part of research activity. For drying process
experimentation and testing with controlled conditions
Mr. Krishnakant Khandelwal and Mr. Anil Jain proprietor
of Shrinath paddy processing plant are requested to
permit us for necessary experimentation.
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Fig. 4. Errors in motor speed and steam temperature

After getting permission to experiment and man power
assistance, Mr. Ramchand (operator) is contacted for
necessary arrangement. With the help of operator a Lenz
make A. C. frequency drive system is connected to motor
supply terminal for getting variable motor speed.
Variation in motor speed can be done by just changing
the position of frequency drive system knob. Temperature
of supplied steam can be changed by existing valve
position. The new targeted drying time 5 hr. 45 minutes
for medium size paddy and 6.0 hrs for thick size paddy
have been fixed. To achieve these targeted drying time in
all 34 experiments are performed as per controlled motor
speed and steam temperature spreading over summer
winter and rainy seasons. The controls of motor speed
and steam temperature have been done according to the
outputs of ANN manually. Out of these 34 experiments, 8
experiments could not be performed in single stage
because of mechanical or electrical related failure.
Observations of remaining 26 successful experiments are
shown in table 2.

1.J. Information Technology and Computer Science, 2014, 11, 28-35



Artificial Neural Network Based Control Strategies for Paddy Drying Process 33

The real drying time for medium and thick paddy
shown in table 2 are almost constant and close to targeted
one (5 hrs. 45 min. and 6 hrs.) with controlled motor
speed and steam temperature. The range of the motor
speed is 390 rpm to 720 rpm (respective volume of blown
air is 1600 kg/m to 3000 kg/m) and steam temperature is
ranging from 110 to 145<C. These ranges are well within
the operating ranges provided by manufacturers and
previous researchers. The analysis obtained errors for

motor speed show that, out of 504 input, 10 nos. of inputs
are giving more than 6% error, 22 nos. of inputs are
giving more than 5% error, 43 nos. of inputs are giving
more than 4% error and remaining 227 nos. of inputs are
giving less than 4% errors when compared with targeted
motor speed. Analysis for steam temperature show that
15 nos. of inputs are giving more than 1% error while
remaining inputs are giving less than this when compared
with targeted steam temperature.

Table 2. Real time observations in controlled conditions by setting motor speed and steam temperature manually according to ANN output

Ambient condition | Controlled Dhying Conditions
- Faddy sze Temp. °C %RH Drving fime () t;::; Airvol /b T:’E;TC TI;I:::?'C
(RPM)
Tarzeted Real

1 0.39 40 35 545 545 460 1500*60 115 85
2 0.39 40 23 545 55 430 1800+60 115 85
3 0.39 36 30 545 54 720 3000+60 120 78
4 0.39 35 &0 545 5.3 720 3000*60 120 78
5 0.39 33 40 545 545 6235 2600+60 125 83
6 0.39 31 30 545 545 523 2200%60 130 87
7 0.39 30 70 545 545 560 2400%60 130 34
8 0.39 28 &0 545 555 720 3000+60 130 78
9 0.39 27 30 545 54 623 2600+60 135 34
10 0.39 2 70 545 54 673 2800+60 140 34
11 0.39 42 30 545 54 460 1900+60 110 82
12 0.39 44 20 545 55 460 1900%60 103 30
13 0.49 45 20 555 350 1600+60 110 36
14 0.49 43 30 3 6 550 2300%60 110 79
13 0.49 42 40 3 L] 450 1900+60 115 36
16 0.49 36 60 6 6.1 600 2500%60 127 34
17 0.49 29 S0 & 6.15 650 2700%60 135 83
18 0.49 41 33 3 L] 430 1800+60 117 85
19 0.49 30 83 6 ] 650 2700%60 137 36
20 0.49 25 S0 & 6.15 673 2800+60 142 83
n 0.49 35 50 3 51 720 3000+60 125 20
23 0.49 32 70 6 ] 650 2700%60 130 33
24 0.49 2 70 & 5.3 700 2800%60 145 84
23 0.49 24 &0 3 6.05 720 3000+60 140 82
26 0.49 21 63 6 6.15 700 2900%60 145 85

V. CONCLUSION

Varying ambient temperature and relative humidity
have great effect on drying air temperature and paddy
drying duration. Drying duration can be changed by
changing drying air temperature and it's mass. The
varying drying duration can be regulated or made
constant by controlling temperature and mass of drying
air. In this paper the concept of an integrated ANN has
been developed to regulate motor speed and steam
temperature according to paddy size to achieve the
desired drying time irrespective of weather conditions.
Experimental results show that drying time for medium
size paddy is varying from 5 hrs. 30 min. to 7 hrs., while
for thick paddy it is 6 hr. 30 min. to 8 hrs. 45minutes. It is

observed that drying duration is less in summer season
and more in winter seasons for both types of paddy.

The maximum difference between targeted and real
time drying duration for medium and thick paddy are 10
minutes and 15 minutes i.e. 2.89% and 2.5%. The
maximum hot air temperature in controlled condition is
87 T, which is under tolerable limit of 90 <C [31].

It is also concluded that drying time is affected more
by change in ambient temperature as compare to change
in % relative humidity. Higher ambient temperature
shortens drying time, while higher relative humidity
longer the drying duration. Errors in motor speed are
more as compare to steam temperature. On the basis of
these results it is concluded that for better drying results,
drying process duration should be control by varying
steam temperature.
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