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Abstract 
 
Due to the increase in population there occurs an increase in grain 

consumption. Grains are considered as the first thing in the food chain 

because they are the base of a majority of the foods. But after harvesting 

grains from the field, it contains many impurities (plant, small pebbles, seed 

cases, etc.). The two major processes that are involved in cleaning the grains 

are threshing and winnowing. Threshing is the process of separating the 

edible part of grain from the chaff to which it is attached. Nowadays, 

machines are available only for the threshing process. The second step is 

winnowing and it will consume more manpower to separate the impurities 

from the grains. The conventional method to remove the non-grain particles 

are done manually (i.e., wind winnowing). Wind winnowing will increase the 

manpower and requires the use of both hands. To overcome this, it is  
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proposed an idea of designing a low-cost winnowing machine to operate it 

effortlessly and conveniently. The system comprises a screw conveyor, 

propeller, brushless DC motor, Battery Elimination Circuit & Electronic 

Speed Control circuit, and a microcontroller. The Microcontroller controls 

the BEC & ESC circuit that drives the BLDC motor. The propeller speed is 

adjusted by using the Brushless DC motor which is controlled by the BEC & 

ESC circuit based on the PWM signal from the microcontroller. The speed of 

the propeller can be set by the user based on the type of the grain to be 

winnowed using the pushbuttons and also fine adjustments in speed can be 

made with the help of fuzzy logic. The proposed system would quickly 

remove all the unwanted substances with less manpower and the efficiency is 

about 95%. 

 

Keywords: Winnowing machine, grain purification, fuzzy based, disease 

free, low cost 
 

 

1 Introduction 

 

 In everyday life, people use a variety of grains that contains both useful 

and unwanted substances (debris, husk, dust and other impurities). 

Separation of substances is done by various methods like winnowing, 

threshing, sieving and hand-picking [1], [2], [3]. Separation can include 

bran from flour, and separating stones from rice [4]. After harvesting grains 

from the fields, it requires two major separation processes (threshing and 

winnowing)[3], [5], [6] and [7]. Winnowing is a method of separating pure 

grains from impure by blowing wind, separating the lighter impure material 

from heavier pure grain. Cleaning or winnowing of grain is an important 

post-harvest processes carried to make the grains consumable or use it as an 

industrial raw material. During the operation many parameters change the 

realization in terms of grain loss and cleanliness. Such factors include the 

sum of wind velocity, shaker frequency, feed rate, sieve tilt angle, a 

dimension of sieve opening and crop variety. An efficient cleaning machine 

should take off the chaff straws, husk and plant detritus with very minimum 

grain release [8], [9]. Usually the winnowing operation is carried out in an 

open area because it requires a unconstrained natural wind[10]. A cluster of 

one kilogram of threshed seeds are taken on the tray and then flickered 

back-and-forth, upwards and downwards in a balanced manner. By flipping 

the tray and with the help of natural airflow, the less weight grains moves 

towards the front end of the tray and high weight materials stay back[6], 

[11]. Finally, only the pure cereal would reside on the tray[9], [12]. The 

amount of time required to clean cluster of one kilogram of un-cleaned 

cereal varies between seven to twelve minutes depending on the required  
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purity, the person, non-grain ratio, stability and amount of the natural 

airflow and other climatic conditions. The usual method results in tiredness, 

lose the thread and subsequently, separation quality is very low [3].  Often 

the natural air current is not favorable for winnowing and the result is it 

requires more time and drudgery. The poor and average farmer determines it 

more provident to thresh these crops manually but requires extremely high 

labor and time to winnow the grain using the manual method[3]. Thus a 

machine to clean the threshed grains is therefore required to fulfil both small 

and average farmer requirements. The manual winnowing method is shown 

in Figure 1.  

 

 

  

 
     

                                Figure 1 Manual Winnowing 

This article is organized into 13 sections. Introduction provides general 

introduction to the current labour intensive winnowing process. Literature 

review provides overview of the winnowing process with efficiency, diseases 

caused by the manual winnowing process. The next section deals with the 

block diagram of the proposed system followed by operation of the prototype 

section. The operation of the prototype provides information about the 

hardware setup of the winnowing machine. Materials used section lists the 

various components used in the prototype.  Battery Elimination Circuit & 

Electronic Speed Control section simply puts forward the idea of controlling  
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the speed of BLDC motor and battery elimination circuit used in 

quadcopters.  BLDC motor section provides information about the chosen 

BLDC motor and explains the advantages of BLDC motor over other DC 

motors. Screw conveyor section deals with simple screw conveyor made 

using simple PVC material. PWM simulation section provides the simulation 

output of PWM. Fuzzy logic deals choosing the speed of the BLDC motor 

based on the histogram output. Efficiency of the prototype provides 

information about the efficiency for various grains, followed by results and 

discussion and conclusion section.   

 
2 Literature Review 
 

U. S. Muhammad et al., [7] has proposed a system for cleaning threshed 

cereals. This proposed system consists of a reciprocating shaker containing 

replaceable sieve for various crop seeds, an air blast and a collecting pan. 

The efficiency of the system was calculated in terms of percentage cleaning 

efficiency and grain loss at various levels of feed rates, and fan speeds. The 

crops tested were millet, sorghum and soybean. The best attainment was 

obtained at cleaning efficiency of 98, 91 and 95% and percentage grain 

losses of 0.81, 0.75 and 0.63% for sorghum, millet and soybean respectively. 

The machine would have been more complex consisting of a shaker. 

Sharvin A Ghodekar et al., [13] proposed and incorporated the machine 

with a bicycle, for winnowing the grains after the threshing process. The 

designed machine consists of low-cost materials and manufacturing methods, 

standard spare parts like sprockets, chains, belts, gears and pulleys are 

needed for local and easy accessible. This designed system shows that the 

whole operation of the system can be done by one person. They have used 

two methods for actuating the system, the first is pedal cranking and the 

second one is handle cranking. The designed machine is more complicated 

and economical. 

Caro Jang et al., [6] has proposed a machine to replace the current basket 

winnowing process employed in Nigeria which is inefficient in removing  

impure substance present in the harvested paddy. A design was created 

which adopted the Chinese winnowing machine and the technology of a 

dual-combine sieve with the importance of creating the model from 

accessible and reused component. Efficiency of the machine was determined 

by many attempts, and design modifications were recommended based on the 

useful results. The implementation cost and cost of implementation was 

found. The prototype provides successful proof of concept and shows the 

way to improve the performance and quality of winnowing. The proposed 

machine consists of a dual combined sieve which makes the design more 

complex and also expensive. 
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Rahmawati Munir et al., [3] developed a winnowing machine model to 

illustrate the method of separation of rice grains with different size or 

density. By flapping the tray of the winnowing machine, the movement of 

the grains towards the front or to the inner end was controlled. They exhibit 

numerically that the capability of separation is strongly depends on the 

difference in density of the grain, an initial location of the grain, and 

thevortex’s angular velocity created by flapping the tray. As the working is 

based on flapping the tray there would be more wastage of grains.  

Ghamari, S et al.,[10] has developed a mechanical husk remover model 

here three dimensions (a, b, c) of grains were measured by micrometer with 

0.02 mm accuracy. Then the geometric mean diameter of grain was obtained. 

The weight, sphericity factor and density of grains were other morphological 

properties that were necessary for mathematical modelling of terminal 

velocity calculating the density, volume of grains measured by toluene are 

highly difficult. In the above references, the winnowing process is done by 

using high power mechanical components it required manpower and 

difficulties in construction. In this proposed system manpower is reduced 

with the help of electronics. Winnowing process is completely automated, 

compare to the existing winnowing machine it has high accuracy and 

improvement in the speed of operation with the reliable cost. Most of the 

situation farmers are not able to buy a high-cost winnowing machine. 

 

3 Proposed System 
 

 This system consists of Microcontroller[14], BLDC motor[15] to rotate 

the propeller, electronic speed controller (ESC) to regulate and control the 

BLDC motor’s speed[16] which drives the fan, battery elimination circuit 

(BEC) is to deliver electric power to the motor without the need for multiple 

batteries, DC gear motor to drive the screw conveyor, push buttons are used 

to select the type of the grain. By pressing the push button (S1 or S2 or S3) 

the speed of the fan can be varied based on the grain to be winnowed[1], 

LCD is used to display the name of the grains that can be winnowed in this 

winnower so it is very easy for the user to select the grain to be winnowed by 

pressing the push button. Block diagram is shown in Figure 2. 

 

 

 

 

 

 



                                                                                                                  
 

 

 

 

 

 

 
1604   Vivek et al  

 

 
Figure 2 Proposed System 

4 Operation of the prototype 
 

This machine consists of a screw conveyor, plus structure pipe, 

propeller[17], a 4 × 2-inch reducer pipe and a pan to collect the pure grains. 4 

× 2-inch reducer is used to pour the grains into the machine and it is 

connected to the screw conveyor. Input feed contains both pollution free 

grain and non grain material is poured inside the machine through 4 × 2-inch 

reducer. It falls due to gravity and passes through the 4 × 2-inch reducer 

outlet then moves along the screw conveyor which is used to control a 

uniform flow of grains and drop the grains across the fan current. The fan 

current speed can be varied by the users through push buttons. Speed is 

programmed in microcontroller and the fine adjustment can also be made 

with the help of potentiometer according to the type of grains. The non-grain 

substances which is of lesser weight than the grains are blown out through 

one side of the plus structured pipe and the pure grains are collected in the 

pan placed at the bottom, digital camera[18] is fixed in the top of the pan to 

identify the amount of impurity mixed with pure grains and the image is 

processed. Based on the histogram value and fuzzy logic BLDC RPM is 

determined. The prototype is shown in Figure 3 and hardware is shown in 

Figure 4. 
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Figure 3 Operation of the Prototype 

 
Figure 4 Setup of the Prototype 

 

5 Materials Used 
 

The materials used in this process are listed in table 1. 
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Table 1 Materials used 

 

 

 

 

 

 

 

 
 

 
 
 

 
 
 

 
 

 
 
 

 
 

6 Battery Elimination Circuit & Electronic Speed Control 
 

BEC is a portion of Electronic Speed Controller (ESC) that performs as 

the motors power control. BEC separate from the part of the ESC will 

controls speed of motor, even though two parts interact and share some of the 

same wirings. The main purpose of using a battery elimination circuit is to 

deliver electric power to the motor without the need for multiple batteries. A 

brushless Electronic Speed Controller system creates three-phase AC power 

to run the brushless DC motor. In this proposed system ESC of weight 23g 

and the dimensions 45mm × 24mm × 9mm are used to regulate and control 

the speed of the BLDC motor. BEC & ESC circuit is shown in Figure 5. 

 

 

 

 

 

 

 

 

S. 

No 

Name of the 

components 

Technical details 

1 Microcontroller 8 – bit 

2 Power supply 12V, 3A 

3 BLDC Motor 1400 kv 

4 BEC & ESC 30A 

5 Screw conveyor 2 - inch diameter 

6 LCD 16 x 2 

7 DC Gear motor 12V, 30 RPM 

8 4 x 2 inch reducer 2 

9 Plus structured pipe 1 

10 5 x 4 inch reducer 1 
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Figure 5 BEC & ESC Circuit 

 

7 BLDC Motor 
 
In 1400kv Brushless DC motor with a current capacity of 12A/60S is 

used to rotate the propeller because of variable speed and capable of 

developing high torque with good speed response. The motor dimensions are 

27.5mm × 30 mm and the shaft diameter is 3.17 mm and a 30A ESC is 

required to drive the motor. In this proposed system, Brushless DC motor is 

preferred because BLDC motors[16] require low maintenance and are non-

sparking. Compare to brushed DC motor speed control in BLDC is very easy 

with quick response. Brushed DC motors will produce back e.m.f. and so 

will require the additional circuit to eliminate the back e.m.f. but on the other 

hand, BLDC motors[15] will not produce any back e.m.f. and it will not 

produce any sparks during operation so it can be interfaced with the 

microcontroller and the BLDC motor is shown in Figure 6. 

 

 

 
Figure 6 BLDC Motor 
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8 Screw Conveyor Design 
 

Screw conveyor was designed using PVC material for cost reduction, 

with an outer pipe diameter of 2-inch and the axle is formed around a 0.5 

inch pipe to control the uniform flow of grains. Its shaft is connected with 

DC gear motor which is controlled by the MOSFET (IRF540)[19] to rotate 

the screw conveyor[20], [21]. The screw conveyor is shown in Figure 7. 
 

 
Figure 7 Screw Conveyor 

 

9 PWM Simulation 
 

Proteus tool is used to virtually create a PWM signal and run the BLDC 

motor[16]. The BLDC motor speed is changed according to the PWM output 

from the microcontroller[22] and a digital oscilloscope is used to identify the 

waveform of the duty cycle. Figure 8 shows PWM wave with 85% duty 

cycle and Figure 9 shows PWM wave with 95% duty cycle. 

 

 
Figure 8 85% Duty cycle for sorghum 

 

 

 

 

 

 

 



                                                                                                                  
 

 

 

 

 

 

 

 

An Intelligent Fuzzy Based Low-Cost Winnowing Machine for Paddy, Sesame and 

Sorghum Grains for Pollution Free Environment   1609 

 

 

 

 
Figure 9 95% Duty cycle for sorghum 

 

10 Fuzzy Logic 
 

Fuzzy logic is used to determine the RPM of the BLDC motor, based on 

the histogram value from the image input. Impurities outlet is continuously 

monitored by the digital camera then the histogram value is identified, based 

on the histogram value BLDC RPM is automatically changed. A fuzzy set is 

a conception of the classical set with a membership value in the range 0 to 1. 

Fuzzification is the first step in the FLC which converts real input data into a 

set of membership values in the range zero to one in the similar fuzzy sets. 

The entire ranges of inputs are normalized to the integer value 0 to 64. Table 

2 provides the range of fuzzy set and associated BLDC rpm of the BLDC 

motor. 

 

 
Table 2 BLDC RPM using fuzzy logic 

Range of fuzzy sets Histogram output BLDC RPM 

0-9 Off 5500 

9-18 Low 1 7800 

18-27 Low 2 8400 

27-36 Medium 1 10900 

36-45 Medium 2 12300 

45-54 High 1 14300 

54-64 High 2 16800 
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11 Efficiency of the Prototype 
 
In this proposed system two varieties of grains[12] can be winnowed 

(Sorghum and rice with husk) and the grain loss is minimum for the 

respective crops corresponding to the propeller speeds, pure grains are 

obtained by repeating the winnowing process twice. For the first time, the 

efficiency is about 90% and by repeating the process the output efficiency of 

the proposed system is more than 95%. 
 

Cleaning Efficiency  

Where, 

        A - Weight of whole-grain after winnowing in grams 

        B - Weight of pure grains after winnowing in grams 

The efficiency of the machine is calculated by manually mixed the 50 

grams of husk with pure grains, then the mixed grains are winnowed and 

taking the ten samples of winnowed grains. Before winnowing grain weight 

and after winnowed grain weight is substituted in cleaning efficiency formula 

than the average is represented as total efficiency of the proposed system. 

Collected samples are shown in table 3 and table 4 and efficiency 

comparison is shown in Figure 10. 

 
Table 3 Efficiency identification in sorghum 

No. of. 

Sample 

Weight of 

sorghum before 

testing (grams) 

Weight of 

sorghum after 

testing (grams) 

Efficiency(%) 

1 250 230 92 

2 250 227 90.8 

3 250 232 92.8 

4 250 235 94 

5 250 233 93.2 

6 250 236 94.4 

7 250 235 94 

8 250 233 93.2 

9 250 235 94 

10 250 230 92 

 



                                                                                                                  
 

 

 

 

An Intelligent Fuzzy Based Low-Cost Winnowing Machine for Paddy, Sesame and 

 Sorghum Grains for Pollution Free Environment   1611 

 

Table 4 Efficiency identification in Rice 

No. of. 

Sample 

Weight of rice with 

husk before testing 

(grams) 

Weight of rice 

with husk after 

testing (grams) 

Efficiency(%) 

1 250 235 94 

2 250 236 94.4 

3 250 232 92.8 

4 250 233 93.2 

5 250 236 94.4 

6 250 230 92 

7 250 227 90.8 

8 250 236 94.4 

9 250 234 93.6 

10 250 234 93.6 

 

 

 
Figure 10 Efficiency comparison 

12 Results and Discussion 
 

Two grains are tested in the proposed winnowing machine. Before the 

process is started grains have many impure substances, then finally above 

95% of the impurities are removed with minimum time. 
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Figure 11 Sorghum before Winnowing 

 

 
 

Figure 12 Sorghum after Winnowing 

 
                     

                 Figure 13 Rice before Winnowing 
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Figure 11 shows the sorghum before the winnowing process. Figure 12 

shows sorghum after the winnowing process is carried out. Figure 13 shows 

the rice before winnowing and Figure 14 shows rice after the winnowing 

process. It can be clearly seen that this prototype provides husk removal. 

 
 

Figure 14 Rice after Winnowing 

 

13 Conclusion 

 
This machine seems to be very useful in the winnowing of grains and the 

testing of this machine was done. Ultimately this proposed machine 

decreases the human work and attempt for winnowing hence that 

winnowing time spent can be utilized for any other economic purposes.  

Using this winnowing machine, the grains can be winnowed in an efficient 

manner and quality of the grains can be improved. On the whole, this 

proposed system has established that modern winnowing mechanism can be 

integrated into cheap and obtainable. Now the grains to be winnowed are 

identified and speeds are adjusted based on that grain manually using push 

buttons but in future, image processing can be implemented to identify the 

grain and the speed could be adjusted automatically based on the grains and 

the efficiency of the machine can be increased more than 95%. 
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