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Abstract. The rice drying system in Indonesia is still inefficient, especially for drying now using the old method using conventional drying. So it requires a large area in drying rice yields and requires a lot of energy. Therefore it is necessary to make appropriate technology for rice dryers with a combination of conventional drying systems by adding sensors. The method used in this research is the Quality Function Deployment method. The results of this study indicate that the analysis of the rain sensor functions optimally when the sensor is exposed to water splashes then sends a signal to Arduino Uno by closing the roof by moving the power window. The LDR sensor, as a light sensor works when the light intensity standard that is set is met and sends a signal to Arduino Uno to open the roof by moving the power windows. The roof cannot open if the two sensors are not free from several conditions, including wet conditions on the rain sensor and intensity standards that are not met or far from the set standards. It is hoped that with the right technology, this rice dryer can help farmers in drying rice yields.

Introduction
In the farmers opinion as the user of technology, only some farmers were able to and would apply postharvest technology due to different abilities, culture, habits, reluctant to adopt new technologies, and other social problems. Farmer institutions in West Sumatra were generally government facility oriented and the farmer business was not profit oriented [1]. Several rice post-harvest handling processes are needed to produce products ready for consumption, including: threshing process to separate the rice from the panicles, the rice drying process to reduce the moisture content in the rice, the sifting process (cleaning the rice from dirt), the packaging or storage process, and the milling process to separate the rice skins and rubbing them to produce white-coloured rice ready for consumption [2]. A rice drying process constitutes one part of the processes that determines the quality of rice due to its relation with the storage and milling processes. Drying is a process of reducing the moisture content of a material to a certain limit thermally [3]. The maximum water content value of rice according to SNI (Indonesian National Standard) standards and which is required by BULOG (Logistics Agency) in its purchase is 14% (Joint Decree of the Head of the Food Security Community Guidance Agency No. 04/SKB/BBKP/II/2002).  
The rice drying process generally takes three days, but the time needed can reach one week if the rainfall is high. It can be concluded that rice drying takes up to 54 hours to reach a moisture content of 14.12% so alternative rice drying is necessary to shorten the drying time [4]. The manufacture of a vertical drying machine shows that the higher the drying air temperature used, the higher the drying rate and drying time are accelerated [5]. The drying machine for agricultural products uses three different energy sources, namely solar energy, biomass fuel energy, and coal fuel energy [6]. Thermostat controlled rotary dryer for agricultural produce which can be used for rice and sweet potatoes [7], and potato chips [8]. Drying machines using solar cells can dry agricultural products efficiently [9]. Solar dryers for agricultural and marine products [10]. The drying machine uses biomass energy combined with rotary dryer and biomass-heater for 180 minutes to reduce moisture content and drying rate [11]. This study analyzes water and light sensors on a rice dryer, so that if it rains the roof of the dryer can close automatically using a sensor. Because there has been no research on drying machines that use water sensors and light sensors. 
A sensor is a device to detect/measure something, used to change mechanical, magnetic, heat, light and chemical variations into voltage and electric current. In the control system and robotics environment, sensor provides similarities resembling eyes, hearing, nose, tongue which will then be processed by the controller as the brain [12]. Input from an application providing command information is received by the control device system, in this case using the Arduino Uno microcontroller device, which is able to convert digital signals into mechanical movements in operating doors for open-closed movements [13]. 
Therefore, it is necessary to research water analysis, light sensors, and performance on rice drying machines using the Quality Function Deployment (QFD) method. QFD is an effective method of developing products with a structured approach that engages users [14]. The QFD method aims to convert customer needs into product designs [15,16]. The QFD method has four phases, namely the product planning stage, product design, process planning, and process control [2,17–20].

Method
The method used in this research is the Quality Function Deployment method, because the method is very suitable for use in product development by the expectations and desires of users [14,21,22]. The data collection technique starts with the identification of user needs, technical requirements, the value of the relationship between technical requirements and the attributes of user needs, and the relationship between technical requirements. Identification of customer needs is done by distributing questionnaires to 30 farmers to determine the attributes of user needs [23]. The attributes of customer requirements will be discussed with experts to determine technical requirements and the relationship between technical requirements. This technical requirement is the reference in designing a rice dryer using a water and a light sensor. 
Researchers analyzed the performance of appropriate technology for the rice drying process, particularly in the use of water and light sensors against the weather conditions. The two sensors are used as input to the Atmega328 control system in case of dark and rainy conditions, which are then used as performance operations of the DC motor functioning as an open and closed roof regulator and an AC motor for the rice stirring process. The servo motor of the prototype system is able to move to open and close the clothesline at an angle of 0˚- 90˚ when the water and light sensors detect changes in the weather around the environment, and the system works in accordance with the design having been made [24]. Machine manufacturing and machine performance analysis are carried out to determine the effectiveness of machine performance.

2.1. Sensors (water sensor and light sensor)
The water sensor is designed to detect water during raining as well as to be used to detect the water level. Rain sensor circuits can be made using a resistor component as the main component and an electrode as a water detector [25]. The light sensor is an electronic device/component that functions to convert light quantities into electrical quantities. LDR (Light Dependent Resistor) light sensor constitutes a type of resistor which is light sensitive [26].

2.2. Arduino uno microcontroller
ATmega 328. This board has 14 digital input/output pins, 6 pins of which can be used as PWM output and 6 analog input pins, 16 MHz crystal oscillator, USB connection, power jack, ICSP header, and reset button [23]. In supporting the microcontroller to be able to be used, just connect the Arduino Uno board to the computer using a USB cable or a voltage source which can be obtained from an AC-DC adapter or battery in its operation. The Arduino Uno is of a credit card in size. Despite its small size, the Arduino Uno board can make it easier for users to create various electronic projects [27].

2.3. Electric motor
An electrical motor is a machine that converts the electrical energy into mechanical energy. Motors are broadly classified into two types AC motors and DC motors. The AC motors operate on alternating current where as the DC motors operate on the direct current. The input to AC motor is alternating current/voltage and its output is in the form of torque, similar is the output of DC motor it differs from AC motors at its input side, i.e. the input of a DC motor is the direct current/voltage [28].
Result and discussions 
Several attributes of consumer needs in designing post-harvest rice machines i.e; portable [29], cheap, multifunctional [2], lightweight, ergonomic [2], easy to maintain, and easy to find spare parts [2]. The design of a rice drying machine using a light sensor and a water sensor is shown in Figure 1.

	[bookmark: _GoBack][image: D:\JuRNaL-Karya Ilmiah\Analisis Sensor Pengering padi\picture 2.png]
Figure 1. Construction of rice drying machine
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Figure 2. Rice Drying Process



	
Table 1. Weather Sensor Program Design

	Weather Conditions
	Water Sensor
	Light Sensor

	Hot
	X
	X

	Cloudy 
	X
	A

	Rainy and Cloudy 
	A
	A

	Hot and Rainy 
	A
	X


A = Functioning to close the  roof
X = Not functioning



	Table 2. Sensor Testing on DC Electric Motor

	
	Light Sensor
	Water Sensor
	DC Motor 
	Roof Conditions

	Conditions
	Bright
	Wet
	Counterclockwise
	Closed

	
	Bright
	Dry
	Clockwise
	Open

	
	Dark
	Dry
	Counterclockwise
	Closed

	
	Dark
	Wet
	Counterclockwise
	Closed



Table 3. Sensor Testing at AC Electric Motor
	
	Light Sensor
	Water Sensor
	AC Motor
	Working Conditions

	Conditions
	Bright
	Wet
	Off
	Stopped

	
	Bright
	Dry
	On
	Active

	
	Dark
	Dry
	Off
	Stopped

	
	Dark
	Wet
	Off
	Stopped



Tables 1 and 2 explain that the condition of the two sensors must be free from interference either cloudy and / or rainy by activating a DC electric motor to open the roof [30]. Tables 1 and 3 explain that the two sensors must also be free from interference to activate the AC electric motor to rotate the mixer for the rice drying process [30,31].

	Table 4.The ability of mixer rice using an AC Electric Motor ¼ HP and a gearbox with a final rotation of 31 rpm and drying time 11.00 - 15.00 WIB.

	Types of mixer
	early weight of
 rice (kg)
	final weight of rice (kg)

	single plate and double plate (sp & dp)
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	single plate and single plate (sp & sp)
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	single plate and double harrow (sp & dh)
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	double plate and single harrow (dp & sh)
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	double plate and double harrow (dp & dh)
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	double plate and single harrow (dp & sh)
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 Figure 3. The Ability of Variation Mixer


Table 4 and Figure 3 show that the double plate and single harrow (dp & sh) types have greater drying ability than other types of mixers with a decrease in rice mass of 0.5 kg/day. The structural system of the composite shear wall with double steel plate grid-type walls with infilled concrete has good seismic performance [32]. The rain sensor functions optimally when the sensor is exposed to water splashes (rain) and the light sensor works on the intensity of sunlight in accordance with the setting, then the two sensors send a signal to the Arduino Uno microcontroller by activating the electricity supply to the DC Electric Motor to open the roof and the AC Electric Motor stirring the rice dryer. The roof and the performance of the rice mixer cannot be reopened if the two sensors are not free from the conditions that are allowed to function. For example, the water on the sensor and the intensity obtained which is still far from the set standards. 
Conclusions
The results of this study indicate that the analysis of the rain sensor functions optimally when the sensor is exposed to water splashes then sends a signal to Arduino Uno by closing the roof by moving the power window. The LDR sensor, as a light sensor works when the light intensity standard that is set is met and sends a signal to Arduino Uno to open the roof by moving the power windows. The roof cannot open if the two sensors are not free from several conditions, including wet conditions on the rain sensor and intensity standards that are not met or far from the set standards. The type of mixer that was effectively used in the experiment was a double plate and single harrow with a decrease in rice mass of 0.5 kg/day. It is hoped that with the right technology, this rice dryer can help farmers in drying rice yields.
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