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 Sterilization is the oyster mushroom cultivation process. Sterilization is used 

to kill nuisance microorganisms that can inhibit mushroom growth. The 

sterilization process is 8 hours at a temperature of 70–95 oC. This process of 

frequent breakdown is caused by the unstable temperature sterilization space 

and is controlled manually. Based on these problems, the right solution is to 

use a steamer that can be controlled automatically using the proportional–

integral (PI) control method. PI controller consists of proportional gain and 

integral gain. To determine the value of proportional gain and integral gain, 

this study used the Ziegler-Nichols tuning method using the S curve. The 

results of the PI control parameters obtained the value of Kp=25.2 and Ki = 

0.302. Thus, producing a transient response graph with Mp=94.5; Os=0.45; 

PO=0.47; Tr=16,440 s. The system can work according to setpoint 95 oC and 

maintain a stable temperature according to the setpoint with these results. 

And the sterilization time becomes fast from 8 hours to 6 hours. 
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1. INTRODUCTION  

Oyster mushroom (Pleurotus ostreatus) is a wood fungus that grows sideways on rotting wood [1]. 

This mushroom has a fruiting body that blooms to form a shallow funnel-like shellion. The white oyster 

mushroom is best known to be delicious and liked by the public [2]. Because it tastes like chicken meat, even 

this oyster mushroom is liked by most people in the world because of its distinctive taste and health benefits 

[3]. Oyster mushroom growing media or commonly called Baglog is an oyster mushroom growing medium 

consisting of a mixture of sawdust, bran, lime, and water [4].  

Baglog is a growing medium from oyster mushrooms. Before entering the mushroom seeds, the 

Baglog must go through a sterilization process in the form of heating at high temperatures which aims to kill 

various pathogens and other microbes in the growing media [5]. Baglog that has been packaged is then 

sterilized so that the media can meet the nutritional needs of the [6]. Media sterilization is one of the most 

important processes in the cultivation of oyster mushrooms because the media that has been made usually 

still contains many microbes, especially wild mushrooms [7]. Conventional sterilization is generally carried 

out for 8 hours at a temperature of 70–95 oC [8]. Oyster mushroom cultivation of them, can be done with a 

steam technique using the drum. Commonly used fuel is firewood which could be assisted by using coal or 

kerosene or liquefied petroleum gas (LPG) gas [9]. 

The mushroom cultivation process currently still relies on a conventional system, the process of 

using firewood to boil water so that the weathering process occurs evenly, the Baglog must be turned 

manually, so it takes a long process [10]. The conventional system is considered to have many weaknesses, it 
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is necessary to develop it using a modern control system to speed up the sterilization process. In the 

sterilization process, this process becomes important because the development of the fungus depends on the 

conditions of the Baglog. One application of the automatic control system is in controlling the temperature of 

the Baglog steamer. The control system used is a proportional–integral (PI) control, where the PI control can 

maintain a steady-state value in the disturbance response [11]. 

 

 

2. METHOD  

In this study, the controller used is Arduino Mega 2560. This controller is the main component to 

regulate the temperature of the steamer with the PI method programmed on the Arduino Mega 2560. In this 

design, the Baglog steamer system can be controlled automatically according to a predetermined setpoint. 

 

2.1.  Previous research 

The theoretical basis for the implementation of this final project is the cascade control 

implementation on Baglog steamer temperature control using programmable logic controller (PLC) and 

human machine interface (HMI). In this study, the steamer can be controlled automatically by cascade 

control with the proportional integral derivative (PID) control method. In temperature readings, PT100 is 

used and monitored with an actuator in the form of a DC motor [12]. In previous studies, Baglog capacity 

was only 80 pieces shelling use of 1 drum. In the current study, 4 drums are used to produce up to 320 

Baglogs. Moreover, the selection of PI control is supported by research on the process of designing and 

manufacturing automatic expansion valve controls using a PI control system, to control the process of 

controlling the temperature of the evaporator chamber to obtain more optimal heating results. Where the 

results of this study are the PI control system on the automatic expansion valve, the heater process is faster 

and the energy required is much more efficient [13]. 

 

2.2.  Baglog planting media 

Baglog as Figure 1 is an oyster mushroom growing medium applied by mushroom farmers by using 

sawdust as a planting medium. Before planting (inoculation) seeds into the planting medium, it is necessary 

to prepare tools and materials. Then sterilize at a predetermined temperature [14]. The materials used in the 

activity are gleam wood sawdust, rice bran, corn bran, agricultural lime (CaCO3), oyster mushroom seeds, 

gypsum, 70% alcohol, and spirit [15]. 
 

 

 
 

Figure 1. Baglog 

 

 

2.3.  Steamer 

In Figure 2 is a steamer, steam is the technical language of water vapor, which is the gas phase of 

water that is formed when water boils [16]. To change water from the liquid phase (liquid) to the gas phase 

(steam) heat energy is needed to raise the temperature of the water which is commonly referred to as 

"sensible heat" [17]. A steamer is a tool used for Baglog sterilization. Sterilization is done to kill nuisance 

microorganisms that can inhibit the growth of fungi. 
 

 

 
 

Figure 2. Steamer 
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2.4.  RTD–PT100 

Resistance temperature detector (RTD) as shown in Figure 3 is a temperature sensor whose 

measurements use the principle of change of resistance or resistance metallic electricity which is affected by 

temperature changes. PT100 is one type of temperature sensor which is famous for its accuracy [18]. The most 

exact temperature measurement can be made by using platinum sensors. Temperatures from -254.3 °C up to 

+850 °C can be measured with a P100 sensor [19]. Hence the name begins with "PT." Called PT100 because 

this sensor was calibrated at 0 °C at a resistance value of 100 ohms [20]. Temperature calibration in the form 

of PT100 can use the method of comparison of measurement results on PT100 with a thermometer. The 

comparison method is used by comparing standard calibrators in the form of ice cubes or boiling water [21]. 

 

 

 
 

Figure 3. PT100 

 

 

2.5.  PI control system 

PI controller in Figure 4 is a combination of proportional (Kp) and integral (Ki) [22]. The 

advantage of the combination of proportional and integral control is to speed up the reaction of a system and 

eliminate offsets [23]. A controller with proportional control is added with an integral controller whose 

relationship is u(t) as the controller and e(t) is the error signal [24]. PI control is carried out if the response 

results do not have an overshoot belonging to the first-order system (𝑧𝑒𝑟𝑜 𝑜𝑓 − 𝑠𝑒𝑡% 𝐸𝑠𝑠 =  0%) [25]. PI 

controller that has good performance is obtained by providing accurate controller tuning parameters [26]. 

Tuning controlling parameters is the process of setting control parameters to produce desired control system 

[27]. One of the controlling parameter tuning methods is the Ziegler Nichols Tuning method. Method Ziegler 

Nichols tuning consists of the reaction curve method (open-loop control) and oscillation method (closed-loop 

control). The Ziegler Nichols tuning method is faster than the trial and error method because has a specific 

formula for finding controller tuning [28]. The characteristics of the control system response can be known 

by looking for the parameters written: 

 

 

 
 

Figure 4. PI controller 

 

 

Maximum overshoot (𝑀𝑝) is the peak value of the unit's measurable response curve. If the final 

value of the deaf state of the response is far from one. Overshoot (𝑂𝑠) is a relative value that expresses the 

maximum price ratio of a response that exceeds the steady-state price compared to the steady-state value. 

 

𝑂𝑠 = 𝑀𝑝 − 𝑆𝑝 (𝐶𝑒𝑙𝑐𝑖𝑢𝑠) (1) 

 

Percentage of overshoot (𝑃𝑂) is the number of waves that overshoot the steady-state or final value at 

peak time, expressed in the form of a percentage of the steady-state value. Overshoot in units (%): 

 

𝑃𝑂 =
𝑂𝑠

𝑆𝑝
𝑥 100% (2) 

 

rise time (𝑇𝑟) is the time reached by the system when the system reaches 90% of the setpoint. Peak time (𝑇𝑝) 

is the time reached by the system when the system reaches the max temperature state from the first run. 

Settling time (𝑇𝑠)  is the time reached by the system when the system reaches a steady state. 

 



                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 11, No. 5, October 2022: 2555-2563 

2558 

2.6.  System block diagram 

Based on the block diagram system in Figure 5, the first block in the input sections contains a 

temperature sensor that uses resistance temperature detector (RTD) PT100 to measure the temperature in the 

steamer. Before the temperature sensor can work, signal conditioning must be connected in PT100 because 

the electronic circuit is a converter of the output temperature sensor and pressure sensor in the form of 

resistance. After the resistance value is converted into a voltage value, the temperature sensor can be 

processed by Arduino Mega 2560. The second block is real-time clock (RTC). RTC is a timer process 

sterilization while the system is on processing, RTC duration has been set through the Arduino program that 

is for 6 hours. Further in the process section, Arduino Mega 2560 is the main controller for data processing 

with the PI method. Then in output sections, the motor driver functions to change the rotation of the solenoid 

valve. The solenoid valve is a steam door flow, so if the temperature has not reached the setpoint, the valve 

will open and vice versa. During the process, liquid crystal display (LCD) will show the temperature of each 

drum and the time remaining for the sterilization process. 

 

 

 
 

 

Figure 5. Second order response 

 

 

2.7.  Work principle 

The working principle of the Baglog steamer is to keep the temperature in the steamer constant or 

stable by the given set point. This steamer can be run when the temperature in the boiler has reached 110 oC. 

Then the steam valve will open to provide a water vapor supply to the steamer. When the temperature in the 

steamer has reached the setpoint, which is 95 oC, the PI will adjust, and the valve will close when the steam 

needs of the steamer have been met. When the evaporation process lasts for 6 hours, but the temperature in the 

steamer has decreased, the PI will continue to work, the valve will open and the opening will be following the 

feedback sent by the temperature sensor. After reaching the setpoint, the valve will close, and vice versa. 

 

2.8.  PI method design 

The first explanation of the elements in Figure 6 is the setpoint value that has been determined, namely 

95 oC, then processed by the PI controller. PI control functions to adjust the ignition timing of the steamer 

according to the temperature sensor feedback that is read on the steamer. The setting is done by entering the 

appropriate Kp and Ki values so that a stable system response and more efficient time are obtained. From the 

temperature that has been read, the temperature data will be processed by the controller to be used as a 

comparison with the setpoint value, in which the control results are given to the system. Then, the temperature 

sensor functions to read the temperature value on the steamer which will be displayed on the LCD. 

In the design of the PI control in Figure 7, it will be processed using a formula, it takes feedback 

from the PT100 temperature sensor reading which will later become the formula for calculating the response 

curve method in the program. The PI controller has two influential parameters: the proportional constant (Kp) 

and the constant (Ki). 

To meet the values of Kp and Ki, tuning is needed so that the response curve of the system as shown 

in Figure 8, without a controller is obtained and then the PI parameter equation is sought from the results of 

the system response curve using the Ziegler Nichols method. The first step in getting the PI parameter value 

is to take the response from the plant that has been experimented with by entering it in the form of a unit step, 

to get the value of the delay time L and the time constant T. The values of L and T are obtained from the S-

shaped curve, which is determined by drawing a tangent line at the point of the curve and finding the 

tangent's intersection to the time axis and the steady-state line. 
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Figure 6. Block diagram system 

 
 

 
 

Figure 7. PI method design 

 

 

 
 

Figure 8. Ziegler Nichols graphical analysis S curve 

 

 

Here are the results of the response of the Baglog steamer temperature without control Based on 

Figure 4, it is known that the plant response is in the form of an S curve, so in this design the Ziegler Nichols 

I method is used. Then look for the L (dead time) and T (delay time) values from the system response graph, 

then the L value is 25 and T is 700. After obtaining a response in the form of a unit step, the next step is to 

enter the values of L and T into the PI parameter formula in the Ziegler Nichols tuning rule used as shown in 

Table 1. 
 

 

Table 1. PI control formula 
Controller type Kp Ki Td 

P T/L ~ 0 

PI 0,9 T/L L/0,3 0 

 

 

Based on Table 1 to obtain the values of Kp and Ki, (3)-(5) is obtained and Ti is obtained by (4) as 

shown in: 

 

𝐾𝑝 = 0,9 𝑥 𝑇/𝐿 (3) 
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𝑇𝑖 = 𝐿/0,3 (4) 

 

𝐾𝑖 = 𝐾𝑝/𝑇𝑖 (5) 

From the calculation results obtained from (3), the Kp value is 25.2 and the Ti value is obtained from (4), 

which is 83.3, while the Ki value is obtained from (5), which is 0.302. So that the transfer function of the PI 

plant control parameters obtained the value of 𝐾𝑝 =  25.2, 𝐾𝑖 =  0.302. 
 

 

3. RESULTS AND DISCUSSION  

3.1.  RTD–PT100 

In Table 2 the test results of the PT100 temperature sensor provide optimal performance by 

resistance measurements using a temperature measuring instrument, namely a digital multimeter. The results 

obtained are quite accurate, it can be seen from the error value. 

 

𝐸 =
Σe

𝑛
 (6) 

 

Based on the test results of the PT100, the sensor detects the temperature as needed and the error 

ratio between the use of a thermometer and a digital multimeter is obtained with a minimum error of 0.222% 

 

 

Table 2. Temperature sensor resistance test graph 

No 
Temperature 

(oC) 
Temperature sensor 

measurement PT100 (Ω) 
Sensor datasheet 

PT100 temperature (Ω) 
Error (%) 

1 50 120 119,73 0,22 

2 55 122,1 121,69 0,33 
3 60 123,8 123,64 0,13 

4 65 125,8 125,59 0,17 

5 70 127,4 127,54 0,11 
6 75 129,4 129,48 0,06 

7 80 131,1 131,43 0,25 

8 85 133,0 133,36 0,27 
9 90 135 135,3 0,22 

10 95 136,6 137,23 0,46 

 

 

3.2.  PI control 

This PI control test refers to the Ziegler-Nichols PI design to achieve a temperature setpoint of 95 oC as 

show in Figure 9. This test is done by looking at the PI tuning response in each PI block, from the calculation results 

of the PI parameters that have been implemented in the plant. The graph results below are tested through the PT 100 

sensor reader. 
 

 

 
 

Figure 9. Baglog steamer without response curve 
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Based on the results of the PI control test, the system response graph parameters were obtained with a 

setpoint of 95 oC. PI control has an output in the form of feedback from the sensor if given an input value.  

PI control test, it is obtained that the control time is faster and the PI control can control the valve opening. 

The response results from Figure 10 show that the Mp value is 94.45 C, the overshoot value is 0.45 C, the 

Percentage of overshoot value is 0.47%, and the rise time value is 16.440 seconds where the results of the 

parameter values obtained that this tool has reached the setpoint value so that it does not cause excessive heat 

in the steamer. If the temperature has not reached the setpoint then the valve will open, but if the temperature 

has reached the setpoint then the valve will close. PI response at Figure 10 as in the picture. 

 

 

 
 

Figure 10. Response with PI control 

 

 

4. CONCLUSION  

Based on the results of the tests and analyzes that have been carried out on the Baglog steamer, the 

following conclusion can be drawn: i) baglog steamer automation using Arduino Mega 2560 can work 

according to the setpoint value of 95 oC, This microcontroller can provide good performance while the tool is 

working, ii) the results of the real test of the tool obtained that the PT100 temperature sensor was able to 

reach the setpoint temperature of 95 oC, iii) by controlling the PI method, it affects the performance of the 

system which previously used manuals that took quite a long time, iv) with the PI control used, it can move 

the valve when the temperature has reached the setpoint. If the temperature is less than the setpoint, the valve 

will open and if the temperature has reached the setpoint, the valve will close, v) the application of PI control 

can speed up production time if the conventional system takes 8 hours. With the automatic system, Baglog 

sterilization becomes 6 hours, vi) the performance of the tool after being controlled using the PI method 

obtained the value of 𝑀𝑝 = 94.5; 𝑂𝑠 =0.45; 𝑃𝑂 =0.47; and 𝑇𝑟 =16,440. 
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