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Abstract. Shoes are parts of basic human needs. Many of them are typically selected based on different 
needs of the users. There is always a problem related to shoe care. In many cases, people prefer laundry 
services to take care of their shoes, but it commonly takes a long duration, about one to two days. Another 
thing is that the drying process is done through direct sunlight exposure, and that can damage the materials 
and fade the colors. Therefore, this system is designed and implemented to facilitate the process of drying 
shoes and protect some shoes that cannot be dried using sunlight. The hardware design is featured with 
control and software, which are then implemented for further analysis to obtain the desired results. The 
whole system control is derived from the ladder program within the Programmable Logic Control (PLC). To 
identify shoes that have been dried or ones that cannot be detected by the SHT11 temperature and humidity 
sensor, which is connected to the ATmega16 microcontroller as a serial data communication. The 
implementation resulted in a novelty, namely digital automatic shoe drying system without the use of 
sunlight. 

1 Introduction 
There are many varieties of shoes regarding models and 
materials to meet the needs of the users [1]. Some 
particular types of shoes need special care, and this 
opens the opportunities for shoe laundry services. These 
laundry services can save the users day, but at the same 
time, the service usually takes a long time due to drying 
process that uses direct sunlight needs one or two days 
[2]. 

Another problem related to sunlight drying process is 
that the sunlight can damage the materials, fade the 
colors, and loosen the adhesive on the sole. On the other 
hand, the drying process using a fan may make the 
drying process uneven [3].  

That is why this tool is made to automatically and 
quickly dry shoes. This tool uses a sensor during the 
drying process. A sensor is a device to detect a condition 
of an observed object [4] [5]. The sensor detected 
temperature and humidity in this tool quite accurately. It 
makes the drying process keep running until the sensor 
no longer detects the shoes in wet condition. 

2 System designing  

The designing is one of the processes to develop this tool 
[6] [7]. The purpose of this designing is to determine 
function, dimension, and circuit of the tool. The tool 
designing process is illustrated by the Block Diagram as 
shown in Fig 1. 

 

Fig. 1. System Block Diagram.
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The block diagram is designed to provide the general 
description of how the system will working. Fig 1 shows 
that this tool works using a temperature and humidity 
sensor. The temperature reading process and data 
execution are carried out using a microcontroller. The 
temperature of 33-34ºC indicates that the shoes have 
been dried. That is when the sensor will transfer data to 
the microcontroller so that one of the ports will have 
Logic 1. When a microcontroller port generates Logic 1, 
the relay will be activated so that the PLC controller will 
receive an AC input. Fig 1 shows that the PLC output is 
a conveyor using a direct current (DC) motor. The dried 
shoes are ejected from the drying tool using a reverse 
DC motor, which is a PLC output. 

3 Measurement and analysis 

3.1 Hardware designing 

3.1.1 Temperature control with microcontroller 

A microcontroller is a microprocessing system, in which 
there are CPU, ROM, RAM, I/O, Clock, and internal 
equipment [8]. This temperature circuit with 
microcontroller functions as a processor of data received 
from the SHT11 sensor module (Fig 1). This sensor is a 
multi-chip module of temperature and humidity sensor 
that generates calibrated digital output [9]. The 
microcontroller output is used as a driver input. 

 

Fig. 2. Temperature Control with Microcontroller Circuit.
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Fig. 3. Relay Driver Circuit.

3.1.2 Relay driver 

The relay consists of a winding wire wrapped around an 
iron core that turns into a magnetic field that can attract 
or reject the spring so that the switch can close and open 
[10]. This tool serves to switch off the dryer when the 
SHT11 temperature and humidity sensor detects a 
specified temperature (Fig 3). 

3.1.3 PLC control 

PLC is an electronic system designed for industry. This 
system uses a memory that can be programmed to 
facilitate internal storage from instructions to performs 
certain functions like logic, sorting, timing, and 
arithmetic to control various types of machines or 
processes through digital inputs, outputs and analog [11]. 
The PLC control circuit is used as a center controller of 
the whole system (Fig 4). On the PLC output, there are a 
motor and a heater in a hairdryer, that function as a shoe 
dryer. 

 

Fig. 4. PLC Control Circuit. 

3.2 Software designing 

3.2.1 Flowchart 

At this stage, a programming algorithm is designed as 
shown in Fig 5. This process should be done to facilitate 
the program realization and analyze errors. 
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Fig. 5. System Flowchart. 

3.2.2 State diagram 

The state diagram is an illustration of a flow of a ladder 
program made in a particular condition with an existing 
prerequisite to facilitate the realization of a ladder 
program diagram [12]. In this designing, the state 
diagram is presented in Fig 6. 

 
Fig. 6. State Diagram. 

4 Result and analysis 

4.1 Measurement and analysis of ATmega16 
minimum system 

These measurements were performed to figure out the 
output voltage at the temperature control circuit port. 
The measurements were carried out five times as shown 

in Table 1. The results were linear. The accuracy of the 
microcontroller in generating logics 0 and 1 is stable. 
When the temperature reaches 33-34ºC, the 
microcontroller PortB.0 generates the voltage of 4.9 VDC. 
And when the temperature is other than those above, the 
PortB.0 generates the voltage of 0 VDC. 

Table 1. Measurement of ATmega16 Microcontroller. 

No. 
PortB.0 

Condition 
Vo 

(VDC) 
Temperature 

Condition 

1 
Logic 1 4.9 33-34 ºC 

Logic 0 0 <33 ºC and >34 ºC 

2 
Logic 1 4.9 33-34 ºC 

Logic 0 0 <33 ºC and >34 ºC 

3 
Logic 1 4.9 33-34 ºC 

Logic 0 0 <33 ºC and >34 ºC 

4 
Logic 1 4.9 33-34 ºC 

Logic 0 0 <33 ºC and >34 ºC 

5 
Logic 1 4.9 33-34 ºC 

Logic 0 0 <33 ºC and >34 ºC 

4.2 Measurement and analysis of relay driver 
circuit 

These measurements were performed to find out the size 
of input and output voltage at some main components. 
Table 2 shows that the results of five measurements are 
stable; i.e., the input and output voltages, from the first 
to the fifth measurement, are relatively similar, 
indicating that the system designing process was done 
very well. 

Table 2. Measurement of IC Buffer 7407. 

No. Condition VDC Note 

1 
Input 1.446 PortB.0 Micro 

Output 4.6 PortB.0 Micro 

2 
Input 1.452 PortB.0 Micro 

Output 4.61 PortB.0 Micro 

3 
Input 1.453 PortB.0 Micro 

Output 4.6 PortB.0 Micro 

4 
Input 1.451 PortB.0 Micro 

Output 4.62 PortB.0 Micro 

5 
Input 1.461 PortB.0 Micro 

Output 4.61 PortB.0 Micro 

4.3 Measurement and analysis of blower/ 
hairdryer 

These measurements were performed to read 
temperature when the air is warm and cold using the 
SHT11 sensor. Table 3 shows that the results of several 
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measurements are relatively similar. When the hairdryer 
is turned on, the AC voltage from the source is reduced. 
It is because some of AC voltage is used to turn on the 
hairdryer motor [13]. 

Table 3. Measurement of Blower/Hairdryer. 

No. 
Hairdryer 
Condition 

Vin (VAC) 
Temperature 

Condition 

1 

When the air 
temperature is high 

208.6 40-40.6 ºC 

When the air 
temperature is low 

212.8 36-37 ºC 

2 

When the air 
temperature is high 

210.4 40-40.6 ºC 

When the air 
temperature is low 

213.2 36-37 ºC 

3 

When the air 
temperature is high 

208.5 40-40.6 ºC 

When the air 
temperature is low 

212.4 36-37 ºC 

4 

When the air 
temperature is high 

209.5 40-40.6 ºC 

When the air 
temperature is low 

213.2 36-37 ºC 

5 

When the air 
temperature is high 

210.2 40-40.6 ºC 

When the air 
temperature is low 

212.5 36-37 ºC 

5 Conclusion and suggestion 
After performing the tests, measurements, and analyses, 
it can be concluded that the PLC works by the ladder 
program diagram. The tool uses two controllers, PLC, 
and microcontroller. It is because the temperature sensor 
is controlled by a microcontroller, and the whole tool is 
controlled by PLC. The drying time depends on the types 
of shoes. The longest is one hour. 

It is expected that there will be further developed for 
this tool to be able to be implemented not only in the 
industrial area but also in a residential area by 
minimizing the mechanics of the tool. The sensor 
reading can be used to detect dry shoes so that when they 
are inserted into the dryer, the drying process won’t be 
performed. Timer and temperature reading can be 
displayed. The sensor can automatically selecting the 
type of shoes. The tool can also be equipped with 
Human Machine Interface (HMI) as an indicator panel. 
The drying process can be done with multiple shoes 
simultaneously. The blower consumes small voltage. 
The tool is also featured with a rack to put dried shoes. 
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