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A Development of Shoes Cleaner Control System

using Raspberry Pi
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[Abstract]

Since leather shoes cannot be washed with water, there is a need for a cleaning method that can
remove extraneous substance from the inside and outside of shoes and senitize the inside of shoes
without using water. For this purpose, this paper develops a shoes cleaning machine control system that
automatically controls the entire process of shoes cleaning in a shoes cleaning machine that quickly
cleans the inside and outside of shoes using compressed air, sterilization solution. The developed system
uses Rasberry Pi, a general purpose single board computer(SBC), to control various actuators of the
shoes cleaning machine. The shoes cleaning machine operated by the developed system shows a
sterilization efficiency of more than 99% and an odor removal efficiency of more than 86% in a

cleaning time of less than 1 minute.
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I. Introduction
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II. Related works
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III. Shoes cleaner analysis and control
scenarios deriving

1. shoes cleaner analysis
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2. shoes cleaner control scenarios
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Table 3.1. shoes cleaner operation condition
working | start | ending .
. . explanation
part time time
air high-pressure air blast to
. 0 10
discharge remove extraneous substance
sanitizer optimal discharging time to
. 0 3 . . .
discharge maximize sanitizing effectiveness
vacuum 0 60 operation for the entire shoes
cleaner cleaning period
uv lamp 0 60 opera.tlon fo.r the entire shoes
cleaning period
LED light 0 60 opera.tlon fo.r the entire shoes
cleaning period

Table. 3.19A AJ&MA|7Kstart time)dt £8 A]7F
(ending time)?] ©%l= X(second) ©ejo|tt. 121
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2.1 normal state scenario
Al *ﬂ"“’ 46} A i AUl ole] Aga glol
Aluz]e 24 T-29] Fig. 3.31f &
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: start— > "
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medicine stop
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Fig. 3.3. shoes cleaner operation under normal condition
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2.2 door open during shoes cleaning
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Fig. 3.4. door open during shoes cleaning
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2.3 shoes cleaning start while the compressor running
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Fig. 3.5. shoes cleaning start while the compressor is running

2.4 running the compressor during shoes cleaning
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Fig. 3.6. running the compressor during shoes cleaning
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4. shoes cleaner control scenarios summary

AL =gQlel ’ﬂ%‘ﬂ"”l% AAIA7] AR Alu2]
e E5l 98 9= 27103 th29 Table. 3.29+

[==1
2o TE AASE AAY 5 Ak

Table 3.2. a summary of sensor and actuator for
shoes cleaner

component explanation criteria
compressor compressor run AC 220V
sensor detection detection
I . DC 5V
N door sensor | door open detection detection
start switch shoes cleaning start DC 5V.
detection
LED light LED .to .|nd.|cate shoes DC 5V
cleaning is in progress
sanitizer medicine supply
valve ON/OFF DC 5V
0 | air valve air ON/OFF DC 5V
U} vacuum vacuum cleaner
T
clegner START/STOP AC 220V
switch
uv lamp
power uv lamp ON/OFF AC 220V
switch
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Table 3.3. shoes cleaner state transition table

Start | dOpen | dClose | cRun | cStop | timerOut

S S S r S r %)

C 5 9] S %) %]

C C S 9] C %) r
Start:,push the start button, dOpen/dClose:door

event K
open/close, cRun/cStop: compressor run/stop,
summary

timerQut:shoes cleaning complete

Table. 3.30|A AZ& AEHE, 7252
UEH AL, M2&9] AJe7 7t252] offlE 2Agof of
siA oS JHIR AolEe Ag mE B Aot
Table. 3.30]A] o= 2% 71(don’t care condition)©.
24 ojlEs} AlE} Holo] Aake ZA] 482 ojojgitt.
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Fig. 3.71} 72ct.
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Start cRun timeOu
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’ dClose,
QO =0
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Fig. 3.7. shoes cleaner state transition diagram
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IV. Implementing shoes cleaner control
system
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1. hardware components for shoes cleaner
control system

HEE Al2elo] Ao} 2AS 2sb] Ul 2=H)
mjo]g ol g3te} Alojlxlg pgict Tk Table. 4.1
Alof M7l elof] ML= efxw2juto]of Adls Qof
3t Zlolct.

Table. 4.1 control engine device specification

1lls] RaspberryPi 2 Model B
CPU 900Mhz Quad core ARM Cortex-A
Memory 1GB
USB USB 2.0 4 Port
/0 GPIO 40Pin GPIO
Ethernet | 100BaseT Ethernet
Multim | Display FULL HDMI Port
edia Audio 3.5mm stereo audio jack
rixk Storage | MicroSD Slot

2t=d2]mfo] S o] gt Alojlzle ef=w2jmtojof %
7‘]'5401 O]L 40Pin GpIO_ o]_Q.—}o:] Al }\1 o]aﬂy_} 7;]01 }1‘_]
5 392 suFoRM AolRAe A cheo)
Table. 4.2 f=wlajuto]z T&sH= Aojqizle] GPIO
of g3 Ao Alwolch

Table. 4.2. control engine GPIO pin assignment

GPIO . /0 WiringPi .
PINNo.| 59" | girection| Pin No. el @7 [PInS
1 3.3V ~ ~ power
2 5V ~ ~ power
7 | MEDICINE| OUT g | Mmedicine
discharge control
11 AIR ouT 7 air discharge control
12 COMP IN 1 compressor run
detection
13 | CLEANER| OUT o |vacuum cleaner
start/stop control
15 LED ouT 2 run indicate LED
control
16 DOOR IN 4 door open/close
detection
18 SWITCH IN 5 start §witch push
detection
19 SUB_1 ouT 12 reserved control 1
21 SUB_2 ouT 13 reserved control 2
Table. 4.204 &1 4~ 9l B} Zo] Alof M7l
GPIO ®H &2 Table. 3.29] AN I FL57Fx] =0 T3
S gsigon], 7o) Y2z e7he] B0 WY 5
gtk 3HH Table. 4.2014 WiringPi Pin Nox 2}=H|g]

molofj ] GPIO Aof 2253 He|shA| s17] sl A
Q5] WiringPi 2jo]B2j2]oj4] GPIO Wo| &kl o
Hso|ct. & akxuj2jto] GPIO Aoji= WiringPi 3 ¥
S5 olgste] ZRIHY F A A=F Fct

£

2. design an I/0 board
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Fig. 4.1. circuit diagram for I/O board
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3. implementing I/O board

HEE: Fig. 4.19] 3zwo
PCB(printed circuit board)of] A%} st 7
Fig. 4.29} 7t}

SES

e mecs
o 2A 080l

/ 1/O connection part

auibu3 joiyuod
ed uoirauuod

2 HEl Fig. 4.19] &= HC 3|2
s 1= ‘?_P i Heoo|n, Fig. 419 £9 /24
= Fig. 424 I/O_“L‘Eoﬂf\i %Oe‘?_ —?—‘?‘

Aol 2eln A % TSRS 8aS A
o2 B Zolc}

a ﬂcompm:sor sensor

=t
- @ door sensor

+ start switch
© /run indicate LED

T

medicine control
solenoid valve

b air control
. solenoid valve

vacuum cleaner
ontrol relay

L ’uhmvinln lamp
control relay

Sensor/actuator

1/0 board

control engine

Fig. 4.4. control system conceptual diagram

Fig. 4,400 1/0 BEC} AN /54| Ato] A
1, Ade e UERich 293 Ao} iRl
[/ORE Afojofl= 2678 22 AHEE 0|83 I
th5 Fig. 4.5¢ Ztt.

F2o]

Fig. 4.5. connecting between control engine and
I/O board with 26 channel ribbon connector

4. implementing control logic

Aloj2 412 Fig. 3.79] 8| Aol=g =it 2oz A
2fzd|2]mo] 9] GPIOE Alofs}7] $15l wiringPi 2fo] ¥
2} BQae qit}. 221 Fig. 3.7 AJ& Rlo| oA &1g
5 Qs 255 o[fIESO] A Ao AAREeZ A AP
= Axs7] st EF(polling) = A8stn, A=
(thread) == 72jW& ofjof st2g2 ALt 2lojHea]
Zastth ol et old MY AR thaat 2

#iclude <wiringPi.h>
#include <pthread.h>

CERBRNEE B
QECDERIE u+
AR Aef A
9] GPIO W &t
3} 2

o2 wolgh ure ¢ mF g
S04 st ghd Fig. 3.7
o] w2 13517] 2Js|A= Table. 4.2
oA wiringPi H Hag HASIH o

#define MEDICINE
#define AIR

#define VACUUM
#define SWITCH_LED

8 /lout - 2o #H [of
7 //Out - OFZ_T‘_jl HHI:I Z-”O-i
0 //out - %_I—g—%;_/.ﬂl uv HI)
2 /lout - 2%|1%| LED

#define COMPRESSOR 1 /fin FAIZPAF MIA
#define DOOR 4 /fin EO| Jim M4l

#define SWITCH 5 /fin AZF AQX| A4

X7

v
2]al
A
il

_ﬁ
e > rk

§MH Table. 3.19] A £712 A3 m
S o 2A] TEolN B8 B
ARE ofet AeE a5 9 s

o}
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// tag #H4

bool ButtonTag = false;
bool MachineTag = false;
bool DoorTag = false;
bool AirTag = false:

I NEEA HE 3 A
/M AR F EA
/=0 FR/TE A

/| BEAN 2S/EA BA

/I Aol 27AZ A3t A7t

[l Z- X7t o] T A[ZE : 100ms

int AirTime = 100; =2 271 EE A7 102
int MediTime = OFE. EE A|7F 3%

int ProcessTime = 600; // Algh N& A7t 602

// cleaningThread& {3 thread &
void *cleaningThread(void * _Get);
pthread_t t_Cleaning:

oh

A
ﬁ_l_

N2

A
L

oPgut e AejolA L2 I3e] Algtat FAlo] GPIO
of et 4 2 713k A4S 2o} shel, o] vt

At Bot ohga g,

if (wiringPiSetup()==-1) { // wiringPi setup
printf("Fail "); return O;
}

/I FEEZE 2t GPIO 2%
pinMode(AIR, OUTPUT);
pinMode(MEDICHINE, OUTPUT);
pinMode(SWITCH_LED, OUTPUT);
pinMode(VACUUM, OUTPUT);

/1AM 2 U™ S AR GPIO 27
pinMode(COMPRESSOR, INPUT);
pinMode(SWITCH, INPUT);
pinMode(DOOR, INPUT);

/I & &9
digitalWrite
digitalWrite
digitalWrite
digitalWrite

O ON A1 H&
MEDICINE, ON);
AIR, ON);
VACUUM, ON);
SWITCH_LRD, ON);

P PN

/] 3z7F |3
sleep(3000);

+>

/I 2 &% o OFF A|1g 23
digitalWrite(MEDICINE, OFF);
digitalWrite(AIR, OFF);
digitalWrite(VACUUM, OFF);
digitalWrite(SWITCH_LRD, OFF):

ol HofelRl F50] Bzt £7] 57401 egsige
o2 Hof AFE 15 o} gk Ao] A
W AA719 ole] HejS e BUER sr% 2 ol A
Ao} gtk BUER DL 3 71ue $5) 1A
o], AlA%0] R 1) 7hA 3 2 P2 A5
o T2 Fig. 4.6 oflE GUE B50] nUEf
A BRORFER 243} 3 Zolct,

{ start eventMonitoring ]

.

Il Initialize the start/stop button to the stop state
ButtonTag = false

S — ¥\

Q-
DoorTag = digitalRead(DOOR);
AirTag=digitalRead(COMPRESSOR);

ad values from door and compressor sensa

ction is to toggle the ButtonTag value

NO — ——
— gg_hilﬁeadts“ﬂ'rc“i ==

e value of ButtonTag is TRUE, then branch to |
—JvEs & :

path that starts the cleamng ) .

|nggIeBultc|nTag{:

4_{[ YES
— B\munTag - TRI.IE — E
et MachinTag == FALSE
Tvzs s started
— —
NO. -»-(ﬂ‘&cﬂag == TRUE) &a. (AirTag == FAt'SE}— —
T &2 (Ma.:mnarag ==FALSE)

DoorTag == TRUE

=> cleaning room door Is closed
' AirTag == FALSE
s => compressor is net running

pressor is not :
running, and the sl.arl butten has been pressed. :
__i Therefore, cleaning starts. H
Cleaning starts with two steps. H
First: change the MachineTag variable to TRUE
Second: create and run the "cleanningThread” |

r =3 ‘
MachineTag = TRUE; @
pthread_create(&t_Cleaning NULL,
cleaningThread, void *JNULL);

¥

MachineTag = FALSE;

gl (AIR, OFF):
digitalWrite(MEDICINE, OFF);
digitalWrite(VACUUM, OFF);
digitalWrite(SWIRCH_LED, OFF);

11 100 millisecond sleep
msleep(100);

S

Fig. 4.6. shoes cleaner eventMonitoring module
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11
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[ cleaningThread start J

il time cycle variable initiation [Simultaneously starfall 7}
mponents that work during the -

int Time_ms = 0;

etting the MachinTag value to H
TRUE is the result of executing the ;
| @ position code in the ;
ing module.

digitalWrite(MEDICINE, 1);
digitalWrite(VACUUM, 1);

digitalWrite(AIR, 1);
digitalWrite(SWITCH_LED, 1);

{Once all the steps in the cleaning
| process are complete, turn off all :
_j remaining devices and set the :
" !MachinTag to FALSE to indicate
‘that the cleaning process has

dighalWrie(VACUUM, ) Sisep for 100, han increment
MachineTag = FALSE; _{--ithe time variable Time_ms by 1 and:
‘jump to the initial branch H

msleep(100);
Time_ms +=1;

F—

[ cleaningThread stop

Fig. 4.7. shoes cleaner cleanningThread module
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V. Evaluation for implementing system
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1. Analyze the pilot system
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Fig. 5.1. monthly medicine usage
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1.2 Content of the repair request
19 £9to] o9 oA 22] 94 A4 3700] U
o0, o]2 t}29 Table 5.10] Q9F 53t

Table 5.1. Summary of the repair request
- i :
reception | reception fault part actions to take
number | month
1 Nov. 23 vacuum changing dust bags
cleaner
2 Feb. 24 air C.ompressor. air cleaner
compressor | filter changing
tart/st .
3 May. 24 s a.r /stop Switch contact fault
switch
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1.3 Operational environments
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Fig. 5.2. Summary of monthly temperature status

Fig. 5.2011A] &1 2%4 359%0], A %7} 13
ol Fok= ROl 9o @420M HE &R AR 9

of S23 0F glo] LYsigon B gt ALY
ofa} 7} & 4 ik,
2. Analyze shoes cleaning effectiveness
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Table 5.2. sample for test and evaluation

kinds of shoes male female sum
safety shoes 3 2 5
golf shoes 0 5 5
low shoes 5 0 5
regular shoes 5 0 5
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Table 5.3. result of test and evaluation

sample | method @ | method @ | method @ | method@®
No. (%) (%) (%) (second)
1 99.9 82 99.95 61
2 99.9 88 99.96 60
3 99.9 86 99.96 61
4 99.9 84 99.97 60
5 99.9 84 99.96 60
6 99.9 86 99.95 60
7 99.9 84 99.97 60
8 99.9 88 99.94 60
9 99.9 82 99.96 60
10 99.9 86 99.97 61
11 99.9 82 99.94 60
12 99.9 88 99.95 60
13 99.9 84 99.97 60
14 99.9 86 99.96 60
15 99.9 88 99.95 60
16 99.9 84 99.95 61
17 99.9 86 99.97 61
18 99.9 86 99.97 60
19 99.9 88 99.97 60
20 99.9 86 99.95 60
average 99.9 85.4 99.9585 60.25
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VI. Conclusion and future work
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