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Study on Mat Production Line
using Examination of “Visualization™

Toshiaki MAKINO™'  Koji FUKUDA™ and Shinichi SEKIYAMA™

Abstract

In the manufacturing site, business management between visualization and organization of automation has become an
issue for productivity improvement. It is a communication network design and automatic monitoring system. Low
power radio module microcomputer based on multi-functional filter Corporation has examined the visualization of the
production line for the productivity improvements. Occupancy rate is 30% by large manual labor in the current
production line manual. But, 56.6% of capacity utilization by reducing the waiting time of the process throughout is
expected by the equipment automation. Furthermore, time loss to product cutting accounted for 57.9% as a whole
with the current production line. The operation of the main factors is "cutting operation" of the line stop. Therefore, 1
was experimented the network that assumes visualize the operation status of that operation. 900MHz small tabletop

antenna sending and receiving results of the experiments. It is possible to cover the actual factory range (about 70

square meters).
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Table 1 Fiscal 2012 and fiscal 2013 production results
and fiscal 2016 production target

Fiscal | Total ‘When the A+B line ‘When
production | entirepeak | average A+B
average [m’/month] | [m’/month] | peak
[ n®/ month] [/

month]
x10" x10°* x10°* x10°*

2012 | 8.0378 11.8 3.2263 5.2

2013 | 10.2964 15.3 3.6364 5.8

2014 | 12.5 18.5 44 7

2015 | 149 22 53 8.2

2016 | 17.15 257 6.06 9.6
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Fig.5 Factory layout diagram and Flow of B line parts
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Table 2 Production status of MF filter representative product
Product format Order Order Lots scale Production scale Number of
(Price:[yen/m’] ) [item] production L P operating days
volume [m?item] [m%/day] L/P [item/day]
[m2 / year]
x10°* x10° x10°
SP-45 (384) 205 21.5 1.02 < 14 0.73
45R-0 (640) 265 299 1.13 < 2 0.57
45R-5 (1057) 114 13.1 1.15 < |14 0.82
45R-20 (1768) 17 1.57 0.92 > 0.5 1.84
June 2014 current
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Fig.6 Working process of the B line
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A SR (Manufacturing General)

B : A7 « T (Assembly and processing)

C: 7utxdlE (Process manufacturing)
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D : 4R HE (Production planning) VD MAE 2B,
E : %52 T (Demand forecast)
F : &#& 2L (Materials management)
Table 3 Production management system document request ranking @
No. System name Corresponding function Customer target Provide | Referenced
(Production Co., Ltd.) A|B|C|D|E|F employee sales form price [yen]
scale scale
[people] [yen]
1 DS-mart ERP o|lo o |o |o 10~1000 All Packaged 5,000,000
(Densan-System) software
2 WorkGear series o|lo o |o |x 10~100 All Packaged | 2,500,000
(Morix) software
3 TPICS-X o|lo o |o |o All All On-premis | 900,000~
(Tpics- Laboratories) e/ 5,000,000
Packaged
4 eProduce LT x | x | x | x |x All 108~ On-premis | 3,000,000
(Hitachi Info 10" e/ ~
Engineering) Packaged
5 Factory-ONE oo o o |x All 108~ On-premis | 3,600,000
(NEC) 5x10° | e/ ~
Packaged
6 FutureStage oo |x |o |x 10~500 10°~ On-premis | 20,000,000
(Hitachi Systems) 5x10' ¢/ Cloud/
Packaged
7 EXPLANNER/J o |lo |o |o |x All 5x10°~ | On-premis | 3,500,000
(NEC) sx10" ¢/ Cloud/
Packaged
8 rBOM GP oo | x |x |x 10~ ~5x10° | Packaged | 2,500,000
(Daiko Denshi) software ~
9 Fujin SMILE BS oo |o |o |o 10~500 All Packaged | 5,945,000
(Otsuka-Shokai) software ~
10 | OBIC o|lo |o |o|x 100~ 5x10°~ | On-premis | 8,000,000
(Obic) e/Cloud/ | ~
ASP

UL T Y BB AR



Ty R - fRE S - B H—

3. 2 WMEEEMmICKSEMEY ) 1—2 a3y
AITECIR =AY Y U a— 3 V38R 28
SRR CH DBMR A E 2, AIE CIX A L35
DEY 2—)L & LT, W2 chefit S ks
TW5 LSIEdfia St & U7 [Rpe N s 5~

A 2| IZ3EH L7z, LSI (Large Scale Integration : KA

BUEREREIK) 13, EEEOT v 7 RSO T

3. 3 CRESSON-MD920 [ZDL\T
ARFEERCTHIV D 920MHz HHI ML L=/ INES)
MERE~ A 2 EY2—L e LT,
CRESSON-MD920 RF £ =—/L (CME ##) o
WL 7oy 7 EAEHER, BEO
CRESSON-MD920 B8 — R (CME #) offg L~
v 7 KB X OYMENCHOWT, Zhehab~5.

AL B I OT A A — FEEDFHE % 1000 {EH~10 o {ERE
FEZERE L2 O TH Y, [AIFEEEKINC L 0 FFEOREHE
IRERER T ESHER DB L T D, AL
FhoctR & U CEBICHWDEY 22— LT, #F
JEEE)Y 920MHz ik Cdb 5 BELEIS I 2R b LTz~ A
AEY 2B LY, FAUTHERLY 5 900MHz . E

CRESSON-MD920 RF 2 =—/U %, FiFSEELLEH
BV AT LEAEET D4 BN & L72 920MHz 7V
A XY VARA LTV 2L THD. F4iZ
CRESSON-MD920 RF & = —/L OB A7, 7235,
CRESSON-MD920 BHZ&AR— ROMZL oI, %4
(B DR &~ o 2 L EROTER LR (L, TF

T T EER U-. 920MHz FICEHE LI E Y 2
—/EE LB E LT, OAETIH2012 47 Al
920MHz H#H COMEEFIEN XA S iz 2

Table4 Overview of CRESSOM-MD920 RF module

1% GPIO/ADC D&) TohA.

LIZLY, 920MHz 8 COMEREE Item Introduction Remarks
Y a— g N L BT Y e Radio unit Wireless ARIB STD-T108 | Technology fit
. e don T NS A S standard Verl .0 certification
E] /F}ﬁ%ﬁ?i@é@iﬁ%ﬁﬁﬁﬁw EL/ Frequency | 922 4MHz~
7= HPEEFY AT AOIEANEE band 928.0MHz
A, Boh—Ry NU—Z 5B CIX Number of Maximum: 29 200K Hz channel
LIRS SIS A5 L 7= AT Channels | channels width
YV a3 g L OREER « BEERED 5 g{l’)?‘ilVlES;mSSlOIl 20~+13dBm 0.0lmW~20mW
NTE 72, 920MHz ki 2 X 2i@fE D Minimum -99dBm 100kbps, PER=1%,
FsiE, TERD Zigbee /BT 72 XD receiver Packet
2 AGHz B8R COIH(E CHlE & 72 sensitivity Length=20byte
. S R Mt .
fwt@&f@%ﬁﬁ,%ﬂ&#oﬁ Modulation | 2-GFSK BT=05
HER RO L L TR TS & scheme
WO RTHDH. F£72, 920MHz Hr Dk Transfer rate | 50kbps/100kbps
BT A 0 AT, KT - SR Microcomputer | MPU 32bit PIC Usage rate: 70~75%
& EERS . . unit microcomputer
EORENMERRND, GBI Flash ROM 128+3kB 3kB is used to boot
FA 5385 D732 5§ I B0 AT 1) DataRAM | 32kB
AT L, P - BEOE WL, Operating | 20MHz
S LR PR I S Irequency
IR IF UART/GPIO/ADC
S (e Clock Yes Use the 32kHz crystal
A TG, 920MHz HiE CORFE/ VB function
IR 5B LY ) 2y Use conditions | Operating | -20~+80°C
) S . ambient
2 NIRRT S TCDER LY femperature
BE =z, AEloBEERR S LTHRY | Power-supply | 2.3~3.6V Standard: 3.0V
F5. voltage
External 20mmx35mmx7m
dimensions m
Power Send 43mA Pout=10dBm,
consumption MPU=20MHz
Vee=2.3V
Reception 28mA MPU=20MHz,
Vee=2.3V
Standby 50uA
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AKEY 2—VORHIE, VNI A X

(20mmx35mm) | , [TEEE802.15.44g HIF&IZYEHLL

77 b—2L7 44—~y hHR— R, [TEEER02.154
B2 278 25 non-Beacon Enabled PAN k%2 1
W7 BERIE 7 e oLz, T#E7 e ko
NeT TN r—3a s aFEENRER 32bit v A 2
B, o7 Y BREOREER Chom B
AfRel , TRV —7EWEE ST D DITNEZ: 32kHz
IKeBEAEEL ,  THoK 20mW ORE(FEAIHITR G
AIRE] EW\OETHD.

102 CRESSON-MD920 RF € = —/LD 7 & v 7
M&7~d. BEERIT RFIC (ADI £f ADF7023-J
28pin-QFN X4 —7) | il % 32bit CPU (Microchip
£ PIC32MX150F128B 28pin-QFN < /7—3) ZHuls
\ZKHH U RAZ NV ESNIEE R 2 s &, T Tk
DA BE—F o ZBEGIEEE R I Lo TR S T
%. %7z, X102 CRESSON-MD920 RF & =2 —/L]
SEHERZ T

VoD
—

»

SMA i3 5 5 S Externa
connector d - RFIC 32hit CPL connector

26MH2 20MHz

Crystal oscillaor Crystal oscillator

Fig9 CRESSON-MD920 RF module block diagram

=-—=21

Shield case position fixing holes
Shield case meunting pertion
{ Matched aren )

N % £ o 3.@ ¢ Fosbidden region
- i / #=z.2hole

i
M=
£

1 T

L 31.5

3=.8
s

OUTLIMNE(TOP_VIEW?

[ 75

CHMR3K (RF )

Fig.10 CRESSON-MD920 RF module Dimensions

CRESSON-MD920 BiZ4— RIiL, AR RFEY =2
—NVEERL, TRT T I TR0T Ny F T EOFE
RT VAT MEGEFREICT DR — R Th D, AR
— ROKHIE VIV A X (40mmx60mm) | , [
i A REABUSS 20D 920MHZ HHAERT Y 2 — /L

(CRESSON-MD920) Z#&#rTHe) I3 FHOENR

HIRATRE (AC 7 ¥ 7%, FEBOX Hi3x2, USB /N
2T =) |, Ay aF v THo~A 2 B
BESFIFARE] ,  TCRESSON-MD920 ™ 6 ->? GPIO
R TR 7 2T LT TRA L, o i
7R EOYERDAIRE] LW O R THD. K11 ITABA%E
A—FRo7vy7RErRL, X 12 IZHHERO RF €Y
a—/b GRENAE) BIOABRR—F GEEuf
i) oS AE T, Rl T IR T, 2o
CRESSON-MD920 ® 2 XA VT USB 7 —7 /L8 &
OA U H—T =—A%I L, WYL EARE LS OT
A AT LA (PC) &4kt L7 RAE CHERLE(E 4
1T-o7=.

PB switch for reset

i |

6-pm programming comestor

mini USH comestor

UES imerface

VBUS
UBS-UART comversion LSI

ot
. Power supply selestion jumper
ACudipter 20-pin CRESSON-MDA20 mxunting conetor
2.1 power comector
Battery box

2 tormina] power commector

L:pin expansion conmector

Fig.11 CRESSON-MD920 development board block
diagram

LLLELE

@[ﬁ] 010VABT 1
/B go00010

Fig.12 CRESSON-MD920 (RF module and

development board) ~ external view

F72, CRESSON-MD920 (37 > 7 ki 217 #
& LTk mefy VilEl =~ 7 % UFL-R-SMT-1 (01)
EPEHIL, SMA IR H~DEHr—7 1 L LTI
T 7H UFL-LP-066-SMA-BJ-95 ZffifH L T\ 5. A%E
BRCIE, 2 ORI CHERL S 2 Bl AR S
7T LCH— 900MHz B L7 7
GAF-121XSAXX (Joymax Electronics £ % v % =
LIC LT, AT o7 BT AFHHT 0dB & 72> T
2.
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3. 4 EEREH

ARFERTIL, USBA > #—7=—A (CP210x
USB2UART R7A/3) %#JrLTPC &Hail, #—<
FY 7 b (TeraTerm) (2L b2V —L s o< K
Z T2 2 DOIEEE TR AN T To 7. (5
BRNIEENE S L, b E LT+ A7 LA
[Hiii & L C EPSON # PC Endeavor NY2000 (Microsoft
# Windows®7 Home Premium #53%) % v 7=, {8
BT O ZAGHANIREEN FTRE L L, A kA AEE LT
T 4 A7 LA i & LT SONY i PC PCG4VIN

(Microsoft # Windows®7 Starter SNPC OA #5:) % H
WV RSITHE—IFAY T b EORTG A—ERIEE
KT

Table 5 Parameters on the terminal software

Item Conditions
Baud rate 115200bps
Data 8-bit
Parity None
Stop 1 bit
Flow control None
During transmission line feed | CR
code
Local echo Yes

EEHAI (COM3) D self ID % 0245, 52 {EHI (COM4)
D selfID % 0243 L%, (ZLHIZ, 1RIEOERE L
T SEND 2~ R&f#iH LC RSSIHIEEERZFT 7.
Z OFEERIE CRESSON-MD920 #E4E(E A2 &
T AT VA TR L D AU GRS D 72007

A b BARRTO D, AR ORERREE T 30cm TIT-72.

Wiz,  RSSIHEERRC L DIBEDOHMEEMHR L
744, 2 Bl HOFEER L L C MTEST 2t~ R&fEH LT
PER HIEFER A1 To72. ZOHEE, FEHET 128 /31

NED/ry b (V) T NVE ST 4 2 (PN9) )
Z 1000 /™7y FERIETH O TH S, ZDOFHRITE
FHIEZAET 2720, BlfelBElk IO ETT —
NI UTRRBZ HIRET ¢ A LA il CRE R R
% CRESSON-MD920 % Fiv = alfifbs 27 LA
PEE AT Z 2 ANET 5. BETT—RRE, K
FFECRRg & LTV D 27 4 V2 —+EB T4
ATRTD HINHEE] SA Ry T LIZIRIECTH D 2
LA LTz, FTe, SAHERORAZ NS
LS ABEN ST TCVNE,  EIROHEIDE E TIEEA ATEE
THDPOBREEATV, FERFERD O IBERAEZ [
9. B T2 4V Z — O THMEA TS
B T4 LN HEHATE COMRE (K30~35m) 2Ni7-
FHDOMEEEAT-7-. PER HIEERI I DA
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10

ORIEREE L 30cm, Im A EE L=, 1, 30cm S5440%
FFEEANTORET, 1m LLEIZOWTIEISEED G
AWTEANZKEIL, WEEED AT HIFIA & b
D8, 11—, 2 h—7, B EOFMEHEHIAN
R HHEEEIT T2

3. b EERERETORE

JITERREE 30em (Z351) % RSSIHIEFERIZHOUNT,
13 IZHEHEM (COM3) D IZFoR™ SHUTRER,
14 (23 15H6A (COM4) DIERIZF R STz fE R AR
7. [¥13 TlE, MTEST 2~ R TR0 FHi
LOHREE— R ORT A—2FR, AckiBERY) %
BEL, SEND v RCHETS [Stop B Line!]
G LI, HMENEFITKT (ACK:00) L7-. [A
FRICX 14 TIE, 2HME7CID (0245) M DHZAEMIERIC
T 00) L, fEESCFH [Stop B Line!] 23F RS
TWA L4, RSSIHEIF-29[dBm] Cdhb. ZhHDH
D, AFIRIEEC K MERLEE TS L OWEHEERRD
AMER XY, -30[dBm] (=0.001[mW]=1[uW]) ¥ X
Y HH, KRS CIEBEMNFIRET, 2 oE = I
WTHIERTE 2.

Wiz, JEREEfE30cm (2351) 5 PER JEFBRZ OV
T, K15 IZSHEE (COM3) DI ZF R S T-ik
B, X116 (ZZEHE0) (COM4) DB ZFoR Sh-iE
Rt K15 T, #MEEEE 10000, <7 b
F420 &L, HERIIEENL1000[E]], ACK 35k
L0, Ny 7 A7 (Fr v e —)
130 EWOFENGDD. [FERICIX 16 T, 2ToNT
v MNEIEFSAE L, PERME (=7 —8/ "7 v MY 1%
1x10° L WO FERME DN, 203D, JIER
HiE 30cm (EE) 12 K 2 MEHEH(E I EE TR B (X
7y MEG) BIGITAELT, BAREBEIMTHOILTH
DEDMER CET-

Fig.13 The COM3 in RSSI measurement in 30cm
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Fig.14 The COM4 in RSSI measurement in 30cm

Fig.15 The COM3 in PER measurement in 30cm

Fig.16 The COM4 in PER measurement in 30cm

WIZ, TEFESE 1m BL RIS 5 PER JIEFERZHO
WG, X 17 IEERER] (COM3) DEEINCF R Sz
FERO—F, 18 12 (EHA (COM4) DHEEIZFIR
SNTAERO—pZ~3. X117 TiE, MTEST 22v>
R-CPER JIEE— RIZEREL, AHROR 15 & [RIkD
EEREREMEONTND Z EN gD, —J7, K18 T
13 EDOZEHEEFT- 7=, 1 [8] B IIRFFEEAHIT T T
STeDIZH LT, FZEE) D8 Ui CllE 21T

11

72 2[EA & 3EIEIZOWTIRERETA—% Y

v ME) BIZVE CIBEREENREL THD Z &N

DD, ZOFEND, BEEREENFEAET DK & R

NDE, | h—"T, 2 h—"7, BElx ¥ ORMEERBHZA
AUTHIZ, X 19 ORISR A BB S B A K E L
7203 HAEIRID PER JEEBRAATY Y, ISR
DWW THRREZ T 72, X 21 (BN ORIESAT R ONHIE
FERD DG DN BEREEOREZ R T, X 21 D~y
F T FE Ty METHEEIZL D HOT, By

DRWVIBIZBEARE, WEREE, ®Ev, BERLL (O
I THE) ThDH. Ik, RNOELEY) (HEE S RE

JE) ZBET FERIERA TS L TR iU b

WV, ZOHEFIERITERE CHLLETRL, HHFE

FEORREATFRET D, K21 025, 5 OOBERITBIT
B EREEERIC OV TEERT S,

D1 SOBES L DA - I RIF L S 2.5,

@2 H—THLDEA 1 h—THLICRD &dER
FEVR A ITIRL 720, 2 1—T L CIBBERREZ R L
7-.

QX2 B OB - I EAF. Ik DlEE
37K, REBLORSIERLTHAS EEDbRS.

@D DAY - HEVH L. ARrE
DOEEOBEIFHEN TOHFITER L5 &b
%.

5 L BAFCihgfE, AT 20 okRlZ, K¥EF
B & DAFFTEDHAY 60m BENTZE5 2 /XY 2 L EITT,
[EERAE CHIET 5 & i) RAT 7RSSR MG DLz,

ZDEND, PR STWTh A LR LSk
T, Hl R OEE T H kR L TITR A 2
ENVGY, BIEL T 55 35m LU COBEEHEIMEN
MR C& 2.
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Fig.17 The COM3 in PER measurement at Im or more

Fig.18 The COM4 in PER measurement at Im or more

Fig.19 COMH4 near the IE1 classroom Fig.20 COM4 in the second computer room
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Fig.21 Communication sensitivity characteristic in the school PER measurement
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