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ABSTRACT

From May 2015, leather products come in contact with human skin may not be placed on the EU market
by REACH regulation if they are shown to contain over 3 ppm of Hexavalent Chromium (Cr VI). For watch strap, a
large amount of chromium is contained because of chromium tanning. Even if only Trivalent Chromium is contained
when manufacturing the straps, it was already proved that Hexavalent Chromium is generated subsequently by
oxidation. Therefore, Hexavalent Chromium (Cr VI) Elimination Agent was developed. This agent restores

Hexavalent Chromium to Trivalent Chromium and prevent oxidation of Trivalent Chromium.
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ZHETROHS FEFIC LY, 6ffir v ADEA &I 1000 ppm LA FIZEEE L CTHEAT 5 2 & 242
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A, EIC3MliE 6flind 5. 3MMFIAKICAMZRESTHY, V7V A MEICHEE
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Fig. 1 Process flow of watch strap.
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Fig. 2 Scheme of tanning process.
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W, THHICHIEIZEAN RO 617 v AEAREZFAE L. 28T 1E REACH BlHllCHLE Sz
HIET7 15 1SO17075 (2 K 0 3T 24T 78 o 7. /oA BE & LTI SGS ITHHH L 72. £ 72, T RoHS
RIS HIEHE EC62321 THMEZATR o7, Wi OREFILEOE I 5T,
18017075 OGEITEIR T 3 K OfIH Td 5723 EC62321 DAL, 95°C 3K TH S, i, #
7 1 ARITTE RV — R X HT R E A VW o, RS54 Table 1IR3, £ 5, REACH #1
HNZ 3% 2492 JE J715 18017075 @ 5 ik 2 k) S ARG EA2WNET O 6 iy = LA HHH
ENFEZENHD. 67 v AORHENKRY v A& TR v 4825 10000 ppm O
DOTHHRHLZWEDORHLHT, 7 2 LBEORELDROVEEIGHDEH LV 8 ppm A S
nNTWa. bbb, BrriigEl 6ffi7vilOEFEICHBENRLEEZRV. ZofERIE, 7
2 L7280 LA i S AV DR E O S FICENELVIZRFZ, 37 m A0k S 6y = A
DAERINILHETE D, Thbb, MEMIC6i7 r ANFEEZHETH-TH, ZOHRERN
FPFOM7 o AN BELTLEY ZEBHHZ EBNHEINSD. EC62321 OHIERE L 15017075
& OFERZ T 5 LRI E A ) EC62321 DO 3SR E T, MIE L2 TORENS 6 iz



2 AR EIN TS Z LMD, 2 THRIEBIZEEB T2 &, 1S017075 D&M Lo
726 DR EC62321 DAL 109 ppm H LTV D, ZOZ LD EFIZIZLVZL D617 7 A
NEBINTWAHAEEMEL H D (Table 1) .

Table 1 Present situation of products containing Cr(VT).

Band Code Material Analysis method Amount of Cr(V1) Tot:rllraor?"oiz?; of
A crocodile IEC62321 173 14,500
B crocodile IEC62321 109 11,400
C crocodile IEC62321 132 15,100
D Calf 15017075 ND 9,481
£ Calf 15017075 ND 12,598
F Calf 15017075 3 16,362
G Crocodile 15017075 8 7,141
B crocodile 15017075 ND 10,080
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6l = L, FEORET « BEA~OMLF - Fakd - phaRRh 2 SICRRNICERET 6
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B"OHNRNZ &IZRD. 22T, ZORMBEOMRREFEL LTIE, HHICEEG S 5% 0O0EAIZ
LV 6fli7m a2 ERIGERVELTHZENRBEIINL) EZZXOND. 22 T6fliz A
PrEAZEE T L & L.
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TOHETHD. ZOBRBICEIVERIZ6Mir n 222 TR1RHDH. RIZ, TTITEHEENT
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IEHERENMETH D, ZOWREEZ A T2 Z & THIE RIFHHIEROE LGN Z &l d. —
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TCThDH. iz, MRIZEER 67 0 AZRET HEAIN ARICEEL, iS4k
LTI 67 v AEBRET DERAE VDR, Z0%, AME~OEBIOWTHBET LN
HbH. Mx THREFEHAEANY RIFTERLTHY, ZRICEEIND. 0%, KEEFEIHEAT
ED XA FEZEIEICT DRENH D, LIRIZFMD 005 & AAERE 03 ) & R &1
BETLHIENREEIND. LoTC, WM TH L I EREEND.

Table 2 Requirements for the Hexavalent Chromium (Cr VI) elimination agent.

® Change chemically the Cr(VI)to harmless Cr(lll) . (Reduction)

® Needs to remain on the leather and be

effective against Cr(VI) for long period.

® Maintain texture of leather products
@® Low risk upon human bodies

® Simple and easy to use
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Fig. 3 Substructure of reducing and antioxdizing group.



Fig. 3 128 L7ALE A SR 2 A E L CENREROBEEIC W TR L=, 2o R1 &K
#F(H), R2 2§ DORE (C) THA SBT3 VISR (AK), R4 & R5 % 2 EREADHRE (C)
THEA SHTT AR VEFER (AK) & L, R3 Z/KHE H)KEEOH) & LI-{bEWT, 1471
HIZER O E % 2 70 L SEA T HEAMANLD O AFiE AR Uiz, FRMHIE B L, ALEEEE
ZBARRT D BOSHE, OGN L BIRT D ROGR DR AN, RIICDz > THRREDHERFTE 50
DOEIBEREMED 3 R BAT72 o 7. #ER% Table 3 12”7, SUSHEIL 1 50 O i E O ¥ T
T2, RIIEBWT, {bEWMADKEERZ/KFICERT S ((LEWB) Z & CRIGHZ M L+
HTENTED. BOME, 10 FHROMOEEDOEMR DRI BRIFBRERTH -T2, B
PEREMEIC BV T, SIS O BB BILOMEIZ LV A TE 5 Z &7 LEn K H i

R1 725 R5 O, R3 DHEEAEZ 727200 C, SESERFELZHRBITE L2 L6, RILSD
A B S5 e Ch s OWEZ R TE D LM L. RETTIEZ O HFEIC X Sl
a5,

Table 3 Characteristic of functional chemical compound.

compound Regand n R1 R2 R3 | R4 | R5 | reactivity |chromogenic reaction Iong—lln‘e
(total) warking

A 2 2 H -C-Ak| OH =C-Ak [low reagency| pale green  good| long-life

B 2 2| H |-ca| H | =c-Ak| MIUM | e brown  good | midde-iife
reagency

2| H |-C-Ak| OH | =C-Ak | high ] B

C 3 1 H oAk H ~C-Ak reagency dark red-brown bad | short-life

D 3 3| H |-cA| H | =c-ak| Men dark-red  bad | short-life
reagency

4. 3 Hxi#Et

gV R, FEoFmE TRBICE > TEAINS. Hiex S oA EE T2
FCRTOMEND L. RO OBKRER L LTE, Wit d skt BRI CTHEiEx
FERT HIEW, BT 2 DOHRFIISED LAY & A AA D TRHRIICEDFHmE THEFF T
L EOBEL.

EHLEM Z1F 5 I R D RS £ TOEBEA L Z I FE 2 DG L RE & OBIR ARG L,
HRZE LI kG R L, 617 v ABRERIZIER LTz, #ER% Table 4 12787,



Table 4 Consist of the Hexavalent Chromium(Cr VI) Elimination Agent.

Rezand Polymeri
Compound oea zation | n R1 R2 R3 R4 [ R5 | raactivity |chromogenic reaction| lifetime
(Tolal)
Number
3 H -C-Ak | OH =C-Ak middle to
longlife 35 5 1 OH |-C-Ak| OH =C-Ak |[low reagency| pale brown  good | latter period
1 | -O-Ak|-C-Ak| OH =C-Ak
i 2 H -C-Ak| OH =C-Ak high previous to
ddlelif 3 - | d
middieire 1 OH [-C-Ak| OH =C-Ak | reagency pale green 800 middle period
) 1 OH | -C-Ak | -O-Ak =0 high previous
hortlif 3 - lorl d
shortire 1 OH | -C-Ak | -O-Ak -C—AII H reagency eoloriess g00 period

4. 4 HFCBEDOBKE

RO 7 v I U THIER S ZER S E 5720120, EONTICH IS i3 S, RE
SHLMENDH D, A LR TRIEFOHEIL, KROLBEAITUE I, HEIZHEMT 2R TiEA
Y 7a T v a— L (IPA) KRBV HLILTWD Z EREW. Ko T, B LR Z LT S
G KBS, % TROGEIE IPA KK G E L. BT LROGEITIE, ERKPITRIES
NTWDZENLEKR Y ZEZOEERMT D2 & TUHNTE S, BIREROLEL, A%
Eeinf U 8Tk UCTABEZAT 5 72, IREEDSKIZ T TR UiV EN TR~ (1212 % L
%y, EREHEEZA WV CTRB ST D Z L E L. IPAREE L LTI, 35%RENEY T, Dl
LIRBMIZHDZENDD.
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5. 1 REIMEEMESTE

617 v ADETLHE, TOHY 67 n ABRER LRV EETAMEEHOCCEHMELZ.
TAMEE LT — AR AW £, Brr—AfiEE 6 iz n A THER L. 2
DOED 647 1 AEHFREIT 870 ppm THh 7. ZHUE, —KED 67 o LG5HEREREOR
BEZ100FOREICHZY, I FORIRELEZEZOND. Ik, 6ffir 7 LR
FHITUHEEFTV, FIZ 120°C X3 BE O = A D0 B E{To 2. OO 67 0 AOEA &
FRELZEZA6MM7 v IS hotz. LEDZ L, EielE & blh ko AR
WA H T D2 DRI T,

5. 2 HFETOZEmHETM
FEEZRAEL, ZhE6fliy v ATHYE L. HRED 67 0 AREX 75.7ppm TH Y, —
RED 67 o A EHEHEBROBBLZ 1 0BOBREICHIZD. Z0OHEE 6fir o AEREHA



TURAITN 67 B 2O SHEAZBIE L. ZOFEE6M7 a3t nierosr=. Lo
TEMPBHERTY 67 v AREADERET D = L B HER ST,

5. 3 6ffivOLNBRAKEL-ETOFE

25ppm D 6Ali7 mAEZARBAEL WD nad A VEERHE L. ZOHEIZ 647 v 20t
FaERWTUIEE T o7, ROEOFE L, ME L8 L % 80°CX24 Kl A T 7 L, EDHD
6fliz v AEHEZRELRE

ZDOFER, RIUHEO L DX 5.8ppm & 647 2 AOEHENK 2 F M L7z, MHE LIZHEND
TR, = DU 7R EBIZ6MN v MIMIB IR oT. A VT ERMED 80°C X 24 K]
X, FEICRT D6 MM v ARAETHET D —MRINRNET, AFHMECTHLREICEGEARA L. 2o
FESEL, B L7 67 v AREAIZHOWTHELZWESTHZ LT, 6fi7 m A& AL TWZRNE
ThE LD, 67 naEAERLIZEIZBNTYH, 6Mi7nAEZBRETDIZENARRTHY, £
DHL 67 v ANEK LN ERbhroTe. ko T, AR 67 v ARERZHNTHE
ZAELS A Z L2k Y, EU REACH AN T 225015 Z &3l 72 (Fig. 4 2/8) .

Mon-treated
——
| 4. Bppm b.8ppm
treated BOC * 24Hr

| M. NI

Fig. 4 Results of crocodile leather evaluation.

6. ENHEREILFTE

KRt Ny FICRIER T 27 v af A, FOET, Hex0EOEZHE L. ZTOFEITKL,
6fli 7 o AEREA] (BEE IPA O 35wt%KIER) ZHWTREEZ T2 L 25, B, FilvFEoD
BIRITAERT% TR LW Z b o7z,
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617 0 LABREAITUET S Z LT, RIEREOREFRRTH S 67 0 bzRrETsen
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7.1 ANKIZ& BEH

6 i 7 7 ABRERITUIR L 72 EROREIE T DS REAR L. RiRIES&zhZthl
047>, Ait204& L. REMMIZSBMEZ 1A 7L L, F—BRAETLEREYELE
12 HfBEICE S, M IRLEBREIT/Ro7. WEFIEL, BHEEOREZBILZL, BEN
RO LNV L7z, ZORE, FHIERFEII R S EBEO R WRRZ 1572

7. 2 NTPE=FHEZIAL-REMUFTM

RFEtRMER I, AEA~DOZ NI T 2 FHIEMEN R T DAL TV RN\ 2D, EFREZRE DR
e U CRHMli A2 T2 o 7=, RBERTEH X, A) EpiDermSIT (EPI-200)% FV 2% in vitro B ML
B, B)~ 7 A% H\W\ D B ERGENEFER (Local Lymph Node Assay: BrdU-ELISA), C) M/ EW % FHv %
75 B s MR BR 2, OECD Principles of Good Laboratory Practice, November 26, 1997 ¢ GLP [ZHEV 3
L7z, ZOREER, Ny F~DEHASEETIINTNOGE bR R a5

8. HRAE
BHZE L7= 6 fli 7 & ABREFNCIL, HRIFD AO-C6R-135 &, HyRD AO-C6R-N2 " 5. FNFh

O BT Fig. 5 1R T. RIRRO 13513, BTRICHEHTES. BRIRO N2 1%, siTEOY%:
GO TR%, BIOBs LRERICE TRICHERTE 5.

. . . Colorin, Processing
Animal Skin Tanning Fat“quorig Leather Strap

@ N2 =I35/N;

Fig. 5 Process instruction of Hexavalent Chromium (Cr VI) Elimination Agent, AO-C6R-N2 and 135.

8. 1 AO—CBR—N2MDEIFETHOFERAE
HEERWET DL, TR CBRy) ZIEEICEM S ERm s L, e ENIIZIRE
SH, 6ffi7 v ADRELIHEZITH .

- ER DIERL
7K 650 g (650 mL) &, TPA 350 g (450 mL) % &4 L C IPA @ 35wt% /KA 2 ERL L, ZAUZ N2 (1
L) % 148Nz TP LIEMIE 6 M7 o LAOWMBEEERT 5.
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TERL L 7o Uik %, EOEMMN O AT L—LIRBEIE S (Fig. 6 /£) HiESL, BRICESEL W
TRBEIE 5 H1E (Fig. 6 47) Oft, RIEFFETIREIELHZ L TTE L. WHIRAIRE S T2 %
IR TR S CUEREETT5.

Fig. 6 Treatment process of Hexavalent Chromium (Cr VI) Elimination Agent (Left: Spraying / Right: Painting).

- JLELEEE & 6 i m AFRELH
Fig. 712 647 & ABREFITRILEIT /2> TV HIRETO 7 B AOZFENZ OV TR LIZ. #HlHD

BefECHEPIZTTIC6MiZ B ABRRAEL TWERAZEEL TS, A7 L—S TUHEE N RE
L7  BIEYGRTTISA R 2V, 67 v AX 37 v AR T ShEE(LSEITT5. %
LT, BRILREL, MBRAHZIIETO6MI7 r MIELSh, BER3Mrestb. £
7z, BEBIIERER A T DN ERICZEICERE L, BRI 67 v LOEREMH T2 Z L
272 %.

Back side of leather

Before treatment 6
Upper side of leather

Reducing and

In processing setting antioxdizing agent

Base on REACH reguration
After treatment 3% 3 X Leather

Fig. 7 Treatment process of leather.



8. 2 AO—CO6R—I1I35MEIFBTHFEAAZE
AT, BORES BRI S ABR CH D . ARSITRTE 8. 1 O ALBLE O
FFEHE» TR 2. WIS 2 TR S ERICEH TE 5.

8. 3 AO—CG6R—N2MDAIIIEETOFEARZE

WAL 2 5EE, ETRR (BRIASy) BN SRR L L, ZhaENICRE
4, 6ffir v LDOBRELIEITS .

- JLPRIR O AERL

40°C FREE DK 1000 g (1000 mL)IZ N2 (1L ) % 148 THFR LIFM S H 61l 2 A0
PR ZAERRT 5.

- SLBRHE AT )51k
LEMIERNHET Le R A1, R AZFEAL, BHRE I RIS EITLENE T
T5.
- EHEORR

HEOEBN 1 H7-0 50 g DA, 5000 fE EOFEREIE, 250kg & 725, Y NEH ORIEICHE:
DEEICK LT 100%DKZHEH LIZ5E, 250 L OKNBKLEIZ/R D, ZOHE, 2.75kg OELGL
VETHD.
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70 K7D LOHETINEE « ki - SREEICEN TV D O TGN RO T 5.

Ja Ll LOFEIE, o - B WESORBEELZ T REPIC6Mr rn AERETIHENRDD.

EU REACH B[l NI il 2 TN T, AR 647 = L% 3 ppm AhilZHH LT 5.

EU REACH BHlICHEML U 7= A5 2 2912, b o 6 ffi 7 m A ziEc L, MER Mo e L,
ZO% b 62 0 AOEREMHITE 5 61l v AREAZBRE L.

UL, BIRERIRD 2 B A RHE L T DL IRIEORE (AO-C6R-135) 1ZZDEFEAT L —
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EE, fiEtho 7 MIEAT L 2 L TR TE .
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Development of the Analog Watch with Radio Controlled, Tough Solar Powered,
Multiple Function, and with Quad Sensor
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ABSTRACT

Due to the diversification of users’ tastes and preferences in recent years, we have already released the solar
powered analog watch with the TripleSensor system as an outdoor watch. However, since further multifunctional
demand has increased, we have developed a radio wave solar powered analog watch with multiple functions achieved
by the development of a quad sensor system. This quad sensor system has a newly developed water depth sensor and
the TripleSensor system with an improved digital compass achieved by an automatic horizontal correction function with

an acceleration sensor.

1. IZC®IZ
AR ERAE T Fig. 112789 GWN-Q1000 OEFEDBHIEIZ 1T 5
TRD 4 SOEIFEIZ SN TR~ D,
- 3HMMBEAR T Y LN L LKW E S - EMERED K
J£& > o BA%E
« & HI B T B AL B 0D A b
- FERERE R D72 5 2 S DTV FIFEEEE (Fig. 2)
VB TORWE Y 2 — VER LA T U b DIER

Fig. 1 GWN-Q1000.

ZOEFNLENCBWTIL, ROM A BE O U EEDOZDDEROREIC LY HiiEl,
JERE /MR, WREEFO R TN VAT ATORMRIR & 2o Tz .



CZTHLOWREEROM ONN—REZFEHAL, BUoVBEZTIRTLHIZ LY, LRV
N AT BTN A TKIER Z#5# L7- QUAD & — DN AIaE L 72~ 7=, FFICH L
FHZ DWW, RFREMEWT S ERMEZRFHA FRE & 72 0, I 5 % 7z B B H IE R
REZBINT 52 LT, ELRHMEREN EE1TR>TND.

Fig.2 PROTREK PRW-7000 / G-SHOCK GWN-Q1000.

2. [RIHE - SRR KIEE Y & 3 Hli RS T LN Y OB %S

itk D 3 WA > I K 2 T ALEHIERRE T, BREGREZLHEOTEI0 &V I KEE
(REFEDAKETH Y, OIEMEZR 2 RAMIEFEMORHE) ZEB L T\ b, S, Z ORE % #
2 545 T O BB EMREM FAE A BT 57018, Rigt O & 2 /a3 2 72D O M
UV ERBEMT AN ERD T, ZOK, AT 2R 1 oBMEND Z LT, HBRE
ZER G HZLIZRDOEN, TOETYAT AE L TOREIIEKFASZ B L.
FEERE A LK CoOEHBEZ K L, EBUICKHEREROMRBAEL L TICHRE L.
O HRERE Y OB, BE, FUROZEN, RERM
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Ch ’® e\ LS ® © ©
= ¥3n0

® © Turn over the watch
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© ®

at the ground.
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Fig. 3 Perform 3-point calibration.
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Fig.4 PROTREK PRW-7000/G-SHOCK QWN-Q1000 Modes.
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& (5REAE) & L7, ERRAEVERZ OERITIGZ D720 O & P HEISC, B L
72 A L — A RRBIEVMEN AT RE/R B — 2 — 2 AT AERH, TER® LED (2% L CKRIEZRH % S 1 &
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7-.

IHNHEBERY A RWD H 7280, ZOFT /L TIZEEOEMLEREO BB L2170, K
Yo, KLY Haxs 8, GEHREEC Y Haxs Z28ER L 572010, BT
VT EET CERBTIEOTREZELT I LICEY, ZERE~ORENGEIN D B &
& DR A KAl ALE DR Z EBL L TIERICRWEE L 72> T\ D . ZHUT K DRI
hEE LT, BIAH LED ICRIR LIZEEOE WS A TE2HEATHZ LN AEE L 72 7= (Fig. 5) .

Water Depth Sensor
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Hand Shaft

Retrograde Hand Shaft

Ultra-high Brightness LED Antenna

Fig. 5 G-SHOCK QWN-Q1000 Module.
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ABSTRACT
We have developed SMART-LAP which is a new function of digital watch for marathon runners. The watch
can automatically record the passing time of the timing system laid in the marathon course. We devised a method to
detect the passage of the timing system from the trigger signal and examined arrangement of the receiving antennas
from the analysis of the watch position during running. Furthermore, we optimized the receiving sensitivity and

detection algorithm to achieve accurate time measurement.

1. [FC®HIC

F 1RO~ 7 Y RSz 2007 FLREENO 7 =0 7 NOREIL, &HCRf S
N5~ T Y RES MO 21T TV 5. 2008 FEICEFE TR S -~ T Y > KE1T 100 #i
BT o727, 2016 4EIC1E 350 22 D RENBESND L 912k ->72 Y (Fig 1).

400
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300
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100 -
50 A

0 .

Marathon race number

2008 2009 2010 2011 2012 2013 2014 2015 2016

Fig. 1 Trends of marathon race number.



T2, WEOT IV UVREBIIBOWTE, F—2 A2 A 2LXH
A LEABTEHAIT AT AOFMAMEML TS, 20w
AT LT, a—A BT T FTHBO~ y FEEE LT ) —
(ZHRY fHF 72 RF % 7 D@ & Gt M D 2 & TH A LFHAIZ F25
LTWo. ZIMAEDOLWKBEORETIE, FHTH A LFHITS
AT AOFHADBRE &> TN D,

ZIT, ZOXA LFIY AT ADOEEE IR C%E L A
TR OEER Y A L2 5FERT D, [A~— T v 7 HEx
B L2 A —r8—F o — X Cal.$620 Z ik L 7= ? (Fig. 2).
Aw— LTy THEEEBAT S Z L TREFHIFEO X S 2R U EEOMLENR R, HETIEMR
A DFHUATRE L T D

Fig.2 SUPER RUNNERS
SMARTLAP(Cal.S620).

2. BEEHCRITE8 4 LRIV AT LDOREAE

KREDZ A LFHUV AT L TlE, 23— R RICHE ST 7~y RGN Y HES%
FELTWD. RFEZZEROVMN T T =BT 7~y MaES< &, NI TEFEZEL
2B T7NID 2%E L, 77T~y PR IDEREZETLHZILTT T —o@EaimL T
% (Fig. 3).

Reader

L

ID Info.

Runner
Antenna Mat

Fig. 3 Timing system structure.

FHIZ A LY AT DT O X A THEELTB Y, RNV AT SERILFE—THEEIC
FIH &SN 2B EIZENENDO Y AT KT L > THRA > T 5 (Table 1).

72720, ENTIE 90%LWVWKRIZEBNTCED D2 OOV AT ARFIHIRTWSTH, 20
VAT MRS T DM T IR O RE A S L7z

HHRD 2 DOV AT KZBWTUE, b TEEFOREEPIEC LF i Lo TR LEoZE
[EIRRAERL TIE B ORI FRER Z &, Fo, vy O VLR REREED /A Z1Txk LT



20dB L L8 < 38 H OB 1k AN AT RE & I & 7= (Fig. 4).
Z T, 90~130kHz fifHO N U HEHZRikRECZEL, BEITT v 7B 1T 5 R E A
THZEELT.

Table 1 Type of measurement system.

Signal frequency .. Receiver
System Trigger D Tag position position
A 125 kHz Bib Mat
B 134 kHz Shoe Mat
C 125kHz | 6.8 MHz Shoe Mat
D 94 kHz | 300 MHz Bib Mat
E 13.56 MHz Bib Mat
F 920 MHz Shoe/Bib Mat/Stand
0
10 Trigger Signal
20 -
— Signal
2: B T e e
d 40
& 25dB
-50 Noise [
-60 ----------------- i- Iy A & [
70 /\ A\ FANAWNY BV VA Y r'!w ‘& L i* h
10kHz 100kHz

Fig.4 Comparison of the signal and noise.

3. RETUTTOEE

T T~y N3N —=TT T RN S I, BERIEAE T MRk LEE & 72 D K ) IR
EINd., LoT, NI AREOBKMIT 7~y NFAITIE, 7y —ZxtL ETFHm L
Tl OARKREDY & LTHS.  (Fig. 5)

¢ 3 e Magne‘hc ﬁeld
l d"rectmn o

Antenna Mat

Fig. 5 Magnetic field of trigger signal.



FRAZ 7138 v 7 o ROMUZER Y (T AT, X IR ST 7 i Mokt Liltla—
EORBERDOZENTED. —FK, 7 —0ORICIY i bz pike g TiE, Bl ks
SEBNENL, 77 TR EZFOZ ENOZERENELT L2 ENEESND. 22
T, ETPITEY 2 5B % (7)) b()NHaE LT,

(7)) ETRHINZ S, BEfiRICED

(1) FI—nEREichzE< LiF5

(V) TR A MIZL, BE T2

() A A DHERDTZORiE KT 5

ETHICE, IS (TOEBTHLZENEL, WIT (1) X (V) OBRBREZIHND.
£oT, 77~y el HBITIE, M U CTREERO 3 BE-6 BE-9 BRI E A & OIRRE
THLHAEERENENZD. ZORBICBWTEZELRENEONDL L O T VT TEHEZ KR
AL, WRbod 3 I 9 RES MDA 2 M TE D5 X918, 7= M7 T T2l
Hobr Ui (Fig 6)

Ferrite Antenna

Fig. 6 Ferrite antenna layout.

4. b)Y HEBZIEIER
MRS D b U HIEBZERIEEIL, 7T F TRIE LIEE T2 T 7 CHIE, BikRE i
L CPU THLEET DR L 7o > T 5. (Fig. 7)

Antenna | | | | Detecting | |
+ Tuning Amp Circuit CPU

Fig. 7 Receiver circuit.
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EEIToTz.

RO, EROT T T~y e L, N WESOZGEHEMZE L. JEES,
EATHAA DR TH D, Kk 6 el B & 3] | (=9 Refl] 1) 12Nz T, K2 KFIC L7
RETITo72. WERSIZOWTIE, ETPOROSEILLD 1m-15m &, iz LiFlce s
HEL 3R EEBOR2m £ THREIT> T 5. (Fig. 8)
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a'.'.
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.\ Y
.\ \\
'\ Edge
piny
-4 -2
Detection distance [m]
Fig. 8 Detection distance from antenna mat.
HERRDN S, BRI TRE 60
BT H D b O DR % 50 1
<ZEWRER Z LMD ST = 40 1
2 4
Soic, UME DR B0 4§ o
. - _ Z 20 -
R L HMBHED <0, & 5 o
BUAOWRT EOMELE  © ]
BHEZELILRE A LDEMHE 4 3 -2 -1 0 1 2 3 -
FTHT Y RBEERA LT Time deferencefsec]
EHEO~TF Vo REBIIBIT A Fig. 9 Distribution of time difference from the official record.



T=HPAETIE, REFERS A LK LA TREDS /IR 2 L D3R T & 7. (Fig. 9)

5. BhYI
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1)  http://runnet.jp

2) https://www.seiko-watch.co.jp/prospex/run/superrunnerssmartlap
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ABSTRACT
We equipped near-field wireless communication (NFC) and commercialized a training watch with
connection function to training site (MY ASICS) operated by ASICS Co., Ltd. via dedicated application. In order to
commercialize, we evaluated the influence of antenna position and magnetic sheet for communication distance. By
optimizing the antenna position, it was possible to obtain a sufficient communication distance without a magnetic

sheet

1. [FLBHIC

A=A A NS T, SEINEE ik
DAETEHABSRE A SR L, Z A L SPM,/~_—
XD T TF—2 & LCREIREN R D T =0Ty
FyFERMMELTWS., 12, 7Y v 7 AhO#ERET
%5 My ASICS ([ZIE b L—= 7T a /T AMEREIZ L -
TT v =y 7LV L e i 28R b 5 V. Tig,
KD M —= TREREANT DEICASHD P L—=
YITTT o EEET DL TN D,

AT A AV AR HET My ASICS ~D ks L—=1
THRERANNEMBIL, NL—=2 7T T ERRT DT
B E(E (Near-field wireless communication, NFC) ##
BEZBH LT =7 04 v F APO2 ZRasb L= 2 . Fig. 1 Running watch AP02.




2. 7UTHREMEDRE
2. 1 E®IAYY -LCDR

NFC HO7 o7 F 288 T 51ChH20, £TI3R G LOMER D2 TEK 70 > 7 -
LCD M 27 v T FZllE Lz, ZoRKIZy — MROELZREET 25T Th T a—Lk
LCoEfEd 2720, MV EEL WEEH AL THhDH. —74, ESD (Electrostatic Discharge) i
MoEEE T ay 7 o lzaRilamd i<, BIZT T T RREFHELORIN Y 2K AT, @
EVEREZ FER T D IIIAR e R L 725 T D,

ESD PR L T v 7 IZ K DT T T ~OREEY T2, 77 ) L ESD IRi#gfhhf
DY — FEHAL, PC Y —%—F 4% (LR, NFC V —%) L A~v— 74 Dl
15 FIRERRRE A TRl L 72,

BatE s — MIATNR S 72E 7% 0.05mm, 0.1 mm, 02mm Z M7=, (Fig. 2)

Ligquid crystal panel

Guide |ient panel wunut

Magnetic sheet _ 3 ESD protection

Frame

Circult block

Fig. 2 Antenna layout 1.
ZORER, JEZ 0.05 mm &R LR TIHEE TE RVAT— b7 4 Ui ol JEA 0.2

mm ZHEHE L THIRETREERT 18 mm THh Y, Av— F 7+ LI —AREEINTNE D L
HHET D EWMENKEETHD KT L7-. (Table 1)



Table 1 Communication distance.

Condition
O ©®© @ 0 @@
ESD protection NG | OK @ OK : OK
Insert part B et e R R bRt
Magnetic sheet NG ¢t=0.05: ¢t=0.1: =02
Communication distance NFCreaderZO ______ 6 8 _____ 10 _____
(Worst case) Smartphone 60 | NG | 08 ! 18
Examination  [mm]

HIRER BB T DT T A v E—F U AERET D & ESD (RiEFHM OFHTE— 7 fHIZ
KRERENRHY, ESD RHEHMICL > TT v T FTOZEREMET LTINS Z ENERTXT-.
(Fig. 3)

1,400 [ = Antennaonly
= Antenna
1,200 +ESD protection
)

G 1000
)
£ 800
S
2, 600
E

400

200

10 11 12 13 14 15 16 17
Frequency [MHz]

Fig. 3 Antenna impedance of layout 1.

PLEOFEMS, RGBT 0y 7 - LCD B 27 7 F 28BS 5 & 4472 if{E FTRERRRE 235
BN E DRERICED , £ 2 B o R R HIRT 5 72010 ESD (REBHM 5 7 > 7 F 2 L=
BIOHERR & A5 = 12 L.

2. 2 AN—HFX-LCDME

W2, [HN=HF A -LCD WM 27 T F &2 oMM E Mt Lic. ZofEx, 707
TR L—T A2 NNEEEA & 2R BN DR TR T v S e b WIS — h3 Y v R
2725 TLE D720, Btk — hOMRA oIV LRSS S.



—FT T TV ARXERELLEDIENTE, ESDRFETHM O HBETZ Lk D 720, @
EMRE~DOE BRI SWVWEEZBNS.  (Fig 4)

Antenna

Liguid crystal pane

Guide 1ight panel unut

ESD orotection

Frame

Circuit block

lead terminal

Fig.4  Antenna layout 2.

HIRFEWBICB T A7 T F A =2 ZAOMETIL, ESD 1REHM OB LR L1-03,
Fig. 3 ® Antennaonly & [R5 DA L B —F L Al z155 Z L3 %7, (Fig. 5)
*72, ZOfEIL Table 1 @ Condition D& F&ED7-%, WHZ IR 6 mm BT L HEE TX /-,

1,400 | = Antenna only
= Antenna
1,200 | +ESD protection

1.000
800

600

Impedance [Q]

400

200

0 1 1 L 1 1 1
10 1 12 13 14 15 16 17

Frequency [MHz]

Fig.5  Antenna impedance of layout 2.



BEFTRERE 2 MR LIS 3R, et s — R YT & b A~— N 7 4 > Tl {3 AT HeaREN 5.7
mm HERTETWEED, THIRENTWDE I AN—%HE L A~— b7 4 o T H (s alee /e ik
ThDEHM LIz, (Table?2)

Table 2  Communication distance.

Condition
®@ | ® | ®
ESD protection NG OK OK
Insert part [ et Sl U iTTTTmTe oo
Magnetic sheet NG P 1=0.05 NG
Communication distance | NFCreader | 27 20 7777777 20
(Worst case) Smartphone >6 ; 6.0 ; 5.7
Examination [mm]

3. R¥— 7+ U TORIFESE

2. 2|ZRHOHET, Av—F7 4+ 18 B (2 2 TIIHEAL ZRET A~R £75) @
WIS FTRERERE A JE Lz, 8RB O PICIEF — A — b —oWmbEEn b, (Fig 6)

PC H® NFC V — X O@EHEEE 20 mm 72572 DIZxf L, A~— b7 VNI Ll T
DFER L Tpode. Fio, BREIC K > GEEEHEICKRERER DD Z LMool LinLei b,
WIEHEBEAD 6 mm UL ERER TE TV D e®, o —F— 5] LIRS & L7,

18.0
16.0 +
14.0 | .
12.0 +
10.0 + .

80 + . L4

6.0 — ° ® °
4.0 —
20
0.0

Communications distance (mm)
™
N

ABCDEFGHIJKLMNOPQR
Smartphone

Fig. 6 Communications distance (Smartphone) .



4. F&H

[R—=JF A -LCDJ MICT 7 F 2T 252 & TR — RS &b NFC U —4,
A= 7 4 HICBERPA ML AZE LD Z LR BEARETH D LN I I E 72
BA a—A VAV ABFABRTHE, 5B BBEHE=— ARy NI =P —EREOA T T
IS L, %7 4 v hERIETE LT = Uy F ORI - B EE{To T0L.

5. &M
1) https://my.asics.com/us/ja-jp
2) http://asics-watch.com/products/ap02.html
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