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ABSTRACT
In this paper, as one of our CAE approaches, we will report fluid analysis results on the water filling process of a
depth gauge installed in a divers watch. The analysis was conducted by applying boundary conditions, assuming a
sudden water entry during boat diving. As a result, we found that an L-shape in the flow path will easily trap air
bubbles. Such CAE approach to predict the behavior of the water flow beforehand contributes to our efforts toward a
front-loading design method.
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Fig. 1 Structure of depth gauge.
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Fig. 2 Simulation model.
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Fig. 3 Image of deviation caused by the timestep used in simulation.
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Fig. 4 Simulation time and result change of the water-stop-position with different timesteps.
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(a) Beach diving (b) Boat diving

Fig. 5 Comparison of beach diving and boat diving.
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Fig. 6 Improvement of waterway inlet with a downward slope.

Fig. 7TICZDETIVTR— A B2 7% E LT AKEM % 5 2 - fTsE R %~ 3. L PRIk
T B & 2 OSMFTIIAKBHCNAR TEREZBZIARS N ER TSN, Z0fER%E
2, SBICHOMOT A v OFERE A TN,



Phase Air.Volume Fraction
Contour 1
1.0

0.9
0.8
0.7
0.6
i 0.5
04
03
0.2

Fig. 7 Simulation model of waterway inlet with a downward slope.
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ABSTRACT
Casio developed the high sensitivity GPS antenna which adopted a bezel of the watch as part of antenna and the
high-definition and low power consumption display system which is capable of solar driving. Thanks to this
development, the watch which has usability as a conventional watch and advanced functions including GPS tracking

has been realized and the positioning of the watch has been expanded.
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Fig.3 Activity log. Fig. 4 Route setting.
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Fig. 6 Directivity of the bezel antenna shown in Fig. 5.
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Fig. 7 Simulated relation between the resonance frequency and the angle formed by the straight line
connecting the feed point and the center of the bezel and the straight line connecting the center of the bezel
and the ground point.
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Table 1 Comparison of power consumption for each rewrite area.

rewrite area power ratio for rewriting of MIP of MCU2
All 100% 100%
minute 10% 1.5%
second 7.0% 0.50%
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with Sensing and Wireless Communication Feature
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ABSTRACT
We have developed a multifunctional GPS watch which provides automatic time adjustment, altimeter, barometer,
compass and unique navigation features. In addition, this watch is equipped with Bluetooth low energy (BLE) function
and can extend sensing function by using BLE. The low power consumption design allows the watch to be powered by

solar cells. This report gives a technical overview.
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Fig. 1 TRUME Cal. MBS and sensing option.
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Fig. 2 Navigation function of TRUME MBS.



GPS positioning in severe condition
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(a) (b)

Fig. 3 GPS positioning in severe condition.
(a) Navigation under roadside trees. (b) Example of GPS positioning in severe conditions.
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Fig. 4 Circuit block diagram of TRUME MBS.
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Development of a Wristwatch Equipped with
Exercise Intensity Measurement and a Link Function with a Smartphone
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ABSTRACT
CASIO Corporation has developed "GBA-800" as a "G-SHOCK" brand watch targeted at the scene and fashion
like athleisure. In order to realize a more practical product sports watch, we have developed an algorithm that enables
low-power implementation of a function that constantly measures the number of steps and determines exercise
intensity using an accelerometer. And a dedicated smartphone application enables easy management of daily exercise

intensity. This paper explains the technical summary of the development of GBA-800.
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fi e LT GPSHRENLOFESZFMA LT, MAIZEIES S GPS fREKNF it s h, HHE
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2. GPS R T LDWE

GPS i, Global Positioning System (D¥E L% HL
ST-bOT, SHERANLY AT A2 EKL, KEICL
STEMASNTOET (Fig.1). GPS #igi, ek k-
% 20,200km, fHAME 55 JED 6 DORLEIC 4 FT D
Ft 24 FERLIE S, K 12 FFE CHiEkZ 1 L CnET.
GPS 2 ORI FH-CHRFOBIRTED Y 925, K
30 L CEM SN TWET Q018 4FBUE). DOV AT
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UKL, BRICGPS Z#FIHTED Lo £

¥ a—x 7Y RS



KED GPS DA 5HF, 17 0D GLONASS, Bk D Galileo, H'[EF? BeiDou D&MERfRR &,
AARDAZEHENE D QZSS, A > Ko IRNSS O R R, KE, M, HARZE RO 2R
% (SBAS)Z & =i S AT ANEH S TR Y, T b ZFrL T GNSS (Global Navigation
Satellite System) SHUERIUEFIE > AT A EFEHENTWET.

2.1 #HBUYE (EXRRESATL)

HHUE L, EREMEOEEA R o | | | | |
SRTUS BARDEEITS 27 A0 LT, $EETH | R'Z
QZSS (Quasi-Zenith Satellite System) L RSN ET. || “ﬁgﬁ { )
HARD LIRS & X EBEHICTBEDIC, Fig2 | e ,f, i\\
DEICHARLZENEA—A KT Y T LZEETE 8 DF ““\L:*F__./ SN
FHEC & 5 AR TR A TV, GPS iR L 1k e - RS
CHIHTE DA ) £ AT
L LM AAT 5 7, k0 %< OfRERRL | \.3_',\;; AR
%2 ENEENET . GPS BEEITAR T LIFE Tl | N——- %

J& eI SICER D 5 TRA DRI -
TLEWETDR, AU IVEEREMHAT L2 L
NTE, ZELINZTTD &R TEET.
2010 42 9 7 11 BICHI 2T H 11T, 2018 4E 11 A5, 4 BMAHI CEMAFHMG S E L.

Fig2 YERTHHLE

3. GPS BEFERDEE
3.1 LI/CAEBDOT—21EE

GPS 2 /Rt T LT D GPS{E 513, RAEM & LTHI ST D L1 #70 1575.42MHz
2720 £7. 2O GPSEFIXLUCAER L MHINET. BIHERPUIA S NI fEA v — T LT
NWHT—2IZ CIA 72— R (Gold code & HIFIID) L WO HHELT & AFFERENT G S, L1 #
Wkl T O NP S, GPS RN O HERIEE SN TWET. LUCA 75 OMRRITFEMICHE
SN, ICERRBEINTHET. ABOETYH LIUCA FEBEDNTEY, GPS #a & Ak R
T TnET.

Fig.3 X L/CAEHDOT—# T, MiikA vE—Y, CIA=a—RLDOBMRERLET.

MUEA v =04, 1bit 720 20msec DF S T 50bps (Bit Per Second) D#HE THHE N TV E
9. 1bit (% C/A =— R 20 fETHERL S, 20l Z & ITHiIEA v —Y DT — X2 XV 180° frFHfHx
0-1, 1503 TVHDOT, 1bit DXLV Z#HITE E T



C/A =— Rid 1lmsec DR ST 1,023 F v 7 TR S VET. 1,023 HOFLE THRL S LD HEUL T
FLFFTT, ZORE—=1F GPS fRLNENRR ST bONREND B TORAHSNTNDLOT,
ED GPS HRDE S TH LN ZMi T& £7.

EBIZ, C/A 22— RS 180° (ABLHAT HRFIC L1 HHl Ofrfl % 180° X DA %E1T I HT
LUCAGGENMELNET. ZoEHOERIL, BPSK (Binary Phase Shift Keying) & FHIILE T

B 7 o 2 D5V BPSK AR SNTE 5D AT T A (B EREOTR S OF3ARNTIAE
BEAIEENET. AL T, A7 b7 AHEHZSH (Spread Spectrum Modulation) & FEE
M, ZOEINIZE D F~TO GPS MENF AR TERFE L THTS, MAICTEBEFIIRETD
ZENTEET.

« 1bit = 20msec B
kA v E—v
””” 1 lmsec T
.ﬁ: H
C/A=—FR - 19 20 1 2 3 4 5 6 - 18 19 20 1 2

T2 Ty T e

1 2 3 4 5 6 7 8 - 1023
L1 %m&%&%mg&%/ l Xj \ \

Fig.3 LUCAEZ0OT —X i

HiER 149 20,200km 725 )i < A7 b T DR S GPS R 5%, ARFUTAHET S /A4 X
(ZefBisr, KM, FHMESROICHLNTLEVETD, CA a—RE2FERNYIT/ A ZhD
FBEERETZENTEET. THO/ A XN ALY N T LEEZEE, 3G /31 )LilfE ok
#t LAN 72 & OBBMAEEIZ b DIl TWET.

3.2 ffiEAvE—TITDNT

WiEA v 2—1F Figd O X S ek L 7> TRV, 1 ¥4 7 E7 L—AE W) BT/ > T
FT. EBIE, TL—AE 1~ DF T T L— AL ENTEY, 77 L—A 1 D DIERIZHE
R, BT T L— A 5 BREE KDDL EHOY T T L—A TIZRED £9. 77 L— A% 300bit
DT —Z THERINDHDT, ZOFFX 6PN ET. 1 7L—20HEE, 771 —A552%7
D 30 b £



6sec  (300bit / 50bps )

»
»

HOW Satellite clock, .

/ Subframel TLM TOW | WN GPS time relationship ‘ 300bit

Subframe2 TLM TOPXII?VT Ephemeris ‘ 300bit

Frame < Subframe3 TLM TO}\I"(I)VT Ephemeris ‘ 300bit

Subframe4 TLM HOW Almanac 300bit
TOW |

25Pages

HOW .

Subframeb TLM Almanac 300bit
TOW |

25Pages

Fig.4 #MikA vE— O

PTTVL—LDIh, BT T L—A 1~3 [TEEFE LT D GPS FEHFOREIREL 7 2 v 7 ffiiE
T EBERER (=7 = 2 U 2GRS TEY, 30 BB THRESNET. ZhuktLTHr >
L—L4BLO51E, TTO GPSHENFRLAREZHELTEBY, ZONFITHE LoTTD
GPS 2 OWHEOPRETER (7L ~TF v 7)CEBEMENERTT. A bET —#BRZVe),
DICR—=VHEAIZHE SN TH T 7 L— A S E T, 2= d 1~25 X— U THR IS TEY,
T L= AT LR DINENIERISEE INET. £oT, 25 7L—ATRTOKEEIL 12 4 30 B
N

P77 L—AE, 80 By ROT—Z TR IND T — K3 10 TR S TWET. &7 7L
— ADYEEEIZIE TLM (telemetry) V — R, #i} C HOW (hand over) 7V — K235 SnE 928, TLM
U — RIZIXFEHIHO % —2, HOW U — RiZIE TOW (Time Of Week) & FEEAL 2 REZIE AN E F 4L
TWET. ZORZIEARIL, f58E AR O 00:00:00 & dhm & LR TR S, K, 4, Badb
MO ET. TOWIXZ T b EBEINET.

Fio, P77 L—A10O%&EHNG 3 OHDO T — RIZIZ WN (Week Number) &9 4 5 1 DORE
THRPEGENLTNT, BRIZELESHHT ONIETFTERSN, £, H, Bbr) £9.

3.3 BREFEIZONT
GPS R ERFETCIE, JINL LR IRFD 2 SOZEHERH Y £,
FHIAZ) 1F, 4 GPS RO Y 7 7 L—»A 1~3 %5 U UERFEZ B 2720, BHEDOWDIGFETO
NMEHFRCHOMELREZRHLUET. I3 —)L FAZ — b EREEN D S5 LIS 9.



DRIRE) 1, BHEATECHEA STV D UTC %155 7o DI E M A 259 5 HikIc e 0 7

UTC \ZIZ D % 2 BWFE LEBRFE AR IE SO TEL R ET. 9 5 2L UTC & HiERo Ffizic
SR (UTD)OMOEEZFHIET A0 EDT, ENEL-E X, 1REBAE-ITEIKRLT
PELET. ThETDI DI, AL DFEDOZT L (2018 4BHE).

TOW & WN & 2 SORZIEHRN S, Begl G, A, H, B, 4, WIRbn0 9. ZORIX
GPS Bl &M £ 9. GPS Hi%liZ 1980 4F 1 H 6 A UTC 234l L CRRESH, ThETD )
% 9 Bh% e L7 [EBRE -1 B 19 BPIEN CRAE ST Tl Y, 1980 4E 1 H 6 ALIRICHA S 1L
729 % H RIS TNERADT, UTC TR TR EATHET.

BIED UTC 2455 120%, ZHLIE, BIHEETD 5 2 I B OMIELZ T 20ERH Y £7°. 20D GPS
Kzl & UTC & 02D ThDMEFERIY, kA vE—Y0N—T 18 DY T 7L —A4 41265 UTC
NFGRA—=Z L LTSI TWET.

UTC i%, TOW & WN (22 UTC /8T A—2 %% 5T 5 THLZENTEET. EbIg,
UTC & DRFETHDLEZA LY —EMAH T & T, ZOHIBORZN DN 9.

Tablel (& GPS i FEIRIEH DG HIE LML A v 2 — Vb BT 2 ME R iE £ O FET.

Tablel {57715 E VEEHR
ZAE HE VLR A= YT T L= A &1 MR

illThva BIERREL 7 v o JHERS® | 1~25 3T |1, 2, 3 30 B
R OWLE (Ephemeris)

HIRE TOW 1~259_TC |1, 2, 3, 4, 5 | 6%
WN 1~25¢~_T |1 30
UTC /8T A—% 18 4 12 43y 30 ¥

HART R L —TEEId %5 GPS 2 dERGEHE, FEBICL Y REMMEDbN ST, ZDOEM
BEEMERT D720 TE 212 ERFH TG L THHBEENZIA D ZEnEERET.

Z 2T, HIRFOZE TIIEERBORWVWWN & UTC T A —21%, v AT L)y MERKEER
LEDOHRZELT, TOEMERFHUCREF-EFBIL, ZOH%RDOZEILTOW (F, 4, B)DOHZIET
HZ&T, B LIZEWN & UTC AT A= L, ZAFL72TOW & TUTC 2R ZENTE
F9. 0FY, WEIT6MHRETESLNTL 5 TOW OLEZETIUIRWOT, FR#ROZ(E TH
HET.

HINZIE GPS i 4 LU EDOIFEMA B L LE303, HIRFTRK 1 OB HR TZAERETT



4. GPS BIEEIRIFATD S AT LIERL
Fig.5 1%, AT RN —|TEHT 25 Y —F —k L2 H## L7~ GPS AR BRI O > 27 LERLIC
Y ET.

7T R KRN T
[ l

GPS %5 IC L FT

RF 0 BB f— ~A1=v

—/ AT

I

Y—Z—tN —~ EHHEIC CkE

Fig.5 GPS im0 > A7 LR

<A 20 GPS 2B R RO ZIT > TOET. KRS T ORIELZ /8 Lz 1Hz OfF
BOR L, DUy hEFTTWET. £, w4 2213 GPS %5 IC OflflZ 1T v ET. %
BHEZER L TRELZHM L, HFTIE GPS SR DR T/ L NRAIFRICE SN T~ =
VOHREEL QO DR AAEIE LE T, WA CHE, (TEFHEORE RN OBUED Z A 2>/ — 2 %E]0) 1
LET.

2 2 R T D FERER L OR X 00 0 5 TOMMES NI 2 L 2 RET 2 A A » FHERE b i
ATWET. GPSZAFICIZITT T I i s TEY, GPSHEDEFEZET 5 2 L3RRI
Y ET.

Fig.6 1%, GPS 27 DR R OB T GPS %15 IC
1 MOZTEHBUAEDOET T3 ZANFEEESNT AEY
WETL RO Y A — YRR L ol LA
% B LEHETH DT, WOy A XD 5
7212, IC /MRS e S s Bk S

kR ~Afay —

AR IC —

Al T
WIZ, EEAEHETHS GPS ZEICHE LT o

THIZOWTHBALET. Fig.6 [EI& IR DH



4.1 GPSZ{E IC

GPS Z(EHMDZIE L 2T L, 7»>TIE RF #50> CMOS kA3 L 7> 72725 RF #5 & Digital #50
2ODICHFALTWE Lz, 61, AEEFEIIINGSO CPUICKVEHEINDZ L H£L, 39
D IC HHFHEMEL Tk L7z

ITHEIE 1 5D IC OHIZ RF # & Digital #ia Aivd Z EAVAMEEE 72D, 61T CPU H AU TILE
A S IC W CIToiL, GPS ZEHIE 1 D IC TS NLD Z E N EfiE RV E L. ZDIC 1T
GPS (5 IC LI £T.

Fig.712 GPS %A5t% (GPS ZIE 10D 7 v v /Ml A R LET. ZERELED LD, AEY
DEHLEBIETETHI TCWOSBEMTIESH D £923, FHEEATaw20ELOBELH Y, /Y
b, (ERWHEEIMAFTRTDH LN TETNET.

GPS Z (513, REL /T TRD 4507 v v 7 ITRBIShET.

RF (Radio Frequency)#l : GPS o fsli 77 v 7554515 L A/D (Analog to Digital) Z5#a
Digital ¥ : A/D Z#atk D552 FIH L C, #iR L GPS SIS M4 Hi

Firmware 3 : fi2E%, /A4 XAOF 05 GPS F5 0
Software & : fliEA vE—T DT 22— R, GPS ZAEHEONLEHEA

z 1.RF i 3.Firmware &F, 4.Software ¥

2.Digital &}

L e

State Machine

I
| | | |
Baseband Carrier Code
Memory Mixer Mixer

Fig.7 GPS ZE#D 7 o v 7 ik

DI, FHDY AT DOV CREA A L9



4.1.1 RFEB

RARELTHRBZFHIN TS GPS 5 51% LI/CA 55 T¥ A,

HRLL O JE I B0

1575.42MHz C, 7 ¥ /VEIFECH O IITEEER RO TT. 22 Tar v a7 GPS %15
HTIE, AN E T Y 2 VAR TRV MHz O E T RS (X7 au3— b %)
HEDS RF B0 E2%E L 700 4. RFERIZEIC3 >O7 vy 7L v Esn x4 (Fig.s).

1. RF: GEKT e/ GEsasvrar—h

9. PLL : GHz L~ L& 8 % 4Rk

3. IF (Intermediate Frequency) : - * — k%, A/D Z5#i L Digital #~#A

L EROFEERE

' (RF) «

' N U Ea
: 1575.42MHz

b— R

! (PLL)

' / | \
AUl O

P (F) Y

«— TCXO

| [
TV LA
(%t MHz)

Fig.8 RF BOFERE

4.1.2 Digital #f
GPSE771%, AT T DYLEZERD 2 S

TRIKE ’_I_I—|

. _ . ZIEER —l
NTHD, Gold code LFHTNHMELT % Goldeode
DEFBAZ X VIR SN TWET2S, Gold code  GPS & {3k4:5k _JJL?
v h __I |_| I_

1%, K& 4 ODOMEZ R > TWVET.

1. BfREHET D7D DA D/ Z —
VERFOTND

2. [FHINEAV IR O A AHBIE 2 e K &
72% (B CAHBIRE & AH AAHBIRAE B T
N5)

3. AHER®H D (LI/CAFHTIE, 1,023
TR

?
" Uiz LF o2 Tl

ZEER L Z D8 — 35
LT B IR ZAHBEE S i

FaBIfE

— A=A —
0 NFHOA T > b 1,023
Code £ (1,023)C
Sl

Fig.9 Gold code D% (L1/CAES)



4. FHIEDOEET 5 Gold code DIFAD X A X 2 713 GPS FEZNZFHI L T 5

BHED Gold code 1TABENTWAH DT, Digital #TiE, Zd Gold code & 4:< [ U424 L
7Y 1% GPS ZAGHNTAER L, MHEEZHE LT, MMEEL LT 2EZ TN ZET, &b
FRMEDOEL 7247y MEEHERZLET [Fig9). ZOMNHOA 7 b3, FREEEREE Z{FH
DOIFEZF L CTEY, KOM ST A 2 & TR & GPS Z{aH L O HH T 7.
ERIE, W% O GPS B ITBMEE LV FOL~ L LR 50T, Figd DL HEEFD LD
BT 2 Z LT TEEHADT, £4 71y hOTRTONY — U THEEZFAT 5 2 & CHEE
ML ET.

4.1.3 Firmware &B

a—)b FAZ— F T, ZAEBMARHICERICRET 21F R A 2<F>TWEHA. £->T Firmware
HCIE, TRED 3 DDNRTA—=HZE L THRERL, TNENEMR L THEDT — 2 25T D 0E
BdHYET.

1. R BT 5 Gold code

2. JAEHETTN - iR L GPS AEHITAHEICBE L T\ 5728, Ry 77— I X 2 EEETh
R

3. Code 511 : Gold code DATFHZE

ZD3ODRTA=HIZBNT, RO BNIfGETT S TOMBEZ AT LT, E—7 DmEh
5 GPSIEEM /A A0 HBI L ET (Fig.10).

2
| |

Fig.10 %2R EFOFHEME Fig.11 FABE (ERFHFEE)

WD GPS ZEH T, ZIEEF SMBRERE ATV IRFEL, B0 UM RZINET S 2
LT/ AR~ ULETIFTC, GPS ZIEHOZEREL B LS+ TnEY (Fig1l).



4.1.4 Software &}

RF ¥, Digital %, Firmware ¥/ C, FEEZMHIET D EMEA v -V ETa—FTE5L)
2720 E.

HIRFOEE1E, Tablel ([TF & OTeMBERIEREZAZE L ET. R LIEXET —F Gt~ A 2
DG LIOZEEZR T LET.

BN DAY, &% ORED D Tablel IZF L DM BERIFR CHLY T 7L —L 1~3 ZZE L E
T WRONE TH DI, 5E LMEORERR (=7 =2 ) 2)NBHET, K4 OfiEL D
AR LT, Ko< GPS ZEMOEHEIZAY £7. Fig.12 O X 512 GPS ZEHIIfRE & D
PR A R L 2K B0 & INNCAIE LE T MR 1, R 2, #1R 3 D 3 20RO h L RER
42 & GPS ZEHONIE TH D IEEN DD 3. Z OBRITS TN R OB HFRA TR
ZLEMTEET

o 2 2

T

p1= \/(xl %)+ =)+ (71— 2)% e "

Pz =02 — %)+ (V2 =) + (22 — 2)* + £p2

p3 = (s —x)? + 3 = W)? + (23 — )% + 63 (ﬁSﬁﬁ%@&%
o R 3

(s Yo 2) © GPSZZEHEOREE - . -

(e v z) 0 IR E ORURDFEE i 3

pi ¢ BTz i E ORI L O —

gpi © IR AORIEORMEE Fig.12 2 & GPS ZIFHEIR

KRR T 2R E T GPS ZFHOFFAITERI (GPS Fi) & [ L T/ DT, GPS
ZEMOMREL b5 1 AR E LTEMLT, Ko 4 HOLRREM & T GPS Z{FHo
FEE L ISR R B 2 £ 8 TE £

p1= \/(xl —x)?+ =)+ (21 —zw)?* + chy + Ep1

P2 = \/(xz —x)*+ 2 —y)*+ (22— z)? +chy + €p2

p3 =~ (ts =202 + (Vs — W)2 + (23 — 2,)% + Chy + €53

Py = \/(x4 —)% + (= y)* + (24 — 2)? + cby + €p4

(Xu> Voo 7)) © GPSZEHEOEEE (g, vy, z) @ (&HORREOREEE
p - BHULZ i BAOREREDEN e, @ BAROBROIEMERS
c i OtoEE by GPSZ{GHEORARLE



GPS (5t L LT, 4 ROMREZRR UMREOEELST, MR L ORI b UE, HRE
< 2 & T GPS ZAEHONLE LAtz 2 FHT 2 Z LA TEET. RIMIEORRZEDN 1m DS,
X, y, z, b FIICREESG# LT & 95 & GPS GO FEA OFEZEIY, K 3nsec D L~ULTRD HH
£9. ZOXDITHERLTIE, IR Y b S DICHEDORWIZINREHEL 2 LR TEET.

SATFHIR AR L LT, BOHBERTERTZENTEETN, ERIZE, V7 7—2411C
BENLBMRO s vy VHEMEZE L GHRINLET.

Z I LT, GPS ZIEHONEHEAZITV, BiEto~A a v BMEREBIF L OZEEK T LET

BE, ZEHIE~vA ar LEEEEARY, i L OSBRI EDE S LVUUIE U RN EE
N zRlE L7 E 21T > Tk

4.2 7T+

H DS BR7-35612, GPSHEITFICBREI L TWAOT, EHENELN TS 2 HANEE > TWE
Hh. F7o, EEO GPS HEND OB ZM O 2 T IUTR B0V OT, fREERE—7RT 7
EHEHTHZENEENET. GPSHENOLELNTL 2EKIE, BT XTOHMNLR-TL D
DT, TOEZEZETHITL, REAMEER o727 o7 R L CWET. 512, GPSHEN)
HELNTL HEMIL, AEMARE CHLIOT, MEEROT 725 L TWhET.

GPS HEBWRRFHIIBWTIL, IRWEAE, PR 252G TR A li 2 7oy F 777
RN T T T IREHENTOET. UTICINGDT T T OWTHB LET.

4.2.1 RNyFF7UTH
Ny FT T, Figl3lRT LIS, HEBRORVFHEREMICT T T EmE, 7T TR

AR & KGR ATEE L7 T 7T SRS TN & WD O MG EORFE D Y £

AR

T T BN

e Pl PR

5 RER
Fig13 /Sy F7o7F



7 T T ERIIFEAREM O ERICEE Sh, 792 NEREREEmL, FEEREM ORI
BE SN TWES. 77 FEmS, S THONIWIATHL Ny FICRRA D ENBNyFT
CFFEMHINET. FEEIME, €7 v 7 AT o TEARRICER S TEY, SEmITH
BRI — 2 M2 LBEX AN T S E T

BEHEDO NSy FT7 T F1L, 7o T FEMmO—0 LAVERE CHIRRIEL 220 3. v F T T

FiL, FHEEOEREMHRICL VI TE T, FEBEM OESFERIIZ OMEDYT A X
EIFELET. E£o, T 7 HERINET 8RBT — AR L—T AV NOBBEGI T D720
L OZEER A0 £9. ZoOBRITIKRKTREINET.

a

FBARD— A HHZERThORE
BRSO FESHER a . BRI —ARL—T AL NOLBEE LD

bt

2
_\/_
T
L

Fig13 O3y F7 o7 HIMEERTH Y, 7T v REMEEBEBMIL, R Chb
Enp EHEICEESNET. P Xl 10mm ARREO/ Sy F 7T FEERA L TOE T

Fig 14 IZFROWERZ R LET. A—T AV hae&BR 7 — AT 2M1ET, ¥4k y—
T—vND TNy FT7 T T HM L TWET. ZERELHERT 720, @R —Ams78
EDL—T A NS D@8 & OTWEIMA D K OIT 7 F ARl /e BB E T 5 3
DHLHDT, Lh—=T A FOBEED LA T 7 MIUTHFIDAET ET.

7o, V=TI —BANOEREGUEME L TWTL0T, 7T FO ELET LY —F—k
ARV — T — VOEMICYIR & 2R T HLENH Y F5. CIRZEZFIS 0L, HBET DHIFEIH
HPLTLEVET.

B A YL V—TF—k HFA  _EjL

BT — A Ny FTTF KR

Fig.14 Sy F7 7 F 28 LRt ok



LL, NyFT T ERATLHIET, RKL (BT AD TN DA A YL EifiE Ol
DT I T 7 A—=VkEIERIFICTHZ LM TEET. NE/MIT 7T EEICRE L7202
SROYEBEEZZTT, MEZEESCET I v 7 AZRATHIENTEHDT, THA OMEITHI
HKIDIRNRFFH A FBLS H 2 LN TEET.

Fig.15 (%, 2011 4F 9 A2 F AU MRS IFEENT-=
2. RI9A47 774 F vx=—7 Cal. H990 T
WAk TR NF— b U CEMPI /2R A L 2 R L3 5 3
BAMEBIGET, Xy FT T IRBRASRTOET.
r—ATE T I v R EGBEMA DR 2 REIEICR o T
WET

HIRFFEREIZN X C, W w 5 TOBIECHRF O 1 L —
VICRETE DM RE 25 L TV g,

Fig.15 Cal.H990

4.2.2 YU FUTTH

Figl16 \ZV v 77T e =T A NOEE#EZ R LET. 20 GPS HREEKRECIIZ 1
YO A YV EFHTL L S 72 )V IROT U7 FEEB L CWET. T T HIIBEROR
W) U TIROF BRI EERD > & TT T T BMERBEEMEZELL, MEADT v 7 Th—T
A MCEES ST

VoI T T ORBOFET, RIKLBES o T LEWETN, VoI T o7 a4 14Y
N T ESNBESD DT A AT DH LT, WREOBRIENT A YL T A U EEBRTEET. 35
W2, VoI T T ERATAZET, TUTFRA—T A FOIMINCELE SND T2, L—T R
VROV AT T M HHIKI R <R Y, ZEIET AVRLHEREE T VI8 E ORGSR ATRE L 72 D
BENRH Y FT

e i T

A

Fig16 V27T T & h—7 A2 FOEERE



Fig 17 ICRFtOWaEX AR LET. A—7 A2 b MY —F —kL, XA PADNEEFITHERS
, TOEMNCY 7T T FRREINVTOET. ZHUTE Y A= X b 2T 28RO
FHEZTOHLLTH LN TERRBRELES RO ENRARETT. Vo s T o7 T2 8HT52
ETY—=F—E ARV =T =V DOBEMEGIRLS Z LR XA VARKRITEEST 5 Z EMNARET, =
FNF—IEDOHEZ L DRB>TWET. VI T o7 Fo HilicE A Y L) v 7#EEL, Zh
EEONEMTITET I v 7 RERETH LT, ZERELHERTEET.

V77T XA X

Fig.17 V77 7T %8M LI-REtoWimX

Fig.181%, 201249 AlZEA a— U4 v FNLHTS
iz, TIRERERE & INEEEAE & F5H L 7= gl GPS v —
T—UFvF AL a—T7 A trr Cal7X T §ikD Y
YIT T EEALTOET.

GPS RN DIEFEZET H1-DITIT= R AT =AW
FCTA, EkIE, BRT X —CRE LB 2 It
EERETDHZ L NHEEEC L.

GPS 515 IC DIIHEE /MO ER M 28 35 TR
LD, V=T —k AR LN REN R E e GPS
BN 2 EBT 5 3R E 720 F L.

FiRRL LT, /Sy FT T FBEGY LT VTR Fig.18 Cal.7X

S ADEEL T DT, 7 o7 T ORI & 0 RE
DIEGIRHEIINTE DAY v FBRHV ET. LL, B Th2DREHIRBWT, 2 DHITE->T
b D IITIE, ZEEERT VA L ERETE DL HBEETT. 5%, 7TV UV EREDEWVERGEEE
EBT D007 T FHRNLENE T



5. (IEIFHDEA

BIRCIC L0, B SIALEREROWE R FIEEZ R L E T

GPS MmO A€ VI2iE, Fig.19 @O X 5 ICHIER EOT X TORBAXE L /e 7 —&
—AVBWS TN, ZRENOXENZIZUTC £ DRFZETH DX A LY — U PIGHE LTV ET

Fig19 133 v HAR—MAFEEER L7ZBTTA, KEY A XL, 4 A= ThH Y HHADTZDITRE
P2 A RITHIEAL L T E T, FRETIEZ A LY — 2 DMUC Y~ — 2 A DERBIGHT 5 2 L 28T
XFET. v —F A LMFRIIY~—F A LOFESAE, EEHMNEENET.

BN TR U7 AT R C o DREEE LIREN D EOXBEIAE T 20 HELT, ALY —rk
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Research and Survey on Complex of Design Engineering and Product Design

Yukio KASUGA

Faculty of Engineering, Tamagawa University, 6-1-1, Tamagawa-gakuen, Machida-shi, Tokyo 194-8610, Japan

ABSTRACT
One of the prestigious watch & jewelry exhibitions ‘Basel world 2019’ and some watch museums were surveyed
in conjunction with design-oriented ones for aiming at combination design engineering with product design. Watches
as precious products show varieties of shape, color, motion, material and so on. This trend is followed by other
categories such as architecture and furniture. For students studying either engineering design or product design, it is

suggested that they should visit the actual scene, see real products and capture many kinds of many kinds of examples.
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Switzerland” | 1= LiuiE,
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1. Musée international d'horlogerie =.f Germany
(La-Chaux-de-Fonds) TS _.;-_‘};%_,S_Chaffhausm

2. Musée d’Horlogerie du Locle 4% Basel g 7yrich )
La—Chaux—de—For}G‘IB

K ..‘\-\. -
e

(Le-Locle) : e _
J . e ™

3.  Omega Museum(Bienne) : SWltzer[and._._ ;
4. Patek Philippe Museum(Geneva) ) ’)/ :~\ _ FIoENG

Geneva , ./ Nl
5. Espace Horloger(Le Sentier PR

P gerl ) Italy
6. Beyer Clock and Watch Museum(Zurich)
Fig. 1 Visited cities for survey of design

7.  IWC Museum(Schaffhausen)
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Fig. 2 Interior of Musée International d'horlogerie Fig. 3  Information desk at Basel world 2019

2. 2 BaselWorld 2019
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M2BHHVIRBELEZT, WHEAHBETELOOEMIIMN? R ETHDH. Bk TR
O RBEFIZHER Lz, BxBENO L5 - TEMEORRSERARIDIE, Doz K, o+
TV (MR, WIRELED) OEARL VTR AT FETHY, TRb0AEME
LB VA B Z TWDHZ L. ART TV ROT 4 A7 LA B A — T —ICAIT TS
LTDOT VLB RERL, 72T HEHEROYA MCHEY EFbshTng.

=1, 3OXGERICLT, B TORB - TUTNDbDDORRHNTZL ZAHIZH DB —L
4~ ZZITIEVAYEEESCL—Y—~— I —REDOEET A Fy v R, HE, ¥ 1,
BHRRENOOHENRS D, ~V b, &, HHAR Y 7 X, HEAOL MM EoJE RN ER &
N TW5%. F£72, Hong Kong Pavilion Watch & Clock 7 — A ClI U #+ v F b5, I —nr v /%,
ARG &g L Ch a0t ERY IcBbins. 720, HRA—DT—DRAHZ v 72X
W, HBREI R EEFERELTWDEDZ L. A%, BEHEO X 5 ITHMT L ~UIEEIT A —
H—%FNTLIZRDTHA DD,

F e E DFFOEE FH /5 E Michel Loris-Melikoff oI LALiE, SHEIZWANWAREKRTEDD
HOETH o2&V, FRIE 81,200 44 GaHATE-20%) , BR7 7 R 520 ([F-20%) &L THA
T4 7 RRE 3,300 ([F-12%) &, BN O RKIERBAD THoT-Z LEAlE Sz, kREITY =
X —=THrr EN—ELT—L RIIERBIBENES S, EROIEREARY RTThAHH L H
FENTWS., KEMTOIA LT T ER> TS, BANCY 2F—7 T4 H 26 AnD



W29 HETZELTA—EALT4H30 AL SHSHETERSTWD. AN GOHEEIL L [E
TEEe, LDOAY y FRRFASNTND., R T4+ v F TNV —TDBNNIRED D D)2 5D
BORFIE2 R CHMELESNTVD. BED=2—2ATIE, 794 F U > 2ZiE show ~DOBNNE
RO THMADORATZRME(T 2 —F =3 TE)T 572 L, bIEShBEbAbND. F£7z,
ARICRIUET—NAT v O =T Ho P THOV AV By 7 A ¥ —Tbd DI Eh D, W
BRI EOERITET NN THA D). AMERZBITRITOND Z AL, ATLOTH%
BOLZEEREDT S, —HORFAKZ T, EFEHOH CRICFHIIA Tablel (2F &7z,
BREOIER CHUICHITHE L LT, £ L TRICRGHID DD 2 EBIHED S EIC L > TTALE S
WP FOND LR LT L 2L T S,

Table 1 Evaluation of museums and exhibitions on horlogy

XA AmH o imas = | Value
TR (CHF) SRR mE for money
. . , . 15(free
Musée international d'horlogerie @) OK © ©
by card)
Musée d’Horlogerie du Locle X 10 — — —
Omega Museum O free OK O O
Patek Philippe Museum O 10 NG © @)
Espace Horloger A 12 — — —
Beyer Clock and Watch Museum © 10 OK JAN O
IWC Museum O 6 OK O O
Basel world 2019 © 45/day Partly OK © O

Fig.4 VITRA Campus Fig. 5 Sample storage

3. BEEEMLELOVICIXES L LTORE
3. 1 VITRA%E
NP DY g —2E S EEEZBZ T KA VN hT) 4 kBB LA —T L—F A
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ICERRF R A — B —0 VITRA #1135 5. UL KT, LREERESCY T ¢ ROBEFHI LD
GRS (e AAMERNCEE L TV D) RFERE TS (Thh, AARORGIFBIT SANAA 23 L
2012 4R \Z5ERR),, MR 72 & TR ST W B (Figd). A RATE TE ARSI LR, BAD
BEERBEFTA Y v 7 LoD T2 LERELT LT, SE TS0 T a7 — MRoanWT 7
UABIERMEDN TR Y, BT A 2, MEREIRZ & NI LM O RFEREEORRE TH D
TEEBESTVWDLEITHD. BRBRFEOY T IU(Figik, TVA %, Tk A¥hls
FRTEDOEMITIe D LU,

3. 2 JL-aLEaPIDER

e a2 VxiE, BREFORTT « v a—R7 3 UV HETHY, FERKELE DG EOMD
DINDIRINE T oo TN EZ, BEFE L TCHRBERELERICAZE LR THD. 7 - v
a— R74 RO ILOTIEICH D, iSRG Lo A DIERERE R LN Y 23— T
WiZh b, Skl ar 2 ) — FTEY LFERRT N— 2 RFLTERLON, 1) X—
T ATREFY RF OB ZFF 22 T UTR 600N LS BNTH D,

Fig. 6 Architecture designed by Le Corbusier (left: in La-Chaux-de Fonds, right: in Geneva)

4. F&®

Alal, TERBOHRE - ROENT VA v OMEZFEMET 5B TAL AR L, 1
WE 7 E ORI IR U720 Th 22, BULHITRA W oo 7 o7 B (10 hE,
WEZE L CHMET V7)) OFEBEMITENSZ N EThDH. LN THAADEE B - 72 &
N LT~ C, THA U EFATHND EBLEEOHEAD VITRA CAMPUS £ TRAIEA
THREOV T NEFNC L CTELIZHER L AT Z o TV Z LIFFIRINTH 5.

RO L b DE) TRBFIRAKY + v FRRERI N (D INC FMEE OB L D) &
&, AL ADKRFHEENFBEZZIT 22 L1, FENBRVWEETHDH. BLE 50 FORFERET,
RN OZEOIFEN 2T E— L TE TV AR, B CoFiH %2 v 728 cidd
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ZLTw—7y bW ARSI LTHRABEF S LN L 207 E— LT e
DL THD. HRDHEDIS VBRI TVLHRE LKL THA ).

SEIOFAETIE, FRARBRICHZ VBT T7a— UL A6 © X0 B/ BARME & BETRE
Thole. WMHEZBEEME L, £0—>2& U THPIME =2 +IFEHIE ] O 542 T OHF
E=rAGFANPARESN THMEZ £ 5 Z L ThDH. LaL, KEHIE L TIZRERERE DK
FRT T AGEEIAEST D 2 Lnb, 3 PAREOEFANHE TIZZOMEANIREN TH D Z &
PHIAL, MEOHEIEEPHPA LI, Lo, EEOL Lo Toa—A2ZENRRT L2 L1
FVHRDIFAHHBRRL LTEADND. PEAFEPERL TV I

HEE: EEREFEHEWEE RIS oo T, AR Z AAREFFH A2 E RO 257, Z2IC#EL R
5. AROPEZEND T2V AN EEZE B RICHIBILAL ET2.

SEXH

1) http://www.tamagawa.ac.jp/engineering/ed/.

2)  BAEEIR: T A LEREO R, B K WBS #ffit 4 —, No. 46, pp. 1-13 (2015).

3) https://www.watchtime.com/wristwatch-industry-news/lifestyle/must-visit-swiss-watch-museums-switzerland/
4) http://www.beyer-ch.com/en/museum/portrait/portrait-museum.html.

5) https://www.iwc.com/ja/company/museum.html.

6) http://www.omegamuseum.com/.

7) http://www.patekmuseum.com/.

8) http://www.chaux-de-fonds.ch/musees/mih.

9) https://www.rasin.co.jp/blog/baselworld/.

10)  https://www.design-museum.de/de/informationen.html.
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“G-SHOCK” DA A =% — 3T BRI [REZ U H—=RUATH A ] NAJEICRY £ LIz,

NV RIZIES IR A TN EN T =R T 7 A N = = b R L, EERREREE T T
MBFRETT, 2O RZ ANFA Sy T UF v FOEA L7 FEHUSREZ 2 572 &, BB
bbb E L, £, ARUTHNL DB TD A XNV R=IFFZ v, BEZT TR
FEMERE B 2 TV E T, Bluetooth e PR ERIZF 12 L D FFAIEIE THIZER v ¥ a VT RO bR
LRI bRt L. R4 - il - RO R TITB W TR D AR a4 Bk LE L7z,

R T — A — 1 — 7 NGk JE5EH
GWR-B1000-1A1 TN—=XT T 90,000 1+ Bt 201943 7 15 A
GWR-B1000-1A || ZL—x77v7s | 90,000 [ + %L 2019423 A 15 1 |
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(B) RFZ L H—=FLATHA
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T E &M b mIE L S 2 R R ORE S —Y T, = AOEE AR L T ET,

GWR-B1000 o372 {14

e TISIPLE G\RESIST (W\T@T%‘@ﬁ& i LB ) PERE . MHEEMERE) . 72 b L
VA Mg (BhE)

Bk PEgE 20 KJEBHK

EI S EE BEiZE GkRX6ELH) (FEEKIIRKSEH) /FihzZE

o E R Bluetooth® low energy (3% 1)

AL i3 R ~om (BAHILC & 0 254b)

ANy T UF YT LFb, 24 RefEIRE, 79 A RN I ff&, XA L7 hAZ— Mx

A A<= Yo VAL 14y, R b oo 24 BERE, 1 BV EL CRHA

77—2 el 7 — 2 |

ol LAk =AY TR 5 A bR T, BRSIL. S ERHIE ).

il FH AR IR BT —=TF— (V=T —FEVAT L)

T e HR B R R N ——E U 7IRETH I8 1 A (X2)

k& [50. 1 46.4x16.9 mn |

2 ) 72¢

%1 Bluetooth®V — F~—2 3L Um =), Bluetooth SIG, Inc. WATA T 5 EEFEETH Y |
BUAFFEE ) X no0~v—27% T4 BRSO THEHA LTV ET,
X2 BT CERMEARRT S LIEH A LD THIEBLET,
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