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Abstract: Wakaura Bay in the northern part of Wakayama Prefecture is one of the best places for marine
sports, especially sail racing, in Japan. Many sail racing trainers coach sailing athletes in subjective methods
based on trainers’ personal experiences in the past races. On the other hand, some are trying to coach in
objective methods based on sensor data such as sailboat speed and direction with use of information tech-
nologies. Most sail racings are held on racing areas several kilometers away from land, so audiences have to
watch the racings from land, and it is difficult for them to get a grasp of racing situations such as positional
relation among sailboats. In order to resolve the above issues, an NPO, an industry company, and a univer-
sity in local area of Wakaura Bay have been working cooperatively to achieve following two goals: (1) To
make effective use of objective data from various sensors toward sail racing athlete development, (2) To show
ongoing racing situation for audiences in a manner to understand positional relation among sailboats easily.
As the result of our research and development, we have developed a prototype of a sail tracking system.
This paper reports the prototype system, and the results of trial use in some international and domestic sail
racings in Wakaura Bay.
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Fig. 1 Configuration of the sail tracking system.
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Fig. 2 External appearance of transmission devices.
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Fig. 4 Receive success rate curve (sample size: N = 68,400).
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Fig. 5 Occurrence rate of consecutive receive errors (sample
size: N = 11,425).
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5 HHMROEH L ZERIEEOBR G2 7V T N = 68,400)

Table 5 Relationship between number of relay boat and re-

ceive success rate (sample size: N = 68,400).

i B RR T OZAF R e
HREAR 1 (A) | kAL 3 & (B) | (B/A)

1 0.459 0.704 1.53
2 0.523 0.692 1.32
3 0.499 0.651 1.30
4 0.550 0.757 1.38
5 0.469 0.625 1.33
6 0.493 0.587 1.19
7 0.553 0.683 1.24
8 0.469 0.677 1.44
9 0.619 0.808 131
10 0.316 0.569 1.80
12 0.616 0.852 1.38
13 0.380 0.584 1.54
14 0.628 0.769 1.23
15 0.523 0.623 1.19
16 0.634 0.718 1.13
17 0.608 0.745 1.23
18 0.610 0.667 1.09
19 0.413 0.500 1.21
20 0.434 0.523 1.20
EEUIN 0.516 0.670 1.30

2L, TRTOPHROZE T REHEHZ B R 2 il w5
a2, MERAEREDRRA 71 7IZRE L TH St
R O TRIEER T 2 e 5.

5.4 INBEH

REHETIZ, TDMA/FDMA N1 7)) v FHEROLET
7 AFREMHAL T 5. FHMBEERTIE, BEWIIEE
BTFHLEW3Fry A VEMRAL, 72, 1 F¥ 2L
LICSRNATE LR ETENERHRLERLTVD. 20
BRETIE, WK 24 BOMBEEREZNET S 25T
&5.

ARIB STD-T67 Ti&, F v A VFHEHF 7~46 O 40 F v
PG OEFEETREE L CHEATRETH L. L L
MU-2-429 Ti&, 1 F v 2V dH72 0 OEAFRIEIL L, B
BFrx AN ETHTE0, THLEIMATE20ER
KEFXANTHE., LD >T, Fy¥ A VIEIRKS
F X ANDOYE, 1 F X ANV 8HETH DD THHHIE 40
EAINETE 5.

5.5 fEFTR/R
GPS G S M EEREH T L THh 5, EBRICHBRR
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R 6 ALHEIERE A OREH
Table 6 Estimation of delay time.

AEE ALER T IR ] fii%&
GPS 77 — 1Hz 577
WIS ‘
TEE TDMA/FDMA | ¥ 0.5 s R
FE T HER]

) TRy /N EE ) R 0.17% 312bit/3.2kbps

FLIR ik .
i oh kAL 0.1 % B E fE
LEiE
7 — & @5 - B EfE
l . RTT/2
PRy hU—7 RTT=0.5
LR A HR A 0.1 % i EfE
dEiE i 16 AL F 0.1 % i EfE
Tl
! Pty hT—2 RTT/2 kel
RTT=0.5
MR R 1 P ] R ~C il
I [ £ 7% 0.5 B N
TS ) 7| mE
Gk 1.9 #

IR FIR SN D £ TORBEREICOWTELRT 5. fi
RS 251 2 O LR FRR IR £ COMELBIERF OfFH %
£ 6 1IRT

B &%éhKMHLh E\X 1Hz #1710 NMEA
Lty VAR MNYATELTHEELRELZ L TW5S T,
TDMA/FDMA A7) v REFAD Y 4 5210y MELF
MLETHL, 1 F v VdHz) 1B ATy MIC
BENELTWEOT, FH 05 BLETH L. MEFHEHR
1X 39 octet (312bit) (ZJEH L, 4rE/NEJTERR (3.2kbps)
THEEICH 0L BLETH B, HUbF ks B AR

EICHET A5Y, ZOESIET— 7 @EH (384kbps) A%
EH T dH 5 7o DA RE I IEH T & 2. MURERm AL 1
HHEECHEEN§ 50T, FROTIIFE05HTH
b, ZOfh, fEFRRkEE & S EREEEN, BLO, M
PREREREE L ALIF R R O TP & v + 7 — 7 OifF
B2 RTT (Round Trip Time) (FE1H) o4 (FE) %
B35, RITIZEHT A0S H 55, EEMIiZ RTT
05 ETHE, AEFLIBORIERE L 7 5.

YR L U AREEL-ETFTT A AT THREISEE L
) 7IVE A LOFAMUE & 3T FIR & CTFIRIE R
DK E S HPE L72FER, MBRERE R CORROENL
2~3WIRETH Y, BEMIEVERTHo72. 72751,
IP v b7 — 7 CTHENFAT 2 & RTT ALY, JEUEEY
W2S5 Fa a3 2 et d 5.

MR FORM AR T, 23 LS mRE b &2, X E
CHBHEOALE, B LY, MATHIAE 20 fE 55 [E] R L2 T
FREETHAL—ALBETHRRTEDL LR TE
7o (X6 &),
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Fig. 6 A typical screenshot of a tracking viewer.
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Table 7 Status of achivement of goals.
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T4 7RO 1:.5&2%4’%)
5.4 Hiz
(BHE2) | O o
5.3 HizlE
(BHfE3) O
ERH O T&E 2D TER
5.1 i, 52 iz
(RfE4) | A |00 ORI
X T ) R RE ] 23 R 52
5.5 fiz MR
FRAEAD 3 B2 72T R R AT
HiE5 O .
(A#RS5) LT —HEEEE A zﬁ%@”%ﬁf:
TR\ TER
WiErEfESEE, PR R E B ’\[]0>n¥ﬁﬁaé?ﬁ7f
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i, BRSNS E R FIRIEH & L1l2onT, %
EOFHE (Bl 7217 Tk (BRI - mibofrgss
bEt) oAb LICdEEED Tw L,

&, FREEIR T A TEE

5.6 BIZDERE
FEILEFMOFE R IO WT, 3.1
(BHE5) OEREEIZONWTR T I

6. FHMAERESF A UE
2009 £E 12 EHE L 72 EAFHIOFER % 5 F 2, 2010 4£L)

THIF7- (HE1) ~
FLHb.
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x 8 WHREREOHINT T k& A 7D ILE

Table 8 Comparison of old and new model of the transmission

device.
2009 4E2 2013 4E2
FEXBEX & | £300X100X40mm | ) 120X 75X 30mm
o 445¢ 220g
Ny Tl 4,400mAh 2,000mAh
SR &l IR ] 4.5 WEH 12 HEH]

X 7 2009 £ (/5) & 2013 £ (F5) DHME

Fig. 7 External appearance of old and new model of the trans-

mission device.

b, HICEIBROMBIHEREL &2 M L TREFEERE D
TH NI A TOHEEITO TV A,

6.1 EEH A XELU/Ny T ERSIEER

CNFETHBRTE/2009 FX 72 MY AT AT LT
&, THCTAFTREZERMmE HWTEREL TWED,
Ha, YAX, HWEENEZREOS T IENBELH TR L7,
ZZT, 2013 ERCIERREEIZ 2o T 10, KHEED
@ CPU, GPS £V 2 —b, WHEY 2 — V2 HHIGEE
U L, BREERS 7055t LT, Mbis(sem ouss
o7z, 2009 FX & 2013 FROLEAFR 8, B 7 1R
T, £ 8 D213 £ T, (HiZE4) ZEHRLL.

6.2 ES1%EE

2009 FXTlE, WEHEISEC, o, TELZTHE
BHOLHENE V) FHICERTHDDL LT, 429 MHz
EORENEERTY - VAR L. L L, #E
DY 3.2kbps & VIl H Y, EEREMNO X T
Bk (BB, HER L) %k L) ICHERT 5 ICIER
Rhd b, F7z, 429 MHz 13 HARENAAE TS b /LT
fEHT& 7w,

Z 2T, 2013 4K TIE, WEHEREEZBEL, WL TLE
M g7 TEEES02.15.4 PHY [17] #E#LO> 2.4 GHz i M5 i
BEYVa—VERH L. BEEGE SN L h 5 EENE
ABRNE EDRETE D, CNDRETEREICS 2 BB
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DWCTEIFMNTADEHATLT, (HIE1) I 1 7THEE
DSZFERIDEA IO WTHAER Y flafTh 5.

7. HEAOER

FE LDz L 912, &=V ¥ FHEFHICB 25HH
DERL - i, BERENOFEHEARNOTEIRO 2 rix HEEL
LT, ZOHMELE G L= v 7E%IC BT A ERE
B AT LB

COBEIE, FO MY AT AT L DOFEERD AT,
B E ~FEHIRN 2 IR T 5720 1CEN - FESEH KA T
FEH L, HHEOFR - WbO 72D I HEHE CRH L
THHH T ETHIHICERRL TW5.

7.1 EA - BEHEREASTOMFER

2009 fEIZFIHKII~ ) —F 2 S8 L U CHfE S 2= -
EBHHASIIBWT, KRYATL%MHHL, 71 7HE,
BI, 774 TEEROY — A2 EBRIRM L. F
DFFAFERHER 9 \RT (BY v 7 VEULMEMICEER) .

FI#h3a v FETHERETIE, TR 1 E0RTHEPL
7z MR DSHEE T REIAE I LT L — RHEIASK &
{, BHEZETLIENTE LD, ZERIRIRK
K 49%, /N 0.3% L FEFICEVHRTH 72, ZOKE
5T, INDBEOBEH T, Pk 3#EICHEe LT
HEHLTWS, WMEOFEILSIHTHERLEBYTH A,
L2 L, SR TOZERIZFRIT0%NIELTELT,
SR LS HORETH 5.

T =R FRFERS, JSAF A v ¥ —F ¥ 3L
LAy 7T, ~—27 7412 E & 55 L7,
7 =7 7T AERIAICIE U CRRES T A BB T A LESH
B, FLT, BET 720N~ — 27 74 OEEREOEHR
%, TBETAREISER LTz, ZhEHELT 52 &8
WHEE Zp o720 L RIS, HUBREIRIEE IC~ — 7 (78 % 3
IREEL LT, BHERAPGP) LT kol b)) FEl
KEWFD H - 72,

SHIMA SEIKI CUP % Bz { o 4 D DR, fiE
FEAVNITH 5728, 2009 FEX7TH + ¥ 4 7DH A X Tik
EGPIDHIR SN, T2, ST OBRMANORE D KRS
S, BEO/NEOELEN D - 72, 2013 FERTIHEET
1/4 12 F TR 2 EI L7205, 2o A4 X TH/EIDfE
FECIIBEELHIRE SN D, ZERIyEN L b Ey
B0, B HHAEN DA BT OMET b & TH R &
DTN LEDND 5.

SEESFERERFTRET v MEHRATIE, EEL
VABRBEF/RLIET N AT IR LG, R AT
LAZ L) BEHHEOE % M FICER L g & %, K
WCHERTIRMEL, CNEREBRECARALLZEZA
HFcho7- (X 8 ).

1761



[EHRNIBFSERIGE Vol.55 No.8 1753-1764 (Aug. 2014)

9 [EN - EFEHOR & TOMNER

Table 9 Records of usage of the system in international and domestic sail racings.

g ik BMED ZAE R Th
B a4 e | N 5%
- Tl | om | 2k | Bk | Eo
HEAS 1 ETTHET Lz & 2 AZIERL
%527 B4 H A 2009/8/7 IRPMMEN - 72720, ZHLUEIE 3
. 24fE | 1% | 0257 | 0.491 | 0.003 o
FI#k 3 > NETFHERS ~10 =Gl A
(¥ > 7% - N=11,039)
SERR 21 AR A E AR 5009/8/13 20 fiE+20 HiEO 2 FEICESH, L 40 IET
SN EN NN . 40 | 3% | 0.670 | 0.852 | 0.500 | EM
ERAN 5PN (it o 7 ¥ - N=68,400)
B RELIAN I~ — 7 7 AT b LR
2009 £ 7 — P —ik 2009/9/18 EEHE S L~ — 7 L& % I
) 244 | 3% | 0.652 | 0.994 | 0.216 |
LRt R o N ~27 &
(¥ 7 %% - N=15,557)
2009 4 JSAF
T 2009/10/9 A b
A B —FaFi 24fE | 3% | 0.711 | 0.864 | 0.167 ) .
X ~12 (a3 o 7 L E - N=49,800)
V&
2009/10/31 AL —ATY =2 REERHE
%5 7 [a] SHIMA SEIKI CUP - 24 fiiE 0% — — — | BEOWEBEATH oD, T—T
A TR D B

X 8 AK¥AFLTEITSHREUERE

Fig. 8 Race officials watching an ongoing sail racing with the

use of our system.

7.2 HEOKE COFER

2010 FELARELE, FISHHBE OB - MbOHE T O
WHET LBV TWS, fl#fl~) —F 2 e LTt —
) v TR OEEIER 2 LT\ AR AT R AR SR
Ty M, BIU, MEKILATFT v MEIC, 20114E X D H
HOMBE OB L TH 5 ) AT &, i, B
LU, VPRI IR AL ERL TS, £
72, FraF VL= Ty —TEBINLEN -
EF RSB ETFOMILAE L EICBWTHHH LT
b BV, FEEN 2 BT RO T REME IS DOV T b FEEE

© 2014 Information Processing Society of Japan

9 I v MEOWE THEF VMM L T a kT

Fig. 9 A trainer of a yacht club who uses our system in a real

training.
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