[TL®IZ
WilgE I T e LT, HiRkE#Hz kv

gboboboooboobobobobooooog oo240100

ZEEMEITEAREES T VR TLOEE

HiEEAL ORE AR M B MR e

BE . CEREE ORSEE IR AT ) 20, EESCEHE R PHEARH RS ALERH S, TR
b%%fﬁ_%ﬁ#éﬁikbf,XV—h7¢/@W@@@tyﬁftyyy7L,é@%ﬁ#éﬁ%
Nhb., L, Av—b 74 THRELEZT =40, BROREZHERT D DI E AR R 2 i
2L TWB0, EBGonizT —4n 0 Er Lo BB N B OMGENLIE L 70D, RFFETIE, =
ﬁi@i%@@%t///yfétbmﬁﬁ%&%%%ﬁﬁ/XTA%%%Té.%%#ét///af
N AT, 3%%%&,3%%@&,m%ﬂ&%#&E%ﬁ%#%.W%Lt?~&ﬁ,;%$®$ﬁ
EENZ T L CY T Z A A THIBT T 2 AEHEET D2OICHRIETONRDL L HICT D, REOHKE,
%ﬁ%mpmﬁ&&»%z,SHﬁT%%#éh&#T%t.%%LKVZ?ATW%LE?*5%,Z
V= 7 TG LT —F LB LR, A — 73 TOR T U TIFEEROEE OIS
W, BB O® Y & RO FTREMESGRD ST,

A prototype of a motion sensing system for a motorcycle

AKIHITO Mivazawal ToMovA KITANI? TSUKASA KAMIMURA® AKICHIKA SHIOMI!

Abstract: In order to achieve safety driving support for motorcycles, it is necessary to grasp a motorcycle’s
body behaviors, such as its body motion and trajectory. To realize that inexpensively, it is reasonable to use
the built-in motion sensors of a smartphone. However, it is not confirmed whether the accuracy and quality
of such sensors of a smartphone is enough for safety driving support. In this paper, we develop a sensing
system for a motorcycle’s body motion with low cost. The proposed sensing system consists of three-axis
acceleration sensor, three-axis gyro sensor, a GPS receiver, etc. The acquired data is analyzed and used for
building the structure to comprehend the vehicle movement of a motorcycle. As a result of development, the
price of the sensing unit is able to be cut down to about 12,000 yen, and is able to be developed within eight
days. Through the comparison between the developed dedicated sensing system and a sensing application
using the sensors on a smartphone, we have confirmed thant the motion sensing for a motorcycle with a
smartphone could have the same availability as that with dedicated sensors.
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Fig. 1 Original sensed values of Slalom behavior
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Fig. 2 Noise-reducted sensed values of Slalom behavior (LPF:
FIR(N=4, CO=>5Hz))
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Fig. 3 Frequency Analysis of Sensed values of Slalom behavior
(0 to 10 Hz)
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& 1 KXM52-1050 # 7t
Table 1 KXM52-1050 factor

HH il AL
T G PR +20 G
SRR 660 mV/G
RSN (X)Y) | 0~3,000 Hz
ISEYE (Z) 0~1,500 Hz

% 2 ENC-03R #c
Table 2 ENC-03R factor

HHH i AL
WP | £300 deg/s
RS 0.67 mV/deg/s
JEE 50 Hz

3.3 MEE & HERE
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%= 3 HMC5883L it
Table 3 HMC5883L factor
IEE il HGZ
+1~4+8 Gauss

ﬁ\ﬂ e | 0.73~4.35 mGauss/Step
WEHM | 0.75~75  Hz

& 4 SCP1000 (RHEMEE—F) G
Table 4 SCP1000(High speed measurement mode) factor

HH B B
HEFME | 30~120 kPa
53 fiRE K15 Pa
T B H#A 9 Hz

3.4 HEKESE
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Ny =20, 3R L, EAT e v N
I TnWad. JE LT =213 ) 7ovdEE v
N35. Fiz, WL DDDORT A —FRLWEITIEE R E A
RETH Y, WEFEDL, FREE— e, BREHEET—
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T 5. St Y ORI 4] 13E 3 0@ THD.

JEHER ORE B LI T 76Hz Th D, HfiFeelx
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RETHEMT L. #HERIE, BTk > TR S, 0.3~
0.5Gauss feE TH 5720, “EEOMEIT HL 2 HET DR
EORBEIIMATEA9. BREY VDT, YIRS
%@@T’%ﬁﬁfé ZIREAS~OmY T ALEIC L 5T
B LT =2 RGN RN LbERALND.

RIEE, [ERCVEFALTRET . W< OO
WO D, —FSMEREN E VY VTI Technologies #1:0
KPN%%@%?%._®tyﬁ@ﬂy7—yﬁm,ﬁ
Erovb, MERHOREE Y, GH vty FRNE
SINTWD., JE LT =21 U 7 VEEE AW THA
#é ZoR VIR, moRIEE— R, @EiEE—

, EIHBEEAOWEE—F, BEHEEINEE—FO 4

@ﬁﬂﬂm%~bé RETE L. AL, mEHlEE— R
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T, HEAEEOHETL Y PRI ED. SREET
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Table 5 Sensor module price

R AT B
KXM52-1050 € 2 —/L FKH & 1wt 1,000JPY
ENC-03R E¥ 2 —/L KA e 400JPY

HMC5883L SwitchScienceswitch*?  1,495JPY

SCP1000 KA 7w 1,800JPY

A 1alix, CANMORE ELECTRONICS 0 GT-723F %%
A+5. Z0OFY2—/LiT GPS OBMIE®RE, U T
BEICE-THANT S, T—F2H DAL 1Hz TH 5.
AT — %1%, NMEA 0183 7 #—~ v MCHEHR L T
%. NMEA 0183 i3 NMEA (National Marine Electronics
Association) |2 & - THUE Shvizify i F#E O 7 — 24
¥TH%., NMEA 0183 T o A b ITMEERRIE, 1R,
W, ETHMERG T LN TED.

3.6 TAEYHDEE

BE L7-Y ¥ A oY o Pitch, Yaw, Roll & UVIIHE
Ex Yo XYZ1E, thth7rars7thchdizn, 7
gty HNZIERIE TS 6 20 A/D BEMANNLETH
5. Fl, vl T —XIXADEBROSEEEN 8Bit & LT,
100Hz TY > 7Y 7 %&47 5 & 1 FHICK) 2KB L EoF
BEEAKETHD. WEO AT U IF—RICEEN D20
728, FlashROM D REHBEMERBHTE L2 &, 280
OTF—HOWO M LEZE xS L, SD H— R EDHY 4
LCX25MAT A TBERATEDLLEEE L.
PLEDZEMEN S, Mbed LPC1768 (LARE Mbed &9 %)
EERAT 5 Z LI L7z, Mbed i& NXP Semiconductors [5]
DvArmar br—7 LPCL768 Z il L 725 iR — K
TH5. MbedlE, @7 a N AL T a7 MZ
LTHEY, AL~ A 3 VITREIL TS HBRIE S I
FIABY 7 by =T R TED. a3 TEOR%E
BRIV —N"—LIZHEEINTEY, V=777
T CT 7R ATHZ L THRENMTAS. ROM 74 X7
EOREEE AR EET, £, HeRTA4 7T Y0
TTICHEENTWAED, Y7 b =T OBRZEHE b
ERECED. FEHIL TV 7 et v LPCL1768 1%
12bit ® A/D =2 /38— %> Ethernet # 1L U & L7zkkx
710 ZRo~vA7vuaryhe—73Thsd. Oty
121 SPI(Serial Peripheral Interface) 7% 2ch #5#f & 41 C
W5, FlEEAT 4T & LTC—fRM7e SD #— Rix, SPI T
DA EZLARETHD. ELAAINTHAET AT TY
WCEsTT ANV AT EAR—=ZADT 7 AINT 7B ANE
HENTWD, kLT — 2 OMENES Ry, £
AEAEL T THD. HELIOEY 2—ZiE, 7o
*1 http://akizukidenshi.com/

*2 http://www.switch-science.com/ (AARTOMRTEM. BTt
Sparkfun(http://www.sparkfun.com) “Cffi#§/% 14.95USD.)
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Fig. 4 Developed Sensing Unit
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Fig. 5 Sensing points on Motorcycle
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Fig. 6 Sensed values of Developed Sensing unit and Smart-

phone
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