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Table 1 [0 Meaning of symbols on Carrier phase

Symbol | Meaning
c Speed of light
p Geometric distance

dt Receiver clock error
drT Satellite clock error
1 Tonospheric delay

T Tropospheric delay

€l Carrier phase observation error
A Carrier wave length
N Carrier phase bias
dor Receiver initial phase
o Satellite initial phase
n Integer ambiguity
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dtAP = (at? — dtP) — (ati* — dtP) =0
dT4P = (dT? — dTP) — (T — dTP) = 0
NGB = (NJ = N2) = (N = NJ) = g
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N~ I IB =~ 1P, TA =T TP ~ TP
I =3 = 17) = (I = I)) = 0
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Fig. 1 0 System block diagram
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Table 2 0 Compornents of mesurement system

Object Main factor Weight|[g]
Cap antenna NVP-N20(SANYO) 70
Control circuit R8C/2L(Renesas Electronics) 30
Data logger Logomatic v2(sparkfun ELECTRONICS) 10
MSC-MOD10(microtechnica) 4
GPS Module Crescent OEM Board(Hemisphere GPS) 21
Accelerometer MMA7361LC(Freescale Semiconductor) 5
Stationary plane Transparent resin plate 190
Battery Polymer Lithium Ion Battery(sparkfun ELECTRONICS) 15

Fig. 2 0 Shoulder blade

Ground plane for GPS antenna
Shoulder blade

- -

Measurement system

Fig. 30 Integrated mesurement system
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Fig. 4 O Athlete running with mesurement

system

Fig. 50 GPS antenna is mounted on the top
of head
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Fig. 7 0 Attaching the mesurement system
and its coordinate axis

goboooboooobobo0oobOodrig7d
goboobogooo
gboooboooboooboooboobbon
Jobbooooooooobobooobooboon
gboboboboooboobooboobooboobn
00000000 20000050m000O0
gbooobooobooobooobooboobn
0000000 Fig80ODOOOODO50m]) 00O
OO000O0O0DO0OOd Table30O0OO

Table 3 0 Sprint times of three studnts

Subject | Concrete[s] | Soil[s]
A 7.65 7.60
B 8.16 8.22
C 9.16 10.19
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(b) Soil

Fig. 8 0 Running environment
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Fig. 90 Expanded graph of accelerometer and
limit switch rising edge
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