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*Global Navigation Satellite System
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* Global Navigation Satellite System DB FR
e GPS, GLONASS, Galileo, Beidou, QZSS, Fz =3
o FLHFEMMEZ, AUBEN LIS

GPS Galileo GLONASS
= B Orbital planes = 3 Orbital planes = 3 Orbital planes
- 24 Satellites + Spare - 27 Satellites + 3 Spares - 21 Satellites + 3 Spares
- 55" Inclination Angle - 56" Inclination Angle - 64.8" Inclination Angle
- Altitude 20,200km - Altitude 23,616km - Altitude 19,100km
ARNS———>
{ RNSS >‘ F—igﬁg—_»‘
L5, E5A E5B L2 G2 E6 E2 Li E1 G1
Gl | - s - Galieo |||
-  Galileo Galileo B CLONASS
— i i i i A A
1164 1188 1?16 1240 12?6 1300 1?63 1SST MT&

1215 1260 1559 1693 1610



GPS vs GNSS

F2ZX2OT7 L (FHARER) TOERBEE8 D LR
GNSSIE. GPSLLS} IZGLONASS, BeiDou, Galileo, AU ZDHREZH T
TE51-6. BAIBEHI2~3Z (ML TS

N SAT: OBS : SMR : LLI : CODE MARKER: 0300 N SAT: OBS : SMR : LLI : CODE
G10: CL-:52.2:0: 1C REC: TRIMBLE MNETR9 5.10,11/SEP{2015 00000 G10: CL-:52.2:0: 1C
G12: CL-:53.0:0:1C  ANT: TRMS9300.80  GS3I G12: CL-:53.0:0: 1C

G18: CL-:48.0:0: 1C G18: CL-:48.0:0: 1C

, G25: CL-:50.5:0: 1C e G25: CL-:50.5:0:1C
b h:

- 180

[1]2016/05/09 00:00:00.000 GPST : N=17 NSAT=4 SNR=...45. ..35...30...25 <25 [1]2016/05/09 00:00:00.000 GPST : N=17 NSAT=8 SNR=,..45. ..35...30...25 <25

GPSTBIZ D GPSBIZ+GLONASSEBIZ2+QZSSEE

2016/5/9(UTC)CBIIZREHARAVFP L IA=ILFhR RN R ZAZBEDERF
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6~ 8H¥fE] (@5Hz)
BTG L—bk

B 10 Hz

&AL

AT-H-02 “ESNA I
AOBA Technologia LLC :> ,,X_,_o s
HLRERAL Fr— = A
ki “ B i AT

(R HZRAEERK)




=B tEk

Bt Y
MREET, Uv(0O, K Et

)Fo LEh
400mAh
A/D>/\—%A 24bit IA
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LN

~ &<—— micro USB connector
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N/ NYFT T
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“T—NAT
L
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Static Positioning Analysis O S s tomie o Uoa oo Static Positioning Analysis O et 0.0000m N:-0.5000m L1 0.0000m
STD=E: 0.2405m N: 0.5173m U: 0.9079m STD=E: 0.0008m N: 0.0014m U:0.0030
ﬁ‘ir‘ﬂ'x_382556 RMS=E:0.3011m N: 0.5331m U: 0.9076m 2D: 1,2245m ﬁ‘\iﬁ'—x_382556 RMS=E: 0,0008m N: 0.0014mmu: 0.0030m 2D: 0.0032:11
*
*
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B FEE

o(East-West) 0.2405m
o(North-South) 0.5173m
o(Up-Down) 0.9079m
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o(East-West) 0.0008m
o(North-South) 0.0014m
o(Up-Down) 0.0030m
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YA X 78.5 x 38.5 x 18.5 mm?3 47 x 47 x 184.5 mm?3
5= 69 g 375¢
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INT)—F A 3~8 5 12 B5RE
NBATBRE 16 GB 8 GB

Al ERIE 2 72 226
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GPS Signals (CDMAZA IX)

Carrier at 1575.42 MHz (L1) 19 cm (L1)
1227.60 MHz (L2)

Mok |
S
e |
S |
T |
Code at 1.023 Mcps (C/A) T T T —m—— . |
10.23 Mcps (P(Y)) |
kY 300 m (CA) —»| l«—

e
—
—
—_— —
——
—
—
—
—

[

Navigation data at 50 bps R 6000 km
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Ruler Model by Van Diggelen

CodeDMPZEL

FUVE B :300m
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Position error (m)

100
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0.1 (Carrier-smoothed Code)
0.01
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(Carrier Phase)
0.001 I . l

Time (hours)



7 JLGNSS)

v

7L

T4

Ground Tack (

o @8 0ad

@ @E 2] ‘ A @D

Google earth

—e

Q
I
©)
P
o
(@
S~
o
—i
S~
LN
—i
o
(@]




BIRIFSEE
1.24cm (K FEFHR)
2.39cm (EEAF])
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Measurement
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Examples (Tricycle)

. . A
47
16
232 4
b L |
231 H 3
T
E
230 4 E
~TEJ- 229 3
= ']
£ 228 3=
E 227 + - 38.25
- 2
226 + 38.2515
225 - 38252 '
0.02 408275
0.018 |- NS sEW - UD o esms jatitud
—_ longitude[® ]
£ 0.016 -
a 0.014 | -=fe——tttessssssssssmsssfese™ssssssnsssnssns o a0l RIRCRMIEARRARRESS -~~~ ~~ =
©
s 0.012 -
3
% 00T Measurement using Trike SE3 was conducted.
£ 0.008 -
c
= 0.006 - . L
% oo | Y e Horizontal positioning accuracy of 5mm and
* 0.002 1 vertical positioning accuracy of 14mm
0 were observed.

GPS Time (h:mm:ss)

1:13:501:13:551:14:001:14:051:14:101:14:151:14:201:14:251:14:301:14:35
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Cross Country Ski : Skating

‘ . N |‘.' NS
R
42
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& 1 H 18
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E 13525 | gﬁ 9 I % 'uj"»fzf"’f?ﬁ} 8515 4
- 5 B L e "'?% T‘
S 1352 Y ; L s s
E Q 1 % '-13|_'p g ] L El
@ 13515  ofE © % &
| F X -L”.JI 1 g
- e 135.1 | “ 8 ©
= La] Q
¥4 RTKPLOT ver.2.4.3: Google Earth View aan [E=NEE & 08 =
@t[mwm ~tos 3L s 0O 0ad Gose 13505 B
1 44.3785 06
44378 04
443775 0z

142472

latitude[® ] 44977 1424725
. 142473 . o
longitude[” ]

0.020
S

0.016
c 5 —_
O = €
B 30012
5 ,%D -_— § g 3
O'c = 3 0008
° S g

) .

I 2 0.004 Horl.zontal__
c o = Vertical
A 0.000 : : : - .

6:25:12 6:25:55 6:26:38 6:27:22 6:28:05 6:28:48 6:29:31
Time
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Alpine Skiing : Good Skier vs. Poor Skier

414
1120 - %‘
1100 4 i 712
Good Skier
1080 4
Speed 0
—/ . w
E 1060 - high 2
%; 1040 4 constant 8 :::1
p= *Turn S
= 1020 4 5 B
1000 long
shallow
980 | 4
960
= 1
138.776 . 36.78
138.778 . 36.786 2
138.78 36.788
138.782 36.79
138.784 36.792
longitude[® ] 138.786  36.794 latitude[® ]
,l@"@ﬂ]uw‘/‘\ﬁ"ﬁ@x‘ ! ’U&@@’OQ‘?‘ {7
1120 -
45
1100 4 ;
Poor Skier
1080 - 45
*Speed _
£ 1060 low E
© . 4.5
- 1040 variable >,
= £
£ =Turn 8
= 1020 58
1000 - ' short
deep
980 } 2
164 m 960 -
138.776 kﬂ. 36.78 |
‘ ! 138.778 36.786
: o 1. : 138.78 36.788
e 138.782 36.79
- 138.784 36.792
longitude[® ] 1387686 36.794 latitude[” ]




Snowboard : Slalom Race

Takeda Tadashi et al, “Measurement of ski and snow bogfd using two dit

20

2nd run

E
| S—
[ k]
= -
900 ST e
= ' Lo
® 880 —0— lstrun 43 " 42804
wo-| % =O— 2nd run s
840 -4 _
1410952 0 0oy 42848 141095 1 41 0952 '
| 141.0954
1410956 441 posa . . 1410956 1 41 9958 latitude[® ]
141096 141 0062 4205 latitude[" ] . o o 41991410062, oo, 4285 titude
loneitudel” 1 141.0984 Iongltude[ ] :



Skeleton : Push Time
Push time using Photoelectric tube

Goto

12791 (22781 32781 @)2"79 652”78
®2781 (7)2788 (82780 92780 (102”80
12”83

Kijima

(13”15 23711 33718 @3723 53”14
®3”12 (13”10

Velocity using Kinematic GPS
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S Fluoro-Wax Paraffin Wax w/ FIuoro-Compoundj

Wax Molecules Permeate UHMW-Polyethylene
for 300 sec. at 120 °C
Simulated by Computational Chemistry

o 50 100 150 200 N
\ Depth [um] Y, A F o KRR L g (TOF-SIMS)
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Water State Diagram
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mper.
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ORRIF e
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1@t ——1318-K;-620-MPa O,K' EEEEER 10 kbar
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Quasi Liquid Layer

1000
Prismatic face of ice crystal at 255K

o hasal face (E@E)
<

prism face (4£m) a r.y '»..- ;

‘r»~vv-~qu->-»vv¢~¢q
f 3 X v g T % ¥

Thickness of quasi liquid layer (A)

e R R —} . Sn g ey u.-- ey 01 v et
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= - 3 a F K 3 & K 3
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*
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S 2 4 %
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Temperature (C

JbiEE KPEE BB ZE AT (http://www.lowtem.hokudai.ac.jp/ptdice/basis.html)
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Friction Estimation 30

At t=t,

1
Kinetic energy K, = —mv12
2
Potential energy P =mghy
At t=t,
o 1
Kinetic energy Kz = —mvzz
2
] Potential energy P, = mgh,
8] 1m/s

Friction energy F = ulmgcos@ 12.49N

0.1 second Drag energy D = lplCDAvZ 0.207N

2

Here we assume that D is negligible small

From law of conservation of energy

h,—hq V2 -1, 2

d 2gd

U=




@%1%*&0)74 JURETEI "

2

vp® — Vg°

2gd

1.0
0.8
0.6
0.4
0.2
0.0 1
02 {* :
0.4 Jgrrivi it ®

Coefficient of Friction ()

-0.6

-0.8

0=0.027345

-1.0
1:29:06

1:29:10

1:29:15

GPS Time

1:29:19

Coefficient of Friction (p)
<

-0.6

-0.8

o =0.193538

-1.0
4:39:57

4:39:59

4:40:00

4:40:02
GPS Time

4:40:04

4:40:05



Friction coefficient (p)

|) Boundary
lubrication

Stribeck Curve

Il) Mixed
lubrication

lIl) Hydrodynamic
lubrication

Velocity x Viscosity

Load

Film Thickness (h)



Stribeck Curve _33
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COF (p)

Experimental Results

0.020
0.018 -
0.016 -
0.014 -
0.012 -
0.010 -
0.008 -
0.006 -
0.004 -
0.002 -
0.000

AXF30 VIOLET

PINK

BLUE

GREEN
Air Temp. : 2.7°C Snow Temp. : -0.8 ~-0.7°C Humidity : 40%RH Snow : New & Wet
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-4~3°C

Temp. Range
COF (u)
Max. Velocity

0.01452
5.047 (3rd)

<

0.01490
5.058 (2nd)

<

0~10°C
0.01556
5.163 (1st)

<

-12~-3°C
0.01668
4.974 (5th)

<

-20~-10°C
0.01759
5.016 (4th)
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