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Launched date

2020 — ~Nationalit
.USTS‘Yoviet/Russia ©OMiddle of 2010 SELENE-2 Rover (100kg)
OChina 0 Japan 02013 Chang’e 3 Rover (120kg)

2010 @2011.11 Curiosity (900kg)

i .{003‘7 Opportunity (185kg)
2003.6 Spirit (185kg)

02003 MINERVA (0.591kg)
2000 —

@1996 Sojourner (10.5kg)
1990
A1988 PrOP-F (50kg)

1980 =

1971/1973 PrOP-M A1973 Lunokhod 2 (840kg)
1970 A (*3, Each 4.5kg) A1970 Lunokhod 1 (780kg)
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Laser Range Finder (LRF)

GPS antenna ' .
ific Ocean

antennas (2.4GHz)
pulator (4-DOF)

Solar array panels (SAP)
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/_ ——Optical stereo camera
for manipulator

DC brushed motors
for driving wheel
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batteries 37

Steering units
Desert filled with scoria
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Physical
Mass 80 kg (Approx.)
0.7 m X 1.1 m (Wheelbase)

Dimension 13m X 1.6m X 1.6 m (SAP deployed)
Mobility
0.22 m (diameter) X 0.17 m (width)
Wheel Lugs: silicon rubber made
Actuator: DC brushed motor
Velocity 0.1 m/s (max)

Power management & control
3 panels, 120 W (max)
Dual 7 Li-Po in series (10 Ah in total)
Unstable 28 V bus power supply,
regulated to 24, 12, 5, and 3.3 V
Communication
Wireless Ethernet with
low gain whip antennas (2.4 GHz band)
54 Mbps (ideal), 20 Mbps (fact)
Sensor
GPS, 3-axis acceleration pick-up,
3-axis gyro, Geomagnetic sensor
CCD camera pair, Laser Range Finder (LRF)

On board computer

4 sets of 240 MHz SH-4
running ART-LINUX

Solar array panel
Battery
Bus power control

Device

Max. data rate

Absolute position/
Attitude/Orientation
Navigation

HK data handling
Navigation
Motor control
Operational mode

Direct tele-operation, Autonomous

Mission payload
4-DOF actuated by ultrasonic motors
End effector : shovel-bucket type

Manipulator

32V
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30V
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(Down) (UP) (Down) DCDC

AP
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EN—FZv 7 FI47100: D)DOZEFYIZX Y
BENTWE, ATT7Y v 7 ORKAEZ#E L3 deg/
s, EME MV ZIERE#EATE0 Nm&Zzb, ZOATT
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BPVIEEE LD,
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NOBEIFAREREEL 72,
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BONIEN 2 LE L— RN ARIEA Ll L%

BRI fHa T 241Ny FUANDOFTEREEITV, HEE
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KLTVAD.
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) Fourth joint (roll)
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9 A | EOHE, 5 EENEUBL

MEREI NS, 2T, GPSL I =N, o=k
TR EOHEE, FHIGE OREE 2 57§ 5 720 751312
RSN TWS, 72751, BAAL o, TIZGPSIZ
L DEHIIERE I BEmE > T LT ) 20, BRI
HUC X 2B TS L O MV IZ XY,
BemA4 —F oA EHL T2, BIEENITT
4= FRERSLEEICIZ4HEBEESNTBY, 215
EOEMNZ M VDL, BOMEILHEVL DR E
WLC, EEELCHATS.

2.6 MUARSHESR

Ao —nNF, VNNV EICHEEBLEZ2GHOCCD A
AT BLULRF % HwT, BEYRHE HIPBRER
WEAT) S EWEETH L. HIH A T 1L, 640 %480
DIFAGEE % ¥ 5, FHRIE, O — RO RIC X
STHEE NS, F72, LRFIZIZILE B S
HOTWICEAT L —FHEEEt 2 BRAH L 72[10). |
LRF Z KA AF v ¥ SEBIEE, VN E
ETFHAICHEI S5 2 812k o T, 3SRITOMIETF
—ZE/TVDE. INHDOH A TM%B LU LRFH#
Wr—s1%, TEOY A IV 7 THERNEEREN
5.

O—NOFEFES A7 A%, FI2, DA A THR
EDLRFIEEADELZ LTV — 2T =7 ol EN
T, B AT ERACIAUEFE T, 9, HIRY

14. 35S S BIRS F COZRIT I & Bl % R 5.
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100 —

Power [W]

Attitude [°]

13:22 13:24 13226 13:28  13:30  13:32

Time [hh:mm]

R10: EEYRVEZIROO—NOREBEN LEZBAEDOR
ZIE.

111 O—/SOHEHBETOBT & HE3HIE & EL M8 E D
BR.

A FWEHH O —NFIOEEEY B L, 2 OFE#H N
JBIZOWTOARAT LA EITH) 2 LIZLoT, &

EYOHA X, EEYE COWEMAIET TS, MAT,

W% T 7 AF X AT I LD W B DEH 2 1T, o—
INHEAT T RERE AT 2 (M4 [11]. 2D L9
THh AT &M CTHUEFEIL, NASADKE T — N
IZhEESNTBY, REEOBHZTEL LT
[12-14].

—7, LRF & W7tk cly, 9, LRFIC
Lo THELNIWIEO = RICEFET — 5 005, Bl
7€ 7V (Digital Elevation Map, DEM) Z ER 3 %

£2: O—/NDIEHEM.

Direction ~ Fundamental natural frequency (Hz)
Horizontal 23 £08
Vertical 6.8 1.1

250

200

S < ~Ascending slope
150 a>1‘1d rocks -

Descending

100

50 i BN =

Power [W]

Pitch angle [deg]

-50

-100

Pitch angle

Around early evening &

-150

Total distance [m]

K12 1 ETHRICE T ZERRORE L O —NOREAEDOHTS.

R DDEMIE, BEAEERTER SN FRICE
S TRIEINLDS, KRIFFETIE, FHEERTERS
N5 RS T & v 72 B = £ 7OV (Cylindrical
Coordinate DEM, C2DEM)IZ &> THEH L.
H5IRENE L)1, AMET—sroHons
HIZOM R, HH E CoBITHmE2RHHE L,
NS FFMEEEE LT VT RSV,
I NEREETHBNICERTLZERTETH D
[1516]. 2D X9 7%, LRF % W 7-Bsialakid g sho
Ry N OGEICBWTEREREAHIZES B b
B D[1718], %FIZDARPA (Defense Advanced
Research Projects Agency)" ® Ground Challenge,
Urban Challenge 25\ Clx, LRFIZTR Y b OFTH)
FHEi 20D BEE 2 o & LTHW STV 5 [19,20].

27 XYZEalL—4%

O—NEIyyN\)Ve2 Ly F7 7% lHov=F
2L =FEFEHL VDL L) vl —%
V3B 4 2 B BRI TS 72 & 0N T2 & TR0
BN ICBE S8, MRS58 2TokdEl
ELTWA[2122l M6DEHIZ, v=¥al—%IF
4O DB (N— 2, Y a vy — TIE—
A M) EFL, FRENOMEIGBEEE— 52312
LB SN TVWD, BEORKEIZIIN—E=y 7
FIATHRESN TS, TRTOEEIIFARATH
WO OENZAT LA AT <A b ERBICELY
FIFOENTZAT LI H ATOZONBES N mRIE
HWIcHEOXFERENL[24]., ~=Eal—FyDEEIE
120 kg T, WAHEWEEERIZB L Z10kgTH 5.

15, K EEFy # W E R R
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Robust obstacle recognition

A'tuft of grass
[

JA rock

Obstacle
# ® Corner
* Path plannin%
* following pat

Start

E13: 72 5 ZFA LICMEFE (LR EEY oMb, £TR:
RFVFAT 9 FUITESVRT—T8E ATF4hNT
O—%FAUIBREHT, A TR @ ERGTESRKE
REDOHE).

&

Pose estimation §
and odometry
by optical flow

B14 : LRF Z B\ cfUiEHE (BN EEYEET — X, AR :
R — Z).

IR T722% %3y v~ EEAES mmBEED
RDEN2AN=THRENTVE, Ty FT 72
FITHEH], WoFT v EF, A=Yy LORT
FAEDOFLILRENTE, 61, VAT T
Yy NZEY, Bowrs ARV EIFAZ &b
ETH 5.

28 ETOMDYTIZATL

O — NOHREBEEOT AR T a v 7 — 241
TN IBFETHA LTSN TS, §XRTOETHE
ISR LR EIER, BEROL=y MIG
7NV IOERICHETWS, KERIZIE, BERWE
UF 3427 8 BEHIM) AT o, BEEE, Bhizkxd st
BENTWD, ZOU—NY A5 LTI, SR 72

16. ¥ =¥ 2 L — & ORI b it 7ehf 4 2% 22T A
WOl FIoRbY) La2bipery FL7xr 5 LIFATY
.

7.8 e Az FEECYT v, REDBZT 2R 2802 &
EED.
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100

90

80

Power [W]

70

60 —
14:42  14:43  14:44  14:45 14:46 14:47 1448

Time [hh:mm]
K16 : v=Eax L— 9 ERBOREEENOHTS.

TN 2L BRI ES N TND, Ny T D
W EFICER S, HRo FIERELIC L %80
A Cled 3 ~THrER (MLD TEbIL TV 5.
PREROFEENL, 7V I OERE U CHEAOME 2 5
R & D I L Tw 5.

3. 74— VB

4rAl, Micro-6 @ — /3% Fiv 727 4 — )V Killigz A
27 P CEDLNPEREBEGECER L7 B
% GEhE L 72 HhI & EATHR A 2 X T £ 8ITRT .
TR, BEEY A N L 20 % X ) ek
EREAEELL L TS, IREIPIC 7 2 EEHD
¥, WAKTEIC XD T& 7B, MWW Lokl 3
R OWAERD Y, v— O HEMEFLORRZ
FEHT B IITE L 72T Th S,

9, U— \NORMIRSEECHHENERE LR &0
T =& B RS U ETREOM 4T . kIS, AT L
FH AT 7% 5 IZLRE & w7 BEALEFE O R
HKET 5.

18. KL iy o> — 7.
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3.1 EITIHEEEDHEE

Z T, ESHIEO B/ T RERER T EST
PERE, BEie SO ) M2 MEEDMEE A 1T > T 5.
(1

) EITHERE  ERHIE OB IEREEHIGIIZ B\ T,

O—NETRLT VWA T TELNZIERED
AR & i L CERT A2 S TE 72, K
9D L HIZ, B— NFFES 10 ecemBE OB, 20 cm
BMEOBIOERAERVBA LI LN TS FEEY
TV RAETORBEELE LT, a—k ¥y FHangE
BEWHBEINZOWTRIOIIIRY L9 2B %15
7o SARTED B ZIREISHBEEINE (W) KL o7
B, FERSNIZENTEFRD TGS 5 2 L8
TECW/ T ARV a UEEICED, 10
BELUTou—VAZEEIZE EF D, HEROLEHIILE
L7ZIREETETT 5 2 &N TE .

EHI, BT 4 =V P, MUl k) RES
PN CTE DN IS OSEAE L7228, b — NIE 3
B ETTHIENTE., oML, AMTHE
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