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Abstract

Unmanned exploration rovers serve as tools for investigating mineral resources, mining, and carrying out
various scientific on celestial bodies beyond Earth, acting on behalf of humans. Recently, not only the
United States but also other countries such as Japan, India and China have been attempting to develop
unmanned planetary exploration rovers for space development or have successfully operated them on
other celestial bodies. This has accelerated the enthusiasm for space exploration and development.
However, the development and operation of unmanned rovers for planetary exploration still entail
significant costs and high risks, making it difficult for universities or companies to undertake such project
independently without the guidance of financial backing from government entities. In this paper, we
describe the recent development trends of micro—rovers, known as Cube Rovers, which inherit the
concepts and definitions of traditional Cube Sat. We also introduce the potential and expectations of Cube

Rovers through the necessity of their development and ongoing planetary exploration cases.
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2.1 Cube Rover Utilizing Passive Tail
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Table 1. Specifications of the IRIS Cube Rover [7]

Rover name Cube Rover (passive tail Cube Rover)
Target mass 2kg
Total mass 1.937 kg

Fig. 1. Early Cube Rover Equipped with a Passive Tail. The Passive tail-equipped Cube Rover

(Left) and Simulation environment for testing obstacle climbing (Right) [7].

A2 Fig. 149 A2 AAHA d89] passive tailtholl FEAS] 727 F4TH= 9
24 gt Hol= Zlo] E4o|t}. E3t passive taild AMSShe FEZH Q] T 7| B9
HFAA S AAsto] AFeet ke AEdES IUT = A, AT
o] AAH olF thil o 2 IS HABILA k= AlEE 2RI 4= AATHS.

2.2 IRIS Cube Rover
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WAS AlSstttal ool F2j7} Qlck 3FA|9E Astrobotic®] Peregrine & 25410 2%
oz o] RIS FHZHE 7]&9] passive tailS ARSSH= FHEHQ} He] S 3
o7 FAol= A& v 4717F EA6kH, 1 Felli= Fig. 29F 2L Table 201412} 2ol & 2
kg9 A 7HA1L kel g2 A gloH, FEHFEY 25 cm x 17.5cm x 10.5 cm 7148

| ||&i!!\ al
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Fig. 2. Carnegie Mellon University’s Cube Rover. The first flightworthy IRIS Cube Rover (left)
and IRIS Cube Rover installation process (right) [10,11].
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Table 2. Specifications of the IRIS Cube Rover

Rover name IRIS Cube Rover
Mass 2 kg (4.4 1b)
Dimensions 250 mm x 175 mm x 105 mm

ZHA AL Qlof A7) FELVI G| dd FAdo] FELET SAH Fle= Rl 4= Al
ATH6,91.

Passive tail& AMESH= 7]&9] FEEME AL A& IS tiAls] s 19t=le
u, £ A 9518 o B2 PSS EAK ] ARH6]. oo Carnegie Mellon
University®] William Red Whittaker W82 7FEEFAEE S8sto] H57 FHY 7t

2 & HHHEE ARSFY AL, ©]F passive taile A|ASHL HEFHOR g A& HIFE &

245t FH2E AZHCHG9-11).

2.3 Astrobotic Cube Rover

Astrobotic IRIS FEEZHE 514 2 Peregrine 25412 73t slACH12]. SHARE
Astrobotic Peregrine 2541 2ol =41 FEEH 7S skl =], 1 34
I} 71d2 Fig. 34" 7|&9] FESET 7T SR
Astrobotic?] FEEH= thefst AHe] FHEEHZE E2Acl=t], & sFRAPRIAE 20,
4U, 6U9] & Al 7HA] #49] FEEH7L EARE RISt ESF Fig. 42t Table 3074 &
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Fig. 3. An Introduction to the Cube Rover Developed by Astrobotic [13,14].

Fig. 4. Vertical and horizontal fields of view the Astrobotic Cube Rover Camera [15].
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Table 3. Specifications of the

Astrobotic Cube Rover [15]

Rover name Astrobotic Cube Rover (2U)
Rover mass Up to 5 kg
Dimensions 40 cm x 50 cm x 28 cm
Payload-rover protocol Serial RS-422
Rover-lander protocol 2.4 GHz WiFi
Normal speed 4 cm/sec

Camera

Front and rear view, 16—-megapixel resolution

Localized precision

0.06 mm/m

Payload loading power

0.5 W/kg, peak: 10 W (2U)

Battery interface

DC 28 V Lithium=-ion (2U)

COMMUNICATION PIPELINE
'%Prlvale Network
s

-—
TCPIP

225 N

X-Band 2.4 GHz WiFi

CCsDs or Wired UDP

RS-422
CubeRover API

Lander Comms CubeRover Payload

Private Network
TCPIP

Ground Station

System

Fig. 5. The communication pipeline of Astrobotic Cube Rover [15].
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Fig. 6. Small-Scale Mining Robot by the Korea Atomic Energy Research Institute. Mining

robot for regolith extraction (left), regolith mining methods of mining robots (right) [5].

Bucket Wheel=
=H o iﬁ%ﬁiﬂ Z}E *Oﬂ EAT o E"&%l 9 HE *c'.‘ﬁ‘éé 254 Y 4E 2
£ 9% 4 9l Aol Wolmeln) 5 Ysh) Hck

3.2 hxdfel|egiyE E BAZH

20309 =3 g FAF AT g njAS Sl SR ledTtdolA e A B
A2 9] FARS Fig. 73 2t} Fig. 7014 =9] 37| POC(proof of concept) ZE-L 13
kg FAZ 7FAH, Table 49} Z©] 500 mm X 700 mm X 250 mm =719 4 cm/sec?] &
T2 ol5d 4 9lor 20154, & $4S 1St 29 /AR d(DMe] 13} WA /g o]&
Fig. 6914 9529] o|u]x|e} o] 7]&9] 12} MA L] HEFE 8704 471= HAAIZ]AL
Zx 24 u7lUZ, FPGA(Field Programmable Gate Array) 715t 28 8 2E Ao} A]A
g5 71l HFA o =¥l i skeit 24 7|9 2& =S5l A9 23 WA

O 5 WHHATH16-18]. @A 7IEE s 22 A 2HE F 12.85 kg FAE 7ML
Aom, 24 V50 W DC HEIE ARgshH Aot & BAF 28 7F YAFAIS 7HYsto] 2H
£ Y4202 Aofsl= AA| HIAEZIA] = ATH19,201.

Fig. 7. Lunar Exploration Rover developed by KIST [16-18]. KIST, Korea Institute of Science
and Technology.
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Table 4. Specifications of the Lunar Exploration Rover Developed by KIST [19-21]

Rover name Korea Lunar Exploration Rover (second version)
Mass 12.85 kg

Dimensions 50 cm x 70 cm x 40 cm

Motor DC24V

Normal speed 4 cm/sec

KIST, Korea Instituts of Science and Technology.

TS, GolAe] eFAMel B8] Al iR ARz wES A el I
£ 93 E2 AR e B HOAA| = AlAtE o] 285 tHTable 4)[21].

3.3 FOUSAIATA BAZH

FRIEAAT A A 7St SAEH = 47 BAEHE 7=l on, 11 P42 Fig 83t
At} s Fig. 81} o], FRIgAAF A= 247 ZFo] = 7)9] 2H QI Scarab} HI
7} 42 =0 Qe BAEH QI Haetae?] ZREERIE 7dstAcH22). &, g9 &
AFZH 9] AL rocker-bogie EFYQ] suspension 25 7HXA|qt 0]9} 22 4% EALEH
9] Afol= FHHoR ol FdsH |7t EElote] Scarab BAIEH= Carnegie Mellon
University?] 37| FEEHe} SAISHA passive taildd A28 1L2E dA5H= tail
stabilizer’} EAJ8k= A& 8RIT 4= AUtk Haetae HARZH ] 7% rocker’t 2% 374
o] Hid7|olF E3f oI5 AAmAE AN Biuitt EAEH JAES fAD 4 e
& AA =310, Scarab¥t Haetae BAFRZH Q| 1121} 4d5- Table 52+ ZtH22-24].

Fig. 8. Introducing the Exploration Rover Developed by the UEL [25].

https://www.jstna.org | 219



Table 5. Specifications of the Exploration Rover developed by the UEL [22]

Rover name [tem Specification

Scarab Mass 2-5kg
Dimensions 25-45cm x 15-25cm x 1525 cm
Operational range 150 m/charge
Maximum speed 200 cm/min
Camera 800 megapixel camera

Hastae Mass 10-15 kg
Operational range 400 m/charge
Maximum speed 400 cm/min
Camera_1 IR camera
Camera_2 Stereo vision camera

E3 29 FARHY S F, Y TAkEeet gel ule) o] At 5Y2 A1
ok, wWebA AL WIS AT G Y AR 2] 45 e Qg 2HY
YRE 9loJA] nhEo] FE5 Ho] vl Rk Wijo]

i)
ol
S

4

Fig. 9. Wheels of UEL's Exploration Rover with Honeycomb structured and mesh [26].
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Driving Wheel

Fig. 10. Introducing the G-NU CubeRover developed by the Gyeongsang National University.
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Table 6. Specifications of the Lunar Exploration Rover developed by GNU

Rover name G-NU Cube Rover_3U (Demo)
Mass Up to 2.8 kg
Dimensions 16cm x 15cm x 31 cm

Operational range 2,400 m/charge

Maximum speed 4 cm/sec
Camera 2 megapixel camera
Battery 5,000 mAh, 5V
m/ m | Communication Failure
?? Wheel Mark P
&

Fig. 11. Introducing the G-NU CubeRover Mission by the Gyeongsang National University.
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Fig. 12. G-NU CubeRover driving experiment & results
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¢ Left Turn Data * Straight Data * Right Turn Data

/

1/0.0131 sec = 76FPS

* Hough Transformation - 0.0131 sec

* Probabilistic Hough Transformation - 0.0128 sec 1/0.0128 sec = 78FPS

« Contour Tracing - 0.0046 sec 1/0.0046 sec = 218FPS

Fig. 13. Wheel mark recognition and tracking demonstration method for G-NU CubeRover.
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22 AAE ARGt PRI AR sk A2 SHE ofL Qlth
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)
ol
rSE rﬂr
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Fig. 14. Introducing about Carnegie Mellon University Rovers: Dual-laser setup on testing on

a testing platform (Left) and integrated light striping reconstruction & pose estimator (Right).
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