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

EG 43 GG S F, P SR g vk W] Arks 542 /A1
QUTk. Wb ARE HIE TR Qs 48 PARHE go) 4EY AujR A% 443

()]

W glojA] uhakelo] N5t slo] uiaivl Sk Aol wE 4 9l

Fig. 9. Wheels of UEL's Exploration Rover with Honeycomb structured and mesh [26].
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Fig. 10. Introducing the G-NU CubeRover developed by the Gyeongsang National University.

https://www.jstna.org | 221



222 | https://idoi.org/10.52912/jsta.3.3.213

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

Wheel Mark

m/ Mother Rover | Communication Failure

&

Fig. 11. Introducing the G-NU CubeRover Mission by the Gyeongsang National University.

G-NU fE=H9 E42 71E/"42E Ag=ro] AlolE Bl HH Q1 Fo] 7HssHARE,
Fig. 113} Zo] &R 7hi2}t BES B9 dA7ke 5 U8 Et 43 TAEHY A=
< A]sto] A&FFo] 7}—0}‘3}5 E4& 7L k.

G 7152 A FEL] 8 o] FERHE F, tfF T AF HAEHL
3A FHA o] A= 5HA Ee T vAS AFshe 2E 1t 7lsolch

FHEZW7Z}F A7h= 5 %‘/‘E‘ﬂ(mother rover)®] AFEAS T AS FH=EH
L obdo] BAE A2 E 3HH 5] Fig. 113E 3 @AE 8 (mother rovenet 914 7 9
43t BAAE S BEok= *Q“EE ARG 5= Qltk E= 5 EAREH QL AF=TE BAlo] £
o] X0 XJ@V—*& 111017} o2 AJRol® F FAEH(mother roven)E H o= FHS

l‘l

4.2 G-NU RE=ZH FAL

e G-NU Fuzsle] g Slsh] 98] QA2 Asst Adgolr 7843
2 Ao

Fhmet Alze Zolt 5 m A APHl FrEMel gL YEIS B
master PC7} Fzwio] A434:3) 42, He), $807 22 Fremo) 297158 4

ik



J. Space Technol. Appl. 3(3), 213-228 (2023)

Fig. 12. G-NU CubeRover driving experiment & results
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¢ Left Turn Data * Straight Data * Right Turn Data

* Hough Transformation - 0.0131 sec 1/0.0131 sec = 76FPS
* 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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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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