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A Milli-Scale Double-sided Crawling Robot
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Abstract This paper presents a lightweight milli-scale crawling robot that can crawl on both sides, which
was inspired by the movement of insects. This robot has an excellent ability to overcome obstacles, such
as the narrow gaps and the rough terrain. In addition, the robot can crawl steadily and rapidly through
triangular alternation, such as ants or cockroaches. The process of smart composite microstructures
(SCM) was employed to make a lightweight robot structure. The SCM process replaced the conventional
mechanical parts with flexure joints and composite links, which allows the weight of the robot to be
reduced. In addition, the robot structure was robust against external impacts owing to the compliance
of the constituent materials. Using the SCM process, the robot weighed only 32g with twelve legs in total
on both sides. The robot showed a crawling speed of 0.52m/s on the front side and 0.42m/s on the
backside.
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Fig. 1. A milli-scale double-sided crawling robot
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Table 1. Milli-scale Double-sided Crawling Robot

vl St (8. 65 9 BE9| £ 58S Ko} A7
7] 93t A2 7 Holl 6709 o, =9 12709 TelE
T ZEE QAR 2 =829 4% 9 AFF] FA
FHEE LS Qo A F 7HA EA JSSHch
A, 2 GEE A8 A4 7152 s 845
SR CIE S0, Z R S s o A
g ERANE Y AL ShHE TPt AT 4 Uk
=4, & AF3E sl 7189 wEg 715E Alx Ao
A Hlo]u+ smart composite microstructures (SCM)
WHalE 85190t Fol719 fARE B0 R V)&
71A 84 BEZ AMSSHA] gaE beit 2717 R}
Qlo] 7hssltt. wEtd, 2RSS AP BA S5H
olME 7131 AAa7t 7Hssich

AZE 282 Fig. 1.7 Zth 222 712 55mm,
A2 125mm, %°] 20mmZ 231 32g 9] 71H-e- AT
= 7HIt 43389 3EYE Aol 2 "ol 67149 ot
27t FX8) Stk 24 AHe] 671 = 37RE g o=
sto] Azhe] wAbd 549 (tirpod gait) 22 AEJS
it

olojd REMH 47t wa P U 1
ARl ERARIA 250] ojZA Fol7] HAeR
HEAFE=A] A& Aotk E3h, 9 HAER 2EI]

o Sw3t QYA Sl s Aviny Teng B

2. B2
2.1 M2t WAL T CIxfQl

Fig. 24 125 QFuisa 2io] 444 Haele
Hojzc) #90] mEzt 144 A8 9, 2 mEo|
A2tel 293 v EdATEe} AdEt 24 ER
snle 230] 290 91303 2 67h9] 42 Y10} o]
oAt} %, w4 EdaE 14 6749 48 §aE A
ofi}.

Mass(g) Max. Speed(m/s) Size (mm) Motion Transmission
CardBot 26.4 0.25 85 x 19 Multiple legs with slider
RSTAR 308 1.0 150 Serially connected geared spokes
Mini-Wheg 146 0.9 90 x 20 Steel gear chain
cj;};:vllijr:;prc;fjt 32.0 0.52 125 x 55 Shared four-bars linkages
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Fig. 2. Front view of Double-sided Crawling Robot.
(a) Front view and (b) Schematic view
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Fig. 3. Serial side-motion of tripod gait for stable
crawling
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Fig. 4. side view of Dodecapedal-Double side-Crawling
Robot. (a) side view and (b) Schematic view
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Fig. 5. Orthogonally oriented four-bar prevent the
motion transmitter for deviation. Front view
is (a) and side view is (b).
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Table 2. Mass budget

Components Mass (g) Ratio (%)

2 DC Motors and Gears 10.8 33.8
Li-Po Battery 4.5 14.1
Control board 52 16.2
Body frame 11.5 359
Total 32.0 100

| IR communication
Right motor

MCU H-bridge
motor driver Left mator

Fig. 6. Block diagram of the controller board.
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Fig. 7. Vertical position of the mass center
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Fig. 8. Crawling displacement vs. time.
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Fig. 9. Running of the crawling robot. (a) The front
side crawling and (b) the back side crawling.
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