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Review on Insect Sized Micro Crawling Robots

ZENG Xiaofeng, YIN Canhui, LIU Qing, WU Yulie, XIAO Dingbang
(College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract:. Crawling is a rhythmic locomotor behavior of animals, and its underlying mechanisms has been
studied by many scholars for over a hundred years. With the continuous progress of computer integration
technology, materials science, aerodynamics, micro-nano manufacturing, and artificial intelligence
technology, the research on bionic crawling robots is developing towards miniaturization and intelligence.
This paper provides a comprehensive review on the cutting-edge dynamic development of insect level micro
crawling robots, and provides constructive suggestions for the future development of micro crawling robots
based on the current development trend. First, the research background and basic concepts of micro crawling
robots are introduced, and the motion mechanism and stability criteria of micro crawling robots are briefly
analyzed. Second, the driving methods of micro crawling robots are analyzed and the performance of various
micro crawling robots is compared. Finally, the key technologies of micro crawling robots are summarized
from three aspects: Energy supply, manufacturing, and design. The problems faced in the research of micro
crawling robots are discussed, and the future application prospects and development directions of micro
crawling robots are proposed.
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Bl 1) L5 TR AL 8 N0 TR 3 3% 422, n 11 6 (d) s
i A BIL Y Bl (R A AT e B E AT 3l R
B8,

C-Quad F S-Quad & It /R # ¢ K 2% 40 5l F
2017 4 F1 2020 45 FF %4 () PT F DU 2 L% N
WA 7 s o AR A B MiniAQ 2661, C-Quad
F14) TR 50 R SR A S 2 by — K SR X R R & R
(Polyethylene glycol terephthalate, PET) F Jiil T il
T 1T A A, PO R 3 ) R 4 AN TR HLEK B . C-Quad
ANALAT LAGA B 2.7 AR /s (1 3 B, B30 AT LA 3
A7 5t My 25 BE R ok — i R R AR .
S-Quad FY X AR A — B 52 M 19 B il 1 2% B (Printed
circuit board, PCB) il il , 1 M 4E 1% T 4 i L
R R AR T 2 o F P B 2 Y BB R B PDMS il
AR A2 SR EAS 41 C-Quad |, {H 2 22 4 1 4K
ALl T DA B 144 15 H i B A B AR

7 PR R S-Quad F1 C-Quad €47 HLAS A
Fig.7 S-Quad and C-Quad crawling robots developed by
Birkent University

2024 4F , ey J) I Tl R 2 SR 1T SRR 800 A 4 Rk
i L HELBILADBURE S5 44 7F ) T — 3K 4% O GASR 19§
T EAT B &8 N0 an B 8 T o AL A% A B i A
1.2 g, i Y — ol 288 0L ¥ 40 B A0 Bk 8 199 4238 9K 2 5
V5T LS IR BRS8N B AT AT R 1) A R
i85,
2.2 EREIBRIPBIEITNRA
2.2.1 ERRHEHERREL EH

TR HL B RE by T B A TR ORI EL e R
PRI Bl FA B R SRR AR BT 2 T RO A B
i N R B Sl 2 T LA 3 L AL /N Y AR
BIPLAS N o sk 2 fros , FAT, i T R A U T /Y

B8 MR Tolk K= ATl i) GASRIGATHLAS A
Fig.8 GASR crawling robot developed by Harbin Institute

of Technology

F2 FERIENHBCTIEHEAITLL
Table 2 Comparison of piezoelectric driven micro crawl-

ing robots

LA SRS PR/ K/ B/ B/

Skl EqS B g em (emes ) fEKes)

2008 HAMR [ 3 0.09 1.7 0.1 0.06
2010 HAMR I 6 2 5.7 22.8 4
2011 HAMR I 9 1.7 4.7 4.3 0.91
2013 HAMR VP 6 1.27 4.38 44.2 10.1
2015 HAMR V| 8 1.41 4.51 47.8 10.6
T R=E
2021 2 3.5 6.5 6.28 0.97
JCERRIE PN
TR 2
2023 - 2 21.6 14.8 6.5 0.44
ety las A
2023  CLARI 8 2.59 34 2.8 0.82
2023 PiezoClimber 1 0.63 6 8.4 1.4

i AR B R AR T 3 PR e e T R P WG R 4 TR R TR
ZHOR R AU R VE R 8 4% o e fBLEy 32
2P L P B 2T 2 TR ) R B 3 2T 4 1R R 4
B, A 9Ca, b) Frs o MR B EK R Y (PbZrO3-Ph-
TiO3, PZT) 2 WAk 77 ) , 2 45 3K 2 % 7T L 3E
i 1R A5 9K 2 a5 25 0K o B oA B sh A e, A 9
()BT o 54 3R Sh AL 45 TG A~ 15 4038 H A A 3 ) 5
e R 5h 9% , W53 A K 22 180° 3 55 vh Je B A b 10—
A [R] A 2 o [R5 3K S el it AE ST A B
— N 1 1R A R — A 3% A v o H A Y B
W3R B 5 5 WAL B o 545 Oy 2SR B AN T HL WL
b B 2n AR B g, i R 25 3R 3h O R 2 A
GRS AL 22 8] e 52— e T A 2, DAL sk b o vk T
LS A A TR XU B R B AN BR B AE S
— >t H i S AR A R R
2.2.2 ERIRFHBHINEAL FE

HE 4 HL X R 1) 3 2 45 R R AE , mT LR &
B MR R A A BRSBTS
SefBE (1) Fe H B 2 b RE A B 1] oA 45 1l ] 1 HL ¥
A BTYIN )5 (2) B — 2 Z 0] (1 % 3 02 58 56 45
G, BV R Z AT 55 VIR 775 (3) 70 ik AR Ak
XoF 3R Bl 7 B RE 5 (4) 459K 3h 2% 19 v B EL R B KA
ZWf, w LAIA Sy JLAL T 18 R RS .

HR A 2% 5 Al B 10 A5 3 v T 0 B AR R G
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D 43 50 S A D A A O R I RS R
R B 55 0 8 S L LA RS 265 FO R M 43 5l
Shy BELASE B (14 I S R T T 5 YR M 4y 00k
BN i B B HE EL T R R ) A5 G Ry ik T R B
JE S e — M B A A A 9(d)
FEos MR X (27) A] 45 5K 3 2% (9 17 8% 5 438 g A
NI HE ) S RN
d*6(x)
da?
P=Cy,F'+ CoFl+ CyM! 4+ CuM! (27)
K M () N BT 58 BE B9 AN 14 s B2 UFL 40 5
RO T BE B o Ry Bl O 1) B R R T s M ML 4 L R
BN i 1) o Ry Bl I R HL T K

(26)

=P+ CuM,(x)

&
G —
T ) - e
N N -
> AN g
_—_
(a) Topological structures (b) Overall structure
vBias
‘ Vrop
vBomm
GND l
VBotiom V-rop
Vsigi v:'P
vBonem
GND
Vsig /\/ +
= S
B T Gl
(c) Driving method

5 ,
3&> <F*

(d) Simplified diagram of plezoelectnc bimorph
B9 e HL WS

Fig.9 Piezoelectric bimorph

1 2 (28) W] DL, ity R A 45 W 43, — 3 432k H
PR L AR, o — 8R4k HAMER IR T, H.
d*o, () d’s.(x)

P =P, e =CuM (I) (28)

Ko, (x).0.(x
=i o

R TAE IR e L KERF L= 1./
Pi B H F w, = wo/ Waom s Waom N 54 L TEE , TR
= [/2 W XF o 1) 5 BE o 75 B A i, Hs L XL
R AL

)53 ) A i s AR S AR AR

o ( z
D
dx _,

D) phy s F A9 P T v LA R 3 7 A B 62 B8 Ry

2

PZZ (1+20) (30)

MR 9(d) A3 4h J1 46N
FlU(1+1)—z]
wmm{[Z( 1— w,)/l}x + wr}
A AR AE 2= [ & B r= A LR R
C F G

3w nom

O+ lw)=20(1)+

é\p(l+ Zcxl):

M,(x)=— (31)

5/(1):_

1

G— 6(w,—1)(—3— ZZ,.+32u',.+ 2w, 1) n
8(1—w,)
(w,—2)( —3—2[+w,+ 2w, )X
1n[(2— w,)/w,}
8(1—w,)’
RIS

8/(Z+ Zexx)zi

(32)

W nom

G,G,=

6(w,— 1)(3+ 4/ — 2w, — 4w,l,)
8(1—w,)’
3w, —2)(—3— 2+ w,+ 2w, )X
ln[(Z — u)/w}
8(1—w,)’
U5 B 21 2K i 1) 657 7% R
S+ L )=0l+ 1)+ 6,1+ 1) (34)
240 J3 R O, He B XU R A i 4 52 %
O+ L)=Pr(1+2.)/2 (35)
M8+ L) = 0B, A0 Y T e B X A AR
i bR A B R, AT AR RE T ok

3P‘('Unom GF (36)
20,0 "

K G, =(1+20)/Gse
2.2.3 A EE IR MA RATIEA

>R 1T R B g8 3K 8 de AR SR AR A I O O
Wood # % A A A il 9 HAMR Jef5 AL A . &
10 Jr 7, W il S R AL i N S5 6 = 9 0 5 T R T
K20 LAR Wy ROBRE 96 5F AT ] B 19 2 g LA
TR T LS A o BESLHX — H bR, s R

+

(33)
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Z TR, & 5 & R BB & By 15T A i
& 58 0 7 ROBE 2l A AT 26 1 R R K L R 4
(Micro-electro-mechanical system, MEMS) T. 25 KX
FEBT HoBUAS & &y, OF BN A8 HFAR T 2 g L
i N T T 5 R o Y o0 A ) B R B
PRI, 7 BF A B 2 %) %A 5 T R e B RRT , A4
BRI il AR 3h AR A . B AT, HAMR
FAN B AT HLAF AT LAk 47 A 3 iz 3432 15 Bk
BR Bt 1) R A5 L A B A AR 0 A A IR AR
R m D).

BI10 i il KA i A HAMR @47 BLaR A
Fig.10  HAMR developed by Harvard University

HAMR Z 9 RITHLAF N &L T 200 et 7t
G K 11 R o 2008 4F, 55— U HAMR [
90 mg N B LA AT, K 17 mm, % 23 mm.
I BE 52 A bR 4SS 4 ) 1 AR i i 1 e
FEHLAS AUE B T i 3 HoA B HOR 28RBS AL
AN ATE . 201048, 78 — R 1y 3L filk - HAMR
| T <N " 3 RN B ) O £ i
HAMR Il it 2 g, K 5.7 em, 16 20 Hz B9 3K 2 4 5K
T UASS R0 = A A S H B 3 T IR B A AR K /s
2011 4F ,HAMR [V 7E BL2S By “ #5677 4k i
T AL RO E P R ERIE AT OC Y HLAE R T i
A RTE L, AT LSS 0.9 R K /s 1 AT 3 B, J2
TR A Eis S i E N R RS RALEE A . BT
JUAR 9 HAMR AL A 3 2 fif U 22 K G ML A 1) 1l
1 BK Bl A R0 R AR B Y [A) @, 2013 4F , HAMR
VS e W g e K R Y B N 6 Al 44,
Xy AR 1Y J7 Ok R HAMR #9138

HAMR [l HAMR [l HAMR [V
20104 20114F  20124F

20084F

& g e

HAMR V HAMR VP  HAMRF  HAMR jr
20134E  20144F 20184 20204F

K11 HAMRJCATHLas N K &I 52
Fig.11 Development history of HAMR

PEFIEFETE . 2014 4F , 32 3 i 545 48 (Pop-up) 1l
7 &, gk HAMR VPP RT R s 3 B
A AT A PR A I ) RS e B R 4 A )
B ERIE HHE AT BCR AL, HAMR VP 0] DUAE & 2%
U 0K ) 1B B LA 101 A ARG /s 10 3R i i iz Bl HL
REME UYWL IE 5 . 2018 4FE I HAMR FHOR%: T
A& TRE M, CEHH Eisd.
HAMR F K 4.5 cm, i & 2.8 g, # B 7] DL ik #|
17.2 cm/s, A% F HAMR VP A& 300% 4274, B
Be 22 A e A f R A S HAMR F 2 T &
M 4§, 78 25 mAh (9 B & F 38 3) 4~5 min.
2020 4F , £ B UAS B HAMR Jr 4 S H Rl e/ H
B PR AT AL A 2 —  HAMR Jr A9 3% 3 & il
T BE RS AR HHT B HAMR- V™, w] LLFR Ry Ho 45 /)8
WA B VERE A AR K A 82 7. HAMR Jr Jit 5 4L
0.32 g, (HJEHIBET 77 3.5 g Ay o & , 0 nT LAk 5]
13.91f5 1 K /s (24 313 mm/s) , A2 f /N DU 2
BLER N, T L2 e R iR AL 2 N 22—

Bi T 7E 45 R R BE L AL A Y 3% 4R et
A, Wl R 2 3 3 A AR A 4 o)y AR T i A
J5 A X HAMR #L# A #EAT B 47 J& , 4n 181 10 Jir
T~ o 8t 4 HAMR PO 2 e 542 1 cm J&
15 pwm f) HL 12 7 #3 ( Electrowetting panel, EWP)"*/,
FII 7K () T8 5K J7 , 76 3k 2% il W A 706 RE 7 A AT 4
AT L sE BAL AR N TE K R K 2 B . B DA
HAMR B J58 JE Sy v e 52 45 1 el 28 056 0 Jie 4 e ol 4R
MR B #E . M e BUEF [ R4S SRR, T 28 e A e
BLES N 45508 b 1Y 4 X679 20 8 38 A 7K L 7™ AR R X
AL DI 7 AR 1) Wi B [ J5 A T o ELA i A
S, W BE S AR T A s g e T DL AR
76 52 A A 8 vp 3R fig T DA /N BH g o 3k o 4
7 AAG B TR A s i 5 B e &
L EBEENEN SR TG AN ES. M
[) A, A AL DG o 24 b g B ) 1 284 HAMR W] 52 31
5] 5 R 2 9% 1A T EE R A] SE R E T, KOR R T
TREASE

2021 4F , VA6 Tolk K= Wil T — 3% H 3K 3
1= R efrHLgs A i 12(a) i . ZHLES A
23 4% 7 e K AT 3k 62.8 mm/s, T Ek 2 gL L EE A
B4 UG {3 3 530 53 mm /s,

2023 4%, PG AL Tl K 2 e L A% 1 T
T —Ff AU H 7 3R Bl 1 R — A ik d i e AT L
AN IR BT T LR AS [F) 2 R R 48 T B SR B 2
WE12(b) i o

2023 4F BB hr 2 KA MR E oy A ke it T —
O B K B 4% S CLARIT B9 0L 28 A, &1 12
(c) iR, CLARI M 84~/ 57 i) i H 9K 8 #5 4K 5y 4
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MR B BRI IR IUih A — AR . AR A B
TR 22 S 45 B, CLART W] LA 1) R i) A5 JE |, 38 3t
SR BRI ST DIAE S R SR B h #2 8h . CLARI
K B HA B T, B 55 BB L-F-AH XY T — Al 57 i AL
AN A R Y AR R ERAT A% . X R T
IS BT LA CLARIAE 545 FlOE AR

2023 4F | 75 48 2 00 o o — B A R =
PR AL 5 R0 1 O 2B T2 B 5 2P He v 9K 3 vl DG e, I
KT —MZI6e H B iGN 2 RYLES A, E 12
(d) fIf 7w, 3 Hi iy 4 4 PiezoClimber™ . Piezo-
Climber 8% DL 1.4 f5 &K /s B3 FE7E 90 5L i I 58
PP ZEC | JF AR A R AR A 6071 FR T b 5E N A
HHERE, B L5 M EE ) . PR AL L At
T T IR EE WL T R FL SR Bl H 6 3R G L 10 45 T 45
R A 4 il B 6 S BT MLAS TR HE T IR B
%5 F VR AR OO0 S AT R R A 5 v B BB

(a) Northwestern Polytechnical (b) Northwestern Polytechnical
University luadruped robot

University tripod robot

(c) CLARI
B2 kIR R AT Pl A

Fig.12 Piezoelectric driven micro crawling robots

(d) PiezoClimber

2.3 ERiZIZE&EFR

H A % MR i 12 % Wi (Shape memory effect,
SME) i & 4 #% A JE 4R 32 12 & 4 (Shape memory
alloys, SMA) . JEARICIC & 4 19 4 BURE X f i 1L
U F, P 8 B AR BRU/INR 22, T LU AROK RUBE 1
BLAE AN ER LRI AR (e 18 25 (49 8%6)
23 PRI N 0932 B e J1 KRR, M LI 1
SIS ERIR G, R 3BT R

2008 £, Al PN A 240w F) o3 B i ok A T e
2 A 45 T2 (Smart composite microstructure,
SCM) i3 1 55— 3K 42 DI RE 0 44 4 RoACH i e 17
LAY & 13 () Bis . i blds AN 2.4 g, 3
JEN 3K 3 em/s, BT HL IR AN i AR i R ICAZ
G4 Ka .

2020 4, B AN KA T — sk H B RE 12

x3 BRIEZESEINHMBEIEITHNR AT
Table 3 Comparison of shape memory alloy driven mi-

cro crawling robots

ML A IKShEE Kpg/ g/ HE/ (%

\ E=N
O e ok PR (emes ) K )
2008 RoACH 2 24 3 3 1
2017 MEMS 4 — 06 — —
microrobot
SMALLBug/
2020 GV ARTI 1/2 0.3/0.6 1.3 1.7/4.6 1.3/3.5
Jehiness
2023 1 1.23 0.34 22.54 66.3
IREIN

B a2 W4 SMALLBug 5 AL 2§ A, &
13(b) fron o ZAL#F A K 13 mm, 5 30 mg, 7] LAFE
20 Hz By 3K s Wil 5 N iz 3l . Hoaz 3l &8 4 il g IR
WAL G 4 2 R — A~ AR i 28 A 25 1% Bk £F 4k R 20
B IR EC ERE S AR AR I IZ A e R R A e T
IREOH AR DL Az e 550 MK Bl o S S 7E DU 1
SMALLBug %4l 47 & s U 2 /) SMARTI , 78
P ER 25 T AT LASE IR 46 mm /s B0 KGH

2023 4, b 5L 28 il R R 2B ARl T — 3ok
ROBE Y BB R G212 & 4 9K 3l 1 B B € A7 BL 2%
AU 13Ce) 7R o ML R Bk b e 9=
A 1 £ A B A TR IR A SRR R 3 4 ek
JHR S 5 il T 2 ) R A DA T S B PR A IR AT iz
3o ZALAE AT LUTE G M0 B 8 K 1 DL 66.3 £ 1K
K /s 1 3 BENCAT , Al AT LA ARLRE (9 D 48 22 1h7 L 39.3
R AR /s 11 3 B AT .

2023 4, B LA LR R 2B R T —Fh3kF
T AR L A 4 5005 9K 8l 2 1 B AR 09 D BE FE AL A%
U TR e R 2 R R LA B ) 1 38 R RE R
AR AEAE F AL, A 13(d) Fir s o %407 BE FE AL 2%
NI 154 A il (B &M 3A B3 ) . %
BLES R 31 2 b 7E T BT — A A I = e e 45 4
(4 22 MEH R L 3 M ) T A B, A TR

/

S HIR/fETE —0
bides
- SMA 10 mm
(a) ROACH (b) SMALLBug

5
b
(A)

(c) Micro crawling robot
developed by Beihang
University

(d) Micro crawling robot developed
by Nanjing University of Aeronautics
and Astronautics

K13 SMA SR AT HLar A
Fig.13 SMA driven micro crawling robot
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Pt — A gh 0 . R R AR BT ik
PRI ] SMA S AR 3K Bl i , 0 22 38 7E 2R
A A, R R Ay 2O e E AT B g O ad
22 8 S 1T IR 2 22 A ) 1 i 5
2.4 EEMEERIRENEE

A H $E fA (Dielectric elastomer, DE) & — Ff
N T2 00 HL TG MR R 2 — e LA e R PR T e
I BUARAIR T  AR T K R BE % AR AT
A H M A R R B Uk i B R R
W A Je A7 DE @i, > X DE i JE i fin o e Bisf, 4n
14, DE B R 1N 2 1 23 AR SR B2 i A, H ey A
H WS E R R ), 55 DE S 1 DE R S
A AT 4 AR QAR L R 0.49 42235 AN AT R 45
MG IARA G 0.5) , i - B [ 14 i for SOAH BLHE T

PRI DE il i 5 4 3¢ B JR2 B AR 3 (= 7 1)), - 1t 7
475K o R, A A SR AR R Y e BN AR | BE A
L M SR RE O 2R B T S AR R LA
GRS B o R, SR T A H R AR 3 L
REATHLE N BA R R 4R

P14 il sk (AR 3 Jit 8 ]

Fig.14 Principle diagram of dielectric elastomer deforma-

tion

R4 EEEEIRERBICTHEE AL

Table 4 Comparison of micro crawling robots driven by dielectric elastomer

AEAy CUIRPNE S REhessctE /g K /om  HE/(cmes ') HEE/(fEERKs )
2019 DEAnsect 3 1 4 3 0.75

2019 Rollbot 1 — 8 — —

2021 TENG-Bot 1 10.5 0.5 11 2.2

2023 bR 32 R 2= AT HLER A 2 — 0.05 0.075 1.5

2023 WL K5 T HERFRITHLEE A 1 0.45 1.5 6 4

2019 4F K IR B T 22 Be & T —Fh 44 Y
DEAnsect i fj B JUERIR AL R A, W&l 15(a) B
N, K 40 mm, 38 B B (30 mm/s B LR EL,
12mm/s HAWHIETLL) BHE(L o), s JIRET 3
AR R HE S A R R IK B E , T AE R R
450 V451 0w 1 i 1 600 Hzo,

2021 4F Vi & 58 R ¥R T —Ff 2
TENG-Bot ) 5t ] 4> #3517 3K sl Bk pLas A0
WE 15(b) iR o & B A A B P AR 1 AR T O ) 5
BLES Nz 8 5 it AT [ b — 30, 508 T s AR
() B 2 A 4, 7 AR Y e K@ AT 3 2 110 mm (2.2
K /s) AT RE T 40 g.

2019 4F , N BE T 24 BEAF & T 32 AT AR A S
% 1) Rollbot ZR AL #% A, 0] LLAR 4 41 356 5l 38 5% o
e AR TR, W 15(c) T 7n o Rollbot LA SF 4 -
ih, KRAK 8 em, 58 4 em, Y il B 76 K i b4
Bl B AR . B Ry A TE BB 5 A~ i
8 B A0 T ) B A 5 A T4 kB AT 2 Ak S
RS A i) g — M AT AT o

2023 4F A6 R B R g N 37 K 2R 7 B B B RS
BAR S W) Ja KBt T BAT WL is sh i AR e AT
BLEF N A& 15(d) fioR o AT HLAS A Gl 3 7
BTV e A ) RO K B s x4 A 2L R G
TR R G0 K AR 2 I A28 1047 £ HEm AR, feJ5 SR )

183,

20234F , THR¥S5WILR¥EHEF LT —
Fif 3D T B A4 AT e A8 02N 6 LD, O N
LA, B T R 3 T — Rl B ORI RO BB
AU 15Ce) iR o A HLEE ALK 15 mm,
FE A T /N, 5 R 450 mg, AE % # D B2 B (4 4% 1K
K /s, B3R IE A o R IR S AL g N AT B ) .
PEHLEE AT LAAE 45 i b i F0 A2 2 1) R 0, 7

(b) TENG-Bot

i

4 [t AR R TN s
(c) Rollbot (d) Crawling robot developed by North
Carolina State University

small N 2 e, <"
) A% 77

4

(e) Crawling robots developed by Zhejiang University
and Ningxia University

P15 A e S (A K 3 i T4 7 AL A

Fig.15 Micro crawling robots driven by dielectric elastomer
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/NETE N, T] DL S AL g N RE AR R B TR OF
Al LR 3z MU B 20 ik, B oR R B
PE R A0 A5 I N M N o BN g
2.5 HMEzIB[BIRABECITHEAN

BT b 4 20 a9 9K sl g LA AN 3 £ 08 UK B
i L N T R AT AL N T

1 5K 3l M o 22 2 B M R TR R AR A K
MBI E G ME . FERERPERTT  #E MR 7T LA
WEwEAL 7 AR RO G A th 2 iR Ak th Ze 5y T )
RIS {56 2 T DA AR Y o K i ) A R S
JRC 3K By i A W v s 2 18] 53 A1 G S R RN
PERL - AH TR HT ARG A 1 437 0 2 [) e 3 ot
35, N = AL, S Bl s A s i A AR IR .
SIEUNL QAL 5 RSN i A S N BN -
& AT DIR IR AN A AR AL S Sk Bh 8% . B TG
AT LA 85 R0 B A4 RE, O BLAT DL SE BRI 4R 9K 3
Tl M B By i S A /INZS ) R AR A B AR R 4%

2019 4, Z A& 22 R 2 M JH WG 14 #4 LA 3D 4T
U Y SR CE RS R EPIN ¥ NN (TE At Sy
JefTHLgR N7, W E 16 (a) B, Bl A AT L ZE 3
Fo A AE 0 A fGE B P R B, 2022 4F W E AR R
AR T — B T RE SR B Kresling 37 4% 25 #4919 ik
AEFT LA A, i 16 (b) fr s, il 1 4 A6 20w
AT G S 7 L T DA SE B R T 5 A, (R B
A5 ) S 4 R 37 0T R 1) 455 R W BE R R IE T A
R H B ek 8 ) 132 2 BE. g o

(a) Magnetic driven robot (b) Magnetic driven robot
developed by University developed by Stanford
of Toronto University

K16 SRSl BB e AT AL A

Fig.16 Magnetic driven micro crawling robots

S REIR BN 2, O 3K Bt 2 A w] o R AR ] e
o7 R RN G/ AL AR SRR R DG B Sl b Rk R AR
BB S VL ot L A A5 SR 5 0 v S R S L A R Y
WY R W, AEC IR B BN BEATAT Al ik
a5 e I AT JF Hax Se AR A2 T i iy o el
B 3 i R R SR s ] S5 R AT DA i 3 6 5K B
4 T 7, DTG 6T 5 K Bl ML N 4 B B A S5 3
Bz dh, 2021 4F, &0 Tk KR#E& T —Fp 3
T3 45 4% B2 8% (Black phosphorus, BP)-#k 44 K
4 (Carbon nanotubes, CNT) 53 Jiit 4% #4 ) JC 3 4 4%

6K sh B, 7E 1H R AT T B ARG M kokiE
Bl BT IS AL R AR S g T e R B
ARSI RE L BT T B ARG A T HURERPLAS
N 8L N B 17 (a) Ifzs o 2022 4F
[ B 27 Bt 22 N Ak 2 4 BIF 5T B A2 0 £ T e
AT BT B FUBRER 1 R & JF R — TN 2 AL
45 K 1 Z2 3 BE DG IR Bl RN £ 3 5 8 Y O AR HIL A
AP E 17 (h) s o R , i T 2ok 3k
BRIV 118 5 W) e B ) L VR 2 1T 5K 7 AR /N TR L B
gk 7, B S AR 1] g 2R 1T 5K ) XSRS B, B 22
JEARERE , IR B AL g A AT LR K i e 3 5 .

»

wil
4&»

(a) Optically driven robots (b) Optically driven robots
developed by Hefei developed by Chinese
University of Technology Academy of Sciences

17 OGS RRRAT HLE A

Fig.17 Optically driven micro crawling robots
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TLAF A A OB A S0 SEBRBLT , B
JEATHL e AT 75 25 LA A R B e s B,
K18 {7 i Bk gl BERE i & AN BT E 5 AR S . X
L S A Y T A RO R v L e B R € AT L
N TERE S HN PRI ARDC G o oAb, A A B4
R 5 B 7 R AT BE 3 ke Y T AT LA N Y
=k,

. B RIS
- MEMSHiA § 3 PR
. ScMEA & &% . ﬁ%gﬁm
- 3D4TE P
fegty /. ."%z%i:@%\ B
T ) AR | L)

K18 R AT HLAS A iR AR

Fig.18 Key technologies of micro crawling robots
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