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Abstract Highly explosive jumping is one of the survival keys to the organism evolution over the course
of billions of years. This movement helps organisms to achieve flexible movement functions under vari-
ous unstructured conditions. Through an in-depth understanding of biological jumping mechanism, the
small-scale jumping robot has made great progress in function and performance. Taking the four stages
of biological jumping movement (preparation for take-off, take-off, flight and landing) as the main line,
this paper reviews the behavioral principle of organisms, introduces the dynamic characteristics and tech-
nology of the corresponding small-scale jumping robots, summarizes the challenges of existing research,

and finally discusses the future development and potential of jumping robots.
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Fig.1 The four phases of a jumping motion
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Fig.2 Biological behavior and mechanisms during takeoff. a. Click

beetle uses skeleton as contact latch to store energyl!618];

b. The Mediterranean fruit-fly larvas use mouth hooks as latches
to lock body shapel3'+32); ¢, Fleas use geometric latch (torque
reversal mechanism) to store mechanical energy!!0-11:33]

d. Frogs use series elastic elements to increase jumping power [22:23]
e. Spiders jumping driven by hydraulic force [37:39]
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Fig.3 Biological behavior and mechanisms during flight.
a. Flea bettles adjust aerial posture with wingst*!J;
b. Whiteflies prevent somersaults with wings!*31; c. Springtail
adjust airborne states with collophore and "U" shape body2!]
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Fig.4 Biological behavior and mechanisms during flight. a.Frogs
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Fig.5 Biological behavior and mechanisms during preparation of takeoff.
a. Isusia ensuring the synchronization of both legs in jumping with
geared limbst°%), b, Cockroaches turning over by abdomen,
elytra and legs [°1+92); ¢, Springtail switches between jump and
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5 12 4]

SV WSS BN I B BRALAS N < 0 A B L B O vk S IR gl HoR 11

T B BR AR 8 1) T S 7 e 25 R R PR R A [
ST B R A2 Bl ok ST T 2 K AR Y R
5 5 B 1 P kKR 5 0 S [ 4 34 T L sE
T A B K BRI A 00 46 A B R FH A Y S K L S
BBk Lk a AR BT an &l 5 (e AL 5
(e2) s,

2 BEERALER AT EERBN T E

M N AEARTF AR L 255 X BE R A 4 fE
1At L T 25 ) B T 5 . Bk ST 1T 06 20 T Bk R
BLES AR BIE 520 L 45 28 07 2k Bk BRBIL 4% A AS 197 3 21
I3 W B A e

2.1 BRERALERAfEBELS M EREERE

LT A i SR FH 0 SR AR L A 2 UL
TRV S5t e T 1 BRBR ML A% N 2 R F N i 3% oT
1 AL G IR T 5 3 A 3R R R IC A A 4 TR AR LR
o M AF AN () 28 RN I M ST 1 B S [ 1 A
AE 2 B RN AR TR0 2 LR o5 B4 52 i L 2% N 1Y Bk BR
fie 1 iz she L.

Lambrecht %8 N3 i1 T — Fi {7 15 15 %6 R =X HL
fr N0 Z ML AR N R 25 16 145 50 T % B A 82 e
5L 1T S 300 A 9 2 U A 4 O ARk 3 2
Vi AL, AT DU AT Bk B AL A BE SR R T B
L HESIALES A AR ] A B R Y TR 4R
DL L o R ST IR TCA 7 R /N A R A 1) 225 B, 4 ]
6 Ca) T 7. HH T 42 B L k42 B 11 =, O o 4 56 %)
190 52, It Bk R fig )y ik 2] 18 JEK, anf&l 6 (b)
JTR.

[% 6 Mini-Whegs #L % A 5859
Fig.6 Robot Mini-Whegs! 8-

Yamada 55 A\ H T 20 88 9 1 R I I 5 4
17 T JE R R R B T — R B ERALAS AL E SN
P B SR R AR 7 () BT R E LR
R I ZE 52 114 i it 0k 47 fif BE I AT 78 2K S e % F
PLAY A 3l 52 BLRE Al 2 B, R T UA] A 20 e L

SEI I  J h E — BYJE ahA RE  RE RT DR
Xof B AT B A SR BIL S B = B e S — B e il A g
R 35 B — s Bk R 5 1) ek AR i R R RE T2 R
) oA L 45 A T R, 5% 1) D bR R HE TR i Ay R AR Ak
XoF o TR kA TR /NP R TR S T 1 5 ) SR AR T
AR AE 7 () FrR .z ALES AN FE S HLDR 3 T Bk
BR 20 JE K &5 .70 JEOKIZE.

a b
active rotational joint maximum torque shape

elastic strip initial shape

elastic strip

snap-through
buckling shape

Tange .
limitation

passive rotational joint

7 A g g G LR A L6061
Fig.7 A jumping robot based on the closed elastica

final shape

[60.61]

Jung %5 A H2 Y —Fh 47 1P o € B 45 & i PL s A
JumpRoACH", 4 [#] 8 Ca) FT 75 38 1 Xif £& i 55 1
I3 1 414 Bl A A RE O 14 0 0 B e bk 3l 7 4
FIMUAE | fe AR JBE 19 R HBIL A £ 28 A o DT
T HAHRERE = . W 8 (b) Fr 7. AL #% A i fi ML 4
a7 2 AR R AT B R AR R B ik 8RR AL
), RE A kS 31 1 1 B 20 3% /N B L BR B 22 A
AL NG A T BRI AT W Rz s X, B A 5
A% (1% 5 A2 Bk BR AR . e DU R, JE R AT 4 i LAY
A RLSEER 2,75 KA Bk BR L 1 45 A T84T A B A 5 A
W53 2Z 5 R E I — % ATh SR B S 1.5 K e Bk
B, B e ek R AN ] 8 (o) TR

Torsional spring oof

Loadin

Fully Loaded State Displacement

B8 JumpRoACH BEERHLAE AL62)
Fig.8 Robot JumpRoACH!?]

TEMCHER T, Hawks 55 A 22 14 22 A2k o
A G T7 AR E TN E T ROR AR A
Bl R IR AAETT AT 0 4858 58 17 e 05 LA e KA
Ty AT SRR RE R INE, AP 9 () BT AR 95 LR
S — R O R LR B B AR N M e R B R
L R o PRI DL SR e SR 0 Sy i i R AR S 64 4 R, T L
AR B2 338 M 8 K 85 132 5 15 By Ashiby M5 X 44K



42 8 %

5 OB Mo¥ M

2023 4R 21 &

PEFTOUA B4 3 2 24 52 5 B A FLIEE 2 5 4 ol
RETCAT B & fdi 5 30.4 s ALAF AL 9(b) ]5E
BT 32.9 oK iy BR w5 B2 L X 2 F T AR R BL AR

N2t % B BR ey

®

— 1,922 Tkg™ b
— 1,638 Tk
—1313Tkg" ] '
Hybird tension—/~ "

compression

Tension— <>
linkage
Compression— dj
bow

0.2

[ o

Specific force (KN kg™)

o
o

0.1
Comperession(m)

B9 H BRI pLAR L
Fig.9 The highest jumping robot so far[2*!

W 1A BE /NI IE O X B Y 22 5 L AN [R] Y fid
RETC A 78 Bk iRz 3l rh gl ) e R 5 2% AN ]
T g S G 0 R AR T AT i i 1 AR L e 1
SCA G WP i A A4 O 2B O 52 2 ke ki R /Y 3l )
A3 HT SR T IO AL g R k3 A i B TR
Xof T E L ST Bl g 2 A A i T i Y Bk BR MLk N (T
Mo )5 T 37 R B ) — B B A P S 0 R I IR
RESR AL T B R vy 52 5 % T 3 2 R R BR ML 2% A e T
KBBR8, 07 1) S 2 o ool b I 1) 2 5 Bk
B R A B ) A AR A Sy G

22 BRENBARYRENEREDHSER

TEARSE 5V i e AT BRER O AL A% A . AL
o ) BB i ) BT R L AN (] Y 25 4 A AL i) B
(A7 fith St T L O R T AR 1 Bl ) AR R AE (AR
A& 2 2l AE Y B ] s ) R 8 A5 B e g M AR
FHE B2 R I 1 SCT A 1 42 ik =X LA =X
B 3 A A A B Y e i A 2 B 4R
RGN AR Iz 3 AV BT CEL AR BE SR ) VR A5 vE
) %k 5 TT A R AT R 5 T 4 Aok =X B 4
ok E 45 A0 AL B R 2 /Y VR Ok BEL B M OT 1 iz
S 10 Ca) i 7 5 JLAAT X80 00 2 3 F LA
FRY g D3R O B A R A A O AT Sy ) 4
455 18 7 e 7R S5 1A P 0 T AR AL B AL £ L
R LR 10 () 1 Bk <& K P B 36 B e Bk 0 [
10Ce) ] 2R A 5 B AL 0 A B A XU 25 R A &R
eI 10(d) ],

Kovac % A& 7g” B BRERALZ8 AN W& 11
s s SR i R0 L S A A B TR ik BE AL AL L Bk
SR v JBE o s 8 TR AR R 590 O B T e, B9k BR T 1

5 8 TR ROF R R RS A O, — U E 52 1 ) T v
P B s R Az B — e BRI 29 5 Rk
I HLES T ABRBR B 5 S B 27 £, 35 3 1.4
K E 11 () fros s 854 3 v B 8 Bk IR =
hfEiR 3] 1K, aniE 11Co fw.

Initial shape

e

; Force

I

Snap-through

Flexor
Extensor

10 8 DAY B 5 R a1 Al 2 1) A R Al TR o0
b5 B 45 A W R D9 1 RIS BILBR K 25 45 4 05T
c. B T VR P3G HLJE R EE LA LSS s L il S LR S LA Lo 71
Fig.10 Common latch structures. a. Simplified model of contact
latch B%J; b, Variable mechanical advantage structure in frogs and
other organisms (915 ¢, Torque reversal mechanism in fleas [667;
d. Bistable mechanism and energy curve of buckling beam!67-7!]
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