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Abstract
unmanned underwater-aerial cross-domain vehicle has become a hot research topic nowadays. In this paper, several

As a kind of vehicle capable of simultaneously accomplishing underwater and aerial operations, the

research results on underwater-aerial cross-domain vehicle are briefly introduced, and an introduction to prototypes
of different design ideas is given. This type of vehicle has broad application prospects on scientific investigation or
military, but its development process is also full of difficulties and challenges. The current technology is still unable
to complete the prototype for actual operation tasks. Therefore, the various difficulties that may be encountered in the
development of the cross-domain vehicle have been introduced.

Key words underwater-aerial cross-domain sailing; unmanned underwater-aerial drone; cross-domain vehicle;
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Fig. 1 “Flying Fish” bionic underwater-aerial vehicle
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Fig. 2 Physical image of AquaMAV
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Fig.3 ICL’s new vehicle
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Fig. 4 “Naviator” underwater-aerial vehicle
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Fig. 5 “EagleRay” sailing above and below water
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Fig. 6 The moment of “EagleRay” flying out of water
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Fig. 8 Gannet-like underwater-aerial vehicle

2011 4%, B RAERH T 2 RO A AT
AL, WFEN B LA S AME #EAT T 8 IF
0T AR R 05 FLTT R, TR X G S AS M R R AT T
Bt 500 seAh, Ho— B UAT &R R TR
AT, (IR HLR REZEAT R
AL, @it 2 REEPLIBFRRARR TR T
I3 NI T R A R B Nt R M A E D)
FHELRHI,

2 BEBARMITHEOKREKNA
21 RAFE
T 25 B A WTALAT A% AT 0 T 7K AR 2 55 W i
JEMR T, TEMGEEE | KPR HE Rk 4
2P E LN . SRR B I k2R 2 T
M2 e il 200 AK H B &2 9 K s T
AEJT, LLER—Shli K 28 v R e i s, A
I, ATAE— DK SRR A | I s B SO S HS
7K, I 2 PR RS BT — B AR KIS RS R AR (S
B, DT AT AR 35 Jt Bsf (] PR K AR [ o7 8 ) 7K B U
PRALZA I, X R ORI TAER U — ek k5
YA M By GRS

B9 AquaMAV T % F 7k 3 54 U £ ho i 18
Fig.9 Assumption of AquaMAYV used for data collection
in confined spaces

22 EAFE
2.2.1 HIRKE

T 25 WA B TC A MUA T 2% 1 0 6 i b i
Wk RS EE RHH, x
FEAT 2 A 5 32 AN P B 1 25 1 o 8 LAY



- 182 - FHEEGKT LS %3 %

KO ETFBe CHUKEAE . 6. W5 ) T
HAs i, fEEAE S 7R BUR KB sl
KFTAMATE CEFEK T WYL A FKTHL
N RAERMEL, (Bh FHEEE, L2
Bt H BRI BT A K, R R TR T
A R 2K SCIR A A 55 o WS s A B 7 as At 2
I ST 2 R A R B DX 3 U v M, T ARG
i R B N K SR A i X, R, AT
AT KT . RHL. WSS A, S
PG BRI, 58 A K IFFF @R HAT /K R
WK SCIHAAT 5o [FIAE, AT st vl DIAE A
KA BRI ESF -, X B AR ST B
WEIAE 55, B A K T B bR B nT Rl A K
SERES R L A R g AT 55 1O
222 HFHAER

Bl H AR, WS B A B AU AT A% AT
MR SAS . SRR O m & &, filan: 1) Al K
TR A 25 () s A R T 2R S AT e, TR 280K
T B IR U B B AE KRR . 7R B AR
JE IR VAR XU, WS AT 2% dat BA AT 4% 41 vk 28
PCEARE . 55 1 #R S| B ARARAER 25 K T,
Je BEHE YO A B B H AR St A . 2 ) DA
AT Bl B PR ARAE , B A A X LA ] B % R
KT EE B R, DO AT DARE R HE Ik L AR K
A T A T, RO B A AT 32 T A S BA XS
H B A0 ) o ¥k B
223 iBiEPak

T 25 B A S A LAT #5316 0] LUAE R L 3
Hby L K TR AE 55K R T S BA RSB A T k. T
AE SN RGEGHMERE R, RS &R, Mg
S BLALAT 2% P AR R Vs i 5 A0 B ) AE il
XV ZE AT A5 A5 R A AT LB R I %, JF
H Bhe B R EGH i, fEAUITA K TR C
WA ST A M, G B S K IR R B
XA AT LA KRG I3 PR i O S A0 P ) 3 {3 M B, [
FE A B B AR AE B 20T 20 W g 5 A0 S el a7 A5 1 2
LR, IO, v 2 A0 A AT A% 4 il A B
TEAN R X Ay, FETS 8 I () 33042 21 4 4 B K
IFR B —E CATR B, TERCRIEF N B H”

Ean i o L 2 N TR0 5 7S [ A7V A DR Wiy S

3
3 BEENRMITHRARAES

BB BT R R B T kAT SR AUK TR
AUAT A BUREAE , 10X P A BT B AR 2 )
ZAb BRI T — S AT A
3.1 ATREEES EE

HI TR N R EREE I 10 m, MiAT &%l 2 20K
22y 1 ADARARBETT, WK AT E R 1K
ZOKIE, AR AAEM—E AL, LY
AR W T3 . B AFE BT 1 AR, X
RAREIMAATAF B E A . K AT A% R E A
REA G ATy, B2 HOK Tt
TAEK A EAFRIALATIERE, ZEORHLARZ 21977
JIEARLAE T Sy o BR T B2 LA R KRR
MR AR AN, TETE EAEHUAT 4 L 39 i
FITE TR R Sy 3 0 DR O o B A
FRPEZOR, R T RAT AR U AR I 1T A
WEER. 550, BB BT KT =
SR - R EEAE R R RER, WEORBCA SN
RETR A, I8 B2 U A K Y 2R A0 E SR AT &%
F S50 S 2 B0 R it s SR R K AL
fy, XLEHS o S EMATARE R . B e
A T LAT 2 BT e R ES A Bl AT 4%, AR
HELL 2 AT AR BUL Y 20K o B — DM Y
AR 31 % b 1 A T B A R AL B i O i 4
fro —LER/ NI HLILAE TR M TR AR A, %
JE BB A BT A% 75 ZEARK AT, DRI AR b
B A% . PLER T 2 Al GE R RE IS 75 oK
B Btk s HE A, A g T L2 R T ik £ 4 25 bR
il VE— AP B PLE
3.2 frATEE kB

H KR TR S 5 A O AT A — 1 O B AR HfE
Ao AT A KR PR A X — i BRI AR R R
BB, A A i RUTR S AT e A B2
DA K 7K 5 A DR AT A48 B0 428 285 T o S A R i A i
P ) UM A ST AL XA TR K e
AR TS, P22 8 i TR AN AR ]



%34 IAE=, F

BEHBENTERAIATREL IR E B2 - 183 -

A 20 E BT R24 1 AquaMAV 3l i it /7%
] Je K i 7 =K, HE T BB A5 1 29 H K G AR 1
RERIHFE, XA XMW ERE I, TR K
AR B AR ML R A R R AT K s AR 2
SRl 2 R R F) ( Teledyne ) 28 BT Y 5547 Ji
FUTAT 5% U] 2 7 B 1 3 e MR e 2 A A A T
A=y T T WL e S A e S B X (A
P KR AT 25 25 285 110 8 R 46 ) 8

3.3 ARITERAIKIEE A&

ATKFE FIRE 2 0 2 AT e i i ad B rh i 22
KR A . 8T K b CHLAG K T R T
ShA R B EORIEAK, (AL T B, A AK
T RERERHS , ANl G — X A KA BB R AR
PR AT S5 . 3 — R AK T RS ISR A
KA EEE, ILEAERKRMA, BHmEAK,
I SO B 25 4 i S SR AR R, HE A o R
BHARRE, JF I 5 18 B 8 AJKJE R Y25k . —
S| ) X i 5 55 s o A ORI Y S 28 AT T
AWESE, R T A RENLIEAT I . S TN
ATKFET A R AL S5 R 3, AT a8 D3 AR
Al BE R R, (HRX SRR AT E .
AN, ATKEE R R AT G AR B, /ML B 4%
EATIY R
3.4 BEEXRE

REEOR IR R G M8 — K ¥ T2
it FH PRI A AR 25 S HEIE 2%, 1K R IR BE AN fig
PEALZ A, AR ML AT 2% B A AL
HRrRAEME R K, Wik, ey —m%Ed s,
RE R — M2 Mo FH R 3t o SRy il 22 WK K K
FIEER, BR T I FHANA T ZG INRE IR #5411, 1M
FHB) AR RE 9% B T o0 A PR, i R R
St AN B AR BT R B R E X R AT AR
R RZ R o — S35 78 e ) T kT RE XTI 2 15 A
FTAAT # B A 7 A RS B, 38 A 0 R %
A58 v T Lt T RS R B AU T A R EE A, 61 G0/
Al ) R LT | VK R SRR L, RRBR
5 B0 T R T 48 R A AR A Tl o R g S — K
PEHL b

3.5 BRIt

WA o AMUAT d e AR B e T AT A
PIMERE . BRI S B I 25 00K, KT
HEASFNZS ol A — e w) LI, X AR U,
WER RS2 B A B A T4 M I e 25 2 B4R, e
K T EE 2 P ATER A 1A TAERHESES
X BRI —FPBE REFE 25 < RETE
KA e AR R AT IR R ), JE R 2
KR FEE S PFHA ] ((Teledyne ) FFseiTBIRLAT
A (o FH ] — A M 25 58 WK R Fn s ikt | SR H:
SRR T A th R As . HOETE KT AR KR
Hu BRI T2, AT LA R AE 1K AT R
YERYZ P

B INBIMLAT oy — M A MLAE S a4 30
W, BALER/N . PR A S AR E
JEREE— RIS . TEAUTE RT3 KEM A7
KT A BRLSE Sl A1 L AL B fin 22 3%
AR, BPLEE AR R, ORI R
i FL LA AR AR RE S TR Y e (R, B X AP E O
H Yt 1) o B LU RE S AR, B R AR, &L
WA, W AT a5 — BAE#E T,
B I AR KRR TN 5 o SR, R
BT HESEHORR R AR, AR R A JEK
PR RO RME FERG I T AN B A9HERE, H
F A 1 i B ™ o g T8 s e AR T 4 o

4 LERIE

Li ERTIE WA B AT AR A A )T R
JSE PRI 5L W 11, HAT B A 82 T S LA AE
MFAHMTE o BN R FERDR R, TR Z 1)
DT RAEBIE R H, — SRR A T B
BL, AUDEBESE UK TALET . K 2 it A
AKX —EES, B AT A5 BE NS F5 448 T 52 LS PR
HE55 o W23 B A JBONTA T AT 50 2o o v gk e g Y
AIRZ, (BBEEBORBE AR RIS . BTIE™E,
MERIARLAF 20 T T A%, 82 FUA T A S P i P U
[ 14 [ A



- 184 -

BFHEAEHRKT A %3 %

£ % 3Lk

(1]

(2]

W2eHs, g, 300y, AF ORI B K
FIeRF s BUIR[T]. P& A, 2018, 40 (1): 102-114.
LOCK R J, VAIDYANATHAN R, BURGESS S C.
Impact of marine locomotion constraints on a bioinspired
aerial-aquatic ~ wing experimental  performance
verification[J]. Journal of Mechanisms and Robotics,
2014, 6 (1): 1-10.

GAO A, TECHET A H. Design considerations for a
robotic flying fish[C]// Oceans. US: IEEE, 2011.
SIDDALL R, KOVAC M. Launching the AquaMAV :
bioinspired design  for aerial-aquatic  robotic
platforms[J]. Bioinspiration & Biomimetics, 2014, 9
(3):

SIDDALL R, KOVAC M. Fast aquatic escape with a

1-15.

jet  thruster[J]. IEEE/ASME  Transactions on
Mechatronics, 2017, 22 (1): 217-226.

SIDDALL R, ORTEGA A, Kovac M. Wind and
water tunnel testing of a morphing aquatic micro air
vehicle[J]. Interface Focus, 2017, 7( 1 ): 20160085.
ZUFFEREY R, ANCEL A O, FARINHA A, et al.
Consecutive aquatic jump-gliding with water-reactive
fuel[J]. Science Robotics, 2019, 4 (34 ): eaax7330.
WEISLER W, STEWART W, Anderson M B, et al.
Testing and characterization of a fixed wing
cross-domain unmanned vehicle operating in aerial and
underwater environments[J]. IEEE Journal of Oceanic
Engineering, 2018, 43 (4): 969-982.

WILLIAM S, WARREN W, MARC M L, et al. Design

and demonstration of a seabird-inspired fixed-wing

[10]

[11]

[12]

[16]

[17]

hybrid UAV-UUV system[J]. Bioinspiration &
Biomimetics, 2018, 13 (5): 056013

YAO G, LIANG J, WANG T, et al. Submersible
unmanned flying boat: design and experiment[C]//
IEEE International Conference on Robotics &
Biomimetics. US: IEEE, 2015.

YANG X , WANG T, LIANG J, et al. Submersible
unmanned aerial vehicle concept design study[C]//
2013 Aviation Technology, Integration, and Operations
Conference. Reston: AIAA, 2013.

YANG X, LIANGJ, WANG T, et al. Computational
simulation of a submersible unmanned aerial vehicle
impacting with water[C]// 2013 IEEE International
Conference on Robotics and Biomimetics ( ROBIO ) .
US: IEEE, 2013.

XUAR. WK CHLEAR BT 5 TS AME S5 B i
[D]. M5 : MEM=KY, 2012.

KRI. KEWHTAN S N RGBS 0H5E[D]. #
B BAME RS, 2012,

LWL D5 RPN A BOB S R AT A8 K S A R i
HCY FR BIH KR —HA MR 2E
FERERIACE . EE Jeat: PRI %2, 2014,
W, IR, FEEE. KB BT # KR oK
FHORBEHOR)). BT ARPIARR,
2019, 20 (3): 8-13.

HU J H, XU B W, FENG J F, et al. Research on
water-exit and take-off process for morphing unmanned
aerial China  Ocean

submersible vehicle[J].

Engineering, 2017, 31 (2): 202-209.

(RE®RE: 5



