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Rotary wing based shape shifting drone (2|712! 7 |2t S3ARHSIE=Z), Fixed wing based shape shifting drone (172! 7 [0 SHMHSCZR)

0

Biomimetic based shape shifting drone  (AUX|2E} 7|2t SARHSIER

This paper deals with the current technology status and technology development direction on shape shifting drone. A shape
shifting drone is defined as a drone for which its shape and/or function of its platform in flight can be changed by shape
shifting technology in order to fulfill a variety of missions effectively in harsh mission environment. A shape shifting drone
can be classified as a rotary-wing based, a fixed-wing based, or a biomimetic based shape shifting drone. This work
describes technology trends of domestic and foreign countries. It identifies core technologies and development direction.
This work will be useful for planning research and development programs on required technology for the development of

shape shifting drone in the future.
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Fig. 1 Operational difficulty environments
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Fig. 2 The technical development trend of unmanned system
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Shape shifting drone

Rotary wing based Fixed wing based Biomimetic based
shape shifting drone shape shifting drone shape shifting drone

Pegasus Il
(Robotic Research, USA, 2020) [11] (DARPA/L.M., USA, 2019) [12]

Transformer TX/ARES Raptor
(EPFL, Swiss, 2020) [13]

Fig. 5 The classification and examples [11-13] of shape shifting drone
(Adapted from Ref. 11-13 on the basis of OA)
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(b) Example [31] of the flight principle of the fixed wing based shape shifting drone

Fig. 6 The difference of flight principle between rotary wing based shape
shifting drone and fixed wing based shape shifting drone
[15,31] (Adapted from Ref. 15, 31 on the basis of OA)
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Table 2 The number of foreign country's research cases on shape shifting drone

Rotary wing based shape shifting Fixed wing based shape Biomimetic based
drone shifting drone shape shifting drone
No. Country Total
Self-shape Seperation Self-shape Seperation Self-shape
shifting /combining shifting /combining shifting

1 USA 6 2 5 1 1 15
2 Switzerland 3 - 2 - 2 7
3 Japan 3 - - - - 3
4 Germany - - 1 - 3
5 UK - - 1 - 2 3
6 France 1 - 1 - - 2
7 Israel 1 - - - - 1
8 India 1 - - - - 1
9 Norway 1 1 - - - 2
10 Italia - 1 - - - 1
11 Brazil - 1 - - - 1
12 Singapore - - 1 - - 1
13 Spain - - 1 - - 1
14 Australia - - - 1 - 1
15 China 1 1 - - 1 3

Total 17 6 12 2 8 45
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Table 3 The research situation of USA on rotary wing based shape shifting drone (Adapted from Ref. 8, 11, 14, 19, 20, 21, 26, 49, 50 on the
basis of OA)

Type Items Appearance Research institute (Year)
Reconfigurable drone ' UC. berkeley (2022)
[14]
Shape morphing drone QQ Virginia Tech. (2022)

LS
Pegasus-I1
(11]

Robotic research Co. (2020)

Self-shape Morphing quadrotor . .
shifting [49] Univ. of Washington (2018)
Rotary wing . . S P
based shape Small hybrld ground-air < . ‘% Univ. of Minnesota (2017)
s vehicle [19] - -
shifting drone
- Shape memory plastic development
[50] for shape shifting drone (article) Army research lab. (2020)
M4 it i
! |
5 Caltech (2023
201 m d o
Shape-shifter NASA (2019)
(21]
Separation/
combining Megard
ega-drone
[26] Amazon Co. (2016)

Table 4 The research situations of USA on fixed wing based shape shifting drone and biomimetic based shape shifting drone (Adapted from
Ref. 12, 29, 31, 32, 33, 43 on the basis of OA)

Type Items Appearance Research institute (Year)
GL-10 NASA
[31] (2014)
Transformer TX * DARPA
ARES) [12 2019
Self-shape ( Y2l B ot (2019)
Fixed shifting 3
wing based shape Transwing [32] 4 e PteroDynamics co. (2019)
shifting drone
% Minnesota Univ.
MIST-UAV [33] \%j‘\‘/ 2019)
Separation/ UAV and quarcopter % wl, Florida Tech.
combining [29] K @ (2021)
.
Biomimetic wing based Self-shape BatBot il T UIuC
shape shifting drone shifting [43] N (2017)
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Table 5 The research situation of Switzerland on shape shifting drone (Adapted from Ref. 13, 15, 34, 35, 41, 51, 52 on the basis of OA)

Type Items

Appearance Research institute (Year)

Foldable drone [15]

Univ. of Zurich (2018)

Rotary wing based Self-shape Omni-orientational hexacopter . . .
shape shifting drone shifting [51] Voliro Co./Univ. of Zurich (2018)
New inspection drone
[52] EPFL/Elythor (2023)
, Tiltwing UAV Univ. of Zurich (2019)
Fixed [34]
. Self-shape e soake 4
wing based shape e
shifting drone shifting Paceflver S100
aceflyer T . .
535] A L Univ. of Zurich (2016)
o Rapter EPFL (2020)
Biomimetic wing [13]
Self-shape
based shape i
o shifting ) =~
shifting drone A perching robot of a4 EPFL (2023)

griffin project [41]

Table 6 The research situation of Japan on shape shifting drone (Adapted from Ref. 16, 17, 22 on the basis of OA)

Type Items

Appearance Research institute (Year)

Transform able multirotor

[16]

Univ. of Tokyo (2017)

Rotary wing based Self-shape Dragon 2 - L .
shape shifting drone shifting [17] Univ. of Tokyo (2018)
SPIDAR | l
[22] % Univ. of Tokyo (2023)
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Table 7 The research situation of Germany on shape shifting drone (Adapted from Ref. 44, 45, 53 on the basis of OA)

Type Items Appearance Research institute (Year)
Fixed wing based shape Self-shape Pheonix-2 eVTOL P = : -
shifting drone shifting [53] R 5 : Lilium Gmbh. (2022)

Blcnwfﬂl]ngFOX gy, [ Festo Co., (2018)
Biomimetic wing based Self-shape o
shape shifting drone shifting " Te———

BionicSwift S i
Festo Co., (2020

Table 8 The research situation of UK on shape shifting drone (Adapted from Ref. 42, 46, 54 on the basis of OA)

Type Items Appearance Research institute (Year)
Fixed wing based shape Self-shape Morphing UAV .
shifting drone shifting [54] Southampton Univ. (2018)
SNAG ; Stanford Univ. (2021)
T [42] S e
Biomimetic wing based Self-shape :
shape shifting drone shifting
Aqu[zl\gﬁAV Jx \ Imperial College London (2016)

Table 9 The research situation of France on shape shifting drone (Adapted from Ref. 18, 36 on the basis of OA)

Type Items Appearance Research institute (Year)
Rotary wing based shape Self-shape Morphing Quadcopter 5 ‘h;f Aix Marseille Univ.
shifting drone shifting [18] 5 S (France, 2018)
Fixed wing based shape Self-shape - L - Airbus Co.
shifting drone shifting A3 Vahana [36] - (2018)
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Table 10 The research situation of Norway on shape shifting drone (Adapted from Ref. 27, 55 on the basis of OA)

Type Items Appearance Research institute (Year)
o Morphy Norwegian Univ. of science and
) Self-shape shifting [55] “ technology (Norway, 2024)
Rotary wing based
shape shifting drone Megsk
Separation/combining eg[;(])pter Univ. of Oslo (Norway, 2015)

Table 11 The research situation of China on shape shifting drone (Adapted from Ref. 25, 47, 56 on the basis of OA)

Type Items Appearance Research institute (Year)
Self-shape shifting e 'ﬂé’;‘]gﬁs}‘ e e Tongji University (China, 2023)
Rotary wing based o e
shape shifting drone . )
Separation/combining Air sepa[r;lt61]on drone .- Nanjing Univ. (China, 2024)
Biomimetic wing based o Xiaosun 1 Northwestern Polytechnical Univ.,
shape shifting drone Self-shape shifting [47] i - (China, 2024)

Table 12 The research situation of the other foreign countries shape shifting drone (Adapted from Ref. 23, 24, 28, 37, 57, 58, 59 on the basis of OA)

Type Ttems Appearance Research institute (Year)
The Ben Gurion Univ. of the Negev
FSTAR [23] (Israel, 2019)
Self-shape
shifting
Elasticopter [24] 1IIT-Hyderabad (India,2021)
Rotary wing based
shape shifting drone P N
°p'[‘;p7] ext Airbus &Audi Co. (Italia, 2018)
Separation/
combining
]?21;? Univ. of Sao Paulo (Brazil, 2020)
U-lion National Univ. of Singapore
[37] (Singapore, 2017)
Self-shape
shifting
Fixed wing based HADA .
<hape shifting drone (58] i*/_ INTA (Spain, 2012)
Separation/ Aerial refueling Lk Univ. of Sydney (Australia, 2006)
combining [59]
‘_L v
H[3 Al BH] S5 Ao QP A o= Hjge 5 Qs B8 A RS Sl FHA F aF dct] 5 w2 ol
71ES JNLSATHSS]. =S, 201590 =290] 252 ois) 7Fsgt TI-FlyingFishs 7i'ds}3 0w [25], 20249 F= ' ofet
WE 7|2AT pEoAN bl AP EES AR A5k oAA o719 ERoR 35 7t 7T TSR EE VlEs
342558 MegakopterS 7RrslicH27]. Aurslerise]. AA w719 FAEg =2l A9 20244

%
0] BANFEEA ATAE Table o] UeriRler. 5 ARFANSNPURIA v 5 GAS gon ujag 4
s)10] 75k BAMFERO] 49 20230l S BAYskEolN] Q= Xiaosun & ASHATH47].
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Table 13 The number of domestic research cases on shape shifting drone

Rotary wing based shape shifting drone

Fixed wing based shape shifting drone

Biomimetic wing based shape

shifting drone Total
Self-shape shifting  Separation/ combining  Self-shape shifting  Separation/ combining Self-shape shifting
1 - 4 1 1 7
G3) G3) 4) 3) (1) (14)

71 =] FFHFEE B A5 Alels Table 129 et = 2] 70 FAHFEE A AR S AR T 7
Wt 20199 0f| o]~ the Ben Guriont|atofl = A @4 = o 71s7iEd AR 20199 A= dishao A thg e 424
HES T3l 35 HI- ATl 7T FSTARES 7isioitt oj2l=7] W JNEATE FHsIATH66). 20125 =g
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ol 43 E2S Al PSR 45RAME S22 DRAS 98 Folvlel 84 wEe) AW Relakd v 8% el
ZNskATH28]. 20179 AJ7EE dishe: Y Ee T3l 4 @ IS8 ol e A U ANE A R SHATH6T]. 20229‘ s
o|2t5o] 7Fsdt HUAE (Tail-sitter)d =241 U-Liong 72 =7 eee vd & mAld A s 3E5uE AT ¥
S TH37]. 2012 AH|Ql INTA(Spanish National Institute of =8 9 Q43 AR IH A7LE 53519 68].

Aerospace Technology)y= H2|FE]F O 2 HHTlo] 4=2]o]2F0|
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20060 57 A=Y Hetel] B F48 A8 olgatod
nge) BE 7 3% 38 2 35 22T vEAAEe A
SHATHS9].

3.2 I 7170 Al

FAHEEE 7 AR B =S Zlsd Al 7
Ao, 531 W fAPE /A 23t Al & 14719 A&
AR =W At 2ARE 9 Ve ARle 42
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Table 14 The domestic research situation on shape shifting drone (Adapted from Ref. 30, 38, 39, 40, 48, 60, 61, 62, 63, 64, 65, 66, 67, 68 on
the basis of OA)

Type Items Appearance Research institute (Year)
Life-saving drone with variable structure [60] &é& J Sangmyung Univ.
4 (2021)
Self-shape . N
shifting Propeller allocation reconfigurable drone [61] Q0 KARI (2015)

Payload with variable stiffiiess mechanism Seoul National Univ.

applied drone [62] (2018)
Rotary wing based
shape shifting drone
Aerial manipulation drone using multiple Seoul National Univ.
drone [63] (2017)
Separation/ A drone with connector for combining with Chungnam National
combining mobile robot [64] Univ. (2018)
Mother-child drone using magnetic force [65] = Uconsystem Co., Ltd,
(2016)
Unmanned Vehlcle for air/ground/water Konkuk Univ. (2019)
environment [66]
QTP-UAV [38] KARI (2018)
Self-shape
shifting
Tiltduct UAV (TD-40/TD-20) [39] KARI (2017)
Fixed wing based Tiltduct UAV (TD-100/TD-60) [40] W KARI (2012)
shape shifting drone
[FRSSS—
Aerial separation/combining of mother and V4 X L , Nd,_‘& Korea Aerospace Univ.
child UAV [30] G (2022)
Separ;.m.o v/ Docking-undocking of unmanned vehicle [67] _, - ] KARI (2023)
combining L ‘&
Aerial separation mechanism [68] KAIST (2022)

Biomimetic wing based  Self-shape

shape shifting drone shifting The wing for beetle mimicking MAV [48]

Konkuk Univ. (2019)

2
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Table 15 The comparison of foreign country research level and domestic research level

Type Foreign country Domestic
) Self-shape shifting Applied research level Basic research level
Rotary wing based shape Most basi -
shiftine drone . .. ost basic research leve .
g Separation/combining (partially applied research level) Basic research level
) ) Self-shape shiftin Most applied research level Most applied research level
Fixed wing based shape P & (partially test development level) (partially basic research level)
shifting drone

Separation/ combining

Basic research level

Basic research level

Biomimetic wing based Self-shape shifting

Most applied research level
(partially test development level)

Basic research level

shape shifting drone - —
Separation/ combining

N/A N/A

Table 16 Core technologies for three kinds of shape shifting drone (Adapted from Ref. 6 on the basis of OA)

System Core technology Core element technology Core element technology Applied
(level 1)[6] (level 2) (level 3) drone
1. ovability transform technolo ,
(TL.1.1) Movability i hnology R,F
(TL1.2) Airframe transform technology R, F
(TLI) Structure transform (T1.1.3) Thrust vector transform technology R,F
technology (T1.1.4) Wing/feather mimicked structure/driving B
technology
(T1) Shape shifting (TLL5) Lifting force generating flapping technology B
platform technology - —
(T1.2.1) Safe separation/combining technology R, F
(T1.2.2) Multiagent integrated operation technology R,F
(T1.2) Separation/combining - - .
technology (T1.2.3) Multiagent integrated interface technology R, F
(T1.2.4) Light weight structure technology B
(T1.2.5) Graspable leg technology B
) (T2.1.1) Shape shifting dynamic characteristic
(T2.1? Reconﬁguratlon/ technology R,E B
transition state control — —
(T2) Multiple shape technology (T2.1.2) Shape shifting posture stabilization R.F.B
Shape shifting control technology technology
drone (T2.2) Control redistribution ~ (T2.2.1) Real time control distribution technology R, F,B
technology (T2.2.2) Shape modeling and identification technology R, F,B
(T3.1.1) Multidomain optimal operation technology R, F,B
(T3.1) Multll(]ilcin;am operation (T3.1.2) Energy optimal operation technology R, E B
(T3) Mission operation technology . .
(T3.1.3) Mission performance extension technology R
technology
(T3.2) Mission planning (T3.2.1) Autonomous mission unit operation technology R, E B
technology (T3.2.2) Shape shifting operation planning technology =~ R, F, B
(T4.1.1) shape shifting recognition technology R, E B
(T4.1) Sensor technology (T4.1.2) Separation/combining sensor technology R, F
(T4.1.3) Mission environment recognition technology R, E B
(T4) Sensor/actuator (T4.2.1) Transformed shape actuating technology R, F
technology (T4.2.2) Separation/combining actuator technology R, F
(T4.2) Actuator —
technology (T4.2.3) Biomimetic actuator technology B
(T4.2.3) High degree of freedom distributed actuator R B

technology

(Note) R: rotary wing based shape shifting drone, F: fixed wing based shape shifting drone, B: Biomimetic shape shifting drone
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Table 17 Domestic technology level relatively compared with the foreign country with the world best technology [5,6] (Adapted from Ref. 5, 6

on the basis of OA)

Rotary wing base shape Fixed wing based shape

Biomimetic shape

shifting drone shifting drone shifting drone Average
Domestic technology level [%] 66.6 67.7 64.4 66.2
Technological gap (year) 35 33 3.7 35
Reference country (with the world best technology) USA USA USA, Germany USA
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