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Abstract

In the past decade, origami structures and their applications have attracted widespread attention
from academia and industry, and profoundly impacted the field of industrial design. While the ex-
isting literature has provided a relatively comprehensive summary of the applications of origa-
mi structures in certain fields, still lacks systematic and comprehensive analysis. Using Web of
Science data as sample, the paper conducted a scientometrics review of origami structures and
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their applications using CiteSpace software. Through the general data analysis of the included li-
terature, the current research status is summarized from the perspectives of the number of pub-
lications, international research strength, disciplines, and journal distribution. Moreover, based
on the analysis of the current research, including co-citation network, clustering, and citation
burst, emerging trends in mechanical metamaterials, robotics, and origami-inspired design are
summarized. And specifically analyzes their impact and inspiration on industrial design from de-
sign methods, industrial products design, robots, and materials. The research results can provide
valuable reference for future research on origami structures and their applications in industrial
design.
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Prag— Ml ZMEARENR, W UAR SRR, stae e P dr Sl = 4esal. B - EL
BEAFT S T LSS R R, PralMESTF N Tl B A5 M Rt T A% % AR
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A LR B B 12U R T R R JE [ BN 2 RS 3 HT 4R A M TE L T T B S T AR
HEAEH . Rl R G R T 4045 i LN A AT R, EoR RN, SRR X A TE T
M BT AT R AT IR AT, SRS AT I 70 3 B AL SE VI AT, O M 1 AR R T )
JE N FITT BRI R R 42
2. MiRA=*

21. HIRIR

WHACR BT R 0 5. BHE TR RAE B3, RXREF AR S T 2 ST — T8
SR B O TR RE TR, T RRER IR, ShI ARG, IR R i T AT P T Dk
#[1]. CiteSpace /& — NS HRFA B2, BEE RIS SCARBATIZ A T AL 8L, B RS
T SRR E RN I 45 0 . R ARG, B AT O 2 B AT A R S R A 1 AR (2]
AW ITIE R T Drexel KWk 55 B i & 1) CiteSpace 5| 32 [ 14:(6.2.2.msi fiiA).

2.2. BUEKIR

WFIET 2007 £ 2023 FRFH “Hralssiy LN 7 MR . SR T 2023 4£ 3 A 22
H#£ Web of Science (WoS)# 0 &5 45 R HEAT o N 1 A8 BUIA 24 I0AS Z25 a], 5 BAR IR WA J7 THIAff 5 18 R SG
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B, T KMILCRM 208 258 S0 E, IR — S8 n] RS R A0AE JF 3T ik & “ Origami structures” .
“Qrigami design”. “QOrigami inspired”. “Origami robots” . “Engineering origami” . “Origami applications”
“Origami approaches” , X5, FHRROFEFE. HME. M, BIGHRREIES “OR” #IEHML
&, L3RAS 5899 M A, SRTT, FEALER K 5899 FSCHERH, KIMKEAN Y il E, KA H
“Not” #AFHERRH 8N “DNA origami” . “Protein structure” . “Cell origami” [F3CHR. # o BR#HISC
BREANIB S, il L3R FELRE, A ZRANRNEIR T 2587 j

3. kS HT
AT ST B R IR AL 2007 4E % 2023 4 H411H] 7E Web of Science & LI 2587 F& it SC (A AT 2023
3 H 22 H).

31 EXHBEFEEST

ke 1 FR, PR KN WA R SCE Bk R E K. 2007~2012 AR, R
BEHXR A, WA 50 BAEE. (HIE 2013~2014 EIE R — W78, FF7E 2015 ERIERTA [BV% .
2016 FNRF TSR AN /IR T, AEI KO IR 200 . 34, 5 2022 4R 373 R HRRAIAELL,
ARG 3N H BRE 63 i), X — e RERIIG K CIFMRIZE . 45 b, raRaityg SR AR 7k
J& K312 IR F1(2007~2012 4F). PR 4:(2013~2017) FI-FFa 15 K (2018 E £ %),
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Figure 1. The number of papers published on origami structure and its appli-
cation over the years

E 1 rREHRENRMRRE ML RYE

3.2. EFsftRPNESR®

1SR EB(TAVII T H AT ARG R L N AUk A SR fie 22 1) 10 AN IR Bt [X o MOR SCHIR
K&, REKKCERS, HRRKCER 41.3%, RIraREH NP0 R Kk E
AL o 13RI 5 F R (ACPP)ARER TR SCHIREM /1, ACPP J5 I HEA AT = MK YO B 12 SR EATHT
. HAARKEINEPRAECE, 2 42%, X R WIHTAREE A S 0 R P 7T U 5 | 575 Rl p 1
TN AT E1E. EREE, ERREERCH ACPP I EE m, XA & 1E 1T fen] DU ik 5w i &
M7, AT AFEEARTRAEES . QU AR FOSCR I 2 %3k . SN HA S L. B2 7
BORA RPN, HARBSRSCEHZ S, {3 ACPP A 13.36; 1k L AH N Bk SCE R A
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75 F1 72 %, {H ACPP {HHEA S — M5 =, 0 HriX =ANERIR SCEEE, 7T LLUR I H AT 7 S
ACPP fHIRMK, HEPREMEXE S I EPR A E S0 5 SC R 5 H o Ao, Hosr
W FE SCF ) ACPP {H =114 30.3, BEIEANSG; Hrlnyk iy E bré 7B SCE b A Ba KRB 78%, HILhsr
WL SCE ) ACPP {HAE 10 NMEZR P HERA S =l WL, B bRA R FE 5 A 5 2 520 ACPP {1
R

Table 1. 10 countries or regions with the largest number of papers
1 ANERSHN 10 MERHMEX

IC NIC
EXRBX  TA TC  ACPP H-index nCC

TA TC ACPP SP TA TC ACPP SP

% 1069 32,294 3021 89 36 278 12,710 4572 026 791 19584 2476 0.74
o 728 15,765 21.66 61 29 313 10,035 3206 043 415 5730 1381 057
Wi fH 231 5202 2252 37 25 146 3219 2205 063 85 1983 2333 0.37
HA 225 3007 1336 28 26 68 1875 2757 030 157 1132 721 0.70
5[ 136 3533 2598 26 15 54 1976 3657 040 82 1558 19.00 0.60
BRI 80 1805 2256 26 17 57 1375 2412 071 23 430 1870 0.29
] 80 1477 1846 17 20 40 1063 2658 050 40 414 1035 0.50
Bt 75 2280 3040 24 9 31 947 3055 041 44 1333 30.30 0.59
Nk 72 1962 2725 19 15 56 1620 28.93 078 16 342 21.38 0.22

KA 71 1263 17.79 17 19 42 1017 2421 0.59 29 246 848 041

Table 2. 10 of the most productive institutions

F 2. BN 10 R

AL TA TPR% TC ACPP H-index [EZ/MHLIX
Brigham Young University 89 3.440 1667 18.73 22 EH
University System of Georgia 78 3.015 3080 39.49 24 %
Massachusetts Institutes of Technology MIT 77 2.976 5720 74.29 26 ES
State University System of Florida 75 2.899 948 12.64 17 EH
Tianjin University 74 2.860 1524 20.59 20 i
University of Oxford 72 2.783 1691 23.49 25 L [E
SWISS Federal Institutes of Technology Domain 69 2.667 2248 32.58 24 it
Georgia Institutes of Technology 66 2.551 2843 43.08 21 =
Harbin Institutes of Technology 66 2.551 935 14.17 14 Hh
University of California System 62 2.397 1301 20.98 19 %
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L2 FIH TR SCRERZ 1 10 ZHU . b 6 Z0RAK N ERMNER —KE, a8
REAL R . XA PIFH R ThE . BN, 78 ACPP (A R IMRIMH LW L4 — K. RE
Rk BE 52 e Veif I B T 22 B AVE R T M K52 R GEAE ACPP JF T BONASE. AR, IXEETHRAMLE
W FE AT ARG K B JL L 75 TR A% T 8 A Y - ACPP B3 [l AN 44 B s FRD & B - 1) 95 BR AL IR 28 T 22 e
e ] 8 T ALY SR TR 2 R R Tl R 2 A 7 TR B 7T

33. FREHTSHER

WRHE WOS kit git, 354 79 AMWFFEIT FRBRBIAHSCHT 7. 4 3 FIH T HEX AT 10 AAH R 38 &%
HAEZ VR DTk L] G5 RRIIITARGE M LN W 2 AL, o8 S A R Tl 5 2
R, ProfaaniX s E R R 1B KR AU R R T -

Table 3. Top 10 related subject areas for research

7= 3. HEEAT 10 AR X ERE U

5 W7 18] R B H%
1 Engineering 1111 42.95
2 Materials Science 667 25.78
3 Science Technology Other Topics 438 16.93
4 Robotics 420 16.24
5 Physics 361 13.95
6 Chemistry 331 12.80
7 Mechanics 238 9.20
8 Computer Science 233 9.01
9 Instruments Instrumentation 144 5.57
10 Automation Control Systems 107 4.14

T4 RS A b BT i S RS SO, 8 e T 2 AN FER AR R . 5 4 B IR SCEEHEA
I 10 B AR WTROREL, BT TRESE. Hlas A MPRIBHESEGUR TSN, 0 JrdRaifa Je H W TRt 7t
M 5 DTBR RS R U I A e LA TR DI AR U, IR B X T AT
AREE Y S FL LA — € I 77

Table 4. Top 10 publications for the most productive research

4. RELEFTFINET 10 & AR

T TA 25 Syear IF  AJP

Journal of Mechanisms and

Robotics-Transactions of the ASME 82 82 Engineering; Robotics 2.622 41.56

Smart Materials and Structures 56 Instruments & Instr_umentatlon; 4.253 65.39
Materials Science

Journal of Mechanical Design 50 Engineering 3.479 64.60
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Advanced Materials 41~ Chemistry; Science & Technology - Other ) 505 g7 65
Topics; Materials Science; Physics
IEEE International Conference on Robotics . . .
and Automation ICRA 38 Automation & Control Systems; Robotics
Proceedings of the ASME Conference on
Smart Materials Adaptive Structures and 38 Automation & Control Systems; Robotics
Intelligent Systems
Mechanism and Machine Theory 36 Engineering 4.590 87.23
Extreme Mechanics Letters 34 Engineering; Materials Science; Mechanics  5.546 74.02
Thin Walled Structures 34 Engineering; Mechanics 5.601 90.68

IEEE Antennas and Propagation Society

. - 33 Engineering; Telecommunications
International Symposium

4. BRESH

CiteSpace REW A5 SCHR T HLAL 9 i AN 25 B2 S R A I 22 P, LR BN 2 B AU o Bt o I
Ao BT TR {8 ] CiteSpace JF AR WU Ja 14 A 3R 41T 4R 45 ) K JHe 7 FHIF 7E F) e ik 2% A R 12

FE45 5| 4% 534

FEM 2% B, RS0 A R TR B 35 P SCHR R A0 58 =S SRS S, WIS Sk 2
— LT (Co-citation) % 5, A H LS| I SCHIRF R EATLISER 7 505G X SCRRIEAT 364551 70 W A5 Bl
T2 A R BT TR FE AR TR RIRAE,  $8 7R SSBEAIT 7T 40080 A L P9 AE R BR[3] -

o508 w3501 o
e Sispacolcrigamividata
Do S0P R

solecton ¢ \‘7.»=u:%)aex Eh mr) 30, U=t Lov-s.e-10 Dudte LH (2016)

i <o
Welghted Mean Siihousti =0.8314
Do eana, 5o 1325 L

\5. 4f

‘ #10 reconflgurable origami antenna
*® #8’fh|ck panel kirigami
Chfn R 2018} (% o '#0 inverse design
% 5 4

'ﬂ

) ® o, ., SFmpov ET (2015).
#9 folding multilayer graphene sheet o8 #5 me‘ﬁ ical n::tamaterlal
e e i hanismee ‘Silverberg JL (2014) Rus D (2018)
v @ . #6 soft robot
.. 2 3 A o
Faiton s (or 03 (2015)
¢ 4 compigx 3d mesostructure
f'] ?‘1@3‘ " ; { #3 4d prmrt:ng
'8 or-“ o ®
o} = : e ® ® o®

Silverberg JL (2015)

Figure 2. Paper folding structure and its application research co-citation network analysis diagram
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2 5.7 T Citespace H 4 2: ] () SCHR Il 51 100 2% PI 0 o AR A1 5 n 2 IRV SR RIS E AR 1 11 AN 3R 2K,
AFZRMX A FMBEIATE . KRN 1D T RIRGERIEA W SO =R ATHF R, W2, 1D
TN TR, —NEEBME ISR E (silhouette, RIFR S E)MHXK, X SAEET 0.7 B, EE
RS NEIRE, 2 ST 0.5 i, RISEAGHR, KILR#7 BKH K. & 55 1T 10 ME
RETR/AN SEMBIRKR T EIFEL . BRI, BRI TIREERS M 0.744 (KI:#0)F) 0.965 (5K
F#9), RUIRERLSNEMM.

Table 5. Top 10 publications for the most productive research

5. mELEFTINET 10 & AR

Cluster # Label (LLR) Size S-score Mean (year)
0 inverse design 145 0.744 2019
1 shape memory composite 110 0.834 2011
2 origami mechanism 108 0.786 2012
3 4d printing 93 0.815 2016
4 complex 3d mesostructure 91 0.869 2016
5 mechanical metamaterial 79 0.886 2015
6 soft robot 52 0.843 2017
8 thick-panel kirigami 32 0.921 2017
9 folding multilayer graphene sheet 28 0.965 2007
10 reconfigurable origami gripper 22 0.935 2016

4.2. EHEICRRAHT

JE I R | SCHR B 2 B AT R BRI S AT . B FEOKT, N BT T AR 25 A S 3 N R A Ik 2% AN R
JeJ7 I sE A . 18 2 R OARD TEGSIHERZ M 10 MESH R, HrhRIH#5 (mechanical meta-
material) 9% T 6 f, B 2E#1 (shape memory composite) (5 4 % i » 58 25#2 (origami mechanism) 1 5 2546 (soft
robot) &% — ks . M5l HR i o0 5 S Felton S 25(2014) [4], R E 2541, #5IH T 188 k. HTat4A
R FHLE G, R T —Fal BATH ST HLAE N . 35 % 42 Silverberg JL %5(2014) [5], #51H T
150 %, KHraRi it 5 S HAE T S nT AR HLMGE AR F . 28 =4 2 Filipov ET 45(2015) [6], #3511
136 %, GIANT —Fh “HifE” J7sORMG WITERT 4 S AVE, KR 7 REENIE. 5P (Schenk M
H1 Guest SD, 2013) [7]4#iA T PiFiEET =4 S Fr 2@kl . 56 T (Silverberg JL %5, 2015) [8]
I T Fr AR w6 B el R Eh B S| ) SRR e PRI S . BB SRS (Na JH 55, 2015) [9]4h 40 14
THE SRR G A &4 fE. 25-LR S (Dudte LH %, 2016) [10]ER T 5RETLX
(PIFEAS JUART AL I AN SRR 5092, PT T 2 (AT il R 252 R SR 2546 1156 )\ SCEE(Rus D %5, 2018)
[11)/24 KT AHL I N — R 45k . U & (Chen Y 45, 2015) [12]4& H T —FhdHxd JEAR 37 & (1) J7 32
5 10 f(Zirbel SA %5, 2013) [13]JFK 1 —Fh I/ vk I B3 T AR AR nT SF [ 51, JF BA e Ll i
- FEICEAE -
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4.3. RASHT

K 3 R T B BRI R R A . #1. #2. #9. #11 RSBSOSO BB R R T 2015 fF2 A,
FHIMA TR R B TR . T 582840, #3. #4. #6 7F 2015 FE R AFE— B AW B oK R %51 H,
JEBL T HE 70N GRS B RR S AT 0 048, R 3 X YA B8 HEAT B A0 M. 6 6 HIJH T 83540, #3. #4

a6 th 51 i £ 1) 5 W57 30k

citeSpace
-

o o 20eeQoded

L& & J L2 & & J

Figure 3. Research on origami structure and its application co-cited clustering timeline

3. ITEREEH R E N RSt K 5| R 3T a4

Table 6. The 5 most cited references in clusters #0, #3, #4, and #6
= 6. BBAH0, #3. #4 F0#6 P SIARZH 5 BSECE

Cites References Cluster #
105 Zhai ZR (2018) 0
80 Faber JA (2018) 0
74 Li SY (2019) 0
69 Fang HB (2018) 0
59 Pagano A (2017) 0
94 Gladman AS (2016) 3
72 Kim Y (2018) 3
52 Hu WQ (2018) 3
51 Liu Y (2016) 3
46 Rus D (2015) 3

#2 origami mechanis...

#3 4d printing
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Continued
90 Rogers J (2016) 4
87 Callens SJP (2018) 4
66 Xu S (2015) 4
63 Blees MK (2015) 4
62 Zhang YH (2015) 4
120 Rus D (2018) 6
103 Li SG (2017) 6
69 Onal CD (2013) 6
57 Miyashita S (2017) 6
49 Miyashita S (2015) 6

SRIE#0 (inversedesign)if)~F-354F 0y 2019 4, RmFHMIEI. Zhai ZR %5(2018) [14]72 Kb 5l &%
R —Fe L8, ENE TP AR K ), AT T T AT S IE B AT IR AU A R o BRIk A,
Li SY & A[15]Z538 T KK TH 4R R 5 TH I 5T . Fang HB &8 A[16]1 18 T —Ffml 4 5 81
(AT AN UG A B ATRUR I, 13X =5 51 - 2 12 2% SO 15 SR 5#5 HLBGE A B E W& . H Al
ANEREIX R H T 5| F SCE 8 4 R AR TE BRI, 38 2 53 40O TR Fe Aa v 31 1) B
Ja RAERA K. RAMAIPRS EE G| Gk 58 Faber JA S5 N[1710 40 T — A orggdrgumsi i, a7 iig
R R, T TAEGI AT S Bk AR, FERVE GRS AT 0 B AR R 0 A AR T D RE
VU4ESTENY)fA; Pagano A 55 A[18JHEM] /4T Kresling #s i XUAR & HT 4R 45 M 13T 8 ) L RTINS L I3
1T R, I AICAT HLES NAE A2k T 3X P 4R 485 M 505 TEAT 32 3 ) — AN S 481

5 #3 (4D printing) 1 (1151 SCCHRANER T 4D TENSIIR A LK JE - Gladman AS 45 N\ [19]/M 48 T —Fif

GRS R, A LOB I ARG 288, HAERAK R SRR, AR RN =4EEA . Kim Y 5%

N[20]3%3E 7 EHM B n B2 12380 3D 4THD, @ MAIKAN SEIE % 3D TR Z B i PR e . Liu Y
EN[21]45R T —4E2D) KGR MmPER g, I END T WO I & 7 T B IR0 3R
Rus D #1 Tolley MT [22]£538 T AL &8 N % U o K fe, CITIRIRER = VEA BHA B AL 2% A 1)
werkAdEfl. Hu WQ 58 N [23]f@7R | —Fh 2SI EHARNLEE N, FEEH 7 BB AR RN 28 A %
3o X S RARHLE NI T e A TR B3 B T #0007 WL N AT 3 | 5 TR A4
o 4D FTENHEAT I IAJ0E N (1) 55 DU ZE, FEAP SRR, 4D 1 BN i A 45 4 5 AT Bl I [A) 232 4k 1) sh A Re
AT B2 fiff he_E 3 ] R — AN W] BRI AE

Rogers J 55(2016) [24]/2 5% 2#4 (complex 3d mesostructure) *#5 51 F i 2 STk,  H 4 7RI
YR 2 AT B R, A D' 2] Sl AWURT 0 2K 1] S T IBE 1) ~F T D A b i ad = R TR AN R S 24
Callens SIP 1 ZadpoorAA [25] Bl | 1] FH T4 P i Ak o = 4E 4574 1) origami A1 kirigami $A, 15716 H A
AU, O R E R R A LR AT AT . Xu 'S S8 N[26]40 48 T —Fhd i 46 8 i 5 g K64 ek
ML e = A5 IR AL . Blees MK &5 N[27156UF T — Mt BT AU 247 3805 F 9483, nTH T i
MU KL Zhang YH 58 N\ [28]/7 4R 7 —Fl Kirigami Ji &/, RRVFREHG. HUBRHLIKZh A1 2%k B 2D Tu4n
KIERIA [FEAEHE 3D /WA o

5RH#6 (softrobot) th it — /MHXTER IR, FIFEN 2017, RUIEHLE N AT GEL — %I 7T
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AR, R 5] 82 H9SCEk S Rus D AT Tolley MT [11]H— A 4T 4WHL 28 N HIZER, EANB T
Wb JEEE, HIE TV RSl A REA RIS EE T TR . Li SG Z[29]4 T — R 40 K iR 14
I NIENLAEER, PR BE T RIS RROA il iE 3K 3 RS 4THF 7Bt K] . Onal CD 458 A [30]4&Hh T —
FRATARECAR, VI 2D i 7 kAt 3D HLEs AN & %i. Miyashita S Z5[31]/1 40 7 —Mud i 5 H B4
SPTA HIEEET RSEDBTE, BEYRASCENLE AR /1777 . Miyashita S 55(2015) [32]/& — RS 21X
W, AT M LS & SERIES . BB R IO N, A SR T AU
PAREF -

4.4. 3|3X1RE

GISCHER AR R AR A 5 FIBCR Y, R T A E DA SR T B 1 e B ORTE , A A TR BRI U A
EEAA AT AR SN BRI ]

References Burst  Duration Range(2007-2023) Cluster #
Hawkes E (2010) 40.05 2011-2015 ——— 1
LiuY (2012) 35.29 2012-2017 — 1
Ryu J (2012) 19.15  2013-2017 e 2
Onal CD (2013) 1869  2013-2018 —— 6
Onal C. D. (2011) 16.44 2013-2016 — 2
Zirbel SA (2013) 31.6 2014-2018 —— 2
Felton SM (2013) 15.81 2014-2017 — 1
Felton S (2014) 432 2015-2019 e 1
Schenk M (2013) 39.14 2015-2018 ——— 5
Silverberg JL (2014) 34.32 2015-2019 —— 5
Peraza-Herandez EA (2014) 24.37 2015-2019 —— 2
Wei ZY (2013) 1761 2015-2018 — 5
Tolley MT (2014) 16.33 2015-2019 ——— 1
Song ZM (2014) 1582 2016-2019 e 4
Filipov ET (2015) 2234 2017-2020 e 5
Na JH (2015) 1629 2017-2020 e 1
LiuK (2017) 16.82 2020-2023 —— 5
Zhai 7R (2018) 269 2021-2023 — 0
Rus D (2018) 20.55 2021-2023 ——— 6
Novelino LS (2020) 15.79 2021-2023 —— 0

Figure 4. Top 20 references in terms of outbreak intensity

B 4. SIRBASRERT 20 BYSTHEK

4 FIH T 2007~2023 4F A R BN Hodfs B2 v 5] R SR BETT 20 BISCHER. T DAWIEE R 20 f# R R T
2010 £ % 2020 4E 2 1], HApER 5] I R R AAE 2013 4R 2023 A, #E1X 20 4 SCHkH, Felton S
ZEAF 2014 FFRFAE (Science) LRICEE[4], LA 43.2 MIMEA SRR, RN IR R 4.2 MY
RS SR — 4. I HIRR S RN SCE, & Hawkes E %5 A\ 2010 FE R £ W[33], TR T — Rl Ak
T E TG RE T AR, BESE AR FE AT SRR LA S BRI TR SIS o 2 = 9 SC & & Schenk M
N 2013 SERFHI[7], #5R T HIFET Miura-ori Fr &I R. T, Hhakir—
e () 5| S R AT RHATUE (Filipov ET 2%, 2015; Schenk M Al Guest SD, 2013; Zhai ZR %%, 2018; Tolley
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MT 4, 2014; Silverberg JL 2¢, 2014; RyuJ ¥, 2012; LiuY %%, 2012; Hawkes E &, 2010; Felton SM
%%, 2013) [5] [6] [7] [14] [33] [34] [35] [36] [37], H= ¥ Kk AITE S dwmiett. tAb, H 4m51 3R KT
PraemL2s A M (Felton S 4%, 2014; Rus D 1 Tolley MT, 2018; Onal CD %%, 2013; Onal CD %%, 2011) [4]
[11] [30] [38], FEI 1 ¥ dRattt S T-HL#s N Bit & oy i nl AT v B R Sk HLoH I 226 Sk 2
Novelino LS %5 AfE 2020 42K R M[39] I /4l | —Fh B B H AT 4 R G &, W SeBln] 58 5 T
TR AR & A IRk E), B e vrshagme.

5. NFpiEBETRESAx Tt aaRnm

M 2007 SR 2021 4R, AHIREORBUR G L M ARACR S A 2 TS o i n] WA R4 K B L R AT AT
T CL A B AU TN SR, AR TR R 25| B2 5% . 4 Al SO Rn 51 A
RMIEER, AT RS AR AT ARG A S N TE R B Mol AT 4 45 9F 0 JLAE Tlb v s (1 52
HJak.

5.1. #AiEH

G ST IR B 20 AH LR HH BRI AU S T T RS DG, R H I s R R 1) 5 R R SR
WWINRE T AR RERI IS, K5 BIL T 2020 4. 2021 A1 2022 45| MR A BRET 5 555
Bk, DARCRE R SCHRH A B | IR IRT 3 iR 2% SCIR(NVEL S 253R) . 51 4 #HEL, 155 H 5] F R SC
BRIV R RS RH, ULRAHT ARG K S LN B AP S I AR EE )2 . AR ] 5 H S SCik A A
FSCEE, CARRTSCHT M R 5] SOk, Al g LR =3 iass: WA R HLEs AR 48

AR B
References Burst  Duration Range(2007-2023) Cluster #
Hawkes E (2010) 40.05 2011-2015 ——— 1
LiuY (2012) 3529  2012-2017 — 1
Ryu J (2012) 19.15 2013-2017 — 2
Onal CD (2013) 18.69  2013-2018 —— 6
Onal C. D. (2011) 16.44 2013-2016 — 2
Zirbel SA (2013) 31.6 2014-2018 —— 2
Felton SM (2013) 15.81 2014-2017 — 1
Felton S (2014) 432 2015-2019 —— 1
Schenk M (2013) 39.14 2015-2018 ——— 5
Silverberg JL (2014) 34.32 2015-2019 ——— 5
Peraza-Hernandez EA (2014) 24.37 2015-2019 —— 2
Wei ZY (2013) 17.61 2015-2018 ——— 5
Tolley MT (2014) 1633 2015-2019 e 1
Song ZM (2014) 15.82  2016-2019 R 4
Filipov ET (2015) 22.34 2017-2020 — 5
Na JH (2015) 1629  2017-2020 R 1
LiuK (2017) 16.82 2020-2023 ——— 5
Zhai ZR (2018) 2269  2021-2023 R 0
Rus D (2018) 20.55 2021-2023 — 6
Novelino LS (2020) 15.79 2021-2023 —— 0

Figure 5. The top 5 articles with the strongest outbreaks were cited in 2020, 2021 and 2022
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SANFYTAR KBt R T U A e, N TBEialiok — 2 m R, (HAORE /.

MBI IE LR, Ird0R KT I 4R S5 K S LR — AN a3, el R B T4 4t —
i it Jrik. Bilin Morgan J SE[441REE T ARAG UL R B BAR S N AR R KBt I RIS N A
Pra e, R 7 AR A& B BT TR . B E R BRI AR R R B
ST AR AR R S DU P IR IR =T UR U BB 7RIS IE 7 IX AP R R AT AT P HT4RX
o FIYT BRI (VO — ML ERAE [ A (Al b SEil), AR FRITRII T R 2k XA S 1 iR it
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BT IR AL — A BE g i 5 A8 A9 5 3 DABR O e 35 3 5 PR - 3 402 RSR AT A e K — AT 7T 05 [
Francis 5[45]4% i 2 — M BcA P 4RSI BT AT IR BT AR 3EAT — D ZhBEME T 4Rt i, T DL A1
PERTHr & PrRAEE. MPRHEREART . SEIX AR5 ST Bk, R8T bR BT R AEL
¢ B x LM T HEAT 1 o R AT AR A5 A4 N T Dok AR v 7 it 7 B 4G 5 22 A Uk R AN B - AR T
R IR AR RS — e TR AU A AT RUBER, shZ — 283t & BRI R S &
Wo BlUnRt T —ASSE 800 Tk fh BT R UL, X7 shBEATRTIRAT, TSI A &R, LA
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&, DA B i BRI . SR PR R S
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Prof S i B S IBT HIR R, SR T — Mo R W 4 B AN R AT SR (FWMAV). XA it ar P 45

DOI: 10.12677/0rf.2023.136683 6973 BE 51


https://doi.org/10.12677/orf.2023.136683

RiEz, SREM

PRI E DL AR G I A A TAE R . JraRah M 7E B 7 Ak i B R R R8RS 2 v
YO, AHEET TRMAS. rTEmRET & MRS, Randall 5[48]453 T 5 T 4451 1k
VI 2N, NGk B RO RUBE 1) 2 THAR R 38« diZE K S48, FR T HEE. Cybulski 25[49] & B 1 4847
T, BRSSO KRS i, R B AR . DK AEL S . TRITE A BN SRR
/=0 . Melancon D Z5[50]/M 4R 1 —Fh 2 RS R0 m] 78 S W R BE T JE T 4544, IR0 T — XU ST
BRI, NG an st TR SOl K S 1 KT R R R SR . BbAh, B aRah R 7E H At At v B
HiFZ M. Tawk CZE[51132H T —F 32 SAEYI0 7383 K B 84 3D FTEN IR =8B 4. MEEK
SRR CLE R A4 R, Bt T R A AT &M R E R, W LATE 5 BP N e R AL . iR
Jii Lukas Bazle BT i1 Medusa Lamp, FIFH T #7487 8 0 180 254840 18 35 55 0] 18 BH 2 FE N HE B VE L, 3
R FPAETESR, BN T FESE R R R, .

EAERE I, Lo N2 Tl @i — N E B R 5, AL A R P 4R i e
RIS R . —J7 T, — RN T AR 45 R B T DU 5 OB M R R RN IR, KR
Mlas N A EZEN HNE. Bhovad P 5 Li SY [WHFFL[43]3R T 4RESH mT LIME N — A2 R %5 e
TIWIBHZS P, IRt — AN B A G f il % 1) AU 051 055 20 (1 AT SR B EATAIF 78, R T B AR B P 7E 4K
PRHLES N F 6 8 E TR R 1. Ze Q SF[52]4R T —Fh B AT~ I P YR 4 RGBSR Bl /N R 4R e T 8%,
VAR ML 8 — NP ST Kresling FraRALAFsRBLm), Ak nl T A9 2% B e d 4% o B T 3L
HNCIAE, S AREE Rt 9 i U WP ATL S N HE B i R T 43T i ¥ 77 %2 . Santoso J 1 Onal CD [53]
Wit T —MESARNUT, BRI 40E K A T R B S W FE, ORAh TSNS N8
WARAE AT IR . Wu S 25[54]5| N T 3T Kresling fa BRI 4CHL 28 N T8, H T adERfH. 4
B A ph AL 2 A AR . Zhai ZR SE[55]1 T T T T AR AR, e Y T AR A
(TR AT IR SEERT TE 220 G NI B2 ) 7 A A o 3k T01 LA g T b TR T AR R A R R B (1 e
S H T AT ARAE AL 88 NS N FRRE TR B S . AHERIL, RZHr4Chlas N BN B Arid A+ 505 =
BB, oK S AT SEBR I SN o BEEE SEIUE HE AR TR I N, I R R LR £ SR
] REAHE o AE 2 BB BRI Wk A 2R A8 SRR R &, A B R AT 1 8 B P 2 3200 7 1] SE B,
TE AT AR 55

MR T h R EE BN EER R —, TReEEEW T AR BUAS . SRR AR5 .
w41 HHETIR, rals KEEAMRIEEE B & — SRR LR MERE, BT e R, A, PTURNIESE . X
e B 5 H A RE BN LIRGHT A B, BEA% R R T T AT — Le T A Qs , R i 75 3R R AR
filt: Kuang X 25£[56]14RIE 1 — i e ARG A4 SOk 4 B G 2h 11 R A I(MDP) R A 40K, X FAT R RS
T RS Bh AL R R . WAL BB R R R R A S5 B, SR T AR R EAR ) S5 A FOAT R T G A 4 A AT
B FEE . RKRE N IHREAME . W E AT AR R 23 0 B 5 s SR AR VE B . Li SG Z5[29]4%
H T R AR K SZ AR IR B N IE LA 42 o i N3 LI 1 465 1) SR BIR 3 2R Gt R RSt 48 T IR Bl AR
HEEFTH TR1T, BRWEH T2 MR A Z R, AR B IT 1 #% I m 28 B2 NS a i, FRIH T
RTRREIRBI ] R EEM 5 . Tao R [S71RHTEARICIZ R GV 4D TRV i, fil#% T —Fh 8 aedrak
FER R, IR ARL T R R S BUIR R AR . B IEIK AHU AT, I AT T S A B e e
MR E 2 (B4, TENURAEAE . PR IRAE 32 VR AR L8 N S SR B A T 2 B T 5t 448, MR
WAL B B P2 G AR, B HUMGE A RE R FZE B4 = b, AN P G 2 A7 7E — Se Pk AR A 1)
A ABEETHr 40 K AR Se T BOMORL A T B TH R T 58 2 8 L2 A AT e PRt /2 R 1. s PR N
FAIRZR, KLl FIA] REMERs 2 Dy TV ST R 58 2 i G MR R

DOI: 10.12677/0rf.2023.136683 6974 BE 51


https://doi.org/10.12677/orf.2023.136683

6. B&

ASSCAE B 2 BT BONRTHT I — B RHATH RS2 TR, MR 1 I aRai# S L e 5 oSSR RIAT St e
MR « EERAT SR AR AR R AT 7 0tr. shah, PR R E bR SRR T A T
W R 8, ISR T B A A 3 R At A B H N P AT ) B A

454 CiteSpace AR EE AT AL M B AFREEE L 450 1 FraRai iy SR T RS HudiRniash . it
BRI G SRR TSI ISR BT, G5 DLUR =ANB% % UG RL HLas AT 4808 KBt
FFEBCT iy Dol fhisett s HLES AAURPREZ YA 5, BRI #r =SB Mola $5onk Tl it (52
SRR BRI ARG K HL N B M 3 08 Tl i g ok 1 Z LBk, EFZE IR
PRI AE TR L 5 (1 SE PR N T AT 5, DAE— BRSO i) BT A

WG, YRGS R KRR R T AR B BUM AR SR, Oy T s m R At 1R it
BERATTIE, A BT R R BORMERE . LUk, SraRERI7ENL A MU AR, ASURT LS Bl f o il
PERLER AR, 3R m] OB aS N SEOEHT AR D5 58 o T AR M R SR PE AT AT AR PN BLE AR A
AT TR B AT [ fe)a, AR R BT AT BUR K T e ih i i 85T B 4k, 61id 5 2558
RIGE RN o [RIIN JE AR S P AR S5 M v RE AR AN SR B, o e A 2 A 3 T A 4R b v Uy ik ol st
AR A T — MO TS BT B . ZR b PrAREEHY K LR HT R M F 0 Tl Bt A B A TR
SN o AR, UK BT X B A S B IR N2 IR B B 32 A AU AT) 7 EER AR A 7E . R
K, FATYIRFIZ L % a4 e Tl B vH A G58T A RN T 23 J) 0 R

SE

[1]1 Zheng, C.J., Yuan, J.F., Zhu, L., et al. (2020) From Digital to Sustainable: A Scientometric Review of Smart City Li-
terature between 1990 and 2019. Journal of Cleaner Production, 258, Article ID: 120689.
https://doi.org/10.1016/j.jclepro.2020.120689

[2] KFE, @6 K- RIR L RS I BRAT 7T A0 O S AT ST AT ——2E T 2010-2021 4 [H] By SCHR AR 2 %0
WERE T[], B2 SR EORE B, 2022, 43(10): 103-122.
[31 RER. S50 JEEARGH AR AU ). AR, 2020, 39(1): 12-24

[4] Felton, S., Tolley, M., Demaine, E., et al. (2014) A Method for Building Self-Folding Machines. Science, 345, 644-646.
https://doi.org/10.1126/science.1252610

[5] Silverberg, J.L., Evans, A.A., Mcleod, L., et al. (2014) Using Origami Design Principles to Fold Reprogrammable
Mechanical Metamaterials. Science, 345, 647-650. https://doi.org/10.1126/science.1252876

[6] Filipov, E.T., Tachi, T. and Paulino, G.H. (2015) Origami Tubes Assembled into Stiff, Yet Reconfigurable Structures
and Metamaterials. Proceedings of the National Academy of Sciences of the United States of America, 112, 12321-12356.
https://doi.org/10.1073/pnas.1509465112

[7] Schenk, M. and Guest, S.D. (2013) Geometry of Miura-Folded Metamaterials. Proceedings of the National Academy of
Sciences of the United States of America, 110, 3276-3281. https://doi.org/10.1073/pnas.1217998110

[8] Silverberg, J.L., Na, J.H., Evans, A.A,, et al. (2015) Origami Structures with a Critical Transition to Bistability Arising
from Hidden Degrees of Freedom. Nature Materials, 14, 389-393. https://doi.org/10.1038/nmat4232

[91 Na, J.H., Evans, A.A., Bae, J., et al. (2015) Programming Reversibly Self-Folding Origami with Micropatterned Pho-
to-Crosslinkable Polymer Trilayers. Advanced Materials, 27, 79-85. https://doi.org/10.1002/adma.201403510

[10] Dudte, L.H., Vouga, E., Tachi, T. and Mahadevan, L. (2016) Programming Curvature Using Origami Tessellations. Na-
ture Materials, 15, 583-588. https://doi.org/10.1038/nmat4540

[11] Rus, D. and Tolley, M.T. (2018) Design, Fabrication and Control of Origami Robots. Nature Reviews Materials, 3,
101-112. https://doi.org/10.1038/s41578-018-0009-8

[12] Chen, Y., Peng, R. and You, Z. (2015) Origami of Thick Panels. Science, 349, 396-400.
https://doi.org/10.1126/science.aab2870

[13] Zirbel, S.A., Lang, R.J., Thomson, M.W., et al. (2013) Accommodating Thickness in Origami-Based Deployable Ar-
rays. Journal of Mechanical Design, 135, Article ID: 111005. https://doi.org/10.1115/1.4025372

DOI: 10.12677/0rf.2023.136683 6975 18 %5 S 2


https://doi.org/10.12677/orf.2023.136683
https://doi.org/10.1016/j.jclepro.2020.120689
https://doi.org/10.1126/science.1252610
https://doi.org/10.1126/science.1252876
https://doi.org/10.1073/pnas.1509465112
https://doi.org/10.1073/pnas.1217998110
https://doi.org/10.1038/nmat4232
https://doi.org/10.1002/adma.201403510
https://doi.org/10.1038/nmat4540
https://doi.org/10.1038/s41578-018-0009-8
https://doi.org/10.1126/science.aab2870
https://doi.org/10.1115/1.4025372

RiEz, SREM

[14]

[15]
[16]
[17]
(18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]
[36]

[37]

Zhai, Z.R., Wang, Y. and Jiang, H.Q. (2018) Origami-Inspired, On-Demand Deployable and Collapsible Mechanical
Metamaterials with Tunable Stiffness. Proceedings of the National Academy of Sciences of the United States of Amer-
ica, 115, 2032-2037. https://doi.org/10.1073/pnas.1720171115

Li, S.Y., Fang, H.B., Sadeghi, S., et al. (2019) Architected Origami Materials: How Folding Creates Sophisticated Me-
chanical Properties. Advanced Materials, 31, Article ID: 1805282. https://doi.org/10.1002/adma.201805282

Fang, H.B., Chu, S.C.A., Xia, Y.T. and Wang, K.W. (2018) Programmable Self-Locking Origami Mechanical Meta-
materials. Advanced Materials, 30, Article ID: 1706311. https://doi.org/10.1002/adma.201706311

Faber, J.A., Arrieta, A.F. and Studart, A.R. (2018) Bioinspired Spring Origami. Science, 359, 1386-1391.
https://doi.org/10.1126/science.aap7753

Pagano, A., Yan, T.X., Chien, B., Wissa, A. and Tawfick, S. (2017) A Crawling Robot Driven by Multi-Stable Origa-
mi. Smart Materials and Structures, 26, Article ID: 094007. https://doi.org/10.1088/1361-665X/aa721e

Gladman, A.S., Matsumoto, E.A., Nuzzo, R.G., et al. (2016) Biomimetic 4D Printing. Nature Materials, 15, 413-418.
https://doi.ora/10.1038/nmat4544

Kim, M.Y., Yuk, H., Zhao, R.K., Chester, S.A. and Zhao, X.H. (2018) Printing Ferromagnetic Domains for Untethered
Fast-Transforming Soft Materials. Nature, 558, 274-279. https://doi.org/10.1038/s41586-018-0185-0

Liu, Y., Genzer, J. and Dickey, M.D. (2016) “2D or Not 2D”: Shape-Programming Polymer Sheets. Progress in Poly-
mer Science, 52, 79-106. https://doi.org/10.1016/j.progpolymsci.2015.09.001

Rus, D. and Tolley, M.T. (2015) Design, Fabrication and Control of Soft Robots. Nature, 521, 467-475.
https://doi.org/10.1038/nature14543

Hu, W.Q., Lum, G.Z., Mastrangeli, M. and Sitti, M. (2018) Small-Scale Soft-Bodied Robot with Multimodal Locomo-
tion. Nature, 554, 81-85. https://doi.org/10.1038/nature25443

Rogers, J., Huang, Y.G., Schmidt, O.G. and Gracias, D.H. (2016) Origami MEMS and NEMS. MRS Bulletin, 41, 123-129.
https://doi.org/10.1557/mrs.2016.2

Callens, S.J.P. and Zadpoor, A.A. (2018) From Flat Sheets to Curved Geometries: Origami and Kirigami Approaches.
Materials Today, 21, 241-264. https://doi.org/10.1016/j.mattod.2017.10.004

Xu, S., Yan, Z., Jang, K.I., et al. (2015) Assembly of Micro/Nanomaterials into Complex, Three-Dimensional Archi-
tectures by Compressive Buckling. Science, 347, 154-159. https://doi.org/10.1126/science.1260960

Blees, M.K., Barnard, A\W., Rose, P.A,, et al. (2015) Graphene Kirigami. Nature, 524, 204-207.
https://doi.org/10.1038/nature14588

Zhang, Y.H., Yan, Z., Nan, K.W., et al. (2015) A Mechanically Driven form of Kirigami as a Route to 3D Mesostruc-
tures in Micro/Nanomembranes. Proceedings of the National Academy of Sciences of the United States of America, 112,
11757-11764. https://doi.org/10.1073/pnas.1515602112

Li, S.G., Vogt, D.M., Rus, D. and Wood, R.J. (2017) Fluid-Driven Origami-Inspired Artificial Muscles. Proceedings of
the National Academy of Sciences of the United States of America, 114, 13132-13137.
https://doi.org/10.1073/pnas.1713450114

Onal, C.D., Wood, R.J. and Rus, D. (2013) An Origami-Inspired Approach to Worm Robots. IEEE/ASME Transactions
on Mechatronics, 18, 430-438. https://doi.org/10.1109/TMECH.2012.2210239

Miyashita, S., Guitron, S., Li, S.G. and Rus, D. (201) Robotic Metamorphosis by Origami Exoskeletons. Science Ro-
botics, 2, eaa04369. https://doi.org/10.1126/scirobotics.aa04369

Miyashita, S., Guitron, S., Ludersdorfer, M., et al. (2015) An Untethered Miniature Origami Robot That Self-Folds,
Walks, Swims, and Degrades. Proceedings of the IEEE International Conference on Robotics and Automation (ICRA),
Seattle, 26-30 May 2015, 1490-1496. https://doi.org/10.1109/ICRA.2015.7139386

Hawkes, E., An, B., Benbernou, N.M., et al. (2010) Programmable Matter by Folding. Proceedings of the National
Academy of Sciences of the United States of America, 107, 12441-12445. https://doi.org/10.1073/pnas.0914069107

Tolley, M.T., Felton, S.M., Miyashita, S., et al. (2014) Self-Folding Origami: Shape Memory Composites Activated by
Uniform Heating. Smart Materials and Structures, 23, Article ID: 094006.
https://doi.org/10.1088/0964-1726/23/9/094006

Ryu, J., D’amato, M., Cui, X.D., et al. (2012) Photo-Origami-Bending and Folding Polymers with Light. Applied Physics
Letters, 100, Article ID: 161908. https://doi.org/10.1063/1.3700719

Liu, Y., Boyles, J.K., Genzer, J., et al. (2012) Self-Folding of Polymer Sheets Using Local Light Absorption. Soft Matter,
8, 1764-1769. https://doi.org/10.1039/C1SM06564E

Felton, S.M., Tolley, M.T., Shin, B., et al. (2013) Self-Folding with Shape Memory Composites. Soft Matter, 9, 7688-7694.
https://doi.org/10.1039/c3sm51003d

DOI: 10.12677/0rf.2023.136683 6976 18 %5 S 2


https://doi.org/10.12677/orf.2023.136683
https://doi.org/10.1073/pnas.1720171115
https://doi.org/10.1002/adma.201805282
https://doi.org/10.1002/adma.201706311
https://doi.org/10.1126/science.aap7753
https://doi.org/10.1088/1361-665X/aa721e
https://doi.org/10.1038/nmat4544
https://doi.org/10.1038/s41586-018-0185-0
https://doi.org/10.1016/j.progpolymsci.2015.09.001
https://doi.org/10.1038/nature14543
https://doi.org/10.1038/nature25443
https://doi.org/10.1557/mrs.2016.2
https://doi.org/10.1016/j.mattod.2017.10.004
https://doi.org/10.1126/science.1260960
https://doi.org/10.1038/nature14588
https://doi.org/10.1073/pnas.1515602112
https://doi.org/10.1073/pnas.1713450114
https://doi.org/10.1109/TMECH.2012.2210239
https://doi.org/10.1126/scirobotics.aao4369
https://doi.org/10.1109/ICRA.2015.7139386
https://doi.org/10.1073/pnas.0914069107
https://doi.org/10.1088/0964-1726/23/9/094006
https://doi.org/10.1063/1.3700719
https://doi.org/10.1039/C1SM06564E
https://doi.org/10.1039/c3sm51003d

Rz, SBEH

(38]

[39]

[40]

[41]

[42]

[43]
[44]
[45]

[46]

[47]
[48]
[49]
[50]
[51]
[52]
(53]

[54]

[55]
[56]

[57]

Onal, C.D., Wood, R.J. and Rus, D. (2011) Towards Printable Robotics: Origami-Inspired Planar Fabrication of Three-
Dimensional Mechanisms. Proceedings of the IEEE International Conference on Robotics and Automation (ICRA),
Shanghai, 9-13 May 2011, 4608-4613. https://doi.org/10.1109/ICRA.2011.5980139

Novelino, L.S., Ze, Q.J., Wu, S., et al. (2020) Untethered Control of Functional Origami Microrobots with Distributed
Actuation. Proceedings of the National Academy of Sciences of the United States of America, 117, 24096-24101.
https://doi.org/10.1073/pnas.2013292117

Gao, J.Y. and You, Z. (2022) Origami-Inspired Miura-Ori Honeycombs with a Self-Locking Property. Thin-Walled
Structures, 171, Article ID: 108806. https://doi.org/10.1016/j.tws.2021.108806

Jamalimehr, A., Mirzajanzadeh, M., Akbarzadeh, A. and Pasini, D. (2022) Rigidly Flat-Foldable Class of Lockable
Origami-Inspired Metamaterials with Topological Stiff States. Nature Communications, 13, Article No. 1816.
https://doi.org/10.1038/s41467-022-29484-1

Bhovad, P., Kaufmann, J. and Li, S.Y. (2019) Peristaltic Locomotion without Digital Controllers: Exploiting Mul-
ti-Stability in Origami to Coordinate Robotic Motion. Extreme Mechanics Letters, 32, Article ID: 100552.
https://doi.org/10.1016/j.eml.2019.100552

Bhovad, P. and Li, S.Y. (2021) Physical Reservoir Computing with Origami and Its Application to Robotic Crawling.
Scientific Reports, 11, Article No. 13002. https://doi.org/10.1038/s41598-021-92257-1

Morgan, J., Magleby, S.P. and Howell, L.L. (2016) An Approach to Designing Origami-Adapted Aerospace Mechan-
isms. Journal of Mechanical Design, 138, Article 1D: 052301. https://doi.org/10.1115/1.4032973

Francis, K.C. (2013) Origami-Based Design for Engineering Applications. Brigham Young University, Utah, United
States.

Zirbel, S.A., Magleby, S.P., Howell, L.L., et al. (2014) Accommodating Thickness in Origami-Based Deployable Ar-
rays. Proceedings of the ASME International Design Engineering Technical Conferences/Computers and Information
in Engineering Conference (IDETC/CIE), Portland, 4-7 August 2013, VO6BT07A027.
https://doi.org/10.1115/DETC2013-12348

Beker, C., Turgut, A., Ozcan, O, et al. (2017) Design of a Novel Foldable Flapping Wing Micro Air Vehicle. 9th An-
kara International Aerospace Conference, Ankara, 20-22 September 2017, 138.

Randall, C.L., Gultepe, E. and, Gracias, D.H. (2012) Self-Folding Devices and Materials for Biomedical Applications.
Trends in Biotechnology, 30, 138-146. https://doi.org/10.1016/j.tibtech.2011.06.013

Cybulshi, J.S., Clements, J. and Prakash, M. (2014) Foldscope: Origami-Based Paper Microscope. PLOS ONE, 9, e98781.
https://doi.org/10.1371/journal.pone.0098781

Melancon, D., Gorissen, B., Garcia-Mora, C.J., Hoberman, C. and Bertoldi, K. (2021) Multistable Inflatable Origami
Structures at the Metre Scale. Nature, 592, 545-550. https://doi.org/10.1038/s41586-021-03407-4

Tawk, C., Panhuis, M.I.H., Spinks, G.M., et al. (2018) Bioinspired 3D Printable Soft Vacuum Actuators for Locomo-
tion Robots, Grippers and Artificial Muscles. Soft Robot, 5, 685-694. https://doi.org/10.1089/s0r0.2018.0021

Ze, Q.J., Wu, S., Nishikawa, J., et al. (2022) Soft Robotic Origami Crawler. Science Advances, 8, eabm7834.
https://doi.org/10.1126/sciadv.abm7834

Santoso, J. and Onal, C.D. (2021) An Origami Continuum Robot Capable of Precise Motion through Torsionally Stiff
Body and Smooth Inverse Kinematics. Soft Robot, 8, 371-386. https://doi.org/10.1089/s0r0.2020.0026

Wu, S., Ze, Q.J., Dai, J.Z., et al. (2021) Stretchable Origami Robotic Arm with Omnidirectional Bending and Twisting.
Proceedings of the National Academy of Sciences of the United States of America, 118, €2110023118.
https://doi.org/10.1073/pnas.2110023118

Zhai, Z.R., Wang, Y., Lin, K., et al. (2020) In situ Stiffness Manipulation Using Elegant Curved Origami. Science Ad-
vances, 6, eabe200. https://doi.org/10.1126/sciadv.abe2000

Kuang, X.A., Wu, S., Ze, Q.J., et al. (2021) Magnetic Dynamic Polymers for Modular Assembling and Reconfigurable
Morphing Architectures. Advanced Materials, 33, Article ID: 2102113. https://doi.org/10.1002/adma.202102113

Tao, R, Ji, L.T, Li, Y., et al. (2020) 4D Printed Origami Metamaterials with Tunable Compression Twist Behavior and
Stress-Strain Curves. Composites Part B: Engineering, 201, Article ID: 108344.
https://doi.org/10.1016/j.compositesh.2020.108344

DOI: 10.12677/0rf.2023.136683 6977 18 %5 S 2


https://doi.org/10.12677/orf.2023.136683
https://doi.org/10.1109/ICRA.2011.5980139
https://doi.org/10.1073/pnas.2013292117
https://doi.org/10.1016/j.tws.2021.108806
https://doi.org/10.1038/s41467-022-29484-1
https://doi.org/10.1016/j.eml.2019.100552
https://doi.org/10.1038/s41598-021-92257-1
https://doi.org/10.1115/1.4032973
https://doi.org/10.1115/DETC2013-12348
https://doi.org/10.1016/j.tibtech.2011.06.013
https://doi.org/10.1371/journal.pone.0098781
https://doi.org/10.1038/s41586-021-03407-4
https://doi.org/10.1089/soro.2018.0021
https://doi.org/10.1126/sciadv.abm7834
https://doi.org/10.1089/soro.2020.0026
https://doi.org/10.1073/pnas.2110023118
https://doi.org/10.1126/sciadv.abe2000
https://doi.org/10.1002/adma.202102113
https://doi.org/10.1016/j.compositesb.2020.108344

	折纸结构及其应用研究科学计量学综述
	摘  要
	关键词
	A Scientometrics Review of Origami Structure and Its Applications
	Abstract
	Keywords
	1. 引言
	2. 研究方法
	2.1. 研究工具
	2.2. 数据来源

	3. 文献分析
	3.1. 发文数量年度分布
	3.2. 国际研究力量分布
	3.3. 学科及期刊分布情况

	4. 结果与分析
	4.1. 共被引网络分析
	4.2. 高被引文献分析
	4.3. 聚类分析
	4.4. 引文爆发

	5. 从新兴趋势看折纸结构对工业设计的影响
	5.1. 新兴趋势
	5.2. 对工业设计的影响与启发

	6. 总结
	参考文献

