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Abstract Unfolding and folding problem is a popular research topic in computer graphics, and has a
wide range of applications, such as industrial manufacturing, architectural design, medical treatment,
and aviation technology. In this survey, we review the basic concepts of unfolding and folding
problem, introduce the research and application in four fields: robot design, computer animation,
deep learning and others. We discuss the research work of unfolding and folding problem in detail.
First, according to the different degrees of unfolding, we summarize research progress and typical
algorithm ideas from two aspects: full unfolding and approximate unfolding. Full unfolding is to
unfold 3D objects into 2D space without overlapping and deformation. However, most objects cannot
be directly unfolded, and only an approximately unfolded structure can be solved. Approximate
unfolding is a non-overlapping and deformed process, which is unfolded into the plane domain by
mapping. How to find the smallest deformation is the key to approximate unfolding. Second,
according to the different folding forms, the folding problem is divided into two types: Origami and
Kirigami. We divide Origami into rigid folding and curved folding according to the different forms of
crease, such as straight crease and curved crease. Kirigami is a special folding method that combines
cutting and folding technology, which drives folding by the elastic force or other external forces
generated by cutting. Here, we mainly consider the technology or algorithm of using Kirigami
technology to construct auxetic structures. In addition, in order to compare the advantages and
disadvantages of the algorithm, we summarize the commonly used algorithm indicators of unfolding
and folding algorithm. Then, we evaluate the typical algorithm in recent years, and analyze
advantages and disadvantages. Finally, we summarize and propose the development trend of unfolding
and folding, including algorithm accuracy and robustness, fold volumetric objects, self-driven process

and intelligent application of Kirigami technology.
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Table 1 Comparison of Fluid-Driven Artificial Muscles

x1 mEEHHATAAITEE

Driven Pressure Maximum Maximum

Features Reference
Device Difference Ap Stress/kPa Contraction/ % catures crerence
FOAMs Ap<<0 600 90 Zigzag Origami, Fast and Efficient Ref [14]
PAMs Ap=>0 45-50 Gas or High-pressure Liquid Drive, Linear Contraction Ref [15]
VAMPs Ap<0 65 45 Linear Contraction and Torsional Motion, Limited by Ref [16]

Buckling of Negative Pressure and Elastic Structure
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Fig. 2 Soft grabber of waterbomb structure!'®
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Table 2 The Application of Pop-up Structure
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3.2 Kirigami T &
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Table 3 Comparison of Unfolding Algorithms
x3 RAHEZEIL

Classification Reference Publication Year Evaluation Index Features
Ref [66] 2005 N,/T. Use the minimurTl spannin‘g tree to unf(?ld the 3D grid, but
its 2D structure is not a single connection.
Ref [43] 9011 N,IT, Use t.he genetic algorithm to o-ptimize unfolded patches and
Full the distance between boundaries.
Unfolding Ref [44] 2015 T. Use the multi-link tree structure to unfold.
Combine the topology and geometric features into a
Ref [28] 2018 T o/ N por/A area genetic-based fitness function, but for complex models,
details may be lost.
Ref [64] 2008 Qung/Ea Local mapping and global unfolding.
Ref [67] 2008 EnGo) /\ulor}nalicall}f calculate C?né singu?ariliem but the texture
mapping of high genus grid is not implemented.
Introduce elastic deformation to parameterize the mesh,
Ref [68] 2010 . .
but not suitable for closed grids.
Approximate Ref [3] 2012 TUE A nom A glol?al alg?r}thm for finding the location and angle of
Unfolding cone singularities.
A linear algorithm that controls the length or angle of the
Ref [49 2017 Ep(u)/Qungl Ty . .
ef [49] p ([ Qunl boundary, but only on the Euclidean domain.
A global algorithm to calculate the cone singularities
Ref [50 2018 cone/ W[ E 1 (u) . .. .
ef [50] e/ B Cu (number, size, position) , but not find the best 2D layout.
Ref [51] 2018 Euto Directly optimize the deformation caused by cutting and

unfolding, but some areas will be narrow.

TESE A RIS g5 R AR W . SCRR[43 ]y
530 [ Bt 2 DO s T 50 %) 165 0 T 1G9 52 il R Y
S, Hode KBTI E] 4 785.5 s(950 AN 1Y fish A
B SCHk[28 178 3T 100 A1 AR 8L B I 25+ 43 #E
224 bunny 8 Y T ECN 48 1A E] 128 1), I 2k
B 1A A 39 min B4 03] 427 min.

TEIE ) e PR e, S g0 25 SR SR ] - 7 SR [ 2-
3.50] MY 3 FRASINHE AT a0 RIS b, gk 4 BT
7 2 HERCE AR TR SCHER[50 T Y 2 BT AR B /) 5 7E
T R S LA ST AL SCRik (50 ] B 0 B 50 ER A A AR
/D s 2 SV A AR I, SCHR[ 50 e 1Y) ik e Fn 2k
EL AN A 5 TS A 100 000~150 000 4~ =
AR, SCHR[ 50 15 2 77 2 20~ 25 s, I T HAlh
2 PR A SCHR[45,69 1Y 2 R L, SCiR[45 7]
DL il J I 10 7 8508, A LE T RS A A T S IR A3
J7 3 B g b BTCAE ity T B JUART REAE , LR g | AR b
T4 BN FESCER[47.49,67 1B 3 FhAT ¥k R A
Per, SCHRC49 IASCRT DA ] i 2 ) s 53 /) BB A
JBE i R B de /N 1Y B KR LR B AR SCHER

(64,68 2 Fp3vE, SCHRL68 ] H AT B Y £ T 44
Jot s AH S AT 350 RS A7 B
Table 4 Comparison of Three Cone Singularities

Unfolding Algorithms "]
R4 3HMFMET AR L LB

Number of Total Cone Area

Reference . . K
Cones Angles Distortion

Ref [2] 8 4.027 0.72

Ref [2] 56 18.4x 0.09

Ref [3] 38 8.97 0.15

Ref [50] 8 5.0m 0.06

1.2.2 BB

MR T SRR A T 5 R R gk 5 R,
F R R R A A 4 2 A OGSk L K R Ay VAR
FEhR LA e A5

X Origami 478 , SE 5025 R R W] . SCHRL52 ]
PrBRCRETE 0.1~0.5 Z[E.HH, HAEZ155 500 mm,
JEREZ) A 116 g/ m” ()™ JE 4841 & 1M 8 1Y bunny 5%
B Pr SRR 0.172.3CHRE56 1H A R4 R 43 1k 1
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SEARIEE] R 0.04~0.8 s, HoSZ 56 25 B 48 0 - 1. SCk
(587 fy 4 1k W 7 ] BAASE AR 01 J 34 v i o ) 42 2 A Y
i3 FE Lilium A8 EAYSEHR 220 F 1 mm, 1M

TE 20 em A9 Spot A |-, HSEHiR 2%/MF 4.3 mm, 5%
Kik2H 12.8 mm, (LR H 2/ ILETH Y 1362 s,
SR A AL 8] A 6 205 s, FERT 804

Table 5 Comparison of Folding Algorithms
x5 HEBEEMK

Classification Reference Publication Year Evaluation Index Features
Introduce tucking molecules to fold a single planar into a
Ref [52] 2010 T(/vym 3D structure without cutting; but not suitable for
arbitrary models or hard materials.
Analyze the six-crease waterbomb folding problem, and
Ref [54] 2016 propose the motion conditions of zero-thickness and thick
panels folding.
Origami The developable surface is represented as splines, but the
rigami
Ref [56] 2016 T:/6./K approximate continuity and overlap problems are not
considered.
Construct a network of strings and use tension to drive
Ref [57] 2017 folding, but cannot calculate the target structure of non-
tension forming.
Elasticity drives curvature changes, but not suitable for all
Ref [58] 2017 H/fori Y 8
models.
_ Fractal cutting, but for elastic materials, the deformed
Ref [59] 2014 .
structure is not stable.
Design the bistable structure, but only consider the
Ref [60] 2016 e
rotation in the plane.
. . An inverse design algorithm for 3D structure, but the
Kirigami Ref [61] 2016 . & &
results require manual control.
Deformation under expansion or gravity load, but cannot
Ref [62] 2018 Omes ;
construct a negative average curvature structure.
Use a mechanical model for simulation, but it is not
Ref [63] 2019 Sh

guaranteed to expand to the maximum.

Xt F Kirigami $#1& , LU 45 SRR B . SCHk[60]
P AR R A G 5 R BRI R A, A R
FR A 50 B LB 58 A )R BT F 1 Bk SCiHk[61-62 ]
B HY RB 3 42 A] {0 TC i R R R A E
SCHRL61 T EFgh i 32 i o, B 3 4E 454 Jf
e 4 e s Uk 62 1] 7E I Ik ) sl ) faf 80T H
BB R 3 HELE R I RUE LS # S8 A R, H e 2% A
RUAISH 22 4 0.001 8, iR 24/,

5 RES5RE

A ORI AR R B JLAR R I 5 I & R T 2R
o 5 A SR I O T AR SR T AR B N SE 4
JE FE RN AL, FF 2 T T 43 0l e 45 O 18 3R A G Y
TAE# s e &, W4 r &I AR, 0k
Origami #78 (GL3G NI 37 & .5 #i 1 &) 1 Kirigami
& 2 K205 A5 54 R 59 &0 15
L7 A oS N NS T P 1 0 N N Y 7 N B2
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T 48 R O 5 3 B 1 A S 1
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T 25 SR 2R L B i A L
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HRRE BRI Anfa fe A 29 A 37 B ad B2 7R RIE T & %
S 1Y [ I G A B Y ) H e A5 T AR Kirigami
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