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Kawahara et al. [2] ZRDJIIO—FZHWOH L, 1D HZG5Z T L, IR X D [ElER
WE— REEKE— FPENS Z e 2HEPDTWS. BB, AV v T X—=XIZL > TEFIRED
ATEFVHIN=S L 3] L AMHOUIKER O3,

EE— RIZBVWTO D AWVIREBOREREZE 2, ZONITNTOWTEHIKEN DR 1 T
Ba, ZOEBE— FIZEEET— FTH N OB EEFAE F., £ LTHECE5. XoJIl%Z
FHIREED S HERINICE ] o5k 2 ¥ &, BEMENR/NDOE— FCEET 2 Z e #ifFEn b, Yang
et al. [1] 3T F L CHEEHFHFE— F e EIKE— FOBEMEZHEL TV, FKLEIKRDINZ
FOEZSZTARTIDITKE L, SO HOZIAF - 4 HOEX, 0 AEO RIS
BAEANFETIVCHEEMELR B L. BEETLVEAEANARET L ETIEAY v bXTX—XC
X3 % PR EOMEA R 5 (K 2(a), (b)).
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1. D HeRHoRDJI. (a) BHX (b) BESHFFE—F (k%), BIRE—F (FR) OEEIRE (c) #h 5 /=X,

BEENIETILOBE Y72 E, A RE—X> b2 I £35. Yang et al. [1] IZEW,
RONDENJE— FIE S FICHR 2\ 0 XFHOMH B 672D, BEHFRE— FTEMA T tape
spring O H HEFo & 3 5. HiRHNICIX, 1D B2E w Z2F> & LT, ~NRMlIMEE EI/w T
HDH. WHXFTEIRE LITHL w=L/6 DMEANXDMEGHCH 5 & A7%F. Tape spring TIXE
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AN E U R THANC D > TV [4]. BIROH, B7 Y VHRICL 23S dlmw# IE¥
NPV EFRT 2L, BERTZZNENOARMIEBART Y Vv EHWT 555 TH5. A
EANRETILONRRANEZ LD X SIBIEL, S FHITFEs @Eﬁﬁ«@ﬁ&ﬂj%%mét 5l
RICKDEAL TANF=DENLTN—HT S, 7272 LK 2(c) TEEAEADELIIIT> TR,

BEREREDOLE Yang et al. [1] DEBR T X — X CTEEGEO RN L 25, Yang &
DOHMEET L THHAEANARETILTD, HICHKE— FOBEMEINNS L, RBRTHEIN,E—
FERAHEZ 50 e hibiro 7z (K2). ZORMZBAZEANCHIT 272012, B Y ZRHOLK
HFEC Do DEEJEE— F 2o R-RE2 BT 25 (K 1(c)). FHENFRE— R tape spring @
IAFX =Sz ECEKE— FYL RIS TWS Z 23RV T, ANEECEKE-F X
DREV. EERTHEID LN TV DG T X =2 K 5 E— FERIE, BER RT3 Tl
HTE3, MRORT Y vHRliRERLR Y, SRMHELLHRUCER L L O FElRE T AR0NE
TH5.
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2. FEEMAEOEENFE— F (f) LEKE—F () Ok, (a) AEARET L (b) BlEET NV (c) BIEAEAXET
M. AV v bR 1. =152, (b)(c) KBVWTY V7% E =235 K7V it v=0.38 #E h=0.127 ¥ LTFH.

HE  ZOWFFUIRHRE 22H04954 Y] D AUEE ST 3 2 97 D MUIE O L BRAIH & 7N 4 RFEEED
Bk 22 Tngd.
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1: 2 x 2-periodic assignments of the box pleating pattern. Mountain - Valley - Either -

B Mountain-valley assignments and global kinematics A mountain-valley assignment is a primary
instruction to achieve a folding from a flat crease pattern, either by hand or for more complex
folding techniques like self-folding [1]. From the plane configuration, the same crease pattern
can adopt different mountain-valley assignments and realize different shapes and functions. This
idea was used by Hawkes et al. to design a reconfigurable foldable system [2], using the box
pleating pattern.

Several, but not all, mountain-valley assignments can be kinematically compatible with a
crease pattern with rigid folding conditions. Understanding which assignments result in valid
foldings and the types of shape they produce is crucial for both the theoretical study and
practical applications of origami. In this work, a numerical method for exploring the compatible

mountain-valley assignments of a crease pattern, in particular, origami tessellations, is presented.
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B Numerical exploration method An angular model is adopted, i.e., a folding is represented by a
vector whose components contain the folding angle of each crease, with compatibility equations
given by paper closing conditions around each vertex [3], including rigid folding conditions. The
exploration is limited to assignments accessible directly from the plane configuration which we
believe includes all the assignments with fold angles smaller that 7. Usual 1% order methods
fail to give significant results. The exploration then consists in testing the compatibility of a
family of trial assignments by comparing the assignments with the result of the projection on
the configuration space of a corresponding small finite perturbation in the parameter space.
The method has at least exponential complexity. However, the running time can be reduced
by reducing the trial family with global compatibility observations (e.g., assignments for which
all creases adjacent to a vertex are mountains (resp. valleys) are not compatible), or with

pattern-specific compatibility observations.

M Application to the box pleating pattern The box pleating pattern has degenerate parts which
reduce the behavior of a 4-crease system to the behavior of a 1-crease system. The degeneracy
is used to reduce the assignments tested for the numerical exploration method.

The method was applied to the box pleating pattern with periodicity consisting of the repe-
tition of 4 unit squares arranged in a 2 x 2 fashion. Periodic conditions help unveiling global
kinematics while keeping a low number of edges, hence reducing the running time. Apart from
trivial assignments, the exploration method unveiled several compatible assignments for the
2 x 2-periodic box pleating pattern, including known famous tessellation (la,1b,lc,1d,le,1f))
but also foldings that, to the best of our knowledge have not been yet been named (1g,1h,1i).
With bigger periods, other foldings are found, a lot of which can be seen in Huffman’s [4] and

Fujimoto’s [5] work.
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