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Impossible objects robust against viewpoint motion and their applications
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We found two main factors of impossible object illusions that do not
disappear even if we change our viewpoints. The first factor is that the illusion-inducing
properties belong to 3D shapes instead of 2D appearances. This factor works effectively in "
deformable object illusion™ and "ambiguous tiling illusion.” The second factor is that the object is

composed of 3D structures and 2D pictures in a mixed way so that picture parts also appear to be
3D. This factor works in "height reversal illusion.” For road illusion, we found that the sharpness
of a curve is misperceived both if the curve accompanies the change of the road slope and if the
driver does not notice this slope change. This result suggests the importance of the road sign
telling that the next curve is sharper than it appears, instead of recommending to decrease the
speed. We summarized our results in a form of a family tree of impossible objects, which can tell
why illusion occurs for each group of impossible objects.



B X C—19,. F—19—1, Z—19 ({3@)

1. BB YH O 5

SEABFIRIE, BHMIC 2 ROTE A2 Eextg & L TR DEZEORAR 20O 8 THIZE S 1
TEN, EZTEHFEFRICESWIEBIEFE LA LT D52 A4 TOMEFIEN KB TH -7,
CHICH LTHEFETIZa Ly Ba—2Evay, RE— 8l EO TN o IRAE Lic ik
HOTIECL DM AETNTE T, AFRREET L, UROKBLET NV EIED Z LT - T
FOHAAZ TRIL, ZIUTHESOTH LWV R EZAEL CTEDO TRIZMRIET 5 &0 H A
S A INVDIRGEELTH> TE =, ZOWIET, HETDHINRTH O RN OLZDIREL BN H D 2720
U DARATHENLR D kR o N m— g VR - AWEL TE 72, 2O OARATHENLIRIX, 1]
A EE L2 Eig s BT TE DARITITERO A REMEN & 5 &0 ) BEIMERE & . A O
IXFE DR BEEED SR LBV E WS DESERNEE O X v v 7% FIH L CAIET
x5, LIEnoT, FAz@Ehd R CIIsslUIEmL T L E 5,

UL Zhid, RIZEE SN TWTEE LR E W IEERROFHE TOFETH 5, SIENER
LTWNEEWIHIGEED T Z N TEIUL, HAOBENC L 2HEGOE{LEEHE LT, Y
72 WSIAR 2 DS BN DA 1T DRI DMEN D R TE - T b, L TINMNERBEICAT
L% BIVE LT85S IR 2 BIER L TV D Ay TR ST 72, 2y, AIFZEOREICE ~ 7=
B0 - RETHD,

R 2B BB S DRI, EERF DO KT A NR—IZHAE LD, RTANN—IHEFICE SE
BOLENE =T ORI EOMREEELE LN S B HEREL LD ET5, L,
H—T LRRDIBIET D & SR 2830 L CHEKBOR 2R Lkt 2 EEnd 5, FEEE. i
HEHEIIT VERN DO CHEROLRT HEROBILZHET 50T, ZofBREICENE
7= (2017 -8 A 22 H OWRF NHEHGE (=2 — R RBEHORNTERE B O | CThik),
TN, AFENER ELEETHDL LR TIZonT o TH D,

2. Lo HB

(1) HVERVERCEI X R 2 T AR AHENARSEFIIA AR A2 FEE L e EfERZ2VnEn D
LSFETOF#REBL, SR 2 HERICEE L CHEEMN R X HET 28 LW AIRENIARE 2 B9
bo DX oM E R OARFRESRD ARG 2 A< RFE - AIET D L &b, ZOHERITH D
SEUIAE R ER ZH O T 5, TS K - T, Rz L THEEMANE X el 5 STIRGEN 2 Bl
FRANCIRRILT 5,

(2) EORBIZHESWT EHEEH D BT A N—=2[5IC R D0 —7 DOF S 258 Lkt D86
BRBENR D155 Z L 2 BEMGER L. T OEBRIED & 2 B & BGEORRE DR % E
BRI T ERARBICR T DL EMEDOMROT- O DFFEHE L TR T S,

3. WHEDTTik

(1) BRZED L THEEMHRIE X KT 2 A ATRESARDBITRIZIZ. AWFZERKE S £ TITHR
LU T & 72 0 DR 2 R 6O D SRR e T 2RI T 5, £ O HRAOMD A HE 2 #)5R
FTOHFKIOTNG | FRBEZ L > TREIRTEND bDERDIT D &5 TR TARAEENIE
YRR - BIET 2.

(2) WROLHZOMEAZFA LT, SRE T HEXOBES O TS MBI ITE 5T
RERTVRANEOEE L TERRT D, T2 TARBIREENT-HEZEBEHT L ko
T Z OSERSLR 2 RS T, $ER O A = R4 5,

(3) HROEE ZERITIN T2 FTIAN—DBEIZIRE L., RO Z Vi 50 —7 LR
DIHEME 2 BT 5, ZOMRITESNT, FIAN—DBEHRBLOTVIEROIREH 5
L, REMEMERDOSLE N DRET 2 NS EBE L O R T A =~ OO T IEZ 17 E
EAR

4. WFFERE

(1) FLRZEN L THEEMENE X F 2E5ENAREZ D 1 TR IR

ST & BN T A AR (2T TES K] L WO AFREMITTWD) ZANET
HIEHOH T, TO—HICHASEZBH ST TCHLEEHANEEIHRITILOND D Z L2 UAINL R
DUF TV, RBFETIZZE OSEHOHMA LA NI TH 2 &N TE T,
ZOMWEEFFONAKOIR DI NOF X 1I1TR"T, ZONAKITHERT, ZoWEixKo (a)
WCART EICHEZRWERENCRZ D, L, ZNEZREELREHOE Y T 180 EREiSHE 5 &,
Ko (b)), (c), (d) OEERT, BELAZIMWIZRKEE 2D, KEIZR G, 180 FEDEfLTL
ZE <AXT 72D, T ONAKRITAH LR E W) EERNE X 5, Z ONARIZRNATH 5 73,



FHEDBRF TEZ LN ERT H LTI HDT, Z OEFRNAREAZIT TR &0 5 4Fi
AP,

(a) (b) (© (d)
B 1. ARSI TR Z2mE N5 RE] ORSE (180 EEER L CTHEZRINR).

ZDOSNAED ESITERD B D MR TH DA, FEOENIE AT D S HI T o 72 o dh iR
WX D, FOX IR ENDDIL, AN gt 2 EE FMICETBE L- & 2/
THEHE L TESTHDIDIZ, TOEIN—TETHINLTHIHEEZOND, ZOEEI—E
&V PRI HLITRAE LAWK BROMEE TH D720, 1280 LT HEMEA I X il
by TR K- T, WIRNARDOSRB G A TE L 2 Rbhotz, ZOMAEZFALT, £
< OEARNARZBWE LT, Z2DO—2Th D THEOHFX72/ G 1%, 2019 FEOEFENRA MER
aT A RTRA ML OWZEEINTZ,

1FEEOXANERBGERY LR PHICEEFEDZRKBIZZ AV o T EMEND B, ¥
AV TNRDEAY T ~EEHT DR :
NAROBRFELHELZ0®, K2icFn—
Blamrd, ZOHE S, BIKOH D SARTED,
—HDOEEND Y ) — OB~ EH A
REEP L&, FERKFEO X 9 ICR Ak
T TARYDIENR DD IZL W, TORER, —
FOEAN o ThbbH—FHoXAY T
NEGICERTLE—T 4 VT B TX
Do B—T 4 71%, KEEFEIZL - TE
Bt bara—2777 497 AOHM
THDHN, BB LRDNADEREZEZ DT
TEHIICEBTED LW HHEMEL 25
iz, ¥, ZOSNAKO—FlIL, FHEHILEE
At (B RR) ~SWEBEOEL LTE X2, BH XAV 7 TETEF LA
WM 25TV 5,

(2) FLAZE) L THEMENE X FelS 285N KREZ D 2 [ 3 WRotEEAfi % it L 7243
IKFEIZEWTRDIZATA LI E SRR 258015, A7 Vv—2 3 v (AR —ER2MbLoER
MR END LW AR BT, MR SRI CAE TR TALIZEE, BESOEIELTE
SERDOIRIZ R Z D, ZOWEEFRIH LT, 8HCT L @ S B KEET D8 HNREED Z LT
Do ORI, RYDONAKZBINT S & BOEIOGPIETHDL Z ENGNDIZ <o T, &
DANRICR AT %, ZOWEERIHAT S &, A EE 2T L SBOHW N L Rl 58 %
BT 570, SEENEXET L, ZOFEICL>ThH, SAEZEIN L & XENEXFIT AR
AIRESLIRDMEN D Z E By ino T,
ZDOFETES TSRO F 2 [ 3 12T,
BEZFT 0 ESREREY T B v PRI R
2 DM, BB IR RETH D, BT &
TR L FRVERKIIARY DO RTH D, ZhaFE
[ERAS Y SIUNG TR I e A WA VA . VYN
JE L. 180 FEREEE L7 & Z AT, MO &N
WL C—FEmnolo & ZAN—FIKLS 2D
EWVIBERNEL D, BB ORI, v =
L— X —DREEEXE] LW 4 THLS MBS
NTVWHZERME T BEERATALIZEZA
WO EIR & BB OEMEZ T DR Rk
ZAHAEWVWIIRRE RO, — ., FT0RED3
Wiz &, TR ETFZEZA LW
D FEFRITEIR T 2 23, [BlHE 95 & SRS A5
HEVNIHF LWBERNEEN D, X3 DL
HIE, 2020 FEOEBER R MEF L F AT

3. [NEARRRY = b— & — BB



(3) ZDOF LWRATHEE AR DI AL - AIE
BESIREMAEDOED Z LI L DR RETRDL P T, HLWRERZ Ao D 2 &
LTER, TO—2F, 3O0FANS AL ERALDNKRICAZD [3HWEFNIK) THD
®, FO—FlEXK 4R T, BERD EBEEOH DMIITENSL -T2 BN R A2 B0, FRELER
INLCTR8EICM S 7 %1%, BIOHIEIZ 72> T D, FEBRITIE, AKEICE W TR A ARG I
MEEIINL > TWND, I 2D TW AL, 2N EA ISR SN2 EA N ARORE LK T,
BEoOm T, ROFTOVATEMEE (3HH D) O— oMK ECEmE G M ZR < L5 IZFHELT
HD, TONKREESIL, 2018 FEDEPERA MNER 27 A N CEP: 2185 L,
[3HFMEGSR] & THIKBR] ZAEDED & NODFRNML RizE B3
\CHL 2 BEEENIR 6 FIMEENIK] Z1ED 20N T&E 5, ZO—Hl&K5I1R LTz, SMKDH%
IS DEENNTTHDHMN, WD 2 BFHE 4 FHOEICH - 72 RN 3 HAEFNAKOER
RITKHE L, 52D O =208 - T2 KX, FNENOED & S IEFERTH D,

B 4. =HmEg ik X 5. NIFAEZEENK

(4) BHRHI—T DOHFRBA =L

RIANR=RHIH DI =T OHE 2 HET DRI, EAMIZIEERO L —7 L 2nn
SN TG & ORMPERIRR TRER TE 5@, 72U, ZORRIL, Him kRl wr¢5
F74/\~ﬁ)ﬁjf“afi&ﬁ%ﬁ?%bfb\é&FLTU\%%@T ZoB%RE ST 7 TR LTE
DONRK 6 THDH, HflhE, RTANR=DRATFTALTVDEEELTWEAHE L EBEOAEDTHE
F U, fedhix, EEEO R LRI D AT o RO EET,

B OBERNEL L THDD N
2. FOEIZZASS D2V TE RatioRYR
CAEA CEBE RO TWD Lt
fRL7= RT A =2 & o T,
SR DT T — 7 & LD )
LRALEEOMENMH, FD
TR, h—T DS EZERET D,

FRiZ, TOEBRELS B LA

WD H—7 (FRRIZ, E0 R 1
ML 72bEZAIHDT—

T L, R AT LY K& — 0 >
< (Fiabb, e EEL Vi a Aa
<) BEU %,

B —T A 0 Bl T X 6. BHEZRTFATAELD—70d=R0 &K
ZHEMIE, FIANRN—DAY
— RFOHLBERFERZLEEZOND, BE UL, RIAN—DBEHZO ALY — RERGR LI
ReBhpzihsd, LrL, ﬁﬁﬁ@ﬁ~7“%;@[‘%’3i NEWEMRETSE, A= RNIZELI MR L
TWTHHEMICAE—FOH LB E R 506N H D, LER-T, [AV—FOH LB
IR OEMNS, ROT—TIERNTEVEATT) W) FEEREOE#RLLETHA I,
AWFZEFETIL, 2O L EREBEL TS,

H— 7%‘:9@5%%Mﬁ<fﬁbéﬁl i, I =D T AR LD D FREMENRD D
ZELERTCERL, PTUAR—EER LT, HIMO—EfET L &, BIEONEZWIEIEERY O
MRS RAZDEVWHIHBHRBTH D, HROEEER R EICRBSN TV DT —7
DI ERELZT0, AL LD REROERENR DV | FREOEEMEERN AL TH D L H#HE
HTx5,

(5) ANAMRESLARSEHOBIEIC X 2 4R/1k
WA FEIET DR DIZRIENTH VBRWEEC 2N ELT D [RATRELE) 130 A



FERKE BRI L ROT T b D EAMIEEDO T TRAOT b D2 EbEL & 1 1 D
Do b, ZOSRERICER LTHE - BEL, BEKORICE L DD Z LR TEO,

Z ORI, ®TIeai LB T,
RETEEE — S 2 T 1A \

BITED RO — W T \
BHE /5

8RR

SHELS HZ B

& B

E T
X R :

RARuE —
OBEBE SHFEE ST 6&“@“@

)

7. SEMRAERERICES S RATRESLIR D ARRIL

SEREER AR T A ERERIZI - oH D, FOH 1L, MIEICE S 2 BRI 1T BT X OB HRA
EENRNDOT, BN AKE —BICETT DI LI TEP, BT OBPUCHBERDH D Z
ETHD, THICKY, EBEEITRERIBTEEZMETIHANDH Y, TANEEL 72D, &K
SEERREH A A Y R, ZOERTEL AR TH S,

HKOE 21X, G2 ozl zs & Znbkd 20O S EOEROBHE TH D, TDI-
WIZ, FACRTHLEZDPLRINICE > TEIBOPRZTL D, ZTOHBEZFIHATLZ L1
L oT, BEKEBHH, 3 HMEFIR, 6 HFHEG K ERAIECTE D,

TOXEIICEHETHE, IHITH LWARARESLAOAREM S A TL 5, #l2iE, H Y E7en
FENRZ T D IRAMEE— 3 UNREENL) & TR SERSES) 2AaGbe b &, 2 FE
DORARERBN X PAER TEX DVARDOARENER ETH D, INHIZOWTAEZBIEREZED 2,

< 5| H3THk >

@O K. Sugihara, Ambiguous tiling. Computer Aided Geometric Design, vol. 79 (2020).

@ K. Sugihara, Family tree of impossible objects created by optical illusion. Bridges
2020 Conference Proceedings, pp. 329-336.

® K. Sugihara, Misperception of road curvature due to slope change. Japan Journal of
Industrial and Applied Mathematics, (accepted in 2020).

@ K. Sugihara, Modeling of ambiguous tiling for mold casting. Journal of the Society
for Art and Science, Vo. 19 (2020), pp. 59-66.

® KRES : = HRESARORGHRE. M558, 54 %5 (2020), 2 %5, pp. 47-49.



10 8 3 3

Kim Deok-Soo Ryu Joonghyun Cho Youngsong Lee Mokwon Cha Jehyun Song Chanyoung Kim Sang 251
Wha Laskowski Roman A. Sugihara Kokichi Bhak Jong Ryu Seong Eon
MGOS: A library for molecular geometry and its operating system 2020

Computer Physics Communications

107101 107101

DOl
10.1016/j .cpc.2019.107101

Ryu Joonghyun Lee Mokwon Kim Donguk Kallrath Josef Sugihara Kokichi Kim Deok-Soo

375

VOROPACK-D: Real-time disk packing algorithm using Voronoi diagram

2020

Applied Mathematics and Computation

125076 125076

DOl
10.1016/j .amc.2020.125076

Sugihara Kokichi

79

Ambiguous tiling

2020

Computer Aided Geometric Design

101851 101851

DOl
10.1016/j .cagd.2020.101851

Sugihara Kokichi Moriguchi Masaki 10

Reflexively-Fused Cylinders 2018

Symmetry 275 275
DOI

10.3390/sym10070275




Chaidee Supanut Sugihara Kokichi 36

Laguerre Voronoi Diagram as a Model for Generating the Tessellation Patterns on the Sphere 2019

Graphs and Combinatorics 371 385
DOI

10.1007/s00373-019-02006-5

Sugihara Kokichi 9

A Framework for Creation of Anomalous Motion Pictures 2021

Art & Perception 46 65
DOI

10.1163/22134913-bjal0017

Sugihara Kokichi 38

Misperception of road curvature due to slope change 2020

Japan Journal of Industrial and Applied Mathematics 379 389
DOI

10.1007/s13160-020-00441-z

Sugihara Kokichi 19

Modeling of ambiguous tiling for mold casting 2020

Journal of the Society for Art and Science 59~66

DOl




Sugihara Kokichi 2020
Family tree of impossible objects created by optical illusion 2020
Bridges 2020 Conference Proceedings 329~336
DOI
54
2020
47~49
DOI
20 9 8
K. Sugihara

Computational Illusion: Various Behaviors of Impossible Objects

Computational Photography 2019

2019

K. Sugihara

Ambiguous Objects as a Potential Source of Magic

MAGIC Linves 2019

2019




K. Sugihara

Latest Developments of 3D Illusion

International Display Workshop 2019

2019
2019
2019
2019
2019
11 2019

2019




Sugihara Kokichi

Evolution of Impossible Object

13th Gathering for Gardner Conference

2018

Sugihara Kokichi

Evolution of Impossible Objects

9th International Conference on Fun with Algorithms

2018

Sugihara Kokichi

Evolution of Impossible Objects

International Symposium on the Exploration and Application of Visual Illusions

2018

2019




Sugihara Kokichi

Ambiguous tiling

Geometric Modeling and Processing 2020

2020

Sugihara Kokichi

Difficulty in representing 3D shapes by 2D images due to optical illulsion

International Workshop on Advanced Image Technology

2021

2020

2020

Sugihara Kokichi

Modeling of ambiguous tiling for mold casting

NICOGRAPH2020

2020




2020

2020

2020

2020

2020

15

2021

Art and Science Award

2020




2021

2020

2018

253

2018

223




2020

48

Kokichi Sugihara®s Home Page

http://www.isc.meiji.ac.jp/~kokichis/

Chennai University




