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Q
uick outline

●W
hat are m

oiré patterns?

●H
ow

 do you m
ake them

?

●S
om

e sim
ulations.

●M
oiré in real life: problem

s and applications

●F
uture research and thoughts.  



 
 

●
latin? →

 arabic? →
 english →

 french →
 en

g
lish

“m
oiré” 



 
 

M
oiré in art

P
eter I of R

ussia
1838, P

aul D
elaroche

 

P
orträt der P

rinzessin di S
ant' A

ntim
o 

1840-1844, F
rancesco H

ayez



 
 

H
ow

 they are produced

●
P

roduced by superposition 
of tw

o patterns.
●

O
verlap creates areas of 

increased and decreased 
intensity. 

●
D

ark and light bands 

(G
abrielyan, 2007) [1]



 
 

G
rating types

●
S

im
plest is linear. H

ow
ever, not lim

ited:

C
ircular

R
adial

(O
ster et al., 1964) [2]



 
 

F
resnel Z

one P
late

G
rid

R
andom

(G
lass, P

érez, 1973) [3]



 
 

S
om

e m
athem

atics: Linear G
rating

B
eat w

avelength 

(C
reath, W

yant, 1992)
[4]



 
 

S
pecial case #1

●
If  

the first term
 of the equation vanishes:  



 
 

S
pecial case #1

●
If  

the first term
 of the equation vanishes:  



 
 

S
pecial case #1

●
If  

the first term
 of the equation vanishes:  

●
T

his can be rew
ritten as:   

M
: fringe order 

y: distance betw
een tw

o fringes

    α: half of angle between gratings 



 
 

←
 M

y m
odel of case #1

●If the periods are equal, the 
fringes are horizontal. 

●If one period is an integer 
m

ultiple of the other, fringes are 
still horizontal! 

P
lot[Table[{y =

 m
1 x - (m

1/m
2)*(k +

 c),
y =

 m
2 x - k}, {k, 0, 20}]

●U
nexpected, because the x 

dependence does not 
vanish in that case.



 
 

W
hen λ

1 = kλ
2

k in {Z+}  

A
ll controls sam

e as previous, a is scale facto
r o

f g
ratin

g
s. 



 
 

D
ot patterns

M
oiré effect produced w

ith grids of equal period. G
rating is m

agnified. 

E
nhanced contrast



 
 

M
ore dot patterns

C
om

pression:
(x, y) →

 (0.8x, 0.8y) 
C

om
pression:

(x, y) →
 (0.9x, 0.7y) 

R
otation:

U
nknow

n-- M
athem

atica 
trouble



 
 

E
llipses

a=
constant ; 

b =
 changing

a, b changing in fixed ratio

M
easure 

eccentricity?



 
 

A
nother sim

ulation

m
oiré

not m
oiré



 
 

A
liasing

●
D

etail of pattern is m
ore 

than com
puter (or cam

era) 
can resolve w

ith pixels.
●

S
o, it only sam

ples once 
every couple of pixels-- 
gives us incom

plete, false 
im

age! 
●

N
ot really m

oiré in the 
previous sense, but looks 
like it.  



 
 

Tem
poral aliasing-- im

ages

●
“W

agon-w
heel effect” in old m

ovies.
●

D
ue to aliasing-- im

age of w
heel is sam

pled at 
different frequency than that of w

heel's rotation. 
●

W
heels appear to spin backw

ards, slow
ly, or not at 

all. 
●

E
xam

ple of the “S
troboscopic effect.” 



 
 

Tem
poral aliasing-- sound

●
S

im
ilar effect happens in recording.



 
 

T
he N

yquist frequency

H
ow

ever, there is only one 
frequency that is betw

een 0 and 
half the sam

pling frequency (5 
kH

z) -- the 3 kH
z w

ave.  

●N
o low

er frequency w
ave can be 

constructed-- 3 kH
z w

ave is free 
from

 aliasing. 
●N

yquist frequency is sam
pling 

frequency / 2. 
●A

ll w
aves w

ith a frequency less 
than the N

yquist frequency are 
free from

 aliasing. 



 
 

S
patial aliasing

●
S

patial aliasing is a sim
ilar phenom

enon. Im
agine a zebra against 

a picket fence. 

●
C

am
eras w

ith “high resolution” try to resolve intricate patterns. 
R

esult =
 aliasing. 

H
igh res. →

 aliased
C

om
puter generated im

age
C

onventional video cam
era 

→
 blur, but no alias 



 
 

A
nti-aliasing filters

●
A

A
 filters reduce resolution of cam

era so aliasing is 
m

ostly elim
inated. 

●
S

om
e cam

eras don't have the filters, so they offer 
higher (false) resolution. 



 
 

N
ot all bad... 

●
M

oiré patterns have m
any useful applications. H

ere 
are som

e:
●

S
train m

easurem
ent (topography)

(Takasaki, 1970)

●
C

urrency (anti-counterfeit) 
●

C
o

llim
atio

n
 testin

g

(K
othiyal and S

irohi, 1987)

●
N

avigation
●

S
teg

an
o

g
rap

h
y

(R
agulskis et al., 2009)  

●
F

ind focal length of lens

(N
akano and M

urata, 1985)



 
 

C
ollim

ation testing w
ith m

oiré (and Talbot)

●
Talbot effect: near-field 
diffraction effect. Light 
shines through a periodic 
grating; at certain 
distances (Talbot length), 
the im

age of the grating is 
reproduced. 

●
A

t half Talbot length, 
grating is shifted by ½ 
grating period.



 
 

●
Light shone through 
periodic grating, grating 
m

oved to Talbot length to 
m

ake self-im
age. 

●
Identical grating placed on 
top of im

age of grating, so 
m

oiré patterns are 
observed.

●
If the light is collim

ated, 
m

oiré patterns w
ill be 

parallel to grating. If light is 
convergent, m

oiré patterns 
w

ill tilt one w
ay; if 

divergent, patterns w
ill tilt 

the other w
ay. 

C
ontinued

D
ivergent

C
ollim

ated

C
onvergent

(K
othiyal and S

irohi, 1987)
[5]



 
 

S
teganography

●
M

oiré patterns can also be used in steganography, or 
im

age-hiding. 
●

W
hen the “w

heels” are oscillated at the correct 
frequency, im

ages appear. 

(R
agulskis et al., 2009) [6]



 

S
om

ething else really aw
esom

e

●
A

 G
lass pattern is the superposition of tw

o identical, random
 dot patterns. 

●
It w

as discovered in 2003 that G
lass patterns can be m

ade to have any 
shape and intensity profile! 

P
eriodic

R
andom

(A
m

idror, 2003) [8]
(G

abrielyan, 2007) [7]



S
om

ething else really aw
esom

e



 
 

Q
uasiperiodic?

●
W

hat w
ould m

oiré patterns / G
lass patterns look like 

w
hen the dots are quasiperiodic?  



 
 

S
unflow

ers and the F
ibonacci sequence

●
In 2004, H

. V
ogel cam

e up w
ith an im

proved form
ula for the pattern that 

sunflow
er florets m

ake.

●T
his form

ula w
as based 

on the F
ibonacci 

sequence.

●F
ibonacci num

bers often 
appear in nature. 



 
 

M
y m

odel of sunflow
er florets

V
ogel's form

ula:



 
 

Q
uasiperiodic m

oiré

D
ilation →

 4 : 3.5
S

hift →
 x +

 10



 
 

P
eriodic dot grating and quasiperiodic 

pattern

Im
proved contrast



 
 

F
uture research

●U
nderstand m

ore of the m
ath behind different kinds of 

gratings and m
oiré patterns.

●E
xplore quasiperiodic m

oiré-- m
aybe different w

ays to m
ake 

quasiperiodic gratings. A
lso, figure out the m

ath for that?? 

●M
ore sim

ulations!! 



 
 

T
he end!



 
 

T
he end!



 
 

R
eferences

[1] E
m

in G
abrielyan, “T

he basics of line m
oiré and optical speedup”, arX

iv, 9 pages, 8 
M

arch 2007.

[2] G
. O

ster, M
. W

asserm
an, and C

. Z
w

erling. “T
heoretical interpretation of m

oiré 
 

patterns,” J. O
pt. S

oc. A
m

. 54, 169-175 (1964).   

[3] L. G
lass and R

. P
érez, N

ature 246, 360 (1973).

[4] K
. C

reath and J. C
. W

yant, “M
oiré and fringe projection techniques,” in O

ptical S
hop 

Testing, D
. M

alacara, ed. (W
iley, 1992), pp. 653-660.

[5] M
. P. K

othiyal and R
. S

. S
irohi. “Im

proved collim
ation testing using Talbot 

 
interferom

etry.” A
ppl. O

pt. 26, “4056-4057” (1987).

[6] R
agulskis M

. et al., “Im
age hiding based on circular geom

etric m
oiré,” R

ecent 
A

dvances in A
pplied M

athem
aticas,137-142 (2009).

[7] E
m

in G
abrielyan, “T

he basics of line m
oiré and optical speedup”, arX

iv, 9 pages, 8 
M

arch 2007.

[8] I. A
m

idror, "M
oirÈ

 patterns betw
een aperiodic layers: quantitative analysis and 

synthesis," J. O
pt. S

oc. A
m

. A
  20, 1900-1919 (2003).



 
 

●
S

lide 3: http://sw
itzernet.com

/people/em
in-gabrielyan/070306-optical-speedup/a5/a4.png 

●
S

lide 2: http://anjouclothing.files.w
ordpress.com

/2011/04/m
oire.jpg

●
S

lide 4: http://dem
onstrations.w

olfram
.com

/M
oireP

atternO
fTw

oF
resnelZ

oneP
lates/H

T
M

LIm
ages/index.en/popup_2.jpg

●
S

lide 5: http://w
w

w
.oberonplace.com

/dtp/m
oire/m

oire2.gif , 
http://dem

onstrations.w
olfram

.com
/M

oireP
atternO

fTw
oF

resnelZ
oneP

lates/H
T

M
LIm

ages/index.en/popup_2.jpg  

●
S

lide 13: http://w
w

w
.svi.nl/w

ikiim
g/S

tF
argeaux_kasteel_buiten1_aliased.jpg

 , http://w
w

w
.dvxuser.com

/articles/article.php/20

●
S

lide 15: http://blogs.m
sdn.com

/b/audiofool/archive/2007/02/15/digital-audio-aliasing.aspx  

●
S

lide 16: http://epow
ers81.files.w

ordpress.com
/2010/04/audio-recorder.jpg

 

●
S

lide 17: http://w
w

w
.dvxuser.com

/articles/article.php/20
 

●
S

lide 18: http://w
w

w
.gem

aga.com
/w

p-content/uploads/2007/12/anti-aliasing.thum
bnail.png

 

●
S

lide 19: http://w
w

w
.trabas.de/htm

l/enleuchtfeuer.htm
l 

●
S

lide 20: http://en.w
ikipedia.org/w

iki/Talbot_effect 

●
S

lide 23: http://sw
itzernet.com

/people/em
in-gabrielyan/070212-random

-m
oire/

●
S

lide 24: http://rsta.royalsocietypublishing.org/content/364/1838/189/F
9.large.jpg

,http://spacecollective.org/userdata/bN
7O

U
n0R

/1270139627/diffraction.gif   ,
http://theblackphoenix.files.w

ordpress.com
/2011/03/quasicrystal-diffraction-pattern-by-m

ichael-rule.jpg

●
S

lide 25:http://jw
ilson.coe.uga.edu/em

at6680/parveen/fib_nature.htm
, 

http://upload.w
ikim

edia.org/w
ikipedia/com

m
ons/4/44/H

elianthus_w
horl.jpg

●
S

lide 26: http://w
w

w
.m

aths.surrey.ac.uk/hosted-sites/R
.K

nott/F
ibonacci/fibnat.htm

l  

●
S

lide : http://sw
itzernet.com

/people/em
in-gabrielyan/070306-optical-speedup/  



 
 

A
 different algorithm

...

(V
ogel, 2004) [9]



 
 

E
ven m

ore dot patterns!


