The Moire Effect
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Quick outline

\What are moiré patterns?

How do you make them?

*Some simulations.

*Moiré in real life: problems and applications

*Future research and thoughts.
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Moiré in art

Peter | of Russia
1838, Paul Delaroche

Portrat der Prinzessin di Sant' Antimo
1840-1844, Francesco Hayez




How they are produced

* Produced by superposition
of two patterns.

e Overlap creates areas of
Increased and decreased
intensity.

 Dark and light bands

the base layer

(Gabrielyan, 2007) [1]

the revealing layer



[2] (961 ‘e 18 181sQ)

le|naaip

1| JOU ‘JOASMOH "Jeau]| S| }sa|dwiS

W

pPa}

|Eelpey

sadA} bunelo



7NN
N7 7 7 NN
14 ¢ P NNV
I . JOOCOUCORITGE

WA N Ne” / 1NN
NWNNNNNNNSS//////////))]
..///////////,ﬁ/,ﬂl.\\\\\\\\\\\\\\_\\,

Fresnel Zone Plate

Random

.
. . .
. . - ”
. * - -
& e . e . i
- o- : o-.- .
o ‘ o ’ - -
VIR : 7
-, 1 " .
o.ola&\\ ~u " . ‘ot ..
.
- - " 2 . O.l ﬁ- No
. ’ bt N'l -~ ~ﬂu o * % .
o ' o - oo!v . . *
. ooo - * . . «™ et o-
2" %o 0 Sl ..
» . - - L . - -.
. %o S * * . e LIS
2 . 4 o 'V © LY 2o \)uco
- . ’ > .
\‘l L oaoA oco . gme
" LA * SNy - g -
onoo . * - “-\ U.’“
* &.o‘uo . * * M
s » - . 2%
- .

(Glass, Pérez, 1973) [3]



Some mathematics: Linear Grating

_Oﬁmm%co?m
I oerence beat = 3y
I ! 2 |
[T TR A2 sina Beat wavelength
(Creath, Wyant, 1992) Observation
[4] Plane
27 47

AV_A.Hu vyv | AVMA&.Q v\v =

X Ccos a + = ysin q,
7@2: A



Special case #1

e If &, = A, = A the first term of the equation vanishes:

2T N 4T .
X COS « = Yy siln «,
V/_uom: V/

Av_ﬁ.ﬁ.u v& - AVNA.N, v\v =



Special case #1

e If &, = A, = A the first term of the equation vanishes:

47

@_A\dw .%v - AVNA.H, v\v = Iw.lv\. sin &,



Special case #1

e If M =k = A the first term of the equation vanishes:

47

¢ 1(x, y) — do(x, y) = > Y sin «,

 This can be rewritten as: E

M: fringe order

y: distance between two fringes
a: half of angle between gratings



< My model of case #1

To find the angle between the two gratings,

use the following formula: tan(x) = (m2-ml)/(l+mlm2)
« =6 o *If the periods are equal, the
e © o fringes are horizontal.
m2 "@ -+ ] . ]
. o . *If one period is an integer
multiple of the other, fringes are

still horizontal!

[ Unexpected, because the x
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| dependence does not
i vanish in that case.
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) __._h::_ﬁ:_ .ﬁ__:: Plot[Table[{y = m1 x - (m1/m2)*(k + c),
| it y =m2 x - k}, {k, 0, 20}]
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When A1 =kA2 K in {Z+)

c 0 4 I 20
ml T 6.4 ml T 6.4
m2 T & 10.35 m2 T £ 10.35
plot £ 7.16 plot T & 7.16
a T o2 a % =3
ir 3
IV |
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All controls same as previous, a is scale factor of gratings.



Dot patterns

Enhanced contrast
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Moiré effect produced with grids of equal period. Grating is magnified.
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40.

@

a=constant ;
b = changing

Ellipses

x shift @

scale 1

scale 2

Measure
eccentricity?

a, b changing in fixed ratio
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Aliasing

* Detail of pattern is more
than computer (or camera)
can resolve with pixels.

* S0, it only samples once
every couple of pixels--
gives us incomplete, false
image!

* Not really moiré in the
previous sense, but looks
like it.




Temporal aliasing-- images

“Wagon-wheel effect” in old movies.

Due to aliasing-- image of wheel is sampled at
different frequency than that of wheel's rotation.

Wheels appear to spin backwards, slowly, or not at
all.

Example of the “Stroboscopic effect.”



Temporal aliasing-- sound

» Similar effect happens in recording.

Original frequency (7 kHz)

Sampled at different interval.
(10 kHz)

Aliased frequencies.

(3 kHz, 13 kHz)



The Nyquist frequency

However, there is only one
frequency that is between 0 and ¢

half the sampling frequency (5 \
kHz) -- the 3 kHz wave. 2

%7 Dkoker Audio Recorder & Editor

«|w[W [o[ R Ew [T [F == ==
*No lower frequency wave can be HEEEEECEESEIOCNCOSSSE

constructed-- 3 kHz wave is free
from aliasing.

*Nyquist frequency is sampling
frequency / 2. , ,
*All waves with a frequency less ———
than the Nyquist frequency are P PR e e —
free from aliasing. @
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Spatial aliasing

« Spatial aliasing is a similar phenomenon. Imagine a zebra against
a picket fence.

(13 7

« Cameras with “high resolution” try to resolve intricate patterns.

Result = aliasing.

1000

High res. — aliased Computer generated image Conventional video camera
— blur, but no alias



Anti-aliasing filters
* AA filters reduce resolution of camera so aliasing is
mostly eliminated.

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

Aliased
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Not all bad...

* Moiré patterns have many useful applications. Here
are some:

« Strain measurement (topography)
(Takasaki, 1970)

e Currency (anti-counterfeit)

« Collimation testing
(Kothiyal and Sirohi, 1987)
« Navigation

« Steganography
(Ragulskis et al., 2009)

* Find focal length of lens
(Nakano and Murata, 1985)




Collimation testing with moiré (and Talbot)

e Talbot effect: near-field
diffraction effect. Light
shines through a periodic
grating; at certain :
distances (Talbot length),
the image of the grating is .
reproduced.

At half Talbot length,

grating is shifted by %
grating period.

250
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Steganography

* Moiré patterns can also be used in steganography, or
Image-hiding.

* \WWhen the “wheels” are oscillated at the correct
frequency, images appear.
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Something else really awesome

« A Glass pattern is the superposition of two identical, random dot patterns.

« [t was discovered in 2003 that Glass patterns can be made to have any
shape and intensity profile!

Random

Periodic

(Gabrielyan, 2007) [7] (Amidror, 2003) [8]



.......................

............
..............

« A Glass pattern is I I b bttt it RaaRREE: Fandom dot patterns.

\\\\\

« It was discovered [T AEe- Made to have any
shape and intensi S s st s aasarens

llllllllllllllllllll
..............
llllllllllll

........

............................
....................
............
..................

-------------
..........................

lllllllllll
lllllllllll

\\\\\\\\\\

Periodic (MR E

...............
.......................
................

(Gabrielyan, 2007) [7] (Amidror, 2003) [8]



i A Y
- '.0 'L )
EANOOOON °.0.0'.o'°'
g g N 0".0009".'0‘.0'
:o.:.. ' 0....0. .........o....o.......
. "% % % 'y ) LA . "
e % LR LAY
. —[%e .0‘00. L 2e%0e°% Y
IR: ‘0:’0.0.0..'.o"....o.o.o..:'.o'.o':o‘
B 0..0.0.0.0.."...0..000o..:o:o:.o:
‘o - .‘... » Q...... T ar
OO LA “ea s00e0002

M . h O ... e ..0..0
L) 0 e%e%%0 4 oo, °

. ’.000.00.000 el 2¢0%°s
o AT A il PE 0% 200

o ..." ...... L .. B ah .
» ar ... a2t ....... ... e
s, St fagtaltie 3
- o“.‘.’.‘.‘o’,‘o 0..'::::0:.:0..0.‘:001
=5 e RO v TN ) ahea
b ..:‘..... O.'.. .0....: » o.‘.o..
N G s ... ah ...'. .... shan
VW o3 0904, 0% . 00004 ! o‘.oooo

o " LA Y . %

] S ..... . "ey v, O......‘
» 2‘ ....‘...‘. .... . » .‘. .........l
% T AL » o o0
) .....‘..‘
B
% z . 2 % P
Mo eley
K P
» ......
" R
» L]

.o.o..
o o
0.....‘
......'
0.... L]

"

e e’
o

"
ot ot

" e

L

LAY

LA
. e 1

LA

LA
o‘%o%

e85

o9UmM
'0|pouedlsenb 9/ S]OpP ay] uay
VIV .

INOM JBUAN o
a)ed sse|9) / sulaned aliow p

J

o9l §OO[ su

s olpoliadisend



Sunflowers and the Fibonacci sequence

* In 2004, H. Vogel came up with an improved formula for the pattern that
sunflower florets make.

*This formula was based
on the Fibonacci
sequence.

*Fibonacci numbers often
appear in nature.




My model of sunflower florets

Infs]= ¢ = 4
theta = 2Pi»n/2.61803
r = c»Sqrt[n]

ListPolarPlot [Table[{theta, r}, {(n, 0, 500}]]

Vogel's formula:

r
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Periodic dot grating and quasiperiodic
pattern

Improved contrast



Future research

*Understand more of the math behind different kinds of
gratings and moiré patterns.

*Explore quasiperiodic moiré-- maybe different ways to make
quasiperiodic gratings. Also, figure out the math for that??

More simulations!!
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Even more dot patterns!




