RUSSIA

Problem N2 13
“Moiré Thread Counter”

When a pattern of closely spaced non-intersecting lines
(with transparent gaps in between) is overlaid on a piece
of woven fabric, characteristic moiré fringes may be
observed. Design an overlay that allows you to measure
the thread count of the fabric. Determine the accuracy
for simple fabrics (e.g. linen) and investigate if the
method is reliable for more complex fabrics (e.g. denim
or Oxford cloth).

Team Russia
Reporter: Nika Gribova




Basic concept

Moiré pattern is a pattern that occurs when two periodic grids are overlapped.
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Review

Theoretical model
*Basic concepts(grid, period)
*Qualitative explanation of the moiré's pattern
*Geometric moiré
*Determination of the formula's accuracy
*Mathematical model and special cases
*Experimental comparison(direct and indirect measurement)

. calculate the number of threads

. Checking our method for complex fabric

. dependences(period of the moiré pattern on angle and overlay's
period)



Basic concepts

grid d :f+l EnsmissmEnsmEns

IniminimEsimEnl
Ismissmissmins
d— Period of fabric Iniminiminiminl
ENgmiIsawmESawEns

f — Distance between the threads
| — Width of the thread
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Two-dimens
ional
59

Complex weave
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Quality explanation
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Geometric Moirée

Transparent lines
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Special case

IYPT

Experimental Set-up +
accuracy

1 9:

0
dd,

D

:\dl-

d,

Jd>+d,” —2d,d, cos 0°
Cll(iil

Theory Model

Applicability




Number of threads per 1 cm

1cm

\ L/

1.2

_ 1 -1
n, =~ Cm
1y
D= i £
1 , 2-d,-cos0 —
— +d; -
n, n,
Dcos0 = \/a’z2 —~D?sin” 0
n(0,D,d,) =
d,D
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B Fabric with
less period

B aoric with
bigger
period
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n, (QaDadz) —

Dcos0 —\/d22 —D?sin’ 0

d,D
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The calculation of the period of moiré
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D
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xX-y-cosf

\/x2 +y° —2xy-sinf
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Direct measurement of the number of threads

ANIEY: SOA

Errors of the number
of threads of direct
method:
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Error of set up

Dcos0 —\/a?z2 —D?sin” 0

n(0,D,d,) =

d.D
|
O O O
Ay = (ALY +( A0 +( A Dy
\ ad, o0 oD
| n /
T = — Ad, =10,01rmm X V- COS
A An. ae=me D= Y cos0
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Table values at 15

The period of

| terror of moire

xmm | 01 | 0,15 | 0,2 6
y,MM
0,1 |0,079 |0,87 |0,105 0,174
0,03 |0,031 |0,031 0,045
0,15 0,87 |0119 |0,13 0,186
0,031 | 0,032 |0,034 0, 063
0,2 |0,105 | 0,13 |01586 0,195
0,031 | 0,034 | %038 0.65
8 |0,096 |0,01 |0,012 5,347
01 |011 |0,11 1,54
IYPT Experimental Set-up +

dCcuracy.

period
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- 0,079 0,87
oiré,Mmm

overlay, MM

0,42 14,9 12,3
2,14 1,5

0,82 14,6 12,26
2,1 1,7

1,15 14,2 12,1
1,96 1,94

The period gf
. moiré Number of

hreads per cm

rror of set up

Applicability
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Dependence of the moiré pattern 2,440 d, =1,3mm
period on the rotation angle 2.2 d, =0,82mm
2
D dl -d2 1.8
— 5 5 1.6
‘\/dl +d2_2'd1'd2'C089 1.4
52
1
Y 0 5 10 15 20 2 30 s 0,°
17 d, =1,02mm

d, =1mm - d, =1,15mm




Dependence of the moire period on the overlay

D, mm

d, =1,15mm
0 =15°

Optimal is the overlay with a period close to the period of fabric

/

d,,mm

L " il
——
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Comparison between direct and undirect

Fabric

coarse calico 1
coarse calico 2
chintz
cambric
Sateen

Denim

Oxford

measurement

Moiré pattern(undirect)
14,97<16,80<18,63
13,73<15,30<16,87
9,48<10,60<11,72
10,86<12,10<13,34
24,89<27,30<29,71
22,52<24,80<27,08
12,93<14,50<16,07
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dCcuracy

Theory Model

Microscope(direct)
15,87<15,90<15,93
15,58<15,60<15,62
10,79<10,80<10,81
12,78<12,80<12,82
28,62<28,70<28,78
24,98<25,05<25,11

14,68<14,70<14,72
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Comparison between direct and indirect measurement

35

30

25

20

15| =

Number of threads per cm

10
coarse

5 calico 1

coarse
calico 2

chintz

cambric

Sateen

—Dijrect measurements

denim

Oxford
Different
fabrics
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Applicability of designed overlay

Intensity distance

contrast

colour J
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Set up with improved resolution

overlay

800 kilo
lux-sensor of
(order of 1000
lux-sensor)

60 kilo
lux-sensor
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Limitations of the visibility of a moiré pattern

Critical angle Angular resolution

I
Wil




Applicability of designed overlay

We don’t see the moiré
pattern(the distance between
our eyes or camera and overlay
with the fabric is too small)

We see the moiré pattern

We don’t see the moiré
pattern(the distance between
our eyes or camera and overlay
with the fabric is too big)

E i tal Set-up +
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Applicability of designed overlay

Experimental Set-up +
accuracy

Thickness of the overlay’s line

Thickness of the
thread

, _ Loverlay >

doverlay

1— toverltay CTthread >

C =

Period of the overlay

Period of the fabric

Theory Model
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The influence of the distance

The angle, which our eyes(or camera) see the overlay at, decreases
if the distance increases

21l @ M
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The applicability of our method

C (contrast)
A
1 .
06 ~ Value — isthe
® » We don’t see the :
0.5 SN % . number of lines
' N moire pattern

\ per one degree

0.4 \\\‘
N\ Value contrast C is the
0.3 .
NSSFS PP PacIv T \ value that provide the
maoire pattern
0.2 transparent and
opaque lines in the
. . V4
0-1 moiré pattern.
1
0 > _ degree™!
0 10 20 30 40 50 60 Y«
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Dependence of the moire period on the thickness of the overlay's

line
d = 1,45 mm — Period of the overlay d2 — f + l — ConSt

[ =0,32mum

The thickness affects the contrast of the pattern
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Novelty

C (contrast)
0.6
0c We know the period of the
fabric and the moiré from
Y P S the obtained equations.
|
0.3 ! U
|
|
0.2 | t X1 1 _E %overla%i
I thread _@( —
I
0.1 i L KNOWN!!!
I
1
0 I » _ degree™!
0 10 20 30 40 50 60 «
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Thickness of the thread, mm

1.2

0.8

0.6

0.4

0.2

Comparison for the thickness of the threads

Different
fabrics




C(contrast)
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0.6

0.5

0.4

0.3

0.2

For different colours

0.1
11

13

15

17 19 21
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MaKcumymbi | |

Conclusions = |

[eomeTpua Myapa

1) Qualitative explanation of the appearance of the moiré ___——— |
pattern (geometry) SR | SN

2) Mathematical description based on geometrical neglect

Haknagka

3) An experimental setup was created to determine the number of fabric/ T
. . . CpaBHeHMe Teopum C NPaKTUKOM
threads with a minimum accuracy of 62 and a maximum of 202 [] oo omemowns onmaconmeiie | oo, £
4) Experimentally studied different types of fabric, the set-up allows you to
determine the number of threads in all fabrics - - - =
ver ExperimentalSetup | [ TheoryModel | [ Optimization
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Limitations of the visibility of a moiré pattern

D=a+5b
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Lndpakuma peHTreHOBCKOro

N3JTYHYEeHNHA
dopmyna Bynba- 2 o
bperros: V= g T
‘2d-sm@=n*}t,neN B 5o [
k=—n
A
k = 27 -BornHoBoe
HYNCI10
_‘_ __________
71 - BonHoBon
BEKTOP
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YcnoBusi BOSBHUKHOBEHUS MaKCUMYMOB U
MUHUMYMOB
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PasHocTb xona: X =2d -sinf

Ycnosus «

NosIBrEeHNS xX=n*A

MakcumMmyma:

YcnoBuga noaBneHuns y)

MUHUMYyMa: x=02n-1)—
2
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3agaemM obpaTHYO PELLETKY
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Cnana npo TOYHOCTb,



30€ecb HaJo paccKkasaTb Npo HaKnagKky w
TKaHb, NEPECKOK C nepmnoaa Ha nepuoa 45
rpagycoB. Bcerga aBe peweTku()4acTb
TKaHW N HaKNnagka



3agaem obpaTHYIO PELLETKY

IYPT

Experimental Setup

(G -pacceunBaoLLnNii BEKTOP
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ObpaTHas pelleTka

IYPT

Experimental Setup

d,-d,

Jd +d?-2-d,-d,-cosy

Theory Model

Optimization
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3. Ecnu BHUMATENBHO pPacCMOTPETb pPUCY-
HOK 11, TO MOXHO yBHAETH, YTO NPU CMEMEHUH

¥ Ha paccrosHue Ad, coBnajaromue noJoce! (cepeau-

L3
S ——————— 5

R ——

00nee HacTOoi PeMETKH (HA PUCYHKE CEPOM) BIIDABO =
————————=-

L ———

ObpaTHaA pelweéTka

o

D= ’2;r
dd J4Ir2 Ar* 2r 2w
e —— oo cosy
1

4 + -
d? " d d,

= dl 'dz
Ja +d?-2.d,-d, -cosy

IYPT Experimental Setup | I Theory Model I I Optimization I 13




3aBUCUMOCTI 0T

IYPT

sin6 - d,

p = arcsin

Jd?+d?-2-d,-d,-cos

. [ sin@-D
= arcsin
] ( d, ]

10

v~

Experimental Setup
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3. Ecay BHUMATENBHO pacCMOTPETh pPUCY-
HOK 11, TO MOXHO yBHAETH, 4YTO NPU CMEIEHUH
Bonee wacToil pemérku (Ha PUCYHKE Cepoil) BIpaso
Ha paccrosinue Ad, cCOBNajarmImme nojocel (cepeau-
Ha, CBETJION M0JI0CHI) NEPEMECTATCA HAa PACCTOAHUE
d> B Ty e cTopony. IlosTomy, ecaiu Mb1 Oyaem casu-
rarb peueTky A oTHOCHTCIBEHO B 1 nonocs: DyayT
«OexaTb» B TOM XK€ HAaNpaBJEHHH, TO 3TO Oyzer
3HA4YUTh, 4TO dy < dp; ecam e MoJochkl OyayT
«OexxaThb» B 0OpaTHOM HaNpaBJIeHHH, TO d4 > dpg.

[Ooe dounsnka, 4Tto no
CMeLLEeHUAM.

Experimental Setup

Theory Model Optimization
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D

D~cos,9i\/a?22 —~D?-sin” 0 _cos0 \/a’j—D2 -sin* 0

D,6.d,)) =
m(D.0.d;) Dd, d, D-d,
oD _(0059),+(\/d§ -D? .sin29),_+(\/d22 -D? .sinZQ) .D.dz—(D.a’z)'\/a’z2 —D?.sin’0
sn, d, D-d, T D*.d?
s ;(dj—D2~sin29) D-d,~(D-d,) (d* - D*-sin*6) a2
=+ =+
on, D*.d?-\Jd? - D* sin* 60 D*.d?-\Jd? - D* sin* 60
8D _; d,
on,  D*.\d?-D?-sin’0
2 2 : 2 . 2 .
56 _(COSQ),+(\/d2 — D" -sin Q),_ —sin@ ~ —2D"sin0-cosO
on, d, D-d, d, 2D-d2~\/d22—D2~Sin29
o0 _—sin@N Dsin0 -cos0

o, dy,  d,.\Jd>-D*-sin’6

24, -d, —Jd? —D? -sin’ 6
&d, _(cosé),+(\/d22 ~D*-sin*0 , —sin@-d, —cos6 N 2\/0722 —D?-sin” 6
on, d, = D-d, d; a D-d;
od, _ —sin-d, —cos6 d; —dy +D”-sin’@ _ —sin6-d, —cosf s D-sin’ 0
g4 om, d, D-d?\Jd? -D? -sin* 60 d, d2\d? —D* -sin> 6
_ 1%
2 2
Jd?+d?=2-d,-d, -cos6
IYPT Experimental Setup Theory Model Optimization
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[1pon3BOOCTBO CHETY
counters

Plain weave Plain weave Basket (panama) weave
(directional) (uniform)

CoenaTtb CYETYMUK C
orpaHundeHuem. To ecTb,
HenoaBUXXHO
HaKnagbiBaemM v CMOTPUM
no anunHe nonocekl. byger
caenaHa rpagyepoBka Various twill weaves 5-haess satin weave

IYPT Experimental Setup Theory Model Optimization 47




UTO-TO NPO ManeHbLKUM yromnok

MEESOER TR N T W T T e e

1. Paccrosinne mexxay nojocamu | OyaeT paBHO OJIO- 4
BUHE JJIMHHOM auaroHanu pomba, obpazoBannoro nepe-

[lo ToukaM npoBeaEéM NPAMYIO B 10 3HAYEHHUIO YIJIOBOIO

-
kKo3chbdumenTa onpegenum nepuoa peiuérku d4 1o Gpop- Puc g \
vyne dg = 2Lk, rae k — 3uadenue ko3ddpuuyenTa HakJIOHA rpaduka.

”AV‘V””A‘Q
D P\ A\ A A A 4 4

RN

W\
CCYCHHAME LEHTPOB JimHAR (puc. 9). llockonpky u3 reo- AL A& AL \\ \ \ \

verpuu nl = S = L/cos(8/2), T0: NN o 4 : ~\ \ = = :‘ l
_ o Lsin(6/2) 0 da e |0 Y AN
da -2ncos(0/2)’ WK tg2 =™ "A;f 1;§ ~~~
[locrpoum rpadux 3aBucumoctn tg(8/2) or n. A K ~ \ \ :
\

P o AV A A
T P 2 D D B 4
T a2 W P D D 4
O B B B AV A B A
L A A A A e &

E

Puc. 1
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3aKn4yaeTcs B TOM, YTO B obnacTtu, 6nm3ko
OCHOBHOW 6enon cTpaHuubl. Ecnu Obl Mbl C
ecrnu Obl NIOTHOCTb NIMHMK Bbina 6onbLue, O
nmenu obl 0oL MK Boree CBETMLIN TOH. HA P
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iomenon that occurs when patterns of lines with different
:xtends from the left toward the center with a spacmg ofd=1/6
ecTarnT najath ’I‘(’Mllbl(‘ H JIOC ll HEXOANUT Yepes
Wi ERE FEELMEDA SRACIRE, ALl 3. e TR s nemmn
. A repeatingypatteriwith perlod D =1/2 in can be seen. At the

)B) markeqpl;),,u;\ the figure, the lings,gxtending from left.and.,

CsB Cpe,zjﬁé’w uacwl oHu B .(pa3& fully

Ler

d’=1/42 in, and in 4(c) d =1/40 inand d’=1/41 im, The I|§hter toned regions |mthe middle sections of those
figures are places where the two sets of lines are in phase, producing light fringes{co3naBas cBeTnble
nonocskl). Halfway between them are dark fringeslWiferettredine s don esboveriapseandmonecoftivel. Toraa:
underlying white paper is blacked out. An important guajitativefeatugg of,the mairg patterns, ’seen_lrﬁumgz i
4(b) and (c), is that as the two spacings d and d[8 become closer to each other, the moiré fPlee§ becdme ©
broader(cTaHeT 6onee LWMPOKOn).
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A quantitative measure of the distance D between successive light fringes can be derived
as follows. If two lines overlap at one location, there will be another location of overlap at

a distance D, where for so

D=kd=(k+1)d (d'<d).

giving a general formula for the fring

dd’
|d-d'|
As this formula makes clear, when tt
become closer, the denominator apg
distance D between the fringes grow
overlay thread counter, d correspont
the parallel threads of the fabric (d i
of threads per inch) and d[Bcorresp:
between the lines of the overlay. Sin
converge, d[@decreases from left to
converge from a spacing of d1 = 1/3I
fabric of Fig. 2(b) is woven with 37 tt

D=kd=

Lines per inch

30 35 40 45 50 55 60

(@)

Lines per inch

(b) s

Fig. 2. (a) An overlay thread counter. (b) Transparency made from
Fig. 2(a) laid on a fabric woven at 40 threads per inch.

some pOint along the horizontal Ienngl Ul LIIT UVCIIdy U Lk
approaches d, and near that point, the width of the fringes

incregass rapidly, crea .in% the fringe

)OPMYIbI, Korga asa nHrepsanad i
mXe, 3HaMmeHaTenb NpubnmxaeTcs
D Mexay norocamu pacTtet 6es
Ka HANoOXXeHUA HUTEN d COOTBETCTL
napannenbHbIMU HUTAMU TKaHu (d
"eil Ha aonm), a d[8 - paccTosiHUIo
10)keHU4. [ToCKonNbKY NUHUK
4, d decreases yMeHbLLAETCA CIEBE
2. 2 (a), NMMHUKN cXoQAaTCs C UHTepBa
atonma. TkaHb Fig. 2 (b) crineTeHo ¢
raK, YTo B HEKOTOPbI MOMEHT BAOJ
AHbl BepXHero cnos D approaches
DKOJO 3TOr0 NyHKTA, LUMPUHA KpaeE
0, CO3aloLL KapTUHY Kpas yBUOEH!

Ttern saen in

etup

he i
%heory Model

2(b). xperiment

Optimization
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yron

Superimposed grating:
y g L © -
(hu\'mg initial displacement anc

X

15 Famil:
1=01234

Small angle rotation and approximation approach

m—- (p-p’)/p = length change/ original length = ¢ (strain in x direction)

1g; Lquation implies N depends on the initial pitches of the the
gratings, and their initial relative position and orientation.

Fringe shift can be used to measure the change of pitch (strain),

g, x+ 6 =Np’

Or change in relative position (translation) and orientation (rotation)

xX(p-p)p + & =

IYPT
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Conclusions

(—)16 — < <>
Anlr\ Anl Anl »' [
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3| /7 Crnexipansras

g ] 4 NYyBCTBUTENABLHOCTD

= | /  N3C (6es punsTpa)
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0 ‘ v‘ » | n\
' / 4 ' \
| Yenosevecxuit rnas \
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|

400 500 600 700 800 900 1000 1100
Lnnra sonve (HM)

Puc. 5.15 . CnekTtpasbHasa 4yBCTBUTEJIbHOCTb
rnasa u [3C-matpuybi

Tenepb. byayTt cnpawwmears, 4TO Takoe
ntoKc. JIOKC - 3TO NOMEH Ha
KBagpaTHbIn MeTp. OOuH NOMEH paBeH
CBETOBOMY MOTOKY, UCMyCKaemMoMy
TOYEYHbIM UCTOYHMKOM, C CUITON CBETAQ,
paBHOW O4HOW KaHAEenNe, B TENECHbIN
yromn Benu4nHoOn B O4NH cTepagnaH.

Kangenna -aTo eguHuua cunbl cBeTa B
CW.



d, = AB-sm6 =FB -sin(f +0)

° ° ’
Geometric Moire d, = AF -sin6 = FB -sin
D=FC-smf3 =AB-sinf3
sinﬁ=D'Sm9
dl
_ d, _ d, _
- sin(f3 +6) - sin f3 - cos6 +cos B - sinf -
_ d,
: 2 2
D Sln8-0039+ 1——D 512n 0 -sinf
d, 1
g d,’-D-sinf -
i dl-(D-sin9~COSQ+\/d12—Dz-sin26~sin6)
d,-D

D-cos6 +\/d12 —~D?-sin* 6

D-cosO-d, ++/d,> =D*-sin*6 -d, =d, - D
D*(d.*-2-dd, cosO +d,” -cos’0)=d?-d? —d?-D*-sin* 0
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Geometric Moire’ D*(d,’-2-dd,-cos6 +d,” -cos’0) =d; -d} —d; D" -sin’ 6
D?-d’-2-D*.dd, cos@+D*-d,’ -cos’0=d;-d} —d; D" sin’

d’(D*-d})-2-D*-dd, cos6+D*-d,’ =0

D*.d,cos§ D" d, o8- D*-d,) (D ~d?)

d
| (D* ~d;)
o - e‘dzz-(D-cos@ir\/Dz-(c0529—1)+d§‘):
D’ —d.
D-d

2

IYPT Experimental Setup Theory Model Optimization 55




Errors

D*-d,-cos0+D-d,\d> —D*-sin*0

dl(DsQ:dz): D? _J>
2

i od : od od od
Ad, = —LAx) = [(—LEAd)? +(—LEA0) + (—LAD)?
] \/nz;(fix, ) \/(6d2 )) (ae ) (aD )

2Dd’ - D’ -sin® _  , 2Dd; - D’ -sin”

D" cos0+ D’ N d, +D*.d,” cos6 i2D-d22\/d§—D2-sin26
od, Jd>-D?.sin*0 ~ Jd?-D*.sin’0
N 2 252
6d2 D _ dlz d22 p (D —dz)
d’ +d>—-2-d,-d,-cos0O
D2 — d22
1 2d 0
”12(—2+d22 - = B )
n, n,
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