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Digital Image Processing Technique for Photoelastic Isochromatic
Fringe Sharpening

Tae-Hyun Baek*

ABSTRACT

Photoelastic isochromatic fringes related to the difference of principal stresses have some
bandwidth whose light intensities are not constant and asymmetrical in experimental images.
Hence, it is difficult to measure fringe order accurately at a data point by visual observation.
In this study, a method of fringe sharpening, which can extract sharpenec lines from both
full- and half-order fringes by digital image processing, is developed. To test the method,
various simple photelastic fringe patterns are simulated and their images are processed to
yield sharpened lines. The method is then applied to general problems such as images of
a circular disk compressed by diametrically concentrated loads and a circular cylinder subject
to internal pressure. The procedure is proved to be capable of extracting sharpened lines

accurately from photoelastic isochromatic fringes.
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Fig.1 A photoelastic isochromatic image of a
disk in diametral compression with a
graph of the light intensities along a line
A-A just above the horizontal center line
superimposed.
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Fig.2 The gradient direction changes abruptly
across a ridge and a vally.
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Fig.3 The sum of unit vectors reflect their
similarity of direction.
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Fig.4 Masks for computing a two-dimensional,

discrete gradient.

Fig. 49 Mask 1 2 Mask 2= Z7ZF 3x3, 5x5
A9 (Pixel Array) 2 Ho Stk zb wjgg49]
BAEg oz RE g gL 4& olfsld gdioly

AE HEE AU

T = Is~Ia In = la-1e (13-
Ve =I-1I. Ve =Is-1 (13-2)
Vas=Il.-I; Ty = la- i, (13-3)
Vi =Ir- Iy V=1 1I; (13-4)

A(13) A = Wdl4e FAEE uisiy, Hale
Fig. 49) Maskd] FAg 849 9xg vehith 99
Az go] A4® Az agloltJE e 4(12) 9
gelslel T &2 Adsich olebge]l Tz JAL
gloletg Mg e, FAE7F Ao Mo ®

£ A2 24 T e 25590 2AsHA €k
A PAE FAHE Y § JYEFE ZIAR
$740ln, FFEE /MY oAHA H(11-) & °]

gaack 4 (11-1) o g8 AdE =S BRE &



FRPLFHIA A0E AT

9 0 0 0 ¢ o 0o ¢ 0 ¢ 06 0 0 0 0 0 0 Q0 9
84 84 84 B4 B4 B4 54 64 B84 B4 B4 64 84 B4 84 84 64 54 &4
191 191 181 191 191 191 191 191 191 191 191 191 191 191 18t 191 191 191 191
255 255 255 255 255 255 255 255 255 255 255 25§ 285 255 255 255 255 255 25§
191 191 191 191 19t 181 191 191 191 191 191 181 191 191 191 181 191 191 191
64 64 B4 84 84 84 54 B4 84 64 B4 84 84 G4 64 B4 64 B4 U

¢ 4 9 ¢ 0 @ 0 0 ¢ 0 0 0 0 0 O @ 0 0 O
§4 B4 B4 84 64 84 B4 64 B4 84 B4 64 B4 64 84 B4 B4 64 84
191 191 191 191 131 191 191 181 131 131 I91 1St 131 181 191 191 181 191 191
255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 285 255
191 191 191 181 191 191 191 191 191 191 191 {91 191 131 191 191 191 191 191
84 B4 64 B4 84 64 84 B4 84 G4 B4 64 B4 B4 84 04 B4 64 64

9 0 0 9 o0 0 0 O 0 0 0 0 0 9 0 0 0 0 2
64 64 64 84 84 8¢ 84 84 64 &4 84 84 B4 & 8 M 84 M M
191 191 191 191 91 181 181 191 191 191 191 191 181 {31 191 191 181 191 191
255 255 255 253 255 255 255 255 255 255 285 253 255 285 255 255 255 255 25§
191 191 191 191 {91 191 191 181 191 191 131 191 191 191 121 181 181 191 19
64 B4 B4 64 84 B4 84 64 64 64 €4 B4 84 64 B4 84 54 4 M

¢ ¢ ¢ ¢ 0 ¢ ¢ 0 90 0 0 0 0 9 0 O g Q0 C

“ig.5(a) Numerical data for isochromatic bands
generated by Eq. (11-1).

Tig.5(b) Data processed by Eq. (12) using
Mask 2 in Fig.4(b) Note that the
maximum intensity values appear as
one line five times at the ridges(255)
and the valley(0) lines of the given
numerical data.
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Fig.6 Block diagram of photoelastic
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Fig.7-1(a) Photoelastic isochromatic {ringe
patterns simulated by Eq. (11-1)
and fringe-sharpened image
processed by Mask 1 of Fig.4(a)

(b) Light intensities along a line B-B

(c) Light intensities along a line A-A
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Fig.7-2(a) Photoelastic isochromatic {ringe
patterns simulated by Eq. (11-1)
and fringe-sharpened image
processed by Mask 2 of Fig.4(b}

(b) Light intensities along a line B-B
(c) Light intensities along a line A-A
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Fig. 8-1(a) Photoelastic isochromatic fringe

patterns simulated by Eq. (11-2)
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processed by Mask 1 of Fig.4(a)
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Fig. 8-2(a) Photoelastic isochromatic fringe
patterns simulated by Eq. (11-2)
and fringe-sharpened image
processed by Mask 2 of Fig.4(b)

Fig.8-2(b) Light intensities along a line B-B

Fig.8-2(c) Light intensities along a line A-A
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(a)

Fig. 10 Photoelastic fringe patterns and fringe-
sharpened lines of a circular cylinder
subject to internal pressure with graphs
of the light intensities along horizontal
line A-A of the image of fringe-
sharpened lines and fringe patterns.

(c)

Fig. 11 Isochromatic fringe patterns of a stress-
frozen disk in diametral compression.

Fig.9 Photoelastic fringe patterns of a disk
compressed by two diametrically opposite
concentrated loads.

{a) Computer simulated photoelastic
isochromatic patterns of the disk.
(b) Fringe-sharpened lines extracted from the

fringes on the upper half of the disk Fa - - 2
(c) Fring-sharpened image of the disk of Fig. 12 Fringe-sharpened lines extracted from the
Fig.9(a). fringes of Fig.11.

228



Apyhed

Dis« Dia. @)
Fringe Corst. (f,) : 03517 KN/m

LEE PR R

— THEORETICAL FRINGE ORDER CURVE
N ® ® EXPERIMENTAL FRINGE QRDER DATA
6

Load (P)

. ' ' '
.3 3.8 3.5 3.3 3.2 3.0 3.2 2.3 3.6 3.3
IX{R)

Tig.

13 Theoretical fringe-order curve and

experimental data for points along x-axis.
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