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Transmission-Virtual Grating Method and Its Applications in
Measuring Deformed Liquid Surface
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Abstract A novel method based upon deformed transmission-virtual grating is proposed for determination of
deformed liquid surface. Mathematic relations between out-of-plane displacement of deformed liquid surface and in-
plane displacement of transmission-virtual grating for the method are derived. By addressing an orthogonal grating
(1~5 line/mm) under the transparent water groove and then capturing images from upset of the deformed water
surface, a displacement vector of full-field which directly associates the three-dimensional (3D) deformed liquid
surface then can be evaluated by processing the recorded deformed fringe pattern by using special algorithm. By
substituting the displacement field to the obtained equations then the out-of-plane displacement of 3D deformed liquid
surface can be calculated. Validation test to measure the deformed water surface caused by a Chinese one-cent coin
has been conducted. The result agrees with the previous literature, with except a slight difference of 2% , which
demonstrates the feasibility of the developed method.
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Fig. 1 Cross section of transmission-virtual-grating

method in measuring deformed liquid surface
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Table 1 Setup of the initial experimental parameters

Depth of Refractivity Diameter of Thickness of Frequency of optical
) ) Mass of coin /g ) )

water /mm of water coin /mm coin /mm grating/ (line/ mm)
16.0 4/3 18. 00 1.42 0.683 2.0

HARSCEAP IR D R LA el & T A 18 B
KA 2 W KRB R R 5 2) A 5 00 B T B B T OKAE
il FEIE KRS R B Ak 3) K CCD AL ¥
JCURANIE 2 PR A . I S T R G TR E A

AHBLAR B, (AR AL BB 40 55 21 3 48 A0 AR T B M 4) A
I8 EGHAE AT BN A, I Fla gt . 52
A EWE 2 s,

0908001-3



{
‘ J‘ CCD camera

intense lamp 1

coin

4

- water

2

5 A

/ transparent
orthogonal water groove
grating

K2 See A Es

Fig. 2 Experimental setup
3.2 ZWHER
UNTEL 3Ch) BT 7 5 35 8 kg Al 52 1 T 25 T 7 T 3

water surface

-
o

MRAETENASTE o T K 00 3% S PR G 0 15 110 722
TE M A0 BE BE e R /D L AT TSR B0 O AL B U7
PR X H AT AT K o e i G AT U8k L TH e
SRIGHRIGR B 0 4 3 B A Ak Sr e I LAn &1 3 (o)
JoR Jo X ARBCHEAT WK G A (E K A B AT 5 3152 5T i
L/ LSRR 2778

AR T 300 2% 5 37 S M 2 1 R D10 A R 3 A0 s D
M HESLRERARAR R o'y WK 3Co) R LK BT R
(s " Al T 1 AL A E AR AR (D o, R
Matlab A 547 28 45 3% 40K Al 7T 45 21 00T = B2 4L
L o AT EDUL s RS2 Y o il I T 1 o o O £k £
B FIR TR R B2+ 2% 2 R 9 iR T i SR A 38 20 2 Y
B . oo R S BCE S B O B ol 0~
85. 00 mm, BH A K N 5 mm,

T
! i‘: (t :\ | | | | I
| ‘ : “‘: ‘\H“‘ll‘““\\“ ‘U‘\‘\“\J‘\“‘“I!w‘ “‘ !
il SSS=E =i
” | ’\‘U“\\_ W *y \“y M\“
| “‘\‘9 i ““
| ‘ |
| \ ‘\ “\‘C ‘ |
‘ . - |
A H“

,/ “\H
- A
If (T ‘
{l ({11 \H
IR
LTI

3 (o) FHFAEKW LM MM (b) A8 M s (oo 401k ity A2k &

Fig. 3 (a) One-cent coin floating on the water surface; (b) deformed transmission-virtual

fringe pattern; (c) thinned fringe pattern
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Table 2 In-plane displacement of transmission-virtual grating and out-of-plane displacement of deformed liquid

along ' direction

z' /mm Displacement /mm Depth /mm 2 /mm Displacement /mm Depth /mm
0. 00 —1.70 —0.98 45.00 —0.24 —0.10
5.00 —1.40 —0.79 50. 00 —0.19 —0.08
10. 00 —1.11 —0.62 55.00 —0.16 —0.05
15. 00 —0. 89 —0.50 60. 00 —0.13 —0.04
20. 00 —0.69 —0.38 65. 00 —0.09 —0.02
25.00 —0.56 —0.31 70. 00 —0.06 —0.01
30. 00 —0.50 —0.24 75.00 —0.05 —0. 006
35.00 —0.40 —0.18 80. 00 —0.04 —0.00
40. 00 —0.32 —0.14 85. 00 —0.02 —0.00
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