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Apply of digital speckle projection in measurement of paper sheet thickness

WU Fan,WU Sijin, LI Weixian,ZHANG Yumeng,ZHU Junyi, SHA Di, DONG Mingli

(School of Instrumentation Science and Opto-electronics Engineering, Beijing Information

Science and Technology University, Beijing 100192, China)

Abstract: Traditional measurement methods of paper sheet thickness can only measure the
thickness of paper sheet at a certain single point, leading to the measurement error due to the
uneven distribution of the paper sheet thickness. A new approach of paper sheet thickness
measurement using digital speckle projection was proposed to address the problem of
single-point measurement. The thickness and contour of paper sheet could be determined by
executing the three-dimensional digital image correlation algorithm, after the speckle pattern
was projected to the tested paper sheet and a speckle projection experimental system was built.
The experimental result is 0. 177 mm for measuring the paper which nominal value of thickness
is 0. 180 mm, and the repetitive experimental results show that the relative difference is less
than 4%. Moreover, the full-field distribution of the paper sheet thickness is shown intuitively.
In addition, the proposed method of paper sheet thickness measurement has the advantages of
simple structure, non-contact full-field measurement, etc. , which make the proposed means a
promising approach for the measurement of paper sheet thickness during the paper production.
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Fig. 1 Imaging principle of binocular vision
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Fig. 2 Flow chart of measurement

eI o A TP A7 RS 3 00 v A R DIC £
AR S B PR D T B R R JEE Y 0 e 4 R T AL A
RO 5 W B 4% AR TR R A A R AR S R TP Y
7 e VB AR 1 4% TR R O R A, O A R B Sk
Wiy 75 45 PR 2R A A (] e 5 | RS 10 15 02 % 8 T 32
N 255 0T 49 B A5 K S A JRE E I B A (] R AR B B
S G SR 3K TSR S TR X AR BILBE AT R
FESREIP G LA NSNS B 2 R R
IEREaracRae 3 il S ACE SRR S A E ST E
— 5 7 0 - R 0 B 4K o 2 T L A e A AR L i
SR AT IERIB [R]85 2R S AR O R E L I o A7 DB IS o 42
KRRV T = I8 S A o e A LR 2R
I8 22 G AALFA 558 AR B2 L AR B K IR B Dl o L L 4 D
e s R IR 25 R W AR DOE UK A A5 R . e X
BRI R BJR 5K A AR R AR B AT
FUGR I BEAT H bp a5 B DT E S0 B . 15 31 AR
it R4S 21 4% 518 %

2 XWKRER
2.1 BB RN

ST 300 o ] R B 1 R Y S BOR SRS AR Y
PRI AY o A RO DU BE . b SO R L HICEE I



. 850 - W

5540 B 5 M)

B UK 32 5 ORE A S8 T R M R T A B
APE B B 2 . B R T AR AT DU =P L IE
Jiie 2 Y R 45 L 25 B 45 R 1 . vk
T BB WORL ZE AT BT 5T

FCBE 7 28 Ll B 50 %0, P38 Ao ) 8 H0BE 1Y B
TR/ R B BEAR A SR OR L 181 3 4 Hh HIOBRE 4] 52 o
HXF 200 g B XU 48 48 5 3 4 3 25 18] o3 A Y

R

() BBE A2 K /N0.060 mm

TR T eed

() HUBE ELAZ K /N0.090 mm

(d) ()X BZ R AR BUBAR 53 AT

0. 040
0. 030
0. 020
). 010

000

|

). 040

0. 050

(f) [ (d)xef W7 O AR BT T 55 40 A

B3 HHMERR=EHME
Fig. 3 Effect of speckle pattern quality

AT B ] 3 Ca) T 7 1 HBE 1 58 L A5 21 A9 4L
TS A E 3(b) ol LE S35 2
TEA I AR 43 DR B A R R R SRR AR
SEBR b 2 PR R sk 4 8 Y OBE - B0 8 e 22
KRGk 2 K 8 AR T 42 3 T8 30 43 A 45 SR
LR 25, PR, FRATTHE OK BB R AR )
0. 060 mm, £ 5 W& 3 (o) fr 7w 1Y 8 %, 15 3] 1 4%
TS A AN 3(d) frs . [ 2= G h 4%
A — 2 MR TS 5 0 A1, B AT B A 19 4R TUIE S 4
i, HARE REEEZ W AR ME 3,

o EE AR R AR R BEBLER 22728 KL LECT DIC
S VT BC AR A b A3 B AN AT 3 CF) w85 22 A 48 0T
S

A LLE B AR A R B A A SRR 2
S A5 2 B RS 5 A4 4R 0T A 3 o0 A AE B L U R 4
BT 7R SRR T [ 45 B 4% BT I B S 6] 3 A

M £ AT A L 4R 0T 42 3 00 A A AE — E
AR AP B KRR 2 A 0. 01 mm, X2
H TS0 4% 1R M AR T AR B AP AR R 22 L (A 4K
TAFAE—E B AE B, R I. R GEAR & KT e



MG 2019,40(5) &=

JU 55 < 07 JH 807 HICHE 43 52 D) ek 46 )52 B2 « 851 -

A ARE L 20 HE R T L ER AOR BE L R R S RE
{3 KL A 35 3 % 48 19 4% BUJE EE IR 0. 01 mm #1473
B, JF HAaz Oy g R X 48 00 1Y 42 3% 43 A 4T EOW
Al

0. 050
0.040 ¥R
N3
0.030 &
S
0.020 &%
i

0 N
0.010 Hp
e

0.000 3,

0.

=]
0.040 2

-0. 050

{\H ~0.01 1 1 1 1 1 1 1
0 40 80 120 160 200 240
R B 53 Ali/mm

B4 KRBRZTESH

Fig. 4 Full-field spatial distribution of paper sheet’s contour
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Fig. 5 Variation of paper sheet thickness
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Fig. 6 Continuous measurement of changes of paper

sheet thickness
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