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Highlight Removal Based on Frequency-Domain Filtering
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Abstract  Three-dimensional (3D) measurement technique of structured light is widely used in objects’ outline
measurement. However, when it is applied to measure mechanical components and parts, some parts of intense reflection
(highlight or specular light) on the surface of metal components would form highlight area. The intense reflected light can
make CCD saturate and cause the extraction of center of light stripe inaccurate, and then errors would appear in the
measurement results. Thus, it is a matter of great urgency to find a way to avoid highlight. We try to use the characteristic

of structured light measurement system to propose a new method of highlight removal frequency-domain filtering.
Highlight is defined as a kind of noise, and this method compares the difference between highlight frequency spectrum and
diffuse light frequency spectrum to make frequency filtering, and then to remove the influence of highlight. Simulating
highlight in 3dsmax software, the proposed method can get 0.8 pixel improvement in the accuracy of light stripe extraction.
Results of real blade test are also provided and prove that it is a better solution in actual blade test. Both simulation and
experiment confirm that the proposed method could improve the accuracy in extraction of light stripe center.

Key words measurement; structured light three-dimensional measurement; highlight removal; frequency-domain
filtering; light stripe center

OCIS codes 120.3930; 120.2440; 120.5700; 120.6650

15 5
TE 45 R Ot By = 2 00 e o 5 BB AR SO N W (R R T SR SUHE AT T R 3 T A 1 = AR A R A
e 1 VAR B IR A 45 A O = A I A S SREE R 2 P R B Ok b AR E S 0 O R R

RS A 2013-01-14; WEMEKF AH: 2013-03-06; ML HAR AR : 2013-04-28

HELTH: EXARPEILS(61078042) ¥ BT,

EZE R SRS (1989 ) & W HAFFE A, E BN FHOEEM R 5\ A BFFT . E-mail: yutingchai@ gmail. com

SUE A SHERA958) B it R, R RN RS ER LRSS RE R ER, SR R 5 TR,
TG BRI 5 B TR L B P e BAGS  H BRRE T S R A BN S T TR A F S . E-mail: gim@mail. xjtu. edu. cn

051205-1



50,051205 MM SKBIZFHE www. opticsjournal. net

FRBUK FERS BEARAL AR AR B L o Xl 5 125 HO IR 2 A% S0 AR K2 A A (S S W 4y 1R ¢ Tk 4 B 1) A2 A . (RLAE
S B R H s p T R A AR T B R 1 R D 2% SO 1) K AR A 2 2 BIAR Z2 IR 0 I e e CRD
BT I SR S MR e SR BN — AN R . mOERAF A (AT BE 2 AL AT, 25 2k 2R S0 AR AR A5 B L i L
IR AR A T8 S 2 S0 BB 3 AT DT 2 M) 2 S0 v SR O E B P . 25 v Dl ) B R A D 2 O
V0 T ) AR T I ) — I o S ) A

LI [ A A% T w8 Ol TR A 58 05 1 R B0 W LU R L2 1) BT ot a2 A BE AR 4[] — N A 19
R T [ R 22 i i S 7 A e B 7 S T K S5 R AN I R RO R B O 2 ) &
3% 1 O Q3 e 8 R 8 5 0 A e R A T ) B S R T IR R O 5 SORR 4 5 S S R 18 B A [ S A A
MBI 73 v 25 B 56 S 535 0 S AU B U8 O 0 S o I TR A2 Hh g R 2 T ) D iy 8 e B0 6 5 6, 091 i
P R R 1 53 R i O 3 R i L AR R OGRS 3 T
JE A G RN R R A 4D oA A0 2 OB R S A T B L A IR DI I TR T
Ao 9 AR AL A B DG I 8] A5 g AL AL

IO P B 3R 75 3 AT 52 A% T R 1 i AR I AT A — S R Hh 22 A R I X DL R B A Y A
JEE (A5 AN [ R 370 v e DI (07 B A T 8 5 W DR 59 55 05 2 o AR 00 G B2 S 3 i i b A ELW I R oA — i T
o s i U 325 i S0 O A% R LS 6 2o R AT A S MM S G 0 A 9 A 2 R 5 U R R 9k i 2 1o S () 2R 1 T
TR B ROGS 18 R 32 B AR X 5 125 52 W 0 A 3 T IR P ) 52 AR K 5 016 JBE 2 ik 32 B T S g =
L SLH AR BORAR B 5 T2 YOO SR DR T AR BR IR PR G AR R A TR R RE B TE R DI R ) 28 4L
LMl % BLAR L S RE T DI RS B2 5K

AR SCEE A RO =GR T e I e ) B AR EOR L B T — R R TR B MmO E RO R
JIEA AT B8 T 2 80X — SR A5 8 o 388 Xk e ot 5 18 S AR SUPE B o A B B [ L i
I PR A SR D8 s LA B g YE AR L O DR B T8 S SR T L R e e e L I A e 45 B 5 BR R D e B AR BUK
A .

2 3dsmax i B RG&ET

B ] 3dsmax A S (i BLFPF#EAT w607 ik ROR D5 HORIE . 38 I B E ) R S A R 1 B AR R X
FALAEZ 8wl LAy B [6]— P PR 3 i i D 55 AR 8 D i S B AR - SR 5 MR 25 8 06 5 19 2 BB 5 AR s o AR 4L
P HEAT X o BT S BT 25 i 06 5 T6 OR S H BE A PEA

TE A v ST I 2 K I S 8 T Ak e ) P CRR A S D 5082 SRR DIL A O LIS 2 Al S AR 2 20 Y
T D5 EAE D BT A X ) . BT Sk BRI ) ST 700 mm . A HLECE T 5 £ A ) % 2
AS°ffy VBRI W) R 1 600 mm gb, F 5 A SR BN Y R R L A0 & 1 R .

tested

aluminium
sheet

¥ projector

1 3dsmax (B4R (o) WAL (b) 47 RLIA
Fig. 1 Simulation schematic in 3dsmax. (a) Top view; (b) right view
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Fig. 2 Visual effects in simulation of aluminum plate. (a) Without highlight, projecting white light; (b) without highlight,
projecting vertical stripes; (¢) without highlight, projecting horizontal stripes; (d) with highlight, projecting white

light; (e) with highlight, projecting vertical stripes; (f) with highlight, projecting horizontal stripes
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Fig. 3 Frequency spectrum of highlight and diffuse reflection. (a) Gray variation in diffuse reflection stripe in longitudinal
section; (b) gray variation in specular reflection stripe in longitudinal section; (c¢) frequency spectrum of (a); (d)

frequency spectrum of (b)
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Fig. 4 Basic process of frequency-domain filtering
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Fig. 5 Comparison of frequency spectrum between highlight and diffuse reflection. (a) Three-dimensional frequency
spectrum, (b) spectrum in yz plane and (c¢) spectrum is xz plane for the case of highlight and diffuse reflection; (d)
three-dimensional spectra, (e) spectra at yz plane and () spectra oat xz plane for the case of diffuse reflection only
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Fig. 6 Outline extraction of yz plane and xz plane. (a) Outer outline of B-spline interpolation in yz plane;

(b) extraction of outline in xz plane directly
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Fig. 7 B-spline filtering module. (a) Three-dimensional diagram of B-spline filtering module;

(b) gray image of B-spline filtering module
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Fig. 8 Comparison of filtering results of simulated images under different filters (test target: aluminum plate). (a) Light
stripe of diffuse reflection; (b) extracting the center of each light stripe in (a); (c) light stripe of specular reflection;

(d) extracting the center of each light stripe in (¢); (e) after Gaussian filter; (f) extracting the center of each light

stripe in (e); (g) after Butterworth filter; (h) extracting the center of each light stripe in (g); (i) after B-spline
filtering; (j) extracting the center of each light stripe in (j); (k) diffusly reflected stripe of B-spline filtering for (a) ;

(D) extracting the center of each light stripe in (k)
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Table 1 Comparison of extracted result deviation of plate stripe center under different pre-processing (unit; pixel)

Type of stripe center Stripe 1 Stripe 2 Stripe 3 Stripe 4 Stripe 5 Mean
Diffuse reflection 0 0 0 0 0 0
Highlight reflection 0. 1355 1. 3684 1. 3684 1.3684 0. 1894 1.3684
After Gaussian filtering 0.8712 0. 8539 0. 8539 0. 8539 0. 8155 0. 8539
After Butterworth filtering 0. 8224 0. 8377 0.8377 0. 8377 0. 8381 0.8377
After B-spline filtering 0.7778 0.4738 0.4738 0.4738 0.2882 0.4738
Error of B-spline filtering 0.8224 0. 2868 0. 2868 0. 2868 0. 1385 0. 2868
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Fig. 9 Comparison of filtering results of simulated images under different filters (test target: aluminum cylinder). (a) Light
stripe of diffuse reflection; (b) extracting the center of each light stripe in (a); (¢) light stripe of specular reflection;
(d) extracting the center of each light stripe in (¢); (e) after Gaussian filtering; ({) extracting the center of each
light stripe in (e); (g) after Butterworth filtering; (h) extracting the center of each light stripe in (g); (i) after B-
spline filtering; (j) extracting the center of each light stripe in (j); (k) diffusely reflected stripe of B-spline filtering

for (a); (1) extracting the center of each light stripe in (k)
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Table 2 Comparison of extracted resulft deviation of cylinder stripe center under different pre-processing (unit; pixel)

Type of stripe center Stripe 1 Stripe 2 Stripe 3 Stripe 4 Stripe 5 Mean
Diffuse reflection 0 0 0 0 0 0
Highlight reflection 0.5362 1. 4456 1. 4456 1. 4456 0.3943 1. 4456
After Gaussian filtering 0. 8320 0. 8318 0.8318 0. 8318 0. 8309 0. 8318
After Butterworth filtering 0.5519 0. 8537 0. 8537 0. 8537 1. 2467 0. 8537
After B-spline filtering 0. 5866 0.5022 0.5022 0.5022 0.0788 0.5022
Error of B-spline filtering 0. 2447 0.1785 0.1785 0.1785 0.5993 0.1785
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Fig. 10 Real test diagram and (b) filtered light stripe
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Table 3 Error analysis of approximate treatment from filter generation based on adjacent-stripe spectrum (unit; pixel)

Source of acquiring filter Stripe 1 Stripe 2 Stripe 3 Stripe 4 Stripe 5 Mean
Stripe itself (cylinder) 0. 5866 0.5022 0.5022 0.5022 0.0788 0.5022
First stripe on the left (cylinder) 0.6160 0. 6095 0.6095 0. 6095 0.0686 0. 6095
Second stripe on the left (cylinder) 0.6170 0.6098 0.6098 0.6098 0.0676 0.6098
Stripe itself (board) 0.7778 0.4738 0.4738 0.4738 0. 2882 0.4738
First stripe above (board) 0.7831 0.5230 0.5230 0.5230 0.2130 0.5230
First stripe below (board) 0.9190 0.5147 0.5147 0.5147 0.1255 0.5147
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