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Study on Lock-In Imaging Technology Expansion for Background
Light Elimination
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Key Laboratory of Jiangxi Province for Numerical Simulation and Emulation Techniques, Gannan Normal
University, Ganzhou 341000, Jiangxi, China

Abstract Background light affects an image and degrades its quality. Laser lock-in imaging is an outstanding technology
for reducing the impacts of the background light by a sine auxiliary modulation. However, the technology is expensive and
not safe enough, and it requires that the frame rate of the image sensor is high enough to meet the modulation speed. In
this study, the technology is extended theoretically to investigate the feasibility of a non-sine auxiliary-modulated light and
mechanism of the background light elimination. We used an LED as the auxiliary light and the control mode of optimizing
image acquisition to reduce the requirement for the frame rate of the image sensor. According to our findings, the
modulation signal of the auxiliary light of the locked imaging technology can be extended to any waveform signal with zero
integration in a period. Experiments using sine, square, triangular, and sawtooth signals to modulate an LED light show
that in a modulation cycle the proposed technology uses four modulation waveforms to achieve a good background light
elimination effect at different sampling rates. The proposed technology has low requirements for auxiliary light sources and
frame rates of image sensors, providing theoretical feasibility.
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Fig. 1 Framework of lock-in imaging technology
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Fig. 2 Schematic of image sampling time. (a) Equal interval sampling; (b) unequal interval sampling
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F 1 BT

Table 1 Average running time of phase discrimination unit: s
Modulation waveform N=2 N=4 N=8 N=16 N=32 N=64 N=128 N=256 N=512
Sine 0.54 0.62 0.76 1.52 2.75 5.22 10. 29 21.23 40.95
Square 0.42 0. 54 0.83 1.44 2.51 4.91 10. 34 21.38 41.69
Triangular 0.45 0.57 0.80 1.45 2.67 5.22 10. 77 21.42 40. 34
Sawtooth 0.40 0.55 0.81 1.50 2.62 5.01 10. 07 20.70 39. 36
F 2 EWFOLLIREGR S I/ AW RO B SSIM Y
Table 2 SSIM of eliminated background light image to image without/with background light
Modulation
Scene N=2 N=4 N=8 N=16 N=32 N=64 N=128 N=256 N=512
waveform
1 0.23 0. 86 0.93 0.95 0.96 0.95 0.96 0.98 0.97
. (0.06) (0.09) (0.11) (0.11) (0.11) (0.12) (0.11) (0.11) (0.11)
Sine 5 0.13 0.93 0.96 0.96 0.96 0.95 0.96 0.95 0.94
(0.05) (0.50) (0.53) (0.54) (0.55) (0.56) (0.55) (0.56) (0.58)
1 0.92 0.95 0.97 0.93 0.94 0.95 0.95 0.95 0.96
(0.10) (0.12) (0.11) (0.11) (0.11) (0.11) (0.11) (0.11) (0.12)
Square ) 0.94 0.93 0.94 0.95 0.96 0.95 0.95 0.95 0.95
(0.50) (0.47) (0.55) (0.53) (0.53) (0.54) (0.55) (0.55) (0.55)
1 0. 90 0. 50 0.90 0.96 0.96 0.97 0.97 0.97 0.97
. (0.12) (0.13) (0.10) (0.11) (0.11) (0.11) (0.11) (0.11) (0.11)
Triangular
: 0.90 0. 60 0.95 0.97 0.96 0.96 0.95 0.95 0.95
(0.49) (0.29) (0.53) (0.54) (0.57) (0.57) (0.57) (0.57) (0.58)
1 0.79 0.89 0.93 0.95 0.96 0.97 0.97 0.97 0.98
(0.08) (0.09) (0.10) (0.10) (0.11) (0.11) (0.11) (0.11) (0.11)
Sawtooth
2 0. 89 0.93 0.93 0.95 0.95 0.95 0.95 0.95 0.94
(0.55) (0.55) (0.58) (0.57) (0.56) (0.56) (0.59) (0.58) (0.59)

Note: the numbers outside the brackets are the SSIM of the result to the image without background light, and the ones in brackets are the

SSIM of the result to the image with background light.

SSIM E#I7E 0. 9 L |, 156 B SR AL A /N T S

H

db%j{ﬁ

THBRAICR B o R 2% 38 ] 35 2 5 5% A R 22 1) P 4

SSIME R A K

R IR KU =R

T R AE R T 8 S T Dl IRl SR SR T 2 I 9 )

ZIESIE SIS S

H &%

SR
5

M , 33X 158 W AE

S BR 2% 506 HR AT DA AR B SR A Aok AR 1A
BRI R UA

Hi 2% 3R, B A6 1

e G 73 B R 2 57 A

K, HEAE T FO0H) B SRR 73 B R 220 8/, Ul
Wl LW 0 MR PR AR B, £10R
3 ARER PR

Table 3 Resolution of the resulting image

718 M RH B[] 15 2R A A0 B TE A G, 2 SR AR Ay 8 I (G

Jiv A 98 i R 1T 3K

SEAHEF AN 0. 81 s, TR JE Al
4.3 XFEEEIE

S5 it FH U320 U8 U 3 R v B0 23 B IR Mertens
Wl A SRR 5 B Oy ik A T

FAG T A B R R )5

JATRCHAR ) L SOLECR) P

PO WU g )
A A RUH IR B A, R BR IR

HHER R DI [ AR O B PR B A SO B 2k E

I 42 25 B
1 hb P A

db KL

/\;le.

H &%

H 5

JEHH Y

P S

LRk S AN i N
Jer IS, S B s AT I E D 1.1 s,

unit: Ip/mm

Modulation
N=2 N=4 N=38 N=16 N=32 N=64 N=128 N=256 N=512

waveform
Sine 109. 57 119.01 103. 27 100. 00 116.13 114.31 107.47 119.15 107. 04
Square 108. 90 105. 92 108. 14 107. 37 102. 40 105.75 102.58 113.75 102.45
Triangular 106. 01 105. 52 103. 54 107. 30 116.83 119. 25 102. 86 122.23 105. 52
Sawtooth 107. 28 105.76 113.07 107. 18 103.71 115.76 106. 23 119. 26 105. 64
Average 107. 94 109. 05 107. 00 105. 46 109. 77 113.77 104.78 118. 60 105. 16
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Fig. 15 TImages processed by different methods. (a) Brightness-enhanced image with background light; (b) brightness-enhanced image of

eliminated background light by bilateral filtering; (c) image of eliminated background light by HDR imaging; (d) image of

eliminated background light by lock-in imaging technology based on LED

SRR 2 MR AE R R, JCie B MR GE I8
SSIM & WMAEAH , & 15(d) LED 815 BA% 1015 561 B
SRR A B R R0 9 U vk R v sl A S R RUIR R
H LED i & 545 77 12 76 2R A 5 8 B 1Y & i i
JF1) 2465 T X320 0 1ok 3 A e 2 25V R R

5 4 1w
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