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Based on Invisible Structured Light Three-dimensional Imaging
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Abstract Structured light illumination imaging has important applications in three-dimensional (3D) measurement
of close-range high-resolution objects. Based on traditional structured light illumination imaging, a dynamic
background light interference suppression technology based on invisible structured light three-dimensional imaging is
proposed, a 3D contour of an actual target is acquired, and the anti-interference ability of dynamic background light
is analyzed and studied in detail. The generation of structured light is based on the principle of laser interference.
The emitting side projects two orthogonally polarized beams, and no interference fringes are generated on the surface
of the object. The receiver uses synchronous phase shifting technology to achieve the detection and reconstruction of
the structured light stripe. Based on the synchronous phase shifting technology, a four-step phase shifting fringe
image is obtained simultaneously, the background light interference can be effectively reduced, and the dynamic 3D
imaging capability is improved. In this paper, we theoretically analyze the principle of invisible structured light
imaging and the mechanism of dynamic background light suppression, establish an experimental verification device,
and obtain a 3D reconstructed image of the actual target under dynamic background light interference. The
experimental results are in agreement with the theoretical analysis results.
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Fig. 10 Effective elimination of dynamic background light. (a) Four-step phase shifting fringes under dynamic

background light interference; (b) elimination of dynamic background light after image subtraction
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domain processing; (d) 3D frequency spectrogram after frequency domain processing

MIE 1T nf LA B S0 SO 54 SRAEPL. 20l M 0DE som b A — SRR A E AL
URRA —ERENES, T EERFTMEGE  BWIR T 0°.45°,90°F1 1357 4 AR AR . 5

XFENAE FOCIINE RE 07, S T 4 8 BKod AR ZEARWY 4 W5 DOGR 3 A AT RoR hy

NV ji;“-‘g‘ 4 fE P x ] mio
jvElAﬁJFE%MKHTJJ B8 19 90 ) % # LGy A0 ()
P Ay . P BIE 2546 0 J 56 %6 &, A5 H A1 "

AT FO g (v y ) BV YIRS A S 2

190<1~,y,z)—A(1”y’”[1+m“j, (35)

2 m o

0711004-9



ot % % i1

A s Vol U S
Ilgou-,y,z)(xy”(l’”‘], (36) HHA(r.y.) = (MM j FIHLAE Y 4 1

2 m oo

A(a»,y,z)@mﬂ (37 AT ORI ME 12 B, B (34) ~
2 2
GORAHEG I P OO B £k H

I (xsyst) =

m oo

-~ 2V Lo (xsyst) — Lige(xsyst) P 4+ Lo (x sy st) — Too (xhy 52D ]
PCM) = o (38)
Io(l‘,y,Z) +Igo(1',_’y,t) +1180(1‘yy,l‘) +Izm(l‘yyal‘)

B 12 ME PRI 4 18 sh AT 50660 47 =YEEFELERMA 13 Fir,
A [ L (38) AT A5 5 PCAD A M 0.2357 (il

FAMER MBS HUEBCE B IT8) . P CIDEAR S 0,
szljv“%fﬁE‘Jﬁbﬁﬁ*ﬁ'ﬁ“ﬁ(ﬁﬁ%ﬁ#fﬁﬁfﬁ%

B W FBR VT A0 5 5000 HoA D iR L 2%
@ULIE SR MR A R 22 B BT RO T,

P CAD N SR 55 B2 S A 15 5O s/, it
BFEhAST5 SO TV am il fe fdcam, & 11 0 T 40
R4 B P15 4 B0 B B R A RO T B A

G 599 B
- 12 AHPLER Y 4 WE 30738575 5Ot o A 18
BT B w4 i 20 3R U 4 28 AL 18] L a2 T e Fig. 12 Dynamic background light intensity map
TR g a m ko AR, ST SRR T acquired by camera
h/cm
1.5
1.0
0.5
0
-0.5
v 400 100 -0
h /cm
® |14
11.2
1.0
0.8
£ 1. 0.6
L 4 0.4
& 43 0
100 400 0
. 200 300 -83
%, 300 200 —
Q‘@/ 400 100 '\) \A} -0.6

B 13 8T RAHRE T = HERLEL., (WP ZTFEYE; (o (DR Z T 4351580 4 25 K80
Ce) () T IRF 2207 4 ) e ) 109 = 4 4 S 1
Fig. 13 3D reconstruction results in dynamic background light environment. (a)(b) Physical map in both time;

(¢)(d) four-step phase-shifting fringes in both time; (e)(f) 3D contour map in both time

ARG T AT S I R T RS e I 20 T i de 22, AR BROEE v 3 IR Kl 5 S B A dle L A AR
o Y R OF S SE PR AT LB TS AR R R T PR,

0711004-10



ot %

n
¥

{5

K1 A E Bk LI S S PR B LA AR

Table 1 Comparison between measured data and actual data of metal spherical cap’s height

Environmental situation

Measured value h,/cm

Relative error 8 /%

Actual value 2 /cm

Without dynamic background light interference
Dynamic background light interference at time 1

Dynamic background light interference at time 2

1.5801
1.5895

1.5902

1.5 5.34
1.5 5.97
1.5 6.01
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