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Abstract In the process of the parameter calibration of projector camera system, the recognition accuracy of corner
is low and the noise immunity is poor. To solve the above problems, a new projection color pattern feature image
and a sub-pixel corner detection algorithm are introduced to increase the accuracy of corner detection and
recognition. In the process of photon signal transmission, the projector-camera can cause photon signal loss due to
the coupling of system channel, therefore, the system coupling is modeled and analyzed. And a system coupling
correction scheme is proposed, which effectively reduces the system coupling crosstalk. In the process of calculating
the system calibration parameters, due to the interference of external factors, the error of the calibration parameters
of the projector is large. Considering that the projector camera has epipolar geometry constraint relationship, a
projective geometry constrained optimization method based on imaging feedback is proposed to optimize the system
parameters. The experimental results show that this method can achieve 0. 25 pixel accuracy. Meanwhile, it has
high plane parallelism and linear verticality. Projection distortion correction experiments show that the distortion
correction effect of projection screen basically accords with human visual viewing consistency.
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Fig. 1 Depth imaging model of intelligent perception system
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Fig. 2 Generation of color pattern feature image

J7 70 » [ RF X B AR AR (00R2 J5 JE Y 4 AR 30R A 6
F A 14 GBS 1 € 7 T X MR E O T T
D B3 B A R Al 1 208 S8R i 6% T T 4
W — DRSS X3 XA T e (G
) [ B4 B 21 5 05 oo G . 20 680 1 7 ik AT (%
P R Ak B AT AN P 2 (D BT 78 9 R (8 A Xy
RS . FTLAE BT i % B R AIE 1815 R
3 AR A A5 DX B — A~ B TR B R 3 2
g PR T AR AR U BT B R A I
33 ARLKRERNEX

MR A LR R B IE RS . T
PBRILRERBATE BRI, S BT ARRZ
()7 75 A R B A2 L N 2 5 5 A3 B0 420 28 3 2 S A
A B T AT SRR A S B . WL

VT 8 SRR AR G AT 0, 1 5502 F AN [ 9
8 5 DX SIURH A2 1 B 41 I — b R AR R A
Bk AT RENE PR T M A I B A A RGN
AHRE—BGEEN X, = (p,.q) SRR N
C,=Ca;sb;vc) LMERE X, A0 KER 2L +1
P i B sh A I 2 101 e i I 0 BN TR A
M AR G B K B 1/2, AR T AR 4 5
PR B e, E XAW (X, L) ={X,[| X, — X, [<
Ly, BT A AR 60 (5 B 2 A B A% 2L
PE R OB G T AR R DAIT L6 1 2 s ) A 46 31—
Yezs [a]ep, BICKE -0 A% sh R o 01 1 A7 4 R e i 15
FBGEBEHSED, (X, M), Hh D, (X, ,M)=
(X X, €EW (X, . M)—W.A(X, M—1),1<M=<
Ly, 3 s,

K3 BOFETSEBIERCRA

Fig. 3 Color information guided discrete hierarchical
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Fig. 4 Coupling signal for single-channel of system
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Table 1 Calibration results of intelligent projection system
Equipment  Method fu fo u v k1 ko ks k.
Camera Ref. [10] 3472.16 3568.37 996.04 758.43 0.08934 —1.26736 —0.15732 —0.06427
Projector  Ref. [10]  1973.59 1978.62 547.38 824.19  —0.03485 0.12681 —0.01632 0.043981
Camera Ref. [11]  3353.29 3601.04 987.16 684.19 0.09817 —1.01462 —0.20528 —0.13056
Projector  Ref. [11]  1984.28 1990.72 494,17 842.68 —0.02621 0.26433 —0.06042 0.03475
Camera Proposed — 3465.52 3470.16 1023.43 764.52 0.02532 —0.86433 —0.06042 —0.00197
Projector ~ Proposed 1968.17 1969.45 534.25 806.74  —0.01172 0.09768 —0.00865 0.024382
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Table 2 Calibration error of intelligent projection system

Equipment Method E E oo E s, E o, E vean E peano
Camera Ref. [10] 0.534 0.761 0.471 0.493 0.384 0.393
Projector Ref. [10] 1.023 1.202 0.643 0.582 0.428 0.476
Camera Ref. [11] 0.782 0.936 0.528 0.632 0.453 0.502
Projector Ref. [11] 1.437 1.391 0.792 0.763 0.539 0.527
Camera Proposed 0.338 0.326 0.274 0.265 0.192 0.203
Projector Proposed 0.437 0.508 0.243 0.196 0.203 0.245

1T B A BB HLEA D7 A HRIEABE I . R it
W AR AR S R D bR B BEAT
S HEAE BE R BOR A B RE A B AR E 18] 1R A 2 1A
(9 73 AR DL o F T4 o PR AR 56 B 23 8] o B A AT
FE O BAEIE I AR RE BR R BEAT AR AT Y
255 B A G R BB I A B T LR S DR T A
P = 2 A 5B S S0 SR AT 300 2% A A1 Ryl 4 T 114 -

A7 RE DA B 2 ) 3 BB, M FH X 2 T4 A % b 2 A B
PEATIRUE . e 3 FoR L T AT IR 22 A ok
(B IR /IME FTEBIE 52 50K P P s P » 6 T
LR 2 e KAE L S /NME A3 53 500 Ve
Voin sV mean » W] LU 3 AR SO 25 10 TP A7 B L 46 3 1L
JERSCER 107k SCEk[ 11y B I L B R
A E A JEE

0115001-8



B F ¥ il
@ (®)
0.3 0.3
0.2 - 0.2 - "
*
0.1} 0.1F # 7
> B te ._:Ef*
0 0 o
x *¥%*
-0.1}F -0.1} *
*
-0.2 | -0.2 |
1 1 1 1 1 1 1 1

1 1 1 1
-03 -02 -01 0 01 02 03 04
x

1 1 1 1
-03 -02 -01 0 01 02 03 04

B9 fAEMFIRE., (OHBBHL; (B

Fig. 9 Re-projection error of corner. (a) Camera; (b) projector
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Table 3 Error analysis of plane parallelism and

line perpendicularity

Indicator Proposed Ref. [10] Ref. [11]
method method method

P o 2.63258 3.19224 3.41741

P oin —2.41683 —3.02617 —3.37593

P e 5.04941 6.21841 6.79334
Viwax /(9 90.19241 90.31627 90.52715
Viin /(9 89.91773 89.81816 89.72953
Vean /(7D 0.27468 0.49811 0.79762
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Fig. 10 Distortion correction of projector
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