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Elemental Images Correction of Camera Array Pick-up for
Three-Dimensional Integral Imaging

Jiao Xiaoxue Zhao Xing Yang Yong Fang Zhiliang Yuan Xiaocong
(Key Laboratory of Optical Information Science and Technology, Ministry of Education ,

Institute of Modern Optics, Nankai University, Tianjin 300071, China)

Abstract A method is presented to correct the errors of elemental images due to position deviation of cameras in the
process of camera array pick-up of three-dimensional (3D) integral imaging. By calculating position coordinates of
reference points and position errors of camera array, the accuracy of correction algorithm and the relationship
between position errors of camera array and elemental images are analyzed. Optical experimental results verify the
feasibility of the proposed method. The results show that, the proposed method can effectively eliminate the effect of
position deviation of camera array on the elemental images array and the reconstruction 3D images with better quality
can be achieved after correction. The comparison of reconstruction 3D images before and after correction indicates
that the errors of elemental images captured by camera array are corrected successfully with value of peak signal to
noise ratio 33.6 percent improved, which can satisfy the display requirement of integral imaging.
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pick-up stage of integral imaging
N s FHAILIE B A 1R 2 (8] A B A 22 7 7= A6 1 T R B
(1) 23 ] JUAR] 2% B0, BRAE AT o,y = Bl A9 7 3% 158 22 A lie
BER 22 IR T R Y BE o6 2215 25 X oo & AR 5
i o BT 00 B 5 X6 AH AL R 310 A A A 28 R A A 22 A 7
KIE. HILTE =4e g sh ik 825 % 0, i A AL
BEB m X n A MIHLALEL . 2 2% 5 18 0 K ER P
BB AR FRIC N (s )« 25 AL 3 v 1 A B A 7R
— WS (B A 22 B - 2 5% 05 A o6 R BRI A

EARFRIE R (et s, » T JE S R

U, L A1 A 23 A 3 L
Uy | =AY [ = | Qi A5y A Y | s (1)
1 1 A7 A g A 9 1

X A I — AL BR 22 HE B R e A A7 £
T D AR LS )07 B 22 0 P B = 2 PR i 1
SO T ER AR AU R AR AT ROE . iR A (D 3K
PEATRRIE S TR A% O T B e A B L X i AT
TR

Arn Ao T, b
[a@,,m a’4 ,,,,, } [y,, }_‘_ L?é,m, } ’ 2
2P A SRR B A4 B BN T . BRI
HEEE 3 A2% 50 ] i (2O KX+ 8 45 2 51
FEASARBILAS IO 14 15 2 20 46 B ) P 32 2 2 78
WX AR IV, O 2R G Hb 18 i A s R AT G (2) =X 7 1 4
PR DTS2 BEXS TC R R AL IE o 107 UK 3
Z: 7% R WAL B A bR SR R 15 2 8 e 0 W B HRAE AT
BRI R PR R A SEBR N L R IR 2
5 B R 22 1R 2 AR M I ISR R R R R L (R
2% UL 22 000 5| 12 B A R 4 O N A 3
IR . D 17 ARAG N T A TN J3E R A PR
KM 4 S A TR 22 A M AR I 1SR A

0309001-2



BN EE.

BT = 2SR BB AR R 51 3 B T6 R AR OE

3 R M STHE

T o3 TR E 5 ¥k RS L I X AT Bk 2k
17 T BB A AT . FEBUE AL R T X7 A1
PLEESIARE Y, B D 20 mm, B AIALIEIBG 25 mm,
A S R T 35 mm X35 mm 2 (] B 73 A 1
P 5 A A A 1 A B 350 <350, A 4 44
AAHAL R 51 45 7R (1 [ B 9 100 mmn s py JHE AR 318 BEAE AL
BHEASTH R G RO L R LIAG B JC 1R 22 i A [F] L
TR PG S 18] Bl I 16 1 07 B AR AR (s )

S BRI R FH AL 51 2K UG 3% AR T
UGV AR LA B G AR B Y S A R 2R AL T
BN TR Y 45 00 7 BOE 73 A I B2 AR AL 51

)R 25 0 [ PR 22 — 2. 5~2. 5 mm, ief%
BRZEJEE R —5"~5", TEMEEN B X 2.y 2 il
53 ST AR AL R 51 v i A AR AL > 4 ) 1) ~F- % 1% 25 (8
e 5 15 22 A B AT AR 40 TLAn] B AR 8 15 21 13 22 17
TE I AN [R) WL A o0 2 8 45 1) B 19 5 ) 7 AR B
Cuys ) s 3 B BOT R BB AT oy J7 ] B B R
XFEFRHL 0.5 mm &b 4 SR EER S % S RA
(2) 2R figp A L 1Y) 1% 25 8 40 g [, T oA 2
PR Hgg it 9 A B AR SO i 28 4 [, 1
FIaEERENAEH (n ) FBaRm(m=n=1,2,-,
7 x BHAEAE 5° T i 1R 25 i) o0 R IR 1% 25 A8 e
W

1, 1.4 1.7

4,1 4,4) 4,7 | =

L(7,1) (7,4) (7,7

[70.9962 0 —0.5708 7 r0.9962 0
L 0 0.9928 — 20.6412 ] L 0 0.9928
r0.9962 0 — 0.5708 7 r0.9962 0
L 0 0.9928 —21.7155 L 0 0.9928
r0.9962 0 —0.5708 7 r0.9962 0
LL 0 0.9928 —22.7898] L 0 0.9928

0 - 0. 9962 0 0.5708 77
—20. 9993 L 0 0.9928 — 20.6412

0 - ~0. 9962 0 0.5708 7 .
—21.7155 L 0 0.9928 —21.71551 |

0 - 0. 9962 0 0.5708 7
—22.7898 L 0 0.9928 —22.7898 ]

Y e S B B A R 22 AR L O X iR 22 DU R A
BT 5 T RAE AT S B A LR BB
# 1 BUEHTG 7T % B 5 4 oo % K& 1 MSE

75 22 (MSE) . i 1 %t Eb 2 A6 W 4 18 1E 5 85 A RS B
g 1 ME 2 proR.

Table 1 MSE of each elemental image within elemental images before and after correction mm
E (myn)
“rror (1.1 (2.2) (3.3) (4.4) (5.5) (6.6) (7.7
Translation (x axes) : Incorrected 0.625 0.625 0.625 0.625 0.625 0.625 0.625
2.5 mm Corrected 0 0 0 0 0 0 0
Translation (y axes) : Incorrected 0.625 0.625 0.625 0.625 0.625 0.625 0.625
2.5 mm Corrected 0 0 0 0 0 0 0
Translation (2 axes) : Incorrected 0.1537 0.1241 0. 0989 0. 0894 0. 0989 0.1241 0.1573
2. 5mm Corrected 0 0 0 0 0 0 0
Incorrected 2.2316 2.2136 2.2068 2.2112 2.2272 2.2548 2.2945
Rotation (x axes): 5°
Corrected 0.1204 0.0781 0. 0490 0.0387 0.0529 0.0843 0.1296
. 5 Incorrected 2.2945 2.2548 2.2272 2.2113 2.2068 2.2136 2.2316
Rotation (y axes): 5
Corrected 0.1292 0.0836 0.0524 0.0393 0.0503 0.0792 0.1214
. N Incorrected 0.5626 0. 4445 0.3553 0.3200 0.3553 0. 4445 0.5626
Rotation (2 axes): 5
Corrected 0.0336 0.0268 0.0217 0.0197 0.0217 0.0268 0.0336
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Fig. 2 Relationship between MSE and error of elemental images array before and after correction
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Fig. 3 (a) Relationship between MSE of each elemental image and gap of camera before and after correction;

(b) relationship between MSE of elemental images array and gap of camera before and after correction
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Fig. 5 Experimental setup. (a) Pick-up setup of CCD scanning; (b) display setup
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Table 2 Experimental parameters

Component Parameter Value
Lenslet number 7(H) X7(V)
Lenslet array Focal length /mm 19. 64
Elemental lenslet /mm? 5X5
Model Canon 550D
Camera
Size /cm 7.112
Resolution /pixel 360 X640
Mobile phone . i
Pixel size /mm 0.097
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Fig. 6 Original elemental images array (a) without distortion, (b) elemental images array with random error, and

(c) corrected elemental images array obtained by CCD scanning
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Fig. 7 3D reconstruction integral image of (a) without distortion; (b) with random error; (c) after correction
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