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A 3D projection system based on complementary
multiband bandpass filter
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Abstract: A 3D projection system based on complementary multiband bandpass filter (CMBF) is proposed in this
paper, which enables viewers to gain 3D experience through special glasses. Different from the time-multiplex or the
spatial-multiplex system, it is a spectrum-multiplex system using pairs of CMBFs. The three pairs of complementary
bandpass of a pair of CMBFs can be designed to cover the three spectrum ranges of RGB individually and in each
pair the two bandpass nearly do not overlap. In this paper, a 3D projection system is built from two ordinary projec-
tors and its spectrum, brightness and crosstalk have been measured. The average crosstalk is 3%, meeting the ba-
sic requirement of crosstalk in 3D display which is less than 10%.
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Fig. 1 The principle of spectrum-multiplex 3D display. (a) The spectrogram of CMBF; (b) The principle diagram of 3D projector
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Nb,Os 1
. N e v s AL 1 TG2 TG3/4
2.2 BAAZRERHEEELHEIE
Power Ar
3D
ICP( )
[11]
23 BRAGIREHE
Comsol 1(b)
1(a) 2D
2
Nb,Os SiO, 2
(HSP-1650) 3
A BATRA Ak
Table 1 Recording of magnetron sputtering environment
TG2(Nb) TG3/4(Si) ICP
KV Ar/(ml/min) KV Ar/(ml/min) /kV Ar/(ml/min) Oy/(ml/min)
Nb,Os 10 30/30/40 / 30/30/40 3 40 250
SiO, / 30/30/40 10 30/30/40 3 40 250

42 mm

54 mm

B2 AANERAARKXREHE. (a), (b) Zo—xEFey LANERR, ARMRE (e) TR AR ;
(c), (d) A—*TEEAEEBLALKIERNR; () REZANEAR A XR T A E HHR
Fig. 2 CMBF-related equipment. (a), (b) are a pair of CMBFs prepared before to make the glasses in (e);
(c), (d) are a pair of CMBFs to cover the projector lens; (f) is to show the size of the CMBF and the overlap of CMBFs
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Table 2 Projector’s parameters

/Hz /cm /m

800x480 1000:1

60 18.7x14.9x7.7 25 HDMI

38

B3 %k

8 cm

25 m
in=2.54 cm)

3 SERANSTHR

3.1 CMBF B 54

3.2 CMBF HyFiE o4
70 in(1

4 6
CMBF1

nm 530 nm~560 nm

nm~530 nm

Nova Nano SEM 230

5
CMBF
mm
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FPGA
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Fig. 4
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(a) Schematic diagram of driving circuit; (b) Photo of driving circuit
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FH, (a) BHUMEEHFX; (b) BHYEAILS THRHHNE
Fig. 3 Photos of experimental scene. (a) The settings of the projectors; (b) The screen and some experimental pictures
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Fig. 5 The photo of the CMBF’s microstructure. (a) On the left is CMBF1; (b) On the right is CMBF2
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Fig. 6 The spectrogram of CMBFs. (a) The spectrum of CMBF1 in different incident angle (0° and 15°); (b) The spectrum of

CMBF2 in different incident angle (0° and 15°); (c) The spectrum of CMBF1 and CMBF2 in incidence of 0°; (d) The spectrum of
CMBF1 and CMBF2 in incidence of 15°. The optical spectrum is measured by DH-2000-BAL
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Fig. 7 Reference images and experimental photos. (a), (c) are the two images projected from two projectors;
(b), (d) are the two photos taken by the camera through the two CMBFs, in which the yellow areas indicate the crosstalk
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Table 3 Chromaticity coordinates of each system
x¥) x¥) ) x¥)
Rec.2020 (0.708, 0.292) (0.170, 0.797) (0.131, 0.046) (0.3127, 0.3290)
(0.333, 0.216) (0.311, 0.570) (0.171, 0.133) (0.2727, 0.3080)
CMBF1 (0.330, 0.159) (0.326, 0.608) (0.162, 0.083) (0.2657, 0.2706)
CMBF2 (0.270, 0.169) (0.187, 0.660) (0.149, 0.102) (0.2033, 0.2580)
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Fig. 8 Chromaticity diagram. The yellow in each picture marks the colour gamut of Rec.2020. (a) The red marks the color

gamut of the origin projector system, without CMBF; (b) The green marks the color gamut of the system with CMBF1;
(c) The purple marks the color gamut of the system with CMBF2
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Fig. 9 Top view (a) and face view (b) of the test scene
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Fig. 10 The measurement of the brightness. (a) Measurement in condition that the left image is white and the right image is black;

(b) Measurement in condition that the left image is black and the right image is white;
(c) Measurement in condition that the left image and the right image are black

50 1 1 1 1 1 1 ! L ! L !
B CL mmCR

4.0 L

S
0 3 6 9 12 15
)
B11 AZ4EikE
Fig. 11 System crosstalk
FPGA
S M

(1]

[2]

[3]

LR, B%. 3D 2FHEAM]. b7 &-F kB imat, 2019
12-47.

Ma Q G, Xia J. 3D Display Technology[M]. Beijing: Publishing
House of Electronics Industry, 2019: 12—47.

Park M, Choi H J. A three-dimensional transparent display with
enhanced transmittance and resolution using an active parallax
barrier with see-through areas on an LCD Panel[J]. Current Op-
tics and Photonics, 2017, 1(2): 95-100.

Li C, Kang X B, Shi D X, et al. Classification and development of
stereoscopic display[J]. Electrical Technology of Intelligent

[4]

[8]

[6]

[7]

[8]

[0

[10]

[11]

[12]

190334-8

Buildings, 2017, 11(6): 47-52.

FA, BHOR, RE, F. ThRILTFHRGSEEHREN]. Fik
HARAHA, 2017, 11(6): 47-52.

Xu B, Wu Q Q, Bao Y C, et al. Time-multiplexed stereoscopic
display with a quantum dot-polymer scanning backlight[J]. Ap-
plied Optics, 2019, 58(16): 4526—4532.

Li M. A brief history of stereoscopic film development[J]. Ad-
vanced Motion Picture Technology, 2014(7): 47-59.

4. SARBHLREN L[] AREBHAK, 2014(7): 47-59.
Tang R B, Zhu W Q, Chen F, et al. Design of stereoscopic video
displayer based on red and blue glasses[J]. Microcomputer &
Its Applications, 2015, 34(21): 34-36.

weil, REF, B, F. ATl Rge S RIS SRt
[J]. A AL 2R, 2015, 34(21): 34-36.

Kuroda Y, Nishihara |, Nakata T. Image optimization method of
large autostereoscopic display of dual projection types[C]//Proc.
SPIE 11049, International Workshop on Advanced Image
Technology (IWAIT), 2019.

WRALT, Thik, RUE, F. —HA T Z &Mk 3D HHAELELE:
207037321U[P]. 2018-02-23.

Wu H, Jin H, SunY, et al. Evaluating stereoacuity with 3D shut-
ter glasses technology[J]. BMC Ophthalmology, 2016, 16(1): 45.
Li Y. Research and simulation of performance parameters of
polarized stereoscopic projection system[J]. Journal of Jialing
University, 2014, 32(5): 36—39.

F#. kX I AR EZAMRRBLABHME S AN FEFRF
&, 2014, 32(5): 36-39.

Su Y J. Microcrystalline silicon thin films deposited by ICP as-
sistant magnetron sputtering[D]. Dalian: Dalian University of
Technology, 2011.

HAF. ICP syl A #1% % dh B IA[D]. Kik: KEEIX
%, 2011.

Definition of terms in technical requirements and measurement
methods for stereoscopic projection of digital cinema[J]. Ad-
vanced Motion Picture Technology, 2015(2): 52.

CHFHIR LR AR Z RPN T T %) KEZ L[] AREH
H# R, 2015(2): 52.



https://doi.org/10.12086/0ee.2020.190334

A 3D projection system based on complementary
multiband bandpass filter

Qi Liyang, Xu Bin, Wang Yuanqin®

Stereo Image Technology Lab, Nanjing University, Nanjing, Jiangsu 210046, China

(a) 100

| —'CMBF'1 [ (b)
904|----cMBF2 - @ <« \Classes
80 ﬂ i r i [ Projector 1

< 70 3 ‘ “ Projector 2
@ 604 H i L.

e ] a - 4 -

2 40 - y.

S 301 - o

= d i L

@ CMBF1
) CMBF2

20 -
10- i : J i J i H R
0 i A | A : Projector screen

Ll v Ll v Ll v Ll v Ll v L v 1
400 450 500 550 600 650 700
Wavelength/nm

The principle of spectrum-multiplex 3D display. (a)The spectrogram of CMBF; (b) The principle diagram of 3D projector

Overview: A 3D projection system based on complementary multiband bandpass filter (CMBF) is proposed in this
paper, which enables viewers to gain 3D experience through special glasses. Different from the time-multiplex or the
spatial-multiplex system, it is a spectrum-multiplex system using pairs of CMBFs. The three pairs of complementary
bandpass of a pair of CMBFs can be designed to cover the three spectrum ranges of RGB individually and in each pair
the two bandpass nearly do not overlap. By using the CMBFs, the images from left and right projectors can be divided in
spectrum as well. The special glass’s lens is same as the corresponding CMBFs appended to the projector. So, the left
image can only be seen by the left eye through the special glasses and vice verse. In this paper, pairs of CMBFs which can
meet the principle of spectrum-multiplex system are made and a whole 3D projection system is built from two ordinary
projectors. This 3D projection system does not need special screen which is common in a commercial cinema. That’s to
say, by adding several CMBF films, common projection system can be adapted in to a 3D one. The system’s spectrum,
chromaticity, brightness and crosstalk are also measured in this paper. The spectrum is close to the ideal one, only hav-
ing a few overlaps which will result in the crosstalk. There are some differences in the chromaticity diagrams between
the two CMBFs, which will cause a little chromaticity aberration. This problem can be solved by using FPGA to adjust
the input digital images to make the triangle in one chromaticity diagram almost the same as the other one. The bright-
ness is over 110 nits when a pure white image is shown and the brightness is below 4 nits when a pure black image is
shown. The left crosstalk is less than 2% and the right crosstalk is less than 3.5%. So the average crosstalk of this system
is about 3%, meeting the basic requirement of crosstalk in 3D display which is commonly less than 10%. But the cross-
talk of 3D projection in cinema is usually less than 2%. To meet this requirement, an improvement in CMBF’s overlap
must be done in the future, such as making a better pair of CMBFs without overlaps in spectrum. Besides, the brightness
and color are not good enough in this system but can be improved easily for the reason that the screen in our experi-
ment is just a wall.

Citation: Qi LY, Xu B, Wang Y Q. A 3D projection system based on complementary multiband bandpass filter[]J]. Op-
to-Electronic Engineering, 2020, 47(7): 190334

Supported by National Key R&D Plan (2016YFB0401503) and R&D Plan of Jiangsu Science and Technology Department
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