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Fig. 2 Polarized light interference path for testing liquid crystal lens
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Fig. 3 Interference results for different optical axis positions. (a) Optical axis moving from (0, 0) to (—0.4 mm, 0); (b) optical axis

moving from (0,0) to (0. 4 mm,0)
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Table 1 Driving voltage parameters of liquid crystal lens in two

optical axis states

Parameter (—0.4mm, 0) (0.4 mm, 0)
v, 0.51 0.77
v, 0.63 0.63
v, 0.77 0.51
V, 0.63 0.63
P /(%) 0 0
P, /(%) 0 0
P, /(%) 90. 01 90. 01
P, /() 95.00 95.00

T E B AL TR B EOIRES  x T S gk AT
M AR BT A I B AR K] 3 TR PSR S B 2 07 AR
BERFEE L/ I0W RN DeEEREE 4. 5m ',
2.2 BB ES

e B B R R IR £, RN ¢ = 1//,, i
T 155 B R B B O B R R AL B B Sk LB TE N ¢ =

bt P —dpepre, P g MW HBHREOCERE , J
HW B SWEERZ MBS, H ¢, > deo W
AR BEEU SRR IR YR X UR R B AT T o
T ¢, 53 591 8 7 Y 325 B P B 8 35 B 1) Y el 37 L 0 Ryl
o A R R SR VR R B B B s . Hirh— 2%
G4 5 W B GO A, B 0K B 8 E 45 R I IE B
Prift e af ik B A F L, 07— 55 P AT B W & 358 B 4 30
Jo o I B I B OO B N L, X RO
B AR R G B . DL N A A D ST A
B 7, K A R 2% O 42 1o 36 388 385 455 J5 i B0 Oy AR T 15
BIAZ A F AR y N £ 0/ (Sl + i — d)e % &
SRR B B o 5 B R RGN EROLE
i (Id N Ac) R R G ARG T 45 2 1 BIHE % 8
55‘7Ay':AC—F’,@‘AC,/E\W,@%J%%E"Jﬁ%Wﬁ%E,
H1/v—1/u=¢n 158 g=1— ¢v, WA R ¥ 5 7E
BRI EARNEGE &, Hd o kg
FE,u WWIBE , ¢ A BB G . TR OB B Y L B
YE R B R 48 ) FLAR G R o

liquid crystal lens glass lens

K4 R FR Gt R
Fig. 4 Optical model of imaging system

K BB R G 0 WA 2 BEOB R 2SR 17 46 D 51 5
Bt 7 B4 B FL AR BLAE B, DA Hp AT LA 210 22 5 TR R Y
%/%O

FS TR 3 i B LA PLAL 2

Fig. 5 Pinhole camera model based on optical axis movement
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Fig. 7 Experimental setup based on movement of optical axis of liquid cystal lens
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Fig. 8 TImage acquisition results based on optical axis movement of liquid crystal lens. (a) Acquisition result for liquid crystal lens with

optical axis at (—0.4 mm, 0); (b) acquisition result for liquid crystal lens with optical axis at (0.4 mm, 0); (¢) comparison of

images in rectangular box areas from Figs. 8(a) and 8(b)
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Fig. 9 Disparity results based on variable optical flow algorithm. (a) Original image of optical flow result; (b) optical flow result after

grayscale inversion
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Table 2 Average grayscale values of rectangular box areas in

Fig. 9 (b) and corresponding actual distance values
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Table 3 Summary of depth measurement experimental data

Region of interest No. 1 2 3
Average grayscale value 177.0 156.4 144.9
Optical flow value /pixel 25.6 22.2 20. 4

Calculated depth value /cm 5.9 6.8 7.4
Actual distance value /cm 6.5 7.6 9.1
Error in result /% 9.2 10.5 18.7

Region of interest No. 1 2 3
Average grayscale value 173.1 148.6 111.0
Actual distance value /cm 26.0 51.0 78.0
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Fig. 10 Fitting relationship between actual distance value and

average grayscale value
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Fig. 11 Depth measurement experiment of close range object. (a) Acquisition result for liquid crystal lens with optical axis at

(—0.4 mm, 0); (b) acquisition result for liquid crystal lens with optical axis at (0.4 mm, 0); (¢c) comparison of images in

rectangular box areas from Figs. 11(a) and 11(b); (d) grayscale disparity result based on optical flow algorithm
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Fig. 12 Results of small baseline images obtained by conventional binocular vision algorithms. (a) SGM; (b) SAD
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Stereo Image Acquisition System Using Optical Axis Movable Liquid
Crystal Lens
Wan Chaojie’, Liu Zhiqiang', Xu Lithan', Li Huihai’, Ye Mao"
'School of Optoelectronic Science and Engineering, University of Electronic Science and Technology of China,
Chengdu 611731, Sichuan, China;
*Sichuan Tianwei Electronics Co., Ltd., Chengdu 610200, Sichuan, China

Abstract

Objective Stereo images are usually acquired by changing the position of a single camera in the scene or by using two or

even more cameras fixed at the same platform. Multi-camera systems are large and costly, and due to slight differences
between each camera in terms of focal length, zoom level, camera gain, and so on, there are inevitable intensity
differences between the matching points of the stereo images. Researchers have adopted methods combining a single
camera and several optics devices to achieve stereo vision, so as to avoid this problem. The core function of the optics
devices is to develop a single camera system with different imaging views. Various optical components have been reported
in studies, for example, by rotating a flat glass plate or some plane mirrors placed in front of a single camera, or using a
single camera pointing at a biprism or some multiple parabolic mirrors. However, optics rotation systems need to address
the accuracy of mechanical movement, and biprism systems need to solve the problem of how to get the same image size.
Parabolic mirror systems using multiple curvatures involve complex mirroring mechanisms, and the mirrors with multiple
curvatures make the system difficult to be compact. Therefore, it is of research value and significance to seek more direct
methods to realize a single-camera stereo vision system with a simpler and more compact structure. In this study, a single-
camera stereo image acquisition system using an optical axis movable liquid crystal lens is presented. The optical axis
position of the liquid crystal lens can be controlled by adjusting the voltage, and thus the stereo vision in a single camera
can be achieved. Although it is consistent with the purpose of multi-view imaging through rotation, mirror reflection,
biprism, etc., the mechanism of the designed system is simple. It allows the system to be used without mechanical
movement during image acquisition, so as to reduce the complexity of the system. The liquid crystal lens is thin and light,

and fits closely to the camera lens, which makes the system compact and enables a low cost.

0311002-7
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Methods The system consists of a fixed camera module and a liquid crystal lens with a polarizer attached. First, the

structure of the liquid crystal lens is described, and a polarized interference optical path is built to analyze optical axis
movement properties, including the magnitude of the motion at the corresponding drive voltage as well as the aberration
and optical power. Then, the effect of the optical axis position change of the liquid crystal lens on the overall system is
analyzed, and the relationship between disparity and depth is derived through the pinhole camera model. Finally, the
system is used to acquire stereo images, and the disparity is calculated by the optical flow algorithm. The depth
information of the scene is inferred from the disparity information in the close-range experiment, and error analysis is

performed. In addition, the problems of other disparity acquisition algorithms in the designed system are illustrated.

Results and Discussions The proposed single-camera system using an optical axis movable liquid crystal lens is proved to
have a stereo vision effect. The images in this paper are acquired by using the horizontal movement of the optical axis of
the liquid crystal lens while the single camera is fixed. The images have consistent direction of pixel movement and
variation in the amount of pixel shift depending on the object distance. At this point, the disparity is the same magnitude as
the optical flow. Therefore, the difference in the amount of pixel movement by using the optical flow algorithm is
calculated, and dense disparity information is obtained [Fig. 9(b)]. It indicates that the system can capture disparity
information about the scene (Fig. 10). Depth of objects is inferred back from the disparity in the close-range experiment
(Table 3). The baseline distance in this system is small, and conventional stereo vision algorithms such as semi-global
matching (SGM) and sum of absolute differences (SAD) are unable to acquire dramatic disparity information on the images
acquired by the system (Fig. 12). According to the binocular distance measuring principle, as the baseline distance
becomes greater, higher accuracy and longer distance that can be measured. It has been proven that the designed system
works well, and it can acquire dense disparity information through the optical flow algorithm and allow the depth

measurement of objects at close range with some accuracy.

Conclusions In this study, a stereo image acquisition system is proposed. The system consists of a fixed camera module
and a liquid crystal lens with a polarizer attached. We adjust the voltage to move the optical axis of the liquid crystal lens,
capture images, and use optical flow algorithm to obtain disparity information. In addition, we analyze the effect of the
optical axis movement of the liquid crystal lens on the overall optical axis of the system, and derive the relationship
between the disparity and the depth. In the experiment, the feasibility of the system is demonstrated by verifying the
existence of the disparity in the acquired images, and depth acquisition of close-range objects is performed. Experimental
results show that the optical axis movement function of the liquid crystal lens can be used to move the overall optical axis of
the system to achieve stereo vision. The designed system does not require any mechanical movement, and features a

simple and compact structure and a low cost. Therefore, it provides a new method for the acquisition of stereo images.
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