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요 약

2009년 영화 “아바타”의 막대한 성공으로 인해 양안식 입체 영화와 TV가 주목을 받고 있다. 또한 2014년에 개봉한 "로보캅 3"와
“트랜스포머 4"와 같은 대다수의 입체 영화와 컨텐츠는 실제로 촬영한 영상과 가상으로 만들어진 영상을 합성하여 만들어진다. 그러나

양안식 입체 영화는 두 대의 카메라를 리그라고 불리는 장치에 연결하여 조정과 촬영에 많은 노력과 비용이 들어가는 기존의 양안식

입체 영상 리그 카메라 시스템으로 촬영되게 된다. 이러한 문제는 아바타와 같은 성공적인 양안식 입체 영화 촬영을 어렵게 한다. 본
논문은 기존의 양안식 입체 영상 리그 카메라 시스템이 가지고 있는 문제점을 분석하고, 문제의 해결방법으로 새로 고안된 단일렌즈

양안식 입체 영상 카메라 시스템을 제안한다. 이 시스템은 하나의 광축을 두 영상이 지나가도 서로 섞이거나 간섭을 일으키지 않게 시

간적으로 혹은 공간적으로 분리하는 기술을 바탕으로 만들어진다. 위의 시스템은 기존의 양안식 입체 영상 리그 카메라 시스템보다 조

정과 촬영이 간단하고, 기하학적 왜곡이 적기 때문에 보기 편안한 입체 영상을 촬영할 수 있다. 본 논문은 단일렌즈 양안식 카메라 시

스템 중 회전하는 셔터를 사용한 시스템을 설명하고, 실제로 얼마나 왜곡이 적은지 실험한다. 또한 앞으로 더 좋은 결과를 가져올 향

상된 단일렌즈 양안식 입체 영상 카메라 시스템에 대하여 논의한다.

Abstract

From the year 2009, 3D Stereoscopic movies and TV have been spotlighted after the huge success of a movie called 
“AVATAR”. Moreover, most of 3D movies & contents are created by mixing real-life shots & virtual animated pictures, such as 
“Robocop 3”, “Transformer 4” as shown in 2014. However, the stereoscopic 3D video film shooting with a traditional stereoscopic 
rig camera system, takes much more time to set the rig system and adjust the system setting for proper film making which 
necessarily resulting in bigger cost. In fact, these problems have depreciated the success of Avatar as decreasing demand for 3D 
stereoscopic video shooting. In this paper, inherent problems of traditional stereoscopic rig camera system are analyzed, and as a 
solution for the problems, a novel implementations of single-lens optical stereoscopic 3D camera system is suggested. The new 
system can be implemented to a technology for separating two lights  when even those lights passing through in the same optical 
axis. The system has advantages of adjusting the setting and taking video compared with traditional stereoscopic 3D rig systems. 
Furthermore, this system can acquire comfortable 3D stereoscopic video because of the good characteristics of geometrical errors. 
This paper will be discussed the single-lens stereoscopic 3D camera system using rolling shutters, it will be tested geometrical 
errors of this system. Lastly, other types of single lens stereoscopic 3D camera system are discussed to develop the promising 
future of this system.
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Ⅰ. INTRODUCTION

Stereoscopy is a technique which applies the biological 
phenomenon that brain recomposes stereoscopy images 
which are occurred when two eyes with some distance watch 
one object and it’s called binocular disparity[1]. At this point, 
inter-ocular distance is a distance between two eyes and the 
distance is the major depth cue for depth perception. Two 
eyes focus and adjust the angle of eyeballs to obtain a clear 
vision as seeing an object. That procedure is called accom-
modation and convergence respectively[1]. When shooting a 
stereoscopic video, cameras is installed with inter-axial dis-
tance to make binocular disparity[2]. Thus, two cameras per-
form accommodation and convergence which are the same 
as what two eyes do. While showing stereoscopic videos to 
two eyes respectively using various methods, a brain recom-
poses stereoscopic images as if people actually watch an ob-
ject directly for real and feels depth perception. A camera 
rig system consists of a slider bar and two cameras which 
are put on the bar and the distance and angles of cameras 
are controlled to take Stereoscopic 3D video. 

The camera rig system has been a major equipment to 
shoot stereoscopic videos[3]. However, there are problems 
when accommodation and convergence are performed. The 
lenses of two camera have to be synchronized in accom-
modation and the whole angles of cameras have to be 
changed in convergence. The problems explained above in-

terfere a perfect matching with two images and cause view-
ers to feel visual fatigue[2]. In chapter 2, inherent problems 
in traditional stereoscopic 3D camera systems will be 
analyzed. Single lens stereoscopic 3D camera has been pro-
posed to resolve those problems[6]. One method which has 
one optical axis and uses mirrors to make binocular disparity 
is also suggested. However, it’s technically difficult to di-
vide left and right images spatially having one optical path. 
Also, several electronic matters should be considered to syn-
chronize left and right images. In chapter 3, pros and cons 
of single lens stereoscopic 3D camera are discussed and sys-
tem realization depending on the number of image sensors 
is explained. To figure out characteristics of the embodied 
single lens stereoscopic 3D camera system, a suitable test 
procedure is necessary to evaluate performance of 3D 
cameras. In chapter 4, it is suggested that several evaluation 
items considering factors of single lens stereoscopic 3D cam-
era system and what the test method is. Furthermore, the rea-
son why subjective quality test is needed will be explained

Ⅱ. INHERENT PROBLEMS IN 
TRADITIONAL STEREOSCOPIC 3D 

CAMERA SYSTEMS

Traditional rig system consists two cameras put on a par-
allel slider bar which can perform taking stereoscopic mov-
ies after alignment. The distance of two lenses optical-axis 
are separated as much as human eyes distance: 6.5cm[2]. 
When taking movies using large aperture lens or big cam-
eras, it cannot be possible to put on the rig in parallel. A 
rig system that mounts at 90 degrees Cameras has been 
suggested to solve the problems. Fig. 1 shows various types 
of rig systems. Accommodation are performed in rig sys-
tem, one lenses movement is should be synchronized with 
the other lens. Also heavy camera units should be moved 
at an angle to perform convergence. The traditional rig sys 
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그림 1. 리그 시스템의 다양한 종류들
Fig. 1. Various types of rig systems

tem using two cameras and two lenses has inherent prob-
lems that are inevitable. More complicated problem is opti-
cal axis mismatch with lenses and image sensor. 
Opticalaxis error can be occurred when two cameras are 
same model and two lenses are the same. When two cam-
eras and two lenses are zooming, this error is emphasized. 
Fig. 2 shows this type of problem. When two images are 
different, human`s brain chooses better quality image be-
tween two and then human perceives prior image[1]. That 
is called retinal rivalry. When it’s repeated, viewers feel 
visual fatigue and are bothered to be immersed. So newly 
designed single lens stereoscopic camera system which has 
one optical-axis will be needed.

그림 2. 줌 렌즈에서의 광축과 이미지 센서의 중심 불일치
Fig. 2. Optical axis and center of image sensor mismatch on zoom lens

Ⅲ. IMPLEMENTATION FOR 
STEREOSCOPIC 3D CAMERA SYSTEM 

USING SINGLE LENS OPTICAL SYSTEMS. 

As discussed above, single lens stereoscopic 3D camera 

systems has been suggested. To get better image acquis-
ition, stereoscopic image should be acquired by some rules.

•The lens axes of the camera lenses are parallel.
•The distances between the two cameras, between the right 

and left images, and between the pupils are the same.
•The field angle of the camera lenses and the view an-

gle of the image are the same[5].

To satisfy those rules, the lights passing through lenses 
should be separated as much as the binocular disparity and 
be transmitted to an object lens and be transmitted to each 
image sensors using mirrors or prisms. To implement this 
system, the entrance of pupil of the refractive optical sys-
tem has to be moved in front of the refractive optical sys-
tem to reduce the size of the reflector using relay lens[6]. 
Also each light should be passing through one optical 
pathway. However each light should not be mixed up with. 
Inherently, optical combiner/splitter are needed.

A suggested Temporal C/S is implemented with a rolling 
shutters. As shown Fig. 3, the rolling shutter is placed in 
front of the lenses and opened sequentially and closed to 
make the left and right images. Therefore, the image sensor 
can acquire the stereoscopic image. This method can be ap-
plied well when dividing the left image and right image 
in temporal domain. However, a mechanical devices in-
cluding rolling shutters has to be designed very precisely. 
Moreover, the rolling shutter makes problems of vibration 
and noise. The noise and vibration can cause the motion  
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그림 3. 회전하는 셔터를 사용하는 시분할 C/S를 채택한 단일렌즈 양안시 카메라
Fig. 3. Single lens stereoscopic camera with temporal domain C/S using rolling shutters

as the images in temporal domain are split. According to 
this, twice faster frame-rate are desired to acquire normal 
frame-rate and twice faster performance of cameras are al-
so needed. However, it is need to doubled shutter speed 
so that it can not be achieved in diminished light environ-
ment commonly. This single lens system have many advan-
tages compared with traditional rig system.

•Alignment: after factory alignment can be performed, 
further adjustment is almost not needed.

•Adjustment: Inter-axial distance and convergence are 
adjusted by changing angle of small mirrors.

•Optical-axis mismatch between image sensor and lens: 
each light can pass through just one optical pathway.

IV. A SUGGESTION ABOUT QUALITY TEST 
METHODS FOR NEWLY DESIGNED SINGLE LENS 
STEREOSCOPIC 3D CAMERA SYSTEM. 

The traditional camera quality test contains numerous 
test items which are about color quality and sharpness, 
distortion. Especially stereoscopic 3D image is consist of 
two consecutive frames, geometric error can be calculated 
by comparing two frames. So some test items are added 

to the traditional camera quality test for stereoscopic 3D 
camera.

•Alignment error
•Keystone distortion.
•Size error
•Rotational error

This test item represents geometric errors on stereoscopic 
3D camera. Following this test items are described in Table 
1. A test for single lens stereoscopic camera using the pre-
vious Rolling Shutter had been taken with the test items 

그림 4. 회전하는 셔터를 적용한 단일렌즈 양안시 카메라 시스템
Fig. 4. The single lens stereoscopic camera system enabled rolling 
shutters 
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above. The following is the method of a test. As shown 
in Fig. 4., Single lens system is set up to a camera which 
has zoom lens. The camera can take HD videos which has 
Fig. 3. Single lens stereoscopic camera with temporal do-
main C/S using rolling shutters1080 pixels of horizontal 
resolution with 60 interlace mode. The view angle of the 
camera is 7.8mm-164mm. The central axes of the camera 
and a target board are matched precisely and the video is 
taken with the distance of 3M, 2M, 1.5M. To obtain images 
for the test, the camera captures videos by zooming in on 
each of three circles which have different sizes on the tar-
get board. The pattern of target board is shown in Fig. 5.

그림 5. 타겟 차트의 모양
Fig. 5. The figure of target chart

그림 6. 양안시 영상에서 획득한 테스트 이미지
Fig. 6. The test image captured from stereoscopic videos

 

After taking videos, each right and left images is sorted 
to even and odd field and saved as static image files. As 
the resolution of the saved images are halved, interpolation 
is conducted to obtain twice larger horizontal resolution. 
As shown in Fig. 6, the final resulting images is comprised 
of right and left images with 1920X1080 resolution in one 
display. To test items of Fig. 7, errors between image lay-
ers are measured with a graphic tool by the unit of 1/100 
sub-pixel. Finally, the measured items are converted to re-
sult values according to the equation of Table. 1. Table. 
2 and Table. 3 show the end result and average end result 
respectively.

그림 7. 양안 영상을 테스트하기 위한 테스트 기준
Fig. 7. The test measurement methods for stereoscopic videos

Test Items Equations Units

Keystone 
distortion(R/L) 


× %

Alignment error 

× %

Size error 


× %

Rotational error  deg(°)

표 1. 공식들
Table 1. Equations
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Test Items Keystone (R-%) Keystone (L-%) Alignment(%) Size (%) Rotational (deg)

3M/1 0.37 1.10 0.23 0.12 0.06

3M/2 0.18 0.86 0.28 0 0

3M/3 0.10 0.03 0.42 0.47 0.25

2M/1 0.42 1.24 0.14 0.35 0.19

2M/2 0.16 0.94 0.09 0.12 0.06

2M/3 0.28 0.26 0.19 0 0

1.5M/1 2.28 0.88 0.21 0.23 0.12

1.5M/2 1.23 0.59 0.19 0.10 0.05

1.5M/3 0.88 0.05 0.19 0.47 0.25

표 2. 에러에 대한 각각의 결과값
Table 2. The Result of each items error

The most notable result is that there were less than aver-
age 1% errors occurred in most test items even though it 
was taken with various view-angles and distances. 
Furthermore, the test drew that Single lens stereoscopic 3D 
camera system contributes to complete the test faster com-
paring to the previous rig system requires much time to set 
up such as aligning. 

Total Result 
(average) Units

Keystone (R-%) 0.66 %

Keystone (L-%) 0.66 %

Alignment(%) 0.21 %

Size (%) 0.20 %

Rotational (deg) 0.98 deg(°)

표. 3. 결과값(평균)
Table 3. Total results(average)

The tested camera is a prototype using rolling 
shutters. However, the test results are promising good 
qualities on stereoscopic 3D camera system. though hu-
man factor are not considered on this test result. So, 
subjective quality test will be needed for stereoscopic 
3D camera system[4].

V. FUTURE WORKS

Temporal C/S with rolling shutter has a numerous advan-
tages comparing to the other traditional rig systems, As the 
rolling shutter system has many problems, advanced 
Temporal C/S which doesn't require mechanical shutters 
are designed to overcome those problems. As shown Fig. 
8  The devices above are adopted a Liquid Crystal shutters  
which can control opacity by electric signals instead of us-
ing rolling shutters with high rotation speed rate. This 
method is robust to noise and vibration which are caused 

그림 8. 액정 셔터를 사용한 시분할 C/S를 채택한 단일렌즈 양안시 카메라
Fig. 8. Single lens stereoscopic camera with temporal domain C/S using 
Liquified Crystal Display shutters
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그림 9. 편광 필터를 사용한 공간분할 C/S를 채택한 단일렌즈 양안시 카메라
Fig. 9. Single lens stereoscopic camera with spatial domain C/S using polarizing filters

by mechanical devices. Nevertheless, reduced temporal res-
olution and shutter speed are still remained as a problem. 
Also, total intensity of light are reduced in half when a 
light passing through the Liquid Crystal Shutters.

A Spatial C/S has been suggested to overcome the ob-
stacles explained above. The Spatial C/S can be multi-
plexing left and right images by using polarization of 
lights. Fig. 9 is shown more detailed structure. The left and 
right entrance can filter light through polarization filters. 
In a general case, two lights are mixed or interfered with 
each other when two different light passed through in same 
optical axis.  However, the two lights can not be mixed 
or interfered by using polarizing filters. After two different 
lights are passed to optical lenses when zooming or focus-
ing, the lights are transferred straightly to each left and 
right image sensors by polarizing filters. Two view images 
can be acquired at the same time by using this method.

The Temporal C/S reduced temporal resolution. In a case 
of 3D display using Shutter Glasses, using Temporal C/S 
gives more natural images if time synchronization is well 
performed. The quantity of light is reduced in half when 
applying  Spatial C/S. That's because the light is passed 
through the polarization filter and integrated. However, 
there's an advantage of resolution for the reason both the 
temporal and spatial resolution reduced. Thus, using 

Polarized glasses is suitable for the Spatial method when 
watching 3D. Fig. 10. shows a comparison with spatial and 
temporal C/S's sequences. 

그림 10. 공간분할과 시간분할 C/S의 순서 a) 공간분할, b) 시간 분할
Fig. 10. The Sequences of Spatial and Temporal C/S a) Spatial, b) 
Temporal

Ⅴ. CONCLUSION.

In this paper, a single lens stereoscopic camera was in-
troduced and compared to the traditional two-camera rig 
system. This new camera system has temporal domain opti-
cal combiner and splitter using a rolling (rotating) shutter. 
Since this new system utilizes only one main camera lens 
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for left and right light source, it is inherent to have a good 
focusing and zooming picture quality. Inevitably, tradi-
tional stereoscopic 3D camera (rig) system having two op-
tical axes causes viewers to have visual fatigue and it leads 
to the limitation of broad distribution of 3D contents. As 
shown in this paper, one optical axis system can be a sol-
ution for visual fatigue. Also various quality tests proved 
that suggested single lens stereoscopic camera system is 
more suitable for UHD (4K and 8K) stereoscopic 3D.

Also two more advanced structures are introduced for the 
future work. Both structures have different optical combin-
er and splitter (C/S). The first one is with temporal domain 
combiner with two set of LCD shutters instead of a rotating 
shutter. And the other one is with spatial domain combiner 
and splitter without any shutters, however, it requires two 
CCD (or CMOS) sensors on the back. All of these pro-
posed structures are with one main camera lens which are 
immune to have focusing and zooming problems 
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