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Introduction1. 

The history of 3D vision technology is old and surprisingly 

it dates back to the early 19th century, about the same time 

as the daguerreotype was invented. Some trace the origin 

of 3D vision technology back to the stereoscope invented 

by a British scientist Sir Charles Wheatstone in 1838. The 

stereoscope provides different images to the left and right 

eyes using mirrors. The process uses the so-called “binocular 

parallax”. Basically, the principle is the same as that of the 

present technology.

Over a hundred and several tens of years since the 

invention of the stereoscope, buffs have enjoyed 3D display 

technology with silver halide photography or 3D movies, and 

the 3D display technology development has been accelerated 

dramatically in the 21st century. These days we hear about 3D 

very often. Commercial 3D PC displays and mobile phones 

have been launched. BS channels have started broadcasting 

3D programs. A new HDMI standard, HDMI 1.4, has 

been established to support 3D broadcasting. Electronics 

companies have announced their launch of 3D TVs and 3D 

recorders. People say the age of 3D vision is dawning.

Our company has been working on 3D technology 

development for some time. In the mid 1990s, we launched 

a film with lens, “3D adapter for Utsurundesu (QuickSnap)”, 

and “3D print viewer”. We have also been tackling 3D 

technology development for digital camera since we started 

digital camera development. In 2007, when we concluded that 

the fundamental technology and the market were ready, we 

have decided to develop “FINEPIX REAL 3D system”, the 

first of its kind in the world, aiming at creating and expanding 

a 3D market. In 2008, we announced the technology at the 

Photokina. In summer 2009, we launched the new system. 

The conceptual diagram of this system is shown in Fig. 1.

This 3D system consists of three products: 3D digital 

camera W1, a 3D photo viewer V1, and 3D print service. 

The system allows the user to take a picture, view the image, 

and keep it on paper. It allows the user to enjoy 3D vision 

without special skills. Since its launch, the system has been 

well received both at home and abroad. This report describes 

FINEPIX REAL 3D W1, a 3D camera and viewer all in one.

Fig. 1   FINEPIX REAL 3D system.
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FINEPIX REAL 3D system2. 

This section provides (1) the appearance, (2) main 

specifications, (3) block diagram and (4) features of the W1 

camera.

Main Specifications of the Camera2.1 

The main specifications are shown in Table 1. As the 

storage format, the Multi Picture Format established by CIPA 

for still images was adopted. For movie images, the widely-

used AVI, expending it for 3D was adopted.

Table 1   Specifications of FINEPIX REAL 3D W1.

Item Specifications

Model FINEPIX REAL 3D W1

Shooting element 1/2.3-inch CCD with 10 million pixels × 2

3D storage format Still image :  Multi Picture Format 
[MPO+JPEG], [MPO]

Movie : Stereo AVI with 2 image channels

Lens Fujinon 3× optical zoom lens × 2
Equivalent to foal length of 35 mm to 105 mm

Shooting distance [2D] Approximately 8 cm to infinity
[3D] Approximately 60 cm to infinity

Recommended 3D 
shooting distance

[Wide] 1.3 m to infinity
[Telephoto] 4.1 m to infinity

LCD monitor 2.8-inch 3D/2D color LCD with light direction 
control, Approximately 230,000 dots 
(Approximately 100% coverage)

Number of movie 
recording pixels VGA (640 × 480) / QVGA (320 × 240)

Photography 
functions

[2D] Face detection, red-eye removal, and more
[3D] Auto parallax control, and more

Playback functions [2D] Face detection, red-eye removal, and more
[3D] Parallax adjustment, and more

Number of shots 230 shots for 3D (compliant with CIPA)

Dimensions 123.6 × 68.0 × 25.6 mm

Weight Approximately 300 g (including battery and memory)

Other specifications:
http://fujifilm.jp/personal/3d/camera/finepixreal3dW1/index.html

Appearance2.2 

The camera has two (left and right) lens units spaced 

77 mm apart on the front. Under the units is a slide barrier 

used as the lens cover and the power switch. On the back of 

the camera is the naked-eye stereoscopic LCD in the center 

flanked by operation keys. The 3D-related keys, i.e., 3D/2D 

button and parallax control button, are all placed on the left.
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Fig. 2   System configuration of FINEPIX REAL 3D W1.

Block Diagram2.3 

The shooting system consists of two lens units comprising 

Fujinon 3× optical zoom lens and 10 M-pixel CCD. The signal 

processor has the Real Photo Engine 3D that receives image data 

from the left and right lens units and process the data to merge 

the two images into a 3D image. The display unit is the 2D/3D 

LCD with light direction control. Showing different images to 

the left and right eyes creates the perception of depth.

2D still image file 3D movie file

Left CH

Right CH

Fig. 3   Key technologies of FINEPIX REAL 3D W1.

Features of FINEPIX REAL 3D W12.4 

The W1 has two main features. One is the easiness to 

shoot images in 3D and view them in 3D. It does not require 

special skills. The other is the capability of shooting 3D 

images of subjects close to or far from the camera, which is 

difficult just by shooting with two lenses.

(1) It is easy to shoot and view 3D images.

In the past, shooting and viewing 3D images required 

a lot of equipment and highly advanced techniques. We 

wanted every one to enjoy 3D images. And we came up with 

the W1. The W1 does not require any complicated setting 

or technique. Just pressing the release button, the camera 

automatically sets itself into the optimum conditions and the 

user can easily take a 3D still image or movie. The images 

can also be reviewed on the spot.

(2)  The macro photography and landscape photography 

are capable of taken in 3D.

As binocular parallax is used, stereoscopy is not suitable 

for macro photography, in which the parallax is too large, or 

for landscape photography, in which the parallax is too small. 

In order to shoot such subjects, the W1 has the advanced 3D 

modes: the individual shutter 3D shooting and the interval 

3D shooting. These modes allow the user to change the stereo 

base and expand possibilities of 3D shooting.

* 3D shooting of a subject in a close range is possible (Fig. 4)

Horizontal move

First shot Second shot

Fig. 4   Individual Shutter 3D Shooting (Macro photography).
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The parallax is too large when a subject is close to the 

camera. The individual shutter 3D shooting allows the user 

to reduce the stereo base to several centimeters to enable 3D 

shooting of such subjects.

*  3D shooting of a subject in the distance is possible (Fig. 5)
The parallax is too small when a subject is far from the camera. 

The individual shutter 3D shooting allows the user to increase the 

stereo base thereby enhancing the stereoscopic effect.

Horizontal move

First shot Second shot

Fig. 5   Individual Shutter 3D Shooting (Landscape Photography).

Comfortable 3D Viewing3. 1)

Although the W1 had many problems before put onto the 

market, we had especially the following major problems. This 

section describes what we did to solve these problems.

1)  Binocular parallax control (parallax design and optical 

axis fixing)

2)  Alignment of the property differences between right 

and left images

3)  Development of a naked-eye 3D display monitor

Binocular Parallax Design3.1 

Parallax Design3.1.1 

The human mind perceives 3D by creating a feeling of 

depth based on such information as binocular parallax, motion 

parallax, binocular convergence and focal point (Fig. 6)2). Among

(4) Focusing(3) Binocular convergence

(2) Motion parallax(1) Binocular parallax

(4) Focusing(3) Binocular convergence

(2) Motion parallax(1) Binocular parallax

Looking far Looking near

Fig. 6   Depth perception factors (Physiological factors).

the information, the W1 uses binocular parallax (to produce 

a stereoscopic effect by displaying different 2D images to the 

right and left eyes) to provide a 3D image. Specifically, an 

object is shot at different angles with the right and left lenses. 

Those images are input to the right and left eyes separately to 

provide 3D vision.

How much an object looks protruding or distant varies 

according to the degree of parallax. Fig. 7 shows the outline.

Positive parallax
(distant image)

Zero parallax
= An image is formed 
on the display plane.

Negative parallax
(protruding image)

Left-eye
image

Right-eye
image

Left-eye
image

Right-eye
image

Left-eye
image

Right-eye
image

Fig. 7   Depth perception effects from binocular parallax.

When there is no parallax between the right and left eyes, 

the 3D image is formed on the display plane. When the object 

appears to the right in the left-eye image compared with 

the right-eye image, the 3D image is formed in front of the 

display surface. On the contrary, when the object appears 

to the left in the left-eye image compared with the right-eye 

image, the 3D image is formed behind the display surface. 

The larger the parallax becomes, the larger the depth or 

protrusion (stereoscopic effect) will be. But, there is a limit. If 

the parallax is too large or too small, the two images cannot 

be fused into a single 3D image (Fig. 8)3). This often happens 

when objects in an image have vastly different parallaxes.

3D image cannot be formed 
if the parallax exceeds the 
distance between the eyes.

3D image cannot be 
formed if the negative 
parallax is too large.

Fig. 8   Fusional limit of stereopsis.
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Therefore, for maximum 3D effect, we want to increase 

the parallax. For eye-friendly image, we donot want the 

parallax to be too large. It is necessary to control the parallax 

to balance the 3D effect and the eye-friendliness. However, 

there are many factors that determine the parallax (Fig. 9). 

Considering these situation, we have thought of many 

occasions in which customers would use the camera and 

designed the parameters.
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Fig. 9   Elements of binocular parallax.

Fixing Optical Axis3.1.2 

To produce comfortable 3D vision using binocular 

parallax, the optical axes of the right and left shooting 

systems must be aligned and kept stationary with high 

precision.

To solve the problem, the W1 employs (1) Fujinon lens 

fabricated with high precision, (2) an aluminum die-cast 

frame to keep the optical axes of the lenses stationary (Fig. 10) 

and (3) the highly advanced production technology to align 

the optical axes with high precision.

Fig. 10   Aluminum die casting to fix lenses firmly.

Two-lens Shooting3.2 

Property differences between right and left images, 

such as vertical parallax, time lag, differences in color and 

brightness, are major obstructive factors3). The W1 employs a 

new signal processor, “Real Photo Engine 3D”. The processor 

irons out the property differences. Time lag between right 

and left images distorts a 3D effect and often ruins 3D 

imaging. This problem was solved by fully synchronizing the 

right and left shooting units below microsecond for both still 

images and movies. Consequently this enables comfortable 

3D viewing of live-view images, movies and images shot 

with flash.

Naked-eye 3D Display3.3 4)

Because of the nature of a digital camera, it was essential 

to develop a 3D LCD that could be viewed by the naked eye. 

So we have developed the light direction control system 

LCD. This system has two backlights for left eye and right 

eye. These backlights blink alternately at high speed. In 

synchronization with the blinking, images for left eye and 

right eye are displayed alternately. To display a 2D image, the 

same image is provided to the right and left eyes. One of the 

features of the system is that the horizontal resolution does 

not have to be sacrificed to produce a 3D effect as the right 

and left images are displayed with time division. Fig. 11 and 

Fig. 12 show the conceptual diagrams.

Fig. 11   Conceptual diagram of light direction control system.

Light source 
for right eye

Light source 
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The images for right and left eyes are 
displayed alternately. In sync with that, 
the light direction is controlled to project 
the parallax images to the eyes.
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Fig. 12   Principle of operation of light direction control system.
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Conclusion4. 

We have worked on development of a digital camera 

easy to shoot and view a 3D image. Stereoscopic parallax 

control and elimination of property differences were two 

major problems. These problems were solved with our newly 

developed Real Photo Engine 3D and our high-precision 

production technology and lens technology. We finally 

succeeded in completing the W1 that provides comfortable 

viewing of 3D images. After 2010, it is expected that more 

and more 3D products, such as movies and TV, are spreading 

in the market. Making the most of the technology that 

enabled the development of the world’s first 3D imaging 

system “FINEPIX REAL 3D system” and the knowledge 

gained through the development, we will continuously make 

our efforts to improve the system and to expand the market.
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