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Introduction1. 
Measurement of dimensions and shapes is required in 

various fields, for instance, to survey or keep a record of a 
construction or civil engineering work site, to understand 
equipment layout in a building or draw the diagram, to 
archive the data of a cultural asset or create its CG, and to 
create a 3D model for a prototype of an industrial product. 
The conventional measurement is quite a big task, using a 
laser type or any other instrument that must be operated 
by an expert. Those instruments are not handy. They are 
often expensive. It takes long to acquire data. They are 
large in size. To create an easy-to-use measurement system, 
we have launched this development project. And, we have 
developed a 3D measurement system that captures images of 
an object taken with FinePix REAL 3D W3, an easy-to-shoot 
consumer 3D digital camera, measures the dimensions of the 
object using the software on a PC and outputs its 3D shape. 
This system has been on the market since 2010.

Fig. 1   3D measurement system.

Principle of 3D Measurement Using 2. 
Stereo Images

Before explaining the system, we will explain the 
principle of 3D measurement using stereo images.

The basic principle is triangulation based on the 
difference in position of an object in images taken from two 
different positions.

When the axes of two cameras are parallel to each other 
(parallel stereo), the 3D coordinates that are at u and v on the 
basis image are calculated as follows1).

u’ is the horizontal coordinate of the object on the 
reference image (corresponding point). The difference 
between u and u’ is called stereo disparity. Depth is inversely 
proportional to parallax. That is evident in human eyes. 
When you look at an object with one eye and then with the 
other eye, the object looks as if it has moved. The nearer 
the object is, the larger the stereo disparity becomes and the 
greater the distance the object appears to move. B represents 
the distance between the two cameras. This is called base 
line length. f represents the focal length and p, the pixel 
pitch. 

3D calculation using parallel stereo images has the 
following advantages.

As shown in the formula above, 3D coordinates are 
obtained by very simple equations and they are calculated 
quickly.

The corresponding point on the reference image is always 
at the same vertical coordinate as that of the coordinates to 
be measured on the basis image. To locate the corresponding 
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point, it is necessary to search only one horizontal line where 
the vertical coordinate to be measured is. That simplifies the 
process to locate the corresponding point. If the images are 
not a parallel stereo pair, the process will be complicated.

Because of the reasons above, it is desirable to use parallel 
stereo images for measurement. It, however, is difficult or 
practically impossible to place two cameras exactly parallel 
to each other. 

To solve the problem, we convert images taken with a 
stereo camera to parallel stereo images. This process is called 
image rectification. The image rectification process uses 
the exact conditions of the two cameras and their precise 
positional relationship obtained in advance. Specifically, 
the conditions of each camera are distortion by the lens, the 
focal length of the lens and pixel pitch of the image device 
and the principal point. These are called intrinsic parameters. 
The positional relationship is the difference in position and 
angle of the other camera from the basis camera. These are 
called extrinsic parameters. Calculating internal and external 
camera parameters are called calibration. Calibration is 
one of the most critical processes. It can directly affect the 
precision of 3D measurement using stereo images.

Theoretical resolution in a 3D space is expressed by the 
following formula in principle.
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In the case of FinePix REAL 3D W3, the base line length 
is approximately 75 mm, the focal length is 6.3 mm at the 
wide angle end, the number of horizontal recording pixels is 
3,648 pixels for L-sized image and CCD size is 1/2.3 inches. 
The resolution in relation to shooting distance is estimated as 
shown in Table 1. When the distance is long, the resolution in 
the depth direction drastically deteriorates. We recommend 
the shooting distance of this system to be up to 3 m.

Table 1   Relationship between distance and resolution.

Distance 
between camera 

and object
    X    Y    Z Ratio of    Z to 

the distance

 1 m 0.3 mm   3.6 mm 0.3%

 3 m 0.8 mm  32.4 mm 1.1%

 5 m 1.3 mm  89.9 mm 1.8%

10 m 2.7 mm 359.7 mm 3.6%

System Configuration3. 
Fig. 2 shows the configuration of the system. An object to 

be measured is photographed by the camera. Measurement 
using the images is performed with the software on the PC.

The camera is FUJIFILM’s FinePix REAL 3D W3. Table 2 
shows the specification of the camera for this system.

Stereoscopic image files taken with the camera are stored 
on the PC and read with the application software. The read 
images are rectified using the calibration data of each camera. 
Using the paralleled stereo images, the system calculates and 
outputs 3D measurement information and 3D shape data with 
color information.

FinePix REAL 3D W3

Shooting

PC processing

Application software Paralleled stereoscopic 
image(MPF)

Color information and 
3D shape data

3D measurement 
information

Calibration data

3D measurement DLL

Stereoscopic
 image （MPF）

3D digital camera

Fig. 2   Composition of the system.

Table 2   Specifications of camera used for measuring.

Weight 250 g (including the supplied battery and memory 
card)

Dimensions 124 mm × 65.9 mm × 27.8 mm (the minimum 
thickness: 21 mm)

Effective pixels 10 million pixels

Focal length f = 6.3 mm (Approx. 35 mm in terms of 35 mm 
film)*1

Aperture F3.7 to F8

LCD monitor
3.5inch 3D high-definition color LCD, lenticular 
screen, approx. 1,150,000 dots (Field ratio of 
approx. 100%)

Recording 
medium

Built-in memory (approx. 34 MB)
SD/SDHC memory card

Recording 
method MPO + JPEG or MPO*2

Power supply
Rechargeable lithium ion battery is supplied with 
the system. AC power supply is available as an 
optional extra.

*1:  When the system is used for purposes other than 3D measurement,  
f = 6.3 mm to 18.9 mm (equal to approx. 35 mm to 105 mm in terms 
of 35 mm film).

*2:  It supports the multi-picture format specified by the Camera & 
Imaging Products Association (CIPA) standard.

Technological Features of the System4. 

Processing Suited to Shooting with 4.1 
Consumer Digital Camera

We have employed FinePix REAL 3D W3, a consumer 3D 
digital camera light in weight and small in size, for the system 
to facilitate shooting and measurement of thin intricately 
shaped objects or moving objects like animals, which are hard 
to measure with the conventional 3D measurement machines. 
To ensure high precision in measurement with a consumer 
camera, we have added two processes. First, we measure and 
produce calibration data for each individual camera to be 
sold as part of the system. Second, the PC software detects 
the camera conditions, which vary from shooting to shooting, 
and makes corrections prior to 3D measurement.
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Functions of Software4.2 
The functions of the software are roughly divided into 

two. They are measurement of dimensions and output of a 3D 
shape.
(1) Measurement of Dimensions

The system locates the 3D position of a specified point 
of an object in a photographic image using their x, y, z 
coordinates with the position of the camera as the origin. 
Using these coordinates, the system can obtain the distance 
between two points or the area of a polygon specified on a 
plane. It can also obtain distances between a point and a line, 
between lines and between a point and a plane. When the 
contour of a cylinder in an image is specified, the system can 
obtain the diameter. Fig. 3 shows the dimensions of a building 
measured with our software.
(2) 3D shape Output

The system is equipped with a filter function. The system 
can output the 3D shape of an object in a photographic image 
with the color information of the image. The system can be 
set to output or not to output a particular part of the image. It 
can also output a shape in a specified 3D position range. It is 
possible to select an image to be used for color information 
separately from the image used for 3D shape measurement. 
Therefore, the system can create a 3D shape with color 
information from the image with a pattern projecting for 
high-precision measurement and one without a pattern. The 
output formats, the system supports include our original 3D 
point cloud format with color information (CSD format), 
CSV format listing color information (RGB) and 3D shape 
(XYZ) of each point, OBJ format, and STL format (binary), 
which are general-purpose 3D polygon formats. The output 
data can be imported to CAD or CG modeling software and 
processed on the program. Fig. 4 shows 3D shape data with 
color information measured with this system. The top photo 

is the photographic image facing front. The bottom photos 
are its 3D data turned to the right and to the left.

Fig. 4   Example of 3D model with color data.

Performance5. 

Processing Time5.1 
When our application software is used on a PC with 

2.40 GHz Intel Core 2 Duo and 2 GB RAM, it takes 20 to 
30 seconds to read images, perform calibration and create 
paralleled images. Dimensions are measured instantaneously. 
3D shape measurement takes 20 to 30 seconds. These lengths 
of processing time vary with distance between the object and 
the camera, shape or size of the object (width of depth) and 
pattern design.

Fig. 3   Examples of measuring function.
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Accuracy5.2 
This section provides two evaluation examples of typical 

characteristics for accuracy.
(1) Accuracy Evaluation with Measurement of Dimensions

We measured eight parts on the flat plate chart as shown 
in Fig. 5 and evaluated the average error and deviation. The 
measurement was performed with the shooting distances of 
2 m and 5 m. Table 3 shows the dimensions at each distance. 
Table 4 shows the evaluation result.

Table 3   Size of charts.

Inside Outside

Height Width Height Width

Shooting 
distance: 2 m 0.3 m 0.4 m 0.7 m 1.1 m

Shooting 
distance: 5 m 1.2 m 1.6 m 2.1 m 3.6 m

Fig. 5   Measured positions.

Sample A Sample B

5.0 cm                  8.0 cm

17.0 cm

20.0 cm

Height

Fig. 6   Measured sample.

Table 4   Measuring performance at distance.

Distance between camera and 
object Average error Deviation

2 m -0.13% 0.39%
5 m -0.16% 0.50%

Fig. 7   3D model of sample.
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Fig. 8   Section of Sample A.
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Fig. 9   Section of Sample B.

(2) Accuracy Evaluation with 3D Shape Output
We placed two samples A and B (see Fig. 6 for the 

shapes and dimensions) on a flat plate, photographed them 
approximately 50 cm from their front and output a 3D model 
of the whole picture (Fig. 7). 

Fig. 8 and Fig. 9 show a lengthwise vertical section of each 
sample.

Conclusion6. 
This report has explained the 3D measurement system 

that measures the dimensions, area and 3D shape of an 
object without requiring any complicated operations using 
photographic images taken with FinePix REAL 3D W3 
digital camera. We will continue our efforts to further 
improve the functions and performance to meet users’ needs 
so that the system will be widely used in the 3D measurement 
market.
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