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A mobile true color topometric sensor is implemented which uses a simplified 
photogrammetric camera calibration as well as colorimetric techniques for color 
reproduction. 

1 Introduction 

For many applications of 3-D measurement tech-
niques the color of the surface under investigation 
is of similar importance as the geometry. This is 
especially the case in the field of art conservation 
and for medical tasks. A 3-D coordinate measuring 
system based on the fringe projection technique is 
presented which allows 3-D coordinate acquisition 
as well as a true color reproduction. 

2 Topometric System 

The topometric sensor head is based on two high-
resolution color CCD cameras (1024 X 768 pixel) 
with digital interfaces (IEEE 1394) combined with a 
standard digital video projector for fringe projection 
and is controlled by a notebook. In this way a com-
pact, mobile and all-purpose 3-D sensor is imple-
mented (Fig. 1). 

 
Fig. 1 Setup of the topometric sensor: the 3-D coordi-
nate measuring system uses a DLP video projector for 
fringe projection and high-resolution color CCD cameras 
for image capturing; the mobile system is controlled by a 
notebook. 

The measuring system allows to record up to 0.8 
million 3-D coordinates with color information in 
approx. two seconds. 

3 Stereo calibration and 3-D coordinate calcula-
tion 

Based on the algorithm proposed by Zhang [1] a 
fast photogrammetric calibration is used which 
utilizes a plane dot pattern target which is printed 
with an inkjet printer and glued to a glass plate. 
The results of the photogrammetric calibration are 
the internal camera matrices KRL which include as 
internal parameters the focal length and the princi-
pal point of each camera, the rotation matrices RRL 
and the translation vectors tRL for the left and the 
right camera. 

For the calculation of the 3D-points with the collin-
earity equations [2] two corresponding image 
points are required. The locating of corresponding 
points can be reduced to a one-dimensional prob-
lem by taking into account the epipolar geometry. If 
the center of the left camera is defined as zero 
point of the global coordinate system the transfor-
mation from the left to the right camera is given by: 

1
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As a consequence of the epipolar geometry the 
corresponding point m’ for an image point m can 
be located on an epipolar line lm, m’. The fundamen-
tal matrix F describes the relation between image 
points in one image and corresponding points in 
the other image. This relation is called “epipolar 
constraint” and can be expressed as: 

 ' 0T
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The epipolar lines lm, m’ can be calculated by: 

' 'T
ml F m=        or       ' T

ml F m= . 

where F is the fundamental matrix given by 
1[ ]T
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Here [tRL]X is the skew symmetric 3 x 3 matrix cor-
responding to tRL: 
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If additionally a sequence of Gray coded binary 
and phase shifted sinusoidal fringe patterns is 
projected onto the object the horizontal location of 
an object point can be calculated from the stack of 
binary and phase values. Together with the epipo-
lar constraint each corresponding point can be 
identified unambiguously. 

4 Color Reproduction 

To obtain an accurate color reproduction of the 
measured object it is important to assure color 
consistency throughout the system. This is 
achieved by calibrating the color peripherals. For 
this purpose images of a color chart (Fig. 2) with 
photospectrometric reference values are used. 
These reference values are given in the device 
independent CIE-Lab color space which is uniform 
with respect to the human eye`s sensitivity [3] 
while the camera data usually are provided in RGB 
color space. Using three independent linear re-
gressions a set of correctional factors is deter-
mined which map the measured RGB values to the 
reference Lab values. The efficiency of color cor-
rection is quantified by the average color distance 
between the perceived colors and the reference 
colors of the chart. The color distance between two 
colors, [L1, a1, b1] and [L2, a2, b2], can be calculated 
by the Euclidean distance ∆Ε in the uniform CIE-
Lab color space: 
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1 2 1 2 1 2( ) ( ) ( )E L L a a b b∆ = − + − + −  

5 Applications of the mobile true color topom-
etric sensor 

The true color topometric sensor is used as a tool 
for documentation of both shape and color. The 
measurement process is contact-free and non-
destructive. 

It is applied in medicine as well as in the field of 
cultural heritage protection. In oral and maxillofa-
cial surgery it will substitute a slower monochro-
matic sensor for quantitative documentation and 
analysis of pre and post surgery facial structures. 
Fig. 3 demonstrate exemplarily the result of a cali-
brated color reproduction of a digitized facial sur-
face. Under practical condition a color distance 
∆Ε < 10 has been obtained. In Fig. 4 the meas-
urement of a statue is displayed. The 3-D data can 
be used for further investigations e. g. to support a 
following restoration process. 
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Fig. 2 Kodak reference Color Chart (IT8-target). It con-
tains 288 color patches (reference colors are given in a 
device independent color space). During the calibration 
process the colors that are perceived by the system will 
be matched to the reference colors. 

  
Fig. 3 Image obtained with DLP video projector illumina-
tion before and after color correction. 

  
Fig. 4 3-D measurement of a Madonna statue in the 
Lamberti Church in Münster with a mobile true color 
topometric sensor and the 3-D data with calibrated color 
information of the measurement (approx. 200.000 trian-
gles with textures). 
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