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Objective
Design and development of a metrology visual system 
that can scan large aerospace components and create 
a 3D model with high accuracy.
The system consists of two parts:

● Visual metrology sensor            ● Positioning system
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Visual Metrology Sensor
Structured light sensor, a projector and a camera mounted
in a pre-calibrated rigid structure.
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1. A sequence of binary patterns(Gray code) 
projected to the object allows the codification 
of every surface point.

2. The camera captures the coded sequence of 
images.

3. By decoding  the image sequence, every 
object point captured by the camera’s sensor 
is corresponded to a column(or row) in the 
projector’s micromirror chip.

4. Once the correct correspondences are 
acquired with sub-pixel accuracy, the 3D 
coordinates can be calculated via 
triangulation.



Visual Metrology Sensor
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Triangulation:
• Plane to ray, compute the

cross-section points between
the projected planes and the
captured rays,

• Ray to ray, compute the cross-
section points between
projected rays and captured
rays.



Measurements
 Measuring parameters: FoV = 0.5mx0.4m , WD = 1,2m
 Experimenting with different materials (Carbon
composites, aluminum etc.)
 Estimated accuracy: 0.3mm
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Photo of the object Measurement 3D model



Measurements
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Positioning system

 For large objects the vision system needs to be
translated across the object’s surface.

 A KUKA robot is programmed to translate the vision
system in certain positions.

 At each position the sequence of Gray code patterns is
projected and simultaneously captured by the camera.

 A SW is developed to synchronize the projection and the
capturing processes.
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Positioning system
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Positioning system
 The 3D model of the object is imported to a CAD

SW, and the camera is modeled according to
the area that can capture with one shot.

 Using this camera model it is possible to
compute the camera positions to cover the
entire object surface.

 These positions are imported in an algorithm
that solves the kinematic equations of the robot
in order to check the accessibility of the robot to
these points and calculate the optimum
trajectories that avoid collisions.

 The non-accessible points are eliminated and
replaced by new points.

 This iteration process is repeated until the
entire surface of the object is covered.
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Post-capturing processing
 The point clouds from different positions are stitched
together to create the 3d model of the entire object

 Initial alignment of the overlapping point cloud areas is based 
on the rotation and translation of the robot movement.

 More precise alignment is achieved by an Iterative Closest 
Point (ICP) algorithm.
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Next steps
 Replace the SL sensor with a light field/plenoptic 

sensor

 Design and develop a plenoptic sensor, consisted of 
an array of cameras.

 Development the algorithm for image 
processing and depth estimation.

 Design and build the sensor.
 Make experimental measurements and 

optimize.
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Training/Dissemination
Technical training:
 Kuka robotic basics and fundamental principles
 KRL training course
 CATIA/CAD SW
Non-technical courses 
 Programming in HTML5/ Programming in PHP 

Language
 Spanish language
Dissemination
 EMI International conference 2016 , University of 

Lorraine, Metz, France
 Metal Madrid Robomatica 2017, Madrid,Spain
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