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¾ Structured light overview

¾Real-time structured light

·Current approach

·Next Generation

¾ Applications

¾ Summary
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Structured Light

¾ Patterns of light (grids, stripes, 
elliptical patterns etc.) are 
projected onto an object. 

¾ Surface shapes are then 
deduced from the distortions 
of the patterns that are 
produced on surface of the 
object. 

¾ With knowledge of relevant 
camera and projector 
geometry, depth can be 
calculated by triangulation 
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Real-Time Structured Light
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+Z-axis

+X-axis

+Y-axis

Camera lens

Camera body

Please note that what Iôm calling the +Z-axis is really the ïZ axis if we define the +Z-axis as the cross product from X to Y (right hand rule).  What Iôm showing is the 

cross-product from Y to X.

Pin Hole Camera Model
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Pin-hole lens

Focal plane

Pin Hole Camera Model



Seikowave Confidential and Company ProprietarySeikowave Confidential and Company Proprietary

Field of view limits

Pin Hole Camera Model
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Vir tual focal plane

Pin Hole Camera Model
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Å Camera space XYZ coordinate system

Å Pin hole at origin

Å Focal plane at Z=(focal distance)

+Z-axis

+X-axis

+Y-axis

Pin Hole Camera Model
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+Z-axis

+X-axis

+Y-axis

Sensor  width

Focal length
Sensor  height

Camera Mapping
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+Z-axis

+X-axis

+Y-axis

Object

X coordinate

Object

Z coordinate

Object

Y coordinate

Camera Mapping
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+Z-axis

+X-axis

+Y-axis

Set of all points with the same Z and Y coordinate as target point

Single row of focal plane

Camera Mapping
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+Z-axis

+X-axis

+Y-axis

Set of all

points with

the same

Z and X

coordinate

as target

point

Single

column

of focal

plane

Camera Mapping
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+Z-axis

+X-axis

+Y-axis

Intersection of two 

planes is the 

sensor  coordinate 

of the target point

Camera Mapping
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+Xc

+Yc

+Zc

+Xw-axis

+Zw-axis

+Yw-axis

World Coordinates to Camera
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World Coordinates to Camera

www.vision.caltech.edu/ bouguetj/ calib_doc/
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Using a camera with transformation matr ix M  and projector  

with matr ix N:

So for  any one point, we get three equations with three 

unknowns Xw, Yw, and Zw.

World Coordinates to System
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Real-Time Structured Light
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Real-Time Structured Light
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3D Reconstruction
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Motion Capture
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3D Rendering

¾ Conversion from measured data to world 
coordinates
· xc,yc represent camera pixel coordinates

· yp is the projector column value

·mij are the calibration coefficients

·XwYwZy are the real world coordinates

¾ Processing requirements prevent economical real-
time systems



Seikowave Confidential and Company Proprietary

Measurement Results

Performance of LUT approach for 3, 4, and 6 pattern PMP

Phase generation (left) and 3D reconstruction (right)
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GLV MEMSMicrodisplay

Source:  http://www.nehru-centre.org/tyc/pp.htm
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Real Time Structured Light

¾GLV is a linear array

·Projects one dimensional pattern

·Optics expand pattern to fill 2D 

space

¾GLV projector

·GLV based projector can change 

pattern every 5msec

·NIR operation
Linear array produces one-

dimensional varying pattern
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Reducing Cost
Glass Lid

TSV substrate

CMOS Driver

MEMS

Sealing Material

Source:  EVG Seminar December 2009
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Medical Applications

Image courtesy of Dr . Larry Hassebrook

(http:/ / www.engr.uky.edu/ ~lgh).

Skin analysis

Facial measurements

Dental measurements


