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Structured Light

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

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

With knowledge of relevant
camera and projector
geometry, depth can be
calculated by triangulation

camera
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Pin Hole Camera Model

Pl ease note t hat whaastisréallyrthe tZaakid ifiwe defirte bhe +Z+a¥s as the cross product from Xto Y (ri g h t hand rul e).
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Pin Hole Camera Model
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Pin Hole Camera Model
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Pin Hole Camera Model
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Camera Mapping

Sensor width

Sensor height
Focal length
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Camera Mapping

Object
X coordinate

Object
Y coordinate

Object
Z coordinate
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Camera Mapping

Set of all points with d Y coordinate as target point

Single jow of focal pla

i
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Camera Mapping

Single
column
of focal
plane

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

R
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Camera Mapping

Intersection of two
planes is the

sensor coordinate
of the target point
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World Coordinates to Camera
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World Coordinates to Camera

second point

first point {

Nth point {
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World Coordinates to System

Using a camera with transformation matrix M and projector
with matrix N:

(mL1 —row,m, _J)X Lt (mL2 —rowms, )Yw + (ml_,.3 — oW M 4 )Zw = (m._;,4 - ”11_,4)

(mz,1 —colm;, )X wt (mg,z —colms, )Kn + (mz,3 —colm , )Zw = (m3,4 - mz.,at)

(nu - r0w2n3J)Xw + (nL2 - rowznm)Yw + (nL3 —FOW, 5 4 )Zw = (113_,4 - "‘1,4)

So for any one point, we get three equations with three
unknowns Xw, Yw, and Zw.
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Structured Light

RealTime

<4 _mve
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3D Reconstruction

Display Window
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3D Rendering

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
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Processing requirements prevent economical real-
time systems

Seikowave Confidential and Company Proprietary



P\

SEIKOWAVE

Measurement Results
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Performance of LUT approach for 3, 4, and 6 pattern PMP
Phase generation (left) and 3D reconstruction (right)
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GLV MEMMicrodisplay

Dark State Bright State
Incident light reflected Incident light

Diffracted i | E Diffracted
B Aluminum S00A T Air 1300A [0 Oxide S000A
N Nitride 1000A I Tungsten 1000A N Silicon

Photograph of GLV Chip
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Real Time Structured Light
GLV is a linear array
Projects one dimensional pattern
Optics expand pattern to fill 2D
space
GLV projector

GLV based projector can change
pattem every oMsec Linear array produces one-

NIR operation dimensional varying pattern
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Reducing

Cost

Glass Lid
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MEMS
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Photograph of GLV Chip

MEMS Structures

‘ «—— Optical Window

L MEMSdie
=+ Driver-IC

Through-silicon-vias
Die-to-die bond
Inputto Driver-IC
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Medical Applications

Skin analysis

Facial measurements

I

Dental measurements
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