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Goal: 3D reconstruction

3D model

...



State of the art

• Accurate

• Bulky

• Complicated

• Cost: >10k$

Weak structured lighting system



Desk
Lamp

Camera

Stick or
pencil

Desk

The idea
Time t

[Bouguet and Perona’98]

The geometry

Desk
Lamp

Camera

Stick or
pencil

Desk

S
Stick

p

P

p

Π

Image

S

Camera
O

Π

Π∩= ),( pOP

P

Πd



The geometry

Desk
Lamp

Camera

Stick or
pencil

S
Stick

Π

Image

S

Camera
O

Π

),( Λ=Π S

Λ

λ

Desk

Πd

dO Π∩=Λ ),( λ
λ

The geometry
S

Π

Image
Camera
O

Λ1

λ1

Πd

Πv

λ2

Λ2

),( 21 ΛΛ=Π

dO Π∩=Λ ),( 11 λ

vO Π∩=Λ ),( 22 λ
λ1

λ2

S

Π



Time t

p

ts(p) = 133.27

Temporal processing
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[Kanade’91,Curless’95]

Camera calibration

• Position of the desk plane

• Internal parameters of the camera

[Tsai’87, Abdel-Aziz and Karara’71]



Lamp calibration
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Vertical plane
calibration

Image
Camera
O

λΙ

Πd

Πv

{ }Id λ,Π

λΙ

ΛΙ

vΠ



Angel experiment

Accuracy: 0.1mm over 10cm ~ 0.1% error

Skull experiment

Accuracy: 0.1mm over 10cm

~ 0.1% error



Textured objects

Other objects



Pot-pourri scan

Accuracy: 0.5mm over 50cm ~ 0.1% error

Scanning with the sun

Accuracy: 1mm over 50cm

~ 0.5% error



Scanning with the sun

Accuracy: 1cm over 2m

~ 0.5% error

Error analysis
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Variance of the error
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d : distance of the
shadow plane Π to the
camera optical center
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(image gradient)
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Real-time implementation

• Performance: 30Hz, 320x240, Pentium II 300MHz

• Single shadow pass: 20 - 30 seconds (600-900 frames)

• Refined scanning: 1 - 2 minutes

Conclusions

Low cost and simple technique for dense
3D shape acquisition

Does not work with specular or dark objects



What’s next?

• Registration of multiple scans
complete models [Turk’94, Curless’96]
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