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Motivation a
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Cameras are omnipresent
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Structured Light
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- Synchronized projection and capture
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Without Synchronization o5
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Rolling Shutter Cameras o[

N AN A
- Unsynchronized projection and capture
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Structured Light Algorithms
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- Existing algorithms fail to correctly binarize
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Unsynchronized Structured Light
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Unsynchronized captured images
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L’[ Unsynchronized Decoding Algorithm

i aotn St camer e ” \)

SA2015.SIGGRAPH.ORG

SIGGRAPH

ASI| 2615
KOBE

oooooooo




Model Variables = &
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Pattern 1 Pattern 2 ... time s
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t. = row exposure time te=t. +t +t
t. = row read-out time
fi = rowlidle time | 4G
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Unsynchronized Model

Capture

start time 7 ////////
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Algorithm Steps L
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1 )Estimate t,, t, t,, and t,
2 )Estimate pattern values: P,, ..., P,
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(1) Time Variables Estimation Rl
N AN A

- We make P, ..., Py, known by adding a
constant color pattern subsequence

Timing Calibration sub-sequence
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(1) Time Variables Estimation
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- We minimize this energy:

E(teatfatratO ZZ 33 y TVnyh teatfatv“at()) I (xvy)]2

n x,Yy

- Constrained Non-Linear Minimization

- Example initial values:
te =1, ty = 1.1t., ¢, = 0.0001, tg = 0.5
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(1) Timing Calibration Result &
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(2) Pattern Values i
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- Regularized Linear Energy Minimization:

1 N

B(P)= 3 > [W'V,},P(x,y) — Lu(z, )]

n=1

3 L Pule) L~ Palet)

- 0<P_ <1 \;Q»
- Independent for each pixel  ° :
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Results: decoded patterns BN
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Input Image Sequence

Output Pattern Sequence
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Results: decoded patterns
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Comparison with Synchronized SL

- Camera FPS vs. Projector FPS

Cam @ 1X Proj FPS Cam @ 1.5X Proj FPS Cam@1.75X Proj FPS Cam @ 2X Proj FPS
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Result: Example 3D Model
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Summary =
BEA.YV
- SL without software/hardware

synchronization
- Global and rolling shutter cameras

- Results comparable to synchronized
SL

- Global lllumination is a challenge

- Application: enable cell phones and
BA N
£ameras to operate as 3@@@%5 50
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Thank youl! o[
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Thank you!

Daniel Moreno:

daniel moreno@brown.ed
u

Fatih Calakli:

fatih calakli@brown.edu
Gabriel Taubin:
taubin@brown.edu
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