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Course announcements

A Homework Sstill ongoing.
- Any questions?

A Project checkpoint meetings this week.
- Make sure to sign up for a timeslot if you haweg already done so.
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A Introduction to timeof-flight (Tof imaging.

A ImpulseToFimaging and singlphoton avalanche diodes.
A ContinuousvaveToFimaging.

A Epipolarcontinuouswave ToFimaging.

A InterferometricToFimaging.



Slide credits

A lot of these slides were adapted from:

A Mohit Gupta (Wisconsin).
A SupreethAchar(Google, formerly CMU).
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Timeof-flight (ToB imaging
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A Conventional imaging: Measure all photons together regardless of time of travel.

camera

A Timeof-flight imaging: Measure photons separately based on time of travel.



Timeof-flight imaging In nature
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Timeof-flight applications: seeing inside object:

Ve
‘/

camera thick smoke what a regular what our a slice through
cloud camera sees camera sees the cloud



Timeofi-flight applications: lighin-flight visualizatio
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Timeof-flight imaging technologies

Interferometry

1 femtosecond
(10%° secs)

guadrillion fps

1 micron
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Timeof-flight imaging technologies
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ImpulseToRmaging and singiphoton avalanche
diodes



Impulse timeof-flight imaging
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Impulse timeof-flight imaging
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How exactly Is the transient formed?

Depends on the kind of sensor we use.
A Here we will examine only photodiodes.
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How exactly Is the transient formed?

Depends on the kind of sensor we use.
A Here we will examine only photodiodes.
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Avalanche photodiode (AED)
A Current is roughly proportional to
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Current (A)

How exactly Is the transient formed?

Depends on the kind of sensor we use.
A Here we will examine only photodiodes.
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Geigermode impulse timaf-flight imaging
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of arrival times over multiple pulses



Geigermode impulse timaf-flight imaging
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Geigermode impulse timaf-flight imaging

source CMitteq

light Pulse
From each received

pulse, one photon

4 scene
e
saturates the SPAD. e se
\ight ©
Sensor — " scene
A
| i .
S| bbb A The SPAD records only photon arrival
S| b times, no intensity.
S it A Additional electronics maintain a histogram
O | v v . . .
L RRRRRRE RN RN R0 of arrival times over multiple pulses
|||||||||||||||||||| )

discretized time



Geigermode impulse timaf-flight imaging
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What hardware do we need for impulsef
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Timeof-flight imaging technologies

Interferometry | | streak cameras singlephoton || time-of-flight
avalanche diodg cameras

1 femtoseconc
(10%° secs)

1 picosecond 100 picosecondis 1 nanosecond |10 nanoseconc
(1012 secs) (1010 secs) (10° secs) (108 secs)

quadrillion fpsf| trillion fps 10 billion fps billion fps 100 million fp

1 micron 1 millimeter ' : 10 meters
10°% meters (103 meters) (10 meters)
continuouswaveToF impulseToF



ContinuousvaveToFimaging
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Continuouswvave (CW) timef-flight imaging
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Measuring phase shift: direct
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Measuring phase shift: correlation
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Measuring phase shift: correlation
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Phase ambiguity
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Phase ambiguity
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Implementation: twewell architectures
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Some examples

light source sensor
(bank of laser diodes) (PMDCamBoardNano)

(only second generation of Kinect uses TOf
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EpipolarcontinuouswaveToFimaging
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Reqgular Imaging
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Reqgular Imaging

Light Source Sensor



Epipolar Imaging
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Epipolar Imaging
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Epipolar Imaging
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Epipolar Imaging
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Epipolar Imaging
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Benefits of Epipolar ToF Imaging
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EpipolarToF Prototype
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Epipolar ToF an@lobal [llumination
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Outdoors (Cloudyg 10 kilolux)
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Outdoors (Sunng 70 kilolux)
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Outdoors (Sunng 70 kilolux)
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InterferometricToRmaging
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Interferometry example
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Interferometry example
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Michelson Iinterferometer
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Optical coherence tomography
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Temporal coherence
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Temporal coherence length
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Optical setup
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Some transient Images

centimetersized objects




Material properties

birefringence dispersion scattering



Gummy bear and diffuse corner
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3Ccm

pathlength
v 8 : (n. = 10>m)
| | |
L Ay A
surface reflection mlrror object mirror-objectmirror

objectmirror



Subsurfacecattering
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Dispersion
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Visualizing dispersion
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Visualizingphotoelasticity
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