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Teaching staff introductions



Instructor:loannis(Yanni$ Gkioulekas
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National Technical University of Athens (2004
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Yannis at Harvard in 2011

My websitehttp://www.cs.cmu.edu/~igkioule See alsonttp://imaging.cs.cmu.edu/
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Looking around corners
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Looking inside deep scattering objects
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http://imaging.cs.cmu.edu/



Seeing light in flight

second

http://imaging.cs.cmu.edu/



Rendering wave effect
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Differentiable rendering

visible surface
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source
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TA:TianchengZhi

ACSIPhDStudent
A AdvisorsSrinivasdNarasimharand Martial Hebert

AResearchnterests:Multispectrallmagingand Material
Recognition

AEducation:
AUndergraduatestudent, EECekingJniversity20122016
APhDstudent,SCSCarnegieMellon University2016

My website: http://www.cs.cmu.edu/~tzhi



MaterialawareCrossspectralStereoMatching

Difficultmaterialsin StereoMatching FixingUnreliableRegionsvith Material Awarenes

(b) Right NIR (a) RGB (b) No material awareness
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Multispectrallmagingfor PowderRecognition
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What Is computational photography?



computer
VISIONn

pptics and
Sensors

[Slide credit: KriKitanj



Analog photography

optics to focus light on film to capture focused light  dark room for limited post
an image plane (chemical process) processing (chemical proces



Digital photography

- .
optics to focus light on  digital sensor to capture focusedon-board processor for post
an image plane light (electrical process) processing (digital process



Computational photography

optics to focus light on  digital sensor to capture focused arbitrary computation
an image plane light (electrical process) between sensor and image



Overcome limitations of digital photography

Image enhancement and photographic look
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camera output iag after stlitinein

[Bae et al., SIGGRAPH 2C



Overcome limitations of dlgltal photography
High dynamic range (HDR) imaging ( ON’C

One of your
homeworks$

[example fromwww.dpreview. cor]1[Debevecand Malik, SIGGRAPH 19




Create realistic new imagery

Image blending and harmonization
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[Sunkavalket al., SIGGRAPH 20




Postcapture image compositing

Computational zoom

Images captured at three zoom settings postcapture synthesis of new zoom views

[Badkiet al., SIGGRAPH 20



Process image collections

Auto-stitching images into panoramas

[Brown and Lowe, 1JCV 20(



Process (very) large image collections

Using the Internet as your camera

Mining Time-Lapse Videos
from Internet Photos

Ricardo Martin-Brualla! David Gallup? Steve Seitz!»2

'University of Washington *Google

@ SIGGRAPH2015
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reconstructing cities from Internet photos time-lapse from Internet photos

[Agarwal et al., ICCV 20(Mlartin-Bruallaet al., SIGGRAPH 20



Computational photography

optics to focus light on  digital sensor to capture focused arbitrary computation
an image plane light (electrical process) between sensor and image



Computational photography
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'Relay Lens . 14 TETaE / g L NS , : ' e ;
generalized optics digital sensor to capture focused arbitrary computation

between scene and sensor light (electrical process) between sensor and image

*Sometimes people discriminate betweeomputational photographgnd
computational imagingWe use them interchangeably.



Capture more than 2D images

Lightfieldcameras foplenopticimaging

post-capture refocusing

O n e Of yo u r Subjects MainNLns Micro-Lens Array Seor
homeworks

[Ng et al., SIGGRAPH 200§irpInc.]




Capture more than 2D images

Lightfieldcameras foplenopticimaging

[Ng et al., SIGGRAPH 200%irpInc.]



Measure 3D from a single 2D image

Coded aperture for singiemage depth and refocusing

Input image

Inferred depth

conventional vs

coded lens _
[Levin et al., SIGGRAPH 2(



Measure 3D from aingle 2Dmage

Coded aperture for singilenage depth and refocusing

Image and Depth from a
Conventional Camera with a Coded
Aperture

Novel view synthesis

Anat Levin, Rob Fergus,
Fredo Durand, William Freeman

MIT CSAIL

[Levin et al., SIGGRAPH 2(



Remove lenses altogether

FlatCamreplacing lenses with masks
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Sensor reconstructed
measurements image

prototype [Asif et al. 2015



Computational photography

generalized optics digital sensor to capture focused arbitrary computation
between scene and sensor light (electrical process) between sensor and image



Computational photography

generalized optics unconventional sensing arbitrary computation
between scene and sensor and illumination between sensor and image



Measure depth

Timeof-flight sensors for reaglme depth sensing

[Microsoft Inc.]



Measure light in flight

Streak camera fdemtophotography

[Veltenet al., SIGGRAPH 20.



Measure light in flight

Streak camera fdemtophotography

[Veltenet al., SIGGRAPH 20



Measure photons selectively
Structured light foepipolarimaging

sync circuitry

1 .

A raster scanning
I g

B |aser projector

___________________________

rolling shutter
CMOS cameras
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Measure photons selectively

. : . : One of your
Structured light foepipolarimagin homeworks

direct photons Indirect photons

wohQ¢22tfS SG |1



Computational photography

generalized optics unconventional sensing arbitrary computation
between scene and sensor and illumination between sensor and image



Computational photography

generalized optics unconventional sensing arbitrary computation
between scene and sensor and illumination between sensor and image
A A A

joint design of optics, illumination, sensors, and computation



Putting it all together

Looking around corners

naturevideo

an you loo >
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- | Without any gadget
/ in the line of sight

One of your
homeworks$

[MIT Media Lab, DARPA REVI




Putting It all together

Looking through tissue
Opportunity Scattering Barrier Practical imaging up to 50mm

3/

Wearables (4L0Omm)

—

+ Light travels deep inside the bod]

+ It is nonionizing (4061100nm) \\// / i
N
) oy

+ Cheap to produce and control

Most pasghrough photons are scattere
Avgl0 scattering events per mm

By 50mmavg500 scattering events ! Noninvasive point of care devices {80mm)
Largescale inverse problem with low SNR
[INSF Expeditior




Computational photography

generalized optics unconventional sensing arbitrary computation
between scene and sensor and illumination between sensor and image
A A A

joint design of optics, illumination, sensors, and computation



Course fastorward and logistics



Course fasforward

Tentativesyllabus at:

http://graphics.cs.cmu.edu/courses/#463

A schedule and exact topics will most likely change during semester

A keep an eye out on the website for updates



Topics to be covered

Digital photography:
A optics and lenses
A color

A exposure

A aperture

A focus and depth of field

A image processing pipeline
[Photo from Gordohetzstein



Topics to be covered

Image manipulation and merging:
A image filtering

A image compositing

Image blending

Image warping

morphing

Do o Io I

high-performance image processing
[Banerjee et al., SIGGRAPH 2(



Topics to be covered

Types of cameras:

A geometric camera models
A lightfield cameras

A coded cameras

A lenslessameras

A compressive cameras

A hyperspectral cameras



