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Millimeter-wave radar is the
right size for new applications
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Millimeter-wave circuitry Is
small and cheap

supporting circuitry
(100 GHz in silicon!)



But how do we solve these problems?

identify what is out of the ordinary?




Opportunity to use light field for
many more imaging applications

3D television holography
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plenoptic camera ultrasound



Quasi light fields

We form coherent images by
formulating,
capturing,
and integrating

guasi light fields.
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Quasi light fields

choice of
light field

/

We form coherent images by

Distribute energy
formulating, —— e r and s

Match energy with
capturing, scalar field U

and integrating

guasi light fields.



Fourier maps I to S, revealing
spectrogram light field
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Matching energy reveals
Wigner light field

energy
density
EOk
\ > 4

=" solid
angle

flux

radiance =

(light field) solid angle x projected area

flux

solid angle

= [a(s)l?



Quasi light fields

spectrogram

Wigner We form coherent images by
% f formulating, — Find the rest
capturing,
and integrating
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Exploit phase-space theory
to generate all light fields

quantum >
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Exploit phase-space theory
to generate all light fields

A
U(r)U (1) o) |
v traditional
— guasi light fields ight field
phase-space :]+ when
generator IMI&® LW incoherent
quadratic class of position + direction shift invariant
time-frequency ikSa-T
distributions U(r) — U(r —rg)e*™°

(well-studied!) L(r,s) — L(r — rg,s — sg)



Quasi light fields

formulating,
capturing,
0 o and integrating
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We form coherent images by

Sample scalar
field and compute

Compare three
different light fields



Compute any guasi light field
from scalar field samples
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Estimate position of screen edge
and direction of plane wave

plane wave
v V V
i A =3 mm
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light field screen P .,
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Each light field appropriate

for different task vy
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Quasi light fields
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We form coherent images by

formulating,

capturing,

and integrating

guasi light fields.

Implicit far zone
assumption

Not all constant
along rays



Construct camera by
iIntegrating light field

scene
surface —

patch
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Construct camera by
iIntegrating light field

LR(r, s) =
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Construct camera by
iIntegrating light field

LR(r, s) =
U*(r)a(s)eiks'r
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Construct camera by
iIntegrating light field
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Camera makes Fraunhofer
diffraction approximation




Camera makes Fraunhofer
diffraction approximation
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Quasi light fields

Rihaczek SpPectrogram

Wigner We form coherent images by

time-frequency
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The utility of light fields, and the
versatility of scalar field theory

3D television holography
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plenoptic camera ultrasound



Some parting thoughts...

Incoherent,
small A

Image

coherent, A quasi
finite A L -+ Hbe
image light field

1. Do we have the right definition?
2. Do we have the right physics?

3. Do the answers depend on the application?
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Properties of light fields

S Non-negativity| Coherence | Wavelength ISEEAES
along rays Cross terms
traditional

spectrogram
(observable)

augmented an es
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Benefits and limitations of light fields

Adaptability
to current | Near Field Far Field
pipe line

Ability to | Modeling |Simplicity of
propagate | wave optics |computation

traditional

spectrogram
(observable)

augmented _ :
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