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Light Field L(u, v, s, t)

uv - camera plane

st - focal plane
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"Since microscopes are inherently orthographic devices,

a light field captured by photographing a speck of fluorescent
crayon wax through a microscope objective and microlens array

perspective views represent a new way to look at microscopic specimens." 1


https://doi.org/10.1145/1141911.1141976
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foveated rendering
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Foveated Rendering




macular
18°

paracentral

« Virtual reality is a challenging workload

| \ 60° * Most VR pixels are peripheral

far far
peripheral peripheral

foveal region: the human eye detects significant high-fidelity detail
peripheral region: the human eye detects little high-fidelity detail
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Percentage of the Foveal Pixels

100% 96 %

90%

:j  Virtual reality is a challenging workload
60% . .

S0 * Most VR pixels are peripheral
40%

. 27 %

20% 4 %

10%

0% —

iPhone7 Plus 27" Desktop Monitor 2016 VR HMD
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* Data from Siggraph 2017, by Anjul Patney, August 2017









Log-polar mapping [Araujo and Dias 1996]
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Log-polar Mapping
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* W:screenwidth H:screen height w:buffer width h:buffer height

1y<0
. 1[y<0]={0§>0

. L=logVWZ+ 2



Log-polar mapping [Araujo and Dias 1996]

O

Cartesian coordinates Log-polar coordinates

xy) (u,v)

The closer the point is to the center, the higher pixel density it preserves.
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Log-polar mapping [Araujo and Dias 1996]

Cartesian coordinates Log-polar coordinates

xy) (u,v)

Points in the peripheral regions are naturally compressed in the log polar domain.
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Log-polar mapping [Araujo and Dias 1996]

® = » @

Cartesian coordinates Log-polar coordinates Cartesian coordinates

xy) (w,v) xy)

We can recover the image by performing the inverse transformation
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Log-polar mapping [Araujo and Dias 1996]

O = = O

Cartesian coordinates Log-polar coordinates Cartesian coordinates
xy) (u,v) xy)
With smaller log-polar buffer, the the original pixel density

while the regions are
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Log-polar mapping [Araujo and Dias 1996]

- -

Cartesian coordinates Log-polar coordinates Cartesian coordinates
xy) (u,v) xy)
With smaller log-polar buffer, the the original pixel density

while the regions are

22



Log-polar Mapping for 2D Image [Antonelli et al. 2015]

Log-polar Inverse log-polar
mapping ( mapping

RxS log-polar image

MxM cartesian image MxM reconstructed cartesian image
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Log-polar Mapping for 2D Image

Inverse log-polar
# mapping
 RxS log-polar image

MxM reconstructed cartesian image

What if we directly render in the log-polar domain to reduce the rendering cost?
How to improve the quality in the peripheral regions?
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Change the Distribution of Pixels (1D)
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Kernel Log-polar Mapping

y

A

—X
— [ (X) =X
k(x)=x2
k(x)=x3
e [ (X)=X4
e— k (X)=ex-1/e-1
k(x)=sin(pi x/2)

K(x) =x K(x) = x? K(x) = x3

Image in
Cartesian Coordinates

K(x) = x* K(x) = sin(g x)
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Change the Distribution of Pixels (2D)

Sampling Map w. K(x) = x0-50
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Kernel Foveated Rendering
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Sampling Map w. K(x) = x9-50
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~ GCells (Nasal) --~GCells (Temp)
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Distribution of pixels —— Distribution of photoreceptors in the human retina
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Kernel log-polar Mapping

Define buffer parameter

=2
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p)

=X

Result of kernel log-polar
(K()

=x)

Result of log-polar
(K()

Kernel log-polar Mapping

Define buffer parameter

=2

Define kernel function parameter a

K(x) = x*

31



Buffer parameter
O



Original Frame Buffer Screen Sample Map
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Original Frame Buffer Screen Sample Map
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Original Frame Buffer Screen Sample Map
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kernel function parameter
(04



Original Frame Buffer Screen Sample Map
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Original Frame Buffer Screen Sample Map
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Original Frame Buffer Screen Sample Map
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G-buffer
LP-buffer

(c = 3.0)

Kernel log-polar
transformation

/ Shading & l

internal anti-aliasing

Inverse kernel l

log-polar transformation
& post anti-aliasing

Screen

Texture coordinates Albedo map Roughness, ambient, and
refraction maps
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Sampling Rate Comparison between Different Rendering Approaches

Original Light Field

# Samples Rendering KFR
nZ

Pass 1 - —
Op

Pass 2 - ~ 0
TLZ

Total n2 —
0o

« Display resolutionisn xn
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Our Approach
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foveated rendering
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Screen
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Screen

LP - buffers

E E

recovered visualization of
the light field microscopy
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Screen

LP - buffers

W

R Wl

o

recovered visualization of
the light field microscopy
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3D LP - buffers

recovered visualization of
the light field microscopy
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3D LP - buffers

Screen

recovered visualization of
the light field microscopy
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3D kernel log-polar transformation sum up the frames with the inverse log-polar transformation
with different o for different frames same o into one texture and post-anti-aliasing

3D LP - buffers

/ recovered visualization of

> the light field microscopy

. with speedup of 7.3x compared with
original light field microscopy

transformed image sub- transformed average image
arrays in kernel log-polar in kernel log-polar coordinates
coordinates 50




foveal region d<n o k, frames
peripheral region 1 rpn<d<n oz k, frames

peripheral region 2 n<d<rn P k, frames

peripheral region N Ty, <d <71y ON ky frames

ka=k0+k1+k2+kN
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Sampling Rate Comparison between Different Rendering Approaches

Original Light Field

# Samples Rendering KFR 3D-KFR
k? k k k
Pass 1 - —2><7’l2 (_(2)+_;+...+_1;’)Xn2
0o Oy Oq ON
Pass 2 - n? (1+ N) x n?
k? k? ko k k
Total k? x n? (—2+1>><n2z—2><n2 (5 +—+-+—+1+N)xn?
99 0o Op 01 ON

For a k X k light field with image resolution of n X n
k)(kz k0+k1++kN
Display resolutionisn X n
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User Study




\_ J

Resolution: 2560 x 1440
Field of view: up to 100 degrees

accept reject

o € [1.2,3.6] step size: 0.2
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Pair Test

Ground Truth

Choose a score for the difference

Foveated between the two renderings?
Rendering

Evaluation




Result — Pair Test

Are the regular rendering and the foveated rendering identical?

100% 989 100% 9304, 9895 98% % 9894
95% 95%
95% 93% 93% 93% 93%
m 90%
90% 88%
85% 85%
0 83%
80% 78% 78%
75%
70%
70%
65%

60% - -
0=1.2 0=14 0=1.6 0=1.8 0=2.0 0=2.2 0=24 0=2.6 0=2.8 0=3.0 0=3.0 0=2.8 0=2.6 0=24 0=2.2 0=2.0 0=1.8 0=1.6 0=14 0=1.2
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Random Test

Ground Truth

Choose a score for the difference

Foveated between the two renderings?
Rendering

Evaluation

Shuffled o 2.6 1.4 2.0 3.0 1.8 2.2 1.6



Result — Random Test

Are the regular rendering and the foveated rendering identical?

100% 98% 1 00 1 00 98% 1 00
95 95% 95% 95%
0
90% 88%
85%
800 80%
0
75%
70%
65%
60%
0=1.2 o=14 0=1.6 0=1.8 0=2.0 0=2.2 0=2.4

0=2.6 0=2.8 0=3.0
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Slider Test

1 | Ground Truth

2 | Foveated
Rendering




Result — Slider Test

Are the regular rendering and the foveated rendering identical?

100%

80%

60%

40%

20%

0%

100%

80%

| 80%

80%

40%

I 25%

25%

0=1.0 0=1.2 0=14 0=16 0=1.8 0=2.0 0=2.2 0=24 0=2.6 0=2.8 0=3.0

60



Rendering Acceleration

c=1.6 c=2.4 c=2.6
Rendering
Resolution Time of ) - )
Ground Truth Re.nderlng Re_nderlng Re!'\derlng

Time of Speedup Time of Speedup Time of Speedup

3D KFR 3D KFR 3D KFR
20 x20x1024 x 1024 66.83 ms 19.27 ms 3.47 X 10.22 ms 6.54 % 9.39ms 7.11 X
21 x21x1024 x 1024 74.17 ms 22.39 ms 3.31 % 11.90 ms 6.24 X 10.39 ms 7.14 X
22 %X 22 %1024 x 1024 92.33ms 28.26 ms 3.27 X 14.65 ms 6.30 X 12.64 ms 7.30 X
23X 23x1024 x 1024 100.26 ms 30.64 ms 3.27 X 16.30 ms 6.15 X 13.95ms 7.18 X
24 X 24 X 1024 x 1024 122.29 ms 35.92 ms 3.40 x 19.09 ms 6.41 X 16.79 ms 7.28 X
25 %X 25 %1024 x 1024 138.93 ms 41.42 ms 3.35 % 21.96 ms 6.33 X 19.09 ms 7.28 X
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(a) original light field (b) 3D*KFR, 0 = 1.6 (c) 3D*KFR, 0 = 2.4 (d) 3D*KFR, 0 = 2.6




(a) originalight fieldst " (b) 3D-KFRIO = ol ©) 3D-KFRAG = Sl (d) 3D-KFR{'o = 260







(a) original light field (b) 3D-KFR, 0 =1.6 (c) 3D-KFR,0=2.4 (d) 3D-KFR, 0 = 2.6
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Summary

« 3D-Kernel log-polar transformation for light fields
e 3.3X - 7.3X speedup
« User study
« Determine parameters to maximize perceptual realism and minimize computation

« Light field dataset
* Open Source: https://foveation.umiacs.umd.edu/3D KFR
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https://foveation.umiacs.umd.edu/3D_KFR

