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Superresolution




Recalling Nqust
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Nyquist Sampling

* Nyquist sampling - an "ideal" image, no
frequencies are missed.

« Superresolution = scaling + interpolation




Recalling Nyquist
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Superresolution nEE

» Sub-Nyquist sampling - aliasing = high
frequencies are lost or modified

« Superresolution can recover aliased data

interpolation
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Traditional superresolution
sub-Nyquist sampling




Traditional superresolution
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Realistic Superresolution

Deconvolution
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Convolution
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Motion Blur




Out-of-focus Blur




Multichannel Acquisition Model

original image

DJu

channel K

channel 2

channel 1

hJ(X)

+ N (X)

.......

acquire i.mages
= Z,(X)
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Realistic superresolution

 Acquisition model:
+ Noise
+ Blur
+ Shift
+ Downsampling

 Reconstruction method:
+ Multichannel blind deconvolution
+ Shift compensation
+ Resolution enhancement
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Superresolution & Blind Deconv. ***

« Acquisition model
2 = D(hk % u) —+ N

* Optimization problem

1
F(u, thi}) = 5 > llze = D(hg x w)||? + YR({hx})
k=1
/ /
Image Blur
Data regularization Regularization
term term term
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Superresolution

m Optical zoom (ground truth)

Superresolved image (2x)

04/12/10 SIAM Imaging Science 2010 16



Space-variant Case
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Space-variant Case

* Video with local motion
* Masking

* Slowly changing PSFs and/or
misregistered images

« Patch-wise approach
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Interpolated
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Space-variant Superresolution
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Close-up

SHIRSKYely KRV

Space-variant
Reconstruction

Original
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Space-invariant
Reconstruction
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Infrared video super-resolution

« Handheld IR camera
— 160 x 120, 9 fps

* Real-time super-resolution
— with factor 2 (320 x 240)
— computed directly inside
the camera using DSP













“Blind” Deconvolution on Smartphones

Using accelerometers and/or gyroscopes

Rotation and translation of the phone
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Wiener Filtering on And
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Regularization Terms A

YR({h«})

R({hi}) == > llzixh;— 2z bl

1<i j<K
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PSF Regularization

h2* = 4
.

1
R(ihi}) = 3 D laixhy =2 il

l<ij<K
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Incorporating a between-image shift

[ x, )+ (%Y)=2,(xY)

[u*xg, Jx y)+n (X Y) =27, (X Y)



Alternating Minimization

1
min - {|z—D(h % u)|l5 + Al[Vaully +yR(h)
* U-step

1
min 12 D(h )3+ M@,

* h-step

1
min ~|z- D(h + ) |3 + vH(R)

40



Variable Splitting

1
mip 212 Db s )|+ N Tl + 1R
. U-step
1
min S =D s ) 3 + Aol

* h-step

1
min - |2 D(h w) |3 + vR(w)
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Augmented Lagrangian Method

1
min ||z D(h x w) |3 + X[Vl + 7R (k)

* U-step

1 o
min = ||z D(hxu)llz + Aol = 5 [|Vu =0 — a7

* h-step

1
min 312 D(h ) 3+ YR(w) + 5 [h— w b
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Wiener Filtering in Android Smartphones




