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Context

Our setup (presented last year):
- Imaging system

- Uniform Isotropic BRDF

- HDR (for glossy BRDFs)

— e e - - — — ]

. Sphere

Inspired by [Matusik03] and [Marschner99] \:
Camera
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Context

The HDR process:

Exposure time

>

Exposure time 1
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Context

The HDR process:

Exposure time

>

Exposure time 2
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The HDR process:

Exposure time
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Context

The HDR process:

Exposure time

>

HDR image

HDR merqging
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Context

The HDR process:

Exposure time

Dynamic range *

!

Diffraction *
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HDR merqging

HDR image

o
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Context

Common issue: Diffraction

Caused by :
—Lens diaphragm
- High dynamic range
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Context

Common issue: Diffraction

& Unreliable measurement

Caused by :
—Lens diaphragm
- High dynamic range
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Wave behaviour:

Pupil

Lens Diffraction Effect

the image of a point through finite aperture is not a point
Focal plane

plane  Sensor plane
_A_ Point Spread
\\ T Function
; vl s (PSF)
77T \‘| ‘|| ‘l‘ 4’4) /o
A m— -4 e
Y Characterize the
Camera thin-lens model

Antoine LUCAT

impact of the
instrument on the
measurement




Lens Diffraction Effect

Wave behaviour:
the image of a point through finite aperture is not a point

Assumptions:

+ Fresnel conditions » PSF «x |~F[ ]|2

+ Quasi in-focus diaphragm

Convolution

+ No aberrations

+ Incoherent imaging QZ l*‘® PSF _l' D

Measuréd Ground truth Noise

Perfect measurement <= PS[F = 50
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Common Solutions

Q:I*@)PSF—I—D

What to do with I?

Histogram

. N =/, ® PSF 4+ B (measurement) ;
1 - Do nothing \ ]
107, ~e Perfect measurement =, + B (perfect measurement) :
If you do nothing :
102
wu
Q
x
o
S .
=
T
x
104 i
10° .
\ \ \ \

Frror of magnitude £

E = |10g10(10utput) —l()g]()(l*”
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Common Solutions

<I:I*®PSF+D

What to do with I?

Histogram

. ‘\‘ ~__ =/, ® PSF 4+ B (measurement) ;
1 - Do nothing |
107, ~e Perfect measurement =, + B (perfect measurement) :
102
2 — Accept the blur 3
» &
S .
M PSFextent |8
4 g
\ 104 i
105 i

Frror of magnitude £

E = | 10g10 (Ioutput) — 10810 (1*) |
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Common Solutions

 I=I"@PSF+B >

What to do with I?

1 - Do nothing

2 — Accept the blur
a
\ ﬁ
4
Y

3 - Deconvolve

June 19®

Histogram

10° |} e« Perfect measurement
| T Deconvolutions

=
©
N

pixels

~ Ratio of

m/; .. ® PSF + B (measurement) ||

=]}, + B (perfect measurement) .
~Naive ]
~Richardson-Lucy
-~ Wiener
~Regularized

~ Blind

Error of m‘agnitude bt

E = | 10g10 (Ioutput) — 10810 (I*) |

Antoine LUCAT




Key Idea

1) Find the PSF

PSF o | F]| || — PSF=

diaphragm

2) Classify pixels

Input Image Output Mask

No diffraction
Diffraction
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Key Idea

1) Find the PSF

PSF \]—“[]|2 —» PSF =

diaphragm
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The Point Spread Function

» Method: PSF from diaphragm fitting Goodﬁggfv'fggggfgfofﬁg setup

PSF |f[ |2 [Rietdorf05]

diaphragm

» Known cases of PSF functions:

— Perfect disk (Airy pattern)

— Polygons with straight edges
[Shung-Wu83]

v’ Closed-form (precision © )
% Not general enough
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The Point Spread Function

Absence of noise

» Method: PSF from diaphragm fitting Good knowledge of the setup

PSF |]:[ |2 [Rietdorf05]

diaphragm

» Known cases of PSF functions:

— Perfect disk (Airy pattern)

— Polygons with straight edges
[Shung-Wu83]

» Our model: T
- Polygons with curved edges af -
TAB H | Lo ”%
L
/s
B
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The Point Spread Function

» Method: PSF from diaphragm fitting

PSF |f[j

diaphragm

» Known cases of PSF functions:

— Perfect disk (Airy pattern)

— Polygons with straight edges
[Shung-Wu83]

e Our model:
- Polygons with curved edges

v’ Closed-form

4>

v/ General enough
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Absence of noise
Good knowledge of the setup

| 2

[RietdorfO5]




The Point Spread Function

Hexagon with Curved edges

|

Effect : Widen the star branches
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Measured PSF

June 19®

The Point Spread Function

Linos 50mm at /11 Linos 50mm at f/11

Analytical PSF

§/ Fits to direct measurements!
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Key Idea

2) Classify pixels
Input Image Output Mask

No diffraction
Diffraction
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Pixel Classification Algorithm

Input Image = I* ® PSF + B Output Mask

No diffraction
Diffraction
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Pixel Classification Algorithm

G

O

Input Image = [ ® PSF + B
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Pixel Classification Algorithm

Principle: (@ O
« If a pixel is not modified during our simulated diffraction, it
was also not the case during the physical diffraction »

Is the pixel

|—>® PSF > |odified 2

Input Image = [ ® PSF + B
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Pixel Classification Algorithm

Principle:
« If a pixel is not modified during our simulated diffraction, it
was also not the case during the physical diffraction »

Is the pixel
. ® PSF ™ modified ? |
Input Image = I* ® PSF + B Output Mask

No diffraction
Diffraction
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Pixel Classification Algorithm

Principle :
« If a pixel is not modified during our simulated diffraction, it
was also not the case during the physical diffraction »

& Not always true &
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Pixel Classification Algorithm

I =" PSF +B — Our algorithm » Loutput = 2

|

Measurement by a setup
of response function :

PSF
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Pixel Classification Algorithm

Limitations
E Analysis :
: Worst-case scenarios @ E
lemmmemmm--sssessssessss==-=---- e
I =" PSF +B — Our algorithm > Toutput = 2

|

Measurement by a setup
of response function :

PSF
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Pixel Classification Algorithm

Limitations
E Analysis :
: Worst-case scenarios Residual diffraction kernel /C :
e e e e e s scescsssssss.-e....——=== i

|

Measurement by a setup
of response function :

PSF
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Pixel Classification Algorithm

Limitations

Worst-case scenarios

Analysis

A
M
@,
o
c
=3
Q
=
q
m
3)
=,
o
S
=
1)
q
S
13

I=I"Q PSF+B —

Our algorithm

|

Measurement by a setup
of response function :

PSF
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Equivalent l

Measurement by a
« virtual » setup of
response function :

I




Pixel Classification Algorithm

@of PSF >> Extent@
/ -

[=1"®R PSF+B — Our algorithm *[output ="K+ B
l Equivalent l
Measurement by a setup Measurement by a
of response function : « virtual » setup of
q response function :
PSF
IC
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Pixel Classification Algorithm

Advantages :

- Unmodified pixel values
- v/ Keep tracks on uncertainties (3)

- Worst-case scenarios analysis
- v/ Metrologically characterized (KX)

Iou.tput :I* ®K+B

I

Equivalent to the measurement by a virtual setup of
response function very smaller than the PSF
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Qualitative results

Star-burst removal

>

*
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Residual
kernel




1360 pixels

1024 pixels

3 pixels

3 pixels

Uncontrolled
night scene
conditions
&
end-user
camera
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Qualitative results

1360 pixels

Linos 50mm
f/4

1024 pixels

9 pixels

5616 pixels

Linos 50mm
f/11

3744 pixels

25 pixels

25 pixels

11 pixels

Canon 100mm

Antoine LUCAT

Controlled lab
conditions
&
| scientific
camera

5616 pixels

Canon 100mm
f/16

3744 pixels
ul

15 pixels

15 pixels
10



What to do with I?

<I:I*®PSF+D

Quantitative results

Histogram

1 - Do nothing

-Naive

2 — Accept the blur

3 - Deconvolve

m/; .. ® PSF + B (measurement) ||
10_1: ““ =}, + B (perfect measurement) .

- Richardson-Lucy

June 19®

- Wiener
U%O'zj ~ Regularized
E‘) ~Blind
a
©
o -
pra)
©
x
10
10°

Error of magnitude £

E = | 10g10 (Ioutput) — 10810 (1*) |
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Quantitative results

I=I*®P8F+D

: Histogram
What to do with I? | | 9 |
=Qur method i
. m/, ® PSF + B (measurement) ||
e CIaSS|fy o =], @K + B (theoritical output)|
10 » Theoritical Output =TI} ;. + B (perfect measurement) |
- : \ -Naive i
Reduced * Algorithm Output /0 ~ Richardson-Lucy
convolution kernel | /] O - Wiener
107 f 00 ~Regularized
) o | | / / . Blind
Metrologically = /™
known output o [

~ Ratio of
T
\

105

Error of m-agnitude &

o | 10g10(10utput) — IOgl()(I*”
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Conclusion & Future work

 Reduced diffraction convolution kernel
e Improved HDR measurement

« User controlled parameters

» How to minimize the loss of pixel: trade-off study
 Better diaphragm model (edge roughness) [Durgin09]

* Full GPU implementation (few minutes for the PSF precomputation)

June 19® Antoine LUCAT
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Supplemental
Detailled Algorithm

Iy, | ' | ' Convolution process

----------------------------------------------------------------------------- [ nar ® PSF] x T = [ (L1 + T + 1) © PSF| x 1
10° L
""""""""""""""""""""""""""""""""" bkl [ ndr ® PSF| x g 22 [y @ PSF| x I+ I
0% N N A" B
N [N E— \ bbk
1 | I |
| |
I A - Skt Thresholding criterion
10" : ! || | : '- =
R S R Lok1 ® PSF| x Ty > p
o] 1 i by
o o N N
0 1, 20 40 60 80 | 1100 ' Algorithm input parameters : |
: | I pixel | : : :
o N L + * Threshold '
1, 1![ - - — + « Band-width :
O | | | o . (B Ll R T
pixel
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Supplemental
Within-band influence

1010 F T T T T
' pixels in this band are supposed
1,;,8;. not connected through difiraction
i I>|<
Uy hdr

0 20 40 pixel 60 80 100
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Supplemental
Bottom-up Iinfluence

Supposed to never represent more than p%

Antoine LUCAT
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Diaphragm repeatability

Canon 100mm at f/27 Canon 100mm at f/27

Measured PSF
Analytical PSF

Rotation — Caused by lack of repeatability in the diaphragm closure

June 19® Antoine LUCAT 16



Supplemental
Trade-offs

Minimal error area ) )
Emaa % of discarded pixels

45
4

35

3

25

2

15

1

05

. 10810 (’Cradius)

10°

plo?

102

101

p(%)
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