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Ik,p — tp + a,Cos [2 (¢k o %)]
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Polarization Imaging
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Polarization Imaging

Shape from Polarization
Ik,p — tp + a, COS [2(¢k ] p] ]

[Miyazaki et al. PAMI’04] [Saito et al. CVPR’99]
[Smith et al. ECCV’16] [Yu et al. ICCV’17]
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Polarization Imaging

Shape from Polarization "
9M,,) = I, =t, + a,c08[2(de — 1)) ]

Challenges: unknown polarimetry + radiometry Fef{[lsJ#1ile]s
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Polarization Imaging

Shape from Polarization
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[Cui et al. CVPR’17] [Kadambi et al. JCV’17] [Berger et al. ICRA’17]
Challenges: unknown polarimetry + radiometry Ro£\[{s)&=1ile]1!
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Polarization Imaging

A 3 a Estimated azimuth angle ‘
Y 4 Polarizer

[Cui et al. CVPR’17] [Kadambi et al. JCV’17] [Berger et al. ICRA’17]

Challenges: unknown polarimetry + radiometry
require extra geometric parameters



Introduction

Goal: Calibrate a polarimetric camera

Polarimetry

Radiometry

Geometry

16



Introduction

Goal: Calibrate a polarimetric camera

|(®

Geometry
mage Warld
5 ® pain
I !5-’ = / ﬁ
S
K el

17



Introduction

Goal: Calibrate a polarimetric camera

18



Introduction

Goal: Calibrate a polarimetric camera

19



Kodak Ektachrome-100plus Green
Kodak Ektachrome-64 Green
Agfachrome CTPrecisa100 Green
Agfachrome RSX2 050 Blue
Agfacolor Futura 100 Green
Agfacolor HDC 100 plus Green
Agfacolor Ultra 050 plus Green
Agfapan APX 025
Agfa Scala 200x
Fuji FA00 Green
Fuji F125 Green
Kodak Max Zoom 800 Green
Kodak KAI0372 CCD
Kodak KAF2001 CCD
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Goal: Calibrate a polarimetric camera
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Goal: Calibrate a polarimetric camera

Polarimetry

Ik,p — tp T a, COs [2(¢k o %)]




Introduction

Main idea: Using an LCD monitor
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Typical interior structure of LCD monitors
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LCD monitors
Viewed by a polarimetric camera
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LCD monitors
Characteristics A. In-plane rotation

cos2(p— o)
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LCD monitors

Characteristics A. In-plane rotation
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LCD monitors
Characteristics A. In-plane rotation

cos2 (¢ —1s)

0 Polarizer angle 180
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LCD monitors
Characteristics B. Complete linear polarization

p—
ot
-

—
-
-

jznaxzﬁ>-lﬁﬁn

Irradiance
(@)
()

-

0O 50 100 150
Polarizer angle



Introduction — Motivation 31

Pattern-based calibration

N &
o NG S q,
N P Q o Q
O A 759 o SR > &
o NS AT O Z o
N & o~ & X QS QI & 2
> & N QU o O (C)
) O \Q’b \QQ N\ f} >
S Q (thQ @) \O a\g,\ Q"b
self-calibration © $
4 ™
iccris| K )¢ X X X X
_CVPR’18, X X X X v X
Ours v v v v \V4 v
— [Schechner et al. ICCP’15] —

(Mk,p):Ik,p: - COS[Q(Qbk_ )]
—_




Method 32

Overview

Step 1. Capture images Step 2. Calibrate geometry Step 3. Calibrate radiometry
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Step 1. Capture images
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Method

Step 2. Calibrate geometry
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Method — Known CRF
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Overview

Step 3. Calibrate radiometry
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Decompose Euler Angle (Yaw)
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Q(Mk,p> :tp+apCOS2<¢k_7:Dp> m
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g(Mk:,p> — tp (]. _I_ (XpCOS 2¢k —I_ ﬂpSIIlZgbk)
g(M, ) =t,(14+ a,cos2¢, + B,sin2¢,)
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g(M,,) 1+ a,cos2¢, + B,sin2¢,

g(M, ,) - 14+ a,cos2¢, + B,sin2¢,

where (M, ,) #0 ¢ # ¢, +7/2
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g(M;,,). , 1+ a,cos2¢; + B,sin2¢;
Q(Ml,p 1+apCOS2¢1+/BpSin2¢1

ILi,— 1L ,=1I ,a,cos2¢, + I, ,3,sin2¢,
_Ik,pOépCOS2¢1 -+ Ik’pﬁpSin2§b1

where I, = g(M,,)
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Step 5. Bundle adjustment

% 2 . o
K. / ©
/ o

K [
arg min Z Z It, (cos2¢;cos2p, +sin2¢,sin2¢, +1) —g(M,.,) ||®

Pong k=1 p=1

Method

76



Method "

7 2z N AN o)
Y 2°
~ /o
Yy °
a’/’ /7
0O
. y o
T > 6 >
N
K P

arg min Z Z |2, (cos2¢;cos21), +sin2¢,sin2, +1) —g(M, ) ||

¢ka¢pag k:]_ p:].




Method

2 2 T
) J o
(o]
Y
T >
~
K P
arg min Z Z |2, (cos2¢;cos21), +sin2¢,sin2, +1) —g(M, ) ||
g k=1 p=1 —

Nog!

- N

78



Method

g(M,,) =t,(1+ a,cos2¢, + B,sin2¢;,)

KP data > P+K unknown
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g(M,.,) =t, (14 a,cos2¢, + B,sin2¢,)

KPdata = P+K unknown
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g(M,.,) =t, (14 a,cos2¢, + B,sin2¢,)

KPdata = P+K unknown
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At least ~ 2 Objec.t POintS
- 2 polarizing channels

- rotate once in the
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At least



Experiments — Simulation
Known CRF
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0 § Ours ¢ ' 0
0 30 60 90 120 150 180 0 30 60 90 120 150 180

1. Our method performs well

2. Schechner’s method is sensitive to initialization

3. Schechner’s method is less reliable when # phiis small,
but our method is still robust



Experiments — Simulation
Unknown CRF
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1. Our method performs well

2. Teo’s method is sensitive to initialization

3. Teo’s method is less reliable when # phi is small, but our
method is still robust
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Setup




Experiments — Real-world  ®

Environment illumination

Known ICRF Unknown ICRF
CRF err. Ang. err. CREF err. Ang. err.
Dark room X 0.76 £0.20 0.01£0.01| 0.48+0.15
Bright room X 0.80x0.28 0.054+0.01}|0.714+0.11
\

- The given ICRF could contain errors, but our joint method is good
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Effectiveness of using less polarizer angles
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Experiments — Real-world ¥
Benefits of the adapted checker pattern P3

Known ICRF Unknown ICRF
CRFerr. Ang. err.  #images CREF err. Ang. err. #images
PO X 10.80+0.16 | >4 0.204006 8221261 >4
Pl X 078+0.15 >4 0.07+0.02 1.24+4+0.43] >4
P2 X 0.79140.14 >4 0.0240.02 |0.38+0.32 >4411
= X 0.78%£0.15 >4 0.01£0.01 0.484+0.15 >4

known ICRF: standard checker pattern can achieve the same accuracy

unknown ICRF: P1 suffers from spatial inconsistency
unknown ICRF: more accurate but require more images
unknown ICRF: our results is close to GT with less images



Experiments — Real-world  *
Benefits of the adapted checker pattern P3

Known ICRF Unknown ICRF
CRFerr. Ang. err.  #images CREF err. Ang. err. #images
PO X 0.80£0.16 >4 0.20+0.06 8224261 >4
Pl X 078+0.15 >4 0.07+0.02 1.24+0.43 >4
P2 X 0.79140.14 >4 0.02x0.02) 0.38+£0.32 >4+411
P3 X 0.78x0.15 >4 0.01+0.01 0.48%£0.15 >4

Accurate estimated ICRF could be distorted during BA



Experiments — Real-world

Joint calibration vs. separate calibration

Known ICRF Unknown ICRF

CRF Ang. < err. #images CRF Ang. 1) err. #images
err.  err. err.  err.

Separate X 0.45 308 >4+2 0.02 083 310 >4+2+411
Joint 002 0.38 0.19 >4 0.01 0.48 0.20 >4

D e 9 e 9 o



Experiments — Real-world

Comparison with the state-of-the-art methods

Normalized irradiance
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Comparison with the state-of-the-art methods
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Experiments — Real-world

Comparison with the state-of-the-art methods
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Experiments — Real-world

Comparison with the state-of-the-art methods
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Experiments — Real-world

Comparison with the state-of-the-art methods
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Experiments — Real-world

Comparison with the state-of-the-art methods
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Discussion

Applicability

45° Polarizer
CcD Slensor 1
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Observation

Discussion %8

LCD screens with a touch panel
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Conclusion

We propose a joint calibration method using characteristics of an
LCD monitor.

* Novel and new: The basic idea of joint calibration with an LCD
monitor is novel, and our linear polarization calibration method
due to the characteristics of LCD monitors is
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* Efficient and effective: Using the estimated CRF as initialization,

our bundle adjustment leads to and results.
Which is demonstrated by conducting

Considering that LCD monitors are everywhere, we believe that
our method is easy to use as self-calibration methods.
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Thank you!



