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���23rd Color and Imaging Conference Final Program and Proceedings

Wednesday oCtober 21, 2015

Welcome and Keynote
Session Chair: Vien Cheung, University of Leeds

9:00 – 10:00

9:00 possibilities and Limitations of the bidirectional texture function
as appearance representation, Reinhard Klein, Universität Bonn
(Germany) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Reproduc�ng the character�st�c appearance of mater�als d�g�tally �s of
cons�derable �mportance for the creat�on of photoreal�st�c �mages. A suc-
cessful approach to capture and represent the appearance of a mater�-
al �s the B�-d�rect�onal Texture Funct�ons (BTF), wh�ch can be cons�dered
as an �mage based representat�on and compr�ses thousands of �mages
that have been taken under var�ous l�ght s�tuat�ons and from d�fferent
v�ewpo�nts. In th�s talk we report on BTF acqu�s�t�on dev�ces as well as
data compress�on and render�ng techn�ques for BTFs that were devel-
oped at our �nst�tute w�th�n several research projects on th�s top�c.
Spec�al emphas�s w�ll be put on the d�scuss�on of poss�b�l�t�es and l�m�-
tat�ons of th�s k�nd of representat�on for d�fferent appl�cat�on areas rang-
�ng from v�rtual prototyp�ng to cultural her�tage.

putting Color to Work
Session Chair: Andreas Kraushaar,

Fogra Graphic Technology Research Association
10:00 – 12:40

CiC23 best paper awardee
10:00 spectral and Color prediction for arbitrary halftone patterns:

a drop-by-drop, WysiWyg, “ink on display” print preview,
Peter Morovic, Ján Morovic, Xavier Fariña Vargas, Pere Gasparin,
Michel Encrenaz, and Jordi Arnabat, Hewlett Packard Company
(Spain) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

Accurately prev�ew�ng the appearance of a pr�nt job can make the d�f-
ference between produc�ng saleable output and wast�ng expens�ve
mater�als and �s a challenge to wh�ch a host of solut�ons already ex�st.
However, what the major�ty of these have �n common �s that they base
the�r pred�ct�ons on the �nputs to a pr�nt�ng system (e.g., cont�nuous-tone
data �n �nk channels) �nstead of �ts outputs (�.e., the halftone data that �s
then pr�nted) and that they are only val�d for a g�ven set of cho�ces
already made �n the pr�nt�ng system (e.g., color separat�on and halfton-
�ng). Alternat�vely, attempt�ng to make appearance pred�ct�ons us�ng
general-purpose models such as Kubelka Munk, Yule N�elsen and
Neugebauer results �n l�m�ted performance on systems whose behav�or
d�verges from these models’ assumpt�ons, such as �nkjet pr�nt�ng. As a
result of such constra�nts, the result�ng prev�ews e�ther work only under
l�m�ted cond�t�ons or fa�l to pred�ct some art�facts wh�le erroneously pre-
d�ct�ng others that do not mater�al�ze �n pr�nt. The approach presented
here takes advantage of the flex�b�l�ty of the HANS framework and the
�ns�ghts �nto spectral correlat�on to del�ver a pr�nt prev�ew solut�on that
can be appl�ed to any pr�nt�ng system, that allows for the var�at�on of
fundamental �mag�ng cho�ces w�thout the need for re-comput�ng model
parameters and that del�vers ICC-prof�le-level accuracy.

10:20 Model-based design of recto-Verso prints displaying different
images according to the illuminated face, Serge Mazauric1,2,
Mathieu Hébert1, and Thierry Fournel1; 1Université de Lyon, and
2CPE Lyon (France) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

Pred�ct�ng s�multaneously the spectral reflectance and transm�ttance of
halftone pr�nts �s now poss�ble thanks to a recently developed model
based flux-transfer matr�ces, called Duplex Pr�mary Reflectance-
Transm�ttance model, val�d for s�ngle-face pr�nt�ng as well as duplex
pr�nt�ng. The model can be cal�brated from e�ther spectral reflectance
measurements or spectral transm�ttance measurements; but �t can also be
cal�brated from both measurements by m�n�m�z�ng the d�stance between
the theoret�cal transfer matr�ces and exper�mental transfer matr�ces.
Accord�ng to the test carr�ed out w�th paper pr�nted �n �nkjet, the pred�c-
t�ve performances of DPRT model, coupled w�th the new cal�brat�on
method, are good enough to perm�t �nterest�ng appl�cat�ons �n graph�cal
arts, such as the d�splay of mult�ple �mages depend�ng on whether the
l�ght source �s �n front of the duplex color pr�nt or bes�de �t.

10:40 – 11:20
Coffee Break and CIC Paper Demonstrat�ons

11:20 determining Camera spectral responsivity with Multispectral
transmission filters, Lindsay W. MacDonald, University College
London (UK) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12

Four pract�cal methods were evaluated for determ�n�ng the spectral
respons�v�ty of a N�kon D200 d�g�tal camera: (1) D�rect measurement by
exposure to a monochromator sequence at 5nm �ntervals; (2) LED colour
target w�th 36 lum�nous c�rcular patches; (3) f�ltered �llum�nat�on, us�ng
16 transm�ss�on f�lters of 20nm bandw�dth; (4) f�ltered camera, us�ng the
same set of f�lters. Tak�ng the monochromator measurements as the
reference, the results of the other three methods showed a good corre-
spondence, but systemat�c d�fferences were observed for fluorescent �llu-
m�nat�on. Because of the wavelength sh�ft �n f�lter transm�ttance w�th
angle of �nc�dence, �t �s recommended that sources w�th smooth spectral
power d�str�but�ons should be used for f�lter-based character�sat�on

11:40 hue plane preserving Colour Correction using Constrained Least
squares regression, Michal Mackiewicz1, Casper F. Andersen2,
and Graham D. Finlayson1; 1University of East Anglia (UK) and
2Gjøvik University College (Norway) . . . . . . . . . . . . . . . . . 18

Andersen and Hardeberg proposed the Hue Plane Preserv�ng Colour
Correct�on (HPPCC), wh�ch maps RGBs to XYZs us�ng a set of l�near
transforms, where each transform �s learned and appl�ed �n a subreg�on
of colour space, def�ned by two adjacent hue planes. A hue plane �s a
geometr�cal half-plane def�ned by the neutral ax�s and a chromat�c
colour. A problem w�th the or�g�nal HPCC method �s that the select�on of
chromat�c colors was a user def�ned cho�ce (and the user m�ght choose
poorly) and the method as formed was not open to opt�m�zat�on. In th�s
paper we present a flex�ble method of hue plane preserv�ng colour cor-
rect�on wh�ch we call Hue Plane Preserv�ng Colour Correct�on us�ng
Constra�ned Least Squares (HPPCC-CLSQ). Th�s color�metr�c character�-
zat�on method �s also based on a ser�es of 3 by 3 matr�ces, each respon-
s�ble for the transformat�on of a subreg�on, def�ned by two adjacent hue
planes, of camera RGB values to the correspond�ng subreg�on of est�-
mated color�metr�c XYZ values. The matr�ces are constra�ned to wh�te
po�nt preservat�on. In th�s new formulat�on, the subreg�ons can flex�bly
be chosen �n number and pos�t�on �n order to regular�ze and opt�m�ze
the results, wh�lst constra�n�ng cont�nu�ty cross�ng the hue planes. The
method �s compared to a cho�ce of other state-of-the-art character�zat�on
methods and the results show that our method cons�stently g�ves h�gh col-
or�metr�c accuracy for both synthet�c and real camera data.
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N�kon D600 camera. The exper�mental results from the prototype system
conf�rm the effect�veness of the proposed system.

14:20 iterative spectral edge image fusion, Graham D. Finlayson and
Alex E. Hayes, University of East Anglia (UK) . . . . . . . . . . . .41

The Spectral Edge method of �mage fus�on fuses �nput �mage deta�ls, wh�le
ma�nta�n�ng natural color. It �s a der�vat�ve-based techn�que, based on the
structure tensor, and lookup-table-based grad�ent f�eld reconstruct�on. It has
many appl�cat�ons, �nclud�ng RGB-NIR �mage fus�on and remote sens�ng.

In th�s paper, we propose add�ng an �terat�ve step to the method.
We use the output Spectral Edge �mage as the putat�ve color �mage for
another fus�on step, and repeat th�s for several �terat�ons. We show that
th�s creates an output �mage w�th a structure tensor f�eld closer to that of
the h�gh-d�mens�onal �nput than the output of the or�g�nal method. We
perform a psychophys�cal exper�ment us�ng the �terat�ve Spectral Edge
method for RGB-NIR �mage fus�on, wh�ch shows that the result of mult�-
ple �terat�ons �s preferred.

14:40 scene-adaptive registration of Line-scan Multi-spectral image
data for non-planar scanning objects, Timo Eckhard, Jia
Eckhard, Eva M. Valero, and Javier Hernández-Andrés, University
of Granada (Spain) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

L�m�tat�ons of convent�onal RGB cameras w�th respect to color and spec-
tral measurements are w�dely known and mot�vated the development of
mult�-spectral camera systems, wh�ch extend the amount of spectral �nfor-
mat�on captured from an �mag�ng scene. W�th the camera response
data captured by such a system, mach�ne learn�ng techn�ques can be
used to recover surface reflectance factor data of the scene on a p�xel-
by-p�xel bas�s. The 12-channel l�ne-scan mult�-spectral camera system
cons�dered �n th�s work �s an example of th�s technology. Currently, a
drawback of th�s system �s that spectral measurements are l�m�ted to pla-
nar surfaces. Non-planar surface structure of the scann�ng objects results
�n �mage channel m�sal�gnment and corrupted recovery of the spectral
data. We overcome th�s l�m�tat�on by us�ng a scene-adapt�ve reg�strat�on
scheme for the mult�-channel �mage data. The proposed approach �ncor-
porates an �nvar�ant feature match�ng, a sum of squared d�fference
based block match�ng algor�thm and b�-l�near �mage resampl�ng to
accompl�sh th�s task w�th sub-p�xel accuracy. We show that the adap-
t�vely reg�stered �mage data �ncreases the spectral �mage qual�ty
markedly and g�ves r�se to us�ng th�s �mag�ng pr�nc�ple for s�multaneous
spectral measurements and 2.5D geometr�cal measurement, �e. 2D
surface measurement w�th he�ght prof�les.

15:00 reproduction of reflective and fluorescent Components using
eight-band imaging, Masaru Tsuchida, Minoru Mori, Kunio
Kashino, and Junji Yamato, NTT Communication Science
Laboratories (Japan) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

We propose a method for rel�ght�ng fluorescent objects us�ng a mult�-
band �mage system. Fluorescence �s often present �n everyday art�cles
and �ts opt�cal propert�es make �t harder to reproduce than pure
reflectance. Decompos�ng colors �nto separate fluorescent and reflect�ve
components �s requ�red for accurate color reproduct�on. In our method,
b�-spectral �mages are captured us�ng an e�ght-band camera and an
e�ght-band l�ght�ng system for the decompos�t�on. F�rst, spectral
reflectance of the object �s est�mated. Next, the mult�band �mage of the
fluorescent components under rel�ght�ng �llum�nat�on �s generated from
the we�ghted l�near comb�nat�on of the captured fluorescent �mages. The
we�ght of each band �s calculated from the spectral transm�ttance of
each band-pass f�lter attached to the l�ght�ng system, and the spectral
power d�str�but�ons (SPD) of the �llum�nat�on dur�ng �mage captur�ng and
rel�ght�ng. F�nally, a rel�ghted �mage �s reproduced by compos�ng reflec-
t�ve and fluorescent component �mages. Exper�mental evaluat�ons show
that the spectral reflectance and SPD of fluorescent components are
accurately est�mated and rel�ght�ng �mages are well reproduced.

12:00 analyzing the individual relationship between habit of uV
protection and Melanin pigmentation based on the Change of
facial images for 7 years, Yuri Tatsuzawa1, Misa Hirose1,
Nobutoshi Ojima2, Keiko Ogawa-Ochiai3, and Norimichi
Tsumura1; 1Chiba University, 2Kao Corporation, and
3Kanazawa University Hospital (Japan) . . . . . . . . . . . . . . . .24

In th�s paper, we obta�n �nd�v�dual d�fference on var�at�on of melan�n
component wh�ch greatly affect apparent age. We cons�der frequency of
use for UV protect�on as the factor caus�ng �nd�v�dual d�fference �n ag�ng.
It �s known that the exposure of UV rays produces melan�n p�gment �n our
sk�n, wh�ch promotes ag�ng of a sk�n such as darken�ng and unevenness
of a sk�n color. In our prev�ous work, we appl�ed pr�nc�pal component
analys�s (PCA) to sk�n color p�gmentat�on d�str�but�on and obta�ned fea-
ture values. By chang�ng feature values, we s�mulated the appearance of
human face �n arb�trary age. Accord�ng to th�s, �t �s revealed that melan�n
component �n around cheeks espec�ally tends to �ncrease w�th ag�ng.
However, �n the prev�ous method, averaged feature values are used for
each ages �n analys�s, and �nd�v�dual d�fference should be cons�dered at
the next step of research. In th�s paper, we constructed database that
have fac�al �mage taken �n 2003 and 2010 where the same 77 people
were subject�ve. The frequency of use for UV protect�on was also record-
ed as l�festyle hab�t. By apply�ng the same analys�s �n the prev�ous
method, we obta�ned score sh�ft from the data �n 2003 and 2010. From
these trends of the sh�ft, we found that one-fourth people can get l�ght-
sk�nned face after 7 years �f they use UV protect�on throughout the year.

12:20 hierarchical integrated Color Matching in a stereoscopic image
based on image decomposition (Jist-first paper), Ho-Gun Ha,
Shibudas Kattakkalil Subhashdas, Bong-Seok Choi, and Yeong-Ho
Ha, Kyungpook National University (Korea) . . . . . . . . . . . . . 29

Color d�screpanc�es between the left and r�ght �mage �n a stereoscop-
�c �mage cause many problems, �nclud�ng a reduct�on of the three-
d�mens�onal effect and �ncreased v�sual fat�gue. Thus, color match�ng
�n a stereoscop�c �mage �s very �mportant for three-d�mens�onal d�splay
systems. Therefore, a h�erarch�cal �ntegrated color match�ng method
based on �mage decompos�t�on �s proposed for stereoscop�c �mages. In
the proposed method, global and local color d�screpanc�es generated
�n a stereoscop�c �mage are effect�vely reduced by h�stogram match�ng
and �llum�nant est�mat�on us�ng �mage decompos�t�on. The stereoscop-
�c �mage �s f�rst decomposed �nto a base layer and several texture lay-
ers. Each decomposed layer �s then matched us�ng cumulat�ve h�s-
togram match�ng and a mult�-scale ret�nex algor�thm. Lastly, �nverse
decompos�t�on �s appl�ed to each layer to reconstruct the corrected
stereoscop�c �mage. Exper�mental results show that the proposed
method has a better color match�ng performance �n compar�son w�th
prev�ous methods.

12:40 – 14:00 — Lunch Break

beyond the rainbow
Session Chair: Pei-Li Sun,

National Taiwan University of Science and Technology
14:00 – 15:40

14:00 an experimental study of fast Multispectral imaging using Led
illumination and an rgb Camera, Raju Shrestha and Jon Yngve
Hardeberg, Gjøvik University College (Norway) . . . . . . . . . . 36

Act�ve �llum�nat�on based mult�spectral �mag�ng us�ng LED l�ght sources
has got much attent�on �n recent years due to the ava�lab�l�ty of w�de
range of narrow band color LEDs spread�ng across the v�s�ble as well as
�nfrared reg�ons. We proposed a fast mult�spectral �mag�ng us�ng LED
�llum�nat�on and an RGB camera (RGB-LEDMSI) along w�th a novel LED
select�on method. In th�s paper, we present and analyze the results from
real world exper�ments on the proposed RGB-LEDMSI. We bu�lt a proto-
type 9-band RGB-LEDMSI system us�ng commerc�al �Q-LED panels and a
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15:20 spatio-spectral gamut Mapping and separation (Jist-first
paper), Sepideh Samadzadegan, Technische Universität
Darmstadt, and Philipp Urban, Fraunhofer Institute for Computer
Graphics Research IGD (Germany) . . . . . . . . . . . . . . . . . . 58

Spectral pr�nt�ng a�ms to ach�eve an �llum�nant-�nvar�ant match between
the or�g�nal and the reproduct�on. Due to l�m�ted pr�nter spectral gamuts,
an errorless spectral reproduct�on �s mostly �mposs�ble, and spectral
gamut mapp�ng �s requ�red to reduce perceptual errors. The recently pro-
posed paramer-m�smatch-based spectral gamut mapp�ng (PMSGM) strat-
egy m�n�m�zes such errors. However, due to �ts p�xel-w�se process�ng, �t
may result �n severely d�fferent tonal values for spectrally s�m�lar adja-
cent p�xels, caus�ng unwanted edges (band�ng) �n the f�nal pr�ntout.
Wh�le the add�t�on of some no�se to the a* and b* channels of the col-
or�metr�c (e.g., CIELAB) �mage—rendered for the f�rst �llum�nant—pr�or
to gamut mapp�ng solves the band�ng problem, �t adversely �ncreases
the �mage gra�n�ness. In th�s art�cle, the authors comb�ne the PMSGM
strategy w�th subsequent spectral separat�on, cons�der�ng the spat�al
ne�ghborhood w�th�n the tonal-value space and the �llum�nant-dependent
perceptual spaces to d�rectly compute tonal values. The�r results show
s�gn�f�cant �mprovements to the PMSGM method �n terms of avo�d�ng
band�ng art�facts.

15:40 – 16:20
Coffee Break

picture perfect
Session Chair: Marius Pedersen, Gjøvik University College

16:20 – 17:20

16:20 distinct Contrast in CieCaM02 for Mobile display, Wang-Jun
Kyung, Ji-Hoon Yoo, Shibudas Kattakkalil Subhashdas, and
Yeong-Ho Ha, Kyungpook National University (Korea) . . . . . . 70

The absolute contrast rat�o of a d�splay �s a d�st�nct�ve measure of the
d�splay contrast. However, th�s contrast rat�o does not match the per-
ce�ved contrast as �t only uses the phys�cal character�st�c of the d�splay.
Therefore, th�s paper proposes a contrast measure that cons�ders the per-
ceptually d�scr�m�nable br�ghtness w�th�n the d�splay br�ghtness ranges.
F�rst, the Weber-Fechner rat�o �s appl�ed to determ�ne the br�ghtness
ranges of the d�splay gamut �n CIECAM02. Thereafter, the number of
br�ghtness values for each br�ghtness range �s computed and the percep-
tually d�scr�m�nable br�ghtness �s then est�mated based on the sum of the
rat�o between the number of br�ghtness values �n each br�ghtness range
and the br�ghtness length �n the d�splay gamut. A preference test was
conducted on var�ous d�splays us�ng random br�ghtness patches to eval-
uate the perce�ved contrast. Exper�mental results showed that the pro-
posed measure �s more cons�stent w�th human percept�on than prev�ous
contrast measures.

16:40 robust Chroma and Lightness descriptors, Hamidreza Mirzaei
and Brian Funt, Simon Fraser University (Canada) . . . . . . . . .75

New descr�ptors for l�ghtness and chroma are presented that are based
on propert�es of a wraparound Gauss�an metamer�c to the g�ven XYZ
tr�st�mulus coord�nates. For the 1600 samples of the Munsell glossy set,
both descr�ptors are found to correlate to Munsell value and chroma at
least as well as the correspond�ng CIECAM02 descr�ptors when the
Munsell samples are under the CIE C �llum�nant. However, when the �llu-
m�nant �s changed the new descr�ptors were found to be cons�derably
more cons�stent under the second �llum�nant than those of CIECAM02.

17:00 Measuring relative image Contrast of projection displays (Jist-
first paper), Ping Zhao, Marius Pedersen, and Jon Yngve
Hardeberg, Gjøvik University College (Norway), and
Jean-Baptiste Thomas, Université de Bourgogne (France) . . . . . 79

Project�on d�splays, compared to other modern d�splay technolog�es,
have many un�que advantages. However, the �mage qual�ty assessment

of project�on d�splays has not been well stud�ed so far. In th�s paper, we
propose an object�ve approach to measure the relat�ve contrast of pro-
ject�on d�splays based on the p�ctures taken w�th a cal�brated d�g�tal
camera �n a dark room where the projector �s the only l�ght source. A
set of carefully selected natural �mages �s mod�f�ed to generate mult�ple
levels of �mage contrast. In order to enhance the val�d�ty, rel�ab�l�ty, and
robustness of our research, we performed the exper�ments �n s�m�lar
v�ew�ng cond�t�ons at two separate geograph�cal locat�ons w�th d�fferent
project�on d�splays. In each locat�on, we had a group of observers to
g�ve perceptual rat�ngs. Further, we adopted state-of-art contrast meas-
ures to evaluate the relat�ve contrast of the acqu�red �mages. The exper-
�mental results suggest that the M�chelson contrast measure performs the
worst, as expected, wh�le other global contrast measures perform rela-
t�vely better, but they have less correlat�on w�th the perceptual rat�ngs
than local contrast measures. The local contrast measures perform better
than global contrast measures for all test �mages, but all contrast meas-
ures fa�led on the test �mages w�th low lum�nance or dom�nant colors
and w�thout texture areas. In add�t�on, the h�gh correlat�ons between the
exper�mental results for the two project�ons d�splays �nd�cate that our
proposed assessment approach �s val�d, rel�able, and cons�stent.

19:30 – 21:30
Conference Recept�on

Burg Frankenste�n Restaurant
Located w�th�n the ru�ns of the famous 10th century Frankenste�n Castle

Buses w�ll p�ck up attendees at the Mar�t�m Konferenzhotel Darmstadt
at 18:30 and return to the hotel by 22:00.

thursday oCtober 22, 2015

thursday Keynote and is&t awards
Session Chair: Vien Cheung, University of Leeds

9:00 – 10:00

9:00 Quantum dots: new and exciting Coloured Materials—
their properties and structures, Paul O’Brien, University of
Manchester (UK) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

The or�g�n of colour �n quantum dots w�ll be d�scussed �n s�mple and
more compl�cated systems. The h�story of the area w�ll be br�efly
surveyed as w�ll the�r potent�al for technolog�cal appl�cat�on.

Colorful Matter
Session Chair: Marcel Lucassen, Philips Research Eindhoven

10:00 – 12:20

10:00 a Computer aided Color appearance design system for
Metallic Car paint (Jist-first paper), Clement Shimizu and
Gary Meyer, University of Minnesota (USA) . . . . . . . . . . . . . 93

A computer a�ded des�gn system for determ�n�ng the color appearance
of metall�c automot�ve coat�ngs has been developed. A sketch based
b�d�rect�onal reflectance d�str�but�on funct�on des�gn �nterface allows s�m-
ple concept art to be used to style new metall�c car colors. The f�nal
des�gn �s spec�f�ed us�ng �ndustr�al measurement standards for metall�c
color appearance, and pa�nt formulat�ons are determ�ned by employ�ng
an automot�ve ref�n�sh system. A v�rtual collect�on of ex�st�ng automot�ve
pa�nts, spec�f�ed us�ng the measurement standard, �s prov�ded, and tools
for search�ng th�s database, for both des�gn and manufactur�ng purpos-
es, are descr�bed. The system �s assessed by us�ng �t �n �ndustr�al and
educat�onal des�gn stud�os.

v23rd Color and Imaging Conference Final Program and Proceedings



12:00 Colour Contrast occurrence Matrix: a Vector and perceptual
texture feature, Armando Martínez Ríos1,2, Noël Richard1, and
Christine Fernandez-Maloigne1; 1University of Poitiers (France) and
2Instituto Politécnico Nacional (Mexico) . . . . . . . . . . . . . . . 121

Texture d�scr�m�nat�on was the second more �mportant task stud�ed after
colour percept�on and measurement. A lot of works have explored �t
us�ng a separated channel process�ng and very few have addressed the
vector aspect of th�s spat�o-chromat�c �nformat�on. In th�s paper we pro-
pose a novel vector process�ng for colour texture character�zat�on: the
Colour Contrast Occurrence matr�x (C2O). The C2O �s expressed us�ng
a perceptual d�stance �n the CIELab colour space and two angles char-
acter�z�ng the chromat�c�ty, and darker or l�ghter d�rect�on of local d�f-
ferences. The set of local d�fferences, the contrast occurrences, �s repre-
sented �n a 3D representat�on, offer�ng an understandable
representat�on of the texture var�at�ons. In th�s work, we analyze also the
feature �nvar�ance to changes �n �llum�nat�on, v�ewpo�nt and spectrum of
the l�ght source. Performances �n class�f�cat�on tasks on several texture
databases show the added-value of the C2O for texture d�scr�m�nat�on
espec�ally when the texture content becomes complex.

12:20 – 14:00 — Lunch Break

do you see What i see?
Session Chair: Maria Vanrell, Universitat Autònoma de Barcelona

14:00 – 15:00

14:00 a spectral-based Color Vision deficiency Model Compatible
with dichromacy and anomalous trichromacy, Hiroaki Kotera;
Kotera Imaging Laboratory (Japan) . . . . . . . . . . . . . . . . . . 127

Th�s paper proposes a spectral-based CVD (Color V�s�on Def�c�ency)
model compat�ble w�th both of d�chromacy and anomalous tr�chromacy.
The spectral project�on model based on Matr�x-r extracts the lost spec-
tra as a d�fference �n the fundamentals between the normal and the col-
or def�c�ent. The lost spectra are re-used for �mage dalton�zat�on by an
opt�mal spectral sh�ft to max�m�ze the spectral v�s�b�l�ty or m�n�m�ze the
v�sual gap from the normal. The model rat�onally �mproves the scene v�s-
�b�l�ty after dalton�zat�on. The proposed algor�thm �s des�gned based on
the or�g�nal key �deas of
1. Acqu�s�t�on of fundamental l C*LMS (spectra v�s�ble to the normal) from

sRGB camera �mage by a pseudo-�nverse project�on w�thout expen-
s�ve spectral �mage.

2. Foundat�on of project�on matr�x-rCVD onto d�chromat�c and anom-
alous tr�chromat�c spectral spaces by comb�n�ng the cone responses
�n the table by DeMarco & Pokorny & Sm�th.

3. Extract�on of fundamental C*CVD (spectra v�s�ble to the d�chromat or
anomalous tr�chromat) by operat�ng the matr�x-rCVD on the fundamen-
tal C*LMS.

4. Introduct�on of complete OCS (Opponent-Color Space) to keep the
perfect achromat�c grayness �n the opponent-color stage.

5. Est�mat�on of lost spectra ∆C*CVD as the d�fference between v�s�ble
spectra C*LMS to the normal and C*CVD to the d�chromacy or anom-
alous tr�chromacy.

6. Color bl�ndness correct�on (dalton�zat�on) by rev�v�ng the lost spectra
∆C*CVD w�th the opt�mal spectral sh�ft �nto the v�s�ble waveband.

14:20 investigation of Memory Colours across Cultures, Yuteng Zhu1,
M. Ronnier Luo1, 2, Lihao Xu1, Xiaoyu Liu1, 3, Guihua Cui4,
Sebastian Fischer5, Peter Bodrogi5, and Tran Quoc Khanh5;
1Zhejiang University (China), 2University of Leeds (UK),
3Harbin Engineering University (China), 4Wenzhou University
(China), and 5Technische Universität Darmstadt (Germany) . . 133

Memory colours have been extens�vely �nvest�gated. They are �mportant
for d�fferent �mage appl�cat�ons, such as colour �mage reproduct�on.
However, �t �s poss�ble memory colours vary accord�ng to d�fferent
cultures. The present exper�ments were conducted to �nvest�gate 22

10:20 yarn Color Measurement and reproduction by a Multispectral
imaging system (Jist-first paper), Isabella W. S. Tang and
John H. Xin, Hong Kong Polytechnic University (Hong Kong,
China) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

Convent�onally, measur�ng and thus reproduc�ng yarn color �s ma�nly
done �n an �nd�rect way, �nvolv�ng the preparat�on of yarns �n card or
even fabr�c forms, wh�ch consumes both t�me and labor. A d�rect yarn
color measurement and reproduct�on method based on a mult�spectral
�mag�ng system would be one solut�on to avo�d th�s problem. In th�s
research, 100% raw cotton yarn hanks dyed us�ng several react�ve col-
orants, be�ng d�fferent sample sets, were measured by both a spec-
trophotometer �n yarn card form and a mult�spectral �mag�ng system
�nnovat�vely �n yarn form �tself, for back-pred�ct�on and fore-pred�ct�on
match�ng compar�sons. Exper�mental results showed that the mult�spec-
tral �mag�ng system can perform closed-loop color reproduct�on sat�sfac-
tor�ly by yarn form color measurements, w�th color d�fference means all
w�th�n �ndustr�al tolerance. Th�s new method �s capable of shorten�ng the
yarn spec�men handl�ng t�me and, more �mportantly, g�v�ng more accu-
rate yarn color measurements w�thout the �nfluence of ne�ghbor�ng col-
ors, so as to g�ve �mproved colorat�on accuracy.

10:40 – 11:20
Coffee Break and CIC Paper Demonstrat�ons

11:20 bispectral interreflection estmation of fluorescent objects,
Shoji Tominaga, Keiji Kato, Keita Hirai, and Takahiko Horiuchi,
Chiba University (Japan) . . . . . . . . . . . . . . . . . . . . . . . . . 111

If mult�ple objects are located closely, we often observe �nterreflect�on on
the object surfaces. The �nterreflect�on �s accompan�ed by a change �n the
appearance of the object surfaces. In th�s paper, we propose a method
to est�mate the spectral �mage components from the captured �mages of
two closely apposed objects. A spectral �mag�ng system �s used for �mage
captur�ng of both objects under un�form �llum�nat�on. F�rst, we descr�be
the bas�s b�spectral character�st�cs of a fluorescent object. Second, we
model the �nterreflect�on of two objects w�th the b�spectral character�st�cs.
The surface appearance of each object was based on both reflected com-
ponent and lum�nescent component. We show that the spectral compos�-
t�on of �nterreflect�on �s determ�ned by a ser�es of mult�pl�cat�on of the
Donaldson matr�ces of the two objects. The spectral components of one
bounce �nterreflect�on can be l�m�ted to only four spectral funct�ons. Th�rd,
an algor�thm �s developed to est�mate the spectral �mage components
from the observed spectral rad�ance �mages that are �nfluenced by the
�nterreflect�on. The algor�thm �s based on a two-step est�mat�on procedure
�n wh�ch the spectral components are est�mated separately �n the outs�de
and �ns�de of the em�ss�on wavelength range. The feas�b�l�ty of the pro-
posed method �s �nvest�gated us�ng fluorescent samples �n deta�ls.

11:40 Multi-Color properties of silver glaze images photo-engraved
on glass plates, Juan Martínez-García, Mathieu Hébert, Alain
Trémeau, Nicolas Crespo-Monteiro, and Nathalie Destouches,
Université Jean-Monnet (France) . . . . . . . . . . . . . . . . . . . . 116

Recent progresses �n nanotechnolog�es enabled the colorat�on of glass
plates coated w�th s�lver and t�tan�um d�ox�de by laser �rrad�at�on. The
colored samples d�splay very d�fferent colors accord�ng to whether they
are obta�ned by reflect�on or transm�ss�on of l�ght; �n specular or d�ffuse
d�rect�ons; and w�th or w�thout polar�z�ng f�lters. Th�s pr�nt�ng technolo-
gy, that we call PICSLUP, enables the product�on of gon�o-apparent col-
or �mages. In th�s paper, we recall the phys�cal pr�nc�ples that allow the
appearance of these mult�-colorat�on effects, show the color var�at�ons
under var�ous �llum�nat�on and observat�on conf�gurat�ons, and present
the f�rst color �mages that we could pr�nt. We also analyze the poss�b�l-
�ty of extend�ng the color gamut w�th halfton�ng and show some prel�m-
�nary spectral reflectance and transm�ttance pred�ct�ons done w�th the
Yule-N�elsen mod�f�ed Spectral Neugebauer model.
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memory colours, wh�ch are d�v�ded �nto three types: 12 common colours
such as vegetables, fru�ts and flowers, 6 natural colours such as sky
blue, grass, and sk�n colours, and 4 culture spec�f�c colours. Each colour
was assessed by 25 Ch�nese observers and 30 German observers �n
each country. The �nter-observer var�at�ons between two groups were
compared �n terms of mean of CIELAB colour d�fferences �n terms of
MCDM measure and tolerance ell�pses. Also, the colour centers are plot-
ted �n CIELAB a*b* d�agram to show the culture d�fferences. The �nten-
t�on here �s to establ�sh a methodology to study memory colours across
d�fferent countr�es based on homogeneous colour patches.

14:40 a Meta-analysis of Color palettes for protans and deutans: the
problems with using dichromatic simulations, Takashi Sakamoto,
National Institute of Advanced Industrial Science and Technology
(AIST) (Japan) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138

Th�s study descr�bes a meta-analys�s of three color palettes for protans
and deutans, respect�vely proposed by Tol (2012), Krzyw�nsk� et al.
(2012), and Ito et al. (2013). The�r three color palettes were def�ned
us�ng standard red-green-blue (sRGB) tr�st�mulus values, and they were
des�gned to help color-def�c�ent people d�st�ngu�sh the colors of graphs,
maps, and other v�sual representat�ons. However, color d�fferences
between the component colors of the�r palettes and the chromat�c
d�str�but�on of the component colors were unspec�f�ed by these
researchers. W�thout comparat�ve stud�es, �t �s d�ff�cult to compare the
performance of these palettes and the�r v�sual effect�veness for color-def�-
c�ent people. Hence, th�s study prov�des a meta-analys�s of the�r color
palettes. Protanop�c and deuteranop�c color percept�on and color d�ffer-
ences were used for th�s analys�s, along w�th a comb�nat�on of a d�chro-
mat�c s�mulat�on method and a un�form color space, such as CIELAB and
CIELUV. Th�s study eluc�dates a problem for analyses that rely on d�chro-
mat�c s�mulat�on methods calculated us�ng the reduced st�mul� planes �n

the RGB color space, and proposes a way around such s�mulat�ons. The
results of the meta-analys�s reveal that the three color palettes have prob-
lems �n terms of the un�form�ty of color d�fference and the chromat�c d�s-
tr�but�on of the component colors.

interactive paper previews
Session Chair: Adrià Forés Herranz, Apple Inc., and

Juan Lin, Ricoh Americas Corp.
15:00 – 15:40

Color reproduction of digital Camera systems using Led spotlight
illumination, Sebastian Fischer and Tran Q. Khanh, Technical University
Darmstadt (Germany) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
The use of LED spotl�ghts has become more and more common �n today’s
d�g�tal f�lm and telev�s�on product�on. In th�s context, the flex�b�l�ty that
comes along w�th the new LED technology offers a un�que poss�b�l�ty to
opt�m�ze the color reproduct�on of d�g�tal camera systems. In the follow-
�ng paper, an appropr�ate evaluat�on model should be proposed. It com-
pares the reproduced �mage of a scene, depend�ng on the spectra of the
�llum�nat�ng LED spotl�ghts, to �ts d�rect percept�on under a reference �llu-
m�nant and tr�es to m�n�m�ze the perce�ved color d�fferences by f�nd�ng
an opt�mal LED spectrum for each spec�f�c scene. The performance of
th�s model w�ll be tested us�ng a set of 143 d�fferent surface colors and
a measure for the qual�ty of the color reproduct�on w�ll be �ntroduced.

study of perceived bit-depth on tV with high dynamic range, Yuhoon
Kim, Sungjin Bang, and Jang-Un Kwon, LG Display (Korea) . . . . . . .148
One of �mportant object�ves on d�splay market �s to prov�de natural and
real�st�c �mages. Spec�f�cat�ons wh�ch are h�gh dynam�c range, h�gh
b�t-depth, large gamut s�ze, eff�c�ent data compress�on, etc. are demand-
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Critical spectra in the Color reproduction process of digital Motion
picture Cameras, Manuel Leonhardt, Hochschule Furtwangen, and
Harald Brendel, Arnold & Richter Cine Technik GmbH & Co. Betriebs KG
(Germany) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .167
Most cameras resolve a color st�mulus by three spectral sens�t�v�ty
responses. Commonly, these do not sat�sfy the Luther-Ives cond�t�on.
Hence, there �s no l�near mapp�ng between the camera’s RGB values
and the CIE XYZ tr�st�mulus values. Although more complex methods for
camera character�zat�on have been proposed, none can solve the �ssues
caused by camera metamer�sm. Wh�le be�ng d�fferent to the human
eyes, certa�n st�mul� w�ll �nduce the same RGB response �n the camera.
To �nvest�gate color reproduct�on errors and the effects of dev�ce
metamer�sm, metamer�c spectra must be found. Prev�ously proposed
methods generate metamer�c pa�rs art�f�c�ally. We present a method for
f�nd�ng metamer�c pa�rs w�th�n a database of real-world measured spec-
tra, wh�ch we bel�eve has more pract�cal ut�l�ty than methods employ�ng
synthes�zed metamer�c pa�rs. By us�ng measured camera sens�t�v�t�es
and reflectances from the SOCS database we can �dent�fy metamers
w�th a real-world occurrence poss�b�l�ty. We character�ze cr�t�cal spec-
tra by type of object and by hue, cons�der�ng both CIE �llum�nants and
real-world LED f�xtures.

robust Color extrapolation with Median Matrices, Nathan Moroney,
Ingeborg Tastl, and Melanie Gottwals, Hewlett-Packard Laboratories
(USA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .171
Color extrapolat�on �s the est�mat�on of color coord�nates or transforms
for values that l�e beyond the sampled colors or tra�n�ng data. For exam-
ple g�ven a chart of measured color values and a d�g�tal �mage of that
chart �t �s useful to be able to extrapolate values that are beyond the col-
or samples prov�ded by the chart. One opt�on �s to use l�near mult�var�-
ate regress�on based on a sampl�ng of nearby po�nts. Th�s w�ll result �n a
matr�x transform wh�ch can be used for extrapolat�on. Th�s abstract pro-
poses the der�vat�on of a med�an matr�x based on a sampl�ng of nearby
po�nts. That �s g�ven random tr�plets of po�nts a closed form �nverse of the
f�rst order polynom�als �s used to d�rectly compute matr�x elements. The
f�nal matr�x �s determ�ned by the med�an of the �nd�v�dual elements. The
med�an matr�x extrapolat�on �s shown to be more accurate than conven-
t�onal mult�var�ate regress�on, more robust to no�se, does not requ�re l�n-
ear algebra, and can potent�ally be appl�ed to stream�ng data.

influence of the effect pigment size on the sparkle detection distance,
Omar Gómez, Esther Perales, Elísabet Chorro, Valentín Viqueira, and
Francisco M. Martínez-Verdú, University of Alicante, and Alejandro
Ferrero and Joaquín Campos, Consejo Superior de Investigaciones
Científicas (Spain) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175
In an effort to create more dynam�c look�ng automob�les, there �s an ever
�ncreas�ng trend among automob�le manufacturers towards the use of
gon�o-apparent coat�ngs �n car bod�es. These coat�ngs cons�st of trans-
parent p�gments m�xed w�th metall�c or �nterference flakes. The flakes �n
the coat�ng cause a change �n color and br�ghtness of the f�n�sh w�th
v�ew�ng and �llum�nat�on d�rect�on. Th�s change �n appearance accentu-
ates the 3D shad�ng of a car body, mak�ng �t v�sually more attract�ve.
Bes�des th�s angular dependence on v�ew�ng/�llum�nat�on d�rect�on, the
metall�c f�n�shes also exh�b�t a v�sually complex texture. Depend�ng on
the propert�es of the f�n�sh and the v�ew�ng and �llum�nat�on cond�t�ons,
the flakes exh�b�t a sparkle l�ke texture, wh�le the glossy clear coat may
show a rough or smooth surface. As a result of these complex v�sual
attr�butes, captur�ng the appearance and f�nd�ng a perfect color match
for an automot�ve coat�ng �s a non tr�v�al task.

The ma�n object�ve of th�s work �s to evaluate the relat�onsh�p
between the spec�al-effect p�gments s�ze, and the max�mum d�stance
wh�ch �s detectable the sparkle texture effect. For th�s, two d�fferent sets
of samples w�th d�fferent structural features were evaluated �n a l�ght�ng
booth spec�f�cally des�gned for the v�sual exper�ment. The booth allows
to vary the l�ght�ng cond�t�ons, the v�ew�ng geometry and the d�stance at
wh�ch the sample �s perce�ved.

ed for ach�ev�ng th�s object�ve. For h�gh dynam�c range (HDR), �ncrease
of max�mum lum�nance �s needed to present the br�ll�ant sun real�st�cal-
ly. Lower m�n�mum lum�nance �s better for complete darkness. As dynam-
�c range �s �ncreased, d�scont�nuous percept�on of lum�nance d�fference
between adjacent gray levels can be presented �n d�splay. B�t-depth �s
related to lum�nance d�fference between adjacent gray levels.
D�scont�nuous percept�on due to HDR can be reduced by h�gh b�t-depth.
But, h�gh b�t-depth �s caused of h�gh cost for manufactur�ng d�splay.
Therefore, m�n�mally requ�red b�t-depth should be determ�ned for pro-
h�b�t�ng contour. The object�ve of th�s paper �s to present perce�ved b�t-
depth on d�splay for TV w�th HDR. To ach�eve the object�ve, methods for
v�sual test are proposed �n th�s paper. As exper�mental results, b�t-depth
of 12 b�t �s enough to proh�b�t contour perceptually �n OLED TV wh�ch
has dynam�c range over 100000 : 1.

fast and accurate 3d rendering of automotive Coatings, Eric Kirchner
and Ivo van der Lans, AkzoNobel (the Netherlands); Alejandro Ferrero
and Joaquín Campos, Instituto de Óptica, Consejo Superior de
Investigaciones Científicas (Spain); and Francisco M. Martínez-Verdú and
Esther Perales, University of Alicante (Spain) . . . . . . . . . . . . . . . . .154
The color of automot�ve coat�ngs var�es w�th �llum�nat�on and detect�on
angles. For 3D render�ng of these coat�ngs currently two categor�es of
methods ex�st, a�m�ng at e�ther color accuracy or at computat�onal
speed. Current methods that a�m for color accuracy are based on meas-
urement data from BRDF �nstruments. S�nce many hundreds of measure-
ment geometr�es are needed to capture the color var�at�on w�th angles,
these methods requ�re t�me-expens�ve �nterpolat�on of large three-d�men-
s�onal Look-Up Tables. Current methods that a�m for computat�onal
speed use phys�cally crude approx�mat�ons, usually tak�ng �nto account
color var�at�ons w�th respect to only one of the four angular d�mens�ons.

Here, we der�ve a new approach for 3D render�ng of automot�ve
and other gon�o-apparent coat�ngs, wh�ch �s a ded�cated form of m�cro-
facet models. It a�ms at �mproved color accuracy as compared to the cur-
rent computat�onally �nexpens�ve methods, comb�ned w�th h�gher com-
putat�onal speed and lower cost as compared to current color-accurate
render�ng techn�ques. The new approach ut�l�zes a recently developed
phys�cal analys�s method, �ntroduc�ng flake-based parameters and
�sochromat�c l�nes, for the reflect�on propert�es of automot�ve coat�ngs.
Th�s makes �t more accurate than current fast render�ng methods. The
new method naturally leads to two- rather than three-d�mens�onal Look-
Up Tables, wh�ch expla�ns the small computat�on t�me �t needs. We
show that when appl�ed to 3D render�ng, th�s method �ndeed leads to
accurate 3D render�ng of automot�ve coat�ngs wh�le requ�r�ng reduced
computat�on t�mes. For numer�cal errors found �n some spec�al cases,
solut�ons are found and tested.

nonlinear estimation of Chromophore Concentrations, shading, and
surface reflectance from five band images, Misa Hirose,
Mai Kuroshima, and Norimichi Tsumura, Chiba University (Japan) . . 161
In th�s research, we propose to est�mate �mages of f�ve components that
are melan�n, oxy-hemoglob�n, deoxy-hemoglob�n, shad�ng and surface
reflect�on from f�ve band �mages at the same t�me. For th�s purpose, we
bu�ld nonl�near est�mat�on method by us�ng Monte Carlo s�mulat�on of
l�ght transport �n mult�-layered t�ssue (MCML). The d�ffuse reflectance of
MCML �s converted to absorbance us�ng logar�thm and the absorbance
for each wavelength �s def�ned by a cub�c funct�on of chromophore con-
centrat�on. By us�ng the cub�c funct�on, chromophore concentrat�on �s
determ�ned to m�n�m�ze res�dual sum of squares of reflectance. To eval-
uate the est�mat�on accuracy, we generate numer�cal phantom of spec-
tral reflectance map. In generat�ng the numer�cal phantom, we acqu�re
the d�str�but�on of chromophore by apply�ng �ndependent component
analys�s (ICA) to sk�n color �mage. The spectral reflectance of MCML �s
allocated to the obta�ned chromophore d�str�but�on and the reflectance
map. As a result of evaluat�on, our proposed method �mproved the est�-
mat�on accuracy s�gn�f�cantly.
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The v�sual exper�ment was appl�ed to evaluate the h�gh correlat�on
between a structural parameter (�.e. p�gment s�ze) and the v�sual appear-
ance attr�bute related w�th texture (sparkle detect�on d�stance). Under
some f�xed env�ronmental cond�t�ons, as l�ght �ntens�ty, color tempera-
ture and geometry of the l�ght source, the sparkle detect�on d�stance was
evaluated by apply�ng the adjustment psychophys�cal method for two
panel sets (metall�c grays and blues), w�th known p�gment s�zes and col-
or�metry, w�th a small set of observers. The v�sual results show that a
greater the p�gment s�ze, a greater the sparkle detect�on, but w�th some
cons�derat�ons.

In future, we w�ll extend th�s method, even re�nforced apply�ng the
stat�st�cal des�gn of exper�ments (DOE), for understand�ng the relevance
and �nterplay of structural (s�ze, shape, concentrat�on, or�entat�on, etc.),
env�ronmental (�llum�nance level, color render�ng, geometry, etc.) and
color�metr�c (dark vs. l�ght background, chroma, etc.) factors on the
sparkle detect�on d�stance.

Comparing spectrophotometry and photography with hyperspectral
imaging for pigments’ Characterization on paintings, Anita Hayem-
Ghez1,2,3, Clotilde Boust1, Elisabeth Ravaud1, Gilles Bastian1, Michel
Menu1, and Nancy Brodie-Linder2; 1Centre de Recherche et de
Restauration des Musées de France, 2Université de Cergy Pontoise, and
3Fondation des Sciences du Patrimoine (France) . . . . . . . . . . . . . . 180
P�gments character�zat�on on pa�nt�ngs �s usually made w�th X-ray fluores-
cence, trad�t�onal false color photography and opt�cal m�croscopy. The
use of opt�cal techn�ques based on reflectance spectra, l�ke reflectance
spectrophotometry or hyperspectral �mag�ng, �s l�m�ted today to some case
stud�es. We would l�ke to �mprove these opt�cal techn�ques for p�gment
character�zat�on, because they are non-�nvas�ve and can g�ve a lot of �nfor-
mat�on. After compar�ng the ways to cal�brate to reflectance spectropho-
tometry and hyperspectral �mag�ng, we develop the two techn�ques for the
spec�f�c study of p�gments. We develop a Matlab program to analyze
(�dent�fy and quant�fy) reflectance spectra g�ven by spectrophotometry,
and a new methodology based on false color compos�tes to use hyper-
spectral �mages �n a s�mple way. The cho�ce of the spectral bands to �den-
t�fy p�gments takes �ts roots �n the max�m�zat�on of spectral d�fferences, and
leads to the generat�on of 3 false color compos�tes—called var�able com-
pos�tes FC1, FC2 and FC3 —to d�st�ngu�sh the p�gments of the four cate-
gor�es (blue, red, yellow and green). The results of spectrophotometry and
var�able compos�tes on a pa�nt�ng of the 17th century by French pa�nter
Eustache Le Sueur are encourag�ng and cons�stent w�th other techn�ques’
results. Our results should promote the use of spectrophotometry and
hyperspectral �mag�ng for p�gment character�zat�on �n the future.

interactive illumination invariance, Han Gong and Graham Finlayson,
University of East Anglia (UK) . . . . . . . . . . . . . . . . . . . . . . . . . . . 186
Illum�nat�on effects cause problems for many computer v�s�on algor�thms.
We present a user-fr�endly �nteract�ve system for robust �llum�nat�on-
�nvar�ant �mage generat�on. Compared w�th the prev�ous automated �llu-
m�nat�on-�nvar�ant �mage der�vat�on approaches, our system enables
users to spec�fy a part�cular k�nd of �llum�nat�on var�at�on for removal.
The der�vat�on of �llum�nat�on-�nvar�ant �mage �s gu�ded by the user
�nput. The �nput �s a stroke that def�nes an area cover�ng a set of p�xels
whose �ntens�t�es are �nfluenced predom�nately by the �llum�nat�on var�-
at�on. Th�s add�t�onal flex�b�l�ty enhances the robustness for process�ng
non-l�nearly rendered �mages and the �mages of the scenes where the�r
�llum�nat�on var�at�ons are d�ff�cult to est�mate automat�cally. F�nally, we
present some evaluat�on results of our method.

gloss and Material Constancy in the Change of Light source size,
Masanori Maki1, Ryota Domon1, Shoji Yamamoto2, and Norimichi
Tsumura1; 1Chiba University and 2Tokyo Metropolitan College of Industrial
Technology (Japan) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
It �s well-known that gloss appearances are observed as the results of
assoc�at�on among var�ous phys�cal factors. In order to analys�s th�s
assoc�at�on, percept�on for constancy �s very �mportant character�st�c

features. In th�s paper, therefore, we ver�fy the �nfluence �n gloss and
mater�al constancy under the art�f�c�al env�ronment by chang�ng the
shape and s�ze of l�ght source. We performed two type observat�ons �n
subject�ve evaluat�on, one �s the “gloss appearance” wh�ch �s ma�nly
observed the d�str�but�on of specular reflect�on, and the other �s “mater-
�al appearance” wh�ch �s ma�nly observed all d�str�but�on of specular
and d�ffuse reflect�on �nfluenced roughness as whole appearance of
object. We prepared two k�nds of object wh�ch has d�fferent roughness,
and four k�nds of l�ght �mage generated by LCD projector. A pa�red com-
parat�ve exper�ment was performed under d�fferent l�ght source w�th real
object. As the result, there was no obv�ous gloss constancy when we
observed only the d�str�but�on of specular reflect�on, s�nce the shape and
s�ze of l�ght source gave a great �nfluence to the gloss percept�on. On
the other hand, an effect of mater�al constancy appeared when we
observed all d�str�but�on of specular and d�ffuse reflect�on �nfluenced
roughness as whole appearance of object.

the Correlation of reproduction and recovery angular errors for
similar and diverse scenes, Roshanak Zakizadeh and Graham D.
Finlayson, University of East Anglia (UK) . . . . . . . . . . . . . . . . . . . 196
Illum�nant est�mat�on algor�thms are usually evaluated by measur�ng the
angular error between the RGB vectors of the est�mated �llum�nant and
the ground-truth �llum�nant (recovery angular error). However, the recov-
ery angular error reports a w�de range of errors for a g�ven �llum�nant
est�mat�on algor�thm and a g�ven scene v�ewed under mult�ple l�ghts
(desp�te the fact that when the est�mated l�ghts are d�v�ded out the repro-
duct�ons are s�m�lar). Follow�ng th�s observat�on, the reproduct�on angu-
lar error was proposed wh�ch �nstead measures the angle between the
RGBs of a wh�te surface be�ng color corrected by d�v�d�ng out the est�-
mated �llum�nant RGB and R=1, G=1 and B=1 (�.e. wh�te �f the �llum�-
nant �s correctly d�scounted). In th�s work we look at the correlat�on
between the two metr�cs for each �nd�v�dual algor�thm appl�ed on a set
of �mages. We observe that where the �mages are from the same scene
under d�fferent �llum�nat�ons the recovery and reproduct�on errors are
often uncorrelated. Whereas when the same algor�thm �s appl�ed on the
�mages of d�verse scenes the two errors are h�ghly correlated.

Construction of Manga Materials database for analyzing perception of
Materials in Line drawings, Yuma Saito, Keita Hirai, and Takahiko
Horiuchi, Chiba University (Japan) . . . . . . . . . . . . . . . . . . . . . . . 201
Interest �n the v�sual percept�on of the mater�als that objects are made of
has been grow�ng. Most past stud�es on v�sual mater�al-category percep-
t�on have used st�mul� w�th r�ch �nformat�on such as color, shape, and
texture. However, we can d�st�ngu�sh mater�al categor�es from even s�m-
ple black-and-wh�te l�ne draw�ngs. Th�s paper presents a new attempt to
analyze mater�al percept�on from Japanese “manga” com�cs wh�ch are
composed of l�ne draw�ngs typ�cally pr�nted �n black and wh�te. In th�s
study, we f�rst collected 400 mater�al objects captured from manga
com�cs, and created 400 correspond�ng patches that were close-up
�mages of the objects and that excluded shape �nformat�on. Through psy-
chophys�cal exper�ments, 274 pa�rs of �mages g�v�ng cons�stent mater�-
al �mpress�ons to observers were chosen. Accord�ng to our exper�ments,
observers could d�st�ngu�sh mater�al categor�es from patches w�th on
accuracy of 88.4%. Then for each mater�al, we �nvest�gated the low-
d�mens�onal �mage features that contr�buted to the mater�al percept�on
of black-and-wh�te draw�ngs. In part�cular, we found �mage features that
represented metals very well.

non-Contact Video based estimation for heart rate Variability
spectrogram using ambient Light by extracting hemoglobin
information, Kouki Kurita, Taku Yonezawa, Mai Kuroshima, and
Norimichi Tsumura, Chiba University (Japan) . . . . . . . . . . . . . . . . .207
Non-contact v�deo based heart rate est�mat�on has great var�ous potent�al
�n areas such as med�cal, health care, and affect�ve comput�ng. Recently,
the methods us�ng a d�g�tal camera for remote heart rate (HR) measure-
ment are w�dely spread. However, the accuracy of these methods are not
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des�gned a psychophys�cal exper�ment to measure �f CA can be meas-
ured and we show a f�rst approach for establ�sh�ng a metr�c for CA
through colour nam�ng.

Measuring human skin Colour, Mengmeng Wang1, Kaida Xiao2,
Sophie Wuerger2, Vien Cheung1, and Ming Ronnier Luo1,3; 1University of
Leeds (UK ), 2University of Liverpool (UK), and 3Zhejiang University
(China) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230
Human sk�n colour measurements from four ethn�c groups �nclud�ng 188
subjects were accumulated. F�ve to ten locat�ons of each subject were
measured by us�ng two d�fferent �nstruments, a tele-spectrorad�ometer
and a spectrophotometer. Three repeated measurements were accumu-
lated for each locat�on. Repeatab�l�ty of the measurements at d�fferent
locat�ons from d�fferent ethn�c�t�es was exam�ned us�ng the mean CIELAB
colour d�fference from the mean (MCDM). The colour d�str�but�on
between d�fferent locat�ons of d�fferent ethn�c groups was also stud�ed
by plott�ng the data �n a*b* and L*C*ab planes. Systemat�c trends were
found between d�fferent ethn�c�t�es and �nstruments.

assessing the Quality of two Led based Cie illuminant simulators,
Haiting Gu1, Ming Ronnier Luo1, 2, Xiaoyu Liu1, 3, Yang Yang1, and
Binyu Wang4; 1Zhejiang University (China), 2University of Leeds (UK),
3Harbin Engineering University (China), and 4Thousand Lights Lighting
Limited (China) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235
CIE D50 and A s�mulators based on a mult�-channel LED system were
evaluated and compared w�th those based on convent�onal fluorescent
and tungsten sources. A psychophys�cal exper�ment was carr�ed out for
cr�t�cally evaluat�ng the colour d�fference of 30 metamer�c pa�rs. The
results showed that LED l�ght�ng based on 9 channels can successfully
ach�eve the des�red qual�ty spec�f�ed by ISO 3664:2008(E) v�ew�ng
cond�t�ons for the appl�cat�ons of graph�c technology and photography.
In the v�sual exper�ment, �t was found that LED s�mulator outperformed
the convent�onal fluorescent s�mulator under D50 �llum�nant, and gave
s�m�lar performance as the tungsten s�mulator under A �llum�nant.
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8:00 – 12:30
W1: Camera Color Characterization Workshop
Organized by Dietmar Wueller, Image Engineering GmbH & Co. KG
(Germany); Moderated by Sabine Süsstrunk, EPFL (Switzerland)

Th�s workshop covers the whole process of camera character�zat�on �n
theory and pract�ce; a talk �s prov�ded on all �mportant aspects.

Many camera manufacturers st�ck to old test chart based color
character�zat�on methods because they reluctant to change a runn�ng
system or have not fully understood what modern technology can do.

The goal of the workshop �s to �dent�fy and demonstrate known
�ssues �n th�s process and prov�de potent�al solut�ons us�ng the latest tech-
nology l�ke mult�spectral LED l�ght sources �n comb�nat�on w�th �n s�tu
measured spectral rad�ances of natural objects and modern �mplemen-

suff�c�ent enough to calculate heart rate var�ab�l�ty (HRV) accurately. If HRV
are measured w�th h�gh accuracy, we can v�sual�ze the sympathet�c nerve
system by calculat�ng heart rate var�ab�l�ty spectrogram (HRVS).

In th�s paper, we propose a method of HR and HRV spectrogram
est�mat�on by analyz�ng extracted hemoglob�n concentrat�on from fac�al
color �mages. Our method does not requ�re any spec�al camera.
Furthermore, �t �s poss�ble to have a stable presumpt�on even under the
amb�ent l�ght sources. As a result, we could obta�n 99% accuracy of HR
and HRV spectrogram w�th the same accuracy electrocard�ogram.
Therefore we succeeded to �dent�fy whether part�c�pants were relaxed or
stressed us�ng convent�onal DSLR camera.

Mutual illumination photometric stereo without Calibration, Christopher
Powell and Graham D. Finlayson, University of East Anglia (UK) . . . .212
Recover�ng three-d�mens�onal shape from two-d�mens�onal �mages �s a
long-stand�ng problem �n computer v�s�on. F�rst proposed �n the 1980s,
photometr�c stereo has matured to the po�nt that accurate recovery of com-
plex shapes and surfaces has become ach�evable. However, such meth-
ods typ�cally demand mult�ple �mage captures, h�ghly controlled scene
cond�t�ons and elaborate exper�ment des�gns wh�ch requ�re cal�brat�on.
Bu�ld�ng on prev�ous work, we propose us�ng a var�ant of photometr�c
stereo wh�ch needs only a s�ngle �mage of an object �n a colourful env�-
ronment and we now remove the requ�rement of a cal�brat�on step. Instead
we bu�ld an ent�rely synthet�c graph�cs model of our capture env�ronment
(a colourful box) and carry out a synthet�c cal�brat�on. The val�d�ty of th�s
approach �s demonstrated by bench-mark�ng real world exper�ments
aga�nst ground truth data and compar�son w�th prev�ous work.

performance evaluation of Jpeg, Jpeg2000, and new Csi-Jpeg
algorithms by incorporating different Color spaces,
Muhammad Safdar1, M. Ronnier Luo1,2, and Xiaoyu Liu3; 1Zhejiang
University (China), 2University of Leeds (UK), and 3Harbin Engineering
University (China) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .219
In the current work, seven d�fferent color spaces were �nvest�gated
�nclud�ng sRGB, YCbCr, YCoCg-R, RDgDb, CIELAB, IPT, and CAM02-
UCS by �ncorporat�ng �nto JPEG1992, JPEG2000 and new JPEG. The
pr�me object�ve of th�s work was to compare the performance of CSI-
JPEG w�th that of JPEG1992 and JPEG2000. Psychophys�cal exper�-
ments were also performed to exam�ne v�sual appearance of the com-
pressed and decompressed �mages. Compress�on performance was
exam�ned for d�fferent color spaces by us�ng measures l�ke SNR, PSNR,
MSE, CIEDELAB and CIEDE2000. The results showed that CSI-JPEG
algor�thm prov�ded about 20-30% more compress�on rate compared to
JPEG1992 algor�thm for same color d�fference. Moreover, CAM02-UCS
was found to perform best �n terms of compress�on rate and �mage qual-
�ty for all three algor�thms. The CAM02-UCS was found s�gn�f�cantly bet-
ter compared w�th l�near color spaces but CIELAB, CIELUV, and IPT were
�ns�gn�f�cantly better. Th�s also �mpl�es that �t �s v�sually more un�form
than CIE un�form color spaces. Results also showed that performance d�f-
ference of CSI-JPEG and JPEG2000 was not s�gn�f�cant but both per-
formed s�gn�f�cantly better compared w�th JPEG1992.

a pilot study on evaluating Common appearance and a Color naming
approach to Measure it, Philipp Tröster, Robin Schwanse, and Andreas
Kraushaar, Fogra Institute (Germany) . . . . . . . . . . . . . . . . . . . . . . 224
If an �mage, for example a company logo �s shown on d�fferent dev�ces
the degree of colour cons�stency amongst th�s set of st�mul� can be
def�ned as common appearance (CA). Because of the expand�ng num-
ber of dev�ces w�th h�gh dynam�c range of �mag�ng and w�th h�ghly
vary�ng colour gamuts th�s �ssue becomes more and more �mportant.
Unfortunately convent�onal and establ�shed colour�metry, where usually
two patches or �mages are compared s�de by s�de or through a med�a
relat�ve approach, �s not suff�c�ent, because the used metr�cs are devel-
oped for small colour d�stances. Establ�sh�ng a measurement-tool for
large colour d�fferences and mult�ple reproduct�ons s�de by s�de requ�res
approaches that go beyond class�c colour�metry. In th�s paper we

October 19 - 23, 2015 • Darmstadt, GermanyCIC23

©2015 Society for Imaging Science and Technologyx



tat�ons of color look up tables so that part�c�pants get all the �nformat�on
they need to �mplement advanced color correct�on �n the�r cameras and
software.

The follow�ng top�cs w�ll be covered:
Why Cameras need to be Characterized and Calibrated,
Kevin Matherson, Microsoft Corporation (USA)
target-based versus spectral Camera Calibration, Eric Walowit (USA)
target-based versus In Situ spectral training data, Dietmar Wueller,
Image Engineering GmbH & Co. KG (Germany)
impact of Color Correction on general image Quality
CCM versus Color Lookup tables
potential rec2020 impact on Color Correction in Cameras, Nick Bulitka,
Lumenera Corporation (Canada)
demonstration of spectral Characterization and implementation of the
data

9:00 – 12:30
W2: Multi-disciplinary Challenges in the Measurement and
reproduction of skin Colors Workshop
Chair: Kaida Xiao, University of Liverpool (UK)

The mot�vat�on beh�nd th�s workshop �s to br�ng together pract�t�oners
and academ�cs from a range of d�sc�pl�nes to explore the outstand�ng
�ssues �n the measurement, reproduct�on, and percept�on of sk�n, w�th a
part�cular emphas�s on sk�n �mag�ng. The overall goal �s to understand
more deeply what the most press�ng challenges are �n th�s area and st�m-
ulate cross-d�sc�pl�nary collaborat�ons that m�ght help address these
�ssues. The follow�ng speakers w�ll present:

fundamentals of skin Color reproduction for tele-Medicine, Francisco
Imai, Canon USA (USA)
Th�s talk covers how to character�ze and model �mag�ng systems for
accurately captur�ng ground truth sk�n �mag�ng and reproduc�ng the
appearance on d�splays emphas�z�ng the need for a perceptual metr�c
to assess the performance of the reproduct�on. Appl�cat�ons for tele-med-
�c�ne on appearance of fac�al sk�n, endoscopy and odontology w�ll be
d�scussed.

a Multispectral imaging system for dermatology studies, Wei-Chung
Cheng, US Food and Drug Administration (USA)
A mult�spectral �mag�ng system was developed to obta�n the spectral
�magery �n the d/0⁰ l�ght�ng geometry. The system �mages sk�n �n a Ø65
mm c�rcle and reports the spectrum between 380 and 780 nm for each
of the 113 thousand p�xels. The sampl�ng s�ze of every p�xel �s approx-
�mately 113x113 μm2. The �llum�nat�on �s a tunable l�ght source d�ffused
by an �ntegral sphere. The detector �s a fully cal�brated sc�ent�f�c camera
set up at 0 degrees. The system �s dr�ven by computer software to cap-
ture an �mage �n 4 seconds and then generate the spectra w�th�n 30 sec-
onds. Compared w�th typ�cal spectrophotometers, the mult�spectral
�mag�ng system prov�des per-p�xel spectral data of a larger area, wh�ch
enable researchers to study spectral propert�es of sk�n d�sease �nclud�ng
melanoma and other p�gmented les�ons.

uncertainty of skin Colour Measurement and database, Mengmeng
Wang, University of Leeds (UK)
Sk�n colour �s �mportant for colour reproduct�on and sk�n d�sease d�ag-
noses. For measur�ng sk�n colour, tele-spectrorad�ometers (TSRs) and
spectrophotometers (SPs) are two w�dely used �nstruments for sk�n colour
measurement. In th�s study, the short-term repeatab�l�ty and sk�n colour
d�str�but�on of ten and f�ve locat�ons of 188 subjects from four ethn�c
groups, �nclud�ng 86 Or�ental, 79 Caucas�an, 13 South As�an and 10
Afr�ca, wh�ch measured by these two k�nds of �nstrument were �nvest�gat-
ed. Each of the locat�on was measured three t�mes. The short-term
repeatab�l�ty was determ�ned through the mean colour d�fference from
the mean (MCDM), wh�ch �s the mean colour d�fference (ΔE*ab)
between each of the three repeat measurement and the�r mean CIELAB

values. From the MCDM values of d�fferent �nstruments and ethn�c�t�es
can see, the short-term repeatab�l�ty of these two �nstruments �s d�fferent.
The MCDM value of TSR �s about tw�ce to the SP’s. Apart from Afr�can
group, the short-term repeatab�l�ty of d�fferent ethn�c groups �s s�m�lar.
The sk�n colour d�str�but�on of d�fferent ethn�c�t�es and �nstruments were
�nvest�gated through plot the mean CIELAB value on a*b* and L*C*ab
planes. Compar�ng the measurement results of two �nstruments can see,
the TSR’s �s lower �n l�ghtness than the SP’s. The hue angle and chroma
of two �nstrument’s measurement results agrees well. The d�str�but�on of
two �nstruments measurement results �s s�m�lar. They both showed a trend
that l�ghter sk�n colour �s h�gher �n l�ghtness and lower �n chroma, except
the Afr�can group.

skin Colour gamut for different ethnic groups, Changjun Li, University of
Science and Technology Liaoning (China)
The gamut of surface colour was cons�dered by M�ke Po�nter �n 1980
and was ref�ned by ISO �n 2007. However, the sk�n colour gamut �s
much smaller than that. In th�s talk, the sk�n gamut for all ethn�c m�nor�-
t�es such as Caucas�an, Ch�nese and Tha�land and so on, as a whole
w�ll be g�ven and compar�sons on gamuts from d�fferent ethn�c m�nor�-
t�es w�ll be g�ven as well.

physics and physiologically-based skin Color image analysis and
synthesis, Mai Sugawara and Norimichi Tsumura, Chiba University (Japan)
Reproduced sk�n appearance such as color, texture and translucency
depend on �mag�ng dev�ces, �llum�nants and env�ronments. As a result of
the recent progress of color management technology, �mag�ng dev�ces
and the color of an �llum�nant can be cal�brated by dev�ce prof�les to
ach�eve h�gh-f�del�ty appearance reproduct�on. However, the h�gh-f�del�-
ty reproduct�on �s not always effect�ve �n the pract�cal �mag�ng systems
used for fac�al �mag�ng; therefore, add�t�onal funct�ons for color, texture
and translucency reproduct�on are requ�red �n h�gh qual�ty fac�al �mage
reproduct�on. We named these funct�ons as E-cosmet�c funct�ons, and we
bel�eve the E-cosmet�c funct�on should be phys�cs based and phys�olog�-
cally based process�ng for h�gh qual�ty fac�al �mage reproduct�on. In th�s
manuscr�pt, therefore, phys�cs and phys�olog�cally based �mage process-
�ng �s �ntroduced based on the extract�on of specular, hemoglob�n,
melan�n and shad�ng �nformat�on �n the sk�n color �mage.

9:00 – 12:30
W3: high dynamic range imaging & digital Camera Workflow
Chairs: Nicolas Bonnier, Apple Inc. (USA), and Harald Brendel, ARRI
(Germany)
Speakers: Nicolas Bonnier, Apple Inc. (USA); Jan Fröhlich, University of
Stuttgart (Germany); Stefan Grandinetti, Stuttgart University (Germany);
Timo Kunkel researcher, Dolby Laboratories (USA); and Erik Reinhard,
Technicolor (USA)

As d�g�tal c�nema workflows evolve, new technolog�es emerge br�ng�ng
h�gher resolut�on, h�gher frame-rate, h�gher dynam�c range, and w�der
gamut. In part�cular, cameras manufacturers are develop�ng �nput
dev�ces captur�ng an always-h�gher dynam�c range wh�le projectors and
mon�tors gradually �mprove and d�splay h�gher and h�gher dynam�c
range. D�fferent aspects of the d�g�tal c�nema workflow such as the
�mage render�ng, the encod�ng range and format, the color space, the
color sampl�ng, the supported dynam�c range, and the bandw�dth w�ll
have to be recons�dered to adopt these emerg�ng H�gh Dynam�c Range
(HDR) technolog�es.

The workshop rev�ews emerg�ng HDR technolog�es �n d�g�tal c�ne-
ma, evaluates the l�kel�hood of the�r adopt�ons by the commun�ty, and
d�scusses the �mpact of the�r adopt�ons on the d�g�tal c�nema workflow.
The a�m �s to br�ng together researchers from both the �ndustry and aca-
dem�a to �dent�fy opportun�t�es and challenges w�th�n th�s f�eld. The
workshop starts w�th a ser�es of �nv�ted talks from establ�shed
researchers from lead�ng compan�es, organ�zat�ons, and un�vers�t�es
who w�ll focus on part�cular aspects of the f�eld.

x�23rd Color and Imaging Conference Final Program and Proceedings



�s essent�al for a spectral based approach to ensure a correct color
reproduct�on �n mov�e data creat�on. We present a thoroughly docu-
mented data set of spectral power d�str�but�ons of typ�cal f�lm and TV
l�ght�ng. The data set can be used to create more prec�se camera char-
acter�zat�ons and help to develop spectral color process�ng p�pel�nes.
Furthermore, the spectral power d�str�but�on data set can be employed
to detect and val�date overaged or damaged l�ght�ng, by compar�ng
the�r spectra to our reference measurement.

15:40 theoretical implementation of the Color inconstancy index for
gonio-apparent automotive Coatings, Francisco M.
Martínez-Verdú, Esther Perales, Elísabet Chorro, Valentín Viqueira,
Bárbara Micó-Vicent, and Omar Gómez, University of Alicante
(Spain) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255

Color �nconstancy �ndex (CON), well stabl�shed and recommended by
the ISO 105-J05 normat�ve, �s usually appl�ed on text�le sol�d colors,
and not on gon�o-apparent ones. In th�s work we propose a fast and
easy �mplementat�on and v�rtual color assessment of th�s color�metr�c
�ndex for these �nnovat�ve colors, often used �n many �ndustr�es as auto-
mot�ve, cosmet�cs, computer graph�cs, plast�cs for electron�c consumers,
pr�nt�ng �nks, etc.

Instead us�ng the ∆E CMC(1:1) color d�fference formula, the ∆E
AUDI2000 formula for the s�x measurement geometr�es recommended
by the ASTM E2194 normat�ve was used s�mulat�ng the theoret�cal v�su-
al assessment �n a d�rect�onal l�ght�ng booth, and appl�ed on some d�f-
ferent panel sets, as the off�c�al AUDI palette composed by 117 colors,
both sol�d, metall�c and pearlescent. The theoret�cal d�rect�onal l�ght�ng
booth can select d�fferent standard �llum�nants (A, D65 as reference,
and F11), dayl�ght fluorescent s�mulators (D50, etc.) and l�ght sources
(as wLED, etc.).

The results showed that spectral reflectances w�th low chroma and
l�ghtness lead to m�n�mum CON �ndex. But, spectral reflectances w�th
h�gh chroma and m�ddle l�ghtness lead to max�mum CON �ndex.
Add�t�onal �nterest�ng conclus�ons were also der�ved. For �nstance, for
near-specular geometr�es the CON �ndex �s max�mum due the h�gh var�-
ab�l�ty or contrast �n the photometr�c scale of the spectral reflectance
(h�gher to the convent�onal 100 %). Although the spectral content of the
l�ght source clearly �nfluences on the CON �ndex of a color panel, d�f-
ferent relat�ve spectra can prov�de d�fferent color travels �n the same
panel, and then h�gh CON �ndex, as for �nstance A vs. D65, or F11 and
D65, or wLED vs. D65.

16:00 Closing remarks

The follow�ng stages of the d�g�tal c�nema workflow are covered:
camera capture, color grad�ng and post-product�on, master�ng, d�str�bu-
t�on and broadcast�ng, and d�splay. The current state of standard�zat�on
efforts by lead�ng organ�zat�ons such as the Academy of Mot�on P�cture,
Art and Sc�ence, SMPTE and MPEG �s also d�scussed.

12:30 – 14:00 — Lunch Break

Closing Keynote and best paper awards
Session Chair: Vien Cheung, University of Leeds

14:00 – 15:00

14:00 3d printing: building rich and seamless Workflows for
advanced fabrication, Scott White, Hewlett-Packard Company
(Spain) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239

3D Pr�nt�ng and Add�t�ve Manufactur�ng technolog�es are evolv�ng rap-
�dly. Mater�als and processes are be�ng created and ref�ned to fabr�cate
compell�ng and useful objects for a w�de array of �ndustr�es. The d�g�tal
p�pel�ne from des�gn to fabr�cat�on �s evolv�ng as well, but there are
many challenges assoc�ated w�th match�ng des�gners’ �ntent to fabr�cat-
ed objects, espec�ally for advanced v�sual and mechan�cal propert�es.
Meet�ng these challenges w�ll requ�re effort across the ent�re 3D pr�nt�ng
ecosystem and, �n some cases, requ�re ent�rely new ways to spec�fy and
encode pr�nt�ng data.

bright ideas and Closing remarks
Session Chair: Peter Bodrogi, Technische Universität Darmstadt

15:00 – 16:10

15:00 encoding Color difference signals for high dynamic range and
Wide gamut imagery, Jan Froehlich1, 2, Timo Kunkel1, Robin
Atkins1, Jaclyn Pytlarz1, Scott Daly1, Andreas Schilling3, and
Bernd Eberhardt4; 1Dolby Laboratories Inc. (USA), 2University of
Stuttgart, 3University of Tübingen, and 4Stuttgart Media University
(Germany) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240

H�gh dynam�c range and w�de color gamut are currently be�ng �ntro-
duced to telev�s�on and c�nema. Th�s extended �nformat�on requ�res not
only more eff�c�ent s�gnal encod�ngs, but also �mproved color spaces.
Due to the �ncreas�ng var�at�on �n d�splay capab�l�t�es, �t �s des�rable to
have a color s�gnal encod�ng that �s not only su�table for eff�c�ent quan-
t�zat�on but also for color volume mapp�ng.

Wh�le an eff�c�ent method for h�gh dynam�c range lum�nance
encod�ng has been put forward, a s�m�lar encod�ng scheme for color d�f-
ference s�gnals �s not yet ava�lable. We address th�s w�th a novel color
space representat�on that can be used for both eff�c�ent encod�ng of h�gh
dynam�c range and w�de gamut color d�fference s�gnals as well as col-
or volume mapp�ng. We compare the performance, robustness and
complex�ty aga�nst other color spaces �n a var�ety of usage scenar�os.

15:20 a spectral database of Commonly used Cine Lighting,
Andreas Karge, Jan Fröhlich, and Bernd Eberhardt, Stuttgart
Media University (Germany) . . . . . . . . . . . . . . . . . . . . . . 248

In recent years, mult�ple methods have been publ�shed that descr�be how
to est�mate the spectral response of a camera system or object
reflectance spectrum. These methods are becom�ng �ncreas�ngly �mpor-
tant for the color process�ng p�pel�ne �n mov�e product�ons. Know�ng the
spectral power d�str�but�on of l�ght sources used �n a mov�e product�on
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