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Abstract ment. At the same time, the processes can be simplified and
made less time-consuming. Such solutions will have the
In this paper we describe the partial results of a collaboratjpetential of strengthening smaller production environments
research project conducted by researchers at Gjgvik Univgith limited resources and increasing the possibilities for
sity College and Lillehammer University College. The goalistributed production of video material.
of the project is to develop methods and tools to improve theln a collaborative research project involving researchers
control of color information in the production and presentgom the neighboring institutions Gjgvik University Col-
tion of digital video. The project represents a unique attemgge (GUC) and Lillehammer University College (LUC), it
to bring together two scientific communities — graphic angas decided to investigate further into this interdisciplinary
and television/video production — on a theme of commeifea of research and development. The research project was
interest, namely color. We have investigated the color qufiinded by Morgenlandet AS, a regionally based company
ity achieved by a system for digital distribution and presewich aims for restructuring and innovation, and has a du-
tation of cinema commercials. Our results show that thgtion of two years (2002-2003). It brings together two sci-
“quality bottleneck” is the digital projector. Especially irentific communities — color science and color management
large theaters, the “business-type” projector does not yigiginly for graphic arts applications at GUC, and video, tele-
sufficient image quality. vision, and film production at LUC.
In a recent interview, Garrett Smith of Paramount Pic-
) tures states, when discussing the problems with varying as-
1 Introduction pect ratio in digital television: “Please be careful before you
trespass on the visual integrity of these motion pictures”
Ever since the beginning of the color film era, color adjugtEisher, 1999). This quote can serve as a motivation for the
ment has been a permanent area of difficulties in the ppesent study. Whether the film-maker's goal is to convey
duction of moving pictures (Roderick, 1976). The use @alism — a sense of ‘being there’ — to invoke certain emo-
several cameras simultaneously or at different times and ybns, or to use the diverse symbolic meanings of color, color
der varying lighting conditions, results in varying color rens a very important part of the visual integrity of motion pic-
dering in the different captured shots. When these shots gjies (Jgrholt, 1998). Our overall goal is to make sure that
edited together, the colors must be harmonized, and thistfes creative use of color in the production of all types of
quires substantial manual adjustments. The fact that shefving pictures is not compromised because of technolog-
are often taken under lighting conditions which are diffefcal limitations. Obviously, a great deal of what it would
ent from the those desired to tell the story, has also ledtife to achieve this lies completely out of our reach, so we
extensive color corrections by use of color filters and labgecided to limit our scope to digital video. This is partly
ratory chemicals. because of the obvious flexibility inherent to digital video
The introduction of video technologies changed the mefvocessing using today’s powerful computers, but also be-
ods of work, but color corrections remained a tedious preause digital video technology is now very quickly replac-
cess, requiring expensive equipment for use in professiojg traditional film technology for many applications. This
environments. The transition from analog to digital videig particularly true for amateur video production and digi-
now opens the possibilities for developing methods of videgl broadcast television, but also the concepdigital cin-
color management, by applying principles similar to thoggnais now being introduced (Manovich, 2001; Korris and
already in use for digital image reproduction on various mgtacedonia, 2002).
dia (Kraushaar and Gall, 2002). Digital video color manage-we have identified four different research topics of par-

ment can potentially be implemented using common cogftular interest (Andreseet al, 2001):
puter platforms, and equipment which cost a fraction of to-

day’s dedicated video editing and color correction equip-1. Color management in the acquisition of digital video.



This topic includes problems such as automatic whiteprobable that this might be a first step towards using dig-
balance, colorimetric characterization of cameras, aital technology also for feature length movies. This defini-
the use of color targets in the acquisition process. tively increases the relevance and interest of examining the

digital cinema commercials system in a D-Cinema context
2. Color control for editing of digital video. Here we payKorris and Macedonia, 2002).

specific attention to the tasks typically performed by a
colorist — adjusting colors of video sequences in ord;ér Th
to obtain certain effects/moods, and also to match ff e2 e system

colors of other sequences (Hardebetgl., 2002). The digital cinema commercials system is managed by
a Norwegian private company, which through association

3. Color characterization of monitors used in the prOdu\(/:\/'ith other companies, controls both the technical and com-

tion of digital v@eq. Here we investigate how COIOE)nercial aspects of the distribution and projection of com-
management principles, typically ICC-based, can

e . : ; .
) i ; . . . Hnermals, and to a certain extent also their production. There

applied to a video production environment in whic

several different monitors are used simultaneously.

are no longer any alternatives for traditional distribution and
projection of analog 35mm cinema commercials.

4. Color quality of projective displays used for presenta- In the system, the commercials are first digitized us-

tion of digital video. The use of digital projective disi"9 telecine equipment, if they are produced on traditional

plays for the presentation of moving pictures is grow?’-5mm film. However, more and more commercials are now

ing rapidly, both in a home theater environment, arfjoduced digitally. The change towards digital production
in public movie theaters. However, very little scientifi@@S Probably been accelerated because of the fact that the

work has been published on the colorimetric chargwo main channels where the commercials are shown, tele-

terization of such displays, and on the resulting col¥iSion and cinema, now both make extensive use of digital

quality. Does the quality match conventional cinenf§chnology for distribution and presentation.

technology? Does the presented colors appear the way e digital footage, typically either in DigiBeta or DV

the producer intended them? We address these qignat, is then compressed to 15 Mbit/s using the MPEG-2
tions both through visual assessments and by using sgheme, and distributed to the movie theaters by satellite.
vanced measurement instruments such as a spectrlﬂéhe theaters, the commercials are stored and managed on

diometer (Hardebergt al, 2003; Seime and Harde-dedicated computer systems. _
berg, 2003). Finally, typically just before the feature movie presenta-

tion, preprogrammed sequences of commercials, so-called
In sum, our overall approach to color management in digplaylists,” are presented using digital projectors. One in-
ital video is to strive for consistent, repeatable, and auteresting feature of the system is that the selection of com-
matic processing of color information in all parts of the pranercials can easily be targeted towards the audience of par-
duction and presentation chain, except in the editing phatsgylar movies.
where creativity is desired. The projectors used in the system are of two main types,
In this paper we present the results of the fourth reseahigh-resolution digital cinema projectors using 3-chip DLP
topic above. First, in Section 2 we describe a new systégehnology, and conventional business-type projectors using
for digital distribution and presentation of cinema commel:CD technology. The differences in price, spatial resolu-
cials. In Section 3 we present our analysis of the quality i#n, and brightness are indeed non-negligible.
the images produced by this system, before concluding in

Section 4. i '
ection 3 Quality analysis

2 Digita| video in cinema theaters Within the framework of a collaborative research project fo-
cusing on color issues in the production and presentation of

digital video, we decided to examine this new system, par-
ticular addressing its color image quality. The main goal of
In the beginning of 2002 a system for digital distributioour project was to carry out qualitative and quantitative mea-
and presentation of cinema commercials was introducedsurements and evaluations of different parts of the new sys-
Norway, and by now, almost all movie theaters use this sysm for distribution and projection of digital cinema com-
tem (Kleja, 2002). Although the introduction of digital cinmercials, in particular with regards to color and visual qual-
ema commercials has not created much public attentiontin The project has been carried out partially by students
Norway, there have been some voiced concerns aboutithenedia technology and graphic arts engineering (Dgvre
image/video quality produced by the system. et al, 2002).

To our knowledge, Norway is the first country to intro- Ideally, we would have preferred to compare the quality
duce digital technology at this scale into movie theaters.olttraditional 35mm film with that obtained with the digital

2.1 Introduction



system, but unfortunately we were not able to collect tef
material on traditional film, partially due to the fact that thg
commercials are now mostly produced digitally. We theré

fore decided to focus on whether the digital medium wg * 1 B0id you know that the cinema
used to its full potential, that is, if different parts of the sys 1 commercials are digial now?
tem induced quality reductions as compared to high quali o nolce a0 ich
digital video. The compression and projection stages we reduced the quality?

. . . 6 _ O Do you think this movie could
analyzed in particular. Important tools that were used in 0 have produced with beter

. . n . . " PR T 1 uality?

project include interviews and questionnaires, “blind testy 4 .
with a panel of observers, and spectroradiometric measu| - H
ments in which color changes due to compressionwere ey ‘ ‘ rh—\
Uated . Yes Not sure No

12

3.1 Visual tests

. 10 A "

In order to evaluate the quality of the system, we creats i et
a test movie containing elements from real movie commeg s Gualty of the digitl cinerma
cials as well as test sequences prepared by the Norweg mwhat do you think about the
Broadcasting Corporation.  This test movie, originally i °]
DV format, was compressed using the actual system, & .| OHow do you perceive the

. . . naturalness of the colours?
also using an MPEG-2 encoder with varying degrees

compression. We selected three different versions of t| 2
movie for further tests; the original DV version (25Mbit/s), | [l | ‘ ‘ il .
the version compressed by the system (15Mbit/s) and a v Very  Good  Quite  Qute  Poor  Very
sion compressed to 2Mbit/s. oot ot P e
First, the original DV version and and the cinema coni
mercial system version were shown to a panel of 16 o
servers in a movie theater, using the business-type projec o+ T

The panel was asked to answer nine questions by sel¢ I3 How well does the white on the
. . . 8 1 screen correspond with what
ing the most appropriate answer, see Figure 1. When asl should be white in the move?
about their first impression of the quality of digital cinemg | N endiion of detls mhe
H H movie?
commercials, only one person (6%) in the panel gave a né CWht do you think about the

ative answer. However, when asked if they noticed artifag *| total ity of the cigial
that reduced the quality, 15 persons (94%) answered yes| , |

Secondly, a quality evaluation experiment (“blind test”
was carried out. The three versions of the test movie we ©- _ _
shown simultaneously side by side, with one side mirrore] st oo w0 oo
as illustrated in Figure 2. The identities, i.e. compression
technology, of the movies were not identified to the panel. . . .
For each of the six possible combinations, the panel a'gure.l:. Res_ults of the quest.|onna|res concerning the qual-
asked to identify which side they considered to have bé%omlgnal cinema commercials.
quality. This corresponds to the quality evaluation protocol
known as pair comparison which is based on Thurstone’s
law of comparative judgment (Gescheider, 1985). No sig-
nificant quality difference was found between the uncom-
pressed DV version and the one compressed by the system,
in fact, equally many preferred one over the other. The one
compressed to 2Mbit/s was consistently judged to be of in-
ferior quality.

3.2 Measurement based tests

We also carried out spectroradiometric measurements ¢figure 2: Split screen arrangement for pair comparison
standard test image shown on a reference video monitobimd test. The scene shown is taken from Norsk Tipping’s
order to evaluate unwanted color changes due to the vide®nmercialTaxi Driver”

compression used in the system, see Figure 3.



The differences were relatively large — the average colgmoup, Sigmund Andresen, Sven Erik Skarsbg, and Jens-
difference over 12 test colors was 749, units, while a Uwe Korten, as well as the significant contribution made by
maximum difference of 16.A £, units occurred for blue. our students, Henning Dgvre, Rune Hofslundsengen, John
Generally the colors were desaturated by the compressioge Fgrland, and Robert Czari. We are also very grateful
It is remarkable that despite this difference, the test pamethe Norwegian Broadcasting Corporation and Norsk Tip-
did not find the compressed version to be of lower qualityping AS for providing video material, and to Gjgvik Cinema
for letting us use their theaters for our tests.
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