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Cinematic lighting can create an atmosphere and enhance the emotions of the charac-
ters. This project focuses on how lighting affects the emotional expression of 3d virtual
characters. A set of perceptual experiments are designed to investigate the effects of light
color, shadow intensity and realism of the characters. White, yellow and blue lights are
used to represent different color temperatures. The recognition of the emotion, emotion
intensity and genuineness of the emotion are used to measure the participants’ responses.
Shadow intensity and realism are proved to have effects on recognition, intensity and
genuineness of emotion. And they affect the perception differently according to different
kinds of emotions. The result doesn’t show that the provided light colors have effects on
emotional expression. Future work like running the experiments with more different light
colors is needed.
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Chapter 1
Introduction

This chapter is an introduction to the rest of the paper.

Chapter 2 provides background on cinematic lighting and the connection between
lighting and emotions. And it states related work about lighting and virtual charac-
ters' emotional expression, detailing why light color, shadow intensity and realism are
considered factors in the experiment. Section 3 presents the design of the experiment,
including what lighting conditions, characters and emotions were used, and how | set up
the measurements. Chapter 4 describes the implementation of the experiment, including
experiment settings, stimuli creation and the measurement scales. Chapter 5 discusses
the evaluation method and results. Finally, chapter 6 draws conclusions and discusses
future work.



Chapter 2

State of the Art

2.1 Background

2.1.1 Cinematic Lighting

Lighting is one of the most important and powerful tools in Im-making [Grodal (2005)].
Cinematic lighting refers to the process of controlling of both natural and arti cial light
sources in a scene. It includes manipulating both the intensity and color temperature of
the light sources, as well as setting up cameras to control the intensity of the light that
reaches the sensor.

Lighting is fundamental because it helps to create mood and atmosphere for the Im.
It guides the audience's eyes and re ects the mood of the characters. Cinematic lighting is
also widely used in animated Ims. Hengtaweesub (2017) proved that cinematic lighting
a ects the 3D animated scenes' emotional impact and story in detail.

2.1.2 Lighting and Emotions

Poland (2015) proved that di erent lighting conditions receive di erent levels of emotional
responses from the audience. They proposed that high-key lighting will cause audiences
to feel higher levels of positive emotions like happiness or humor. However, a Im in low
key will cause more feelings of suspense and mystery, etc.

More speci cally, Melo and Paiva (2007) studied lighting's e ect on creating emotions
for virtual characters. And Wisessing et al. (2020) designed perceptual experiments to ex-
amine if brightness and shadow intensity a ect the emotion expression of the characters.
They rendered a controlled set of stimuli varying in key-light brightness and shadow in-
tensity, and proved that brightness and shadow have some e ects on the emotion intensity
and appeal of the virtual characters.



2.2 Closely-Related Projects

This thesis focuses on the emotion expression of virtual characters under di erent lighting
conditions. According to Wisessing et al. (2020), | designed perceptual experiments to
record participants' response. They applied di erent brightness and shadow intensity to
virtual characters to see how these factors a ect the characters' appeal and emotions.
Based on that, | also researched light color's e ect on emotion expression, and considered
it as a variance to examine in the experiment.

In this research, di erent light colors and shadow intensity were applied to 4 characters.
Instead of appeal, | added genuineness of the facial expression as a measurement. In the
next sections, related research about these factors is stated.

2.2.1 Colors and Emotions

Early research [Hemphill (1996) and Mahnke (1996)] already showed that colors have an
impact on human's emotion and feelings. For example, according to the experiment of
treatment room lighting from Han and Lee (2017), blue and red lights strengthen the mood
states of depression, anger and confusion compared to yellow light, and emotions of vigor-
activity like happiness and humor were rated with higher scores under yellow light. But
research from Wexner (1954) showed that blue color has been associated with comfort and
security. And the experiment of Mahnke (1996) proved that red has positive impressions
such as active, warm, and passionate. Some evidence shows that these di erent e ects
of colors may be culturally-based. In all nations, black and red are seen as the colors of
anger. Black represents fear and red represents jealousy. However, Germans connected
envy and jealousy with yellow, Americans connected envy with black, green and red, and
Russians saw envy as black, purple and yellow [Hupka et al. (1997)].

Colors are also represented in temperature terms such as "warm" or "cool", according
to the dominant wavelength of the color. Cool colors like blue, green and purple are seen
as quiet and peaceful, and warm colors like red and yellow are considered stimulating and
active [Ballast et al. (2013)]. | decided to use warm and cool to represent di erent light
colors, and add normal (white) light as a middle value. A perceptual experiment from
Shahidi et al. (2021) use red, blue and white lights to test the e ect of color temperature.
Previous research shows blue and red both depression and anger [Han and Lee (2017)].
Instead of red light, | use yellow light to represent warm light, since it received more
emotions like active and hopeful [Mahnke (1996)].



2.2.2 Emotion Genuineness

Facial expressions often come from genuine emotion and remembered events [Dawel et al.
(2017)]. For example, someone displayed a sad expression because something bad hap-
pened, or someone laughed because they heard a hilarious joke. But in some situations, we
can see people acting or posing expressions, like smiling in a school photo without feeling
any real happiness. In this case, their facial expressions look fake and we don't actually
feel any emotion from them. Tinwell et al. (2011) ran an experiment to test the familiarity

and human-likeness of emotional characters. They found that fear, sadness, disgust and
surprise are more uncanny (less familiar and human-like), but anger and happiness have
less noticeable uncanniness. And in the research of Dawel et al. (2017), they applied a
neutral-midpoint scale to measure the participants' responses to genuineness. Their scale
starts from {7 (completely fake) to +7 (completely genuine), with a neutral midpoint at

0, which means don't know. So scores above 0 indicate genuine emotion, and those below
0 are treated as fake. Their perceptual experiments showed some connections between
di erent emotions and genuineness. So | decided to use genuineness as a measurement in
this research, and see if lighting conditions have some e ects on genuineness.

2.3 Summary

The perceptual experiment from Wisessing et al. (2020) showed that brightness and
shadow intensity can a ect the emotion intensity and appeal of the characters. Based
on the research about color and emotions, | added light color as a new factor to test in
my perceptual experiment. And | used genuineness as a new measurement according to
Dawel et al. (2017). 1 was also interested in the impact of characters' realism on emotion
perception. Previous research like MacDorman et al. (2009) shows that di erent levels of
realism a ect human-likeness and attractiveness of the virtual characters.

Therefore, | hypothesized that light color, shadow intensity and realism can a ect the
emotion expression of virtual characters. | presented a large number of stimuli to the
participants and used recognition, intensity and genuineness as measurements for this
perceptual experiment. The perceptual experiments showed that both shadow intensity
and realism have e ects on emotion expression, including the new measurement genuine-
ness. However, our data showed that light color didn't have signi cant e ects on these
measurements.
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