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Abstract of Master’s Thesis of Academic Year 2019

EmoPhoto: Augment Emotion Information in Photo to

Improve the Sharing and Reminiscing Experience

Category: Design

Summary

Photos are the most common carrier of human memory and emotions. Currently

photo sharing through social networking service is more and more popular among

people with the growth of smartphone service. However, there are also problems

that people have to browse so many image information every day, and many people

are amateur so their photos are not well designed to express their feeling.

In this paper, EmoPhoto system is designed to embed emotion information in

metadata of photos and translate it into visual and audio effect to arouse empathy

of viewers. The system was developed based on WeChat Mini-Program and the

proof of concept was conducted to verify the efficiency of the corresponding effect.

Due to the feedback from participants, visual effect of negative emotions per-

formed very good to express the corresponding emotion while the effect of positive

emotions failed. Audio information was greatly appreciated in the test, surpris-

ingly. In the whole, according to the result of the test, the effect of EmoPhoto to

promote further communication among people could be expected.

Keywords:

Photo Sharing, Emotion Embedding, Social Networking Service, Empathy, Com-

munication
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Chapter 1

Introduction

1.1. Background

Photography is an important carrier for people to record life and share memory

with friends. In old days, people take pictures, have photos developed and collect

them to make albums. Sometimes they show photos to family and friends to share

memory with them; sometimes they enjoy photos that are taken several years ago

and reminisce the old time.

Nowadays it is easier and easier to take photos with smartphones. As long as

your smartphone is functioned with camera, you can take pictures freely at any

time. There is no need to develop photos because people can keep and share

photos digitally through social networking service (SNS) now. People post pho-

tos on public social media or send them through private messenger. There are

various kinds of platforms that are popular among young generation these years,

such as Instagram (summarized in 2.1.1), Facebook (summarized in 2.1.2), LINE

(summarized in 2.1.3), etc..

However, there are also issues that many photos have so limited information

that the actual feeling cannot be conveyed to the viewer. There is too much

information to browse and absorb on SNS that sometimes people do not have

enough time to understand the message behind the photo. Also, when people look

back at their old photos, they cannot always remember the situation themselves.

Photos can record the moment, but the surrounding information also matters to

the photo taker. When sending photos to friends, they may not be able to truly

understand the feeling of the photo taker due to many factors, which will lead to

a bad communication among people in SNS.

1



1. Introduction 1.2. Research Question

1.2. Research Question

Photo sharing through social networking service is getting more and more com-

mon in daily life. People have to obtain tons of information a day from online

applications and many of them interact on social media only by the “like” button.

Gradually, people become insensitive to messages and photos from friends and

tend to take in only the information superficially.

For people who are not good at taking photos, their photos might be hard for

viewers to catch the most attractive information. It might not be able to convey

the feeling of the photo taker. Except from this, even with the convenience of

smartphone camera, in some places photography is not allowed. In that case

people have to take photos out of the place or other objects instead. How can

people express their feeling with a photo that is far from their experience?

The research would like to call attention to a further communication among

people. When viewing the photo of others’, people can get more emotion infor-

mation other than content of photo or text explanation. When looking back old

photos of their own, people can also remember their feeling at that time.

1.3. Research Purpose

It is assumed that emotion information can make people be more empathetic

on other’s experience. The purpose of the research is to design how to augment

emotion information into photos and reproduce it, and to verify its efficiency. It is

expected that the design can promote people to communicate deeper with others

by photo sharing and to build a more reliable relationship.

EmoPhoto, a Mini-Program in WeChat, whose name means emotion informa-

tion embedded photo, serves as a platform to store and translate the emotion

information and present the information by other effects. Comparing with public

social networking applications, people’s connection is close and intimate in private

chatting platforms. Hence, people are more likely to have stronger wish to share

their feelings behind by sending photos in private chat.

The structure of the research is shown as the Figure 1.1. The system can be

divided into two parts, augmentation of emotion information and presentation of

2



1. Introduction 1.4. Scope of Research

emotion information. The biggest challenge of the paper is how to present the

corresponding emotion when people are viewing the shared photos. Visual, audio

and some other approaches are possibly available for the research.

Figure 1.1 System structure of the research

After users take photos and extract emotion information, the system will save

the emotion information into the photo and translate the information into other

forms. When their friends receive the photo sent through the private messenger,

they can enter EmoPhoto system and interact with the photo to playback the

effect. If the system is efficient enough, deeper and more motivated communication

can be expected, which can improve the relationship among people.

1.4. Scope of Research

As shown in Figure 1.1, it is supposed to be 4 parts in this research. For Part 1

Extract Emotion, the ideal solution is to recognize human emotion automatically

and embed it into photos. There are related researches are like emotion recognition

through physiological signals, electroencephalography (EEG), facial expressions,

etc.. However, considering the accuracy of the recognition algorithms, it is hard

to gain a precise result and will cause errors to following steps. Hence, in this

paper, manual input will be employed to embed emotion information.

3



1. Introduction 1.5. Contribution

Consequently, the main scope of this paper is focusing on Part 2, 3 and 4 in

Figure 1.1. The issues that will be discussed in the following chapters are saving

of emotion information, photo sharing through SNS, and interaction to playback

the embedded effects.

1.5. Contribution

It is said that good photography can convey emotion to viewers. But for many

photos taken by common people, the images sometimes cannot express meaning

as they expect them to be. There are many researches on emotion and photos,

mostly focusing at image emotion recognition, in a scientific way, and their test

photos are usually professional photos looked beautiful.

In this paper, emotion is not recognized by algorithm but is presented through

different senses. The paper discusses the possibility that emotion of images can

be stored, translated, and can arouse similar feelings in viewers. With the de-

velopment of technology and online social interaction, the importance of deep

communication is somehow neglected. EmoPhoto is designed to induce viewers’

emotions and let them be more empathetic on other’s experience, which eventually

lead to a further communication and build an intimate and reliable relationship.

1.6. Structure of the Thesis

• Chapter 1 Introduction

Introduce the background of the research, the question, the purpose, and

the contribution of the design.

• Chapter 2 Literature Review

Present the literature review and related work about photo sharing, emotion

on photos, colors to enhance emotions, audio to enhance emotions and some

emotion models.

• Chapter 3 Concept & Methods

4



1. Introduction 1.6. Structure of the Thesis

Explain the concept of the design, including the component to realize the

design and designing process.

• Chapter 4 Proving Concept & Result

Conduct a proof of concept to verify the efficiency of the design and analyze

the data and feedback according to the users’ assessment.

• Chapter 5 Discussion

Find out the value of the design and propose several ideas for optimization

in future work.

5



Chapter 2

Literature Review

To construct a better system, researches from different fields as theory evidence

for the design will be introduced in this chapter.

Current platforms like Instagram, Facebook, LINE are popular among young

generation. Every day there are numerous photos uploaded to these platforms.

Owing to the convenience of these services, people are motivated to upload photos

online. It is also a way for people to build community and feel connected.

Colors are commonly used to express emotions in many different cultures. There

are also many researches studying the color-emotion relationship. Audio has been

applied in films, video games to create certain atmosphere and induce emotions

in people, which can be another medium in this paper to help arouse empathy in

users.

Emotion is the basis of the research. There are conceptual models and quan-

titative models in emotion research. Different models have different advantages

in studies. Therefore, it is necessary to build a emotion model that meets the

requirement of EmoPhoto in the following design.

2.1. Current Platforms

As the social networking service (SNS) grows, there are more and more different

user-targeted services appeared on the smartphone platform. Most of them have

the function to upload photos and share with friends. Here are some most popular

and typical instances among them.

6



2. Literature Review 2.1. Current Platforms

2.1.1 Instagram

Instagram (see Figure 2.1(a)) is one of the most popular photo and video-sharing

social networking services. Users can take photos, apply filter to the original photo

and upload it to the networking service. People can add text explanation or emoji

stickers to enrich the information of the photo. Viewers can browse photos of users

who they are following in their timeline. They can interact with the posts by “like”

button and comment the photo. By September 2018, the number of pictures and

videos uploaded to Instagram has reached over 100 million1.

Similar service: Flickr, Pinterest

2.1.2 Facebook

Facebook (see Figure 2.1(b)) is one of the biggest technology companies that

provide online social media and social networking service in the world now. Users

get connected with their classmates, working partners and other acquaintances.

They post text, photos and multimedia of their own and share it with other users

as “friends” publicly. People respond on these posts by comment or “like” button

to show their opinions.

As the most popular social networking service in the world, the number of

photos uploaded to Facebook is also enormous, which reached 4,000 per second

by 20182.

Similar service: Twitter

2.1.3 LINE

LINE (see Figure 2.1(c)) is used more likely as a messenger application than social

networking service. Users can chat freely on the application and send text, photos

or videos to each other. Since it is a more private service, some people tend to

user LINE to build deeper connections with friends. People interact with each

other directly through the private chat.

LINE is growing with more extended features, like digital wallet, as well.

1 https://www.omnicoreagency.com/instagram-statistics/

2 https://www.omnicoreagency.com/facebook-statistics/

7
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2. Literature Review 2.2. Photo Sharing on SNS

Similar service: WhatsApp, WeChat

Figure 2.1 Current public and private photo sharing platforms

2.2. Photo Sharing on SNS

As introduced in 2.1, there are tremendous number of users active on different

social network service uploading photos. Traditionally people share memory with

the printed photos and decorate their albums. The target audience of photo shar-

ing is usually friends who are able to meet in person. But as the convenient online

service on mobile devices grows, the “ease of sharing photos” and “high quality of

photos displayed” have enormously increased people’s motivation towards photo

sharing [1]. Besides, a research of Chei Sian Lee et al. [2] which studied the moti-

vation of photo sharing on Instagram found that users’ photo sharing was mainly

motivated by the need for self-representation (a form of creating and experiment-

ing with identities) and status-seeking (how sharing photos helps one to attain

status among peers).

Other than SNS like Instagram, a permanent photo sharing community, on

instant messengers like Snapchat, young people share photos in order to talk

about images or communicate visually. It is also a common way to build intimacy

8



2. Literature Review 2.3. Photo Emotion Recognition & Classification

on SNS [3]. Sending photos is similar to sending text as a communication tool,

but with richer information.

Due to technological affordances and social needs, the behavior of photo shar-

ing has become an important approach for people to build community and feel

connected with others.

2.3. Photo Emotion Recognition & Classification

Photos, or images are important visual contents for people to communicate in

daily life. A photo contains a lot of information that is visible and perceivable.

Usually since the photo gives a specific image for viewers, it is more easily to

induce certain emotions in people.

2.3.1 Relationship Between Images and Emotions

There have been many works studying the relationship between photos and emo-

tions. The emotions that different people perceive from a photo can be influenced

by multiple factors, visual content, social context, temporal evolution, location

influence, etc. [4].

Thus there are also various researches working on the analysis of image emotion

information. Mao et al. [5] analyzed the affective characteristics of different im-

ages. Color vision histograms of images and their basic statistical properties are

analyzed, and fractal dimensions (FDs) of these images are estimated by wavelet

transforming method. Then semantic difference (SD) method is adopted to eval-

uate images of different affective features. Through the research, it can be proved

that the FDs of images were related with the image’s affective properties.

However, the feelings that the research studied about are relatively simple, from

dull, harmonious, to upset. The mussier the FD of a image is, the more upset it

will make people feel, and vice versa.

2.3.2 Image Emotion Classification

Although the feeling upon a photo is very subjective, it will be helpful if images

can be retrieved based on emotional content. Thus there are some algorithms

9



2. Literature Review 2.3. Photo Emotion Recognition & Classification

developed to classify image emotion. Machajdik et al. [6] developed methods to

extract and combine low-level features representing the color, texture, composi-

tion, and content of an image, and use these for image emotion classification. The

experiment requires a large amount of photos for testing and training, whose data

sets are from: (1) the International Affective Picture System (IAPS), (2) a set of

807 artistic photographs downloaded from an art sharing site, (3) a set of 228 peer

rated abstract paintings. The test results show that the classifier has the best per-

formance when it basically detects the portraits, that is, it can infer the emotion

from facial expressions. But for artistic photos where faces do not determined

the emotion of a whole photo, it has to rely on color features. This approach

has advantage on photos with semantic-based features, such as the recognition of

facial expressions, or certain common symbols (e.g. hearts).

A further study was conducted by Rao et al. [7] in 2016. The team proposed a

new deep network that learns multi-level deep representations for image emotion

classification (MldrNet). As introduced before, image emotion can generally be

recognized through image semantics, image aesthetics, and low-level visual fea-

tures. The proposed MldrNet combines deep representations of different levels

to effectively classify the emotion types of different kinds of images, such as ab-

stract paintings and web images. Comparing with other former approaches, the

research improved a lot, especially when the emotions of the images are mainly

conveyed by mid-level and low-level visual features, such as color, texture and

image aesthetics.

The biggest problem, however, is that these approaches for image emotion clas-

sification all aim at the viewer of the photos. Besides, the test photos are almost

artistic photographs that are professional and beautiful. Usually the color and

texture are well designed. The image semantics is well considered.

But the target of this paper is the emotion of photo takers. For common people,

the photos do not always contain with elements that can accurately express their

feeling. Even for photos with human faces, the facial expressions are not equal to

the emotion of the photo taker. Consequently, in order to convey a certain emotion

to viewers, it is necessary to augment the emotion information into photos to make

it easier for viewers to obtain the emotion information.

10



2. Literature Review 2.4. Emotion Detection Algorithms

2.4. Emotion Detection Algorithms

As mentioned in 1.4, there are multiple ways to detect human emotions by scien-

tific approaches. When people are in different moods, people will behave differ-

ently in physiological level. It can be easily inferred from daily experience that

when people are upset, they tend to feel weaker than normal and when people

feel nervous, their heart beats will be faster than usual. During the research, two

kinds of approaches were studied to explore its feasibility in this design.

2.4.1 Vital Signs Based Emotion Detection

The work of Ménard et al. [8] focused on emotion recognition using biofeedback

sensors, which measure heart rate and skin conductance. Participants were shown

a series of 12 video-based stimuli that have been validated by a subjective rating

protocol. The skin conductivity and the heart-rate were measured by the TEA

sensor and the Nonin sensor. The collected signals were processed with a Fourier

Transform to get the Fourier coefficients, and then classify these coefficients with

the Support Vector Machine. The computed classification rate of skin conductivity

was 85.57% and the computed classification rate of heart rate was 89.58%.

Despite of the accuracy, the participants have to wear electronic equipment

with them. It is inconvenient in actual application to ask users to put on devices.

Besides, when taking photos in daily experience, it is hard to keep the user in a

calm status. They might be walking, or climbing stairs. It will greatly influence

the accuracy of the emotion detection.

2.4.2 Touchscreen Emotion Recognition

A recent research of Alicia Heraz et al. [9] chose force-sensitive screens to recognize

emotions. The participants, who are good imagers and emotionally aware, were

trained to express each emotion on a force-sensitive smartphone. Researchers col-

lected hundreds of thousands of their touches, and applied feature selection and

machine learning techniques to detect emotions from the coordinates of partici-

pants’ finger touches, amount of force, and skin area, all as functions of time. For

example, Figure 2.2 shows a single frame taken from participants’ finger expres-
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sions of each emotion at a random instant t on the (x,y) axis. The experiment

achieved a high 91% classification accuracy.

(Source: Alicia Heraz and Manfred Clynes [9])

Figure 2.2 Patterns of emotional expressions on the (x,y) axis

However, the technology is still too new to be put into practice. There are

too many requirements for participants and their smartphone devices. The par-

ticipants need to be trained to express each emotion as precisely as possible and

the smartphone must be force-sensitive enough to detect the finger motions. For

general users, it may also decrease the accuracy in application.

Due the limitation of the emotion recognition algorithm, this paper will use

manual input instead of emotion recognition in order to present the emotion in-
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formation in a more accurate way.

2.5. Colors to Enhance Emotion

There has been hundreds of researches on the relationship between colors and

emotions. Nevertheless, the cultural difference is an inevitable influence factor

that determines how people perceive from a certain color.

A cross culture color study of Hupka et al. [10] was conducted in Gersnany, Mex-

ico, Poland, Russia, and the United States. Despite the cultural difference, black

and red are associated with anger and black is associated with fear universally,

which shows part of the common feature of human being’s sensitivity. There is

also experiment dealing with colors and emotions in videogames [11]. From their

experiment, the emotional responses of player were measured and analyzed. It

indicates that red elicits a highly-aroused, negative emotion while yellow elicits a

positive emotion in players.

Furthermore, a series of psychophysical experiments were conducted to derive

color emotion models for single colors and two-color combinations by Ou et al.

[12–14]. Activity, weight, and heat, as the color-emotion factors were applied in

research of Martin Solli et al. [15], which proved that people in general perceive

color emotions in similar ways for multicolored images. Learning from the studies,

we can see that color combinations can provide a more accurate and rich method

to deliver emotions than single color.

As colors are essential factors to change people’s perception on images, some

image processing researches are aimed at transfer color to evoke different emotions

as well. Work of He [16] and Liu [17] are both focusing on proposing a color trans-

fer framework to convey rich emotions. Their efforts are important inspiration of

my design.

2.6. Audio to Enhance Emotion

Sound effect serves as an audio content in many different media to emphasize their

artistic contents. Its wide use is also due to its effect on inducing emotions in many

ways. There are a lot of researches on emotion induction through music [18, 19]
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that music can induce basic emotions in people, such as happiness, sadness, and

fear. Concerning cultural difference around the world, several cross-cultural ex-

periments are conducted as well. Hauke Egermann et al. [20] compared Canadian

and Congolese pygmies listeners and found that emotion arousal was quite com-

mon between the two cultures. Thomas Fritz et al. [21] had native African and

Western participants to study and verified that happy, sad, and scared emotions

in Western music can be recognized universally.

(Source: Juslin and Lindström [22])

Figure 2.3 Significant two-way interactions between tempo and mode in listeners’

mean ratings of (a) happiness, (b) sadness and (c) anger
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Pitch, tempo, and timbre are generally considered to be factors that influence

people’s perception on different music [23–26]. According to research of Patrik

N. Juslin and Erik Lindström [22], different features appeared to be important

to different emotions (e.g. mode for “sadness”, timbre for “anger”, articulation

for “fear”). For instance, Figure 2.3 shows how the two-way interactions between

tempo and mode induce different emotions.

2.7. Emotion Models

Research on emotions never ends. There are a lot of theories trying to classify

emotions of human being. Some of them are conceptual models while some are

quantitative models.

In 1989 Johnson-Laird and Oatley [27] have come up with an analysis of emotion

words and stated that there are five basic emotions: happiness, sadness, anger,

fear, and disgust. Later in an argument of Paul Ekman [28], he mentioned that

surprise expressions were recognised across literate cultures. Surprise was distin-

guished from anger, disgust and happiness, but was difficult to be distinguished

from fear.

Thayer’s emotion model [29] applied two dimensions of energy and stress. In

the model, the four basic emotions Anxious, Excited, Content, Depressed are

measured quantitatively (see Figure 2.4).

Figure 2.4 Thayer’s emotion model

A three-dimensional PAD (Pleasure-Arousal-Dominance) [30] was also devel-
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oped to represent emotion state by Mehrabian. The model has been used to

study nonverbal communication in psychology.
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Chapter 3

Concept & Methods

Based on the literature review of Chapter 2, a series of design component are

determined to build up the prototype.

A fieldwork was carried out before the design. The interviews are about how

people take photos and share with friends, and how they feel when looking back

at old photos.

The design components are built based on the literature review in the previous

chapter, including the basic emotions, color combinations to represent different

emotions, Exif data to store emotion information, and WeChat Mini-Program as

a platform for running the prototype.

The design of the system is divided into two parts: augmentation of emotion

information and presentation of emotion information, in which the details of design

are introduced. To verify the efficiency of the design, a pre-test was also conducted

to test the color combinations. On the basis of the its test result and feedback,

the design was optimized.

In the implementation, two journey maps are used to describe the user journey

of both sides and it helps to understand users movement better. The prototype

was built in WeChat Mini-Program and can functionally embed emotion informa-

tion into photos and present with visual and audio effects.

3.1. Fieldwork Research

The research started from real life experience. Before the design, it is necessary to

have a deeper investigation. Fieldwork among different people was carried out to

know more exactly how people share photos and their feeling with friends. Three

interviews are as follows.
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The main interview questions are:

• When do you usually take photos? How do you feel when taking photos?

• Do you usually share photos with friends? Will you explain your feeling to

them?

• How do you feel when look back at your old photos?

• How do you feel when people show you their old photos?

Case 1 Aged 24, Interviewee A is a female graduate school student. She said

she took photos quite frequently in life, especially in travelling. Interesting and

beautiful things motivate her to press the shutter so she generally feels happy when

taking photos. However, except for some special events, she doesn’t post photos

to public SNS very much. She tends to send photos through private messenger to

friends or family and introduce the time and place of the photo.

Talking about old photos, ”I want to destroy photos that I didn’t look good.”

She laughed, ”But photos of my childhood will be good memory for me. ” Besides,

it is always interesting and fun to see other’s old photos.

Case 2 Interviewee B is a 52-year-old housewife. She said she loved to take

photos during travelling for memories and she usually felt happy and excited for

it. She will post photos both publicly and privately but she is not good at express

her feeling. Usually she just introduced the time and place. She also explained

how she felt when looking back at old photos, “The old photos are precious and

good memory for me because it is not easy and not cheap to take pictures when

I was young. ”

Case 3 Interviewee C is a 45-year-old junior school teacher. He usually takes

photos when sightseeing and some special events. Also as a teacher he often takes

pictures for students when they are taking part in some activities. He found that

it is important to keep beautiful and ephemeral moment in life. He likes to share

photos with friends and express his emotion in a few lines. As for old photos, he

felt so nostalgic and moved by the growth of his students. Sometimes he will send

old photos to his students or friends and enjoy talking about old times with them.

“Memories are beautiful, aren’t they?”
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3.2. Components

The research is to augment emotion information into photos so that people are

able to perceive more emotion information other than primitive pictures and be

more empathetic on other’s photos.

The following chapter designed how to augment emotion information into pho-

tos and how to translate emotion information to other form.

3.2.1 Basic Emotions

As stated in Chapter 2, there are many applicable emotion models in past re-

searches. As the goal of EmoPhoto is to provide a convenient service to embed

emotion information into photos, conceptual models are more likely to be under-

stood by users. Consequently, in this paper the basic emotion argument of Paul

Ekman [28] was employed to build the foundation of the system, which includes

Happiness, Surprise, Anger, Disgust, Fear, and Sadness.

In order to grasp the emotion model intuitively, a hexagon model (see Figure

3.1) was applied to reflect the conceptual model into graph. Value of each emotion

ranges from 0 to 1.

Figure 3.1 Basic emotions that employed in the paper
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3.2.2 Color Combinations

Color is an important tool to express emotions in many cultures. Also, as men-

tioned in Chapter 2, comparing with representing emotions by single color, it is

more accurate to express emotions by multiple color combinations.

According to the research of Nippon Color & Design Research Institute Inc.

[31], color combinations can be used to express people’s different emotions and

characters. The projective method is applied in the study to learn the specific color

combinations that are widely used to express human emotions. Considering the

basic emotions mentioned in the previous section, the following color combinations

(see Figure 3.2) are designed as a color mapping between emotion and colors.

Surprise, as one of the basic emotions, is rare and hard to be expressed by color.

Consequently, another sensory, vibration, is employed to represent the emotion

in EmoPhoto. It is expected that a sudden vibration during viewing photos will

directly induce surprise in users.

Figure 3.2 Color combinations of each basic emotion

3.2.3 Exif Data

Exchangeable image file format (Exif) is a standard that specifies the formats for

multiple media files. The Exif image image file specification [32] stipulates the

method of recording image data in files, and specifies the following items:
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• Structure of image data files,

• Tags used by this standard,

• Definition and management of format versions.

In the paper, Tag “UserComment” and “RelatedSoundFile” are employed to

store emotion information into photo.

3.2.3.1 UserComment

A tag for Exif users to write keywords or comments on the image besides those in

ImageDescription, and without the character code limitations of the ImageDescrip-

tion tag [32]. The information of the tag is shown in Table 3.1.

Table 3.1 Tag Information of UserComment

Tag ID 37510

Type UNDEFINED

Count Any

Default None

3.2.3.2 RelatedSoundFile

This tag is used to record the name of an audio file related to the image data [32].

In the paper the related sound effect audio file’s name is written in the Exif data.

The information of tag RelatedSoundFile is shown in Table 3.2.

Table 3.2 Tag Information of RelatedSoundFile

Tag ID 40964

Type ASCII

Count -

Default -
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3.2.4 WeChat Mini-Program

WeChat Mini-Program is a feature launched by WeChat in 2017, which is an

application within an application (WeChat). Each user of WeChat is able to get

access to the Mini-Program. The pros and cons of Mini-Program are:

Pros:

• Convenient for existing users. For the Mini-Program is embedded in an

existing chatting service, there is no need to register or sign in.

• Sent through chat. The Mini-Program is allowed to share pages or sent

through chatting, which makes it easy to share information with friends.

Cons:

• Specific users. Only users with WeChat account can access to it.

• Limited features. WeChat requires that the coding package of a Mini-

Program has to be less than 2MB. Hence some functions are difficult to

be realized merely by Mini-Program.

A platform embedded inside a chatting application is more likely to get utilized

by users rather than a brand new independent application. Due to its accessibility,

Mini-Program is considered to be the most appropriate platform for the service

to be developed.

3.3. System Design

There are two main parts of the design: augmentation of emotion information

and presentation of emotion information.

The first part, augmentation of emotion information, discussed about the method

for users to embed emotion information, tried to apply an original expression of

emotion and save the emotion information into Exif data of photos. The sec-

tion of presentation of emotion information explored approaches to retouch the

photos according to the embedded emotion information, and selected audio files

connected with the emotion.
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3.3.1 Augmentation of Emotion Information

3.3.1.1 Emotion Embedment

One of the issues is that how to embed emotion information conveniently and

naturally in photos. Since the service acts similarly to some photo retouch appli-

cation, the photo editor functions are taken into consideration as the prototype

for the emotion embedment.

Figure 3.3 shows the photo editor of iPhone. Just like people adjust saturation

from minimum to maximum in the editor, it is also possible that people can upload

photos to the system and adjust emotion information from 0 to 1, value of the six

basic emotions, by emotion editor in EmoPhoto.

Figure 3.3 Photo editor of iPhone

3.3.1.2 Information Saving

1. Array expression of emotion

After the system ensured the emotion of the photo taker, our task is to save

the emotion information into the photo. As stated above, Exif data is the
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metadata of photos and there are several tags available to be written. In

the paper, UserComment and RelatedSoundFile are selected as tags to

store emotion related information.

As introduced in Section 3.1.1, a hexagon emotion model is applied as

Fig.3.1. According to the emotion model, human’s basic emotion will be

stored in the following array expression. The parameter in the array are as

Equation 3.1:

Emotion = {[Happiness, Surprise, Anger,Disgust, Fear, Sadness]}
(3.1)

in which Happiness, Surprise, Anger, Disgust, Fear, Sadness ∈ [0, 1]. In

the following paper, for the convenience of expression, H is used to stand

for Happiness, Sp for Surprise, A for Anger, D for Disgust, F for Fear, and

Sd for Sadness. The default status in Eq. 3.2 means that the person feels

nothing at the moment while all the six emotions are 0.

Emotion{[H,Sp,A,D, F, Sd]} = {[0, 0, 0, 0, 0, 0]} (3.2)

When the person had a great meal and he felt super happy and a bit surprise,

his emotion can be expressed as Eq. 3.3:

Emotion{[H,Sp,A,D, F, Sd]} = {[0.8, 0.3, 0, 0, 0, 0]} (3.3)

in which Happiness = 0.8, Surprise = 0.3.

The array expression is saved into the Exif tag UserComment.

2. Emotion change during photo taking

In my assumption, photos can be roughly divided into the following two

types: usual situations and unusual situations (see Fig.3.4). In the usual

situation, one of the biggest motivations for people to take photos is the

record of life. For examples, a photo of today’s beautiful sunny sky, or a

meal cooked by yourself. In daily situations, it is hard to guarantee that

people will definitely share and look back at the photos. Many photos will

be deleted later. So the possibility to record, share, and look back a certain

photo shows the significance of the photo.

24



3. Concept & Methods 3.3. System Design

Figure 3.4 Two main situations of photos

While in an unusual situation, people will be more likely to share photos

with friends, also look back at the photos to reminisce the old time. Since

the time when photography is a rare and expensive event for people, it has

served as a medium to memorize important moment of life. Even until now,

people still cherish the photos taken during special moment, like travelling

or graduation. With the convenient SNS tools, they can easily share these

moments with friends, as well.

It can be inferred that the value of photography is more continuous rather

than instant. The corresponding emotion upon a photo can possibly change

over time. Imagine when you take out an album of your junior high school

that you graduated over 20 years ago, it must be a mixture of feelings, in

which some could be happiness and some could be nostalgia. It is assumed

that the change of emotion is also important information for people. It can

also be stored by array expression of emotion, such as Eq. 3.4

Emotion{[H,Sp,A,D, F, Sd]} = {[0.7, 0, 0, 0, 0, 0.2], [0.1, 0, 0, 0, 0, 0.8]}
(3.4)

The expression shows that the person felt quite happy and a little sad at

first, and later when he looked back at the photo the strongest emotion he

felt is sadness. More emotion change examples are shown in Table 3.3.

Human emotions are extremely complicated and it is rare to have purely one

emotion in a situation. As analyzed above, emotions are expressed in a mathe-
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Table 3.3 Emotion change in different situations

Situation during

taking photo

Situation when

looking back at the

photo

Emotion{[H, Sp, A,

D, F, Sd]}

Before the meal

After the meal and

its taste was within

expectation

{[0.8, 0.2, 0, 0, 0, 0]}

During graduation
Several years after

the graduation

{[0.7, 0, 0, 0, 0, 0.2],
[0.1, 0, 0, 0, 0, 0.8]}

Travelling with

girlfriend

After breaking up

with the girlfriend

{[0.6, 0.3, 0, 0, 0, 0],
[0.1, 0, 0, 0, 0, 0.7]}

matical way. Among all the six parameters (basic emotions), the emotion whose

corresponding value is the largest of all is considered to be the dominant emotion

of the individual. For example, the emotion expression in the situation “During

graduation” from Table 3.3 means that the dominant emotion was happiness (0.7)

at first and changed to sadness (0.8) several years later.

Since it is difficult to present multiple emotions in the same image, in this paper

only the dominant emotion will be selected to be transferred into other forms.

3.3.2 Presentation of Emotion Information

3.3.2.1 Photo Retouch

As introduced in 3.2.2, we applied color combinations to reflect the related emo-

tions (see Figure 3.2). When the photo taker had multiple feelings the moment

taking pictures, the dominant emotion is selected as the key emotion to be trans-

lated. For example, in Eq. 3.3, happiness outweighs other basic emotions so that

the photo will be retouched by color combinations of happiness.

To retouch the tone of the original color properly, a program was designed

to replace the color of each pixel through Python. In the research, HSV color

space was employed for better modeling. The HSV color space (Figure 3.5) is an

alternative representation of the RGB color model and attempts to characterize

colors according to their hue, saturation, and value (brightness) [33].
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Figure 3.5 HSV color model

In Table 3.4 the six basic emotions and their corresponding HSV data of color

combinations are listed.

Table 3.4 Emotions and their corresponding HSV data of color combinations

Emotion HSV1 HSV2 HSV3

Happiness (107,39,82) (57,100,100) (5,65,98)

Surprise - - -

Anger (0,0,0) (25,100,95) (357,100,90)

Disgust (262,86,27) (286,43,43) (183,96,9)

Fear (0,0,0) (209,94,25) (274,75,55)

Fear (0,0,32) (0,0,95) (0,0,73)

To reserve the content information in the photo maximally, the design chose to

alter the hue attribute of each pixel and keep the saturation and value attribute

same as the original photo. Otherwise the photo will be consist of only three

colors and be unrecognizable for users. In the program, the retouch is processed

as follows:

• Get RGB attributes of each pixel and convert them to HSV

• Choose the closest Hue from the color combination of corresponding emotion

• Convert the color back to RGB
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The Python code is shown in Appendix A.

3.3.2.2 Audio Effect

Audio is another method for people to express emotions. Based on the literature

review in Chapter 2, different audio files are selected to represent each emotions

(see Table 3.5).

Table 3.5 Audio description of each emotion

Emotion Audio Title Features

Happiness Dream harp [34]

Fast tempo, major mode, high

pitch,,bright timbre, smooth and

fluent rhythm of harp

Anger
Cellar Door Slam Shut

Sound [35]

Sound effect of a cellar door slam-

ming shut

Disgust Squish [36]
Sound effect of great squishy, or

squelchy things

Fear
Creepy Back-

ground [37]

Fast tempo, dissonance, fast vi-

brato rate

Sadness Sadness cosmo [38]
Slow tempo, minor mode, low

pitch, dull timbre

There are music excerpts and sound effects among the audio files. Music ex-

cerpts are selected according to the musical features analyzed in [22]. The audio

Dream harp is a 2-second harp excerpt whose features are like: fast tempo, sim-

ple and consonant harmony, bright timbre, etc., which correlated with happiness

much. Audio Creepy Background for fear is fast tempo, dissonant, fast vibrato

rated, which close to features of music related to fear. Sadness cosmo, an excerpt

of piano and cello, also matches features of sad music: slow tempo, low pitch, dull

timbre, etc..

For emotion of anger and disgust, sound effect rather than music is chosen to

present the corresponding emotion, which is expected to give a certain image of

situation for listeners and induce emotions in them. The sound effect of anger is

a door slamming shut while the other one is sound of squelchy things.
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3.3.2.3 Vibration

As mentioned in 3.2.2, due to the difficulty of representing emotion of surprise

visually, the sense of touch, vibration, is introduced in the design.

Considering the possibility that one vibration is too instant for users to notice,

a continuous double vibration is employed in the system.

3.4. Pre-test to Verify the Color Combinations

A pre-test is carried out to test the effect of the color replacement and what

people perceive from the photo. Based on the result of the pre-test, the color

combinations and the retouch approach can be improved better.

3.4.1 Pre-test Design

The most difficult but important issue in the research is how to reflect emotion

correctly in the photos. As stated in 3.2, the original photos were converted into

the corresponding color tones by the emotion definition (Table 3.4). However, the

current color combination is summarized based theoretical study and its actual

effect need to be verified. Three different photos (see Figure 3.6) are selected and

converted the color of each photo into 5 patterns. Surprise, as we have introduced

before, is hard to be expressed visually by colors. Hereby in the pre-test the paper

only studied the other 5 color combinations. There were 11 people taking part in

the small investigation and their opinions were collected. The expectation of the

pre-test is that participants can perceive the certain emotion from each retouch

of photo to some extent. Figure 3.7 shows one of the instances of the test photos

that converted color tones according to their corresponding emotions. As listed

below each photo, the figure consists of the original photo, happiness version,

anger version, disgust version, fear version, and sadness version.

The investigation showed the participants each photo with comparison to its

original one, like Figure 3.8, and asked what emotion they perceived from the

retouched photo by comparing the two photos.

There are totally 15 retouched photos based on 3 original photos. In each

comparison, participants are asked to rank the degree of each five emotion they
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Figure 3.6 Photos used in the pre-test

(Original Photo credits: Pixabay)

Figure 3.7 Instance of the five different patterns to retouch the photo
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Figure 3.8 Retouched photos (below) are shown by comparing with original one

(above)

Figure 3.9 Rank the degree of each emotion which ranges from 0 to 5
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felt (see Figure 3.9).

3.4.2 Result & Evaluation

The age range of the 11 participants is between 20 and 35 years old, and the

average age is 26. Ten of them are female. The average grading result of all

participants is displayed in Appendix B, from which we can see the result is far

below the expectation.

Suppose that the emotion whose average grade is the highest is the strongest

emotion that most participants perceived, from the 15 sets of comparison we can

find that 6 sets matched with the intended emotion. Among the remaining 9 sets,

there are 2 sets of comparison in which the average grade of intended emotion is

the second strongest. Roughly half of the photos can be perceived as expected.

Among the result of five different emotions, photos of Sadness performed the

best and all three photos are perceived correctly as Sadness. On the other hand,

photos of Happiness performed worst in the investigation.

At least one good news is that it is quite efficient to express sadness by black

and white photos. Black and white colors make photos look faded and old which

lead people feeling nostalgic. However, green from the color combination of Hap-

piness is easily perceived as disgust which greatly influenced the combination’s

effect. Also according to participants’ feedback, the context of photos themselves

influenced how people felt a lot. For example, when the photo shows a delicious

meal, most people feel happy and content regardless of the slight change of color.

Therefore, the prototype design is modified in the following research and is

expected to perform better than the previous design.

3.5. Implementation

3.5.1 Journey Map

In order to build up a prototype that meets the requirement of users, the journey

maps of sender and receiver are considered. This approach is to organize users’

routine better and understand their actions when using the service. The user

journey of both sides are as follows.
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3.5.1.1 User journey of the photo taker

1. Photograph

Take photos by smartphone as usual in daily life to record moment.

2. Embed

Upload photos to EmoPhoto and input the emotion data through interface

of the program. The photo retouch will be processed automatically through

the program.

3. Share

Share the photo through the platform and select friends to share with. The

link will be sent through chatting.

4. Communicate

After friends entering the photo display page and viewing the embedded

effect, they can communicate further upon the photo about their feeling

and experience.

The journey map is shown in Figure 3.10.

3.5.1.2 User journey of the viewer

1. Enter

Receive the link from the photo taker through chatting and enter the page.

2. Interact

Tap the photo to interact with it. Watch the visual effect, listen to the audio

effect, and feel the vibration.

3. Communicate

Tell their feeling or understanding towards the photo to the photo taker.

Talk about the images or experience.

The journey map of the viewer is shown in Figure 3.11.
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Figure 3.10 Journey map of the photo taker
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Figure 3.11 Journey map of the viewer
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3.5.2 Prototype

The system consists of two brunches: the retouch of photos and the platform of

reproducing and sharing. As introduced in previous section, the retouch of photos

will be implemented by Python and the platform will be built on WeChat mini-

program. In the following section, the detail of each brunch will be explained.

3.5.2.1 Photo Retouch

The approach to retouch photos is optimized based on the pre-test result (Chap.

3.4) and a different color combination (Figure 3.12) is applied as “happiness” in

this plan.

Figure 3.12 Optimized color combination applied in the prototype

Table 3.6 shows the renewed HSV data of the color combinations

In order to decrease the negative effect of green color, pink color is chosen in

place of the former combination. Also the method to retouch color of each pixel

is changed because in the earlier design when applying the hue attributes of the

target color directly to the source photo, the retouch results did not vary much

from each other. In the renewed retouch system, overlay blend mode was selected

to optimize the output. Here is the definition for overlay blend mode from Adobe

Photoshop [39]: Multiplies or screens the colors, depending on the base color.

Patterns or colors overlay the existing pixels while preserving the highlights and
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3. Concept & Methods 3.5. Implementation

Table 3.6 Renewed emotions and their corresponding HSV data of color combi-

nations
Emotion HSV1 HSV2 HSV3

Happiness (342,53,97) (345,31,98) (56,75,100)

Surprise - - -

Anger (0,0,0) (25,100,95) (357,100,90)

Disgust (262,86,27) (286,43,43) (183,96,9)

Fear (0,0,0) (209,94,25) (274,75,55)

Fear (0,0,32) (0,0,95) (0,0,73)

shadows of the base color. The base color is not replaced, but mixed with the

blend color to reflect the lightness or darkness of the original color.

However, when applying Sadness combinations to overlay the original photo,

the output photo is merely darker in brightness, whose visual impact is less than

the black and white effect. Consequently, in the retouch program, Sadness is

separated from the other emotions and the photos will be applied the former

retouch filter.

Figure 3.13 displays the optimized retouch result of the photo. Both the con-

tent information of original photo and the emotion related color information are

emphasized in the result. The code is attached in the Appendix C.

3.5.2.2 Mini-Program

The mini-program EmoPhoto is developed by the official developing tool of WeChat.

Here is the page structure including photo taking and playback function from the

mini-program in Figure 3.14. There are two buttons on the top page of EmoPhoto.

Tap the button “Camera” and the mini-program will jump to the camera page

for users to take photos. Tap the button “Album” and the page will jump to the

album page where photos will be displayed.

Figure 3.15 shows the flow of taking photo and selecting emotion information.

Fig.3.15(a) is built-in camera function in mini-program. In Fig.3.15(b) users can

confirm the photo just taken and choose “User Photo” button. In the edit page of

Fig.3.15(c) users are able to set the score of each emotion. In the example picture
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3. Concept & Methods 3.5. Implementation

Figure 3.13 Optimized photo retouch of the five different emotion patterns

Figure 3.14 Page structure of the mini-program
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Sadness is set to be 0.8. Lastly, when user click “Save” button on the top-right

corner, the photo will be uploaded to the server and saved (see Fig.3.15(d)).

Figure 3.15 Flow when users take photos and choose emotion information

Figure 3.16 is the flow of review and interaction with the photo. After uploading

the photo successfully (Fig.3.15(d)), EmoPhoto will automatically jump to the

page of user’s photo gallery (Fig.3.16(a)). The photo just taken is displayed at

the tail of the photo list. Click the photo and enter the photo display page

(Fig.3.16(b) and 3.16(c)). Since it takes a few seconds to read the stored Exif

data embedded in the photo, there will be a loading window floating in front of

the photo until the data gets loaded completely.

Fig.3.16(c) shows the original photo. Tap the photo, and EmoPhoto program

will display the retouched photo and colored frame according to the emotion

information embedded. The emotion related sound effect will be played at the

same time. Tap again then the photo will return into the original version.

Figure 3.17 shows the flow when users want to share photos with their friends.

Tap the button “Share with friends!”, and WeChat application will show the

personal list of friends, from which users can select their friend to send the photo.

From the received link in Fig.3.17(c), other friends can enter the mini-program,

view the photo, and interact with the photo as well.

39



3. Concept & Methods 3.5. Implementation

Figure 3.16 Flow when users review and interact with the photo

Figure 3.17 Flow when users share the photo with friends
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Chapter 4

Proving Concept & Result

As the design component and designing process are introduced in the previous

chapter, to verity the feasibility of the system, a proof of concept was conducted

in this chapter.

Participants were asked to interact with photos through the Mini-Program

EmoPhoto and assess their perception for three times, including photos with no

effect, with only visual effect, and with the full effect (visual, audio, and vibration

effect). The average of their emotions are calculated to evaluate the efficiency of

the effects.

The test also received much feedback on the presentation and their opinions on

photo sharing. On the whole, the test obtained many valuable suggestions that

can be helpful for further improvement of the system.

4.1. Evaluation Test

4.1.1 Experiment Methods

1. Open the mini-program EmoPhoto on smartphone.

2. Tap and enter display page of each photo and watch the original photo.

Assess the 1st impression of their own upon the photo in the assessment

sheet based on the hexagon emotion model.

3. Re-enter the display page of each photo. Tap and watch the color change of

the photo. Assess the 2nd impression of their own in the assessment sheet.

4. Put on earphones. Re-enter the display page of each photo. Tap the photo,

watch the color change, listen to the corresponding sound effect, and feel
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4. Proving Concept & Result 4.1. Evaluation Test

the vibration. Assess the user’s perception in the assessment sheet based on

the hexagon emotion model.

5. Evaluate the user experience and feedback.

The test photos are displayed as Figure 4.1. Participants need to evaluate photos

in order from A to F according to the emotion model. The before and after

change of each photo is displayed in Figure 4.2. The assessment sheet is attached

in Appendix D.

4.1.2 Experiment Result

10 participants took part in the experiment to experience the mini-program EmoPhoto

and evaluated each photo with corresponding visual and audio effect. Among all

the participants, there are 5 Chinese, 2 Japanese, and 3 Indonesian. 6 of them

are female and the other 4 are male. The age of the participants ranged from 23

to 57. Figure 4.3 shows how the participant was playing with EmoPhoto.

According to the result of emotion evaluation from the participants, the aver-

age emotion of 10 participants is calculated (Table 4.1). Embedded Emotion

implies the actual perception of the photographer. 1st Impression, 2nd Im-

pression and 3rd Impression, which indicate the emotion participants perceived

during the test, respectively stand for the perception when participants have no

interaction with the photo at all (Step 2), the perception when participants obtain

only visual change of photos (Step 3), the perception when participants obtain all

the effect including visual, audio and vibrations (Step 4).

Graphs can help us better understand and compare the perception result. In

this experiment, radar chart is employed to analyze the data in Table 4.1. The

chart is shown in Figure 4.4.

4.1.3 Considerations

The radar charts intuitively display how users’ perception changed each time when

users interacted with the photo.

The embedded and dominant emotion in Photo A is happiness (0.8) and surprise

(0.4). As the content of photo itself tends to influence viewers greatly, the first
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Figure 4.1 Test photos
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Figure 4.2 Before & after change of each photo
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4. Proving Concept & Result 4.1. Evaluation Test

Table 4.1 Average perceived emotion in the experiment

Photo Embedded emotion

{[H, Sp, A, D, F,

Sd]}

User 1st im-

pression (No

Effect)

User 2nd im-

pression (Vi-

sual Effect)

User 3rd im-

pression (Vi-

sual + Audio

Effect)

A {[0.4, 0.8, 0, 0, 0,

0]}
{[0.57, 0.02,

0, 0.02, 0,

0.02]}

{[0.19, 0.32,

0.03, 0.12,

0.15, 0]}

{[0.43, 0.25,

0.03, 0.03,

0.06, 0]}
B {[0, 0.5, 0, 0, 0,

0.6]}
{[0.23, 0,

0, 0.03, 0.1,

0.3]}

{[0.01, 0.03,

0, 0, 0.13,

0.6]}

{[0, 0.04, 0, 0,
0.06, 0.78]}

C {[0.8, 0, 0, 0, 0, 0]} {[0.49, 0.03,

0, 0, 0, 0.36]}
{[0.21, 0.13,

0.04, 0.07,

0.23, 0.03]}

{[0.26, 0.21,

0, 0.12, 0.07,

0.06]}
D {[0, 0.2, 0, 0.7, 0,

0]}
{[0.42, 0.15,

0, 0.13, 0,

0.05]}

{[0.08, 0.11,

0.11, 0.38,

0.19, 0.03]}

{[0, 0.12,

0.07, 0.61,

0.18, 0.04]}
E {[0, 0, 0.8, 0, 0, 0]} {[0.58, 0.07,

0.06, 0.08,

0.14, 0.01]}

{[0.19, 0.19,

0.09, 0.12,

0.29, 0.02]}

{[0.06, 0.43,

0.3, 0.07,

0.37, 0]}
F {[0, 0, 0, 0, 0, 0.8]} {[0.15, 0, 0, 0,

0.01, 0.11]}
{[0.03, 0, 0,

0.03, 0.02,

0.58]}

{[0, 0, 0, 0, 0,
0.83]}
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Figure 4.3 User test

impression towards the photo is basically happiness. With the visual effect of the

photo in Step 3, some participants felt less happy and more surprised. There are

also some people thinking that the colors make it look disgusted. But adding the

audio effect of happiness, the perception of happiness was significantly increased

while the negative perception (fear and disgust) were decreased.

In test of Photo B, the dominant emotion is surprise (0.5) and sadness (0.6).

One interesting finding is that since the photo has some farewell message in

Japanese on it, people who can read Japanese generally felt happy or sad while

people cannot read Japanese felt nothing or fear. It also indicates that the content

of the photo determines people’s perception in the first place. When tapping the

photo and making it into black and white, similar as the pre-test, the participants’

perception were sharply changed into sadness, especially for people who cannot

read Japanese. Lastly in Step 4, the perception of sadness is even strengthen with

the audio information.

Photo C has only emotion of happiness (0.8). The first impression of par-

ticipants is almost happiness and sadness. However, the perception of emotion

changed into a complex of happiness, surprise, fear and a little disgust. Obvi-

46



4. Proving Concept & Result 4.1. Evaluation Test

Figure 4.4 Radar chart of the average perception result

47



4. Proving Concept & Result 4.1. Evaluation Test

ously, the retouch effect of happiness did not look good with the pink and yellow

combination. The audio of happy sound effect made fear decreased and surprise

increased which modified the perception to some extent.

Photo D, a picture of a green cake, has been embedded emotion of surprise (0.2)

and disgust (0.7) in its Exif data. The first impression varied from happiness to

disgust, and positive perception was higher than negative ones. After tapping the

photo, happiness reduced to less than 0.1, and disgust grew to 3 times higher than

first impression. Next, happiness decreased to zero and disgust grew even higher

with the assistance of audio effect. We can know from the radar chart of Photo

D that the green circle (3rd impression) is the closest to blue one (embedded

emotion).

Photo E is a picture of “Hanami” but its embedded emotion is anger (0.8). The

first impression is, undoubtedly, almost happiness. Nevertheless, when adding the

photo retouch effect of anger, the perception of happiness sharply decreased to

one third of its first impression and other negative emotions grew. With the audio

playing sound of a door slamming shut which meant to present anger, surprise

and anger increased a lot while fear also became higher.

Photo F was taken in front of Hiyoshi station, which is a familiar place for

most of the participants. The embedded emotion is sadness (0.8). The perception

including happiness and sadness is basically mild. Then the participants tapped

the photo and turned it into black and white. The perception of sadness raised

to 0.58 and other perception became negligible. Later in Step 4 the audio effect

was added and we can easily tell from the chart that sadness grew higher and

the shape of the third impression almost overlapped with the one of embedded

emotion.

Unfortunately, the vibration of smartphone which is designed to induct surprise

in users did not perform as expected. Even though there are vibrations while

tapping Photo A, B, and D, some participants took it as an irrelevant reminder

and some did not understand its meaning. Comparing with visual and audio

changes, the message of vibration is more difficult to take in.

On the whole, test of Photo B and F have received the most accurate and

expected result. Fundamentally, the visual change can guide the participants to

perceive sadness as the emotion information. Audio effect also played an impor-
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tant role to enrich the impression of sadness. The perception did not vary too

much from different culture or age. In addition, visual retouch of Photo D and E

changed the tendency of participants’ perception successfully. When the picture

is about something that should be happy, the retouch made people less pleas-

ant obviously and increased more negative perceptions. Although not accurate

enough, here audio really helped to strengthen the negative emotion and reduce

the positive. However, Photo A and C whose main emotion are happiness both

failed to convey the corresponding emotion to users. Especially in Photo C where

the photo had higher saturated, it even misled the participants and let them feel

more fear towards the photo. But it is also helpful to see that in the two cases,

the audio helped to lower the negative emotion and correct the emotion tendency.

4.2. Feedback & Analysis

The experiment was conducted smoothly and received many feedback from par-

ticipants. Based on the assessment and feedback, the advantages and limitation

of the design will be more clear.

4.2.1 Feedback from Participants

After the user test, the participants were asked to evaluate the interaction system

and whether they would like to use this kind of service to share photos with

friends.

Eight participants found it interesting to have this kind of interaction in photos.

For the visual information, different color combinations definitely changed their

impression upon the photos, especially the photos whose content and embedded

emotions are opposite. Moreover, one participant added that when the color

changed her impression but she was not sure if it was correct, the audio helped

to complete the emotion of the photo which made her be more convinced of her

perception. From the negative feedback, one of the participants thought that

it was a bit weird when the emotion of audio did not match with the photo

content. For example, the audio of happiness actually sounds a bit surprise to

her. Consequently, she felt inconsistent with pictures that look normal. Also,
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there is suggestion that the visual change to the photos were too radical and it

may be more suitable to modify photos mildly.

When asked about their favourite interaction among visual, audio, and vibra-

tion, almost all of them chose audio information. Compared with the simple and

plain photo retouch effect, audio effect is more fresh and attractive. Participants

felt that audio effect actually gave significant change to the impression of photos.

The time delay between the visual change and audio play which is due to the

construction of the program has made the contrast even better, as well. From the

feedback, there are also voice that she appreciated the black and white pattern

most among all the color combinations, which is consistent with the pre-test re-

sult. Although both visual and audio information influenced how people perceived

photos, audio was more powerful in altering the impression. The perception of

color combinations is, inevitably, influenced by individual difference. As men-

tioned before, many participants did not even realize the vibration. For people

who recognized it, they did not make sense of it.

As for sharing photos with friends in this way, eight participants answered “yes”.

The target to whom they would like to send the photo is mostly close friends. The

interaction was fun and I wanted to surprise them, said one participant. Another

participant added that she would prefer to send some special photos during travel

for it could convey the information more than pictures themselves, while for daily

usual photos it would be unnecessary. Besides, there is also opinion that he would

like to customize the effect himself and then send to friends. Some people also

thought that it is more effective and interesting to send with only the sound effect

rather than the visual change.

Regarding any improvements or other interaction, the opinion varies. Four

people consider that it is necessary to moderate the visual effect of photos, or

only part of the picture rather than the whole picture changes. One thought the

photo should change its color with transition to serve as a buffer for users. There

is also advice that the photo could have more degrees of modification change from

light, intermediate to heavy mode. More importantly, the retouch effect should

look more natural. On the other hand, there are four people saying that they are

expecting more animation effect on the photo, like adding some GIF pictures or

some surprising pop-up image. Additionally, there is some suggestion on audio

50



4. Proving Concept & Result 4.2. Feedback & Analysis

effect. Since the audio file is played according to the embedded emotion data in

each photo, participants feel less surprised after a few photos of same emotion. It

will keep users feeling fresh and interesting in these interaction if there are more

choices on sound effect. Besides, one participant believe it is helpful with audio of

the actual surrounding content. Meanwhile, there is a problem that audio playing

requires the user to put on earphones in advance.

4.2.2 Analysis

4.2.2.1 Findings

From the user test, it is really inspiring to see that the color retouch and audio

effect can actually affect how people perceive a photo.

There was a worry that the effect of color modification might varies greatly

on people from different countries. For the content in Photo B specially requires

culture understanding, the average perception result of people from the three

countries upon Photo B was calculated and made the corresponding charts (see

Figure 4.5). From the charts we can tell that although the first impression of the

three charts varies greatly, the perception of sadness all grew a lot with the visual

effect. After adding the audio information, the perception of sadness raised even

higher in all three groups.

Though the degree of change between the three groups is different, the tendency

is quite similar. We can tell that the perception change affected by visual inter-

action does not distinguish too much from different cultural background, that is,

the influence of culture difference is weaker than individual difference.

During the experiment, audio was surprisingly popular among the participants.

In cases that the photo retouch does reflect the corresponding emotion, the audio

could strengthen the perception. When the photo retouch does perform well, the

audio could correct the perception of people. It is believed that if the audio is

more associated with the content of photo, it will help users build a more complete

image of the perception.
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Figure 4.5 Average perception result on Photo B of people from three countries

The time delay due to the program structure won a unexpected feedback that

the delay made the emotion contrast even better. Sometimes the unexpectedness

can help enrich the perception and impress users. As for the opinion that audio

information could be embedded with the surrounding environment sound, per-

sonally it is not always necessary. Except for voice memo specially recorded for

the photo, the actual surrounding sound is usually related with the environment

rather than the photographer him or herself. For example, some people found

it weird that emotion embedded in Photo E was anger, whose content is about

“Hanami”. Photo E was taken when the photo taker spent over an hour to arrive

at a hot spot and could not find any space to rest and admire the flower, feeling

exhausted and angry. It is the information that usually cannot be obtained from
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the picture itself. In other words, the feeling of awkwardness between the picture

and the embedded emotion is exactly the reason why it is important to augment

emotion information into photos and also is the meaning of the study.

4.2.2.2 Efficiency of Interactions

Among the six photos, the evaluation result of Photo B and F match with the

embedded emotion best. Accordingly, gray colors among all the combinations is

the most accurate and efficient color combination to arouse sadness in participants.

Between the 2nd and 3rd impression, there is also a great increase of perception,

which also proved the efficiency of the related audio information. In the same

way from Photo D we can tell that the color combination and audio information

of disgust match with the perception and help reproduce the similar emotion for

users.

Surprise, as it is difficult to be expressed by colors, was designed to be presented

by vibrations in this system and was a total failure. Referring to the evaluation

result, the situation that participants felt surprise is generally when the visual

and audio expressions have huge contrast with the content of photos, that is,

the actual embedded emotion was opposite from the superficial meaning of the

picture. Since surprise in actual life is not limited to positive or negative emotions,

its related expression should be conducted with more detailed design.

In Photo E where anger was embedded in Exif data, although from the interac-

tion neither visual effect nor audio information managed to deliver the emotion,

the perception of happiness decreased to zero and the tendency of the perception

was obviously changed into negative way. After the interaction of visual and au-

dio, surprise and fear were significantly high. Possible reason could be that the

embedded emotion is opposite to people’s first impression which would lead users

in feeling surprise and unexpected. Another reason may be simply that the audio

itself is too frightening. The intention of the audio that a door slamming shut is to

convey the image of an angry person. However, when hearing such a sound effect,

it is common to feel scared as a bystander. Based on the reason below, there are

still many points that remain to be improved in case of emotion “Disgust”. But

it could be inspiration to design emotion “Fear” whose efficiency was not tested

in this experiment.
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4.2.2.3 Limitations

In this test, the nationalities of the participants are China, Indonesia, and Japan,

which are all located in Asia. Although there are inevitably differences between

these countries, the culture of the three countries are relatively close to each other,

which may lead to a close perception for the designed color combinations.

As introduced in 2.4, there are quite similar color expressions for emotions like

anger and fear in European and American. Nevertheless, it is hard to assert

that every color combination works the same as that for Asian users. Since there

are possibilities that the design of color combinations might not be effective for

users from European or American countries, it is expected that more and further

validation test could be conducted for European and American users.

On the other hand, being popular among the participants, the audio effect has

an essential problem that there are too limited audio files to choose from in the

present prototype. The audio effect is effective in this test where almost each

audio file is used once. If the number of photos is too big that the audio effect

for the same emotion has to be used repeatedly, users will soon get tired of the

same sound and it may not be able induce the same emotion in users as before.

Of course, it is also not interesting enough for users to interact with the photos.

Apart from this, the visual effect remains to be improved further. In the current

prototype, when tapping the photo, the color will be changed completely. The

change may be too sudden that it might make some users feel uncomfortable. To

optimized the user experience, the visual change can be more soft and gradual

along with the audio playing. However, there are also worries that it might weaken

the emotion information and influence how people perceive from the photos. For

future improvement, more sophisticated designs are expected to be employed.

4.2.2.4 Summary

Throughout the result of the proof of concept, efficiency of the negative emotions’

interactions is quite successful, especially emotion of sadness and disgust. Both

visual and audio information contribute to the perception change in users.

On the contrary, the result for samples of happiness are not favorable. The

biggest failure is that when transferring into photos, the color combination of

pink and yellow do not look clean. Besides, the photo retouch program itself is
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not perfect enough and caused the loss of image quality.

Comparing the effect of visual and audio information, it is obvious that audio

effect is quite efficient to alter users’ perception. It is also a proof that music or

audio is able to induce certain emotion in people. The further improvement of

audio effect can be expected.

Lastly, it is a pity that vibration did not work well in the test. It requires a

more sophisticated design in it.
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Chapter 5

Discussion

Photo sharing on SNS has become popular and common for people. Still, it is

necessary to talk about the hiding emotions of the images, as photos are important

materials and tools in online communication.

It was expected that with a service that can embed emotion information into

photos and reproduce it, it would be easier for people to feel empathetic on other’s

experience. However, the way to reproduce an emotion is a huge challenge. The

result of the experiment showed that the design of EmoPhoto was partially efficient

in practice.

5.1. Conclusion

The concept of EmoPhoto was built on the motivation that emotion informa-

tion can make people perceive similar feeling as the photo taker do and improve

communication among people.

Generally, the presentation of negative emotions like sadness and disgust worked

well in the experiment, which proved the feasibility of the color combinations.

The combinations of black and red, standing for anger, although failed to induce

anger in users, was recognized as negative emotions commonly. Failure of the

experiment that happiness was not recognized by most participants proved that

the photo retouch of happiness emotion still requires a further optimization. It is

worthy to study whether to change a better color combination or to improve the

algorithm to amend the photo effect.

The comments on audio effect are mostly good. As analyzed in the previous

chapter, audio can strengthen the impression and even correct the perception in

people. The issue is that there are too limited audio files in EmoPhoto. If a user
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uploads photos for several times, the user will soon get used to the same audio

effect. For receivers, they will also lose interest on the repeating audio. After

people get accustomed to it, it will be difficult to induce the same emotion with

the limited audio files.

During the experiment, some participants told me that they felt some mismatch

between the photo and its related visual and audio effect. To some extent, the

mismatch indicates the necessity of emotion information. Sometimes people have

to view hundreds of photos a day on social network without thinking about its

inner message. They look at a photo and take it for granted that the message

is only about the image. There are countless applications to retouch photos to

make them beautiful. But there is also needs to make photos to be understood

and make the inner message interesting. For professional photographers, image is

the message itself. For daily communication, the image, the story, and the feeling

of the photo taker are the message to be conveyed.

5.2. Future Work

Owing to the limitation of the design, the first issue to solve is the photo retouch

of “happiness”. A beautiful and natural visual presentation is able to please the

viewer better and induce more positive emotions in them. Of course, the whole

quality of the photo retouching need to be improved. It is also expected to come

up with better algorithm to process photos rapidly.

There is also need to make the visual effect change gradually rather than sud-

denly. For different mood intensity, more distinguishable visual effect can be

added to images.

So far the interaction between viewer and the system is quite limited, and it

could be another reason that some embedded information cannot be fully per-

ceived by users. In further study, it is essential to improve users’ experience and

introduce more immersive interaction to the system. More importantly, it is cru-

cial to redesign the presentation for surprise. In some ways it could be the most

challenging part of future work.

Being popular in this experiment, the point that audio effect requires users to

put on earphones in advance might cause inconvenience in real life utilization.
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Hence it will be encouraging if there is a better interaction that do not bother

users and perform as good as audio effect.

Last but not least, it is really happy to see that many participants are willing

to share photos with people in this way. When asked about the relationship with

the receiver, all the participants chose close and intimate friends. But how can ac-

tually the emotion embedded photos help promote communication among friends

comparing with normal photos? A further investigation could be conducted to

evaluate the quality of the communication when sending the special photo to

friends and the feeling of both senders and receivers during the chat. It will also

be valuable information to improve the design of EmoPhoto.
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Appendices

A. Retouching function to replace color of each

pixel

Python function to replace each pixel’s color hue attribute in the photo with the

hue-closest color from the emotion model

def retouch ( img , num) :

i = 1

j = 1

width = img . s i z e [ 0 ]

he ight = img . s i z e [ 1 ]

for i in range (0 , width ) :

for j in range (0 , he ight ) :

( r , g , b ) = img . g e t p i x e l ( ( i , j ) )

(h , s , v ) = co l o r s y s . r gb to hsv ( r /255 ,

g /255 , b/255)

minDis = 180

for m in range (0 , 3) :

hueDis = min(abs (h ∗ 360 − H[m

] ) , 360 − abs (h ∗ 360 − H[m

] ) )

i f hueDis < minDis :

minDis = hueDis

hueNum = m

h = H[hueNum] / 360

i f h == 0 :

s = 0

( rr , gg , bb ) = co l o r s y s . h sv to rgb (h , s

, v )
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Appendices A. Retouching function to replace color of each pixel

img . putp ixe l ( ( i , j ) , ( int ( r r ∗ 255) ,

int ( gg ∗ 255) , int (bb ∗ 255) ) )
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Appendices B. Grading result of pre-test

B. Grading result of pre-test

Figure B.1 Average grading result of Photo 1

65



Appendices B. Grading result of pre-test

Figure B.2 Average grading result of Photo 2
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Appendices B. Grading result of pre-test

Figure B.3 Average grading result of Photo 3
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C. Optimized retouching function

Optimized Python function to modify color of each pixel using overlay blend mode

def retouch ( img , num) :

i = 1

j = 1

width = img . s i z e [ 0 ]

he ight = img . s i z e [ 1 ]

i f int (num) < 6 :

for i in range (0 , width ) :

for j in range (0 , he ight ) :

( r , g , b ) = img . g e t p i x e l ( ( i , j )

)

(h , s , v ) = co l o r s y s . r gb to hsv

( r /255 , g /255 , b/255)

minDis = 180

for m in range (0 , 3) :

hueDis = min(abs (h ∗
360 − H[m] ) , 360 −
abs (h ∗ 360 − H[m] ) )

i f hueDis < minDis :

minDis = hueDis

hueNum = m

ovl = co l o r s y s . h sv to rgb (H[

hueNum] / 360 , S [ hueNum] /

100 , V[ hueNum] / 100)

s r c = ( r / 255 , g / 255 , b /

255)

output = over lay (np . array ( ov l ) ,

np . array ( s r c ) )

( rr , gg , bb ) = ( output [ 0 ] ,

output [ 1 ] , output [ 2 ] )

img . putp ixe l ( ( i , j ) , ( int ( r r ∗
255) , int ( gg ∗ 255) , int (bb

∗ 255) ) )
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Appendices C. Optimized retouching function

e l i f int (num) == 6 :

for i in range (0 , width ) :

for j in range (0 , he ight ) :

( r , g , b ) = img . g e t p i x e l ( ( i , j )

)

(h , s , v ) = co l o r s y s . r gb to hsv

( r /255 , g /255 , b/255)

h = 0

s = 0

( rr , gg , bb ) = co l o r s y s .

h sv to rgb (h , s , v )

img . putp ixe l ( ( i , j ) , ( int ( r r ∗
255) , int ( gg ∗ 255) , int (bb

∗ 255) ) )

def over l ay ( img 1 , img 2 ) :

mask = img 2 < 0 .5

output = 2 ∗ img 1 ∗ img 2 ∗ mask + (1−mask) ∗ (1− 2 ∗ (1−
img 1 )∗(1− img 2 ) )

return output
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D. The assessment sheet for evaluation test

Figure D.1 Assessment sheet for participants to measure their perception during

interaction
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Figure D.2 Assessment sheet for participants to measure their perception during

interaction
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Figure D.3 Assessment sheet for participants to measure their perception during

interaction
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Figure D.4 Assessment sheet for participants to measure their perception during

interaction
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