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Video content that displays lyrics synchronized with the music in, for example, karaoke or music videos on the Internet is becoming popular. The font can change the impression the users get from the content; therefore, by changing the font according to the content, it is possible to improve the content and the overall experience. We aim to develop a new lyric expression method by blending the existing fonts and synchronizing them with the music. In this study, we propose a method that generates fonts that match music videos by mixing fonts according to the music characteristics. Also, we reveal through experiments whether displaying lyrics in a blended font can emphasize music video impressions compared to displaying them in the existing font.

Introduction

The content of music lyrics is very important. The function of lyrics is to convey information about thoughts, situations, and scenes to the listeners. Nowadays, there are many ways to read the lyrics, for example, on lyric cards in CDs, in subtitle-guided singing at karaoke clubs, or during music programs on TV.

In recent years, video with lyrics software, which uses the lyrics as the main content and synchronizes them with the music, has become popular. In Japan, there are many lyrics videos, for example, Hold Your Hand (Perfume), Aruku Around (Sakanaction), and Go Go Ghost Ship (Kenshi Yonezu). It is not unusual to see lyrics displayed in music videos created with Vocaloid, voice synthesizer software, because synthetic voices are harder to understand than human voices. Other technologies that support musical text expression are TextAlive [START_REF] Kato | TextAlive: Integrated Design Environment for Kinetic Typography[END_REF] and LyricSpeaker [START_REF] Speaker | [END_REF]. Visualization of lyrics synchronized with the music is an effective way to understand the meaning of lyrics. This visualization provides the user with a fascinating and enjoyable experience.

The font of the lyric texts created by software such as Lyric Video or TextAlive is usually the same throughout the music video regardless of the genre, melody, and content of the lyrics. Lyrics shown as a guide in karaoke also use the same font. On the other hand, on posters and in comics, creators choose appropriate font designs to emphasize the content; they would not use a joyful font for a sad scene in a comic book.

Several studies have investigated how the font design can change the impression of the content. We expect that the comprehension of the music, as well as the visual and auditory experience, can be augmented if an appropriate font design is selected to display the content. As a result, kinetic text expression created with, for example, LyricSpeaker or TextAlive may become richer. Specifically, it is thought that music video entertainment will be further enhanced by making the lyrics more enjoyable.

Related Work

Several studies have proposed various ways to extend the viewing experience by adding other types of stimulation, such as, using vibrations synchronized with the music in an impression emphasis method [START_REF] Yoshida | An examination of a music appreciation method incorporating tactile sensations from artificial vibrations[END_REF]. Similarly, in our research, we aim to extend the visual and auditory experience by adopting an appropriate font for a music video.

A number of studies have reported that the font designs affect the impression of the content. The visual effects of the shapes of Japanese characters on printed matter have been investigated, and it has been verified that different font designs change visual impressions. Mackwiewicz et al. [START_REF] Mackiewicz | Why People Perceive Typefaces to Have Different Personalities[END_REF] examined the relation between the font design and human recognition. In the same study, 15 types of fonts were evaluated for 10 types of attributes, and it was clarified that the visual characteristics and design characteristics of the font were related to each other. Also, Coldwell [START_REF] Caldwell | Japanese typeface personalities: Are typeface personalities consistent across culture?[END_REF] analyzed the emotional response to the Japanese font systematically and revealed a relation between the visual characteristics of the font and the emotional response.

Several studies have investigated how the impressions of the font affect human recognition or emotions. Doyle et al. [START_REF] Doyle | Mixed messages in brand names: Separating the impact of letter shape from sound symbolism[END_REF] reported that an appropriately selected font for a product can change human behavior. He focused on the consistency of the font and product because the impressions gained from the font design affect human emotions before the meaning of the words does. Velasco et al. [START_REF] Velasco | The taste of typeface[END_REF] revealed that the shape of the font and the sense of taste are related. For example, angular fonts are associated with "sourness", "bitterness", and "spiciness", while rounded fonts are associated with "sweetness". Karnel et al. [START_REF] Karnal | Healthy by design, but only when in focus: Communicating non-verbal health cues through symbolic meaning in packaging[END_REF] studied the relation between product packaging and the consumer's behavior: a consumer with healthy habits tends to perceive a lightweight font as healthy, so this font increases the consumer's intention to buy merchandise.

In a study of the creation of new fonts, Suveeranont et al. [START_REF] Suveeranont | Example-Based Automatic Font Generation[END_REF] proposed a system for creating a new font by blending a base font with any other font. However, the system requires manual corrections when the output font is distorted due to blending fonts with extremely different shapes. Contrary to this, Campbell et al. [START_REF] Campbell | Learning a Manifold of Fonts[END_REF] proposed a method that places fonts on a two-dimensional map so that fonts with similar shapes are close to each other and no distortion occurs when they are fused. Our method also blends some existing fonts. However, unlike in Campbell's method, we expressed the font using a numerical formula as done by Saito et al. [START_REF] Saito | Fontender: Interactive Japanese Text Design with Dynamic Font Fusion Method for Comics[END_REF] and generated blended fonts by weighting and averaging the fonts.

Proposed method

In this study, we proposed a method that generates fonts that reflect music video impressions by blending existing fonts. We used six music video impressions as input: five impression classes from MIREX [START_REF] Hu | The 2007 MIREX audio mood classification task: Lessons learned[END_REF] and "cuteness" from Yamamoto et al.'s study [START_REF] Yamamoto | Leveraging Viewer Comments for Mood Classification of Music Video Clips[END_REF]. The descriptions of C1-C6 are given in Table 1. 

cute, lovely, adorable

We applied Saito's method of blending fonts [START_REF] Saito | Fontender: Interactive Japanese Text Design with Dynamic Font Fusion Method for Comics[END_REF]. In this method, fonts are blended by considering strokes and diameters as numerical formulas. We supposed that letters can be represented by the locus of a circle with a changing diameter and express these letters by drawing the trajectory of the circle with its center mapped on the stroke line. Specifically, as shown in Fig. 1, first, we obtained a set of circles for drawing the font, and then, to express the font smoothly, we performed cubic spline interpolation to connect the obtained set of circles as much as possible. After that we generated a circle that fills in the gaps. Next, we calculated the numerical formula, which is a sequence of the centers of the circles, by Fourier series expansion. In Fig. 1,(f(t),g(t)) is a point on a stroke of a character of a font, and the distance between the edge of the font and the point is h(t): distance information.

Each calculated stroke can be expressed as a numerical formula of t:

! 𝑥 = 𝑓 % (𝑡) 𝑦 = 𝑔 % (𝑡) r = ℎ % (𝑡) -π ≤ 𝑡 ≤ π
By fusing N fonts using the optional rate 𝛼 1 -𝛼 2 , the numerical formulas of the blended strokes are as follows:

⎩ ⎪ ⎪ ⎪ ⎨ ⎪ ⎪ ⎪ ⎧ 𝑥 = 7 𝛼 % 𝑓 % (𝑡) 8 %91 𝑦 = 7 𝛼 % 𝑔 % (𝑡) 8 %91 𝑟 = 7 𝛼 % ℎ % (𝑡) 8 %91 7 𝛼 % 8 %91 = 1
By changing the rate of blending, we can create appropriate fonts. Although the number of impression words when blending is two, we extend the number of words by fusing the aforementioned impression classes C1-C6. In the following section, we describe a preliminary survey for computing the C1-C6 impression values of fonts and music videos.

In our method, we blended fonts by associating music video impressions with font impressions. We conducted preliminary surveys on the impressions of fonts and music videos. The first survey was on the fonts. Nineteen participants evaluated their impressions of 14 fonts (Fig. 2); eight fonts were taken from previous research [START_REF] Saito | Fontender: Interactive Japanese Text Design with Dynamic Font Fusion Method for Comics[END_REF], and six fonts were selected by the authors. We showed text in each font on the web system used for the experiment. In this survey, the participants evaluated each impression class on a scale from -2 to +2 using adjectives and negative words. Next, we conducted a survey on the impressions of the music videos. Nineteen participants (university students aged 19-23) watched 18 shortened music videos and evaluated six classes of impressions. The duration of each shortened music video was about 20-30 s. In this evaluation, each impression class was evaluated on a scale from -2 to +2 using adjectives and negative words. Also, the order of the music videos was made random for each participant.

Experiment

Experiment procedure

We hypothesized that the impression of the music video can be emphasized by using a blended font for lyrics. We conducted experiments to compare a blended font and two fonts created under two conditions.

In our experiment, we verified the usability of a font created by our method by watching a music video that was synchronized with lyrics created in three ways. For generating fonts, we also used two other methods in addition to our method.

1. Blended font: A font generated by adopting the top four neighboring fonts obtained from the impressions of a target music video, weighted averaging, and fusing. 2. Neighborhood font: A font determined to be the closest to the impression of a target music video. 3. Impression_0 font: A font generated by the font fusion method with all six impression class inputs as 0.

In the experiment, the choruses of the same 18 music videos from the preliminary survey were used. A total of 54 types of music videos were generated, and three types of fonts were superimposed on the lower part of the screen. Although there may be important factors for displaying lyrics such as color, size or position, we unified these conditions because subtitles are static throughout the music video in many cases. The generation system was implemented using Processing, open-source graphical library. An example of the generated font is shown in Fig. 3. And examples of the fonts and each impression class are shown in Fig. 4. Nineteen participants (university students aged 19-23) watched music videos with superimposed lyrics in fonts created under three conditions. Although some of the participants had participated in the data set construction, it was judged to have no influence on the experiment because the font design, music animation and the superposition were considered to be independent from each other. For the experiment, we prepared a web system, which was used to evaluate six impression classes after viewing music videos on a five-point scale steps from -2 to +2 (Table 1).

Also, even if the impression is emphasized, it is conceivable that the character design would not match the mood of the music video. Therefore, to quantify the degree of matching between the font and the music video, we asked the question "Did the font match the music video?" The answer scale had five steps from -2 ("It did not match at all") to +2 ("It matched very well"). In addition, the order of music videos was made random for each participant; therefore we concluded that there was no order effect.

Results

Fig. 5 shows the degree of matching when the fonts that were created using three different methods were applied to the lyrics of the music videos. Seven music videos were evaluated to be most suitable for the fusion font, nine music videos were evaluated as most suitable for the neighborhood font, and two music videos were evaluated as most suitable for the impression_0 font. From these results, we can assume that a font synchronized with an impression is suitable regardless of fusion, although the most suitable font to be used for the lyrics depends on the music video. Music videos C, F, I, and R had an overall low degree of matching. impression from the font. However, C1, C2, and C4, which represent "grandness", "vigorousness", and "violence", represent emotions that may be difficult to convey by static characters. In other words, when expressing C1, C2, and C4 as characters, it is better to animate the font rather than focus on the font design. In our method, four fonts are fused, and it is possible that an inappropriate font may be generated if the degree of matching with the music video is not very high. Therefore, to analyze with high degree of matching, we first selected fused fonts and neighborhood fonts that had a high degree of matching and a difference compared with the impres-sion_0 font. Then, we calculated the difference in size of the impression vector between the fusion font and impression_0 font and between the neighborhood font and impres-sion_0 font. Fig. 9 shows these values as a graph. When the degree of matching between the presented font and the music video is +2 (very well matched), the fusion font can better emphasize the impression compared to the neighborhood font. However, it can be confirmed that the fusion font is not effective when the degree of matching is +1 (matched). Therefore, it is possible that the font fusion method can greatly emphasize the impression if the degree of matching with the mood in the music video is high. Otherwise, the impression will be suppressed. 

Conclusion and Future Work

In this research, we proposed a method to dynamically generate fonts suitable for music videos by fusing existing fonts for music videos. A preliminary survey on fonts and music videos was conducted, and later fonts were fused based on the data received from the survey. When a user views a music video, we compared impression values when applying the font created by the proposed method, font closest to the impression, and font with the impression value set to 0 to the lyrics.

We conducted experiments to verify whether the font emphasizes the impression of the music videos. As a result, we confirmed that the proposed method is useful for music videos with high impression values of C3 (sadness), C5 (funniness), and C6 (cuteness). On the other hand, in the case of music videos with high impression values of C1 (grandness), C2 (vigorousness), and C4 (violence), it is difficult to emphasize the impression with static characters. In addition, it seems that the degree of matching with the music video is greatly affected by the impression emphasis when using the fusion font.

In the future, this method will make users feel more empathy with the music video while watching it. For example, we believe that the way people sing at karaoke would reflect their impression of the music video of the song. In addition, it is possible to fill the gap between the impression of the music that the composers tried to express when they composed it and the impression that the viewers receive. As described above, we consider this method is not only to convey the content of the lyrics, but also to make the lyrics more enjoyable and to contribute greatly to the creation of highly entertaining music and video content.

The limitations of this research are that the impression values of the selected font were uneven, and there was a possibility that the participants viewed the music videos without looking at the lyrics. Therefore, in the future, we plan to have a pre-selection stage to consider the variations in font impression values and then conduct experiments in which the participants watch music videos while looking at the lyrics. Also, in the proposed method, the impression emphases of music classes C1, C2, and C4 did not show the intended results, so we plan to develop an impression emphasis method that uses animation and color.
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 6 Fig.6shows a list of comparisons of the values from the preliminary survey and the experiments for each music video. The blue columns show the values of the preliminary survey, and the green, yellow, and red columns are the values obtained in the experiments. It can be seen that there is variation in impression emphases. The number of evaluation values of any one of the three types of fonts exceeding the value of the presurvey is 8 for C1, 8 for C2, 14 for C3, 6 for C4, 11 for C5, and 15 for C6. This shows that the impressions of C3 (sadness), C5 (funniness), and C6 (cuteness) are well emphasized.
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 8 Fig. 8. Distribution of differences for each music video.

Fig. 9 .
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Table 1 .

 1 Impression classes

	Name	Adjectives
	C1 (grandness)	grand, sonorous, massive
	C2 (vigorousness)	lively, exciting
	C3 (sadness)	painful, sad
	C4 (violence)	aggressive, violent, exciting, passionate
	C5 (funniness)	unique, funny, roguish, whimsical, hilarious
	C6 (cuteness)	
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Analysis

A numerical comparison is performed for each impression class of each music video. From Fig. 6, it can be seen that C3 and C4 in the impression class have a large variation in values for each font, and impression emphasis did not occur as intended. Fig. 7 shows graphs in which the impression value data of the font created in the preliminary survey are sorted in ascending order for each of the C1 to C6 impression classes. This graph indicates that C3 and C4 are less than 0, which is the median value in the questionnaire survey, for most of the fonts. In other words, among the impressions of music videos, those with higher C3 and C4 are considered to have the same font each time and do not reflect the impression of the music videos accurately. In addition, the variation in the values of each font is small, and it is considered that a similar font has been generated as a result of font fusion. Furthermore, although the lyrics were added to the lower part of the music video screen this time, if the participants were familiar with the music, it is possible that they could have watched the music video without looking at the lyrics.

In the future, we plan to conduct an experiment that takes into consideration the way the viewer sees the subtitles, for example considering karaoke lyrics and TV subtitles. Next, we focused on the differences in impression emphasis among fonts. Fig. 8 shows that for each music video, there are differences between the fusion font and the impres-sion_0 font and between the neighboring font and the impression_0 font. The numbers are graphed for each numerical interval. From Fig. 8, it can be seen that in music videos F, H, I, L, N, O, and R, the neighborhood fonts are evaluated higher than fonts created by the proposed method. By looking at music videos F, H, I, L, N, O, and R in Fig. 6, it can be seen that all values of C1, C2, and C4 in the preliminary survey are high. C3, C5, and C6 represent "sadness", "funniness", and "cuteness" and can convey the