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Abstract

The camera movement expressed on the screen of Animation is detected and recognized by audience's visual sensation. In this paper, in order to investigate the characteristics and measurement method of camera movement that improves visual cognition of the audience about emotional images, we are conducting research as follows. First, theoretically arranged the concept of interaction between emotional response, visual cognition, and camera movement. Then, we compared and analyzed the movement method between the real camera and the virtual camera with the three-dimensional authoring tool, and summarized the previous research on the processing of emotions given by the camera movement.  To convey the feelings of anger and the virtual camera and real camera expressed on the screen, to examine the characteristics of the same movement. Finally, we derive a method to measure the motion expressed on the screen and set criteria that can be quantified by replacing the camera setting values expressing anger feelings with numerical values. Through this research, we can grasp the characteristics of the camera movement to improve the audience's visual cognition, and the derived measurement method can be utilized in the animation production process.   
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I. Introduction

When viewing a specific scene of a movie that is directed based on the movement of the camera, the audience often makes an illusion that the camera does not move, but rather his body moves. On that basis, when composing the shot flow in the process of video content creation, adjusting the movement of the camera can convey a particular emotion and atmosphere to the audience [1].
In the 21st century, related industries have developed animation can express what people can imagine concretely. In order to study the camera movement that affects the visual cognition of an audience in animation, the following research is carried out in this paper. First, through the literature research, the theoretical analysis of the process that the movement of the camera exerts on the visual cognition of the audience. To study the characteristics of animated virtual cameras, we use the three-dimensional authoring tool, Maya 2017 application, to analyze the spatial coordinates when the virtual camera moves and the characteristics of the speed, direction, and scale controlled by the animation curves. The camera movement represented on the screen is reclassified as the basic emotion of joy, anger, sorrow, and pleasure that human beings feel based on previous research on the emotional feelings given by visual intensity. We examine the emotion of anger that can effectively create a majestic image of a person, and compare the camera movement which expresses the emotion of anger in real life and in the animation, and then analyze the same characteristics of movement expressed on the screen. Finally, we derive a method to measure the camera movement by reconstructing quantitative numerical values and ranges into animation graph when the camera moves such as up and down, left and right, etc., expressed on the screen. In this research, when directing the scene in which the emotion is expressed in the process of animation production, a method that can measure the method of camera movement by increasing or decreasing the degree of the visual cognition of the audience derives and makes it possible to utilize as a resource for camera operation during animation production. 

II. The Research Process

A. Camera Movement and Visual Cognition

Human beings recognize most information through visual sense to accept external stimuli via sensations such as visual, auditory, olfactory, taste, and tactile. It is possible to select one of balance, shape, form, space, growth, light, color, movement, tension and expression. The movement of the visual response element has the greatest influence. Renault Barbaras noted sensation is a primary reaction that will experience a sense in the eyes and the nervous system at a stage before perception, and humans referred to perception through sensory organs. We experience cognition through selective attention in the process of physical action of visual cognition, and all processes in which visual information processing is performed in the brain is called a visual cognitive process. From the viewpoint of cognitive psychology, video images are accommodated through sensory organs and processed in memory organs to induce human emotion [2-5]. Strengthening visual intensity which means strong visual impact and dynamism, in video contents, increases the audience's comprehension and immersion of particular atmosphere and emotions. Visual intensity is generated by the contrast in which changes in speed, direction, and scale are formed in elements of motion, and the stronger the contrast of the change, the higher the visual intensity. Adjusting visual intensity is interpreted in the sense that it affects audiences' reactions. This may cause audiences an emotional response such as laughing, crying, or raising a voice, or cause a physical reaction such as muscle tension or eye tremor. Generally, the stronger the visual stimulus on the screen, the response of the audience also appears strongly. These reactions promote the visual cognition of the audience of the video image including the characteristic emotions of the screen and the camera movement at this time acts as an important factor for adjusting the visual intensity [6]. TABLE I organized the human emotional response and physical reaction through the visual stimuli described above according to the factors constituting the scene of the video contents.  
TABLE I

THE CONSOLIDATION OF THEORETICAL CONCEPTS
	Concepts
	Elements
	Explanation of Elements

	Movement
	1. Speed
	Slow / Fast / Medium speed

	
	2. Direction
	Left and right / Up and down / Before and after

	
	3. Scale
	Small distance / Large distance

	Visual perception
	1. Visual intensity
	Contrast / Affinity

	Visual cognition
	1. Physical  reaction
	Close eyes, muscle tension, etc.

	
	Emotional 

response
	Cry, laugh, etc.


Changes in the speed, direction, and scale of the camera movement in the film are a method of adjusting the immersion degree of the screen as a factor that can strongly or weakly generate the contrast of the visual intensity. The movement represented on the screen stimulates the ability of the audience's visual perception. Fig. 1 presents the flow of process of human visual cognition in a movie scene.
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Fig. 1 The flow of process of human visual cognition
In the movie, all movements expressed through the screen are made up of camera and object movements. Here, the camera movement can be thought of in the same way as the movement felt by the audience's visual cognition [7]. In order to perceive objects and situations sensuously, audiences turn their heads or move their bodies forwards or backwards. This reaction behavior of the human being is represented in the same way as the basic movement of the camera, such as pan, tilt. In case their body is stationary, audiences will check left and right by rotating their head to the left and right to secure the visibility to be over 180 degrees.  Also, it is possible to secure a field of view of about 90 degrees if raises or lowers the head vertically. The horizontal and vertical movement of the camera corresponding to such movement of the spectator is the respective pan and tilt, and most camera movements are thus within the physical limits of essential human motion [8]. It is possible to confirm the content classified in correspondence with the physical movement of a person as the characteristic of the direction and range of the actual camera movement shown in TABLE II. Camera identity technology that makes continuity as to whether the movement of the preceding camera is indirect depending on the visual observation of the audience is a very high level image representation. This is because the movement of the camera in the screen is executed at the same time as it is possible to raise the realization ability to the maximum as if it exists in the space in the reality where we live. As a result, when you look at the screen that moves in the movie, the audience is not a fictitious incident in the movie, but it is a factor of changes in the exaggerated emotions that leads to misunderstanding that it is actually happening or indirect cognitive activity.
TABLE II

THE BODY MOVEMENT CORRESPONDING TO THE CAMERA MOVEMENT
	Camera Movement
	Body Movement

	Tilt 

(up - down)
	Nod / Look up / Bow down

	Pan

(left - right)
	Shake head / Look around

	Crane

 (up - down)
	Stand up / Squat down / Jump / Stomp 

	Dolly

 (left - right)
	Follow on / Fall behind / Pass by 

	Dolly in 
	Walk into / Jogging / The sprint / 

To follow / Collision

	Dolly out
	Backwards / Dodge / Go away / Escape


B. Real Camera and Virtual Camera Movement

There is a functional difference in the control process between the real camera used when shooting live-action movies and the virtual camera used during animation creation. The virtual camera of the three-dimensional authoring tool operates in a virtual environment without gravity and space restriction. However, the screen rendering principle to improve the emotional immersion is same as the visual cognition that the audience feels about the emotional image of the screen.

In order to understand the operating principle of a virtual camera more deeply, we discussed the setting of properties of a virtual camera using three-dimensional authoring tool Maya 2017 application. In the Maya 2017 application, there are four existing panels (perspective, top, front, side), but you can create additional camera by Create - Cameras - Camera sequential direction from camera menu animation work. When setting general options for a camera using the Properties window when creating a virtual camera. In order to understand the meaning of the attribute appearing on the setting screen, the attribute of "2D Pan / Zoom" is added based on the description of the virtual camera property in 2005 Maya application of K.M. Coo and B.K. Oh and the explanation contents are presented as shown in TABLE III  [9].

TABLE III 

VIRTUAL CAMERA ADJUSTMENT OPTIONS

	Maya
Camera
	Explanation

	Camera properties
	Used to determine the point of view

	Lens properties
	Adjust the camera's focus length or the camera's horizontal / vertical ratio, the camera's lens. 

	Film back properties
	Can be run on the view that's related to Horizontal / Vertical film aperture or film gate 

	Motion blur
	Adjust the degree of blur of objects

	Clipping planes
	Adjust the visible range of the object, Only objects between the near clipping plane and the far clipping plane can be rendered in the camera view 

	Orthographic views
	The ability to display all objects at their original size without disturbing the camera's distance

	Camera tool
	A frame that adjust camera lens change, movement, rotation, etc. 

	2D Pan/Zoom
	View detailed information for a specific area when tracking, placing, or working without actually moving the camera


By adjusting the numerical value in the basic properties of a virtual camera window, can have the same function as a real camera. The following explains how to adjust the virtual camera corresponding to real camera movement in space. Unlike the real camera movement, the virtual camera can adjust the moving speed, direction and scale by entering coordinate values or adjusting the animation graph, and the adjustment method can be confirmed in TABLE IV. The direction in which a virtual camera moves and rotates in space is displayed in the X, Y and Z coordinates of Translate and Rotate. If the graph displayed in the animation graph editor of the three-dimensional generation authoring tool Maya 2017 application is output horizontally to the X, Y and Z coordinate value 0, it means that the virtual camera does not move in that direction. Based on this, a virtual camera movement can specify by letting animation keys be displayed at the coordinates in a specific area of X, Y and Z. As you can see, you can control the movement like a real camera in the same way through the adjustment of the numerical parameter and animation graph and construct the scene.

TABLE IV 

REAL CAMERA MOVEMENT AND VIRTUAL CAMERA MOVEMENT  
	Real Camera 
	Virtual Camera 

	Tilt

(up to down)
	Rotate Y: value becomes small; graph curve becomes low
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	Pan

 (left to right)
	Rotate X: value becomes small; graph curve becomes low
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	Crane 

(up to down)
	Translate Y: value becomes small;
graph curve becomes low
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	Dolly 

(left to  right)
	Translate X: value becomes large;
graph curve becomes high
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	Dolly

(back to front)
	Translate Z: value becomes small; graph curve becomes low
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When grasping how to control Camera movement and express the atmosphere of a specific emotion, we consider the camera movement which can strengthen the visual cognition of the audience. Based on materials organized that the camera displayed the emotional feelings transmitted through different speed, direction, and scale in the previous study, displays emotions in the basic sentiments felt by human beings and tried to examine the characteristics of the camera that moved close to the basic emotions [10, 11]. As shown in Fig. 2, the strong contrast and fast speed approach the anger's emotions, while the sorrow's emotions are more exposed. And with strong contrast and slow speed are more likely to express the emotions of pleasure and joy.
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Fig. 2 The emotional classification of the camera movement

We will explain a specific emotion as an example in order to more firmly prove the camera movement expressing emotions. Anger is a reaction for everyone to respond effectively to the crisis could surprise the people and could earn a reputation in the primitive tribe [11, 12]. Therefore, it is necessary to effectively express the character's anger emotion in order to create a majesty character in the film and to strengthen the audience's cognition. We selected three animations won the Best Animation Award and three films won the Best Cinematography Award at the Academy Awards ceremony for 3 years from 2014 to 2017 for the subject of study. Selected animated films are <Big Hero 6> (2014), <Inside Out> (2015), <Zootopia> (2016) and live-action films are <Birdman or> (2014), <The Revenant> (2015), < La La Land> (2016). For each movie, we selected a scene in which anger was expressed in animation, analyzed the camera movement reflecting the movement of the character, and summarized the results in TABLE V.
TABLE V

THE MOVEMENT OF REAL CAMERA AND VIRTUAL CAMERA IN ANGER

	Type
	Image
	Scenario description
	Camera movement

	Real Camera
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<La La Land>
	Sit quietly in anger and leave
	Subtle fast shaking and then rotation quickly
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<The Revenant>
	Accumulation of anger, the body trembling
	Rotate around the head of the character
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<Birdman or>
	Wandering around, throwing things
	Sudden rotation quickly in move back and forth

	Virtual Camera
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<Zootopia>
	Suddenly push away the character when speaking
	 shakes slowly and then swings up and down quickly
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<Inside Out>
	Angry cries
	Make small, quick, left and right shake in the forward motion 

	
	[image: image13.jpg]



<Big Hero 6>
	The angry character, move closer and closer
	Shake up and down in the backward motion


In this way, there are differences in the adjustment method between the real camera and the virtual camera, but when expressing the feelings of the same anger, when combining the movement of the presence appearing on the screen and the camera movement to convey the emotion and atmosphere of the screen to the audience strong Rapid speed with a contrast This angular feeling is expressed with this formed high visual intensity. 

Looking at the scene expressing anger feelings from a live-action movie <La La Land>, when the main character who was left alone was trying to suppress the feelings of anger, the movement of the real camera trembling rapidly swayed and the heroine's rapid breathing works in the same way. In the ensuing scene, when the heroine stands up and leaves, the direction is rotated rapidly to follow the movement. You can see the expressing feelings of anger by connecting action responses of characters and camera movement.

In the case of a virtual camera directing in Animation <Zootopia>, the camera shows a slightly late and unstable movement until anger appears at the scene where conflicts arise between the heroes. However, when anger is expressed and behavior gets rough, the camera quickly moves up and down with immersing in the emotion of the person. Such a change in the movement will help to allow you to immerse yourself in the emotions and breathing of the main character through this camera movement.

Also, when expressing an emotional atmosphere, changes in camera movement describe the circumstances in which the incident occurs and express the feelings of anger. In <Big Hero 6>, when an angry character comes close to the screen, the camera expresses a motion swinging up and down in response to floor vibration. Audience will indirectly experience the atmosphere in these scenes.

Therefore, when expressing the feelings of anger, the camera adds specific motions, due to characters or environmental changes, exposed to the screen. As a result, changes in the speed, direction, and scale of the movement of the camera are generated by the contrast, and the visual intensity can be increased. Through these camera movements, the audience goes through a process of visual recognition by combining aspects of human motion and emotional expression. At this time, the audience can naturally increase the degree of emotional immersion through the illusion that my body moves and the visual cognition, while watching the screen expressing movement.

C. Measure the Camera Movement
In order to grasp the moving method more accurately, quantifying the camera movement expressing anger feeling by the numerical value and using the Maya 2017 application and can measure the movement value of the camera.  The movement of the real camera and virtual camera realizes audience visual cognition through the screen of the flat screen. The process of measuring the numerical value and range in which the camera moves in the horizontal and vertical directions expressed through the screen is progressed in the order of 1 to 6 as shown in Fig. 3. 

As is shown in the Fig. 3, First, create an "Image Plane" from the camera view of front persp, connect sequences of video fragments. Select the "Use Image Sequence" function to play the video. Adjust the Maya timeline by the number range of the file sequence frame. Next, set a cube to the position of the relative stable in the figure. Clear the original location information of the Cube to better see the change in the numerical value. Finally, the cube moves according to the change of reference position and performs key animating.
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Fig. 3 The process of measure the camera movement

Measured values can be reflected in the animation graph of the camera movement by tracking the location of the reference on the screen. Using this method, Trace the movement of the frame expressed in the emotion of anger in the three animations shown in TABLE V, and the change of the animation graph and numerical value is summarized in TABLE VI.

In the front persp of the Maya 2017 application, the up and down, left and right movement of the screen can be quantified as the numerical values of the Translate X, Y coordinates. The numerical changes in Translate X, Y coordinates can be seen through the high and low changes of the animation graph. Therefore, it is possible to know the scale of frame movement by measuring the numerical values of Translate X, Y coordinates at the highest point and the lowest point of the graph. Looking at the derived animation graph, the broken lines are often added to a soft graph when expressing the emotion of anger. This means shake that suddenly changes direction and speed when the camera moves smoothly. The scale of shaking can be displayed on the Translate X, Y coordinates, and the shaking time can be indicated by the number of frames.

TABLE VI

THE MEASUREMENT OF CAMERA MOVEMENT
	/
	Image
	Numerical value

	Animation Graph
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<Zootopia>

 (smooth curve  has short fold)
	- Frame width & height: 12.8 & 5.34

- Movement scale  
Translate X: 0.071

Translate Y: 0.025
- Shaking scale  

Translate X: 0.038
Translate Y: 0.022
- Shaking Time: 15 (fps)
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<Inside Out>

 (smooth curve  has short fold)
	- Frame width & height: 12.8 & 6.918

- Movement scale  
Translate X: 2.03

Translate Y: 2.066

- Shaking scale  

Translate X: 0.023
Translate Y: 0.005
- Shaking Time: 13 (fps)
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<Big Hero 6>

 (smooth curve  has short fold)
	- Frame width & height: 5.6 & 2.383

- Movement scale 
Translate X: 0.843 
Translate Y: 0.67 

- Shaking scale  

Translate X: 0.074
Translate Y: 0.142
- Shaking time: 13/ 11/ 8 (fps)


Therefore, a method of measuring the camera movement by reconstructing quantitative numerical values and ranges into animation graph, which is expressed up and down, left and right, expressed through the screen, is derived.

III. Conclusion and Future Work

Once audience stores the emotional image expressed by the camera movement of the screen through visual organs, and judges the atmosphere and emotion of the scene.

The camera movement enhancing the viewer's visual cognition of the emotional image of the animation screen summarized the following features. The virtual camera movement promotes the emotional immersion of the audience and controls the visual intensity in which the camera movement ratio and the speed are formed in conjunction with the character's action and background change.  According to the preceding research about the emotions which presented on the screen, when directing the feelings of pleasure and joy, the camera movement is expressed at slow speed with a strong change ratio and in case of the emotion of anger, the camera movement is expressed at rapid speed with a strong change ratio and emotions of sadness appear. By taking the emotions of anger as an example, virtual camera and real camera were found to be moving features as if they were exposed from the screen.​​​​​​​

Using the "Image Plane" in the front view of the three-dimensional authoring tool Maya 2017 application, the cube tracks the movement of the screen and records the numeric parameters of Translate X, Y coordinates, so can see the camera movement is reconstructed as a quantitative numerical range and an animation graph and derives the measurement method. And the quantitative numerical values derived are utilized in accordance with the scenario effect value in the process of producing the animation by using the degree of movement of the virtual camera, can stimulate the visual perception of the audience of the atmosphere and emotions of the screen, therefore promoting the visual cognition, the degree of emotional immersion can be strengthened. 

When expressing feelings of anger in future research, will make an experimental video in which the virtual camera moves, and would like to study the degree of perception of audiences at various age groups when they visibly obtain an emotional image expressed on the screen. 
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