Research report
I learned a lot about computer graphics in this project, which helped me a lot. During the animation process, I went through a lot of rasterized rendering techniques, including realistic rendering and 2D stylized rendering methods.

Modeling
In scene modeling, I am mainly responsible for environmental models, such as stones, trees, poles, fences.
[image: 花园的教堂

描述已自动生成][image: 躺在草地上的马

低可信度描述已自动生成]The group leader told me he needed cartoon-style scenes. Then I found a lot of pictures and videos as art references. These references all have one thing in common, high-contrast tones as well as low normal intensity. This makes the model look like a 2D hand-drawn animation.
Next, I reviewed a lot of rasterized rendering technical documentation, along with Unreal Engine development documentation. Try to understand how this effect works.


(Flower and Grass) Modeling Phase: In rasterized rendering, the dark side of the object is related to the normal direction of each point, while the projection is achieved by calculating the path of the light. So, in the modeling phase of the grass, I needed to modify the normals to achieve the effect of no dark side in the reference diagram, and after many attempts, I determined that all the normals facing the Y axis could achieve this effect.

(Flower and Grass) Crafting Materials: During the Material Making Phase of Flowers and Grasses, I used UE5's Material System for crafting. In my reference video, grass has physical effects and they can sway with the wind. The color of those grasses changes depending on the color of the map terrain. I mastered the technology by consulting the official Unreal Engine documentation. First, in Unreal Engine, I needed to generate a virtual texture map that would record the color and height of the ground in the scene, and then link the virtual texture map to the base color, and I would have the effect of changing the model based on the terrain color. Next I added a gradient effect that works by blending a virtual texture with another color, which uses the Lörp node. The Alpha value of the Lerp node is connected to a gradient map. This way I can control the root color range of the grass by modifying the intensity of the gradient map to make it look like it has grown new. The physics of the grass I'm UV Animated (that's what CDPR Studio calls this technique, global position shift in the official Unreal documentation. To achieve, I used the same technique in the tree model. First I generated a sticker that changes the vertex position in the sitting UV by offsetting the RGB value of each pixel in the map. I used the GrassWind node, so the UVs would keep moving in a certain direction, and the color of each point in the map would [image: 地图

描述已自动生成]change. After applying this node in the global position offset interface, the color information of the vertices is transformed into spatial coordinate information, and the grass moves. In the video, when the wind blows through the grass, the grass looks reflective, just like the grass in an animation made by Hayao Miyazaki. I used a special noise map to implement this function. I used PS for this picture. In Unreal Engine, I mixed this image with both wind and nodes in base color and absolute world position, so that the model of that area covered on the map moves and changes color as the white area of the noise map passes through the model's UV.

[image: ](Tree & Leaf) Model making: I carve and topologize the trunk model in ZB, and then use Substance for baking, which has the advantage of saving me a lot of time. Because when the UVs of high-poly and low-polynum are the same, Substance directly calculates the normal direction of the high-modulus and generates a map, an algorithm that is about a hundred times faster than maya's envelope baking. Leaf making is a new technology, first I used a sphere to wrap the model in Zbrush, and then adjusted the number of faces in the model, I need about 500 faces. Next use Zbrush's Tile UV feature to tile each side across the entire UV.





Material making：
[image: 图形用户界面, 应用程序

描述已自动生成][image: ]In Base Colors, I lep the HueShift node with the base color, and the VetexNormaWS node as the Alpha value. This way, I can control the gradient of the leaves by modifying the value of the HueShift node and the position of the gradient mask through the VetexNormaWS node. Simply put, I can control the dark and bright sides of the leaves by adjusting the textures to make them look more like they were drawn by hand. On the other hand, I added a new feature to this leaf material, through the Fresnel node to make the object have edge light to achieve the effect of 2D rendering. Next is the most important feature, which changes the size of the model by UV scaling in conjunction with global position offset. First, I control the size of each face in the leaf model through the TexCoord node, and then the algorithm is to divide the map generated by TexCoord into 4 blocks. These four blocks contain 4 different forehead colors, each representing a different position and angle. The UVs of each quad will randomly appear in the area where the four colors are located. Next, the Transformer node allows you to convert the camera space where the map is located to world space. The purpose of this is to make the part of the leaf in the green and red blocks always face the camera, and the leaves in this area will look very luxuriant. Next I made a transparent mask of the leaves in PS. The swaying effect of the leaves and the grass use the same technique.




Rock Making:
First, I carved these rocks in Zbrush, and then the same process as the trunk, topology, baking. In the reference column I looked for, I found that the texture of the rock was affected by the terrain. For example, moss on the ground will grow along the stones, and the mud on the ground will attach to the stones. These details are incredible. After consulting Unreal Engine's official development documentation, I found that this effect was achieved by detecting the height of the map and the normal orientation of the model. First, a virtual texture map recording the ground height data and the ground color is generated, and then the height data recorded by the map is used to detect whether the model overlaps with the map. If so, the color of the overlapping part is changed to the ground color. This allows the material of the floor to be transferred to the contact stone. Next, the color of the top of the stone I used the WorldAligenedBlend node to make, this node can detect the direction of each surface of the stone with the Z axis, through my settings, when the direction of the plane is less than 45 degrees to the Z axis will mix the material of the ground. The texture effect on the top of the stone is made.
[image: 图形用户界面

描述已自动生成]  

Common item material:
[image: 图片包含 建筑, 室内, 挂, 桌子

描述已自动生成][image: 图片包含 地图

描述已自动生成]Because I made a lot of other models, like bottles and boxes and utility poles. These models need to be made of a generic item material, so I wrote a relatively simple instance material Through this material, I can quickly adjust the material's normal strength, roughness, metallicity, and change the hue of the object. When I looked through the data, I found an interesting phenomenon, if the base color map is two different colors of Alpha Value Lerp, then it can preserve the color details of the model to a certain extent and change the mold color. In this material, in order to adapt to the model made by all the team members. I added a lot of user-friendly designs, because some students don't use texture drawing software, so their models don't have metalness, roughness and normals, AO. So I designed a series of switches that turn off some of the material's render pipelines. And for the team members who used the OpenGL graphics interface to make textures, I designed a normal conversion algorithm that would make the OpenGL normals suitable for the DirectX graphics interface, and I could also adjust the intensity of the normals in the rasterized rendering scheme. The principle is to change the orientation and strength of the normal by changing the R channel and G channel in the normal map.




Character material creation
[image: 桌子上摆放着一些电子产品

低可信度描述已自动生成][image: 图片包含 图形用户界面

描述已自动生成]I wanted to make comic-style textures, just like the rendering effect in The Original Gods. So I looked up some material algorithms for 2D stylized character rendering. I referenced the render pipeline in Sin Gear. 2D rendering is mainly achieved through self-illumination channels. The character's shadow effect I used to multiply the sky light with the character's normal space point, and use an If inequality to sharpen the shadow edges. Then I repeat the algorithm three times to have a more detailed layered shadow. I can even adjust the shadow color. For the character's edge light, I use the camera space multiplied by the normal space point, and by division to sharpen the edge light, and then I use Clamp to fix the maximum output of the texture and then overlay it with the shadow. The highlight effect, on the other hand, I obtain by multiplying the reflection vector with the atmospheric solar vector point. Finally, when I got to the character outline section, I found 3 techniques that can implement character outlines in UE. 
1. Normal expansion algorithm. 2. Fresnel functions. 3. Distance detection. I tried both algorithms for Fresnel functions and distance detection. The normal expansion algorithm is relatively simple and easy to understand, just like edge light, except that I changed the output color to black. However, since the overlay mode is Add, this function will output the color information of all pixels in the UV coordinates at the same time, which means that the texture data of all previous channels will be polluted. This results in an output color rendering error. So I need an If node to judge the output black range, and enlarge the output value, the range that is not black is output to 0. This way I can output only the black of the edges to overlay the other channels.


[image: 电脑游戏的截图

中度可信度描述已自动生成][image: 电脑屏幕的照片

中度可信度描述已自动生成]



The final effect

[image: 图片包含 游戏机, 镜子, 物体, 墨镜

描述已自动生成][image: 穿紫色衣服的卡通人物

描述已自动生成][image: 穿紫色衣服的卡通人物

描述已自动生成]




Scene editing
Since the guy in charge of the build said he didn't understand Unreal Engine well enough, the scene was badly behind, so I took over the job. I want to achieve more realistic ground, for example, the texture of the ground can have a softer switching. This effect is difficult to achieve in maya, but I found a good solution in Unreal Engine. The map editor in Unreal Engine lets me divide the ground into layers, but I need to write a special graphics algorithm. I output layer blend nodes to base colors, normals, virtual textures. Six different texture maps are then adjusted for texture repetition and exported to the Layer Blend node. Next I used the scene editor that came with UE to build the scene.
[image: 图片包含 草, 绿色, 桌子, 大

描述已自动生成][image: 图示

中度可信度描述已自动生成][image: 图示, 示意图

描述已自动生成]I added basic effects like lighting effects, virtual textures, skyboxes, and the like. This makes my scenes richer.
[image: ]




Bone binding
Since I'm not familiar with the binding part, I use a relatively simple method to make bindings, first importing characters into Mixamo for skinning, and then using ADV to make controllers. During the controller making phase I needed to debug the bone position several times to get a good IK solution.

Animation section
During the production of the animation, I encountered many problems. The progress of character production is very slow, and with only one character finished, I want to start animating as soon as possible. I animated two different characters from the same set of skeletons, and in my previous experience, the engine can be redirected to pass the animation of two characters. I tried to use bone redirection and motion capture techniques to make two animations, but this part of the animation made an error when importing UE, and I tried many methods, but in the end I couldn't get the motion capture data to match the rabbit's bones in UE4. The reason is that the local spatial position of the bone does not match the scale. Part of the reason may be that the pig character was made very early, but he only has 3 fingers. The rabbit character has five fingers, which causes the bones of the rabbit and the pig to not be imported into the UE for matching. But I use pigs as generic skeletons for redirection when I move to catch (rabbits weren't born yet). Therefore, in the final link, UE4 cannot be imported.

Motion capture
I used some cutting-edge technologies, including video motion capture technology based on NVIDIA AI and KtracingAI-based motion capture. But these motion capture effects weren't great, and I spent a lot of time smoothing the animation curves in maya.
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