'ne Wavefront Object File (.obj) Format

Commonly used in Graphics research

Just a text file that specifies vertices, normals, texture
coordinates and their connectivities

# This is a comment

1,000080 =1.080608 —1.508000 vn ©.000000 0.000000 -1.000000
k 1.000000 -1.000000 1.000000 vn -1.000000 -0.000000 —0.000000
v -1,000000 -1.000000 1.000000 vn -0.000000 -0.000000 1.000000
vn -0.000001 0.000000 1.000000

v -1.000000 -1.000000 -1.000000
v 1.000000 1.000000 -1.000000 vn 1.000000 -0.000000 ©.000000
v 2.999999 1.000000 1.000001 vn 1.000000 0.000000 0.000001

v -1.000000 1.000000 1.000000 =
Vv -1.000000 1.000000 ~1.000000 vn 0.000000 1.000000 -0.000000

vt 0.748573 0.750412
vt 0.749279 0.501284
vt 0.999110 0.501077
vt 0.999455 8.750380
vt 0.250471 0.500702
vt 0.249682 0.749677
vt 0.001085 0.750380
vt 0.001517 0.499994
vt 0.499422 0.500239
vt 0,500149 0,750166
vt 8.748355 8.998230

vn -9.000000 -1.000000 9.000000

5/1/1 1/2/1 4/3/1
5/1/1 4/3/1 8/4/1
3/5/2 7/6/2 8/7/2
3/5/2 8/7/2 4/8/2
2/9/3 6/10/3 3/5/3
6/10/4 7/6/4 3/5/4
1/2/5 5/1/5 2/9/5
5/1/6 6/10/6 2/9/6
5/1/7 8/11/7 6/18/7

vt 0.748953 0.250920 1/2/8 3/13/8 4/14/8

vt 9.500193 0.998728 8/11/7 7/12/7 6/10/7
. vt 0.498993 0.250415 1/2/8 2/9/8 3/13/8
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Four input points in total
Same recursive linear interpolations




Example: quadratic Bézier curve from three points
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Bernstein form of a Bézier curve of order n:

?"(t) =bg(t) =Y _b;B}(t)
j=0 T

Bézier curve order n Bernstein polynomial

(vector polynomial of degree n) (scalar polynomial of degree n)

Bézier control points
(vector in RN)

Bernstein polynomials:
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Instead, chain many low-order Bézier curve

Piecewise cubic Bézier the most common technique
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*iely used (fonts, paths, lllustrator, Keynote, ...)
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https://zhuanlan.zhihu.com/p/682786735


https://zhuanlan.zhihu.com/p/682706735
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B-splines (Basis Splines), @M ZE/REILIVEBE,
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For new vertices:

New 1/8

Update to:
3/8*(A+B)+1/8* (C + D)
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For old vertices (e.g. degree 6 vertices here):

Oid
vertex: Update to:
(1 - n*u) * original_position +

u * neighbor_position_sum

n: vertex degree
1-nu u u u: 3/16 if n=3, 3/(8n) otherwis


https://www.bilibili.com/video/av66548502
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Non-quad fa
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vertex (FHR)
(degree != 4)
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Each subdivision step:
Add vertex in each face
Add midpoint on each edge

Connect all new vertices

After one subdivision:

How many extraordinary vertices?
What are their degrees?

How many non-quad faces?

E—RAN.



FYi: Catmuli-Clark Vertex @date Rules (Quad Mesh)
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edge collapsing: iBIGH4E
Quadric Error Metrics

(DRIREER)
e How much geometric error is introduced by simplification?

¢ Not a good idea to perform local averaging of vertices

¢ Quadric error: new vertex should minimize its sum of square
distance (L2 distance) to previously related triangle planes!

average
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Shadow Mapping
* Key idea:
- the points NOT in shadow must be seen both
by the light and by the camera
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e Hard shadows vs. soft shadows
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Umbra

Penumbra —

[https://www.timeanddate.com/eclipse/umbra-shadow.html]
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cv::Point2f recursive bezier(const std::vector<cv::Point2f> &control points, float
t)
{

int n = control points.size();

if(n == 1) return control points[0];

std::vector<cv::Point2f> next level points;
for (size t i =0; 1 <n - 1; ++i) {

cv::Point2f pl = control points[il];

cv::Point2f p2 = control points[i + 1];

next level points.emplace back(pl * t + p2 * (1 - t));
}

return recursive bezier(next level points, t);

void bezier(const std::vector<cv::Point2f> &control points, cv::Mat &window)

{

for (float t = 0.0f; t <= 1.0f; t += 0.001f)
{

cv::Point2f point = recursive bezier(control points, t);
window.at<cv::Vec3b>(point.y, point.x)[1l] = 255;



	Curve
	贝塞尔曲线：用控制点定义唯一的一条曲线
	splines 样条：一条可控的曲线

	三角形增加
	Loop（没想到吧，这个 Loop 是个姓） Subdivision：将一个三角形分成四个，新增的顶点和原来的顶点按照不同的规则改变位置
	Catmull-Clack Subdivision：对于更一般的模型，比如有四边形面的模型。

	三角形减少
	edge collapsing：边塌缩

	光栅化下的物体间遮挡阴影阴影
	Shadow Mapping


