
Computer Graphics

Rasterization 3

(Clipping, Hidden Removal)
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Last Lecture

2

• Raster Display (光栅化显示器)

• Rasterization pipeline 

• Rasterization (Line and Triangle)

• Antialiasing (反走样)



What is screen?

• What is a screen?

-

-

-

An array of pixels

Size of the array:resolution

A typical kind of rasterdisplay

• Raster == screen in German

- Rasterize == drawing onto the screen

• Pixel (FYI, short for “picture element”)

-

-

For now: Apixel is a little square with uniform color  

Color is a mixture of (red, green,blue)
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Cathode Ray Tube （阴极射线管）
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阳极高压

荧光粉

偏转磁场



OpenGL/Direct3D 

graphics pipeline
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Sampling Artifacts

(Errors /  Mistakes / Inaccuracies) in  

Computer Graphics
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Rasterization: Antialiased Sampling

Pre-Filter
(remove frequencies above Nyquist) (?)

Sample

Note antialiased edges in rasterized triangle  

where pixel values take intermediate values
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Fourier Transform Decomposes A Signal Into Frequencies

spatial  

domain

frequency  

domain
Inverse transform

Fourier transform

Recall
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Convolution Theorem

Convolution in the spatial domain is equal to multiplication  

in the frequency domain, and vice versa

Option 1:

• Filter by convolution in the spatial domain  

Option 2:

• Transform to frequency domain (Fourier transform)

• Multiply by Fourier transform of convolution kernel

• Transform back to spatial domain (inverse Fourier)
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Convolution Theorem

=

x =

Spatial  

Domain

Frequency  

Domain

Fourier  

Transform

Inv. Fourier  

Transform

1 1 1

1 1 1

1 1 1

1

* 9
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Multisample Anti-Aliasing

多重采样抗锯齿
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Supersampling: Step 2

Averaging down

Average the NxN samples “inside” each pixel.
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三角形的光栅化过程，属于光栅化流水线的哪一个环节？

Vertex Processing

Primitive Processing

Fragment Generation

Fragment Processing

A

B

C

D

提交

单选题 1分
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改善走样现象的正确方法有？

Filter then sample

Sample then filter

Increase sampling rate

MSAA

A

B

C

D

提交

多选题 1分



Today

• Clipping (裁剪)

• Scan Conversion of Line Segments

• 直线段的扫描转化

• Scan Line Polygon Filling

• 扫描线多边形填充

• Hidden Removal (消隐)
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Rasterization PipelineClipping
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Clipping

• Some objects may go out of the frustum

• These objects (or part of objects) are invisible from the camera

• Clipping: eliminate regions that aren’t visible from the camera
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Clipping in normalized device coordinates (NDC)

• Accept primitives inside the view frustum

• Reject primitives outside the view frustum

• Clip primitives that extend beyond the view frustum

*Figures are correct: NDC for OpenGL (a popular graphics API) is left-handed coordinate space
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Clipping in normalized device coordinates (NDC)

• Accept primitives inside the view frustum

• Reject primitives outside the view frustum

• Clip primitives that extend beyond the view frustum

https://paroj.github.io/gltut/
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Clipping algorithms

• There are many different primitives: segments, triangles, polygons

• Line segments: 

• Sutherland-cohen algorithm:  consider 4 cases

• 算法基本思想：问题分解，Coarse2Fine

• 通过分类讨论简化问题

• 解耦：非判定问题和求交问题
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Sutherland-Cohen Algorithm

Step 1: Intersecion test

• Divide the window into 9 regions with binary codes

0100

0000

10001001

0001

0101

1010

0010

0110

𝐶𝑡𝐶𝑏 𝐶𝑟 𝐶𝑙

𝑡

𝑏

𝑙 𝑟
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Sutherland-Cohen Algorithm

Step 1: Intersecion test

• Divide the window into 9 regions with binary codes

• Query the code for each endpoint

(1) Two codes are 0000 and 0000: inside

(2) “AND” operation and not obtain 0000: outside

(3) Otherwise

（1） （2） other

0100

0000

10001001

0001

0101

1010

0010

0110

𝐶𝑡𝐶𝑏 𝐶𝑟 𝐶𝑙

𝑡

𝑏

𝑙 𝑟

Whether both two endpoints are on 

top, bottom, left, right of the 

window

1

2

3

4

5

2
?

1
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Sutherland-Cohen Algorithm

Step 1: Intersecion test

Step 2: Find the part of segment inside the viewing region

(4) Query the horizontal/vertical line  (“or” operation)

(5) Compute the intersection point

(6) Remove the part outside window, repeat step1 for the other part

Simple to implement!

0100

0000

10001001

0001

0101

1010

0010

0110

𝐶𝑡𝐶𝑏 𝐶𝑟 𝐶𝑙

𝑡

𝑏

𝑙 𝑟
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中点分割裁剪算法

Step 1: Same to Sutherland-Cohen Algorithm

Step 2: Find the part of segment inside the viewing region

Another option: looking for A from P0, and looking for B from P1

• Midpoing partition: Compute midpoint Pm, if P0Pm visible, replace P0P1 by P0Pm

P0

P1

A

Only addition and division by 2, easy to 

implement in the hardware!

Pm

P0 A

P1

递归式的求交点方法
避免进行求交计算

…..
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Clipping algorithms

• There are many different primitives: segments, triangles, polygons

• Line segments: 

• Sutherland-cohen algorithm:  consider 4 cases

优缺点是什么？大家想一想？

• 算法基本思想：问题分解，Coarse2Fine

• 通过分类讨论简化问题
• 解耦：非判定问题和求交问题
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Clipping algorithms

• There are many different primitives: segments, triangles, polygons

• Line segments: 

• Sutherland-cohen algorithm:  consider 4 cases

• 算法基本思想：问题分解
• 通过分类讨论简化问题
• 解耦：非判定问题和求交问题

• 优点：思路简单，易于实现
• 缺点：效率低，两步通常比单步慢，
没有充分利用判定问题和求交问题中
的重合部分

26



27

Liang-baskey algorithm



Liang-baskey algorithm

• Which part of the line segment is visible?

• How do we present a segment? 目标segment如何表达？参数化！

(𝑥2, 𝑦2)

(𝑥1, 𝑦1)

𝑥1, 𝑦1 + 𝑢(∆𝑥, ∆𝑦) 𝑝
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Liang-baskey algorithm

• Which part of the line segment is visible?

𝑥𝑙 𝑥𝑟

𝑦𝑏

𝑦𝑡
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Liang-baskey algorithm

• Which part of the line segment is visible?

• Rewrite as 

1 2

𝑥𝑙 𝑥𝑟

𝑢∆𝑥 ≤ 𝑥𝑟 − 𝑥12

−𝑢∆𝑥 ≤ 𝑥1 − 𝑥𝑙1 1

2
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Liang-baskey algorithm

• Which part of the line segment is visible?

• Rewrite as 

1 2

𝑥𝑙 𝑥𝑟

𝑢∆𝑥 ≤ 𝑥𝑟 − 𝑥12

−𝑢∆𝑥 ≤ 𝑥1 − 𝑥𝑙1 1

2

1. 如果∆𝑥=0，线段平行于X
1. q𝑘 < 0, outside
2. q𝑘 ≥ 0, 𝑖𝑛𝑠𝑖𝑑𝑒

2. 如果∆𝑥 ≠0, 线段不平行

• Compute all rk=qk/pk

• u1 is max(0, rin)

• u2 is min(1, rout)

• If u1>u2, outside the window

• else, the part is from u1 -> u2

u1 and u2 defines the part of segment that is inside the window
31

如果p𝑘 < 0： 入边

如果p𝑘 > 0： 出边



Liang-baskey algorithm

• Which part of the line segment is visible?

• Rewrite as 

1 2

3 4

1 2 3 4
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• u1 and u2 defines the part of segment that is inside the window

• Compute all rk=qk/pk

• u1 is max(0, rin1, rin2)

• u2 is min(1, rout1, rout2)

• If u1>u2, the segment is completely outside the window

• else, the part is from u1 -> u2

Liang-baskey algorithm
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Liang-baskey algorithm
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Liang-baskey algorithm
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Liang-baskey algorithm
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Liang-baskey algorithm

思考：是否可以推广到非cube？是否可
以推广到三维？
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两种算法的比较

• There are many different primitives: segments, triangles, polygons

• Line segments: 

• Sutherland-cohen algorithm:  consider 4 cases

• Liang-baskey algorithm: faster!

• 视角：TOP2Down，从问题整体出发
• Motivation problem：我必须进行复杂的求交计算吗？

• 视角：Bottom2Up，从求解目标出发
• Motivation problem:  求解目标应该如何表达呢？
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Clipping algorithms

• There are many different primitives: segments, triangles, polygons

• Line segments: 

• Sutherland-cohen algorithm:  consider 4 cases

• Liang-baskey algorithm: faster!

• Polygons:

• The above line segment clipping can be used for wireframe polygons, not solid polygons

• What if? An example?

• Sutherland-hodgman algorithm
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Sutherland-hodgman algorithm

• Idea:  clipping with each line of the convex clip polygon in turn

40



Sutherland-hodgman algorithm

• Let’s consider one step

• The boundary divides the space into two parts: inside and outside

• Consider a segment SP of the polygon, their relationship has 4 cases

• It outputs the points for the next steps.
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Sutherland-hodgman algorithm

To clip an area against an individual boundary:

• Consider each vertex in turn against the boundary (顺序)

• Vertices inside the boundary are saved for clipping against the next boundary （内部）

• Vertices outside the boundary are clipped （外部）

• If we proceed from a point inside the boundary to one outside, the intersection of the line with 
the boundary is saved （从内向外）

• If we cross from the outside to the inside, intersection point and the vertex are saved （从外向
内）

思考：与边裁剪算法有什么关系？算法思想是什么？

42



Last Lectures

43

• Line Clipping (裁剪)

• Sutherland-cohen algorithm

• Liang-baskey algorithm

• Polygon Clipping (裁剪)

• Sutherland-hodgman algorithm



Clipping in normalized device coordinates (NDC)

• Accept primitives inside the view frustum

• Reject primitives outside the view frustum

• Clip primitives that extend beyond the view frustum

*Figures are correct: NDC for OpenGL (a popular graphics API) is left-handed coordinate space
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Sutherland-Cohen Algorithm

Step 1: Intersecion test

• Divide the window into 9 regions with binary codes

• Query the code for each endpoint

(1) Two codes are 0000 and 0000: inside

(2) “AND” operation and not obtain 0000: outside

(3) Otherwise

（1） （2） other

0100

0000

10001001

0001

0101

1010

0010

0110

𝐶𝑡𝐶𝑏 𝐶𝑟 𝐶𝑙

𝑡

𝑏

𝑙 𝑟

Whether both two endpoints are on 

top, bottom, left, right of the 

window

1

2

3

4

5

2
?

1
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Liang-baskey algorithm

• Which part of the line segment is visible?

• Rewrite as 

1 2

𝑥𝑙 𝑥𝑟

𝑢∆𝑥 ≤ 𝑥𝑟 − 𝑥12

−𝑢∆𝑥 ≤ 𝑥1 − 𝑥𝑙1 1

2

1. 如果∆𝑥=0，线段平行于X
1. q𝑘 < 0, outside
2. q𝑘 ≥ 0, 𝑖𝑛𝑠𝑖𝑑𝑒

2. 如果∆𝑥 ≠0, 线段不平行

• Compute all rk=qk/pk

• u1 is max(0, min(r1, r2))

• u2 is min(1, max(r1, r2 ))

• If u1>u2, outside the window

• else, the part is from u1 -> u2

u1 and u2 defines the part of segment that is inside the window
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Sutherland-hodgman algorithm

• Let’s consider one step

• The boundary divides the space into two parts: inside and outside

• Consider a segment SP of the polygon, their relationship has 4 cases

• It outputs the points for the next steps.
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Today

• Liang-baskey algorithm

• Scan Conversion of Line Segments

• 直线段的扫描转化

• Scan Line Polygon Filling

• 扫描线多边形填充

• Hidden Removal (消隐)

48

拍照



2D primitives to rasterized screen

Rasterization: a continuous object to a discrete representation on a raster grid

How to draw the 2D primitives on the screen?

• 2D Primitives: a set of projected vertices and edges

• Screen: a grid of pixels
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How to draw a line segment?

Light up all pixels intersected by the line
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How to draw a line segment?

Light up all pixels intersected by the line

• Digital Differential Analyzer (DDA, 数值微分法): find the pixels along x or y axis

Move along x axis

DDA (Digital Differential Analyzer)
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How to draw a line segment?

Light up all pixels intersected by the line

• DDA algorithm: find the pixels along x or y axis

Move along x axis Move along y axis
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How to draw a line segment?

Light up all pixels intersected by the line

• DDA algorithm: find the pixels along x or y axis

• select x axis if ∆𝑥 ≥ ∆𝑦 ≥ 0; select y axis otherwise

• high computation cost: 

• Requires division operation, e.g. ∆𝑡 = 1/∆𝑥

• Two sum and round every time

53



How to draw a line segment?

Light up all pixels intersected by the line

• DDA algorithm: find the pixels along x or y axis

• Incremental Bresenham algorithm: integer arithmetric（中点画线法）

(𝑥2, 𝑦2)

(𝑥1, 𝑦1)

基本思想：
问题简化（二选一）
距离判断
中点判断
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How to draw a line segment?

Light up all pixels intersected by the line

• DDA algorithm: find the pixels along x or y axis

• Incremental Bresenham algorithm: integer arithmetric（中点画线法）

𝑐 = 𝑥0𝑦1- 𝑥1 𝑦0

𝐹 𝑀 = 𝑎𝑥 + 𝑏𝑦 + c
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0.5?
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How to draw a curve segment?

Again we can use the Bresenham algorithm

• Circle function: 𝐷(𝑃) = (𝑥2 + 𝑦2) − 𝑅2 = 0

• We only need to select P1 or P2

𝑃2

𝑃1
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A short break 



What about the other shapes?

• Lines and curves are basic 2D primitives 

• The triangle’s 3D edges project to line segments in the image (thanks to planar 
perspective)

Now we can draw the boundary of any shape!

凸多边形 凹多边形 带洞（含内环）多边形
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How to draw the filled shapes?

81



Simple filling algorithms

• Brute force rasterizer

• Exhaustively test all the pixels

• Is each pixel inside or outside the shape?

• Flood/Seed fill algorithm

• Four-neighbors and eight-neighbors

• Initialize a seed and fill the neighbors 
Four-neighbors Eight-neighbors

Flood-fill algorithm
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Brute force test

• Odd-even Rule

• Line segment intersects with the shape boundary

• Count the number of intersections (Crossing Number)

• Odd number, P is interior point

• Even number, P is outside point
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Scanline fill algorithm （扫描线算法）
• Basic idea:

• Compute the intersection of the polygon boundary and the scanlines

• Sort the orders of intersections for each scanline

• Fill up the pixels along the scanline
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Scanline fill algorithm

• Scanline: scan along horizontal or vertical directions

For each scanline:

(1) Intersection. Compute the intersection between the 

scanline and polygon boundaries

(2) Sorting. Sort the intersections based on their x values.

(3) Matching. Build points between <1st, 2nd>, <3rd, 

4th>, ... intersections.

(4) Filling. Set the color for the pixels inside the paired 

interval.

Easy to think, but low efficiency (intersection and sorting)
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Flood fill algorithm （区域填充算法）

• Suppose we already know one pixel inside the region

Four-neighbors Eight-neighbors
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If we only have triangles

Triangle Testing

• The triangle’s 3D edges project to line segments in the image (thanks to planar perspective)

• The interior of the triangle is the set of points that is inside all three halfspaces defined by 
these lines
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If we only have triangles

Point-in-triangle test

Step 1. Triangle setup (compute E1, E2 , E3 coefficients from projected vertices)

Step 2. Evaluate edge functions at pixel center
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Speed up the rasterizer

• Axis-aligned bounding box

• Scan over only the pixels that overlap the screen bounding box of the triangle
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Speed up the rasterizer

• Axis-aligned bounding box

• Incremental Edge Functions （扫描线算法）
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Speed up the rasterizer

• Axis-aligned bounding box

• Incremental Edge Functions

• Hierarchical Rasterization

• Conservatively test blocks before going to per-pixel level (can skip large blocks at once)
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What if there are many triangles in the scene?
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从物体出发  VS  从屏幕出发
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Thank you!
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