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Rasterization
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• The standard approach to object-order graphics 

• Many versions exist 
– software, e.g. Pixar’s REYES architecture

– many options for quality and flexibility
– hardware, e.g. graphics cards in PCs

– amazing performance: millions of triangles per frame
• We’ll focus on an abstract version of hardware pipeline 

• “Pipeline” because of the many stages 
– very parallelizable
– leads to remarkable performance of graphics cards (many times 

the flops of the CPU at ~1/5 the clock speed)
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The graphics pipeline
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APPLICATION

COMMAND STREAM

VERTEX PROCESSING

TRANSFORMED GEOMETRY

RASTERIZATION

FRAGMENTS

FRAGMENT PROCESSING

FRAMEBUFFER IMAGE

DISPLAY

you are here

3D transformations; shading

conversion of primitives to pixels

blending, compositing, shading

user sees this

Pipeline 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• Points 

• Line segments 
– and chains of connected line segments

• Triangles 

• And that’s all! 
– Curves? Approximate them with chains of line segments
– Polygons? Break them up into triangles
– Curved surfaces? Approximate them with triangles

• Trend over the decades: toward minimal primitives 
– simple, uniform, repetitive: good for parallelism
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Primitives
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• First job: enumerate the pixels covered by a primitive 
– simple, aliased definition: pixels whose centers fall inside

• Second job: interpolate values across the primitive 
– e.g. colors computed at vertices
– e.g. normals at vertices
– e.g. texture coordinates
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Rasterization
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• Define line as a 
rectangle 

• Specify by two 
endpoints 

• Ideal image: black 
inside, white outside
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Rasterizing lines
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rectangle 
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Rasterizing lines
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• Approximate 
rectangle by drawing 
all pixels whose 
centers fall within the 
line 

• Problem: sometimes 
turns on adjacent 
pixels
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Point sampling
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Point sampling
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Point sampling
in action
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• Point sampling unit 
width rectangle leads 
to uneven line width 

• Define line width 
parallel to pixel grid 

• That is, turn on the 
single nearest pixel in 
each column 

• Note that 45º lines are 
now thinner
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Bresenham lines (midpoint alg.)
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Bresenham lines (midpoint alg.)
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Bresenham lines (midpoint alg.)

 9



© 2018 Steve Marschner • Cornell CS4620 Spring 2018 • Lecture 10

Midpoint algorithm
in action
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• line equation:  
y = b + m x 

• Simple algorithm: 
evaluate line equation 
per column 

• W.l.o.g. x0 < x1;  
0 ≤ m ≤ 1

for x = ceil(x0) to floor(x1) 
     y = b + m*x  
     output(x, round(y)) y = 1.91 + 0.37 x
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Algorithms for drawing lines
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• Multiplying and 
rounding is slow 

• At each pixel the only 
options are E and NE 

• d = m(x + 1) + b – y 

• d > 0.5 decides between 
E and NE
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Optimizing line drawing
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• d = m(x + 1) + b – y 

• Only need to update d 
for integer steps in x 
and y 

• Do that with addition 

• Known as 
“DDA” (digital 
differential analyzer)
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Optimizing line drawing
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Midpoint line algorithm

x = ceil(x0) 
y = round(m*x + b)  
d = m*(x + 1) + b – y 
while x < floor(x1) 
     if d > 0.5 
          y += 1 
          d –= 1 
     x += 1 
     d += m 
     output(x, y)
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• We often attach attributes to vertices 
– e.g. computed diffuse color of a hair being drawn using lines
– want color to vary smoothly along a chain of line segments

• Recall basic definition 

– 1D: f(x) = (1 – α) y0 + α y1

– where α = (x – x0) / (x1 – x0)

• In the 2D case of a line segment, alpha is just the fraction of 

the distance from (x0, y0) to (x1, y1)
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Linear interpolation
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• Pixels are not  
exactly on the line 

• Define 2D function  
by projection on  
line 
– this is linear in 2D
– therefore can use  

DDA to interpolate
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Linear interpolation
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Linear interpolation
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Linear interpolation
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• We are updating d and α as we step from pixel to pixel 
– d tells us how far from the line we are
– α tells us how far along the line we are

• So d and α are coordinates in a coordinate system oriented to 
the line
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Alternate interpretation
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• View loop as visiting  
all pixels the line  
passes through 
Interpolate d and α  

for each pixel 
Only output frag. 

if pixel is in band
• This makes linear  

interpolation the  
primary operation
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Alternate interpretation
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Pixel-walk line rasterization

x = ceil(x0) 
y = round(m*x + b)  
d = m*x + b – y 
while x < floor(x1) 
     if d > 0.5 
          y += 1; d –= 1;  
     else 
          x += 1; d += m; 
     if –0.5 < d ≤ 0.5 
          output(x, y)
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• The most common case in most applications 
– with good antialiasing can be the only case
– some systems render a line as two skinny triangles

• Triangle represented by three vertices 

• Simple way to think of algorithm follows the pixel-walk 
interpretation of line rasterization 
– walk from pixel to pixel over (at least) the polygon’s area
– evaluate linear functions as you go
– use those functions to decide which pixels are inside
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Rasterizing triangles

 20



• Input: 
– three 2D points (the triangle’s vertices in pixel space)

– (x0, y0); (x1, y1); (x2, y2)

– parameter values at each vertex
• q00, …, q0n; q10, …, q1n; q20, …, q2n

• Output: a list of fragments, each with 
– the integer pixel coordinates (x, y)
– interpolated parameter values q0, …, qn
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Rasterizing triangles
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• Summary 

1 evaluation of linear 
functions on pixel  
grid

2 functions defined by  
parameter values  
at vertices

3 using extra 
parameters 
to determine 
fragment set
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Rasterizing triangles
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• A linear (affine, really) function on the plane is: 

• Linear functions are efficient to evaluate on a grid:
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Incremental linear evaluation
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Incremental linear evaluation

linEval(xm, xM, ym, yM, cx, cy, ck) { 

    // setup 
    qRow = cx*xm + cy*ym + ck; 

    // traversal 
    for y = ym to yM { 
        qPix = qRow; 
        for x = xm to xM { 
            output(x, y, qPix); 
            qPix += cx; 
        } 
        qRow += cy; 
    } 
}

cx = .005; cy = .005; ck = 0 
(image size 100x100)
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• Summary 

1 evaluation of linear 
functions on pixel  
grid

2 functions defined by  
parameter values  
at vertices

3 using extra 
parameters 
to determine 
fragment set
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Rasterizing triangles
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• To interpolate parameters across a triangle we need to find 

the cx, cy, and ck that define the (unique) linear function that 

matches the given values at all 3 vertices 
– this is 3 constraints on 3 unknown coefficients:

– leading to a 3x3 matrix equation for the coefficients:

(singular iff triangle  
is degenerate)

(each states that the function
agrees with the given value
at one vertex)
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Defining parameter functions
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• More efficient version: shift origin to (x0, y0) 

– now this is a 2x2 linear system (since q0 falls out):

– solve using Cramer’s rule (see Shirley):
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Defining parameter functions

 27

q(x, y) = cx(x� x0) + cy(y � y0) + q0

q(x1, y1) = cx(x1 � x0) + cy(y1 � y0) + q0 = q1

q(x2, y2) = cx(x2 � x0) + cy(y2 � y0) + q0 = q2
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Defining parameter functions

linInterp(xm, xM, ym, yM, x0, y0, q0, 
x1, y1, q1, x2, y2, q2) { 

    // setup 
    det = (x1–x0)*(y2–y0) – (x2–x0)*(y1–y0); 
    cx = ((q1–q0)*(y2–y0) – (q2–q0)*(y1–y0)) / det; 
    cy = ((q2–q0)*(x1–x0) – (q1–q0)*(x2–x0)) / det; 
    qRow = cx*(xm–x0) + cy*(ym–y0) + q0; 

    // traversal (same as before) 
    for y = ym to yM { 
        qPix = qRow; 
        for x = xm to xM { 
            output(x, y, qPix); 
            qPix += cx; 
        } 
        qRow += cy; 
    } 
}

q = 0 q = 1

q = 0
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Interpolating several parameters

linInterp(xm, xM, ym, yM, n, x0, y0, q0[], 
x1, y1, q1[], x2, y2, q2[]) { 

    // setup 
    for k = 0 to n–1 
        // compute cx[k], cy[k], qRow[k] 
        // from q0[k], q1[k], q2[k] 

    // traversal 
    for y = ym to yM { 
        for k = 1 to n, qPix[k] = qRow[k]; 
        for x = xm to xM { 
            output(x, y, qPix); 
            for k = 1 to n, qPix[k] += cx[k]; 
        } 
        for k = 1 to n, qRow[k] += cy[k]; 
    } 
}
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• Summary 

1 evaluation of linear 
functions on pixel  
grid

2 functions defined by  
parameter values  
at vertices

3 using extra 
parameters 
to determine 
fragment set
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Rasterizing triangles
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• Interpolate three barycentric  
coordinates across the  
plane 
– recall each barycentric coord 

is 1 at one vert. and 0 at 
the other two

• Output fragments only  
when all three are > 0.
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Clipping to the triangle
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• Conservatively  
visit a superset of  
the pixels you want 

• Interpolate linear  
functions 

• Use those functions  
to determine when  
to emit a fragment
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Pixel-walk (Pineda) rasterization
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• Exercise caution with 
rounding and arbitrary 
decisions 
– need to visit these 

pixels once
– but it’s important not to 

visit them twice!
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Rasterizing triangles
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• interpolating values in screen space is not the whole story 
– often we are interpolating values that are supposed  

to vary linearly in the scene
– because perspective projection  

does not preserve ratios  
of lengths, these values  
should not vary linearly  
in screen space
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Perspective and interpolation
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Perspective and interpolation
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Perspective and interpolation
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• Texture coordinates are the canonical example 
– equal steps in screen space are unequal steps in texture space

straightforward linear interpolation
all checkers in each triangle are equal size

© 2018 Steve Marschner • Cornell CS4620 Spring 2018 • Lecture 10

Perspective and interpolation

 35

Demo
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• Texture coordinates are the canonical example 
– equal steps in screen space are unequal steps in texture space

straightforward linear interpolation
all checkers in each triangle are equal size

perspective correct interpolation
checkers have unequal size on screen
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Perspective and interpolation

 35

Demo
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• Linear interpolation still suffices if we do it the right way 
– remember projective transformations preserve straight lines
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Perspective correct interpolation
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<latexit sha1_base64="OhCN5Dr/RSgMqhCyr1AStN9Mz4w=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjCzWUyXTSDp1MwsxEqaWP4MaFilvfyJ1v4SM4Tap4+2Hg4z/ncM78fsyZ0rb9ZuXm5hcWl/LLhZXVtfWN4ubWpYoSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/eDKtt66pVCwSF3oUUy/EfcECRrA21vlt96ZbLNllOxX6C84MSsfvkKrZLb5e9SKShFRowrFSHceOtTfGUjPC6aRwlSgaYzLEfdoxKHBIlTdOT52gPeP0UBBJ84RGqft9YoxDpUahbzpDrAfqd21q/lfrJDqoe2Mm4kRTQbJFQcKRjtD036jHJCWajwxgIpm5FZEBlphok04hDaFWqdRrVZRB1fmE+lcIbqV8WHbOaqXGURYG5GEHdmEfHDiABpxCE1wg0Ic7eIBHi1v31pP1nLXmrNnMNvyQ9fIBmyWPKg==</latexit><latexit sha1_base64="OhCN5Dr/RSgMqhCyr1AStN9Mz4w=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjCzWUyXTSDp1MwsxEqaWP4MaFilvfyJ1v4SM4Tap4+2Hg4z/ncM78fsyZ0rb9ZuXm5hcWl/LLhZXVtfWN4ubWpYoSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/eDKtt66pVCwSF3oUUy/EfcECRrA21vlt96ZbLNllOxX6C84MSsfvkKrZLb5e9SKShFRowrFSHceOtTfGUjPC6aRwlSgaYzLEfdoxKHBIlTdOT52gPeP0UBBJ84RGqft9YoxDpUahbzpDrAfqd21q/lfrJDqoe2Mm4kRTQbJFQcKRjtD036jHJCWajwxgIpm5FZEBlphok04hDaFWqdRrVZRB1fmE+lcIbqV8WHbOaqXGURYG5GEHdmEfHDiABpxCE1wg0Ic7eIBHi1v31pP1nLXmrNnMNvyQ9fIBmyWPKg==</latexit><latexit sha1_base64="OhCN5Dr/RSgMqhCyr1AStN9Mz4w=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjCzWUyXTSDp1MwsxEqaWP4MaFilvfyJ1v4SM4Tap4+2Hg4z/ncM78fsyZ0rb9ZuXm5hcWl/LLhZXVtfWN4ubWpYoSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/eDKtt66pVCwSF3oUUy/EfcECRrA21vlt96ZbLNllOxX6C84MSsfvkKrZLb5e9SKShFRowrFSHceOtTfGUjPC6aRwlSgaYzLEfdoxKHBIlTdOT52gPeP0UBBJ84RGqft9YoxDpUahbzpDrAfqd21q/lfrJDqoe2Mm4kRTQbJFQcKRjtD036jHJCWajwxgIpm5FZEBlphok04hDaFWqdRrVZRB1fmE+lcIbqV8WHbOaqXGURYG5GEHdmEfHDiABpxCE1wg0Ic7eIBHi1v31pP1nLXmrNnMNvyQ9fIBmyWPKg==</latexit><latexit sha1_base64="OhCN5Dr/RSgMqhCyr1AStN9Mz4w=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjCzWUyXTSDp1MwsxEqaWP4MaFilvfyJ1v4SM4Tap4+2Hg4z/ncM78fsyZ0rb9ZuXm5hcWl/LLhZXVtfWN4ubWpYoSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/eDKtt66pVCwSF3oUUy/EfcECRrA21vlt96ZbLNllOxX6C84MSsfvkKrZLb5e9SKShFRowrFSHceOtTfGUjPC6aRwlSgaYzLEfdoxKHBIlTdOT52gPeP0UBBJ84RGqft9YoxDpUahbzpDrAfqd21q/lfrJDqoe2Mm4kRTQbJFQcKRjtD036jHJCWajwxgIpm5FZEBlphok04hDaFWqdRrVZRB1fmE+lcIbqV8WHbOaqXGURYG5GEHdmEfHDiABpxCE1wg0Ic7eIBHi1v31pP1nLXmrNnMNvyQ9fIBmyWPKg==</latexit><latexit sha1_base64="OhCN5Dr/RSgMqhCyr1AStN9Mz4w=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjCzWUyXTSDp1MwsxEqaWP4MaFilvfyJ1v4SM4Tap4+2Hg4z/ncM78fsyZ0rb9ZuXm5hcWl/LLhZXVtfWN4ubWpYoSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/eDKtt66pVCwSF3oUUy/EfcECRrA21vlt96ZbLNllOxX6C84MSsfvkKrZLb5e9SKShFRowrFSHceOtTfGUjPC6aRwlSgaYzLEfdoxKHBIlTdOT52gPeP0UBBJ84RGqft9YoxDpUahbzpDrAfqd21q/lfrJDqoe2Mm4kRTQbJFQcKRjtD036jHJCWajwxgIpm5FZEBlphok04hDaFWqdRrVZRB1fmE+lcIbqV8WHbOaqXGURYG5GEHdmEfHDiABpxCE1wg0Ic7eIBHi1v31pP1nLXmrNnMNvyQ9fIBmyWPKg==</latexit><latexit sha1_base64="5DZmnZttAooyzVQa7Mi5/38SjPo=">AAAB6XicbZDLSsNAFIZPvNZ6q7p0M1gEVyVpC9aNFNy4rGhsoQ1lMp20QyeTMDNRaugjuHGh4tY3cufbOE2jePth4OM/53DO/H7MmdK2/W4tLC4tr6wW1orrG5tb26Wd3WsVJZJQl0Q8kh0fK8qZoK5mmtNOLCkOfU7b/vhsVm/fUKlYJK70JKZeiIeCBYxgbazLu/5tv1S2K3Ym9BecHMqQq9UvvfUGEUlCKjThWKmuY8faS7HUjHA6LfYSRWNMxnhIuwYFDqny0uzUKTo0zgAFkTRPaJS53ydSHCo1CX3TGWI9Ur9rM/O/WjfRQcNLmYgTTQWZLwoSjnSEZv9GAyYp0XxiABPJzK2IjLDERJt0ilkI9Wq1Ua+hOdScT2h8heBWKycV56Jebp7maRRgHw7gCBw4hiacQwtcIDCEe3iEJ4tbD9az9TJvXbDymT34Iev1AwFRjfs=</latexit>

xs
<latexit sha1_base64="D7pWVD8Bq+82p6pSQDYX9X2VtSg=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+mkHTqZhJmJWEofwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/ZgzpW37zcotLC4tr+RXC2vrG5tbxe2daxUlklCXRDySbR8rypmgrmaa03YsKQ59Tlv+6GxWb91QqVgkrvQ4pl6IB4IFjGBtrMvbnuoVS3bZToX+gjOH0uk7pGr2iq/dfkSSkApNOFaq49ix9iZYakY4nRa6iaIxJiM8oB2DAodUeZP01Ck6ME4fBZE0T2iUut8nJjhUahz6pjPEeqh+12bmf7VOooO6N2EiTjQVJFsUJBzpCM3+jfpMUqL52AAmkplbERliiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCA7iDB3i0uHVvPVnPWWvOms/swg9ZLx+SD48k</latexit><latexit sha1_base64="D7pWVD8Bq+82p6pSQDYX9X2VtSg=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+mkHTqZhJmJWEofwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/ZgzpW37zcotLC4tr+RXC2vrG5tbxe2daxUlklCXRDySbR8rypmgrmaa03YsKQ59Tlv+6GxWb91QqVgkrvQ4pl6IB4IFjGBtrMvbnuoVS3bZToX+gjOH0uk7pGr2iq/dfkSSkApNOFaq49ix9iZYakY4nRa6iaIxJiM8oB2DAodUeZP01Ck6ME4fBZE0T2iUut8nJjhUahz6pjPEeqh+12bmf7VOooO6N2EiTjQVJFsUJBzpCM3+jfpMUqL52AAmkplbERliiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCA7iDB3i0uHVvPVnPWWvOms/swg9ZLx+SD48k</latexit><latexit sha1_base64="D7pWVD8Bq+82p6pSQDYX9X2VtSg=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+mkHTqZhJmJWEofwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/ZgzpW37zcotLC4tr+RXC2vrG5tbxe2daxUlklCXRDySbR8rypmgrmaa03YsKQ59Tlv+6GxWb91QqVgkrvQ4pl6IB4IFjGBtrMvbnuoVS3bZToX+gjOH0uk7pGr2iq/dfkSSkApNOFaq49ix9iZYakY4nRa6iaIxJiM8oB2DAodUeZP01Ck6ME4fBZE0T2iUut8nJjhUahz6pjPEeqh+12bmf7VOooO6N2EiTjQVJFsUJBzpCM3+jfpMUqL52AAmkplbERliiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCA7iDB3i0uHVvPVnPWWvOms/swg9ZLx+SD48k</latexit><latexit sha1_base64="D7pWVD8Bq+82p6pSQDYX9X2VtSg=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+mkHTqZhJmJWEofwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/ZgzpW37zcotLC4tr+RXC2vrG5tbxe2daxUlklCXRDySbR8rypmgrmaa03YsKQ59Tlv+6GxWb91QqVgkrvQ4pl6IB4IFjGBtrMvbnuoVS3bZToX+gjOH0uk7pGr2iq/dfkSSkApNOFaq49ix9iZYakY4nRa6iaIxJiM8oB2DAodUeZP01Ck6ME4fBZE0T2iUut8nJjhUahz6pjPEeqh+12bmf7VOooO6N2EiTjQVJFsUJBzpCM3+jfpMUqL52AAmkplbERliiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCA7iDB3i0uHVvPVnPWWvOms/swg9ZLx+SD48k</latexit><latexit sha1_base64="D7pWVD8Bq+82p6pSQDYX9X2VtSg=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+mkHTqZhJmJWEofwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/ZgzpW37zcotLC4tr+RXC2vrG5tbxe2daxUlklCXRDySbR8rypmgrmaa03YsKQ59Tlv+6GxWb91QqVgkrvQ4pl6IB4IFjGBtrMvbnuoVS3bZToX+gjOH0uk7pGr2iq/dfkSSkApNOFaq49ix9iZYakY4nRa6iaIxJiM8oB2DAodUeZP01Ck6ME4fBZE0T2iUut8nJjhUahz6pjPEeqh+12bmf7VOooO6N2EiTjQVJFsUJBzpCM3+jfpMUqL52AAmkplbERliiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCA7iDB3i0uHVvPVnPWWvOms/swg9ZLx+SD48k</latexit><latexit sha1_base64="RjUDHZLaq0XWFCEgy/gcBRyDyhY=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7BupODGZUVjC20ok+mkHTqZhJmJWEIfwY0LFbe+kTvfxmkaxdsPAx//OYdz5vdjzpS27XersLS8srpWXC9tbG5t75R3925UlEhCXRLxSHZ9rChngrqaaU67saQ49Dnt+JPzeb1zS6VikbjW05h6IR4JFjCCtbGu7gZqUK7YVTsT+gtODhXI1R6U3/rDiCQhFZpwrFTPsWPtpVhqRjidlfqJojEmEzyiPYMCh1R5aXbqDB0ZZ4iCSJonNMrc7xMpDpWahr7pDLEeq9+1uflfrZfooOmlTMSJpoIsFgUJRzpC83+jIZOUaD41gIlk5lZExlhiok06pSyERq3WbNTRAurOJzS/QnBr1dOqc9motM7yNIpwAIdwDA6cQAsuoA0uEBjBPTzCk8WtB+vZelm0Fqx8Zh9+yHr9APgsjfU=</latexit>

zs
<latexit sha1_base64="rKMo73+JF5FBPTbcovHmbETytck=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+m0HTqZhJmJUEMfwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/YgzpW37zcotLC4tr+RXC2vrG5tbxe2daxXGklCXhDyUbR8rypmgrmaa03YkKQ58Tlv++GxWb91QqVgorvQkol6Ah4INGMHaWJe3PdUrluyynQr9BWcOpdN3SNXsFV+7/ZDEARWacKxUx7Ej7SVYakY4nRa6saIRJmM8pB2DAgdUeUl66hQdGKePBqE0T2iUut8nEhwoNQl80xlgPVK/azPzv1on1oO6lzARxZoKki0axBzpEM3+jfpMUqL5xAAmkplbERlhiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCQ7iDB3i0uHVvPVnPWWvOms/swg9ZLx+VGY8m</latexit><latexit sha1_base64="rKMo73+JF5FBPTbcovHmbETytck=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+m0HTqZhJmJUEMfwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/YgzpW37zcotLC4tr+RXC2vrG5tbxe2daxXGklCXhDyUbR8rypmgrmaa03YkKQ58Tlv++GxWb91QqVgorvQkol6Ah4INGMHaWJe3PdUrluyynQr9BWcOpdN3SNXsFV+7/ZDEARWacKxUx7Ej7SVYakY4nRa6saIRJmM8pB2DAgdUeUl66hQdGKePBqE0T2iUut8nEhwoNQl80xlgPVK/azPzv1on1oO6lzARxZoKki0axBzpEM3+jfpMUqL5xAAmkplbERlhiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCQ7iDB3i0uHVvPVnPWWvOms/swg9ZLx+VGY8m</latexit><latexit sha1_base64="rKMo73+JF5FBPTbcovHmbETytck=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+m0HTqZhJmJUEMfwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/YgzpW37zcotLC4tr+RXC2vrG5tbxe2daxXGklCXhDyUbR8rypmgrmaa03YkKQ58Tlv++GxWb91QqVgorvQkol6Ah4INGMHaWJe3PdUrluyynQr9BWcOpdN3SNXsFV+7/ZDEARWacKxUx7Ej7SVYakY4nRa6saIRJmM8pB2DAgdUeUl66hQdGKePBqE0T2iUut8nEhwoNQl80xlgPVK/azPzv1on1oO6lzARxZoKki0axBzpEM3+jfpMUqL5xAAmkplbERlhiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCQ7iDB3i0uHVvPVnPWWvOms/swg9ZLx+VGY8m</latexit><latexit sha1_base64="rKMo73+JF5FBPTbcovHmbETytck=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+m0HTqZhJmJUEMfwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/YgzpW37zcotLC4tr+RXC2vrG5tbxe2daxXGklCXhDyUbR8rypmgrmaa03YkKQ58Tlv++GxWb91QqVgorvQkol6Ah4INGMHaWJe3PdUrluyynQr9BWcOpdN3SNXsFV+7/ZDEARWacKxUx7Ej7SVYakY4nRa6saIRJmM8pB2DAgdUeUl66hQdGKePBqE0T2iUut8nEhwoNQl80xlgPVK/azPzv1on1oO6lzARxZoKki0axBzpEM3+jfpMUqL5xAAmkplbERlhiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCQ7iDB3i0uHVvPVnPWWvOms/swg9ZLx+VGY8m</latexit><latexit sha1_base64="rKMo73+JF5FBPTbcovHmbETytck=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+m0HTqZhJmJUEMfwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/YgzpW37zcotLC4tr+RXC2vrG5tbxe2daxXGklCXhDyUbR8rypmgrmaa03YkKQ58Tlv++GxWb91QqVgorvQkol6Ah4INGMHaWJe3PdUrluyynQr9BWcOpdN3SNXsFV+7/ZDEARWacKxUx7Ej7SVYakY4nRa6saIRJmM8pB2DAgdUeUl66hQdGKePBqE0T2iUut8nEhwoNQl80xlgPVK/azPzv1on1oO6lzARxZoKki0axBzpEM3+jfpMUqL5xAAmkplbERlhiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCQ7iDB3i0uHVvPVnPWWvOms/swg9ZLx+VGY8m</latexit><latexit sha1_base64="ushnElhL4E0rJUWionAsuXBt3v4=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7BupODGZUVjC20ok+mkHTqZhJmJUEMfwY0LFbe+kTvfxmkaxdsPAx//OYdz5vdjzpS27XersLS8srpWXC9tbG5t75R3925UlEhCXRLxSHZ9rChngrqaaU67saQ49Dnt+JPzeb1zS6VikbjW05h6IR4JFjCCtbGu7gZqUK7YVTsT+gtODhXI1R6U3/rDiCQhFZpwrFTPsWPtpVhqRjidlfqJojEmEzyiPYMCh1R5aXbqDB0ZZ4iCSJonNMrc7xMpDpWahr7pDLEeq9+1uflfrZfooOmlTMSJpoIsFgUJRzpC83+jIZOUaD41gIlk5lZExlhiok06pSyERq3WbNTRAurOJzS/QnBr1dOqc9motM7yNIpwAIdwDA6cQAsuoA0uEBjBPTzCk8WtB+vZelm0Fqx8Zh9+yHr9APs2jfc=</latexit>



• Linear interpolation still suffices if we do it the right way 
– remember projective transformations preserve straight lines
– just carrying the tex, coord. along is not a projective transform.
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xw
<latexit sha1_base64="KW9Bq/chPieJovs0qYgI1ME9g0Y=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjCzWUyXTSDp1MwsxELaWP4MaFilvfyJ1v4SM4Tap4+2Hg4z/ncM78fsyZ0rb9ZuXm5hcWl/LLhZXVtfWN4ubWpYoSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/eDKtt66pVCwSF3oUUy/EfcECRrA21vlt96ZbLNllOxX6C84MSsfvkKrZLb5e9SKShFRowrFSHceOtTfGUjPC6aRwlSgaYzLEfdoxKHBIlTdOT52gPeP0UBBJ84RGqft9YoxDpUahbzpDrAfqd21q/lfrJDqoe2Mm4kRTQbJFQcKRjtD036jHJCWajwxgIpm5FZEBlphok04hDaFWqdRrVZRB1fmE+lcIbqV8WHbOaqXGURYG5GEHdmEfHDiABpxCE1wg0Ic7eIBHi1v31pP1nLXmrNnMNvyQ9fIBmBuPKA==</latexit><latexit sha1_base64="KW9Bq/chPieJovs0qYgI1ME9g0Y=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjCzWUyXTSDp1MwsxELaWP4MaFilvfyJ1v4SM4Tap4+2Hg4z/ncM78fsyZ0rb9ZuXm5hcWl/LLhZXVtfWN4ubWpYoSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/eDKtt66pVCwSF3oUUy/EfcECRrA21vlt96ZbLNllOxX6C84MSsfvkKrZLb5e9SKShFRowrFSHceOtTfGUjPC6aRwlSgaYzLEfdoxKHBIlTdOT52gPeP0UBBJ84RGqft9YoxDpUahbzpDrAfqd21q/lfrJDqoe2Mm4kRTQbJFQcKRjtD036jHJCWajwxgIpm5FZEBlphok04hDaFWqdRrVZRB1fmE+lcIbqV8WHbOaqXGURYG5GEHdmEfHDiABpxCE1wg0Ic7eIBHi1v31pP1nLXmrNnMNvyQ9fIBmBuPKA==</latexit><latexit sha1_base64="KW9Bq/chPieJovs0qYgI1ME9g0Y=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjCzWUyXTSDp1MwsxELaWP4MaFilvfyJ1v4SM4Tap4+2Hg4z/ncM78fsyZ0rb9ZuXm5hcWl/LLhZXVtfWN4ubWpYoSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/eDKtt66pVCwSF3oUUy/EfcECRrA21vlt96ZbLNllOxX6C84MSsfvkKrZLb5e9SKShFRowrFSHceOtTfGUjPC6aRwlSgaYzLEfdoxKHBIlTdOT52gPeP0UBBJ84RGqft9YoxDpUahbzpDrAfqd21q/lfrJDqoe2Mm4kRTQbJFQcKRjtD036jHJCWajwxgIpm5FZEBlphok04hDaFWqdRrVZRB1fmE+lcIbqV8WHbOaqXGURYG5GEHdmEfHDiABpxCE1wg0Ic7eIBHi1v31pP1nLXmrNnMNvyQ9fIBmBuPKA==</latexit><latexit sha1_base64="KW9Bq/chPieJovs0qYgI1ME9g0Y=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjCzWUyXTSDp1MwsxELaWP4MaFilvfyJ1v4SM4Tap4+2Hg4z/ncM78fsyZ0rb9ZuXm5hcWl/LLhZXVtfWN4ubWpYoSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/eDKtt66pVCwSF3oUUy/EfcECRrA21vlt96ZbLNllOxX6C84MSsfvkKrZLb5e9SKShFRowrFSHceOtTfGUjPC6aRwlSgaYzLEfdoxKHBIlTdOT52gPeP0UBBJ84RGqft9YoxDpUahbzpDrAfqd21q/lfrJDqoe2Mm4kRTQbJFQcKRjtD036jHJCWajwxgIpm5FZEBlphok04hDaFWqdRrVZRB1fmE+lcIbqV8WHbOaqXGURYG5GEHdmEfHDiABpxCE1wg0Ic7eIBHi1v31pP1nLXmrNnMNvyQ9fIBmBuPKA==</latexit><latexit sha1_base64="KW9Bq/chPieJovs0qYgI1ME9g0Y=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjCzWUyXTSDp1MwsxELaWP4MaFilvfyJ1v4SM4Tap4+2Hg4z/ncM78fsyZ0rb9ZuXm5hcWl/LLhZXVtfWN4ubWpYoSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/eDKtt66pVCwSF3oUUy/EfcECRrA21vlt96ZbLNllOxX6C84MSsfvkKrZLb5e9SKShFRowrFSHceOtTfGUjPC6aRwlSgaYzLEfdoxKHBIlTdOT52gPeP0UBBJ84RGqft9YoxDpUahbzpDrAfqd21q/lfrJDqoe2Mm4kRTQbJFQcKRjtD036jHJCWajwxgIpm5FZEBlphok04hDaFWqdRrVZRB1fmE+lcIbqV8WHbOaqXGURYG5GEHdmEfHDiABpxCE1wg0Ic7eIBHi1v31pP1nLXmrNnMNvyQ9fIBmBuPKA==</latexit><latexit sha1_base64="qgQUVykb9RyQWpcfyBuVwCbZHgM=">AAAB6XicbZDLSsNAFIZPvNZ6q7p0M1gEVyVpC9aNFNy4rGhsoQ1lMp20QyeTMDNRS+gjuHGh4tY3cufbOE2jePth4OM/53DO/H7MmdK2/W4tLC4tr6wW1orrG5tb26Wd3WsVJZJQl0Q8kh0fK8qZoK5mmtNOLCkOfU7b/vhsVm/fUKlYJK70JKZeiIeCBYxgbazLu/5tv1S2K3Ym9BecHMqQq9UvvfUGEUlCKjThWKmuY8faS7HUjHA6LfYSRWNMxnhIuwYFDqny0uzUKTo0zgAFkTRPaJS53ydSHCo1CX3TGWI9Ur9rM/O/WjfRQcNLmYgTTQWZLwoSjnSEZv9GAyYp0XxiABPJzK2IjLDERJt0ilkI9Wq1Ua+hOdScT2h8heBWKycV56Jebp7maRRgHw7gCBw4hiacQwtcIDCEe3iEJ4tbD9az9TJvXbDymT34Iev1A/44jfk=</latexit>

xs
<latexit sha1_base64="D7pWVD8Bq+82p6pSQDYX9X2VtSg=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+mkHTqZhJmJWEofwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/ZgzpW37zcotLC4tr+RXC2vrG5tbxe2daxUlklCXRDySbR8rypmgrmaa03YsKQ59Tlv+6GxWb91QqVgkrvQ4pl6IB4IFjGBtrMvbnuoVS3bZToX+gjOH0uk7pGr2iq/dfkSSkApNOFaq49ix9iZYakY4nRa6iaIxJiM8oB2DAodUeZP01Ck6ME4fBZE0T2iUut8nJjhUahz6pjPEeqh+12bmf7VOooO6N2EiTjQVJFsUJBzpCM3+jfpMUqL52AAmkplbERliiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCA7iDB3i0uHVvPVnPWWvOms/swg9ZLx+SD48k</latexit><latexit sha1_base64="D7pWVD8Bq+82p6pSQDYX9X2VtSg=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+mkHTqZhJmJWEofwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/ZgzpW37zcotLC4tr+RXC2vrG5tbxe2daxUlklCXRDySbR8rypmgrmaa03YsKQ59Tlv+6GxWb91QqVgkrvQ4pl6IB4IFjGBtrMvbnuoVS3bZToX+gjOH0uk7pGr2iq/dfkSSkApNOFaq49ix9iZYakY4nRa6iaIxJiM8oB2DAodUeZP01Ck6ME4fBZE0T2iUut8nJjhUahz6pjPEeqh+12bmf7VOooO6N2EiTjQVJFsUJBzpCM3+jfpMUqL52AAmkplbERliiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCA7iDB3i0uHVvPVnPWWvOms/swg9ZLx+SD48k</latexit><latexit sha1_base64="D7pWVD8Bq+82p6pSQDYX9X2VtSg=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+mkHTqZhJmJWEofwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/ZgzpW37zcotLC4tr+RXC2vrG5tbxe2daxUlklCXRDySbR8rypmgrmaa03YsKQ59Tlv+6GxWb91QqVgkrvQ4pl6IB4IFjGBtrMvbnuoVS3bZToX+gjOH0uk7pGr2iq/dfkSSkApNOFaq49ix9iZYakY4nRa6iaIxJiM8oB2DAodUeZP01Ck6ME4fBZE0T2iUut8nJjhUahz6pjPEeqh+12bmf7VOooO6N2EiTjQVJFsUJBzpCM3+jfpMUqL52AAmkplbERliiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCA7iDB3i0uHVvPVnPWWvOms/swg9ZLx+SD48k</latexit><latexit sha1_base64="D7pWVD8Bq+82p6pSQDYX9X2VtSg=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+mkHTqZhJmJWEofwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/ZgzpW37zcotLC4tr+RXC2vrG5tbxe2daxUlklCXRDySbR8rypmgrmaa03YsKQ59Tlv+6GxWb91QqVgkrvQ4pl6IB4IFjGBtrMvbnuoVS3bZToX+gjOH0uk7pGr2iq/dfkSSkApNOFaq49ix9iZYakY4nRa6iaIxJiM8oB2DAodUeZP01Ck6ME4fBZE0T2iUut8nJjhUahz6pjPEeqh+12bmf7VOooO6N2EiTjQVJFsUJBzpCM3+jfpMUqL52AAmkplbERliiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCA7iDB3i0uHVvPVnPWWvOms/swg9ZLx+SD48k</latexit><latexit sha1_base64="D7pWVD8Bq+82p6pSQDYX9X2VtSg=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+mkHTqZhJmJWEofwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/ZgzpW37zcotLC4tr+RXC2vrG5tbxe2daxUlklCXRDySbR8rypmgrmaa03YsKQ59Tlv+6GxWb91QqVgkrvQ4pl6IB4IFjGBtrMvbnuoVS3bZToX+gjOH0uk7pGr2iq/dfkSSkApNOFaq49ix9iZYakY4nRa6iaIxJiM8oB2DAodUeZP01Ck6ME4fBZE0T2iUut8nJjhUahz6pjPEeqh+12bmf7VOooO6N2EiTjQVJFsUJBzpCM3+jfpMUqL52AAmkplbERliiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCA7iDB3i0uHVvPVnPWWvOms/swg9ZLx+SD48k</latexit><latexit sha1_base64="RjUDHZLaq0XWFCEgy/gcBRyDyhY=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7BupODGZUVjC20ok+mkHTqZhJmJWEIfwY0LFbe+kTvfxmkaxdsPAx//OYdz5vdjzpS27XersLS8srpWXC9tbG5t75R3925UlEhCXRLxSHZ9rChngrqaaU67saQ49Dnt+JPzeb1zS6VikbjW05h6IR4JFjCCtbGu7gZqUK7YVTsT+gtODhXI1R6U3/rDiCQhFZpwrFTPsWPtpVhqRjidlfqJojEmEzyiPYMCh1R5aXbqDB0ZZ4iCSJonNMrc7xMpDpWahr7pDLEeq9+1uflfrZfooOmlTMSJpoIsFgUJRzpC83+jIZOUaD41gIlk5lZExlhiok06pSyERq3WbNTRAurOJzS/QnBr1dOqc9motM7yNIpwAIdwDA6cQAsuoA0uEBjBPTzCk8WtB+vZelm0Fqx8Zh9+yHr9APgsjfU=</latexit>

2

664

xw

zw
1
u

3

775 !

2

664

xc

zc
wc

u

3

775 !

2

664

xc/wc

zc/wc

1
u

3

775 =

2

664

xs

zs
1
u

3

775

<latexit sha1_base64="7ew5LG5P+VZIMR3SIYIlqgsz8zM="></latexit><latexit sha1_base64="7ew5LG5P+VZIMR3SIYIlqgsz8zM="></latexit><latexit sha1_base64="7ew5LG5P+VZIMR3SIYIlqgsz8zM="></latexit><latexit sha1_base64="7ew5LG5P+VZIMR3SIYIlqgsz8zM="></latexit><latexit sha1_base64="7ew5LG5P+VZIMR3SIYIlqgsz8zM="></latexit><latexit sha1_base64="lwQFrs6MKTFNZVHGa0kgYE0exp8="></latexit>

u
<latexit sha1_base64="4rh+eqHDcjcJmYCC0kC1E6tzjXQ=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZQvGFtpQJtNJO3YyCTMToZQ+gRsXKm59JXe+hY/gNKni7YeBj/+cwznz+zFnStv2m5VbWl5ZXcuvFzY2t7Z3irt71ypKJKEuiXgkOz5WlDNBXc00p51YUhz6nLb98cW83r6lUrFIXOlJTL0QDwULGMHaWK2kXyzZZTsV+gvOAkrn75Cq2S++9gYRSUIqNOFYqa5jx9qbYqkZ4XRW6CWKxpiM8ZB2DQocUuVN00Nn6Mg4AxRE0jyhUep+n5jiUKlJ6JvOEOuR+l2bm//VuokO6t6UiTjRVJBsUZBwpCM0/zUaMEmJ5hMDmEhmbkVkhCUm2mRTSEOoVSr1WhVlUHU+of4Vglspn5adVq3UOMvCgDwcwCEcgwMn0IBLaIILBCjcwQM8WjfWvfVkPWetOWsxsw8/ZL18AATqjjs=</latexit><latexit sha1_base64="4rh+eqHDcjcJmYCC0kC1E6tzjXQ=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZQvGFtpQJtNJO3YyCTMToZQ+gRsXKm59JXe+hY/gNKni7YeBj/+cwznz+zFnStv2m5VbWl5ZXcuvFzY2t7Z3irt71ypKJKEuiXgkOz5WlDNBXc00p51YUhz6nLb98cW83r6lUrFIXOlJTL0QDwULGMHaWK2kXyzZZTsV+gvOAkrn75Cq2S++9gYRSUIqNOFYqa5jx9qbYqkZ4XRW6CWKxpiM8ZB2DQocUuVN00Nn6Mg4AxRE0jyhUep+n5jiUKlJ6JvOEOuR+l2bm//VuokO6t6UiTjRVJBsUZBwpCM0/zUaMEmJ5hMDmEhmbkVkhCUm2mRTSEOoVSr1WhVlUHU+of4Vglspn5adVq3UOMvCgDwcwCEcgwMn0IBLaIILBCjcwQM8WjfWvfVkPWetOWsxsw8/ZL18AATqjjs=</latexit><latexit sha1_base64="4rh+eqHDcjcJmYCC0kC1E6tzjXQ=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZQvGFtpQJtNJO3YyCTMToZQ+gRsXKm59JXe+hY/gNKni7YeBj/+cwznz+zFnStv2m5VbWl5ZXcuvFzY2t7Z3irt71ypKJKEuiXgkOz5WlDNBXc00p51YUhz6nLb98cW83r6lUrFIXOlJTL0QDwULGMHaWK2kXyzZZTsV+gvOAkrn75Cq2S++9gYRSUIqNOFYqa5jx9qbYqkZ4XRW6CWKxpiM8ZB2DQocUuVN00Nn6Mg4AxRE0jyhUep+n5jiUKlJ6JvOEOuR+l2bm//VuokO6t6UiTjRVJBsUZBwpCM0/zUaMEmJ5hMDmEhmbkVkhCUm2mRTSEOoVSr1WhVlUHU+of4Vglspn5adVq3UOMvCgDwcwCEcgwMn0IBLaIILBCjcwQM8WjfWvfVkPWetOWsxsw8/ZL18AATqjjs=</latexit><latexit sha1_base64="4rh+eqHDcjcJmYCC0kC1E6tzjXQ=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZQvGFtpQJtNJO3YyCTMToZQ+gRsXKm59JXe+hY/gNKni7YeBj/+cwznz+zFnStv2m5VbWl5ZXcuvFzY2t7Z3irt71ypKJKEuiXgkOz5WlDNBXc00p51YUhz6nLb98cW83r6lUrFIXOlJTL0QDwULGMHaWK2kXyzZZTsV+gvOAkrn75Cq2S++9gYRSUIqNOFYqa5jx9qbYqkZ4XRW6CWKxpiM8ZB2DQocUuVN00Nn6Mg4AxRE0jyhUep+n5jiUKlJ6JvOEOuR+l2bm//VuokO6t6UiTjRVJBsUZBwpCM0/zUaMEmJ5hMDmEhmbkVkhCUm2mRTSEOoVSr1WhVlUHU+of4Vglspn5adVq3UOMvCgDwcwCEcgwMn0IBLaIILBCjcwQM8WjfWvfVkPWetOWsxsw8/ZL18AATqjjs=</latexit><latexit sha1_base64="4rh+eqHDcjcJmYCC0kC1E6tzjXQ=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZQvGFtpQJtNJO3YyCTMToZQ+gRsXKm59JXe+hY/gNKni7YeBj/+cwznz+zFnStv2m5VbWl5ZXcuvFzY2t7Z3irt71ypKJKEuiXgkOz5WlDNBXc00p51YUhz6nLb98cW83r6lUrFIXOlJTL0QDwULGMHaWK2kXyzZZTsV+gvOAkrn75Cq2S++9gYRSUIqNOFYqa5jx9qbYqkZ4XRW6CWKxpiM8ZB2DQocUuVN00Nn6Mg4AxRE0jyhUep+n5jiUKlJ6JvOEOuR+l2bm//VuokO6t6UiTjRVJBsUZBwpCM0/zUaMEmJ5hMDmEhmbkVkhCUm2mRTSEOoVSr1WhVlUHU+of4Vglspn5adVq3UOMvCgDwcwCEcgwMn0IBLaIILBCjcwQM8WjfWvfVkPWetOWsxsw8/ZL18AATqjjs=</latexit><latexit sha1_base64="rML+cYkg5xn6SlMMRPaRBpx7kdQ=">AAAB53icbZDLSsNAFIYn9VbrrerSzWARXJWkLVg3UnDjsgVjC20ok+lJO3YyCTMToYQ+gRsXKm59JXe+jdM0ircfBj7+cw7nzO/HnClt2+9WYWV1bX2juFna2t7Z3SvvH9yoKJEUXBrxSPZ8ooAzAa5mmkMvlkBCn0PXn14u6t07kIpF4lrPYvBCMhYsYJRoY3WSYbliV+1M+C84OVRQrvaw/DYYRTQJQWjKiVJ9x461lxKpGeUwLw0SBTGhUzKGvkFBQlBemh06xyfGGeEgkuYJjTP3+0RKQqVmoW86Q6In6ndtYf5X6yc6aHopE3GiQdDloiDhWEd48Ws8YhKo5jMDhEpmbsV0QiSh2mRTykJo1GrNRh0voe58QvMrBLdWPa86nUaldZGnUURH6BidIgedoRa6Qm3kIooA3aNH9GTdWg/Ws/WybC1Y+cwh+iHr9QNrB40M</latexit>

u
<latexit sha1_base64="4rh+eqHDcjcJmYCC0kC1E6tzjXQ=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZQvGFtpQJtNJO3YyCTMToZQ+gRsXKm59JXe+hY/gNKni7YeBj/+cwznz+zFnStv2m5VbWl5ZXcuvFzY2t7Z3irt71ypKJKEuiXgkOz5WlDNBXc00p51YUhz6nLb98cW83r6lUrFIXOlJTL0QDwULGMHaWK2kXyzZZTsV+gvOAkrn75Cq2S++9gYRSUIqNOFYqa5jx9qbYqkZ4XRW6CWKxpiM8ZB2DQocUuVN00Nn6Mg4AxRE0jyhUep+n5jiUKlJ6JvOEOuR+l2bm//VuokO6t6UiTjRVJBsUZBwpCM0/zUaMEmJ5hMDmEhmbkVkhCUm2mRTSEOoVSr1WhVlUHU+of4Vglspn5adVq3UOMvCgDwcwCEcgwMn0IBLaIILBCjcwQM8WjfWvfVkPWetOWsxsw8/ZL18AATqjjs=</latexit><latexit sha1_base64="4rh+eqHDcjcJmYCC0kC1E6tzjXQ=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZQvGFtpQJtNJO3YyCTMToZQ+gRsXKm59JXe+hY/gNKni7YeBj/+cwznz+zFnStv2m5VbWl5ZXcuvFzY2t7Z3irt71ypKJKEuiXgkOz5WlDNBXc00p51YUhz6nLb98cW83r6lUrFIXOlJTL0QDwULGMHaWK2kXyzZZTsV+gvOAkrn75Cq2S++9gYRSUIqNOFYqa5jx9qbYqkZ4XRW6CWKxpiM8ZB2DQocUuVN00Nn6Mg4AxRE0jyhUep+n5jiUKlJ6JvOEOuR+l2bm//VuokO6t6UiTjRVJBsUZBwpCM0/zUaMEmJ5hMDmEhmbkVkhCUm2mRTSEOoVSr1WhVlUHU+of4Vglspn5adVq3UOMvCgDwcwCEcgwMn0IBLaIILBCjcwQM8WjfWvfVkPWetOWsxsw8/ZL18AATqjjs=</latexit><latexit sha1_base64="4rh+eqHDcjcJmYCC0kC1E6tzjXQ=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZQvGFtpQJtNJO3YyCTMToZQ+gRsXKm59JXe+hY/gNKni7YeBj/+cwznz+zFnStv2m5VbWl5ZXcuvFzY2t7Z3irt71ypKJKEuiXgkOz5WlDNBXc00p51YUhz6nLb98cW83r6lUrFIXOlJTL0QDwULGMHaWK2kXyzZZTsV+gvOAkrn75Cq2S++9gYRSUIqNOFYqa5jx9qbYqkZ4XRW6CWKxpiM8ZB2DQocUuVN00Nn6Mg4AxRE0jyhUep+n5jiUKlJ6JvOEOuR+l2bm//VuokO6t6UiTjRVJBsUZBwpCM0/zUaMEmJ5hMDmEhmbkVkhCUm2mRTSEOoVSr1WhVlUHU+of4Vglspn5adVq3UOMvCgDwcwCEcgwMn0IBLaIILBCjcwQM8WjfWvfVkPWetOWsxsw8/ZL18AATqjjs=</latexit><latexit sha1_base64="4rh+eqHDcjcJmYCC0kC1E6tzjXQ=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZQvGFtpQJtNJO3YyCTMToZQ+gRsXKm59JXe+hY/gNKni7YeBj/+cwznz+zFnStv2m5VbWl5ZXcuvFzY2t7Z3irt71ypKJKEuiXgkOz5WlDNBXc00p51YUhz6nLb98cW83r6lUrFIXOlJTL0QDwULGMHaWK2kXyzZZTsV+gvOAkrn75Cq2S++9gYRSUIqNOFYqa5jx9qbYqkZ4XRW6CWKxpiM8ZB2DQocUuVN00Nn6Mg4AxRE0jyhUep+n5jiUKlJ6JvOEOuR+l2bm//VuokO6t6UiTjRVJBsUZBwpCM0/zUaMEmJ5hMDmEhmbkVkhCUm2mRTSEOoVSr1WhVlUHU+of4Vglspn5adVq3UOMvCgDwcwCEcgwMn0IBLaIILBCjcwQM8WjfWvfVkPWetOWsxsw8/ZL18AATqjjs=</latexit><latexit sha1_base64="4rh+eqHDcjcJmYCC0kC1E6tzjXQ=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZQvGFtpQJtNJO3YyCTMToZQ+gRsXKm59JXe+hY/gNKni7YeBj/+cwznz+zFnStv2m5VbWl5ZXcuvFzY2t7Z3irt71ypKJKEuiXgkOz5WlDNBXc00p51YUhz6nLb98cW83r6lUrFIXOlJTL0QDwULGMHaWK2kXyzZZTsV+gvOAkrn75Cq2S++9gYRSUIqNOFYqa5jx9qbYqkZ4XRW6CWKxpiM8ZB2DQocUuVN00Nn6Mg4AxRE0jyhUep+n5jiUKlJ6JvOEOuR+l2bm//VuokO6t6UiTjRVJBsUZBwpCM0/zUaMEmJ5hMDmEhmbkVkhCUm2mRTSEOoVSr1WhVlUHU+of4Vglspn5adVq3UOMvCgDwcwCEcgwMn0IBLaIILBCjcwQM8WjfWvfVkPWetOWsxsw8/ZL18AATqjjs=</latexit><latexit sha1_base64="rML+cYkg5xn6SlMMRPaRBpx7kdQ=">AAAB53icbZDLSsNAFIYn9VbrrerSzWARXJWkLVg3UnDjsgVjC20ok+lJO3YyCTMToYQ+gRsXKm59JXe+jdM0ircfBj7+cw7nzO/HnClt2+9WYWV1bX2juFna2t7Z3SvvH9yoKJEUXBrxSPZ8ooAzAa5mmkMvlkBCn0PXn14u6t07kIpF4lrPYvBCMhYsYJRoY3WSYbliV+1M+C84OVRQrvaw/DYYRTQJQWjKiVJ9x461lxKpGeUwLw0SBTGhUzKGvkFBQlBemh06xyfGGeEgkuYJjTP3+0RKQqVmoW86Q6In6ndtYf5X6yc6aHopE3GiQdDloiDhWEd48Ws8YhKo5jMDhEpmbsV0QiSh2mRTykJo1GrNRh0voe58QvMrBLdWPa86nUaldZGnUURH6BidIgedoRa6Qm3kIooA3aNH9GTdWg/Ws/WybC1Y+cwh+iHr9QNrB40M</latexit>



• Solution: treat u and v as additional coordinates in the 
projective transformation 
– now the full transformation on (x, y, z, u, v) is projective 
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xw
<latexit sha1_base64="KW9Bq/chPieJovs0qYgI1ME9g0Y=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjCzWUyXTSDp1MwsxELaWP4MaFilvfyJ1v4SM4Tap4+2Hg4z/ncM78fsyZ0rb9ZuXm5hcWl/LLhZXVtfWN4ubWpYoSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/eDKtt66pVCwSF3oUUy/EfcECRrA21vlt96ZbLNllOxX6C84MSsfvkKrZLb5e9SKShFRowrFSHceOtTfGUjPC6aRwlSgaYzLEfdoxKHBIlTdOT52gPeP0UBBJ84RGqft9YoxDpUahbzpDrAfqd21q/lfrJDqoe2Mm4kRTQbJFQcKRjtD036jHJCWajwxgIpm5FZEBlphok04hDaFWqdRrVZRB1fmE+lcIbqV8WHbOaqXGURYG5GEHdmEfHDiABpxCE1wg0Ic7eIBHi1v31pP1nLXmrNnMNvyQ9fIBmBuPKA==</latexit><latexit sha1_base64="KW9Bq/chPieJovs0qYgI1ME9g0Y=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjCzWUyXTSDp1MwsxELaWP4MaFilvfyJ1v4SM4Tap4+2Hg4z/ncM78fsyZ0rb9ZuXm5hcWl/LLhZXVtfWN4ubWpYoSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/eDKtt66pVCwSF3oUUy/EfcECRrA21vlt96ZbLNllOxX6C84MSsfvkKrZLb5e9SKShFRowrFSHceOtTfGUjPC6aRwlSgaYzLEfdoxKHBIlTdOT52gPeP0UBBJ84RGqft9YoxDpUahbzpDrAfqd21q/lfrJDqoe2Mm4kRTQbJFQcKRjtD036jHJCWajwxgIpm5FZEBlphok04hDaFWqdRrVZRB1fmE+lcIbqV8WHbOaqXGURYG5GEHdmEfHDiABpxCE1wg0Ic7eIBHi1v31pP1nLXmrNnMNvyQ9fIBmBuPKA==</latexit><latexit sha1_base64="KW9Bq/chPieJovs0qYgI1ME9g0Y=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjCzWUyXTSDp1MwsxELaWP4MaFilvfyJ1v4SM4Tap4+2Hg4z/ncM78fsyZ0rb9ZuXm5hcWl/LLhZXVtfWN4ubWpYoSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/eDKtt66pVCwSF3oUUy/EfcECRrA21vlt96ZbLNllOxX6C84MSsfvkKrZLb5e9SKShFRowrFSHceOtTfGUjPC6aRwlSgaYzLEfdoxKHBIlTdOT52gPeP0UBBJ84RGqft9YoxDpUahbzpDrAfqd21q/lfrJDqoe2Mm4kRTQbJFQcKRjtD036jHJCWajwxgIpm5FZEBlphok04hDaFWqdRrVZRB1fmE+lcIbqV8WHbOaqXGURYG5GEHdmEfHDiABpxCE1wg0Ic7eIBHi1v31pP1nLXmrNnMNvyQ9fIBmBuPKA==</latexit><latexit sha1_base64="KW9Bq/chPieJovs0qYgI1ME9g0Y=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjCzWUyXTSDp1MwsxELaWP4MaFilvfyJ1v4SM4Tap4+2Hg4z/ncM78fsyZ0rb9ZuXm5hcWl/LLhZXVtfWN4ubWpYoSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/eDKtt66pVCwSF3oUUy/EfcECRrA21vlt96ZbLNllOxX6C84MSsfvkKrZLb5e9SKShFRowrFSHceOtTfGUjPC6aRwlSgaYzLEfdoxKHBIlTdOT52gPeP0UBBJ84RGqft9YoxDpUahbzpDrAfqd21q/lfrJDqoe2Mm4kRTQbJFQcKRjtD036jHJCWajwxgIpm5FZEBlphok04hDaFWqdRrVZRB1fmE+lcIbqV8WHbOaqXGURYG5GEHdmEfHDiABpxCE1wg0Ic7eIBHi1v31pP1nLXmrNnMNvyQ9fIBmBuPKA==</latexit><latexit sha1_base64="KW9Bq/chPieJovs0qYgI1ME9g0Y=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjCzWUyXTSDp1MwsxELaWP4MaFilvfyJ1v4SM4Tap4+2Hg4z/ncM78fsyZ0rb9ZuXm5hcWl/LLhZXVtfWN4ubWpYoSSahLIh7Jto8V5UxQVzPNaTuWFIc+py1/eDKtt66pVCwSF3oUUy/EfcECRrA21vlt96ZbLNllOxX6C84MSsfvkKrZLb5e9SKShFRowrFSHceOtTfGUjPC6aRwlSgaYzLEfdoxKHBIlTdOT52gPeP0UBBJ84RGqft9YoxDpUahbzpDrAfqd21q/lfrJDqoe2Mm4kRTQbJFQcKRjtD036jHJCWajwxgIpm5FZEBlphok04hDaFWqdRrVZRB1fmE+lcIbqV8WHbOaqXGURYG5GEHdmEfHDiABpxCE1wg0Ic7eIBHi1v31pP1nLXmrNnMNvyQ9fIBmBuPKA==</latexit><latexit sha1_base64="qgQUVykb9RyQWpcfyBuVwCbZHgM=">AAAB6XicbZDLSsNAFIZPvNZ6q7p0M1gEVyVpC9aNFNy4rGhsoQ1lMp20QyeTMDNRS+gjuHGh4tY3cufbOE2jePth4OM/53DO/H7MmdK2/W4tLC4tr6wW1orrG5tb26Wd3WsVJZJQl0Q8kh0fK8qZoK5mmtNOLCkOfU7b/vhsVm/fUKlYJK70JKZeiIeCBYxgbazLu/5tv1S2K3Ym9BecHMqQq9UvvfUGEUlCKjThWKmuY8faS7HUjHA6LfYSRWNMxnhIuwYFDqny0uzUKTo0zgAFkTRPaJS53ydSHCo1CX3TGWI9Ur9rM/O/WjfRQcNLmYgTTQWZLwoSjnSEZv9GAyYp0XxiABPJzK2IjLDERJt0ilkI9Wq1Ua+hOdScT2h8heBWKycV56Jebp7maRRgHw7gCBw4hiacQwtcIDCEe3iEJ4tbD9az9TJvXbDymT34Iev1A/44jfk=</latexit>

xs
<latexit sha1_base64="D7pWVD8Bq+82p6pSQDYX9X2VtSg=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+mkHTqZhJmJWEofwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/ZgzpW37zcotLC4tr+RXC2vrG5tbxe2daxUlklCXRDySbR8rypmgrmaa03YsKQ59Tlv+6GxWb91QqVgkrvQ4pl6IB4IFjGBtrMvbnuoVS3bZToX+gjOH0uk7pGr2iq/dfkSSkApNOFaq49ix9iZYakY4nRa6iaIxJiM8oB2DAodUeZP01Ck6ME4fBZE0T2iUut8nJjhUahz6pjPEeqh+12bmf7VOooO6N2EiTjQVJFsUJBzpCM3+jfpMUqL52AAmkplbERliiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCA7iDB3i0uHVvPVnPWWvOms/swg9ZLx+SD48k</latexit><latexit sha1_base64="D7pWVD8Bq+82p6pSQDYX9X2VtSg=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+mkHTqZhJmJWEofwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/ZgzpW37zcotLC4tr+RXC2vrG5tbxe2daxUlklCXRDySbR8rypmgrmaa03YsKQ59Tlv+6GxWb91QqVgkrvQ4pl6IB4IFjGBtrMvbnuoVS3bZToX+gjOH0uk7pGr2iq/dfkSSkApNOFaq49ix9iZYakY4nRa6iaIxJiM8oB2DAodUeZP01Ck6ME4fBZE0T2iUut8nJjhUahz6pjPEeqh+12bmf7VOooO6N2EiTjQVJFsUJBzpCM3+jfpMUqL52AAmkplbERliiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCA7iDB3i0uHVvPVnPWWvOms/swg9ZLx+SD48k</latexit><latexit sha1_base64="D7pWVD8Bq+82p6pSQDYX9X2VtSg=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+mkHTqZhJmJWEofwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/ZgzpW37zcotLC4tr+RXC2vrG5tbxe2daxUlklCXRDySbR8rypmgrmaa03YsKQ59Tlv+6GxWb91QqVgkrvQ4pl6IB4IFjGBtrMvbnuoVS3bZToX+gjOH0uk7pGr2iq/dfkSSkApNOFaq49ix9iZYakY4nRa6iaIxJiM8oB2DAodUeZP01Ck6ME4fBZE0T2iUut8nJjhUahz6pjPEeqh+12bmf7VOooO6N2EiTjQVJFsUJBzpCM3+jfpMUqL52AAmkplbERliiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCA7iDB3i0uHVvPVnPWWvOms/swg9ZLx+SD48k</latexit><latexit sha1_base64="D7pWVD8Bq+82p6pSQDYX9X2VtSg=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+mkHTqZhJmJWEofwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/ZgzpW37zcotLC4tr+RXC2vrG5tbxe2daxUlklCXRDySbR8rypmgrmaa03YsKQ59Tlv+6GxWb91QqVgkrvQ4pl6IB4IFjGBtrMvbnuoVS3bZToX+gjOH0uk7pGr2iq/dfkSSkApNOFaq49ix9iZYakY4nRa6iaIxJiM8oB2DAodUeZP01Ck6ME4fBZE0T2iUut8nJjhUahz6pjPEeqh+12bmf7VOooO6N2EiTjQVJFsUJBzpCM3+jfpMUqL52AAmkplbERliiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCA7iDB3i0uHVvPVnPWWvOms/swg9ZLx+SD48k</latexit><latexit sha1_base64="D7pWVD8Bq+82p6pSQDYX9X2VtSg=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZUVjC20ok+mkHTqZhJmJWEofwY0LFbe+kTvfwkdwmlTx9sPAx3/O4Zz5/ZgzpW37zcotLC4tr+RXC2vrG5tbxe2daxUlklCXRDySbR8rypmgrmaa03YsKQ59Tlv+6GxWb91QqVgkrvQ4pl6IB4IFjGBtrMvbnuoVS3bZToX+gjOH0uk7pGr2iq/dfkSSkApNOFaq49ix9iZYakY4nRa6iaIxJiM8oB2DAodUeZP01Ck6ME4fBZE0T2iUut8nJjhUahz6pjPEeqh+12bmf7VOooO6N2EiTjQVJFsUJBzpCM3+jfpMUqL52AAmkplbERliiYk26RTSEGqVSr1WRRlUnU+of4XgVsrHZeeiVmqcZGFAHvZgHw7BgSNowDk0wQUCA7iDB3i0uHVvPVnPWWvOms/swg9ZLx+SD48k</latexit><latexit sha1_base64="RjUDHZLaq0XWFCEgy/gcBRyDyhY=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7BupODGZUVjC20ok+mkHTqZhJmJWEIfwY0LFbe+kTvfxmkaxdsPAx//OYdz5vdjzpS27XersLS8srpWXC9tbG5t75R3925UlEhCXRLxSHZ9rChngrqaaU67saQ49Dnt+JPzeb1zS6VikbjW05h6IR4JFjCCtbGu7gZqUK7YVTsT+gtODhXI1R6U3/rDiCQhFZpwrFTPsWPtpVhqRjidlfqJojEmEzyiPYMCh1R5aXbqDB0ZZ4iCSJonNMrc7xMpDpWahr7pDLEeq9+1uflfrZfooOmlTMSJpoIsFgUJRzpC83+jIZOUaD41gIlk5lZExlhiok06pSyERq3WbNTRAurOJzS/QnBr1dOqc9motM7yNIpwAIdwDA6cQAsuoA0uEBjBPTzCk8WtB+vZelm0Fqx8Zh9+yHr9APgsjfU=</latexit>

u
<latexit sha1_base64="4rh+eqHDcjcJmYCC0kC1E6tzjXQ=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZQvGFtpQJtNJO3YyCTMToZQ+gRsXKm59JXe+hY/gNKni7YeBj/+cwznz+zFnStv2m5VbWl5ZXcuvFzY2t7Z3irt71ypKJKEuiXgkOz5WlDNBXc00p51YUhz6nLb98cW83r6lUrFIXOlJTL0QDwULGMHaWK2kXyzZZTsV+gvOAkrn75Cq2S++9gYRSUIqNOFYqa5jx9qbYqkZ4XRW6CWKxpiM8ZB2DQocUuVN00Nn6Mg4AxRE0jyhUep+n5jiUKlJ6JvOEOuR+l2bm//VuokO6t6UiTjRVJBsUZBwpCM0/zUaMEmJ5hMDmEhmbkVkhCUm2mRTSEOoVSr1WhVlUHU+of4Vglspn5adVq3UOMvCgDwcwCEcgwMn0IBLaIILBCjcwQM8WjfWvfVkPWetOWsxsw8/ZL18AATqjjs=</latexit><latexit sha1_base64="4rh+eqHDcjcJmYCC0kC1E6tzjXQ=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZQvGFtpQJtNJO3YyCTMToZQ+gRsXKm59JXe+hY/gNKni7YeBj/+cwznz+zFnStv2m5VbWl5ZXcuvFzY2t7Z3irt71ypKJKEuiXgkOz5WlDNBXc00p51YUhz6nLb98cW83r6lUrFIXOlJTL0QDwULGMHaWK2kXyzZZTsV+gvOAkrn75Cq2S++9gYRSUIqNOFYqa5jx9qbYqkZ4XRW6CWKxpiM8ZB2DQocUuVN00Nn6Mg4AxRE0jyhUep+n5jiUKlJ6JvOEOuR+l2bm//VuokO6t6UiTjRVJBsUZBwpCM0/zUaMEmJ5hMDmEhmbkVkhCUm2mRTSEOoVSr1WhVlUHU+of4Vglspn5adVq3UOMvCgDwcwCEcgwMn0IBLaIILBCjcwQM8WjfWvfVkPWetOWsxsw8/ZL18AATqjjs=</latexit><latexit sha1_base64="4rh+eqHDcjcJmYCC0kC1E6tzjXQ=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZQvGFtpQJtNJO3YyCTMToZQ+gRsXKm59JXe+hY/gNKni7YeBj/+cwznz+zFnStv2m5VbWl5ZXcuvFzY2t7Z3irt71ypKJKEuiXgkOz5WlDNBXc00p51YUhz6nLb98cW83r6lUrFIXOlJTL0QDwULGMHaWK2kXyzZZTsV+gvOAkrn75Cq2S++9gYRSUIqNOFYqa5jx9qbYqkZ4XRW6CWKxpiM8ZB2DQocUuVN00Nn6Mg4AxRE0jyhUep+n5jiUKlJ6JvOEOuR+l2bm//VuokO6t6UiTjRVJBsUZBwpCM0/zUaMEmJ5hMDmEhmbkVkhCUm2mRTSEOoVSr1WhVlUHU+of4Vglspn5adVq3UOMvCgDwcwCEcgwMn0IBLaIILBCjcwQM8WjfWvfVkPWetOWsxsw8/ZL18AATqjjs=</latexit><latexit sha1_base64="4rh+eqHDcjcJmYCC0kC1E6tzjXQ=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZQvGFtpQJtNJO3YyCTMToZQ+gRsXKm59JXe+hY/gNKni7YeBj/+cwznz+zFnStv2m5VbWl5ZXcuvFzY2t7Z3irt71ypKJKEuiXgkOz5WlDNBXc00p51YUhz6nLb98cW83r6lUrFIXOlJTL0QDwULGMHaWK2kXyzZZTsV+gvOAkrn75Cq2S++9gYRSUIqNOFYqa5jx9qbYqkZ4XRW6CWKxpiM8ZB2DQocUuVN00Nn6Mg4AxRE0jyhUep+n5jiUKlJ6JvOEOuR+l2bm//VuokO6t6UiTjRVJBsUZBwpCM0/zUaMEmJ5hMDmEhmbkVkhCUm2mRTSEOoVSr1WhVlUHU+of4Vglspn5adVq3UOMvCgDwcwCEcgwMn0IBLaIILBCjcwQM8WjfWvfVkPWetOWsxsw8/ZL18AATqjjs=</latexit><latexit sha1_base64="4rh+eqHDcjcJmYCC0kC1E6tzjXQ=">AAAB53icbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW7ButODGZQvGFtpQJtNJO3YyCTMToZQ+gRsXKm59JXe+hY/gNKni7YeBj/+cwznz+zFnStv2m5VbWl5ZXcuvFzY2t7Z3irt71ypKJKEuiXgkOz5WlDNBXc00p51YUhz6nLb98cW83r6lUrFIXOlJTL0QDwULGMHaWK2kXyzZZTsV+gvOAkrn75Cq2S++9gYRSUIqNOFYqa5jx9qbYqkZ4XRW6CWKxpiM8ZB2DQocUuVN00Nn6Mg4AxRE0jyhUep+n5jiUKlJ6JvOEOuR+l2bm//VuokO6t6UiTjRVJBsUZBwpCM0/zUaMEmJ5hMDmEhmbkVkhCUm2mRTSEOoVSr1WhVlUHU+of4Vglspn5adVq3UOMvCgDwcwCEcgwMn0IBLaIILBCjcwQM8WjfWvfVkPWetOWsxsw8/ZL18AATqjjs=</latexit><latexit sha1_base64="rML+cYkg5xn6SlMMRPaRBpx7kdQ=">AAAB53icbZDLSsNAFIYn9VbrrerSzWARXJWkLVg3UnDjsgVjC20ok+lJO3YyCTMToYQ+gRsXKm59JXe+jdM0ircfBj7+cw7nzO/HnClt2+9WYWV1bX2juFna2t7Z3SvvH9yoKJEUXBrxSPZ8ooAzAa5mmkMvlkBCn0PXn14u6t07kIpF4lrPYvBCMhYsYJRoY3WSYbliV+1M+C84OVRQrvaw/DYYRTQJQWjKiVJ9x461lxKpGeUwLw0SBTGhUzKGvkFBQlBemh06xyfGGeEgkuYJjTP3+0RKQqVmoW86Q6In6ndtYf5X6yc6aHopE3GiQdDloiDhWEd48Ws8YhKo5jMDhEpmbsV0QiSh2mRTykJo1GrNRh0voe58QvMrBLdWPa86nUaldZGnUURH6BidIgedoRa6Qm3kIooA3aNH9GTdWg/Ws/WybC1Y+cwh+iHr9QNrB40M</latexit>
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<latexit sha1_base64="+/LMxDYMo0dQi8apZLtTr7jl9TY="></latexit><latexit sha1_base64="+/LMxDYMo0dQi8apZLtTr7jl9TY="></latexit><latexit sha1_base64="+/LMxDYMo0dQi8apZLtTr7jl9TY="></latexit><latexit sha1_base64="+/LMxDYMo0dQi8apZLtTr7jl9TY="></latexit><latexit sha1_base64="+/LMxDYMo0dQi8apZLtTr7jl9TY="></latexit><latexit sha1_base64="ofNCqfv9Jkw/uEbXKUxOt5by97o="></latexit>

us
<latexit sha1_base64="pF5Ck/61E3GTzc8xVJIqwFoNhZs=">AAAB6XicbZDLSsNAFIZPvNZ6q7p0M1gEVyVpC9aNFty4rGhsoQ1lMp20QyeTMDMRSugjuHGh4tY3cudb+AhOkyrefhj4+M85nDO/H3OmtG2/WQuLS8srq4W14vrG5tZ2aWf3RkWJJNQlEY9kx8eKciaoq5nmtBNLikOf07Y/Pp/V27dUKhaJaz2JqRfioWABI1gb6yrpq36pbFfsTOgvOHMon71Dpla/9NobRCQJqdCEY6W6jh1rL8VSM8LptNhLFI0xGeMh7RoUOKTKS7NTp+jQOAMURNI8oVHmfp9IcajUJPRNZ4j1SP2uzcz/at1EBw0vZSJONBUkXxQkHOkIzf6NBkxSovnEACaSmVsRGWGJiTbpFLMQ6tVqo15DOdScT2h8heBWKycV57Jebp7mYUAB9uEAjsCBY2jCBbTABQJDuIMHeLS4dW89Wc9564I1n9mDH7JePgCNgI8h</latexit><latexit sha1_base64="pF5Ck/61E3GTzc8xVJIqwFoNhZs=">AAAB6XicbZDLSsNAFIZPvNZ6q7p0M1gEVyVpC9aNFty4rGhsoQ1lMp20QyeTMDMRSugjuHGh4tY3cudb+AhOkyrefhj4+M85nDO/H3OmtG2/WQuLS8srq4W14vrG5tZ2aWf3RkWJJNQlEY9kx8eKciaoq5nmtBNLikOf07Y/Pp/V27dUKhaJaz2JqRfioWABI1gb6yrpq36pbFfsTOgvOHMon71Dpla/9NobRCQJqdCEY6W6jh1rL8VSM8LptNhLFI0xGeMh7RoUOKTKS7NTp+jQOAMURNI8oVHmfp9IcajUJPRNZ4j1SP2uzcz/at1EBw0vZSJONBUkXxQkHOkIzf6NBkxSovnEACaSmVsRGWGJiTbpFLMQ6tVqo15DOdScT2h8heBWKycV57Jebp7mYUAB9uEAjsCBY2jCBbTABQJDuIMHeLS4dW89Wc9564I1n9mDH7JePgCNgI8h</latexit><latexit sha1_base64="pF5Ck/61E3GTzc8xVJIqwFoNhZs=">AAAB6XicbZDLSsNAFIZPvNZ6q7p0M1gEVyVpC9aNFty4rGhsoQ1lMp20QyeTMDMRSugjuHGh4tY3cudb+AhOkyrefhj4+M85nDO/H3OmtG2/WQuLS8srq4W14vrG5tZ2aWf3RkWJJNQlEY9kx8eKciaoq5nmtBNLikOf07Y/Pp/V27dUKhaJaz2JqRfioWABI1gb6yrpq36pbFfsTOgvOHMon71Dpla/9NobRCQJqdCEY6W6jh1rL8VSM8LptNhLFI0xGeMh7RoUOKTKS7NTp+jQOAMURNI8oVHmfp9IcajUJPRNZ4j1SP2uzcz/at1EBw0vZSJONBUkXxQkHOkIzf6NBkxSovnEACaSmVsRGWGJiTbpFLMQ6tVqo15DOdScT2h8heBWKycV57Jebp7mYUAB9uEAjsCBY2jCBbTABQJDuIMHeLS4dW89Wc9564I1n9mDH7JePgCNgI8h</latexit><latexit sha1_base64="pF5Ck/61E3GTzc8xVJIqwFoNhZs=">AAAB6XicbZDLSsNAFIZPvNZ6q7p0M1gEVyVpC9aNFty4rGhsoQ1lMp20QyeTMDMRSugjuHGh4tY3cudb+AhOkyrefhj4+M85nDO/H3OmtG2/WQuLS8srq4W14vrG5tZ2aWf3RkWJJNQlEY9kx8eKciaoq5nmtBNLikOf07Y/Pp/V27dUKhaJaz2JqRfioWABI1gb6yrpq36pbFfsTOgvOHMon71Dpla/9NobRCQJqdCEY6W6jh1rL8VSM8LptNhLFI0xGeMh7RoUOKTKS7NTp+jQOAMURNI8oVHmfp9IcajUJPRNZ4j1SP2uzcz/at1EBw0vZSJONBUkXxQkHOkIzf6NBkxSovnEACaSmVsRGWGJiTbpFLMQ6tVqo15DOdScT2h8heBWKycV57Jebp7mYUAB9uEAjsCBY2jCBbTABQJDuIMHeLS4dW89Wc9564I1n9mDH7JePgCNgI8h</latexit><latexit sha1_base64="pF5Ck/61E3GTzc8xVJIqwFoNhZs=">AAAB6XicbZDLSsNAFIZPvNZ6q7p0M1gEVyVpC9aNFty4rGhsoQ1lMp20QyeTMDMRSugjuHGh4tY3cudb+AhOkyrefhj4+M85nDO/H3OmtG2/WQuLS8srq4W14vrG5tZ2aWf3RkWJJNQlEY9kx8eKciaoq5nmtBNLikOf07Y/Pp/V27dUKhaJaz2JqRfioWABI1gb6yrpq36pbFfsTOgvOHMon71Dpla/9NobRCQJqdCEY6W6jh1rL8VSM8LptNhLFI0xGeMh7RoUOKTKS7NTp+jQOAMURNI8oVHmfp9IcajUJPRNZ4j1SP2uzcz/at1EBw0vZSJONBUkXxQkHOkIzf6NBkxSovnEACaSmVsRGWGJiTbpFLMQ6tVqo15DOdScT2h8heBWKycV57Jebp7mYUAB9uEAjsCBY2jCBbTABQJDuIMHeLS4dW89Wc9564I1n9mDH7JePgCNgI8h</latexit><latexit sha1_base64="S9EEnRdI6o4xMfhLKchmMzysqDg=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJW2jdSMGNy4rGFtpQJtNJO3QyCTMToYQ+ghsXKm59I3e+jdM0ircfBj7+cw7nzO/HnClt2+9WYWV1bX2juFna2t7Z3SvvH9yqKJGEuiTikez5WFHOBHU105z2Yklx6HPa9acXi3r3jkrFInGjZzH1QjwWLGAEa2NdJ0M1LFfsqp0J/QUnhwrk6gzLb4NRRJKQCk04Vqrv2LH2Uiw1I5zOS4NE0RiTKR7TvkGBQ6q8NDt1jk6MM0JBJM0TGmXu94kUh0rNQt90hlhP1O/awvyv1k900PJSJuJEU0GWi4KEIx2hxb/RiElKNJ8ZwEQycysiEywx0SadUhZCo1ZrNepoCXXnE1pfIbi16lnVuWpU2ud5GkU4gmM4BQea0IZL6IALBMZwD4/wZHHrwXq2XpatBSufOYQfsl4/APOdjfI=</latexit>



• Bottom line: treat all attributes the same as (x, y, z) 
– divide them by w before interpolation
– interpolate quantities u/w, etc., linearly across screen
– also interpolate 1/w as an additional attribute
– divide interpolated u/w by 1/w to recover u
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Perspective correct interpolation
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• Rasterizer tends to assume triangles are on screen 
– particularly problematic to have triangles crossing 

the plane z = 0
• After projection, before perspective divide 

– clip against the planes x, y, z = 1, –1 (6 planes)
– primitive operation: clip triangle against axis-aligned plane

© 2018 Steve Marschner • Cornell CS4620 Spring 2018 • Lecture 10

Clipping
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• 4 cases, based on sidedness of vertices 
– all in (keep)
– all out (discard)
– one in, two out (one clipped triangle)
– two in, one out (two clipped triangles)
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Clipping a triangle against a plane
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