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A 3D Example

flu y x y y z

Evaluate gradient at location 1 4,3

x for x and y
4413 0,413 44,3 2,43

93,3 1,33 2,33

y 10,03 115,3 235,3

0 4,2 114,2 2,412

0,413 114,3 24,3

104,4 14,4 134,4



Today’s lecture

• Gaussian image pyramids
• Laplacian image pyramids
• Laplacian blending
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Gaussian image pyramids

• Blur the image with a Gaussian kernel
• Reduce image dimensions by half

• Discard every other row and column
• Repeat

• Till the desired numbers of levels have 
been reached or till the image because 
1x1
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Courtesy: Forsyth
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How to construct a Gaussian Pyramid

Subsample operation
If we gristdo this
we will observe

IF aliasing artifactsI I avoid
low pass filler

discard everyother row and everyother column

Scheme

go I input image

go G go go w go
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g le g
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Lets say I 120000
4000

Construct a Gaussian pyramid and

specify how much memory we

need to store this pyramid
Answer Find out possible levels

1

4000 2k

log 400 I log 2

L log 4000

L log 4000 11.96



Gaussian image pyramids
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𝑔 𝑔′ = 𝑤 ∗ 𝑔

𝑔ଵ 𝑔′ଵ = 𝑤 ∗ 𝑔ଵ

𝑔ଶ 𝑔′ଶ = 𝑤 ∗ 𝑔ଶ

𝑔ଷ

𝑔′ିଵ = 𝑤 ∗ 𝑔ିଵ

𝑔

𝑔ିଵ

Subsample
Drop every other row and column

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

1 3

9 11



Laplace operator
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∇ଶ𝑓 =
𝜕ଶ𝑓
𝜕𝑥ଶ +

𝜕ଶ𝑓
𝜕𝑦ଶ

1 1 9 8 1
8 8 8 8 8
1 3 5 8 1
5 3 2 8 6

𝐼 =

Compute the  Laplace operator 
output for the shaded pixel

1 0 -1

2 0 -2

1 0 -1

1 2 1

0 0 0

-1 -2 -1

𝐻௫ =

𝐻௬ =

Sobel

1 2 1
2 4 2
1 2 1

1/16𝐺 =

3x3 Gaussian kernel (approx.) 

Example

f x y x y y
32 fy x 2y
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Laplacian of a Gaussian 
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Source: Lazebnik

We can approximate the Laplacian of a Gaussian as follows
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Laplacian image pyramids
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𝑔

𝑔ଵ

𝑔
ᇱ

𝐿 Pyramid Down

1. 𝑔 = 𝑤 ∗ 𝑔

2. Downsample 𝑔 by dropping every 
other row or column

Pyramid Up

1. Upsample 𝑔 by adding 0 between 
samples to create 𝑔

2. 𝑔′ିଵ = 𝑤 ∗ 𝑔.  This will fill in the 
0s added in the previous step

1 0 3 0

0 0 0 0

5 0 7 0

0 0 0 0

1 3

9 11

𝑔ଶ

𝑔ଵ
ᇱ

𝐿ଵ

𝑔ଷ

𝑔ଶ
ᇱ

𝐿ଶ

𝑔

𝑔ିଵ
ᇱ

𝐿ିଵ





Laplacian image pyramid

• Convolve 𝑔 with low-pass filter 𝑤 and 
down-sample by half to construct 𝑔ାଵ

• Downsample by discarding every other row and 
column

• Upsample 𝑔ାଵ by double by inserting 0s 
and and interpolating the missing values by 
convolving it with 𝑤 and create 𝑔′

• Compute 𝐿 = 𝑔 − 𝑔′
• Repeat
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Given image 𝑰 = 𝒈𝟎

𝑔𝐿ହ𝐿ସ𝐿ଷ𝐿ଶ𝐿ଵ𝐿


