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Single-view metrology
Many slides adapted from 

S. Seitz, D. Hoiem

R. Magritte, Personal Values, 1952
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Application: 3D from a single image

A. Criminisi et al. Single View Metrology. IJCV 2000 
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Application: 3D from a single image

J. Vermeer, Music Lesson, 1662

A. Criminisi et al. Bringing Pictorial Space to Life: computer techniques for the analysis of paintings, 
Proc. Computers and the History of Art, 2002
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Application: Image editing, augmented reality

K. Karsch and V. Hedau and D. Forsyth and D. Hoiem. Rendering Synthetic Objects into 
Legacy Photographs. SIGGRAPH Asia 2011
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http://dhoiem.cs.illinois.edu/courses/vision_spring10/sources/criminisi00.pdf
http://research.microsoft.com/apps/pubs/default.aspx?id=67260
http://dhoiem.cs.illinois.edu/publications/sa2011_relighting_highres.pdf
http://dhoiem.cs.illinois.edu/publications/sa2011_relighting_highres.pdf
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Reminder: Beware!

http://en.wikipedia.org/wiki/Ames_room
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Outline
• Camera calibration using vanishing points
• Measurements from a single image
• Applications of single-view metrology
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Camera calibration using vanishing points
• If world coordinates of reference 3D points are not known, 

in special cases, we may be able to use vanishing points

Source: A. Efros, A. Criminisi
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Camera calibration using vanishing points
• If world coordinates of reference 3D points are not known, 

in special cases, we may be able to use vanishing points

Vanishing
 point

Vanishing
 line

Vanishing
 point

Vertical vanishing
 point

Source: A. Efros, A. Criminisi
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http://en.wikipedia.org/wiki/Ames_room
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Review: Vanishing points

image plane

line in the scenevanishing point	𝒗

• All lines having the same direction share the same vanishing 
point

camera
center
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Computing vanishing points

• 𝑿∞ is a point at infinity, 𝒗 is its projection: 𝒗 ≅ 𝑷𝑿∞

𝑿! =

𝑋" + 𝑡𝐷#
𝑌" + 𝑡𝐷$
𝑍" + 𝑡𝐷%

1

≅

𝑋"/𝑡 + 𝐷#
𝑌"/𝑡 + 𝐷$
𝑍"/𝑡 + 𝐷%

1/𝑡

𝑿& =

𝐷#
𝐷$
𝐷%
0

𝒗

𝑿"

𝑿!

• Let’s parameterize the line using point 𝑿" = (𝑋", 𝑌", 𝑍", 1)' and direction 
vector 𝑫 = (𝐷#, 𝐷$, 𝐷%)':
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Calibration from vanishing points
• Consider a scene with three orthogonal vanishing directions:

• Note: 𝒗1, 𝒗2 are finite vanishing points and 𝒗3 is an infinite 
vanishing point

. 𝒗𝟐𝒗𝟏

𝒗𝟑

.
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Calibration from vanishing points
• Consider a scene with three orthogonal vanishing directions:

• We can align the world coordinate system with these directions

. 𝒗𝟐𝒗𝟏

𝒗𝟑

.

12



4

Projection of the world coordinate system

𝑷 =
	𝑝"" 𝑝"# 𝑝"$ 𝑝"%	
𝑝#" 𝑝## 𝑝#$ 𝑝#%	
𝑝$" 𝑝$# 𝑝$$ 𝑝$%	
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Projection of the world coordinate system

	𝑝33 𝑝34 𝑝35 𝑝36	
𝑝43 𝑝44 𝑝45 𝑝46	
𝑝53 𝑝54 𝑝55 𝑝56

1
0
0
0

𝒑3 𝒑4 𝒑5 𝒑6

= 𝒑3
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Projection of the world coordinate system

	𝑝"" 𝑝"# 𝑝"$ 𝑝"%	
𝑝#" 𝑝## 𝑝#$ 𝑝#%	
𝑝$" 𝑝$# 𝑝$$ 𝑝$%

0
1
0
0

𝒑" 𝒑# 𝒑$ 𝒑%

= 𝒑#
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Projection of the world coordinate system

	𝑝33 𝑝34 𝑝35 𝑝36	
𝑝43 𝑝44 𝑝45 𝑝46	
𝑝53 𝑝54 𝑝55 𝑝56

0
0
1
0

𝒑3 𝒑4 𝒑5 𝒑6

= 𝒑5

Vanishing points in 
𝑥, 𝑦, 𝑧 directions
(i.e., 𝒗1, 𝒗2, 𝒗3)
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Projection of the world coordinate system

	𝑝"" 𝑝"# 𝑝"$ 𝑝"%	
𝑝#" 𝑝## 𝑝#$ 𝑝#%	
𝑝$" 𝑝$# 𝑝$$ 𝑝$%

0
0
0
1

𝒑" 𝒑# 𝒑$ 𝒑%

= 𝒑%

Projection of 
world origin

• Problem: this only gives us the four columns up to independent 
scale factors, additional constraints needed to solve for them

Vanishing points in 
𝑥, 𝑦, 𝑧 directions
(i.e., 𝒗1, 𝒗2, 𝒗3)
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Calibration from vanishing points
• Let us align the world coordinate system with three 

orthogonal vanishing directions in the scene:

𝒆! =
1
0
0

,      𝒆" =
0
1
0

, 	 𝒆# =
0
0
1

𝒗$ ≅ 𝑲 𝑹|𝒕
𝒆$
0
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Calibration from vanishing points
• Let us align the world coordinate system with three 

orthogonal vanishing directions in the scene:

𝒆! =
1
0
0

,      𝒆" =
0
1
0

, 	 𝒆# =
0
0
1

• Orthogonality constraint: 𝒆$%𝒆& = 0

𝒗$%𝑲'%𝑹𝑹%𝑲'!𝒗& = 0

𝒗$ ≅ 𝑲𝑹𝒆$

𝒆$ ≅ 𝑹%𝑲'!𝒗$

𝒆$% 𝒆&
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Calibration from vanishing points
• Let us align the world coordinate system with three 

orthogonal vanishing directions in the scene:

𝒆! =
1
0
0

,      𝒆" =
0
1
0

, 	 𝒆# =
0
0
1

• Orthogonality constraint: 𝒆$%𝒆& = 0

𝒗$
%𝑲'%𝑲'!𝒗& = 0

• Extrinsic parameter matrix (𝑹) disappears and we are left 
with constraints on the calibration matrix!

𝒆$ ≅ 𝑹%𝑲'!𝒗$

𝒗$ ≅ 𝑲𝑹𝒆$

20
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Calibration from vanishing points

𝒗*+𝑲,+𝑲,"𝒗- = 0

• How many constraints do we get?
• Three: one for each pair of vanishing points

• How many unknown parameters does 𝑲 have?
• Three: 𝑓, 𝑝', 𝑝(

• A couple of complications:
• The constraints are nonlinear, but it’s not hard to do the algebra 

(omitted)
• At least two finite vanishing points are needed to solve for both focal 

length and principal point

21

Calibration from vanishing points

Can solve for focal length, principal pointCannot recover focal 
length, principal point is 
the third vanishing point
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Rotation from vanishing points
• Constraints on vanishing points: 𝒗$ ≅ 𝑲𝑹𝒆$
• We just used orthogonality constraints to solve for 𝑲
• Now we have:

𝑲'!𝒗$ ≅ 𝑹𝒆$

Notice: 𝑹𝒆! = 𝒓! 𝒓" 𝒓#
1
0
0

Thus, 𝒓$ ≅ 𝑲'!𝒗$

• The scale ambiguity goes away since we require 𝒓$ " = 1

= 𝒓)
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Calibration from vanishing points: Summary
1. Solve for intrinsic parameters (focal length, principal point) 

using three orthogonal vanishing points
2. Get extrinsic parameters (rotation) directly from vanishing 

points once calibration matrix is known
• Advantages

• No need for calibration chart, 2D-3D correspondences
• Could be completely automatic

• Disadvantages
• Only applies to certain kinds of scenes
• It is tricky to accurately localize vanishing points
• Need at least two finite vanishing points

24
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Outline
• Camera calibration using vanishing points
• Measurements from a single image

• Measuring height above the ground plane
• Measuring within planes
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Comparing heights

Vanishing
Point

Slide by Steve Seitz
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Using a ruler
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Using a ruler

28
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Working without a ruler is harder than might seem
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Working without a ruler is harder than might seem
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Working without a ruler is harder than might seem

<latexit sha1_base64="tkLLDeaJFjZF+7UbRMrOEhQx61Q=">AAACAHicbZDJSgNBEIZ74hbjNurBg5fGIAhCmBG3Y9CLxwhmgWQIPZ2apEnPQneNEIa5+CpePCji1cfw5tvYWQ6a+EPDx19VVNfvJ1JodJxvq7C0vLK6VlwvbWxube/Yu3sNHaeKQ53HMlYtn2mQIoI6CpTQShSw0JfQ9Ie343rzEZQWcfSAowS8kPUjEQjO0Fhd+6ATKMYzRk+pTzHPwEBgoGuXnYozEV0EdwZlMlOta391ejFPQ4iQS6Z123US9DKmUHAJeamTakgYH7I+tA1GLATtZZMDcnpsnB4NYmVehHTi/p7IWKj1KPRNZ8hwoOdrY/O/WjvF4NrLRJSkCBGfLgpSSTGm4zRoTyjgKEcGGFfC/JXyATOJoMmsZEJw509ehMZZxb2sXNyfl6s3sziK5JAckRPikitSJXekRuqEk5w8k1fyZj1ZL9a79TFtLVizmX3yR9bnD3tGlQ8=</latexit>

a+ bt

e+ ft

<latexit sha1_base64="2TyYox69prPZKG28G7NCoWz8v3M=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNnJbDJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR3dRvPXFtRKwecJxwP6IDJULBKFqpjr1S2a24M5Bl4uWkDDlqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9mh07IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo16QvNGcqxJZRpYW8lbEg1ZWizKdoQvMWXl0nzvOJdVS7rF+XqbR5HAY7hBM7Ag2uowj3UoAEMODzDK7w5j86L8+58zFtXnHzmCP7A+fwB42mNAg==</latexit>

t
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Working without a ruler is harder than might seem
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The Cross-ratio
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The Cross-ratio
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The Cross-ratio
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The Cross-ratio
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The Cross-ratio
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Single-view measurement examples

A. Criminisi, I. Reid, and A. Zisserman, Single View Metrology, IJCV 2000
 Figure from UPenn CIS580 slides

That booth is still there! (Oxford, September 2022)
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Single-view measurement examples

A. Criminisi, I. Reid, and A. Zisserman, Single View Metrology, IJCV 2000
 Figure from UPenn CIS580 slides
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Another example
• Are the heights of the two groups of people consistent with 

one another?
• Measure heights using Christ as reference

Piero della Francesca, Flagellation, ca. 1455

A. Criminisi, M. Kemp, and A. Zisserman,Bringing Pictorial Space to Life: computer techniques for the analysis of paintings, 
Proc. Computers and the History of Art, 2002
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http://dhoiem.cs.illinois.edu/courses/vision_spring10/sources/criminisi00.pdf
http://cis.upenn.edu/~cis580/Spring2015/Lectures/cis580-04-singleview.pdf
http://dhoiem.cs.illinois.edu/courses/vision_spring10/sources/criminisi00.pdf
http://cis.upenn.edu/~cis580/Spring2015/Lectures/cis580-04-singleview.pdf
http://research.microsoft.com/apps/pubs/default.aspx?id=67260
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1 2 3 4

1

2

3

4

Measurements within planes

• Simplest approach: unwarp then measure
• What kind of warp is this?

53

Image rectification

• To unwarp (rectify) an image, solve for homography 𝑯 given 
four pairs of matches assumed to have a known configuration 
(e.g., square)

𝒙
𝒙′
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Image rectification: Example
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Putting everything together: Single-view modeling

A. Criminisi et al. Bringing Pictorial Space to Life: computer techniques for the analysis of paintings, 
Proc. Computers and the History of Art, 2002
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http://research.microsoft.com/apps/pubs/default.aspx?id=67260
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Putting everything together: Single-view modeling

J. Vermeer, Music Lesson, 1662

A. Criminisi et al. Bringing Pictorial Space to Life: computer techniques for the analysis of paintings, 
Proc. Computers and the History of Art, 2002
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Outline
• Camera calibration using vanishing points
• Measurements from a single image
• Applications of single-view metrology
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Application: Fully automatic modeling

D. Hoiem, A.A. Efros, and M. Hebert, Automatic Photo Pop-up, SIGGRAPH 2005

sky

vertical

ground
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Application: Object detection

D. Hoiem, A.A. Efros, and M. Hebert. Putting Objects in Perspective. CVPR 2006
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http://research.microsoft.com/apps/pubs/default.aspx?id=67260
http://dhoiem.cs.illinois.edu/publications/popup.pdf
https://web.engr.illinois.edu/~dhoiem/publications/hoiem_cvpr06.pdf
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Application: Object detection

D. Hoiem, A.A. Efros, and M. Hebert. Putting Objects in Perspective. CVPR 2006
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Application: Image editing
• Inserting synthetic objects into images

K. Karsch and V. Hedau and D. Forsyth and D. Hoiem. Rendering Synthetic Objects into 
Legacy Photographs. SIGGRAPH Asia 2011
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Application: Image editing
• Inserting synthetic objects into images:

K. Karsch and V. Hedau and D. Forsyth and D. Hoiem. Rendering Synthetic Objects into 
Legacy Photographs. SIGGRAPH Asia 2011
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https://web.engr.illinois.edu/~dhoiem/publications/hoiem_cvpr06.pdf
http://dhoiem.cs.illinois.edu/publications/sa2011_relighting_highres.pdf
http://dhoiem.cs.illinois.edu/publications/sa2011_relighting_highres.pdf
http://dhoiem.cs.illinois.edu/publications/sa2011_relighting_highres.pdf
http://dhoiem.cs.illinois.edu/publications/sa2011_relighting_highres.pdf

