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High Dynamic Range (HDR) Photography

• Human eyes have high visual range
• It can differentiate and see structure between very bright and very dark regions in a 

scene

• An image is taken at a particular exposure setting, which determines 
whether it contains more visible structure in brighter or darker regions
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Images taken at various exposure settings
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High Dynamic Range (HDR) Photography

• Collect images at different exposure settings
• Align images if needed

• Estimate response curve
• Set up the system of linear equations and solve for unknowns

• Use response curve to compute pixel irradiance values
• Perform tone mapping to construct the final HDR image that can displayed 

on a device with limited dynamic range
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Reference

• https://pages.cs.wisc.edu/~csverma/CS766_09/HDRI/hdr
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Digital Imaging Pipeline
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Digital Imaging Pipeline
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𝑍 = 𝑓(𝐸Δ𝑡)

Observed pixels
Unknown camera response functions



Camera response function

• How to compute the camera response function 𝑓 that maps sensor 
exposure 𝐸Δ𝑡 to pixel values 𝑍 as described by the following equation?
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𝑍 = 𝑓(𝐸Δ𝑡)

LIFT



How to compute camera response function?

Given
𝑍 = 𝑓(𝐸Δ𝑡)

Idea 1: Invert 𝑓 and use log
 
 𝑓−1 𝑍 = 𝐸Δ𝑡
 log 𝑓−1(𝑍) = log 𝐸Δ𝑡
 log 𝑓−1(𝑍) = log 𝐸 + log Δ𝑡
 𝑔 𝑍 = log 𝐸 + log Δ𝑡
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Need to compute these values 𝑍
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Need to compute these values 𝑍

𝑔(𝑍)

1 2 255

How many unknowns?

𝑔 0 , 𝑔 1 ,⋯ , 𝑔(255)



How do we estimate 𝑔 0 , 𝑔 1 ,⋯ , 𝑔(255)?
Approach 1
• One pixel and many images
• Finally adjust Δ𝑡 in range [0,∞]
• Plot log Δ𝑡 as a function of the pixel observed intensity

Q. What about 𝐥𝐨𝐠𝑬?  We do not know it?
A. It doesn’t matter, since it is a constant.
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Too slow, requires us to take many many images



How do we estimate 𝑔 0 , 𝑔 1 ,⋯ , 𝑔(255)?
Approach 2
• A few pixels in a few images
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3 pixels and 5 images
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Plot of normalized 𝑔(𝑍) after determining 
pixel exposures

Approach 2 requires far less images than 
Approach 1



How do we estimate 𝑔 0 , 𝑔 1 ,⋯ , 𝑔(255)?
• Approach 2: 𝑁 pixels in 𝑃 images
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𝑔 𝑍𝑖𝑗 = log 𝐸𝑖 + log Δ𝑡𝑗

𝑖th pixel in 𝑗th image

irradiance for 𝑖th

exposure interval for 𝑗th 
image
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