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Today's Plan 

› Recovering High Dynamic Range Radiance Maps from 
Photographs 
› Debevec and Malik 
› SIGGRAPH 1997 

› What Is the Space of Camera Response Functions? 
› Grossberg and Nayar 
› CVPR 2003 
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In the Old Days… 

› You took some pictures on your trip 

Presenter
Presentation Notes
先想像下面這種情況   你到史丹佛去玩 因為看到他們的教堂很華麗所以拍了一些照片回來 拿去沖洗
想回味一下印象中那些漂亮的彩繪玻璃 壁畫雕刻 建築結構

http://images.google.com/imgres?imgurl=www.gadgetboy.com/gbpast/kodak/film.gif&imgrefurl=http://www.gadgetboy.com/gbpast/kodak/advantix.html&h=198&w=153&prev=/images?q=kodak+film&svnum=10&hl=en&lr=&ie=UTF-8&oe=UTF-8&sa=N
http://images.google.com/imgres?imgurl=kodak.sitecommander.nu/raw/images/144_sub_right_kodak_express.jpg&imgrefurl=http://kodak.sitecommander.nu/niva_2/kodak_express_meny.html,da&h=274&w=245&prev=/images?q=kodak+express&start=20&svnum=10&hl=en&lr=&ie=UTF-8&oe=UTF-8&sa=N
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They Might Turn out like … 

› What’s wrong? 

Presenter
Presentation Notes
結果照片洗出來變成這樣  到底哪裡出了問題呢
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Dynamic Range 

› Dynamic range: contrast in the scene 
› The real world is of high dynamic range (HDR) 
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Presenter
Presentation Notes
Dynamic range 在作祟  dynamic range 指的是明暗對比的範圍   真實景色通常涵蓋 high dynamic range
一般大約十萬比一   遠超過底片和相紙所能捕捉和呈現的 dynamic range
所以如果完全不作處理 相片上所有超出 range 的部份就不會顯現出來 譬如用紅色的對應 暗的部份顯現出來 但亮的部份就會被砍掉
用藍的對應方式 雖然很亮的區域可以正確顯示 暗的部份就會完全看不見
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Two Issues 

› How to capture 
› Debevec and Malik … 

» Radiance map in RGBE format 
› Nayar and Mitsunaga 
› Aggarwal and Ahuja 
 

 

› How to display 
› LCD contrast – 3000:1 
› Photo paper – 100:1 

Presenter
Presentation Notes
所以這牽涉到兩個問題 第一是如何把我們看到的 HDR 景色 用 底片或 CCD 完整地記錄下來
 第二是如何把記錄到的 HDR 影像用相紙或螢幕顯示出來
在capture方面 debevec 和 malik 所提出的產生 radiance map 的演算法  是目前最常用的技術
另外也有像 nayar   或  ahuja 用硬體的方式 在 ccd 前面加上 mask 改變曝光值 直接拍攝 hdr 影像  
至於如何顯示 hdr 影像 主要的困難在於目前的液晶螢幕對比只有 1000:1 而相紙只有 50:1 和 真實世界的景色 100,000:1 差很多
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How to Capture 

Toshiba 

Kameleon 

exposure time 

spatially varying 

Fujifilm 
Photonfocus 

images from vision-systems.com 

Presenter
Presentation Notes
所以這牽涉到兩個問題 第一是如何把我們看到的 HDR 景色 用 底片或 CCD 完整地記錄下來
 第二是如何把記錄到的 HDR 影像用相紙或螢幕顯示出來
在capture方面 debevec 和 malik 所提出的產生 radiance map 的演算法  是目前最常用的技術
另外也有像 nayar   或  ahuja 用硬體的方式 在 ccd 前面加上 mask 改變曝光值 直接拍攝 hdr 影像  
至於如何顯示 hdr 影像 主要的困難在於目前的液晶螢幕對比只有 1000:1 而相紙只有 50:1 和 真實世界的景色 100,000:1 差很多
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Radiance Map 

› Combine multiple images taken under different 
exposure settings 
› Debevec and Malik 

32-bit RGBE 

… 

R,G,B + shared Exponent 

Matlab hdrread, hdrwrite, makehdr 

Presenter
Presentation Notes
擷取 hdr images 的方法 Debevec 和 malik 的拍攝 radiance map 方法  主要是結合不同曝光值(譬如靠快門逐漸加快
或光圈逐漸縮小)拍攝到的多張影像   譬如8張或 16張
每張只涵蓋了一部份的 dynamic range 經過計算之後 結合成一張 HDR 影像 稱作 radiance map 包含 RGBE 共32bit 的資訊 E 指的是 exponent
類似浮點數的儲存方式 用 RGBE 的格式可以記錄的 dynamic range 就大很多
而一般用這個方式產生的 HDR 影像 dynamic range 可達到 250,000:1  
目前已經有免費軟體可以這種方式產生 radiance map 所以假設擷取影像的部份以解決    
但是要如何顯示 這樣的 radiance map data呢
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Recovering the Response Function 
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How to Display a Radiance Map 

› Hardware 
 
 
 

› Software 

Presenter
Presentation Notes
先來看看硬體的解決方式
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High Dynamic Range Display 

$9999 image from LG’s website 

Presenter
Presentation Notes
硬體方面
已經有家叫 Brightside 的公司推出了號稱 世界第一台 hdr display 有37吋  對比可到 200,000:1 不過每家公司計算對比的公式都不太一樣
不過如果用 ansi 的算法 也有 25,000:1   但是他的價格和他的 dynamic range 也不相上下 一台大概 140萬台幣
有了這樣的顯示器  就可以直接把擷取到的 hdr radiance map 顯示出來 不用做什麼特殊處理
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Basic Idea 

› Fluorescent backlight 

› LED array 
image from LG’s website 

Presenter
Presentation Notes
它基本的作法是用 白光 LED 取代 螢光燈管  來當作LCD的背光   這樣就亮度的控制就更靈活  可以控制局部的亮度增加對比
但是目前這項技術的代價實在太昂貴 140萬一般人買不起
所以我們要從軟體上面著手  試著在普通的螢幕上顯示 high dynamic range 影像

http://www.brightsidetech.com/products/info/dr37p_specs_new GermanVersion.pdf


High Dynamic Range Display 

 

13 image from Samsung’s website 

Full-Array Local Dimming 
(FALD) 



High Dynamic Range Solution 
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How to Display a Radiance Map 

› Human eyes perceive higher dynamic ranges than 
those reproduced on LCD or photo paper 
 

› Tone reproduction problem 
› How do we map perceived scene luminance to display 

luminance and produce a satisfactory image? 
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Presenter
Presentation Notes
關於這個問題  首先我們已經了解人眼可以感受到的 dynamic range 比一般 LCD 還有 相片可呈現的對比高非常多
當我們把原本 high dynamic range 壓縮到相片的 low dynamic range 顯示時
要怎麼維持看到的對比感覺  這叫做 tone reproduction 問題
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Lightness Constancy 

› Illumination and reflectance 

T T 
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9,000 
1,000 
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http://images.google.com/imgres?imgurl=www.smarterliving.com/images/misc/sun.GIF&imgrefurl=http://www.smarterliving.com/sweepstakes/winners.html&h=150&w=150&prev=/images?q=sun&start=60&svnum=10&hl=en&lr=&ie=UTF-8&oe=UTF-8&sa=N
http://images.google.com/imgres?imgurl=www.arundelhigh.org/media/bulb.jpg&imgrefurl=http://www.arundelhigh.org/media/&h=326&w=328&prev=/images?q=bulb&svnum=10&hl=en&lr=&ie=UTF-8&oe=UTF-8
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Tone Reproduction 

› How to reproduce visual impression 

≈ 

RGBE 
radiance map 

Presenter
Presentation Notes
用這個圖來解釋  假設我們可以直接看到真實的景色 
另外也經過拍攝同樣景色然後呈現在相片或螢幕上  我們希望兩個看起來的亮度感覺是一樣的
我們必須克服 相片或是螢幕 dynamic range 不足的問題 我們不想讓太亮或太暗的部份被砍掉

http://images.google.com/imgres?imgurl=www.cis.rit.edu/mcsl/faq/eye.jpg&imgrefurl=http://www.cis.rit.edu/mcsl/faq/faq1.shtml&h=672&w=600&prev=/images?q=eye&start=300&svnum=10&hl=en&lr=&ie=UTF-8&oe=UTF-8&sa=N
http://images.google.com/imgres?imgurl=mediswww.meds.cwru.edu/neurogeriatrics/images/brain.gif&imgrefurl=http://mediswww.meds.cwru.edu/neurogeriatrics/&h=163&w=250&prev=/images?q=brain&start=40&svnum=10&hl=en&lr=&ie=UTF-8&oe=UTF-8&sa=N
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Modeling the Photographic Process  

› When we photograph a scene, the acquired brightness 
values are rarely true measurements of relative 
radiance in the scene 
› E.g., if one pixel has twice the value of another, it is unlikely 

that It observed twice the radiance 
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Image Acquisition Pipeline 

nonlinear response curve 
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Why Is This a Problem at All? 
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Limitation on the Dynamic Range 

› Dynamic range: contrast in the scene 
› The real world is of high dynamic range (HDR) 
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Limitation on the Dynamic Range 

› One has to choose the range of radiance values that 
are of interest and determine the exposure time 
suitably 

› To cover the full dynamic range in a scene, we can 
take a series of photographs with different exposures 

32-bit RGBE 

… 

R,G,B + shared Exponent 

http://images.google.com/imgres?imgurl=www.bpbasecamp.com/images/pg310_1.jpg&imgrefurl=http://www.bpbasecamp.com/pg_310_1.shtml&h=375&w=250&prev=/images?q=cameraman&start=280&svnum=10&hl=en&lr=&ie=UTF-8&oe=UTF-8&sa=N
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How to Combine Different Exposures? 

› We need to recover the response function so we can 
use it to estimate the radiance value at each pixel, 
given the intensity values of that pixel under different 
exposures 
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Exposure 

› ND (neutral density) filters 
 
 

› Shutter speed 
› Motion blur 
› Camera shake 

 

› Aperture 
› Depth of field 

[Wikipedia] 

http://en.wikipedia.org/wiki/Image:Olympus_OM-2_SP.jpg
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Varying the Shutter Speed 

› The photographs with different exposures are 
required to be registered 
›   

 
› Assume the scene is stationary 

› There is no motion blur 

 
› Use a tripod 

› Preventing camera shake 

1/8, 1/15, 1/30, 1/60, 1/125, 1/250, 1/500, 1/1000 sec 
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The Registration Problem 

› How to align different exposures efficiently? 
 

› "Fast, Robust Image Registration for Compositing High 
Dynamic Range Photographs from Handheld 
Exposures" 
› Greg Ward 

 

› "High Dynamic Range Image Reconstruction from Hand-held 
Cameras" 
› Pei-Ying Lu, Tz-Huan Huang, Meng-Sung Wu, Yi-Ting Cheng and Yung-Yu 

Chuang 
› CVPR 2009 
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Registration for Compositing HDR Photographs 

› Edge detectors are dependent on image exposure, 
therefore edge-matching or interest-point-matching 
algorithms are ill-suited to the exposure alignment 
problem 
› Taking the difference of two edge maps would not give a 

good indication of where the edges are misaligned. 
› Median Threshold Bitmap 

› Consider only integer pixel offsets (no rotation, enough for 
90% cases) 

› The input is a series of N grayscale images.  
» Use the green channel approximately or convert into 

grayscale by Y=(54R+183G+19B)/256 
 



29 

edge maps unaligned exposures MTBs 

use the median 
grayscale value as 
a threshold 

partition the pixels  
into two equal  
populations 
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Search for the Optimal Offset 

› Multi-scale 
 

› log(max_offset) levels 
› Within a range of -1~+1 

pixel in each dimension 
at the lowest level 

› Multiply the offset by 2  
at the next level and then 
find the minimum XOR 
difference offset within a 
-1~+1 pixel 
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Threshold Noise 
exclusion map: ignore wherever pixels in the 
original image are within the noise tolerance 
of the median value 
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Efficiency Considerations 

› Bitmap operations 
› XOR for differences 
› AND for exclusion maps 
› SHIFT for offsets 
› Pre-computed table for bit-counting 

» Number of 1 bits in the binary representations from 0 to 
255 (i.e., {0, 1, 1, 2, 1, 2, 2, 3, 1, …, 8}) 

» Add together the corresponding bit counts byte-by-byte 
through the whole bitmap 
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Result 

Success rate is about 84% with about 10% failure due to image 
rotation, 3% due to excessive motion, and 3% caused by too 
much high-frequency content. 
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Image Acquisition Pipeline 

nonlinear response curve 
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∆t = 
1/64 sec 

∆t = 
1/2 sec 

∆t = 
1/256 sec 

∆t = 
2 sec 

∆t = 
1/8 sec 

Recovering the Response Curve 

i: index for sampled pixel locations 
j: index for exposures 
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› Finding the inverse of the response curve 
 
 

Recovering the Response Curve 
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known: 
unknown: 
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The Problem 

› Recovering g only requires recovering the finite 
number of values that g(z) can take since the domain 
of Z is finite (0~255) 

› Let N be the number of pixel locations and P be the 
number of photographs, we formulate the problem as 
one of finding the (Zmax – Zmin + 1) values of g(Z) and 
the N values of  ln Ei that minimize 
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› The solution can be only up to a scale  
› Introduce the additional constraint 

 
› A simple hat weighting function 
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› Sampling 
› The pixel locations should be chosen so that they have a 

reasonably even distribution of pixel values from Zmin to 
Zmax , and so that they are spatially well distributed in the 
image 

› The pixels are best sampled from regions of the image with 
low intensity variance so that radiance can be assumed to 
be constant across the area of the pixel, and the effect of 
optical blur of the imaging system is minimized 

 
› It is an over-determined system of linear equations 

and can be solved by finding the least squares solution 

P=11, N=50, (Zmax – Zmin) =255 N ( P-1 )>(Zmax – Zmin) 
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Optimization 

least squares solution to 
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A Sparse Linear System 
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Least Squares Solution to an Over-determined 
Linear System 

We are given m equations in n unknowns, with m > n 
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Proof of Least Squares Solution 
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MATLAB code 
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MATLAB code 
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MATLAB code 
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Constructing the HDR Radiance Map 

We should use all the available exposures for a 
particular pixel to compute its radiance: 
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Reconstructed Radiance Map 
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Assignment 

› Recovering high dynamic range radiance maps from 
photographs 
› Taking some photos of a scene in our campus with different 

exposure levels using your camera obscura 
 

› Use the MATLAB function 'makehdr'  or the code of Debevec 
& Malik to recover the radiance map  

› Use the MATLAB functions ' hdrwrite' and 'hdrread' to write 
and read HDR files 

› Use the MATLAB function 'tonemap‘ to show the HDR 
images 
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Today's Plan 

› Recovering High Dynamic Range Radiance Maps from 
Photographs 
› Debevec and Malik 
› SIGGRAPH 1997 

› What Is the Space of Camera Response Functions? 
› Grossberg and Nayar 
› CVPR 2003 

 



Camera Response Function 

› Mimicking the non-linearity of film 
› Spatially uniform 

55 

? 
Monotonicity, smoothness constraints 



Theoretical Space of Camera Response 
Functions 

56 

high-dimensional vector 

positive linear combinations 

1 



Approximation Model 

57 

polynomial model 

trigonometric approximation model 



Empirical Model 

58 

densely sampling at 

mean curve 

N 

P 
covariance 



Principal Component Analysis 

› M-dimensional approximation, eigenspaces associated 
with the largest M eigenvalues of the covariance 
matrix 

59 



Imposing Monotonicity 

60 

D 

quadratic programming 



Interpolation from Sparse Samples 
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color chart [wikipedia] 

six patches with 
known reflectances 



Inverse Response Function from Multiple 
Images 

62 

linear in coefficients 

solved by least-squares 

exposure and 



Learning by Doing 

› Assignments 

63 


	HDR Imaging
	Today's Plan
	In the Old Days…
	They Might Turn out like …
	Dynamic Range
	Two Issues
	How to Capture
	Radiance Map
	Recovering the Response Function
	How to Display a Radiance Map
	High Dynamic Range Display
	Basic Idea
	High Dynamic Range Display
	High Dynamic Range Solution
	How to Display a Radiance Map
	Lightness Constancy
	Tone Reproduction
	Slide Number 18
	Modeling the Photographic Process 
	Image Acquisition Pipeline
	Why Is This a Problem at All?
	Limitation on the Dynamic Range
	Limitation on the Dynamic Range
	How to Combine Different Exposures?
	Exposure
	Varying the Shutter Speed
	The Registration Problem
	Registration for Compositing HDR Photographs
	Slide Number 29
	Search for the Optimal Offset
	Threshold Noise
	Efficiency Considerations
	Result
	Image Acquisition Pipeline
	Recovering the Response Curve
	Recovering the Response Curve
	Slide Number 37
	Slide Number 38
	Slide Number 39
	The Problem
	Slide Number 41
	Slide Number 42
	Optimization
	A Sparse Linear System
	Least Squares Solution to an Over-determined Linear System
	Proof of Least Squares Solution
	MATLAB code
	MATLAB code
	MATLAB code
	Slide Number 50
	Constructing the HDR Radiance Map
	Reconstructed Radiance Map
	Assignment
	Today's Plan
	Camera Response Function
	Theoretical Space of Camera Response Functions
	Approximation Model
	Empirical Model
	Principal Component Analysis
	Imposing Monotonicity
	Interpolation from Sparse Samples
	Inverse Response Function from Multiple Images
	Learning by Doing

