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Two steps: 
• expand the luminance range 
• fix colors



The problem

LDR (8-bit)

HDR



Linearization

• CRF is known 

• DVD and television gamma is 2.2 

• Single image CRF or gamma estimation



Linearization: 
Single Image



Linearization: 
Single Image



Global Methods
• A simple method is to expand the dynamic range 

of pixel over a certain threshold, R, [Landis 2002]: 

Lw(x) =

(
(1� k)Ld(x) + kLw,max

Ld(x) if Ld(x) � R,

Ld(x) otherwise;
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Global Methods

R = 0.75

 α=0.5



Global Methods
• “a simple linear scale can provide an HDR experience” based 

on psychophysically experiments [Akyüz et al. 2007]: 

• Over-exposed images a non-linear function (gamma) needs to 
be applied. This non-linearity depends on exposedness of the 
image [Masia et al. 2009]: 
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✓
Ld(x)� Ld,min

Ld,max

� Ld,min

◆�

Lw(x) = Ld(x)
� � = 10.44k � 0.6282

k =

logLd(x)� logLd,min

logLd,max

� logLd,min
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Classification Methods
• A classification approach [Meylan et al. 2006, 2007]: 

• Expand highlights and specular surfaces (ω>0) 

• ω is computed using robust thresholding 

• Expansion using a two-scale model: 

• To avoid contouring low-pass filtering on expanded regions
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Classification Methods



Classification Methods
• Classification can be improved [Didyk et al. 2008]: 

• Three classification areas: diffuse, reflections, 
and lights 

• Automatic Classifier (AC): 

• SVM + Nearest Neighbor + Tracking ⇒ 3% 

• User interface for adjusting the AC errors



Classification Methods

• Non-linear adaptive tone curve for expanding the 
range based on the histogram of the region:  

• Bilateral filtering layers separation (high and 
low frequencies) for avoiding contouring 



Classification Methods



Classification Methods
• Saliency can be used for classification [Masia et al. 2010]: 

• Range Expansion (RE): pice-wise linear expansion using the zonal system 
by Adams (9 zones): 

• Labeling: 

• salient objects and background discrimination using different 
techniques: 

• learning-based saliency detection (Liu et al 2007]) 

• saliency cuts [Fu et al. 2008] 

• Different Labels ⇒ Different RE functions
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Classification Methods

Auto-Labeling

Binary Mask

Input



Expand Map Methods
• A general framework for expansion [Banterle et al. 2006, 

Rempel et al. 2007, Banterle et al. 2009, Kovaleski et al. 
2010]: 

• Range Expansion: inverting an TMO, a linear function, 
etc 

• Expand Map:  

• sampling+density estimation+cross bilateral 
(avoiding contouring and compression artifacts) 

• Thresholding + Edge-stopping/Edge-aware filtering



Expand Map Methods

[Banterle et al. 2008]
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Expand Map Methods

Figure 5.13: An example of coloured expand map in the Redentore LDR image. On the left side the
original image. On the right side two zooms of two differently expanded images around some lanterns

in the scene: a) The image was expanded using a luminance expand map. Note that colours inside

the lantern are lost. b) The image was expanded using a coloured expand. Note that yellow tint was
reconstructed using colours from light source samples.

5.1.4 Computational Complexity Analysis

An important aspect for an iTMO is its computational complexity for understanding its scala-

bility when applied to images at different resolutions [151]. It is assumed that the number of

samples is
√

n where n is the number of pixels in the image. The computational complexity of

the whole framework is calculated as a sum of the contribution of each step, which are:

• Linearisation. O(n): the application of the inverse CRF has a constant computational

time cost, O(1), and it is applied to all n pixels of the image;

• Range expansion. O(n): the application of range expansion function has a constant

time cost, O(1), and it is applied to all n pixels of the image;

• MCS complexity. O(n log n): in the worst case a median cut moves through all m pixels

of the longest regions, which means a O(m) complexity. Therefore, the number of cuts is

log
√

n for generating
√

n samples, assuming the worst case for each cut with a reduction

of only one pixel along the longest direction the complexity for MCS is given by:
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Expand Map Methods

[Rempel et al. 2007]



Expand Map Methods

LDR Expanded f-stop 0 

Expanded f-stop -4 Expanded f-stop -8 



User Based
• For artistic purposes the user should be allowed to 

fill gaps in over-exposed and under-exposed area 
[Wang et al. 2007]: 

• Detail recovering: using a tool similar to the 
“healing tool” in Adobe PhotoShop 

• Range expansion: 2D Gaussian lobes are fitted 
in continuous over-exposed regions



User Based



User Based: 
Expansion
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User Based: 
Expansion
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User Based: 
Details Recovery

Original image courtesy of Ahmet Oguz Akyuz



User Based: 
Details Recovery

Original image courtesy of Ahmet Oguz Akyuz



and colors??



Color Reproduction in 
iTMO/rTMO

• There is the opposite problem which is present in 
tone mapping: 

• Tone Mapping —> over saturation of colors due to 
compression 

• Inverse/Reverse Tone Mapping —> desaturation of 
colors due to expansion



Color Reproduction in 
iTMO/rTMO

• Basic idea is to sature colors; typically [Schlick 
1994]: 

• s depends on the image content 

• Issues: it needs manual tweaking and it is a hack
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Color Reproduction in 
iTMO/rTMO

• A possible solution is to have a spatially varying s: 

⎡
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s = h(Lw,Ld) ≥ 1 (5.10)

where h is a function that estimates the needed saturation based on the amount of expansion.

Its definition is related to g for guiding saturation and avoiding over-saturation. The concept is

to assign a high saturation values to expanded values, and to keep saturation for unexpanded

ones. A possible h that satisfies these conditions can be defined as:

h(x) = SMax(1−3t(x)2 + 2t(x)3)+ SMin(3t(x)2 −2t(x)3) t(x) =
Ld(x)

Lw(x)
(5.11)

where SMax and Smin are respectively the maximum and minimum saturation value which are

interpolated using a cubic with ratio rL as weight. Note that SMin = 1, because unexpanded

values does not need to be corrected. From experiments, it was found SMax = 2 to avoid

exaggeration in the final saturation. An example of this technique can be seen in Figure 5.3.

5.1.3 Expand Map

A point-wise range expansion can be sufficient in the case of images with well-exposed pixels,

such as an outdoor picture in a cloudy day, see Figure 5.4 for an example.
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Figure 5.4: An example of expansion for well-exposed content for the Vineyard LDR image: a) The

original LDR image. b) The false colour image of the expanded image in a) using Equation 5.7 with
Lw, Max = 20 and Lwhite = 40. Note that there are no over/under-exposed, so there are no missing areas

with details and colours.

However, more sophisticated image processing is needed when saturated areas are in the image,

such as very bright sky in a sunny outdoor picture or a lamp in an indoor scene, see Figure 5.5
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Color Reproduction in 
iTMO/rTMO

β ∈ (1,+∞) and Lwhite ∈ (1,+∞) map the range from [0,1] to a subset of [0,+∞). However, it

is not intuitive for an user to determine the desired scale from two parameters. To simplify this

task, an interface parameter is added, which determines the maximum expansion value, called

Lw, Max, for the maximum value in the LDR image, Ld, Max. β is calculated from Lw, Max by

solving Equation 5.7 for β with Ld(x) = Ld, Max and Lw(x) = Lw, Max, obtaining:

β =
Lw, Max

L2
white

(

Ld, Max −1+

√

(

1−Ld, Max

)2
+ 4

L2
white

Ld, Max

) (5.8)

Note that Ld, Max can be assumed to be equal to 1 which is the maximum LDR value, so Equa-

tion 5.8 can be simplified as:

β =
Lw, Max

2Lwhite
(5.9)

This speeds up the expansion, because Ld, Max does not need to be calculated. The other param-

eter, Lwhite, determines the shape of the curve, and it is directly proportional to curve steepness,

see Figure 5.2.b for an empirical study of the curve increasing Lwhite. Note that the steepness

is increased significantly using multiples of the order of Lw, Max.

(a) (b) (c)

Figure 5.3: An example of saturation recovery using Equation 5.11 applied to the Cloud LDR image:

a) A zoom of the original LDR image. b) The expanded image in a) without saturation recovery at a
visualisable exposure. c) The image in b) with saturation recovery. Note that red colours are more

saturated in a) and c) compared to b).

The main problem of expansion is that colours can be desaturated. This is the contrary effect

of a typical TMO, where colours are over-saturated, see Figure 5.3.b for an example. This

problem is solved in a straightforward way by increasing the level of saturation:
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Evaluation
• There is the need to evaluate different expansion 

methods against a “ground truth”. 

• Why? 

• To understand weak features or drawbacks 

• To understand important features rTMO/iTMO 
techniques do not generate exact luminance 
values



Evaluation

• Perceptual Image Metrics: not exact comparison as 
in the PSNR, RMSE, etc. 

• Psychophysical Experiments



Evaluation: 
Perceptual Metrics

• HDR-VDP: 

• It can be used used it to validate that their models were 
performing better than a simple non-linear expansion, 
validate against other methods, etc. [Banterle et al. 
2006, 2007, 2008] 

• DRIIQM: 

• It can be used used it to validate that their models were 
performing better than a simple non-linear expansion, 
validate against other methods, etc. [Banterle et al. 
2006, 2007, 2008]



Evaluation: 
Perceptual Metrics

HDR-VDP

Lucy model is courtesy of the Stanford 3D Scanning Repository



Evaluation: 
Perceptual Metrics

HDR-VDP

Lucy model is courtesy of the Stanford 3D Scanning Repository



Evaluation: 
Psychophysical Experiments
• Pairwise comparisons of HDR videos/images [Didyk et al. 

2009, Banterle 2009]: 

• quantization artifacts need to be handle for better quality. 

• IBL needs non-linear expansion. Rating of HDR images 
and tone mapped expanded images  

• Rating of HDR images and tone mapped expanded images 
[Masia et al. 2009]: 

• Understanding preferences in very over-exposed area 
understanding artifacts in expanded images



Questions?


