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Introduction: High Dynamic Range
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Introduction: Visualization conditions
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Related work: Global TMOs

Measuring quality of omnidirectional 
high dynamic range content [Perrin17]

• Measure the preferred TMO
• 5 Tone Mapping Operators

• 8 HDR panoramas

• 25 participants

• 1 Head Mounted Display

• Results do not show a clear 
preference

Tone Mapping HDR Panoramas for Viewing 
in Head Mounted Displays [Melo18]

• Measure the preferred TMO and 
the fidelity
• 4 Tone Mapping Operators
• 5 HDR panoramas
• 15 participants
• 2 Head Mounted Displays

• The perceived quality depends on 
the content and the HMD
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Related work: Viewport TMOs

Dynamic tone mapping with head-
mounted displays [Yu15]

• Photographic Tone Reproduction 
applied to the viewport 
[Reinhard02]

• Simulate eye adaptation to smooth 
transitions

View Dependent Tone Mapping of HDR 
Panoramas for HMDs [Cutchin16]

• Classify viewports histogram into 
four categories

• Store tone mapping coefficients 
into a ToneTexture
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Related work: Conclusion

• Global TMOs
• No particular preferences
• The quality depends on the content and the HMD

• Viewport TMOs
• Produce a better quality in the viewport
• Avoid flickering due to sudden change in dynamic range

• Smooth transitions

• Limitation
• Lack of global coherency
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HMD-TMO: Proposed framework

• Preserve global coherency

• Enhance local contrast

• Tradeoff between Global and Local TMOs
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HMD-TMO: Proposed framework
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HMD-TMO: Proposed framework
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HMD-TMO: Proposed framework

• Global TMO
• Preserve global coherency

• Based on the Visibility Matching Tone Reproduction operator [Ward97]

• Compute the Cumulative Distribution Function of the entire panorama
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HMD-TMO: Proposed framework

• Global TMO
• Photographic Tone 

Reproduction [Reinhard02]

• Visibility Matching Tone 
Reproduction [Ward97]

• Cumulative Distribution 
Function
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HMD-TMO: Proposed framework

• Viewport TMO
• Enhance contrast in the viewport

• Based on Yu’s method with eye adaptation [Yu15]

• Compute the log-average luminance of the current image
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HMD-TMO: Proposed framework

• Viewport TMO
• User defined resulting exposure (commonly a = 0.18)

• The final luminance of the viewport, avoiding clipping high luminances,
is given by

Ific Goudé -- HMD-TMO 14

𝐿 𝑥, 𝑦, 𝑡 =
𝑎

ത𝐿′𝑤 𝑡
𝐿𝑤 𝑥, 𝑦 Yu’s final equation

𝑉 𝐿𝑤 𝑥, 𝑦 , 𝑡 =
𝐿 𝑥, 𝑦, 𝑡 1 +

𝐿 𝑥, 𝑦, 𝑡
𝐿′𝑤ℎ𝑖𝑡𝑒 𝑡 2

1 + 𝐿(𝑥, 𝑦, 𝑡)



HMD-TMO: Proposed framework

• Viewport TMO
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HMD-TMO: Proposed framework

• TMOs combination
• Preserve global coherency

• Enhance viewport contrast

• Combining the luminances provided by both Global and Viewport TMOs
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HMD-TMO: Proposed framework

• Colorize final image
• Tone mapped luminance image 

• 𝐿𝑤 = 0,2126. 𝑅 + 0,7152. 𝐺 + 0,0722. 𝐵

• Schlick’s approach [Schlick94]

• User defined saturation parameter (s = 0.7 in our results) 
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Results
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Conclusion

• HMD-TMO
• Combination of Global and Viewport TMOs

• Preserve global coherency
• Enhance viewport contrast

• Future work
• How to tackle the limits of Viewport tone mapping

• Case of a very high dynamic range in a viewport

• 360° HDR videos visualization for HMDs
• Temporal coherency
• Sudden change in luminance range through time
• Naturalness of time adaptation
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Yu’s method Our method



Yu’s method
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Our method



TMQI scores

• Tone Mapped Image Quality Index [TMQI13]
• Computed to 90 different viewports

• Compared with 3 other TMOs
• Photographic Tone Reproduction (on the entire image) [Reinhard02]

• Visibility Matching Tone Reproduction (on the entire image) [Ward97]

• Dynamic tone mapping with HMDs [Yu15]
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Photographic Tone
Reproduction

Visibility Matching 
Tone Reproduction

Dynamic tone 
mapping with HMDs 

Ours

TMQI quality 0.798 0.854 0.865 0.887



Arithmetic combination

• Comparison of weighted sums (viewport weights: 1.0, 0.8, 0.5)
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Geometric mean
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HMD-TMO: Lightness perception

Weber’s law 

• Minimal perceptible threshold is 
proportional to the background 
luminance

Fechner’s integration

• Derivate of response relative to 
the luminance [Fechner66]
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Fechner’s demonstration

• Derivate of the response relative to the luminance [Fechner66]
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HMD-TMO: Lightness perception

• Sensitive response is Logarithmic
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Global Linear Scaling Operator Logarithmic Tone Mapping Operator

« Valay Shah online HDR course » http://cs.brown.edu/courses/cs129/results/proj5/valayshah/

http://cs.brown.edu/courses/cs129/results/proj5/valayshah/


HMD-TMO: Lightness perception

CIE CAM 02

• Stimulus: 2°/   4°

• Background: 20°

• Surround: Field of view

Head Mounted Display

• Stimulus: 2°/   4°

• Background: 100° (HMD FoV)

• Surround: None
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HMD-TMO: Lightness perception
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• Linear perception

• Different slope
• k = 1% [HDRI10]



HMD-TMO: Lightness perception
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• Perception is still Logarithmic
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Recap

• HMD-TMO proposal
• Global TMO preserves coherency

• Viewport TMO enhance contrast

• Perceptual combination of both

• Subjective study
• Model of lightness perception on HMD

• Logarithmic is still valid

• Contrast is lost on HMD
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