


Dynamic range

-Is the ratio of the largest to the smallest intensity of brightness that can be reliably transmitted or reproduced by a particular imaging system.

-Dynamic range (abbreviated DR, DNR,[1] or DYR[2]) is the ratio between the largest and smallest values that a certain quantity can assume. It is often used in the                          
context of signals, like sound and light. It is measured either as a ratio or as a base-10 (decibel) or base-2 (doublings, bits or stops) logarithmic value of the                                                    
ratio between the largest and smallest signal values

-dynamic range, in the context of electrical engineering, specifies the range of possible or acceptable values that a dynamic signal can assume when delivered                               
to or produced by a given system.

https://en.wikipedia.org/wiki/Ratio
https://en.wikipedia.org/wiki/Signal_(electrical_engineering)
https://en.wikipedia.org/wiki/Sound
https://en.wikipedia.org/wiki/Light
https://en.wikipedia.org/wiki/Decimal
https://en.wikipedia.org/wiki/Decibel
https://en.wikipedia.org/wiki/Binary_numeral_system
https://en.wikipedia.org/wiki/Bit
https://en.wikipedia.org/wiki/Stops_(Dynamic_Range)
https://en.wikipedia.org/wiki/Logarithmic_scale
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Psychophysics quantitatively investigates the relationship between physical stimuli and the sensations and perceptions they produce.                                                                                            
Psychophysics has been described as "the scientific study of the relation between stimulus and sensation.

https://en.wikipedia.org/wiki/Stimulus_(physiology)
https://en.wikipedia.org/wiki/Sensation_(psychology)
https://en.wikipedia.org/wiki/Perception
https://en.wikipedia.org/wiki/Sensation_(psychology)
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PART II



Some theory to refresh WHEN TALKING ABOUT HDR:

Camera sensor and human perception

COLOR SPACES

BIT DEPTH AND CROMA SAMPLING

STOPS, NITS and scopes

LCD, MINI LCD, OLED BASICS

Contrast ratio



Color spaces

-WE USE THE RGB COLOR MODEL, THE ADDITIVE SYNTHESIS OF LIGHT, WHERE ALL COLORS TOGETHER GIVE YOU WHITE.  THE COLOR                                                                                                       
SPACES FOR DISPLAYS,CAMERAS, AND POSTPRODUCTION, ALL USE THE RGB MODEL.



Bit depth and croma sampling

-Chroma subsampling is the practice of encoding images by implementing less resolution for chroma information than for luma information, taking                                           
advantage of the human visual system's lower acuity for color differences than for luminance.[1]

-MORE SCHADE VALUES PER CHANNEL EQUAL TO MORE POSSIBLES COLORS

-even when HDR ist mainly a display medium, hdr needs at least 10 bit und 422 to work propertly and preserve dynamic range trough the production pipeline. 

https://en.wikipedia.org/wiki/Chrominance
https://en.wikipedia.org/wiki/Information
https://en.wikipedia.org/wiki/Luma_(video)


Color spaces

-THE CROMATICYTY DIAGRAM:   this diagram was the result of research done in 1931 by the international commission on illumination (cie).

The horseshoe-shaped line, that joins the position of all visible wavelengths is known as the spectral locus

At The center of the color space, is the point of less saturation, it will define the aspect of white, the plackian locus



Color spaces

-scene referred colorimetry:   Arri wide gamut, red wide gamut, Panasonic v-gamut (related to cameras)                

-display referred colorimetry:  srgb,rec 709,dci-p3,rec2020 (related to displays)               

-scene referred colorimetry:   aces AP0, aces AP1, davinci wide gamut (non related to cameras)                



Color spaces

-primaries:                   define the gamut by establish x and y coordinates for each color primary (rgb)

-whitepoint:                 define the coordinates of the lowest chromatic intensity (d65 for sdr and HDR)

-transfer function:   define the mapping between linear tristimulus values and non-linear electronic signal value

-primaries -whitepoint -transfer function

Cie standart Iluminant d65:  correspond to                                                                                                                                                                                                                    the

The direct sun light at noon, including the

Reflected light of the sky in western europe-

Northern Europe.  

In color temperature it sits at around 6504 k,

Slightly above the planckian lokus.

Used in sdr und hdr.

  sdr transfer functions:           

  hdr transfer functions:           
Hlg, pq

Linear, log, gamma

Rec. 2020 primary colors                                                                                                                                                                                                                                                                                                         
is 630 nm for the red primary                                                                                                                                                                                                                                                                                           
color, 532 nm for the green                                                                                                                                                                                                                                                                                  
primary color, and 467 nm for                                                                                                                                                                                                                                                                                              
the blue primary color.

https://en.wikipedia.org/wiki/Primary_color
https://en.wikipedia.org/wiki/Nanometre


Camera sensor and human perception

-the sensor response to light is lineal.

-The human visual system response is logarithmic, not linear.

Our eyes don't respond linearly to the change of lights. By linearly, it means proportionally. When photons hit the retinas in our eyes, the response is a                                   
curve instead of the linear line. We are more sensitive to the changes in the dark tones than that of the bright tones. Contrarily, a camera responds linearly                                                 
to the photons hitting its sensor. For instance, when there is twice the luminance, the sensor records twice the brightness level.



Camera sensor and human perception

Encoding the light in a non-linear way, results in a  much even distribution von slight in relation to signal values.

-the sensor response to light is lineal.

-The human visual system response is logarithmic, not linear.



Transfer functions

-opto-electronic transfer functions (oetf): ingest the scene light as input, and convert into the picture or video signal.  This is Typically done within the camera.

-electro-optical transfer functions (eotf): takes the video signal and convert it into the linear light output of the display.  Typically done within the display.

-opto-optical transfer functions (ootf):      takes the scene light as input, and the display light as output. Typically done within the display.

To display the digital images on the screen, display devices need to convert the pixel values to corresponding light values.   This process is                                                    
usually non-linear and is called EOTF (Electro-Optical Transfer Function).  Different types of “Transfer Functions” are supported in                                                              
different display devices.



Measuring:

-stops: A stop of light is not a fundamental unit, but a method of measuring the increase or decrease of light in a photographic exposure.                                                                   
increasing it by 1-stop means twice as much light, and decreasing  it by 1-stop means half the amount of light.  Stops are the measure of light in the scene, is the 
traditional unit that cinematographers use on set.  Scene und camera dynamic range its usually  measured in stops. 



Measuring:

-nits:  Nits are a unit of measurement used to quantify the brightness of electronic displays. One nit is equivalent to one candela per square meter (cd/m²),                                         
where candela represents the standard unit for measuring luminous intensity. Therefore, nits measure the amount of light emitted or reflected by a                                                
display per square meter.



Measuring:

-candela, lux and lumens

Candela (cd), Lux (lx), and Lumens are the three main ways that light may be                                                                                                                                                                                                            
measured.  The lumen measures the average brightness over a larger area                                                                                                                                                                                           
than the candela, which is why the two units are often confused.

Light intensity is measured in candelas, while light output is measured in lumens.                                                                                                                                                                       
How bright something is measured in lux. they are all measuring the same thing                                                                                                                                                                                         
but in different ways. Because it measures light intensity in a single direction,                                                                                                                                                                                   
the candela is the most exact unit of measurement.

-nits:  Nits are a unit of measurement used to quantify the brightness of electronic displays. One nit is equivalent to one candela per square meter (cd/m²),                                         
where candela represents the standard unit for measuring luminous intensity. Therefore, nits measure the amount of light emitted or reflected by a                                                
display per square meter.



Measuring:
-contrast ratio: the contrast ratio is a property of a display system, defined as the ratio of the luminance of the brightest shade (white) to that of the                                   
darkest shade (black) that the system is capable of producing.  A high contrast ratio is a desired aspect of any display.   

-One reason contrast ratios are important is because separation between intensity levels in an image help us differentiate things. That separation can also be                         
a factor in how 3-Dimensional the images look 

-For example, an LED display contrast ratio of 1000:1 means that the white is 1000 times brighter than the black. The higher the contrast ratio, the more clear                                     
and colorful the image is. The lower the contrast ratio, the more dull and blurry the image is.



Tv displays

-lcd:   Liquid crystal displays (use fluorescent backlights) / -led:   are also lcd but use led instead fluorescent backlights / -qled:                                                                           
they use quantum dots to produce colours

-oled: organic light-emitting diode



PART III



HDR has had something of a difficult birth, with different display manufacturers effectively defining                                                                                                                                         
their own HDR, specifications, based on HDR10, HDR10+, Dolby Vision, and HLG.



Sdr:                                                                                                                                hdr:

Main diferences betwenn sdr und hdr

-limited color gamut                                                                                                 -wide color gamut

-limited dynamic range (6 bis 8 stops)                                                                   -high dynamic range (12 bis 16 stops)  

-tipically 8 bit color depth                                                                                      -greater precision 10 or 12 bit color depth

-no metadata                                                                                                                -static und dynamic metadata posible.

High dynamic range (HDR):



High dynamic range (HDR):

-High Dynamic Range is the capability to represent a large luminance variation in the video signal, from very dark values (0.00005 cd/m2) to very bright                                 
values (greater than 1000 cd/m2).

-HDR is a next-generation display signal technology that produces high levels of color clarity and contrast that better match images we see in the real world.



High dynamic range (HDR):

-provide additional brightness headroom for spectral highlight detail, such as chrome reflections, sun illuminated clouds, fire, explosions, lamp bulb                                
filaments, etc.

-The advantages of having more accurate specular reflections enabled by HDR include better surface material identification as well as in depth perception.



-single exposure

-wider color gamut and volumen

-TRANSFER FUNCTIONS

-metadata and tone mapping

-color spaces

KEY CONCEPTS WHEN TALKING ABOUT HDR:

-GRADING AND MASTERING HDR                                                                                                                                                                                                                                                                                                   



SINGLE EXPOSURE

-single exposure: HDR IS NOT BRACKETING, OR HDR PHOTOGRAPHY, WHICH TONE MAP AN HDR IMAGE INTO AN SDR CONTAINER WITHOUT INCREASING DyNAMIC RANGE.

-Most digital cinema cameras today can capture at least 14 stops of exposure range, HDR its about preserving this dynamic range from capture, trough production,               
till distribution and display.



Color gamut and color VOLUME
-High dynamic range and wider color spaces are becoming linked by standards bodies into what is often referred to as color volume. The higher                                                                 
the luminance range and the wider the color space, the larger the overall color volume.   

-Wide color gamut enables more true-to-life hues and saturation levels, especially in very bright and very dark image areas. It allows you to see more lifelike                                  
color representations of vividly colored objects like flowers and eggplants, sports jerseys, or stained glass.



Color spaces
-The BT.2020 color space is a large container for color gamut information, but the size of the container does not define the color gamut of any particular                          
content. The color gamut volume within the BT.2020 container, as specified by HDR metadata, can be any gamut content that is no larger than the BT.2020                                              
color space container (WRAPPER).                  

-primaries -whitepoint -transfer function

Cie standart Iluminant d65:                                                                                                                                                                                                                    the

Hlg, pq

Rec. 2020 (wrapper) 

-d65 stays as whitepoint on all standards

-pq is the universal mastering curve.

P3 (enclosed gammut)



Transfer functions in HDR

-pq (perceptual quantizer)

-hlg

The SMPTE ST2084 EOTF curve is a 10 or 12-bit quantization of absolute brightness. It is an absolute luminance function, requiring the EOTF of the playback                                      
display to exactly match the EOTF of the mastering reference display. The ST2084 EOTF was designed with headroom for future expansion and covers a range                                                       
of luminance from 0.00005 nits up to 10,000 nits. ST2084 maps each video signal code word to the same absolute luminance and chromaticity in every                                              
display (i.e. 10-bit code word 691 always maps to 500 nits).  

This allows each playback display to exactly match the luminance and chromaticity of the mastering  reference display. This HDR EOTF, standardized as                         SMPTE 
ST2084, is based on the contrast sensitivity function of the human eye, as measured by Barten and referenced in ITU-R Report BT.2246-5.                                                                                       
It is called a perceptual quantizer (PQ) curve.



Transfer functions in HDR

-pq (perceptual quantizer)

-hlg

Consist in a gamma curve for the first section of the function, and a logarithmic curve for the second part.  It is retro-compatible with sdr systems. This eotf is                    
used in the hlg10 video format And can be translated from the pq one.  Don’t use metadata.



METADATA AND TONE MAPPING

-the purpose of HDR metadata is to aid the display device to show the content in an optimal manner.using the information related to the mastering device                       
properties, the target device can map the content acording to its color gamut and peak brightness.  Te idea is to have the same render intent.  

-without the metadata, each tv would stretch the values of the image arbitrarily, resulting in a very different appearance of blacks, whites, midtowns, colors,                
contrast…without maintaining any logic. 

-there are two types of metadata: static und dynamic.

The static metadata describes a setting that must be applied to the whole 

Programm or movie.  It will average values from dark and bright scenes.

Of course the average will require sacrificing certain particular moments

For the greater good of the whole video.

The dynamic metadata allows a different settings for intervals of the  

Programm, even down to a frame-by-frame different set of metadata. 



METADATA AND TONE MAPPING

-tone mapping is the process of adapting digital signals to appropriate light levels based on HDR metadata.  This process is not simply applying the eotf on the                       
image data,  but it is rather trying to map the Image data with the display device capabilities using metadata information.   Tone mapping will compress the                    
distribution of luminance values by discarding discretely certain values and positioning the rest accordingly in a way that preserves the same artistic intent                    
within a lower dynamic range framework.



MASTERING and grading

The main difference between mastering sdr und HDR its related to the peak brightness and display color volumen.   Mastering monitors for sdr have the                                 
same peak (100 nits) and similar color volumen  to the target displays (tv).   In the other hand, mastering HDR implies always a difference in gamut, peak                             
brightness and color volumen between mastering monitor and target displays devices (different tv as well as tablets and mobiles).



MASTERING and GRADING

-The general idea is that the The average picture level between sdr und HDR remain almost identical, with the shadows and midtones being mostly the same                                             
between traditionally SDR and HDR-graded images.  The difference is that HDR provides abundant additional headroom for very bright highlights and color                             
saturation that far exceed what has been previously visible in SDR television and cinema. 

A key difference between grading HDR und sdr refers To dynamic range.   When grading sdr, colorist struggle squeezing huge camera dynamic range on a                                 
tiny sdr container.   They tend to use  all the available range, maximising the contrast of the signal to fill die 100 nits capacity.  

Grading HDR in the other hand, offers much more headroom above the 100 nits.  This was the main discussion as HDR came out.  What should we do with this                                     
huge amount of dynamic range?, should we compress the signal up like with sdr?, where should be graphics, skin tones and specular highlights located?,                                   
or how we approach to combine sdr existing footage with high dynamic range content?



GRADING AND MASTERING
Grading HDR in the other hand, offers much more headroom above the 100 nits.  This was the main discussion as HDR came out.  What should I do with this huge                    
amount of dynamic range?, should we compress the signal up like with sdr?, where should be graphics, skin tones and specular highlights located?

To illustrate this, we are going to use an HDR system zones develop from jose Luis tames (dolby laboratories).



Hdr standarts:

-Standards have been and continue to be formulated for every aspect of HDR content creation, transport, delivery, and display. The International                      
Telecommunications Union (ITU), Society of Motion Picture and Television Engineers (SMPTE), Consumer Electronics Association (CEA), Motion Picture Experts                                   
Group (MPEG), and the Blu-ray Disc Association (BDA) have all developed standards relating to some aspect of UHDTV and HDR.  

SMPTE ST2084: 

standardizes an Electro-Optical Transfer Function (EOTF) for HDR that was developed by Dolby Labs to define the process by which digital code words are                                                             
converted into visible light.  The pq is a non linear eotf that allows for display of HDR video to 10.000 nits, and can be use with the rec 2020 color space

SMPTE – SMPTE standard ST2086:                                                                                                                                                                                                                                                                                         
defines static metadata; metadata that does not change during playback of the associated video content.

SMPTE – SMPTE standard ST2094:                                                                                                                                                                                                                                                                                         
it defines content depend metadata for color volumen transformation of high luminance and wide color gamut images.  It includes dynamic metadata that can                    
change from scene to scene.  This includes the dolby vision format (further specified on the standard st.2094-10), and Samsungs                                                                                         
hdr10+ (defined in the st.2094-40)

Itu-r recommendation bt.2020 (rec2020):                                                                                                                                                                                                                                                                                         
defines various aspects of hdtv with sdr and wide color gamut (resolutions, frame srates, bit dephs,primaries, oetf etc).   Rec 2020 defines a color space                                          
we use as a container for HDR, what we call color space wrapper

Itu-r recommendation bt.2100:                                                                                                                                                                                                                                                                                         
introduce hdtv by recommending the use of pq or hlg transfer functions.  Hlg was designed for live tv at it does not require metadata.



Hdr video formats:
HDR 10 media profile (hdr10)

hlg(10)

Dolby Vision

HDR 10+ (hdr10 plus)



Hdr DELIVERY SYSTEMS:

A number of systems have been proposed for delivering HDR content to consumer displays. These HDR systems, which combine existing and proposed standards,                                                                                   
are outlined here and discussed individually in the following sections.

System 1: HDR10; uses ST2084 EOTF, a single content layer with static metadata; not compatible with SDR TVs; specified by CTA for HDR- compatible TVs and                                       
mandated for Ultra HD Blu-ray.

System 2: Dolby Vision; uses ST2084 EOTF, a base content layer with static metadata, and an enhanced content layer with dynamic metadata; optionally                                               
compatible with HDR10 TVs and SDR TVs; optional for Ultra HD Blu-ray.

System 3: BBC/NHK; uses a hybrid log-gamma (HLG) EOTF with no metadata; playback on HLG-compatible HDR TVs or SDR TVs.

System 4: Technicolor/Philips; uses ST2084 EOTF, a single content layer with metadata; optional for Ultra HD Blu-ray; compatible with SDR TVs through an                                
external decoder device (e.g. STB or BD player).



Conclusion about High dynamic range technology (HDR):

-we are developing technology based on our previous experience with sdr.  At this moment, no display is capable of reproducing  either the complete gamut                                    
of rec2020, neither the luminance range of 10.000 nits cover by the eotf pq.   However, defining HDR technology based on the potentiality of this technology                                  
ensures future compatibility. 
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-dolby built a prototype HDR p3 display which could create very deep black levels - 0.004 nits up to 20.000 peak nits while maintaining a contrast of 5 million : 1

3 preferences studies were conducted to determine the user preferences for:

-The black level

-the diffuse white maximum

-for the highlights

The results of this studies indicate as preferred black level 0.01 nits, and as preferred maximum white level 10.000 nits.   As result, the pq curve                                  
(perceptual quantizer) is born, this eotf replace the old gamma eotf von sdr, and is today the main curve used in HDR, covering a range from 0.0001                                         
0.0001 nits up to 10.000 nits.   It uses a non-linear distribution of the values  based on what is called just noticeable differences (jnd).



The creative intent
-to preserve the creative intent is per se the goal of each color management workflow.

Movie and television directors tell stories; game designers create immersive, engaging 
game experiences. One of the real challenges for both types of content creators lies 
in the limitations of the medium.

Dolby Vision gives the director and colorist (or the game programmer and the lighting 
and effects designer) the tools they need to accurately represent the vibrant colors, 
bright highlights, and detailed shadows that help draw the viewer into the scene.

Because any Dolby Vision television has been carefully calibrated by the manufacturer 
and Dolby technicians, this technology can produce the best and most accurate possible 
representation of what the creator intended. This is why Dolby Vision is being adopted 
by all the major studios for the cinema and has vast support for delivering the best 
Hollywood content to the home.



-DOLBY BACKGROUND

-DOLBY CONTRIBUTIONS TO HDR

-hardware

-dolby vision workflow:

-software

Some basics ABOUT DOLBY VISION and dv workflow:

-create HDR master

-create level1 (l1) analysis dolby vision metadata

-Optionally apply creative Level 2 (L2) Trim Metadata.

-system requirements:

-create deliverables



-DOLBY BACKGROUND

Dolby has worked closely with Hollywood studios, 
cinemas, and consumer equipment makers over the last 50 years to make the stories 
and experiences as engaging as possible—first with noise reduction, then 5.1 surround 
and 7.1 surround, and now with Dolby Vision and Dolby Atmos.



-DOLBY contributions to HDR

-pq: transfer function requires no compromises: can represent deepest blacks to brightest highlights, with detail visible (and no countouring) across the                         
entire range from black to 10.000 nits.  Standardised as smpte 2084

-ICtCp:  the YCbCr limitations become apparent with hdr and wcg.                                                                                                                                                                                                               

ICtCp is a color representation with attributes constant luminance and constant hue

-st2094-10 to assist display adaptation: allow receivers to optimise image display based on a actual display capabilities.  Metadata can be generated live                            at 
encode. 

The ICtCp color representation results in constant intensity, hue linearity, and perceptual uniformity.                                                                                                                      

This yields efficient encoding of high dynamic range and wide gamut color difference signals with lower                                                                                                                            
quantization error, as well as more accurate color volume mapping.

YCbCr is SDR’s legacy color-opponent based encoding scheme that separates luma from chroma information for                                                                                                                  

the purposes of chroma subsampling. With the large color volume that results from high dynamic range and wider                                                                                                           

color gamut, the shortcomings in using Y YCbCr to map luminance, hue, and saturation differences from one color                                                                                                                  

volume to another have become magnified, also yielding larger color crosstalk encoding errors and amplification                                                                                                                          
of noise near the edges of the RGB color space



-system requirements for dolby vision workflow

Software: you need a color grading system supporting dolby vision:             

                                                     Blackmagic davinci resolve   /   filmlight baselight   /   digital vision nucoda   /    autodesk lustre        

Dolby vision is also supported by compositing and finishing applications like Autodesk flame, or 3d applications like unreal (dolby vision plug in).



-system requirements for dolby vision workflow

Hardware:  if you want to master dolby vision content at a dolby certified level you will need a monitor with:

-Minimun 1000 nits peak luminance

-contrast ratio - 200.000: 1

-cover 100%. Dci-p3 color gamut

-support rec 2020

-support smpte st-2084 eotf

Flanders scientific xm-311k Sony bvm-x300 Canon dp-v2420

-you also need an control mapping unit, which can be internal (built in within The software) or external (hardware)



-dolby vision workflow. The Dolby Vision content creation process involves the following steps:

create the HDR master:   Creating the HDR master involves using images in the highest quality, coloring on an approved Dolby Vision enabled color corrector and 
monitoring on a reference grade professional HDR monitor.  Use the highest quality images as the source as the starting point for the Dolby Vision HDR Master.                              
In general, starting a project with Camera RAW is best, followed by uncompressed 16 or 12 bit, RGB, 444 files so that all the dynamic range and color                                 
information is preserved from the original acquisition.

Use an approved Dolby Vision compatible color corrector for both HDR and Dolby Vision mastering. The project’s internal working space should be set to                                      
ST.2084 (PQ) and either P3D65 or Rec.2020.   Be careful to not clip highlights in the HDR master as these cannot be recovered in the Rec.709 SDR target. The Dolby                               
Vision content mapping algorithms are designed to maintain the look and intent of the HDR master.

Use a professional, reference grade HDR monitor that meets the minimum requirements for Dolby Vision.  is recommended that the HDR and SDR monitors use                                        
the same display technology. For example, if you use the Sony BVM-X300 OLED HDR Master Monitor, do not use an LCD-based or consumer TV for the SDR target                      
display.  In addition to professional monitoring, professional scopes are also strongly recommended. Use professional scopes that can display PQ signal values.



-dolby vision workflow. The Dolby Vision content creation process involves the following steps:

Creating global dolby vision metadata:   Setting the Dolby Vision Algorithm Version, With the introduction of Dolby Vision Content Mapping version 4 (CMv4)                                        
in the fall of 2018, there are now two versions of algorithms supporting Dolby Vision. The previous CM algorithm is version 2.9 (CMv2.9). This is the version                                                  
that has been used since the introduction of Dolby Vision.

With the rollout of Dolby Vision CMv4, systems supporting the integrated CMU are also starting to become available. Traditionally, a color corrector would                           
need to be connected to an external CMU which contained all the mapping algorithms and video I/O to the target display. With the new CMv4 rollout, color                      
correctors have the option to include these algorithms within their platform and eliminates the need for an eCMU. 

Select the Mastering Monitor to the specification of the HDR monitor used. This setting is used to create Level 0 (L0) metadata that is essential to Dolby Vision.                          
All the mapping algorithms are based on the mastering display –it is crucial to select the proper master display nit value. (i.e. Sony BVM X300 is 1000-nits) 

Set the aspect ratio for the project. The aspect ratio should be set to limit the analysis area to the active picture area (excluding letterboxes). This step is                        
crucial to get the proper L1 values that are not analyzing the black levels of the Letterbox Region. If this is not set correctly, the ‘L1Min’ values will                                              
read 0.000 for all shots. 



-DOLBY contributions to HDR


