High Dynamic Range Imaging (HDRI)

Introduction

A High Dynamic Range Image in this documentation (HDRI) is a panoramic 360° image with
accurate real world lighting information.

HDRIs are use with the LookDev, see https://docs.unity3d.com/Manual/LookDev.html, or as
environment lighting in a level.

This documentation aim to describe a method to capture accurate HDRI with full lighting information
(i.e no clipped light range) and correctly calibrated. A pack of HDRI capture with the method
describe in this documentation is available on the asset store for free:
https://www.assetstore.unity3d.com/en/#!/content/72511

HDRI workflow

First step is to gather the equipment required to capture and reconstruct an HDRI

https://docs.google.com/document/d/1xqwASrOBosHjvTec20iRMd ZQHPWGZaPGYfIFJXKzka/edit#

The capture workflows can be adapted for any kind of DSLR camera (Unity use Camera 6D).
Second step is to acquire the HDRI

https://docs.qgoogle.com/document/d/1C2KewWHZAEL2QByTgCQR8gamHSImSUHzChVh9ocjh2lY/
edit#

Third step is to reconstruct the HDRI

https://docs.google.com/document/d/1XRAgVBJefQW-PbV9uO0gUWQhoJ9767BP57u9d- y0SO0l/edit
#

Optionally the HDRI can also be calibrated for luminance:

https://docs.google.com/document/d/1pEGMS3N0aGcGta2uosyc9kV8f73INDV7KIf TmBrBw_o/edit#

This is something useful when an analytic sun is simulated in game with a directional light. In this
case the measure perform during the capture process allow to setup correctly the directional light
intensity without the need of eye-balling it.

Lastly it may be required to remove the Sun from an HDRI to replace it by a directional light like
mention above.


https://docs.google.com/document/d/1pEGMS3N0aGcGta2uosyc9kV8f73INDV7KlfTmBrBw_o/edit
https://docs.google.com/document/d/1C2KewWHZAEL2QByTgCQR8gmHSJmSUHzChVh9ocjh2IY/edit
https://docs.google.com/document/d/1C2KewWHZAEL2QByTgCQR8gmHSJmSUHzChVh9ocjh2IY/edit
https://www.assetstore.unity3d.com/en/#!/content/72511
https://docs.google.com/document/d/1XRAqVBJefQW-PbV9u0gUWQhoJ9Z67BP57u9d-_y0S0I/edit
https://docs.google.com/document/d/1xqwASr0BosHjvTec2oiRMd_ZQHPWGZaPGYfIFJXKzkg/edit
https://docs.unity3d.com/Manual/LookDev.html
https://docs.google.com/document/d/1XRAqVBJefQW-PbV9u0gUWQhoJ9Z67BP57u9d-_y0S0I/edit

https://docs.google.com/document/d/1lcZ_8x_6h3zZbvL1m7akqyfiBsKEiXgbvXtyUghZ4Vo/edit#

Sum up of steps

All the step explained in this documentation are summed up here:

The form to help and track HDRI information is here:
https://confluence.hq.unity3d.com/download/attachments/23186457/HDRIInformation.pdf?versio
n=1&modificationDate=1489066943806&api=v2

Capture

With the equipment:

Setup the tripod, nodal head, CamRanger, and align pivot point. Don't forget to have a clean
lens.

Setup camera to RAW, manual mode, disable all color/contrast enhancing and automatic
white balance.

Fix ISO to 100 and aperture to /8 with focal length of 0.5m.

Calculate the EV range of the scene.

If necessary determine the ND filters to use.

Use the histogram to check when the darkest and brightest brackets don't clip.

Calculate the number of brackets required (EV range / EV step) + 1. Recommended 1 EV
step.

Program CamRanger with start value, number of shots and EV step.

Capture seven views with required number of bracket: horizontal (0, 120, 240) with vertical of
30, horizontal (60, 180, 300) with vertical of -30 and bottom view for tripod removal.

In the case of a very bright light source there is a first round of shots taken with the ND filter
and second round without.

Perform an extra bracketed bottom view with white balance target.

(Optional) Use the lux meter to measure the illuminance at the camera position in the up
direction.

Report acquisition information on the HDRI form

Reconstruction

Extract RAW picture and convert to 16 bit linear TIFF: dcraw.exe -v -4 -T [ file ].
(Optional) Correct image artifact.

Convert to 32 bit TIFF with Adobe Photoshop.

Create the HDR panorama with and without the ColorChecker with PTGui.

Correct horizon deformation if needed.

Perform white balance and (optional) luminance calibration in Adobe Photoshop.
Remap value if maximum value is above 65504 to be compliant with 16 bit precision.



Equipment

HDRI acquisition requires many pieces of photography equipment. Here, we provide the list of
equipment we use to capture HDRIs at Unity. In general, we prefer to rely on abordable devices with
a good quality-to-price ratio. Every time we move to a new location for HDRI acquisition, we use this
list as a checklist and have found it to be a good practice to adopt.

1. Camera: Canon EOS 6D
2. Lens: Fisheye Sigma 8 mm f/4 EX-DG Circular (include Filter support)
3. Tripod: Manfrotto 475 B.Digital pro tripod black

4. Tripod bag

5. Nodal Ninja Head 4 (highly recommended)

6. Remote: CamRanger + USB cable

7. Mobile: Android or IOS



8. Laptop: Mac Book Pro (optional: dedicated to storage and processing data during long trip)
9. Secondary camera battery

10. Memory Card 256GB (Class 10)

11. Colorchecker Classic (X-rite)

12. Colorchecker Passport Photo (X-rite)

13. (Optional for luminance calibration) Lux meter: Sauter SO 200K (additional battery can be
necessary)

14. Unused

15. Spirit level

16. HOYA ND Filter: 16, 32, 64, 500, 1000. Unity use power of 2 ND Filters to simplify the workflow.
HOYA are recommended due to their Filters' reduced vignetting and color shift.

17. Bag

18. Screwdriver

19. Lenspen (lens cleaner tools)

20. Notepad and pen to record information about the photographs: location, time, weather, lux,
luminance, range, EV step, lens setting

21. Marker
22. Ninja Nodal Nadir Adapter

Note: HDRI processing is an heavy task and we advice to use a computer with a minimum of 32 Go
of memory, a SSD, and a good CPU to be comfortable.

During long shooting sessions, be aware of the amount of data that can be captured. Additional
batteries and hard drives are important to avoid interrupting the shooting session. Also, it is good
practice to take a picture of the notepad before shooting to identify which pictures belong to which
HDRI. When planning a trip, be aware of the size of the equipment. The Manfrotto tripod and head
are heavy, so moving to a lot of locations without a car is difficult. Nevertheless, such heavy devices
are very stable in case of wind (stability allows easier HDRI reconstruction) and important for low
shutter speed. At Unity we decided to deal with this restriction.

Neutral density Filters

The equipment list includes neutral density (ND) Filter. An ND Filter reduces the amount of
light entering the lens by reducing the intensity of all wavelengths of light equally, giving no
changes in hue or color rendition. Applying an appropriate ND Filter is equivalent to stepping
down one or more additional EVs.



The strength of an ND Filter depends on its ND number notation, which is mostly a power of
two.

Decreasing light intensity by 1 EV requires doubling the ND number. Table below gathers
information from various ND Filters.

NDnumber notation EV reduction | Transmittance
0 100%
ND2 1 0%
ND4 2 25%
NDs8 3 12.5%
NDi16 4 6.25%
ND32 5 3.125%
ND&4 G 1.563%
ND100 6.64 1%
ND128 7 0.781%
ND256 ) 0.391%
ND400 8.64 0.25%
ND512 9 0.195%
ND1024 (also called ND1000) 10 0.098%
ND2048 11 0.049%
ND4096 12 0.024%
NDg8192 13 0.012%




An ND Filter cannot be mounted directly on a fisheye lens due to its curvature. Fisheye lenses
require a Filter support to do so (that will crop the field of view). It is always provided with the
fisheye lens.

ND Filters can be mounted on top of each other. In this case, their EV reduction is additive:

An ND32 on top of an ND1000 produces an EV reduction of 15. We recommend having various
power of 2 ND Filters to be able to deal with a variety of high intensities.

Software

1- Cam ranger application (Camera remote)

Windows: http://camranger.com/windows-downloads/

Mac OS: http://camranger.com/mac-downloads/

Android: http://camranger.com/android-downloads/ or use Playstore

I0S: http://camranger.com/ios-downloads/ or use Applestore

2- DCRaw: Convert RAW to TIFF
Windows: http://www.centrostudiprogressofotografico.it/en/dcraw/

Mac OS: http://www.cybercom.net/~dcoffin/dcraw/

3- Adobe Photoshop CC: Lateral chromatic aberration correction, white balance

http://www.photoshop.com/products/photoshop

4 - PTGui: Create HDR panorama - PTGui Pro is required

https://lwww.ptgui.com/download.html

5 - Unity (LookDevV): Viewer


https://www.ptgui.com/download.html
http://camranger.com/ios-downloads/
https://www.ptgui.com/download.html
http://www.cybercom.net/~dcoffin/dcraw/
http://camranger.com/mac-downloads/
http://www.nikonusa.com/en/nikon-products/product/imaging-software/viewnx-2.html
http://camranger.com/android-downloads/
http://www.cybercom.net/~dcoffin/dcraw/
http://www.nikonusa.com/en/nikon-products/product/imaging-software/viewnx-2.html
http://www.photoshop.com/products/photoshop
http://www.centrostudiprogressofotografico.it/en/dcraw/
http://camranger.com/windows-downloads/

Panoramic HDRI acquisition

What to capture?

Captured HDRIs are mainly used to author an asset in the context of look development. It is not
necessary that the HDRI looks beautiful, but it should be as close as possible to the game
environment and create interesting lighting conditions. Typical examples are the Star Wars
games that have clearly identified environments (sequoia forest, sand desert, snow desert, etc.)
where the best option is to capture the HDRI at the same location used for the movie.

Example of an HDRI that can be used for asset authoring in the context of a game level located
on Endor in the movie Star Wars: Return of the Jedi:



Artists tend to author their assets with an HDRI that includes a bright light source like the sun
because it creates good highlights. They later use other HDRIs with different lighting conditions
(overcast sky,night, dramatic, indoor, etc.) to check the correct behavior of the asset.

Equipment setup

The following section describes how we setup the equipment to capture the HDRI at Unity. The
tripod and nodal head are mandatory as various shots need to be perfectly aligned for a sharper
final image at potentially low shutter speeds.

Tripod and panoramic head

First, install the Nadir Adapter on the nodal head. Then mount the camera on the tripod with the
nodal head. The camera should be at around eye level. With this setting, the 360 panorama
looks as if you were in the scene.



Camera alignment and remote controller with nodal head

The nodal head gives 360° freedom of movement. To achieve perfect stitching without wasting
time on the computer for the alignment task, you should take the time to level and align the
camera to find the no-parallax pivot point.

Level the tripod.

Use the nodal head to put the lens center at the pivot point. Use a level to center the
camera.

The colored ring on the lens is the center.

Attach the CamRanger on the back side of the head to follow the camera rotation.



Lens cleaning

Before any shot, the lens must be cleaned as dust on the lens produces a lot of artifacts.

Camera orientation and number of views



To build a 360° panorama with a fisheye lens, we use the following settings:

- 3views (horizontal 0°, 120°, 240°) at +30° vertical

- 3 views (horizontal 60°, 180°, 300°) at -30° vertical
We found that this setting gives fast and good quality results in practice. Note that 30° is easy to set
up with the Ninja head. With an angle of +30°, the sky/top side is completely captured. With an
angle of -30°, the tripod is barely visible.

Choosing 30° instead of 45° gives more detail at the horizon as artifacts increase proportionally to
the distance to lens center. The horizon often contains a lot of detail that helps to match overlapping
shots and it often includes moving objects that need to be detected correctly to be removed.
Moreover, with 30° and a field of view of 124° it covers the range -32° to +92°, so it correctly
includes the whole sky.

Note: the fisheye lens has a field of view of 180° but distortion, vignetting and chromatic aberration
appears at the edge of the lens (> 120°). It is better to use more views with some of them
overlapping, in order to discard the faulty region during postprocessing. The stitching also needs
overlapped areas to match images together. Lastly, the ND Filter used to capture very bright light
sources causes the effective field of view to be 124° (40° for the support, plus 16° for the ND
Filter) and not 180°.

To have a snap during the rotation for faster shooting, we set the head to a 60° rotation step.



An extra bottom view is captured to remove the tripod entirely:

- Put a marker under the tripod at the center point. (1)

- Place the camera at the bottom orientation. (1)

- Turn the Nadir Adapter to 180. (2)

- Move the tripod until the focus is on the marker and ensure that the tripod feet do not cover
the same places. (2)

- Lock the head to avoid movement during the bottom shot.

- Remove the marker.

- Do the bottom view. (3)






