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Integrating NVIDIA VRWorks Stitcher into a cloud video process




Scott Squires
Pixvana CTO/CD and Co-Founder



3340 x 1920







90 degrees F
= 960 pixels






At 8.
"‘"HA:‘JD e ’:
R A 2

R




https://blog.google/products/google-ar-vr/bringing-pixels-front-and-center-vr-video/




=

https://youtube-eng.googleblog.com/2017/03/improving-vr-videos.html



https://blog.google/products/google-ar-vr/bringing-pixels-front-and-center-vr-video/



https://youtube-eng.googleblog.com/2017/03/improving-vr-videos.html



Equal angles

https://blog.google/products/google-ar-vr/bringing-pixels-front-and-center-vr-video/
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https://youtube-eng.googleblog.com/2017/03/improving-vr-videos.html




https://code.fb.com/virtual-reality/next-generation-video-encoding-techniques-for-360-video-and-vr/
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Step 1: Gather the
videos (2+ sources)

Step 2: Camera Y W N =
Calibration and Warp

Step 3: Composite
Graph and Exposure
Balancing
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Step 4: Level H
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Step 5: Color 4 g = RN,
Correction

Step 6:
Patch Nadir
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spin.pixvana.com
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Factors that make for a challenging stitch

Subject too close to

-
Obscured or missing camera, or Providing incorrect source during
camera stops recording too early stitching




What’s new: NVIDIA VR Works SDK 2.0

Depth-based alignment

Manually adjustable
stitch lines
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Pixvana SPIN Studio cloud processing

SPIN Studio stitches and encodes 1n parallel with up to 80 GPU-enabled
machines running Linux on AWS/Azure.

Asset

Manager
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Full
Video
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Full
Video

Segmented
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Full
Video

GPU Docker
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GPU Docker

GPU Docker

Segments sent to GPU Docker Instances
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GPU Docker

GPU Docker

GPU Docker

Video

GPU Docker Instances output segments
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Processed segments
combined

Finished
Full
Video
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Pixvana SPIN Studio cloud processing

SPIN Studio stitches and encodes 1n parallel with up to 80 GPU-enabled
machines running Linux on AWS/Azure.

Segmented Media

Media - 1 Sec
Media - 1 Sec

Asset Media - 1 Sec

q

Manager

i n segments

Media - 1 Sec
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Pixvana SPIN Studio cloud processing

SPIN Studio stitches and encodes 1n parallel with up to 80 GPU-enabled
machines running Linux on AWS/Azure.

Segmented Media Linux GPU cluster
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Media - 1 Sec Callisto Worker

running NVIDIA VRWorks
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Pixvana SPIN Studio cloud processing

SPIN Studio stitches and encodes 1n parallel with up to 80 GPU-enabled
machines running Linux on AWS/Azure.

Segmented Media Linux GPU cluster

Media - 1 Sec
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Callisto Worker
running NVIDIA VRWorks

Media - 1 Sec

Media - 1 Sec
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Asset

Manager

Media - 1 Sec
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Pixvana SPIN Studio cloud processing

SPIN Studio stitches and encodes 1n parallel with up to 80 GPU-enabled
machines running Linux on AWS/Azure.

Segmented Media Linux GPU cluster
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Media - 1 Sec
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Encoder
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Pixvana SPIN Studio cloud processing

SPIN Studio stitches and encodes 1n parallel with up to 80 GPU-enabled
machines running Linux on AWS/Azure.

Segmented Media Linux GPU cluster

Media - 1 Sec
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Media - 1 Sec Callisto Worker

running NVIDIA VRWorks
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Callisto

(C++ CUDA)

VRWorks
360 Video OpenCV ffmpeg

SDK

Docker




Spin Studio stitching with VRWorks 360 Video

Asset management
(input parameters and
source videos)

Pixvana video
processing tools

VRWORKS VRWORKS
360 VIDED 360 VIDED

. Other processing:

. Color correction

Horizon leveling

* Diamond plane projection

. Varisqueeze projection

User 1interaction:

Horizon leveling
Color correction
Nadir patch
Seam placement

Streaming
Optimization

Publish
And Cast




VRWorks

Set of APIS, libraries and engines specific to VR usages.
3 main categories are:
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VRWorks

Set of APIS, libraries and engines specific to VR usages.
3 main categories are:

* Graphics SDK
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VRWorks

Set of APIS, libraries and engines specific to VR usages.
3 main categories are:

* Graphics SDK
* 360 Video SDK
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VRWorks

Set of APIS, libraries and engines specific to VR usages.
3 main categories are:

* Graphics SDK
* 360 Video SDK
* Spatialized Audio SDK



Pixvana Video Processing Tools

Sources

2 A VRWORKS
360 VIDEDO

A0015780.MP4 A0025780.MP4

!E U NVIDIA

A0030572.MP4 A0045778.MP4

. calibrator

A0050572.MP4 A0065778.MP4




Pixvana Video Processing Tools

Sources

D

A0015780.MP4

n

A0030572.MP4

A0050572.MP4

A0025780.MP4

X

A0045778.MP4

A0065778.MP4

VRWORKS
350 VIDED

NVIDIA
calibrator

Calibration
File (XML)




/ / 1UI TIUW, LITALS 15 41, UUL 1L 15 pPUSOSIULT LU 1jiICi CastT 1L
DEV LOG("Creating calibration instance.");
verifyResult(
nvcalibCreateInstance(framesCount, camCount, &hInstance),
hInstance,
"create calibration instance");

DEV LOG("Setting rig properties.");
verifyResult(
nvcalibSetRigProperties(hInstance, &calResult.videoRig ), hInstance, "set rig properties");

DEV LOG("Setting calibration options.");
setCalibrationOptions(hInstance, calOptions);

DEV LOG("Setting images.");
setCalibrationImages(hInstance, calResult.videoRig , callImages);

DEV_LOG("Starting VRWorks calibration.");
verifyResult(nvcalibCalibrate(hInstance), hInstance, "VRWorks calibration");

DEV_LOG("Retrieving rig properties.");

verifyResult(
nvcalibGetRigProperties(hInstance, &calResult.videoRig ),
hInstance,
"retrieve rig calibration properties");

verifyResult(
nvcalibDestroyInstance(hInstance), hInstance, "destroy VRWorks calibration instance"); 43



Pixvana Video Processing Tools

Sources

D

A0015780.MP4 A0025780.MP4

o

A0030572.MP4 A0045778.MP4

A0050572.MP4 A0065778.MP4

Parameters:
Output size
Stereo mode
Quality

etc.

VRWORKS
350 VIDED

NVIDIA
Low Level

Stitcher

Calibration
File (XML)



Pixvana Video Processing Tools

Sources

D

A0015780.MP4 A0025780.MP4

2 K

A0030572.MP4 A0045778.MP4

I

A0050572.MP4 A0065778.MP4

Parameters:

Output size
Stereo mode

Quality
etc.

VRWORKS
360 VIDED

NVIDIA
Low Level

Stitcher

Calibration

File (XML)

Equirectangular stitch



Pixvana Video Processing Tools

Sources

D

A0015780.MP4 A0025780.MP4

A0030572.MP4 A0045778.MP4

I

A0050572.MP4 A0065778.MP4

Parameters:
Output size
Stereo mode
Quality

etc.

VRWORKS
360 VIDED

NVIDIA
Low Level

Stitcher

Calibration
File (XML)

Equirectangular stitch

Diamond plane & Varisqueeze
projections

Bitrate ladder encoding



DEV_LOG("1nitialize stitcher i1nstance.");

nvssVideoHandle stitcher;
nvssVideoCreateInstance(&stitcher props, &calParams.videoRig , &stitcher);

DEV_LOG("load the input data onto the GPU");
loadImages2GPU(stitcher, calParams.videoRig , inputImages);

cudaStreamSynchronize(cudaStreamDefault) ;

DEV_LOG("Calling nvssVideoStitch");
nvssVideoStitch(stitcher);

cudaStreamSynchronize(cudaStreamDefault) ;

DEV LOG("copying output panorama from CUDA buffer.");
if(cudaMemcpy2D( out stacked , output image.row bytes, output image.dev ptr, output image.pitch,

output image.row bytes, output image.height, cudaMemcpyDeviceToHost) != cudaSuccess)
{
throwVRWorksgerror("Error copying output stacked panorama from CUDA buffer");
}
// Clean up

nvssVideoDestroyInstance(stitcher);
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NVIDIA VRWorks Stitching in Callisto

50

37.5

25

12.5

2K

4K (UHD)
6K (5.7K)
8K (QUHD)

Stitch and Encode 3 sec (90 fr) from GoPro Omni (6 cameras)

Total: 46.2s

Total: 20.5s

Total 14.7s

1920x960

3840x1920

orks 1s 32.8x

1nal 4K CPU

her

Total: 31.6s
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_— Stitch

_—Data Copy

5760x2880

~__ Encode

7680x3840




Current limits of VRWorks
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https://digital-photography-school.com/making-best-use-hdr-landscape-photography/

8-bit per color limitation — No HDR support
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Cloud Issues

1. Limitations of GPUs on the cloud systems
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Cloud Issues

1. Limitations of GPUs on the cloud systems
2. Cloud system requires several components
compared to a desktop app.

Desktop Web Ul Front End  Back End Player
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Cloud Issues

1. Limitations of GPUs on the cloud systems
2. Cloud system requires several components

compared to desktop apps.
. Interaction of web front end and a cloud backend.

-

spin.pixvana.com
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Cloud Issues

1. Limitations of GPUs on the cloud systems
2. Cloud system requires several components

compared to desktop apps.
3. Interaction of web front end and a cloud backend.

4. Upload large volumes of data can be time
consuming.
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The Future

Push boundaries of interactivity.
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The Future

Push boundaries of interactivity.
Push even more quality.
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The Future

Push boundaries of interactivity.
Push even more quality.
Inpainting to remove nadir issues
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The Future

Push boundaries of interactivity.

Push even more quality.

Inpainting to remove nadir issues

Leverage Machine Learning and Al to apply to 360 video
problems.
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The Future

Push boundaries of interactivity.
Push even more quality.
Inpainting to remove nadir issues
Leverage Machine Learning and Al to apply to 360 video
problems.
- Metadata of video content
- Segment video and analyze to refine parallax stitch issues
- Determine best compression and retain best quality
- Reprocess to optimize for typical user head positions
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The Future

 Push boundaries of interactivity.
* Push even more quality.
* |npainting to remove nadir issues
 Leverage Machine Learning and Al to apply to 360 video
problems.
- Metadata of video content
- Segment video and analyze to refine parallax stitch issues
- Determine best compression and retain best quality
- Reprocess to optimize for typical user head positions
AR/MR and other immersive capture processes

66



https://shape.att.com/blog/shape-future-of-video

Depth Map
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https://www.microsoft.com/en-us/mixed-reality/capture-studios

Volumetric
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https://vrroom.buzz/vr-news/guide-vr/brief-history-volumetric-filmmaking
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http://cs.brown.edu/courses/csci1l290/labs/lab _lightfieldlab/

Light Fields
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18 x 7 fisheye cylindrical/spherical camera array light field video playback with
panoramic stereo and full parallax

(=1Gpixel/frame at 4K each camera)

https://www.fxguide.com/featured/light-fields-the-future-of-vr-ar-mr/
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https://www.fxguide.com/featured/paul-debevecs-new-light-field-research/
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uploadvr.com/s
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iggraph-2018-learn-about-googles-efforts-to-capture-light-fields/
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VR Works 1n the Cloud
Pixvana

Integrating NVIDIA VRWorks Stitcher into a cloud video process




<A NvibDIA

GTC

See More VR on the Exhibition Floor
Expo Hall 3, Concourse Level

VR VILLAGE VR THEATER VR PARTNERS

Explore the VR Village to get Go to the VR Theater to see Explore a great lineup of VR
hands-on with the latest and experience narrated VR partners around the VR Village
advances in virtual reality demos built by our partners showcasing their

groundbreaking technology

COME EXPLORE ALL THINGS VR AT GTC 2019

VR VILLAGE HOURS Tuesday: 12:00pm - 7:00pm Wednesday: 12:00pm - 7:00pm Thursday: 11:00am - 2:00pm



