W4 €] 136 Stereo 360 VRE 918 AAIZE 45 943 85 A2" 965
(Minsu Choi et al.: Real-Time Compressed Video Acquisition System for Stereo 360 VR)

EZ =% (Special Paper)

HRE 88| =22 21249 A6%, 2019 119 (JBE Vol. 24, No. 6, November 2019)
https://doi.org/10.5909/JBE.2019.24.6.965

ISSN 2287-9137 (Online) ISSN 1226-7953 (Print)

o

Stereo 360 VRS 93t AA7F b= A E5 A AH

A0 5,8 F

Real-Time Compressed Video Acquisition System for Stereo 360 VR
Minsu Choi® and Joonki Paik™*

e o

& =eolHE Stereo 4K@60fps 360 VR A7 94 85 Aadle 94 2EW 534 g4 dFZ(encoding), G 2EA
(stitching) LEZ o] AASAh A2de 6the) 7h 22 56 HDMI Interfaces E3) 353 6719 2K@60fpse] F4 2~EH
S 2EAE Eto] HAZFOE Stereo 4K@60fps 360 VR G4S FE5dth 44 5 WA= PE 28 5 (Multi-Thread)E ©
g3ted 7} Jh R RE AN R i 2EFE SS9 AFY DA G g5 94 2B BE 7] WS €
A2E Fo|7] 95t HE 2MITE o] §3 Raw Frame "Rz A4y ¥HE AIYS vk I 284 v 2EH
Calibration AA 2|2 Fato] 2EH ANTAS FHIA

Abstract

In this paper, Stereo 4K@060fps 360 VR real-time video capture system which consists of video stream capture, video encoding
and stitching module is been designed. The system captures stereo 4K@60fps 360 VR video by stitching 6 of 2K@60fps stream
which are captured through HDMI interface from 6 cameras in real-time. In video capture phase, video is captured from each
camera using multi-thread in real-time. In video encoding phase, raw frame memory transmission and parallel encoding are used to
reduce the resource usage in data transmission between video capture and video stitching modules. In video stitching phase,
Real-time stitching is secured by stitching calibration preprocessing.
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Table 1. Captured video information of integrated 360 VR camera

) Num of Video Frame .
Device Lens Resolution Rate Bitrate
1. 360 VR Video AelAPF 3= 7|§ 360 Round 17 4096 x 4096 30fps 120Mbps
. - 17
Yi 360 2 3840 x 1920 30fps 6Mbps
3840 x 1920 30fps

NVIDIA VRWorks 360 Video SDKE 9J4F 2~E] H(stit- Insta360 Pro 6 3840 x 3840 | 24fps | 4OMbPS
4 4096 x 2048 30fps 25Mbps
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Fig. 1. Real-time video parallel encoding module structure
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Fig 2. Real-time 360 VR Video Acquisition System structure
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Fig. 3. Real-time video stream capturing module structure
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Table 2. Specification of Experiment environment devices

Real-Time Video Capture
System

Real-Time Video Stitching
System

Intel Xeon Gold 6136

Intel Xeon E5-2687W v4

CPU (3GHz, 12 Core) (3GHz 12 Core)
RAM DDR4 128GB DDR4 64GB
GPU | NVIDIA Titan V[7] 3ea NVIDIA Titan Xp[8] 4ea

(SLI Connected)
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Table 3. Specification of encoding
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Specification

CUDA Toolkit 9.2

SW Version NVIDIA Video Codec SDK 8.2
Video Codec H.264/AVC
Video Resolution 1920 x 1080
Framerate 59.94 fps
GOP Length 15
QP(Quantization Parameter) 20

Encoding Mode

NV_ENC_PRESET_HQ_GUID

(@) Low Complexity

0 6. g BTN 12 oDy M

(a) High Complexity

Fig. 6. Encoding sample according to video complexity
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Fig. 7. Encoding performance of serial and parallel encoding
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Fig. 9. Performance of real-time video stitching
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Table 4. Captured video information of 360 VR acquisition device

Device Video Resolution | Frame Rate Bitrate
360 Round 4096 x 4096 30fps 120Mbps
Yi 360 3840 x 1920 30fps 6Mbps
Insta360 Pro ggg i ;gig 22;22 40Mbps
Orah i4 4096 x 2048 30fps 25Mbps
Proposed Device 3840 x 3840 60fps 135Mbps
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