
EECE5512
Networked XR Systems

Credits: Some content from VIVO and GROOT papers



Recap

• 360-Degree Video Streaming
• Viewport Adaptation

• Viewport Prediction

• Tiled streaming



Lecture Outline for Today

• 4D Point Cloud Streaming to XR Devices

• Quiz

• 4D Mesh Streaming to XR Devices



Point Clouds - Recap

• A point cloud is a discrete 
set of data points in space.

• Or a set of 3D independent 
points

• Each Point (X, Y, Z) + 
Attributes

• Attributes: Color, Alpha, 
Reflectance



Point Clouds - Recap

• Representation
• Each Point is a floating-point number – 32 bits

• <X, Y, Z> : 96 bits

• RGB: 3 channels: 24 bits

• Also, has other attributes sometimes (light related)

• Each point: 96 + 24 bits or 15 bytes

• Typically,  a point cloud has thousands to millions of 
points – guess the data rate numbers



Point Cloud Streaming

Sample data numbers



Streaming Applications

360° 
backgroun

d

3D 
objects

1-3 Gbps per object



Key Challenges of Point Cloud 
Streaming
• Extremely data intensive – millions if not billions of 

points (each point 15 Bytes)

• Real-time processing requirements

• Streaming Trade-offs: Balance user experience (or 
downstream tasks metrics e.g., accuracy for ML 
apps) and available resources (e.g., network 
bandwidth, CPU/GPU, battery, memory)



Point Cloud Streaming

• Input: Point cloud sequence (compressed 
bitstreams) – Draco, MPEG GPCC or VPCC or ML 
based

• Output: 3D Playback

• Constraints: Compute and Network Resources

• Objective: User QoE or Machine tasks (e.g., point 
cloud segmentation)



Point Cloud Streaming

• Point Cloud QoE Metrics
• Rendered visual quality

• Point density

• Point size (i.e., Volume it represents)??

• Latency

• Frames per second

• Distance and size of the point cloud

• Additional metrics similar to standard videos (that we 
discussed in the last lecture)



Point Cloud Streaming

• Point Density



Point Cloud Streaming

• Distance and size of the object



Point Cloud Streaming

• Can we use standard video streaming protocols?
• Remember DASH ABR Algorithms?



Point Cloud Streaming



Point Cloud Streaming

• DASH for point cloud streaming

Hosseini et.al



Point Cloud Streaming

Hosseini et.al



Point Cloud Streaming

Hosseini et.al



Point Cloud Streaming



Point Cloud Streaming



Point Cloud Streaming



Point Cloud Streaming



Point Cloud Streaming

• Problems with DASH-PC (above algorithm)
• Bandwidth waste – streaming the entire PC

• Discounts occlusion & View direction

Recall viewport adaptive 360o video streaming



Point Cloud Streaming

ViVo, Mobicom’20

Diverse viewing angles and distances



Point Cloud Streaming

ViVo, Mobicom’20

• Translation and Rotation speeds



Point Cloud Streaming

ViVo, Mobicom’20



Point Cloud Streaming

ViVo, Mobicom’20



Point Cloud Streaming

• Impact of packet loss – Error Concealment

Occupancy, Geometry, Attributes
Wu et.al, MMSYS’21



Point Cloud Streaming

Wu et.al, MMSYS’21



Point Cloud Streaming

Wu et.al, MMSYS’21

Error Concealment



Point Cloud Streaming

Error Concealment



Summary of the Lecture

• Point cloud streaming
• DASH for adaptive streaming

• Adaptive Point Cloud Resolutions

• Packet Loss Resiliency

Next up: Mesh Streaming
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