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Cloud Gaming

• Quality of Service
• Quality of Experience
• User-based tests



Why Cloud Gaming

• High performance
• Cheaper devices
• Larger customer base
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Contributions

• QoE and In-game performance
• User-based tests
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Contributions

• QoE and In-game performance
• User-based tests
• Frame Age

• Spikes
• Backlogs
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Contributions

• QoE and In-game performance
• User-based tests
• Frame Age

• Spikes

• Scenario-based analysis
• Correlation
• Regression models



Frame Age

Typical Frame Age 19.67 ms



Frame Age

Capture Time 0.92 ms
Convert Time 0.32 ms

Encode Time 5.2 ms

Transfer Time 3.64 ms

Decode Time 0.92 ms

Upload Time 0.92 ms

Complete Time 7.2 ms



Related work (at a glance)

• Effect of Latency
• Linear degradation
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Related work (at a glance)

• Effect of Latency
• Linear degradation

• QoS Optimization
• Frame Age

"whether the average frame age is an effective 
measure of user-perceived QoE …" [1]

[1] Yates et al., “Timely cloud gaming,” in Proc. IEEE INFOCOM, 2017.
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Methodology: Design and metrics
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High-level Methodology

• High-power server
• Mid-level client
• Network conditions

• Artificially controlled
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Metrics
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Metrics

Per-second information

• Latency

• Server bandwidth

• Client bandwidth

• Link bandwidth

• Packet loss

Per-frame information

• Frame size

• Frame age

• Capture time

• Convert time

• Encode time

• Transfer time

• Decode time

• Upload time

• Complete time
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QoE

• Opinion Score
• 7-point scale
• Overall opinion
• Graphical Quality
• Interactive Quality

• In-game Score
• Player performance
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Single-player

• Geometry Wars
• 2D Action game
• Fast-paced
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Single-player

25 scenarios
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Single-player

25 scenarios
• Latency
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Single-player

25 scenarios
• Latency
• Packet loss
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Single-player

25 scenarios
• Latency
• Packet loss
• Latency & Packet loss
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Multiplayer

• Two players
• Only latency
• Adaptive latency

• Skill difference
• 50 ms
• f = xn
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Results



Scenario-based QoE Analysis

• Downwards trend in QoE

• Higher latency greater negative impact

• Combination gives even greater impact



Scenario-based QoE Analysis

• Downward trend in in-game performance

• Latency greater negative impact



Scenario-based QoE Analysis



QoE modeling using QoE metrics



QoE modeling using QoE metrics



Age-based QoE Analysis

• Impact of frame age
• Impacts graphics less

• Good QoS proxy for QoE



Model-based parameter selection

• Multivariate regression
• Best subset regression

• Mallow’s Cp

• Most used variable



Model-based parameter selection

• Multivariate regression
• Best subset regression

• Mallow’s Cp
• Most used variable

• Frame age not most used
• Complementing information



Multiplayer results & impact of wins/losses

• QoE depending on Win/Loss
• Clear impact of winning

• Even graphics
• Correlation between 

performance and opinion



Frame-by-Frame Analysis

• Frame age breakdown
• Complete time
• Transfer time
• Encode time



Frame-by-Frame Analysis

• Frame age breakdown
• Complete time
• Transfer time
• Encode time

0 ms delay

+ 0% loss
0 ms delay

+ 1% loss

200 ms delay

+ 0% loss

200 ms delay

+ 1% loss

225 ms
334 ms



Auto- and cross-correlation analysis

• Periodic pattern
• Temporal dependencies



Auto- and cross-correlation analysis

• Periodic pattern
• Temporal dependencies

• Auto-correlation
• 1-40 frame lag

• Time dependencies
• Decreases with latency



Auto- and cross-correlation analysis

• Average Cross-correlation
• Low-low (Blue)
• High-low (Yellow)

• Spikes
• Complete time
• Frame Age



Summary and conclusions
Relationship between QoS and QoE
• Objective and easier to collect QoE
• Subjective QoE

Importance of frame age
• Latency large impact
• Extended impact of spikes

Lightweight object identification methods
Relatively simple methods to illustrate 
example use cases

Future work include user studies
Have also extended tool to captures 
objects in other directions
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