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Introduction

• 360◦ video	streaming	is	significantly	challenging	
owing	to	its	resource-intensive	encoding	and	storage	
requirements
• Adaptive	streaming:	each	360◦ video	is	divided	into	a	
set	of	tiles	that	includes	different	bitrate	levels	of	the	
tiled	video
• Representation	sets	for	the	video	content	forms	the	
encoding	ladder



Cost-Optimal	Encoding	Ladders

• Tiles	affects	coding	efficiency
• Tiles	have	a	different	level	of	contribution	for	the	
overall	360° video	viewing	quality
→ new	encoding	ladder	configurations	are	required	
⇒ focus	on	the	configuration	of	cost-optimal	
encoding	ladders	in	adaptive	streaming	systems
• considering	both	the	provider’s	and	client’s	perspective
• develop	an	encoding	ladder	estimation	method	for	tiled	
360◦ video	streaming



System	Models:	Distortion	
Modeling
• Distortion	function

• Noise	power	for	the	i-th representation	of	the	j-th
tile	



System	Models:	Cost	Modeling

• Encoding	cost

• Storage	cost



Problem	Formulation

• Constraints
• Bandwidth:	Bmin and	Bmax

• Computational	and	storage	costs:	Cmax and	Smax

• Encoding	rate:	minimum	step	size	τ
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Experimental	Setup

• N=10
• H.264/AVC
• Quality: WS-MSE	and	
WS-PSNR
• Baselines:	one-size-fits-all	
encoding	ladders
• ILP	using
Pyomo



RD	Performance	Gain

• High	diversity	in	video	content	characteristics
• One-size-fits-all	schemes	cannot	provide	cost-
optimal	and	high-quality	streaming	performances



RD	Performance	Gain

• γ	=	0



BD	Rate	(%)



Experiment	Scenario

• Constraints	of	Smax and	Cmax are	8000,	τ =	1.2,	and	
M	=	12



Conclusion

• A	novel	encoding	ladder	estimation	method	for	
tiled	360◦ video	streaming	systems,	considering	
both	the	provider’s	and	client’s	perspectives
• The	developed	system	included	classification	of	the	
content	type,	distortion	modeling,	cost	modeling,	
and	problem	formulation
• Achieved significant	bitrate	savings	compared	to	
the	one-size-fits-all	encoding	ladders
• Automatically find	cost-optimal	encoding	ladders	
using	several	practical	constraint


