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Hardware Overview



“Designed for the Ultimate Portable Gaming Experienc e”

Comparison to PSP-3000 screen: x4 higher resolution

x600 increased contrast

5 inch OLED screen: engineered for extremely low power consumption

PlayStation®Vita
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• Dedicated HW for Media playback



Hardware

• Standard Iconic 
PlayStation Buttons

• Dual Analog Sticks
• Front Touch Screen
• Rear Touch Pad
• Front & Rear Camera
• Motion Sensors



Storage and Distribution

• PS Vita Card
• 2GiB or 4GiB
• May contain some writable memory

• (-5..10% for save data, patches 
etc)

• Memory Card
• Cards will be large to support a 

variety of downloaded content

• Games available for both formats



Software

• Social Networking
• Designed from ground up as a social 

networking device

• Location Based Gaming
• Location Services
• near

• Augmented Reality (AR)



PS Vita Development Environment
• PS Vita native environment

• Low-level API
• Best runtime performance!

• Iteration time and tools and documentation are good
• Take advantage of the platforms unique 

characteristics
• Input devices and connectivity
• Hardware features

Take full 
control!



PS Vita Development Tools

• Custom Development Tools
• Uses Visual Studio IDE on Windows
• Single Integrated Performance tuning tool for Graphics and 

CPU/Memory



PS Vita Development Kit
• Devkit

• Connect via USB to PC
• Reachable across Ethernet
• Console form factor



Playstation Suite Development 
Environment

• “Application Store” Model
• An open environment
• New approach for SCE, targeting all ranges of developers

• Casual games as well as non-game applications
• Lightweight content approval process

• Distinct from existing PSN content but available on all 
PlayStation™Certified devices

• Runs on a Mono™ virtual machine



PlayStation Suite Development Tools

• Custom Development Tools
• PS Suite Studio (IDE based on MonoDevelop) 
• PS Suite UI Composer (UI Design Tool)
• PC Simulator



Graphics on 
PlayStation®Vita



Graphics on PlayStation®Vita

• Introduction
• Hardware

• Tile Based Deferred Rendering

• Software
• Programming Model



PlayStation®Vita System

Quad Core 
ARM®CPU SGX543MP4+

Main 
Memory

VRAM



Hiding Latencies
• Multiple threads in parallel on each core

• Switch to another thread while stalled
• Zero cycle overhead

• Unified Architecture
• Vertex and Fragment threads run in parallel

• Textures can be fetched ahead of time
• Before the shader runs or allocate ressources



Tile-Based Deferred 
Rendering



Immediate Mode Renderer

Vertex 
Shader

Memory

Vertices
Textures
etc

Inputs

GPU



Immediate Mode Renderer
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Immediate Mode Renderer

Vertex 
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Fragment
Shader

Memory
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Render Target
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Tile Based Deferred Renderer

Parameter 
Buffer

Memory

Vertices
Textures
etc

Inputs
Render Target

Parameter 
Buffer

GPU



Immediate Renderer

Batch

GPU

Intermittent 
Bottleneck!
(sackboy)



Scenes
• Vertex then fragment

• Within scene

• Vertex and fragment
• Different scenes

Vertex Processing

Fragment Processing

TimeLineTimeLineReflection
Map

Shadow 
Map

Main 
Scene



Deferred Renderer

Scene

GPU

Better workload balancing!



Advantages of TBDR:
Hidden Surface Removal



Opaque Geometry

• Only visible fragments in a tile get shaded

Fragments 
Shaded

Parameter Buffer

(1,1)

(2,2)
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…

(2,2) (2,2)



Opaque Geometry

• Only visible fragments in a tile get shaded

Parameter Buffer
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Opaque Geometry

• Only visible fragments in a tile get shaded

Parameter Buffer

(1,1)

(2,2)
(1,2)

(3,2)

…

(2,2)

Fragments 
Shaded

(2,2)



Advantages of TBDR :
Data is kept ‘on -chip’



Immediate Mode Renderer

Final Render 
Target

GPUFragment 
Shader

Memory

Depth /Stencil Buffer4xMSAA Buffer



Immediate Mode Renderer

Depth /Stencil Buffer

Final Render 
Target

GPU

Depth / 
Stencil test

Blending
Render 
MSAA 
buffer

Fragment 
Shader

4xMSAA Buffer

Memory



Final Render 
Target

Read in 
entire 
MSAA 
buffer

Immediate Mode Renderer

GPU

Final 
Output

Fragment 
Shader

MemoryMemory

Depth /Stencil Buffer4xMSAA Buffer

Blending
Render 
MSAA 
buffer

Depth / 
Stencil test



Tile Based Deferred Renderer

Final Render 
Target

GPU

Depth / Stencil Tile Colour Tile

Fragment 
Shader

Memory



Tile Based Deferred Renderer

Final Render 
Target

GPU

Depth / Stencil Tile Colour Tile

Fragment 
Shader

Memory

Final 
Output

MSAA



Tile Based Deferred Renderer

Final Render 
Target

GPU

Depth / Stencil Tile Colour Tile

Fragment 
Shader

Memory

Final 
Output

MSAA



Advantages of Unified 
Architecture:
Minimal texture read latency



Dependent Texture Reads

Shader
Core

Texture 
Unit

Thread made 
active once 

results arrive

Shader core requests 
texture read, thread 

goes inactive

Another thread 
may run to hide 

some latency



Non-Dependent Texture Reads
• The PS Vita GPU also support an alternative way

Shader
Core

Texture reads using 
unmodified texture 

coordinates are issued early

Shader Core is free for 
other available tasks

Thread created 
only after 

results arrive
Texture 

Unit



Programming 
Model



Programming Model
• No unnecessary complications
• Tile-based processing handled behind the scenes
• Leaving you a familiar API interface
• Shader Model 3.x+

• Enable modern graphics programming



Dynamic Lighting



Water Effects



Other Libraries to Simplify Development

• Vector Maths and Geometry
• Rigid Body Physics Simulation
• Animation
• Facial Recognition 

• Optimised game engine



PhyreEngine ™

• PlayStation optimised game engine
• PSP™, PS3™, PS Vita, PC

• Provided as source
• Portable, reusable

• Free to use, either full or in part
• Partner Programme

• Integrating with middleware to ensure developers can choose 
the best solutions



Middleware Support
• Middleware companies are strongly supporting PS Vita



Deferred Rendering on PS Vita



Prerequisites
• Decouple the geometry from the lighting pass
• Allow to handle many dynamic lights

• Keep the cost under control

• PS Vita rendering pipeline
• G-Buffer manipulation
• Hidden Surface Removal
• On-Chip storage



Deferred Rendering Overview
• Render scene to Geometry Buffer (G-Buffer) 

• Output position, normal and material data needed for lighting
• Rendered to an off-screen render target

• Evaluate lighting
• Apply lights only to influenced pixels if possible

• Composite with material information
• Deferred rendering: material parameters rendered in first 

pass
• Light pre-pass: 

• Re-render geometry for material pass



Deferred Rendering Overview
Deferred Rendering:

Light Pre Pass:

Lighting
Composite Color

GBuffer
Normal
Depth

Specular Data
Albedo

Material Info

Output

GBuffer
Normal
Depth

Specular Gloss 

Lighting
Light Result Color

Output

Material 
Geometry 

Pass
Composite Color



Geometry Buffer Generation



G-Buffer
• Hardware supports 32 or 64 bit color surface formats 

on chip
• No noticeable performance difference for on-chip operations
• Costs a bit more to write out 64 bit buffers compared to 32 bit 

buffer
• But can be hidden with sufficient ALU usage

• Packing
• The GPU can perform normalized U8U8U8U8 to U32 

(un)pack in one cycle



G-Buffer Layout Example
• Uncharted: Golden Abyss uses U32U32 surfaces

Albedo Color
(uchar3)

Specul
ar 
Gloss
(uchar)

Normal (uchar3) Material 
ID 
(uchar)

32 bits 32 bits

D24 S8 depth buffer

32 bits
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G-Buffer Layout Example
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G-Buffer Layout Example
• Uncharted: Golden Abyss uses U32U32 surfaces

Albedo Color
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Specul
ar 
Gloss
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Normal (uchar3) Material 
ID 
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D24 S8 depth buffer
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Light Evaluation



Light Evaluation
• Deferred lighting aims to decouple geometric and 

light complexity
• Aim to minimize pixels rendered with light 

shaders
• Best case: only pixels receiving a light are shaded for that light

• Need fast, accurate ways of classifying pixels for 
each light



Light Evaluation with Stencil Test

Clear to 
ambient 
color

Stencil 
mask 
affected 
pixels

Multiply 
by 
albedo, 
material 

Render 
light with 
stencil 
test

GBuffer:Normals GBuffer:Depths GBuffer:Colours

1..N lights

Output
(32 bit)

FP16 
Light 

Accumulation 
Buffer

Memory 
Traffic/Footprint



On PS Vita
• Light accumulation occurs on-chip

• Reduce pressure on memory bandwidth
• Eliminate one semi-fat surface (64 bits) in VRAM 

Clear to 
ambient 
color

Stencil 
mask 
affected 
pixels

Multiply 
by 
albedo, 
material 

Render 
light with 
stencil 
test

GBuffer:Normals GBuffer:Depths GBuffer:Colours

1..N lights

On-chip accumulation (64 bit)

Output
(32 bit)

64 stencil 
ops / clk On-Chip 

FP16 
Light 

Accumulation



Stencil Performance on PS Vita
• 64 stencil ops per clock assuming 3 stencil ops per light/pixel �  5.33 

pixels/clock
• Stencil test does not interfere with shading

• Happens in the Image Synthesis Processor (ISP)
• Does not use shader core resources
• Effectively fully independent

• To put into perspective:
• Assuming a 20 cycles light shader, it takes 20 clocks to shade 4 pixels/pipe
• In that time, we can discard ~ 107 pixels



G-Buffer Texture Sampling
• Much harder to hide latency of dependent texture reads 

than non-dependent reads (and adds shader
instructions)

• Imperative we use non-dependent reads for GBuffer
sampling

• G-Buffer must be read with 2D screen coordinates
• Texture coordinates from interpolators are perspective correct 
• Cause a problem when rendering light bounding geometry 

(cones/spheres/…)



G-Buffer Unpacking
• via Texture Units

• Treat the U32U32 surface 
as a double-width 
U8U8U8U8 surface and 
sample “alternate” texels

• Texture unit do the 
unpacking for “free”

Albedo Color (uchar3) Specular 
Gloss
(uchar)

Normal (uchar3) Material ID 
(uchar)

32 bits 32 bits

1920

544

960 960

544



Final Buffer After Composite

GPU performs 
conversion to 32 bit 

output buffer

Light accumulation 
and composite: 64 

bit on chip



Post-Processing on PS Vita



What is ‘Post-Processing’?
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Post Processing

Motion Blur Colour Correction

Bloom Depth Of Field



Post-Processing on PS Vita
• Take advantage of the on-chip storage

• Render a fullscreen quad at the end of a scene

������
������ �
���

�����
����	�
���

�����

Allow to perform effect at 
on-chip storage precision 
(up to 64 bits)

Less Memory Traffic



Data Flow for On -chip Blending
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Data Flow for On -chip Blending
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Data Flow for On -chip Blending
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Data Flow for On -chip Blending
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Data Flow for On -chip Blending
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Data Flow for On -chip Blending
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Summary



Summary
• Advanced Graphics Techniques is practical on PS VITA

• Even comparable to home console GPU performance at 
times

• Native development allows great flexibility
• Use the PS Vita GPU specific features

• On-chip storage
• Hiding texture read latency

• Optimize shaders with great care
• Vectorize your code when ever possible



Conclusion
• Created from the ground up for developers
• Hardware does the hard work
• Powerful and intuitive tools
• Developer friendly
• Developer services assistance



Thanks To
• SCE
• SCEE R&D
• SCE ATG
• SN Systems
• WWS 1st and 2nd party developers



Useful Links
• tpr_registration@scee.ne t - 1st port of call in becoming a registered 

developer
• https://www.tpr.scee.net / - Registered developers on existing PS platforms
• http://www.worldwidestudios.net/xde v - For registered developers who 

wish to propose titles to SCEE XDEV
• SCEA PubFund - Please contact your SCEE account manager who will 

reach out to SCEA Developer Relations who oversee PubFund (open to all 
developers globally) 

• http://research.scee.net / - SCEE R&D public site where we place all public 
presentations

• http://pss.scedev.net / - PS Suite website (registration required)



Any Questions?




