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Some context
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Need to do things in a smarter way

Techniques like lighting or Screen-Space effects scale proportionally to resolution
- The higher the resolution, the more expensive these become and the higher the used memory and
bandwidth cost

Super-Resolution seemed the way to go. Render a reduced % of the pixels and reconstruct the

rest
- l.e., 2x upscaling (per-dimension) allows to render 25% of the pixels and reconstruct the rest.

With Arm ASR we wanted to fill existing gaps on mobile around upscaling

Power usage Avg temperature Performance

!
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Requirements for our upscaler

Upscaler type. There are multiple good spatial upscalers in the market. There is a gap on mobile
when it comes to more advanced solutions (... spatio-temporal) that allow for more aggressive
upscaling workflows

Simplify developer adoption. Reduce to the bare minimum the learning curve and time taken to
adopt our solution

Compatible API to other solutions. Avoid integration API fragmentation as much as possible
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Using AMD’s FSR2 as our starting point

- Engine needs:
- Jitter the frames (Optimal Halton sequence)
- Produce motion vectors
- Global mip bias for texturing to compensate for the rendering resolution

mipBias = log2(renderResolution/displayResolution) - 1.9;

- Inputs
- Src-res input color: Jittered, linearRGB or tonemapped i
- Src-res depth: Supports reversed-Z

Output buffer
APFLICATION SPECIFIED

- Src/Dst-res motion vectors: RG16 in UV space

- Optional reactive mask

- Outputs
- Dst-res color in either linearRGB or tonemapped T 303 Compeson

*Original images from FidelityFX-SDK
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Performance & Image

Quality
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Shader Quality Presets

Aim to provide further Performance/Quality scalability to developers.
- Mobile has a wide range of devices
- Separate upscaling ratio from shader quality presets
- Do performance-quality tradeoffs

Balanced Performance
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Starting Point - How we measure Image Quality?

PSNR -- SSIM
- Peak Signal to Noise Ratio. Spatial measure of image - Structural Similarity Index Measure. Spatial
distortion between a reference and distorted image

measure that aims to better fit the human
visual system.
- Evaluate the reconstruction

pair.
- Evaluate the reconstruction.
« >=30 (dB) is great for upscalers

-~ tPSNR (Temporal PSNR) -- STRRED
- Residuals between frame t and t-1 for both the - Spatio-Temporal Reduced Reference Entropic
reference and the distorted sequence are Differencing
computed. PSNR is then taken between the two - Good for tracking temporal instability, ghosting
residuals to get a rough estimate for temporal or shimmering.
stability.

- Good for tracking ghosting, temporal stability
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Starting point — What's our performance baseline?

- Target res of 2400x1080. Running on
Immortalis-G720 device

- High (measured with
timelines in Streamline)

- High too (look at
“Mali Memory Bandwidth Usage”
counters)

arm

LuminancePyramid 2.411 46.7 53.9 100.6
ReconstructPrevDepth 0.268 6.91 8.1 15.01
DepthClip 0.205 6.97 7.18 14.15
Lock 0.1 2.12 2.03 4.15
AccumulateSharpen 2.725 53.2 48.5 101.7
RCAS 0.611 18.9 10.6 29.5
TOTAL 6.55 134.8 130.31 265.11
TOTAL (No RCAS) 5.939 115.9 119.71 235.61

FSR2 x1.7 (1412x635 -> 2400x1080) | Duration (ms) Head BW (ie) _wiite B (i)

LuminancePyramid 3.161 49.3

ReconstructPrevDepth 0.527 1.7 10.8 18.5
DepthClip 0.444 1.7 9.3 21
Lock 0.137 1.84 2.35 4.19
AccumulateSharpen 2.804 55.9 45.5 101.4
RCAS 0.664 19.8 10.4 30.2
TOTAL 7.737 155.64 127.65 283.29
TOTAL (No RCAS) 7.073 135.84 117.25 253.09

FSR2 x1.5 (1600x720 -> 2400x1080) dBW M) Wiite B IMiE)

LuminancePyramid 3.676 188.1
ReconstructPrevDepth 0.724 9.2 13.5 22.7
DepthClip 0.644 14.4 11.6 26
Lock 0.171 2.98 3.03 6.01
AccumulateSharpen 2.822 61.1 49.3 110.4
RCAS 0.681 21.7 10.8 32.5
TOTAL 8.718 157.78 187.93 385.71
TOTAL (No RCAS) 8.037 176.08 177.13 353.21;
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Arm ASR — Final “Quality” preset

- The “Quality” shader preset was an ultra-optimized FSR2.
Roughly 100% IQ match

- This can be used on production by high-end content

- Duration within a reasonable budget, we can still do better
about bandwidth though

- Time to scale things down and make controlled sacrifices
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strred
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0.154
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0.00
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FSR2

TOTAL

Arm ASR (Quality)

Mo RCAS, x1.5 (1600x720 -> 2400x1080) 8.037 353.21

arm

Duration (ms) Total BW (MiB]} Duration [ms) Relative (%) Total BW (MiB)  Relative (%)
x2 (1200x540 -> 2400x1080) 6.55 265.1
Mo RCAS, x2 (1200x540 -> 2400x1080) 5.939 235.6
x1.7 (1412%635 -= 2400x1080) 1.737 283,
Mo RCAS, x1.7 (1412x635 -> 2400x1080) 7.073 253.
x1.5 (1600x720 -= 2400x1080) 8.718 385.7

50 100 150 200
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Balanced Preset - Results
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42 -

40 -

38 4

36 1

48
46
44
42
40 -
38 -
36 -
34 -

Duration (ms)

psnr ssim
0.985 A
0.980
0.975
0.970
ArmASR_x2_b ArmASR_x2_b
ArmASR_x2_q 0.965 ArmASR_x2_q
50 100 150 200 50 100 150 200
tpsnr strred
0.20 4
0.15 4
0.10 4
0.05 A
ArmASR x2 b ArmASR x2 b
ArmASR_x2_q ArmASR_x2_q
T T T T T T T T
50 100 150 200 50 100 150 200

Arm ASR (Quality)

Total BW (MiB)

Duration (ms)

Arm ASR (Balanced])
Total BW (MiB)

Relative (%)

Relative (%)

%2 (1200x540 -> 2400x1080) 2.453 76.222 1.929 -21% 58,73 -23%
No RCAS, x2 {1200x540 -> 2400x1080) 2.046 63.382 1.632 -20% 48,29 -24%
x1.7 (1412635 -= 2400x1080) 2.586 00.14 2.2 -15% 712,26 -20%
No RCAS, x1.7 (1412x635 -> 2400x1080) 2.242 75.85 1.9 -15% b1.71 -19%
x1.5 (1600x%720 -= 2400x1080) 2.786 06.43 2.459 -12% 80.26 -17%
No RCAS, x1.5 (1600x720 -> 2400x1080) 2.407 82.71| 2.162 -12% 69.15 -16%

%
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Performance Preset - Results
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TOTAL

42

40 -

38 A

36

48
46
44
42
40
38
36
34 4

Duration (ms)

psnr ssim
0.985 A
0.980 A
0.975 A
0.970 A
ArmASR_x2_p ArmASR_x2_p
ArmASR_x2_q 0.965 - ArmASR_x2_q
50 100 150 200 50 100 150 200
tpsnr strred
0.20 4
0.15 4
0.10 4
0.05 4
ArmASR_x2_p ArmASR_x2_p
ArmASR_x2_q ArmASR_x2_q
T - ‘ - 0.00 T r ‘ -
50 100 150 200 50 100 150 200

Arm ASR (Balanced)
Total BW [MiB)

Duration (ms)

Arm ASR (Performance)

Relative (%) Total BW [MiBE)

Relative (%)

x2 (1200x540 -> 2400x1080) 1.929 58.73 1.855 -A% 50.09 -15%
No RCAS, x2 (1200x540 -> 2400x1080) 1.632 48.29 1.558 -5% 41.14 -15%
x1.7 (1412%635 -=> 2400x1080) 2.2 72.26 2.044 -T% 61.07 -15%
Mo RCAS, x1.7 {1412x635 -= 2400x1080) 1.9 61.71 1.744 -8% 52.42 -15%
x1.5 (1600x720 -=> 2400x1080) 2.450 80.26 2.306 -6% 71.29 -11%
No RCAS, x1.5 (1600x720 -> 2400x1080) 2.162 69.15| 2.007 -T% 02.59 -9% A
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FSR2 vs Arm ASR (All presets) — 2x (1200x540 -> 2400x1080)

Duration comparison (ms) Bandwith comparison (MiB)
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TECHNIQUE TECHNIQUE

LuminancePyrmaid ™ Reconstruct&Dilate DepthClip Lock Accumulate RCAS LuminancePyrmaid ™ Reconstruct&Dilate DepthClip Lock Accumulate RCAS
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Arm ASR at GPC 24
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Accuracy

.....

FPS:20.274

DeviceProfile: Android_Mali_G7xx_Vulkan
ShaderPlatform: VULKAN_SM5_ANDROID

ShadingPath: Desktop(ForwardEnabled: 0)
v1.1.1[1.1]62b1fd4 FPS: 39.056

DeviceProfile: Android_Mali_G7xx_Vulkan
ShaderPlatform: VULKAN_SM5_ANDROID

o
v1.1.1[1.1] 62b1(d4 FPS: 20.274




Some more data (internal benchmarking)

- Running on an Immortalis-G720 device at target-res 1600x720
- Average data gathered after 3 runs, each run was 900 frames long

- Used the Quality preset, plenty of savings in this content to offset for the upscaler

FPS FPS per Watt
60 669 6 5.54
5.01
50 : 5
43.64 4.35
40 4
3.02
30 " 3 ------------------------- -———
L. 1.44x 1.66x 1.83x
; . 2X 2

20

1
10

0

0 Native Arm ASR 1.5x Arm ASR 1.7x Arm ASR 2x (Quality)
Native Arm ASR 1.5x (Quality) Arm ASR 1.7x (Quality) Arm ASR 2x (Quality) (Quality) (Quality)
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Integrating Arm ASR
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Where can | run Arm ASR?

Not vendor specific.
- Can run in any platform.

Gfx APl agnhostic
- Arm ASR is a shader-based technique
- Can run with every API out there: Vulkan, GLES, DX11, DX12, Metal ...

Advise to run on late 2022 devices (i.e Immortalis-G715) and onward
- Hard to run efficiently temporal techniques in older devices without sacrificing too much 1Q
- For older devices you might want to fallback to spatial upscalers
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User experience: The challenge!

Technique’s complexity
Multiple stages/shaders, intermediate resources ...
Multiple shader quality presets (variants)
Providing the correct uniform data

Integration time
Vulkan is our main target, and it is not a trivial API
Minimize how long it takes to do a first working integration
Leave the door open for developers to connect things tightly with their renderers

Maintenance & Scalability
Minimize user’s APl fragmentation with existing techniques
Abstract algorithm details, APl & platform
Think about the future and minimize impact to developers updating to newer versions
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What we did ... follow AMD'’s lead with FidelityFX SDK

Reference implementation comes with everything needed for ArmASR to be almost standalone
(modified FidelityFX-SDK and the technique)

We rely on ffx (ffxm to avoid symbols duplication issues) to provide a simple wrapping AP
abstracting algorithm details

Provide an extended standalone VK backend with precompiled shaders for quick integrations in
Vulkan environments

Ffxmlinterface can be overridden by the engine to connect the technique tightly with the renderer
(i.e RenderGraph)
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How to ... initialize?

arm

Renderer

Arm ASR Bindings Initialization (first frame or when settings change)

. Include “ffxm_interface.h” and “ffxm_fsr2.h”

. Include “ffxm_vk.h” if using standalone VK backend

1. Allocate required memory for the context
2. Fill the Ffxmlinterface

3. Create context. See ffxmFsr2ContextCreate and FfxmFsr2ContextDescription
e Select quality preset with FfxmFsr2ContextDescription::qualityMode

Arm ASR

doc
include
SIC

tools

| CMakelists
| LICENSE

README
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How to ... upscale?

Renderer Arm ASR

Arm ASR Bindings Upscale (every frame) doc

include

Populate FfxmResource for every input texture

(Optional) Fill the FfxmFsr2GenerateReactiveDescription with the tools

parameters __ CMakeLists
LICENSE

(Optional) Call ffxmFsr2ContextGenerateReactiveMask README

Fill a FfxmFsr2DispatchDescription with parameters
Call ffxmFsr2ContextDispatch

*ffxm_fsr2.cpp contains the algorithm and will call the function pointers in
ffxminterface
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How to ... shutdown?

arm

Renderer

Arm ASR Bindings Shutdown (end of session or recreating)

1. Wait for any in-flight gpu work using the resources
2. Call ffxmFsr2ContextDestroy

3. Deallocate the memory used to host the context

Arm ASR

doc
include
SIC

tools

| CMakelists
| LICENSE

README
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User’s responsibilities (tight integration)

- Shader compilation and loading as part of your engine’s workflow

- Patch shader bindings (UAV, SRV, UBOs, RTs) when fpCreateComputePipeline or

fpCreateGraphicsPipeline are called. See FixmPipelineState.

- Provide custom hooks for function pointers in Ffixminterface.

FfxmInterface {

fpGetSDKVersion;
fpCreateBackendContext:
fpGetDeviceCapabilities;
fpDestroyBackendContext;
fpCreateResource;
fpRegisterResource;
fpGetResource;
fpUnregisterfResources;
fpGetResourceDeseription;
fpDestroyResource;
fpCreateComputePipeline;
fpCreateGraphicsPipeline;

fpDestroyPipeline;
fpScheduleGpudob;
fpExecuteGpulebs;

scratchBuffer;
scratchBufferSize;
device;
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Arm ASR meets Vulkan
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State of things

Dealing with low level Vulkan details takes time
- Synchronization, resource management, RenderPass ...

A tight integration with Vulkan might take longer if your engine is not well prepared

We wanted to help developers to speedup their integrations when targeting Vulkan
- Reused and extended the standalone Vulkan backend

arm Public © 2025 Arm 27



So, how does the integration look like?

Shaders are precompiled (See “tools/generate_prebuilt_shaders.py”) and serialized in headers with
reflection information.

- Either hlsl or glsl can be used in this workflow. For hlsl, we use [[vk::binding(...)]] when compiling with
DXC.
- “ffixm_vk.cpp” will retrieve the correct shader variants at pipeline creation.

When allocating memory and filling the Ffxminterface
- Use fixmGetScratchMemorySizeVK & fixmGetinterfaceVK.

When filling FixmResource
- The “resource” field must contain the Vkimage handle.

When filling FixmFsr2GenerateReactiveDescription or FixmFsr2DispatchDescription
- The “commandList” field should be the VkCommandBuffer handle.
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Modern Vulkan: 16-bit types

- Use explicit types (wide coverage 77.67%):
- GL EXT shader explicit arithmetic types
- VK KHR shader floatl6 int8

*Use 16b arithmetic to reduce register pressure

—
ro3 2 01 ro0
All platforms g® Windows A Linux Android & macos i0s
add
Search:  WK_KHR_shader_float16_ 32 bit IDﬂlC B :> r23 re2 r21 r20
Device coverage  First seen  Additional r3 2 r11 o
Extension | EE % Date E P -
VK_KHR_shader float16 int8 77.67% 2019-06-19 Q Q

add16
16 bit logic ro3 02 01 ro0 |:> M3 [ rm2 r11 r10

- Micro-optimized shader logic to tell the compiler what needed to be half precision.
- This work happened together with us using our internal shader disassembly for full visibility
- Thanks to doing this we removed all the stack spilling from the shaders

- We also provide fallback to plain RelaxedPrecision for shaders (i.e compiling for older devices)
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https://github.com/KhronosGroup/GLSL/blob/main/extensions/ext/GL_EXT_shader_explicit_arithmetic_types.txt
https://registry.khronos.org/vulkan/specs/latest/man/html/VK_KHR_shader_float16_int8.html

Modern Vulkan: Subgroup ops

° AMD,S SPD paSS can Work W|th SUbgrOUp quad OpS FfxFloat32x4 SpdReduceQuad(FfxFloat32xd v)
for the reduction. See: I ._ .
#if defined( ) && ldefined(

- KHR_shader_subgroup FfxFloat32x4 v@ = v;

- GL KHR shader subgroup quad FfxFloat32x4 vi
FfxFloat32x4 w2

FfxFloat32x4 v3
return SpdReduced(v@, vi1, v2, v3);
#else

subgroupQuadSwapHorizontal(v) ;

subgroupQuadSwapVertical(v);

subgroupQuadSwapDiagonal (v) ;

- Arm ASR uses subgroup-based workflow by default
. Can use FFXM_SPD_NO_WAVE_OPERATIONS to
disable them

. Wasn’t the case for FSR2/Arm ASR but (for awareness):
- Different platforms have different warp size (Current Mali -> 16 threads per subgroup).
- Wrongly assuming a particular warp size could lead to buggy results in certain platforms
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https://registry.khronos.org/OpenGL/extensions/KHR/KHR_shader_subgroup.txt
https://github.com/KhronosGroup/GLSL/blob/main/extensions/khr/GL_KHR_shader_subgroup.txt

Conclusions

arm



Conclusions

Simplified learning curve by reusing most of FSR2’s integration process (FidelityFX way).

Arm ASR became a platform and APl agnostic technique abstracting the user from these details.
Also, provided mechanisms to target older APlIs like GLES 3 2, DX11 ...

Provided 2 paths for integrations:
- Quick integrations targeting Vulkan
- Slower but more flexible integrations connecting the technique tightly to the engine’s renderer.

The user is abstracted from algorithmic details.
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Arm ASR Experience Kit

Coming soon

v, i W

Source code Tutorials Plugins
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