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MediaPipe Solutions DXON

Complex on-device ML, simplified

We've abstracted a the complexities of making on-device ML
customizable, production-ready, and essible across
platforms

Lightweight ML models all while preserving accuracy
Domain-specific processing including vision, text, and audio
End-to-end acceleration across CPU and GPU

Complex pipeline graph with multiple models and states

Cross-platform deployment to Android, iOS, web, bare metal




Vision examples

Flamingo 95%

=\

Face Detection Face Landmark Detect : %\

Identify faces in images and video Identify facial features for visual ef

PR Code examples PEE— codesramg  Object Detection Image Classification Hand Landmark
Track and label objects in images and video Identify content in images and video Identify and track hands and fingers.

mpl e dem den Code example

Thumbs up 63%

i

Hand Gesture Recognition Image Segmentation Interactive Segmentation

Identify and recognize hand gestures. Locate objects and create image masks with labels. Select objects interactively and create image masks



https://developers.google.com/mediapipe/solutions/examples

MediaPipe Solutions

Text examples

“Great movie with a classic
plot. | will recommend this
to everyone.”

Output: W W W % W 0

Text Classification

Classify text into relevant tags.

See demo Code examples

Audio examples

| read a research
paper on dwarf

galaxies and Bird Call

black holes.

Text Embedding

Embed texts into feature

See demo

DXON
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https://developers.google.com/mediapipe/solutions/examples

Image Genercation
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a colorful cartoon raccoon wearing
a floppy wide brimmed hat holding
a stick walking through the forest,

animated, three-quarter view,

20 2186 RANDOMIZE

_1

GENERATE
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sports car driving on the h|ghway{
animated, three-quarter view,
painting

2412 RANDOMIZE

GENERATE
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https://developers.google.com/mediapipe/solutions/vision/image_generator

MediaPipe Framework DXON

MediaPipe Framework is the low-level component used to build efficient
on-device machine learning pipelines, similar to the premade MediaPipe Solutions

MediaPipe Framework 0 -

* Note: If you're only interested in an easy way to integrate on-device machine learning solutions into your app, use the premade

solutions provided by MediaPipe Solutions.
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https://developers.google.com/mediapipe/framework
https://developers.google.com/mediapipe/solutions/guide.md
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Jpbtxt —> *.binarypb
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Framework concepts DXON

* pbtxt —> *.binarypb

Input_video
input_stream: "input_video"

0 FINISHED
Flow Limiter
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Recolor
IMAGE_GPU

output_video
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Graph
Streams

Nodes/Calculators

* pbtxt —> *.binarypb

Input_video

0 FINISHED
Flow Limiter

Image
SelfieSegmentationGpu
SEGMENTATION_MASK

MASK_GPU IMAGE_GPU

Recolor
IMAGE_GPU

output_video

DXON

18



Framework concepts DXON

* pbtxt —> *.binarypb

node {
calculator: "RecolorCalculator”
input_stream: "IMAGE_GPU:throttled_input_video"
input_stream: "MASK_GPU:segmentation_mask"
output_stream: "IMAGE_GPU:output_video"
node_options: {
[type.googleapis.com/mediapipe.RecolorCalculatorOptions] {
color{r:0g:0b: 255}
mask_channel: RED
invert_mask: true
adjust_with_luminance: false
}
}
}

Input_video

0 FINISHED
Flow Limiter

Image
SelfieSegmentationGpu
SEGMENTATION_MASK

MASK_GPU IMAGE_GPU

Recolor
IMAGE_GPU

output_video
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Framework concepts
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Framework concepts
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GPU usage DXON



https://developers.google.com/mediapipe/framework/framework_concepts/gpu

GPU usage DXON

Realtime Rendering +
rendering effects + analysis
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https://developers.google.com/mediapipe/framework/framework_concepts/gpu

GPU usage DXON

Flexible Efficient
Placement Data Transfer
A Platform- Combining
Cpuﬁgbﬂfgg _— Specific CPU and GPU
Implementation Opercations

e
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https://developers.google.com/mediapipe/framework/framework_concepts/gpu
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DION DXON

interface VideoCapturer {
public void initialize(
SurfaceTextureHelper surfaceTextureHelper,
Context applicationContext,
CapturerObserver capturerObserver

28
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preview.setSurfaceProvider(
executor

) { request: SurfaceRequest ->
val surface = Surface(surfaceTexture)
request.provideSurface(surface, executor) { surface.release() }

DXON
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DXON

ExternalTextureConverter

RenderThread:

GIThread, OnFrameAvailableListener

Surface

: —> ] - : : :
CameraX : : Preview : : e turc : mv

GL_TEXTURE_EXTERNAL_OES

Texture
Frame

GL_TEXTURE_2D
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TextureFrame DLON

interface TextureFrame{
int getTextureName();
int getWidth();
int getHeight();
long getTimestamp();
void release();

}
interface TextureFrameConsumer { interface TextureFrameProducer {

void onNewFrame(TextureFrame frame); void setConsumer(TextureFrameConsumer next);
} }

interface TextureFrameProcessor extends TextureFrameProducer, TextureFrameConsumer {}
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public class FrameProcessor implements TextureFrameProcessor {

private Graph mediapipeGraph;

private AndroidPacketCreator packetCreator;
private String videolnputStream;

private String videoOutputStream;

public FrameProcessor(
Context context,
long parentNativeContext,
String graphName,
String inputStream,
String outputStream) {
mediapipeGraph = new Graph();
mediapipeGraph.loadBinaryGraph(graphName); // *.binarypb

packetCreator = new AndroidPacketCreator(mediapipeGraph);
videolnputStream = inputStream;

videoOutputStream = outputStream;
mediapipeGraph.setParentGlContext(parentNativeContext);

34
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DXON

Frame Processor

> RS i EEESEh
Texture Frame E 3 Packet
@Override

public void onNewFrame(TextureFrame frame) {
Packet imagePacket = packetCreator.createGpuBuffer(frame);
mediapipeGraph.addConsumablePacketTolnputStream(
videolnputStream, imagePacket, timestamp

);
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Texture Frame
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onNew
Frame

DXON

Frame Processor

mediapipeGraph.addPacketCallback(
videoOutputStream,
new PacketCallback() {
@Override
public void process(Packet packet) {
for (TextureFrameConsumer consumer : currentConsumers) {
TextureFrame frame = PacketGetter.getTextureFrame(packet);

3 consumer.onNewFrame(frame);
—> i Grapl ( )
Packet 1 }
: }
N;
Packet Callback
1 ] Texture
3 Process : > Consumers
Packet Texture Frame
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Frame Processor

Surface Output
- > 3 Surface
Draw
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DXON

Frame Processor

Surface Output

- > i Surface
Draw

onNew
— > § Frame — : Graph : _<

Texture Frame Packet

videoSurfaceOutput = mediapipeGraph.addSurfaceOutput(videoOutputStream);

L 1 1 ] Texture
F . > .
] Process ] : Consumers
Packet Texture Frame
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Common View

class MediapipeVideoView(
context: Context,
attrs: AttributeSet? = null,

GLSurfaceView(context, attrs),
TextureFrameConsumer {
private val renderer =
GISurfaceViewRenderer()

init {
setEGLContextClientVersion(...)
setEGLContextFactory(...)
setRenderer(renderer)
renderMode = RENDERMODE_WHEN_DIRTY

override fun onNewFrame(frame: TextureFrame) {
renderer.setFrameSize(frame.width, frame.height)

renderer.setNextFrame(frame)
requestRender()

}

DXON

MediapipeView :
GLSurfaceView,
TextureFrameConsumer

Renderer:
GlISurfaceView.Renderer

——> § ?:?glrivev 3 ——> setNextFrame
Texture Frame Texture Frame
NN onDraw
] Frame
requestRender()
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WebRTC Render DIXON

Texture
Frame
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WebRTC Render DIXON

webrtc.Texture
Bufferimpl

Texture
Frame
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WebRTC Render DIXON

frame: TextureFrame

webrtc.Texture
Bufferimpl
val texture = org.webrtc.TextureBufferimpl(
frame.width,
frame.height,
VideoFrame.TextureBuffer.Type.RGB,
frame.textureName,
: Texture
) Frame
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WebRTC Render

frame: TextureFrame

val texture = org.webrtc.TextureBufferimpl(
frame.width,
frame.height,
VideoFrame.TextureBuffer.Type.RGB,
frame.textureName,

DXON

webrtc.VideoFrame

webrtc.Texture
Bufferimpl

Texture
Frame
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WebRTC Render

val texture

videoFrame = org.webrtc.VideoFrame(texture,...)

DXON

webrtc.VideoFrame

webrtc.Texture
Bufferimpl

Texture
Frame

54



WebRTC Render

source?.capturerObserver?.onFrameCaptured(videoFrame)

—> E

Texture Frame

DXON

RtcRenderer

webrtc.VideoSource

CapturerObserver
onNew 53 onFrame
Frame " Videorrame | Codptured
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Results

Production
relecse

Improvement
in CPU uscage

Improvement
in memory
usage

Performance
improvement

due to less usage of GC

DXON

APK Size

[from 205mb to 62mb ]

[installed size ] [from 236mb to 143mb ]

More control

over the image processing process
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Results

RAM, mb CPU in Settings, %

DXON

CPU in Conference, %

® Bitmap ® Min ® Min
Mediapipe Max Max
300 30 40
35
250 25
30
200 20
25
150 15 20
15
100 10
10
- B
50 5
5
0 (0] 0
Settings Settings Settings  Conference Conference Conference Bitmap Medigpipe Bitmap blur Medigpipe Bitmap image Mediapipe Bitm ap Medigpipe Bitmap blur Medigpipe Bitmap image Mediapipe
(default (blur) (image) [CIEETR) (blur) (image) default default blur image default default blur image
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Tips and tricks

Clangd

Efficient
Gaussian
blur

Blur Kernel
Generator

Hedron's Compile Commands

Extractor for Bazel

Reduce
MediaPipe size

-_;

MaskOverlay fix
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https://github.com/google/mediapipe/issues/2105
https://github.com/google/mediapipe/issues/2105
https://clangd.llvm.org/
https://github.com/google/mediapipe/issues/3405
https://github.com/hedronvision/bazel-compile-commands-extractor
https://github.com/hedronvision/bazel-compile-commands-extractor
https://lisyarus.github.io/blog/graphics/2022/04/21/compute-blur.html
https://lisyarus.github.io/blog/graphics/2022/04/21/compute-blur.html
https://lisyarus.github.io/blog/graphics/2022/04/21/compute-blur.html
https://lisyarus.github.io/blog/graphics/2023/02/24/blur-coefficients-generator.html
https://lisyarus.github.io/blog/graphics/2023/02/24/blur-coefficients-generator.html
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