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* Embedded multimedia driven by Al
* Evolution of multimedia at the edge
* Enabling Al solutions efficiently at the edge

e Ecosystem from Qualcomm Technologies
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Embedded multimedia driven by Al
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From mobile station modem to Snapdragon® SoCs VISION

Growth of multimedia to support the business development of Qualcomm Technologies SUMMIT’

* Multimedia content creation, distribution and consumption
e Consumption in dual ways: device < user
* Revolutionizing the processes by Al
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- : , . EMBEDDED
From algorithm-engineering to data-driven approach VISION
Al enabled a new generation of multimedia solutions on edge SUMMIT

* Example on visual object tracking
* CV algorithm: Touch-to-track (T2T) by using KCF, KL flow, and updated templates with BRIEF+NCC
» Data-driven: Semantic object tracking (SOT) by a NN semantic visual encoder with multiple attentions
* Doubled accuracy in benchmark

* Edge implementation on Snapdragon®
* NN running on Qualcomm® Hexagon™ NPU, Qualcomm® Adreno™ GPU, or Qualcomm® Oryon™ CPU
* CV algorithms with dedicated hardware on the Engine for Visual Analytics (EVA)

— | & -~

Semantic segmentation
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Scene classification

Semantic
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Semantic object tracking (SOT)

Human body, parts, and pet detection

Multi-instance tracking

Semantic segmentation |
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From artificial perception to artificial intelligence \;TBSEIDE‘EJII)\I

Enable machines to sense or to make analysis for prediction SUMMIT'

 Atrtificial perception (AP)
* Auditory, visual, and other sensing technologies enabling machines to acquire surrounding information
* Examples in computer vision technologies: object detection, tracking, classification, etc.
e Artificial intelligence (Al)
* Goal of Al: mimic core cognitive activities of human thinking
* The NN foundation models trained on large amount of data applied in multi-tasks show possibilities
* Vision language model (VLM) with cross-modal knowledge fusion

* Examples on edge
* Open vocabulary segmentation, detection and tagging ¢ Al glasses in recall, assistant, and forensic search

Visual
prompt —
encoder

Detection
decoder

Multi-modal
emia Kknowledge
fusion

Mask
decoder

Image
encoder

Text * g =
Class of tags ——p» prompt — LLM N J:ffég% » Tag: child K(g\ Whatdsh dd e on g
encoder
e B e )
You had avocado toast.

“Find kids sitting on couch” A
Open vocabulary segmentation, detection and tagging Al recall Al assistant
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From Al to generative Al

EMBEDDED

VISION

Create new content, like text, audio, image, video, or code, from “emergent” abilities SUMMIT'

 Embedded gen Al in text generation
e Llama-v3.2-3B-Chat, Llama-v3-8B-Chat, Phi-3.5-mini-instruct, etc.
* 10+ LLM models available at Qualcomm Al Hub
* Embedded gen Al in image generation
* ControlNet, Riffusion, Stable-Diffusion-v2.1, etc.
* Example app: Background augmentation in Portrait Video Relighting
* Gen Al in human biometric data generation
* Al model training data synthesis, e.g., same ID with different appearance
* Applied in human biometric authentication to avoid issue of data privacy

Portrait video relighting

AlVideo

Stable Diffusion B

"A 360 ° view 5 Relighting
of a city Text-to-360

center under HDRI

neon lights” Background

23 QQ‘F IDRI Background Relit Portrait | Driving face
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Llama-v3.-8B-Chat Llama-v3.2-38-Chat Uama-v3-8B-Chat

Face synthesis

Source image Generated face


https://aihub.qualcomm.com/models/llama_v3_2_3b_chat_quantized?domain=Generative+AI&useCase=Text+Generation
https://aihub.qualcomm.com/models/llama_v3_8b_chat_quantized?domain=Generative+AI&useCase=Text+Generation
https://aihub.qualcomm.com/models/phi_3_5_mini_instruct_quantized?domain=Generative+AI&useCase=Text+Generation
https://aihub.qualcomm.com/models?domain=Generative+AI&useCase=Text+Generation
https://aihub.qualcomm.com/mobile/models/controlnet?domain=Generative+AI&useCase=Image+Generation
https://aihub.qualcomm.com/mobile/models/riffusion?domain=Generative+AI&useCase=Image+Generation
https://aihub.qualcomm.com/mobile/models?domain=Generative+AI&useCase=Image+Generation
https://www.youtube.com/watch?v=pDSSKQD7IUs

Evolution of multimedia at the edge
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. EMBEDDED
From smartphone to personal Al assistant VISION
Al assistant avatar driven by gen Al with real-time human face animation SUMMIT

Al Assistant Avatar  § voice ASR
e Talking avatar to embody an LLM as an Agentic Al Press Mic o Ask Queston
* In Snapdragon® 8 Elite mobile platform for smartphone ﬂtext
* In Snapdragon® X Elite platform for Al PC
* Applications as Al assistant avatar, translator, info kiosk, etc. Ty
ﬂtext
| TTS
Snopdragon ﬂvoice
X A2B
’ Elite
ﬂblendshape
graphics
animation
{—| Avatar

N »
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https://www.youtube.com/watch?v=Zfd9S2hMZug

From stereo sound to spatial audio rendering VISION

Al-driven spatial audio with head tracking SUMMIT'

e Reconstruction of sound field
* Human hearing allows us to precisely identify the location of sounds.
* Human brain interprets location cues according to how sound interacts with the shape of ears and heads.
» Spatial audio technology emulates acoustic interaction to stimulate the mind into perceiving sound in 3D.
* Over earbuds or headphones, the emulation relies on sound filters of Head Related Transfer Function (HRTF).

* Head tracking to align the sound field with the world coordinates

* By using 6-DoF motion tracking in VR HMD or AR glasses
* By using facial landmarks and head pose tracking to link a display with earbuds or headphones

Spagial audio

P
&
2
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https://www.qualcomm.com/products/features/snapdragon-sound/spatial-audio
https://www.qualcomm.com/news/onq/2017/08/advancing-inside-out-motion-tracking-immersive-mobile-vr
https://www.qualcomm.com/news/onq/2017/08/advancing-inside-out-motion-tracking-immersive-mobile-vr

From 2D video to 3D spatial media by Gaussian splatting

Al-driven spatial visual media

Channel

Blendshapes
+ gaze vector

e Reconstruction of the real 3D world
* Picture and video is 2D projection of the 3D real world
* Rebuild a photorealistic virtual 3D world

* Gaussian splatting (GS) representation

Per splat:
Color
Rotation
Position
Scale

* Content capturing and creation ko SIS opciy
* Content transition and rendering View of receiver

* Relightable GS avatar
* Facial expression encoder
* Blandshapes over the communication channel
* Avatar decoder, 3D GS rendering and animation

2025 Qualcomm Technologies, Inc.
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Enabling Al solutions efficiently at the edge
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EMBEDDED

From multi-stage to one-stage model VISION
End-to-end approach for faster and low-power solution SUMMIT
* Many CV tasks may involve Hand gestures

* Multiple steps, e.g., detection, tracking, classification, etc. and/or
* Multiple pipelines from different cameras and/or sensors, such as ADAS
* Data-driven approach for an end-to-end solution

* Hand gesture recognition
* Multi-stage: hand detection, skeleton, & gesture classification

* One-stage: detection of multiple hand gestures

Multi-class
objects detection

* BEVin ADAS
* BEVFormer (birds eye view) networks with multi-camera inputs to
reach high accuracy at the system level
* Representing surroundings using BEV perception in downstream
modules for planning and control

Qua ICONM 2025 Qualcomm Technologies, Inc.
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https://www.qualcomm.com/news/onq/2023/09/modern-vehicles-see-more-with-computer-vision

. . EMBEDDED
From single-task to multi-task neural networks VISION
Shared backbone for CV feature concurrency SUMMIT'

* Visual encoder-decoder architecture with transformer Output: multi-tasks for Al camera

e Multi-task NN as a foundation model

Qualcomwn

Self-attention for accurate semantic segmentation
Cross attention with queries for multiple other tasks

Instance Segmentation

~ Semantic Segmentation Monocular Depth

Semantic and instance segmentation
Monocular and instance depth
Uncertainty map for smoother bokeh
Head detection and skin tone classification
Scene classification

Body pose detection

Instance Depth

Multi-task semantic analysis with ViT

Scene Detection Head Box/Skin Tone
CNN CNN . ~ad
encoder decoder o - il

L]

Input image/video
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From transformer to Mamba-like linear attention \;TBSEFE'E)IID\I

Fitting better on the edge with compute, memory and power limitations SUMMIT'

Qsegnet 1

* Advantage of transformer with multi-head attention

* Popular NN architecture for LLM and vision models

» “Attention is all you need.” O=Softmax(QK")V

* Challenge when not having enough memory — giving up multi-scale attention
* Mamba-like linear attention

* Linear attention by selective state space model

 Attention complexity reduced from O(N?) to O(N)

* Able to use multi-scale attention
* Improvement in video segmentation

* Approach 1: video semantic segmentation based on transformer

* Approach 2: video semantic segmentation based on Mamba-like linear attention

with 6% improvement

;.Cl-éegnei"zl_' o

Complexity : —
o
S

— o(1)

Elements #2: —
15
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Ecosystem from Qualcomm Technologies
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From OEM reference design to ecosystem expansion VISION

New business development demands more on Al-driven multimedia technologies SUMMIT’

* Goals for multimedia application development on the edge
» Support ASIC design, prove SoC functionalities, enable reference design and Saa$, and grow ecosystem

* Ecosystem expansion
* Qualcomm Al Hub: 150+ pre-optimized Al models (from both open source and internal) on devices

* Qualcomm® Intelligent Multimedia SDK: Gstreamer framework with micro-services for typical CV applications

y BRAm. .\

* Qualcomm® Computer Vision SDK: 400+ CV functions accelerated on mobile devices
* Snapdragon® Vision API: CV functions accelerated by HW on mobile devices
e  Qualcomm Al Hub models: custom built vision solutions

* Sample: restricted zone monitoring:
* Detection of feet turns a seemingly complicated 3D reasoning problem into a
2D point check to tell if the zone is stepped into or simply occluded by body.

nuil, 4 (1)

Identity Embedding
I Eye Openness True, True
—
.
I +B {
i A\ /4 [ Glasses False
. J s Sunglasses False
L ]
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https://aihub.qualcomm.com/mobile/models?domain=Generative+AI&useCase=Image+Generation
https://docs.qualcomm.com/bundle/publicresource/topics/80-70018-50/overview.html
https://www.qualcomm.com/developer/software/qualcomm-fastcv-sdk
https://www.qualcomm.com/developer/software/qualcomm-fastcv-sdk
https://www.qualcomm.com/developer/blog/2024/11/introducing-qualcomm-custom-built-ai-models-qualcomm-ai-hub

EMBEDDED
From closed system to open source VISION

Create your solution with our ecosystem of models, cloud, runtime, and SDK partners SUMMIT

Open source at Qualcomm

ey 9 r

?AM‘E‘%I Efficiency Toolkit Qualcomm® Al Hub Apps Qualcomm Al Hub Models Qualcomm® Cloud Al SDK Qualcomm® Linux® Software
= gt slo hine s-of -t} : - . oo ad " N StaCk

A library that provides advanced model quantization le:

Qualcomm Al Hub simplifies deploying Al models for vision, audio, and speech applications to edge

* The key features of Qualcomm Al Hub for Mobile, Compute, Automotive and loT platforms
* 150+ Al models deployed on edge devices https://www.qualcomm.com/videos/qualcomm-ai-hub
* Simple steps to deploy your own Al models on devices

—
—> P —
=
Upload model Auto optimize for Validate performance Optimized medel +
target device and numerics performance report

N J

Qualcomm Edge Impulse simplifies customization and training of Al models to edge
* Powering loT developers with edge Al

Qua ICONVV\ 2025 Qualcomm Technologies, Inc.

Linux® is the registered trademark of Linus Torvaldsin the U.S. and other countries.
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https://www.qualcomm.com/developer/opensource
https://www.qualcomm.com/developer/artificial-intelligence/qualcomm-ai-hub-tab
https://www.qualcomm.com/videos/qualcomm-ai-hub
https://www.qualcomm.com/developer/blog/2025/03/powering-iot-developers-with-edge-ai-qualcomm-rb3-gen2-kit-now-integrated-with-edge-impulse

From simulation to edge deployment
Sample case: Low Power Computer Vision Challenges (LPCVC) at CVPR 2025 workshop SUMMIT

 The LPCVC 2025 with 3 tracks
* Image classification under various lighting conditions and formats
* Open-vocabulary segmentation with text prompt
* Monocular depth estimation

e Sponsored by Qualcomm® Technologies and benchmarked on Qualcomm Al Hub
* Hundreds submissions being uploaded on Snapdragon® 8 Elite or Snapdragon® X Elite for benchmarking
* Winning models will be published at Qualcomm Al Hub in open source

* Organize the 8" Workshop on Efficient Deep Learning for Computer Vision at CVPR 2025

* LPCVC results will be announced in the workshop

EMBEDDED

VISION

IEEE Computer Society

Collaborators

Purdue University, Loyola University Chicago, Lehigh University

Qualcomm

Qualcomwn

$1,500 + Al PC ' $1,000

$500

= Dataset: newly collected/annotated dataset = — ) -
= Model input: a RGB image & text description of an object + X

- Model output: binary instance mask

Track 1: Image classification Model Inputs Devices  Visualized Outputs

- Deployment device: Mobile (Snapdragon 8 Elite)

« Task:image classification -2

- Dataset: newly collected dataset with various lighting i - — L d “Truck”
- Model input: a RGB image s

= Model output: Category probability distribution.

Track 2: Open-Vocabulary Segmentation

« Deployment device: Compute (Snapdragon X Elite) --
- Task: instance segmentation

“Purple vintage car”

Track 3: Monocular Depth Estimation

« Deployment device: Mobile (Snapdragen 8 Elite)

- Task: monocular relative depth estimation el ‘ m
- Dataset: new collected dataset y = - den
= Model input: a RGB image & -

- Model output: relative depth

2025 Qualcomm Technologies, Inc.
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https://lpcv.ai/
https://lpcv.ai/2025LPCVC/cvpr-workshop

EMBEDDED

Resources VISION

SUMMIT

*  Qualcomm Al Hub
* https://aihub.qualcomm.com
*  Qualcomm Intelligent Multimedia Software Development Kit (IM SDK) Reference
 https://docs.qualcomm.com/bundle/publicresource/topics/80-70018-50/overview.html
. Qualcomm Computer Vision SDK
* https://www.qualcomm.com/developer/software/qualcomm-fastcv-sdk
*  Qualcomm Engine for Visual Analytics (EVA) Simulator for Mobile
* https://www.qualcomm.com/search#q=eva&tab=all
*  Snapdragon Ride SDK
* https://www.qualcomm.com/developer/software/snapdragon-ride-sdk?redirect=qdn -
- Snapdragon Spaces SDK Welcome to visit
* https://www.qualcomm.com/snapdragon-spaces-sdk-download
*  Qualcomm® Cloud Al SDK

* https://www.qualcomm.com/developer/software/cloud-ai-sdk QU d I comm
*  Qualcomm Hexagon NPU SDK
* https://www.qualcomm.com/developer/software/hexagon-npu-sdk
booth # 409

*  Qualcomm Neural Processing SDK | Qualcomm Developer

*  https://www.qualcomm.com/developer/software/neural-processing-sdk-for-ai
* Al Model Efficiency Toolkit (AIMET) | Qualcomm Developer

* https://www.qualcomm.com/developer/software/ai-model-efficiency-toolkit
* Qualcomm Linux | Qualcomm

* https://www.qualcomm.com/developer/software/qualcomm-linux

Quo ICONW\ 2025 Qualcomm Technologies, Inc. 20


https://aihub.qualcomm.com/
https://aihub.qualcomm.com/
https://docs.qualcomm.com/bundle/publicresource/topics/80-70018-50/overview.html
https://docs.qualcomm.com/bundle/publicresource/topics/80-70018-50/overview.html
https://www.qualcomm.com/developer/software/qualcomm-fastcv-sdk
https://www.qualcomm.com/developer/software/qualcomm-fastcv-sdk
https://www.qualcomm.com/search#q=eva&tab=all
https://www.qualcomm.com/developer/software/snapdragon-ride-sdk?redirect=qdn
https://www.qualcomm.com/developer/software/snapdragon-ride-sdk?redirect=qdn
https://www.qualcomm.com/snapdragon-spaces-sdk-download
https://www.qualcomm.com/developer/software/snapdragon-ride-sdk?redirect=qdn
https://www.qualcomm.com/developer/cloud-ai-sdk
https://www.qualcomm.com/developer/software/snapdragon-ride-sdk?redirect=qdn
https://www.qualcomm.com/developer/software/hexagon-npu-sdk
https://www.qualcomm.com/developer/software/snapdragon-ride-sdk?redirect=qdn
https://www.qualcomm.com/developer/software/neural-processing-sdk-for-ai
https://www.qualcomm.com/developer/software/snapdragon-ride-sdk?redirect=qdn
https://www.qualcomm.com/developer/software/ai-model-efficiency-toolkit
https://www.qualcomm.com/developer/software/snapdragon-ride-sdk?redirect=qdn
https://www.qualcomm.com/developer/software/qualcomm-linux
https://www.qualcomm.com/developer/software/snapdragon-ride-sdk?redirect=qdn
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