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Agenda

10 min: Introduction and terminology of existing systems

10 min: System level block diagram and new concepts

10 min Hardware & software architecture, system partitioning

15 min: Demo of Glass break detection (Optional wake-word trigger)
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Building Automation — Design Challenges
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Superset Sensor Block diagram
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System level block diagram and new concepts
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Low Power Audio Detection/Classification

» Design Goal

— Long battery life audio
detection and classification

» AFE Considerations
— VM1010 SNR ~60.5dB
— Low power consumption
» Sleep Mode: 19uW
» Record Mode: 264uW

Low Power Glass Break Detection
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Case Study: Glass Break
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Hardware & software trade offs for DNN

glass break detect

* A new hardware platform
— AV Boosterpack development

« DNN glass break sensor

— Large Datasets used for training
* Optimized AFE

— Vesper microphone

— Low power ADC

— Sensor Controller

Detection Under 20dB SNR 99%
Detection Under 10dB SNR 98%

0.3 per day
False Alarms (single confirmation)

Basic System Block Diagram
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Software Compute Hierarchy

Detection
Confirmation

Glass Break
Detection

Sound
Threshold

Turn the radio on; Communicate
the detection and the audio data

Another detection for confirming;
reducing false positives

If there is activity, check for
possibility of glass breaking

Always running and checking for
sound activity
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Glass Break NN: Deep Neural Network (DNN) Approach

Accuracy

¢ Improved Final

DNNl "\ DNN \ Trained
DNN Topolog DNN Model Model T ¢ Cod
o arget Code
Topology Training Validation Generation
Selection
J J

Training Server
GPU Acceleration

TRAIN

Compute/Memory GlassBreak Samples Compare outcome vs target Target HW, ava|lable RAM/FLASH
Constraints Non-GlassBreak Samples False Accept vs Compute Bandwidth
Use-case dependent Noise Samples False Reject
6 Detection
i Probabilitigs .
S 4 Ee?turﬁ Features Trained Post Detection
o : PX rlic on DNN Processing Result
W  Ccc1352 LP re-Processing Model
0O MSP432P4 LP
Other M4F Target INFERENCE

NN Technology used for Wake-Word, “call 9-1-1”, gun-shot, other classification
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Glass Break NN: Training Framework and DNN Model

TRAIN

Training Server
GPU Acceleration

@ python
O PyTorch

Accuracy
" Improved Final
DNN DNN Trained
opology Model Model
NN DNN . Target Code
Topology . Validation
- Training Generation
Selection
Efficient CNN
Limited layers
Feature Extraction
Compare outcome vs target  Efficient Code Generation
GlassBreak False Accept vs CMSIS-NN Convolutions
L False Reject . .
Compute Limited Quantization
CM4F 48MHz “glassbreak” samples
Limited FLASH/RAM “SILENCE” samples
“OTHERS” samples

Large database of .wav files
Approx 1sec .wav files
Random selection
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Case Study:
Wake word demos (Near-field & Far-field)
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Glass-Break Demo
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Wake-Word Demo
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Wake Word Demo Hardware (Near-field)
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"' ) Process/Data Flow

@ Person talking

@ Voice @ 16KHz to CC3220 for wake-word detection
@ Wake-word recognized, voice sent to cloud

@ MP3 response received back from cloud

@ Change sample rate to 24 KHz

@ MP3 decoded voice sent for playback

@ Voice output @ 24 KHz on speakers

SPI

SD Card Breakout PCB

Micro SD Card
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Wake Word Demo Hardware (Far-field)

L Ny

J . WiFi
N @ Speaker
Process/Data Flow @ Sisren
b\ —1|||1
@ Person talking
@ Voice @ 16KHz to DSP for wake-word detection
Stereo
@ Wake-word recognized, command sent to CC3220
@ Voice @ 16 KHz sent to CC3220 2 r 25 iPod Shuffle
Mono

@ Voice sent to cloud C6747 EVM D —
@ MP3 response received back from cloud - o My ) Microphone

@ Change sample rate to 24 KHz

MP3 decoded voice sent to DSP

@ Voice output @ 24 KHz on speakers

8x Mono
-

Micro SD Card
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Demo Overview
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