MAX78000

e $20 Low power MCU (datasheet)
e CNN accelerator (64 cores)
e Dual core
o  Arm Cortex-M4 Core
o Low power RISC-V Core
e Oscillator Freq: 100Mhz - 8kHz
e Can be batteryless edge node with CNN

capability with energy harvesting module.
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https://www.analog.com/media/en/technical-documentation/user-guides/max78000-user-guide.pdf

Demo (Face Detection)
26



https://docs.google.com/file/d/1JJLRDmeDpun83v89GBOE9h_IgyhnWKS1/preview
https://docs.google.com/file/d/1P4GG_GTv2FF7cTe3cgqwazaHC1Q0_B4-/preview
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https://docs.google.com/file/d/1f1GHjkjXR86ZJtp4ipoLvoKLQK40p8_D/preview

MAX78000 Limitations

e 442 KB model weight limitation
e 180x180 image resolution (RGB) (without CNN streaming mode)
o 224x224 image resolution (RGB) (CNN streaming mode)
e 512KB flash memory, 128KB SRAM
o Firmware
o Weight and Bias
o Peripheral (camera, mic, etc) Buffer
e Can only do pooling before convolution

e Only supports fixed 1d and 2d kernels (1x1, 3x3)

e CNN accelerator only supports up to 32 layers (78002 is not limited) N
: MAX78000 Cam02 Module
e Manual processor and memory allocation for CNN



Using the MAX78000 for your own tasks

O PyTorch
ai8x Model
Dataset + Quant-Aware
Data Loader Training
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Model Creation (re-use existing architecture)

Framework: ai8x-training, ai8x-synthesis

O PyTorch
ai8x Model
Dataset + Quant-Aware
Data Loader Training

Quantization
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@ Synthesis Model Description MAX7800X
aigx):s thesie (YAML) —) Synthasls 4= |Input Data Sample

@ Training

ai8x-training

Embedded
C Code


https://github.com/analogdevicesinc/ai8x-training
https://github.com/analogdevicesinc/ai8x-synthesis

Model Creation (port a new architecture)
Framework (ours): YADES

O PyTorch
ai8x Model
Dataset + Quant-Aware
Data Loader Training

Quantization
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https://github.com/analogdevicesinc/ai8x-synthesis

Model Creation (YOLOv8p (ours))

Framework (ours): YADES
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https://github.com/analogdevicesinc/ai8x-synthesis
https://github.com/analogdevicesinc/ai8x-synthesis

Model deployment (Memory Optimization)

e Streaming mode o
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Power
e Undervoltage
o  Stability
e Shutdown unused peripherals

e MCU frequency vs latency vs power

Latency
e Parallel execution

o Example: loading weight to CNN while
taking the picture.

Outlier: 30kHz clk lead to 180s inference time and consumes 0.487J

Model deployment (Power/Latency Optimization)

aaaaa

JALLL L

onA
000005 000007 000009
061.018 000000 111818
o.7m)
wioow seL [Z00WM T0 SELECTION] SELECT ALL| GLEAR
" c
o harge

aaaaa

Energy used vs. System clk
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Al85FaceldNet vs YOLOvS8pico (ours)

text  data  bss dec hex filename

text data bss dec hex filename

339492 2520 18680 360692 580f4 cam@2_facedetect_demo.elf 369224 2520 2516 374260 5b5f4 yolo-pico_cam.elf

Licensed under GNU GPL v2

Report bugs to <processor.tools.support@nalog.com>
0x00002124 in ?? ()

Loading section .text, size 0x52elc lma 0x10000000
Loading section .ARM.exidx, size 0x8 lma 0x10052e20
Loading section .data, size 0x9d4 lma 0x10052e28
Loading section .shared, size 0x4 lma 0x100537fc

Start address 0x10003154, load size 342012

Transfer rate: 32 KB/sec, 14250 bytes/write.

Section .text, range 0x10000000 — 0x10052elc: matched.

Section .ARM.exidx, range 0x10052e20 — 0x10052e28: matched.

Section .data, range 0x10052e28 — 0x100537fc: matched.
Section .shared, range 0x100537fc — 0x10053800: matched.
[Inferior 1 (Remote target) detached]
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Licensed under GNU GPL v2
Report bugs to <processor.tools.support@analog.com>
0x00002124 in ?? ()

Loading section .text, size ©0x5a2d@ lma 0x10000000
Loading section .ARM.exidx, size 0x8 lma 0x1005a2d@
Loading section .data, size 0x9d4 lma 0x1005a2d8
Loading section .shared, size @x4 lma @x1@@5acac

Start address 0x1000345¢, load size 371888

Transfer rate: 31 KB/sec, 14303 bytes/write.

Section .text, range 0x10000000 -- 0x1005a2d@: matched.
Section .ARM.exidx, range 0x1005a2d@ —-- 0x1005a2d8: matched.
Section .data, range 0x1005a2d8 -- @x1@@5acac: matched.
Section .shared, range @x1@05acac —-— 0x1005acb@: matched.
[Inferior 1 (Remote target) detached]
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Future Works and Ideas

Custom PCB with higher energy efficiency coming
Energy harvesting module integration
Lora module integration
Distributed ML encoder node
o Instead of YOLO-pico, deploy a encoder/filter on the node.
o Reducing transmission size and frequency.
o Send data of interest to central hub with greater compute power.
o Preserve privacy since embeddings could be hard to decode.

Sensor fusion encoder

Load balance? Nodes with more energy harvested do more computation.
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