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Keep Your Data Close: The Physics of Data \ébﬂgp
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e Rick Zarr, TI, 2008, The True Cost of an Internet “Click” - estimate of transfer cost for 30KB page from server http://energyzarr.typepad.com/energyzarrnationalcom/2008/08/the-true-cost-o.html
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Software Inference: Slow and Power Hungry ‘QL%!}%’TP

// Main loop

for (1 = 1; 1 < NLAYERS-1; 1++) {
// Compute z = w % a
matrix_mul(&w([1-1], &a([l-1], &z[1]);

» In inference, computational /1 2 he bins s 1 2= 08 04 b
effort is in fOrward matrix_add(&b[1], &z[1]);

// Compute a = g(z)

propagation nn_activate(z[l].elements, al[ll.elements, lv[1]);

b
- On CIaSSIC hardwarel aImOSt a” Spent In matrix_mul(matrix_f32_t *a, matrix_f32_t =xb, matrix_f32_t *c)
a triple nested matrix multiplication loop o

] O(n3) to O(n28) * uint32_t n = a—>ncols;

uint32_t p = b->ncols;

» Very energy intensive even with

c->ncols = p;

fast matrix multiply using L
integer math on DSP or GPU for (4= 05 5 < m; i)

for (j =@; j < p; j++) {
— large number of memory accesses -t sun = 0;
for (k = 8; k < n; k++) {
sum += a->elements[i * n + k] * b->elements[k x p + jl;

}

c—>elements[i * p + j] = sum;

}

ANALOG *Strassen’s algorithm _ }
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CNN Accelerator: MAX78000/MAX78002 vision

summitT

 The conv operation is parallelizable in the channel
dimension.

= 64 processors in total, more channels are processed in a multi-pass
fashion
* Proper architecture that minimizes data movement
provides energy efficiency

= Each input channel is processed in parallel using different processors
to minimize data movement

= Each processor uses dedicated memory

ANALOG |
DEVICES © 2023 Analog Devices
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MAX78000 AI Micro - System-on-Chip Vvision
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Ultra Low Power Micro CNN Accelerator

Arm Cortex-M4F
100 MHz

B4 processors

RISC-V

Timers External Interfaces

2 xQuad SPI
UART, 2 x12C, ADC, 128

Parallel Camera 384 KB TRA- e
512 KB-Data Memory

Security

AES Power !
SERRAET e i
ANALOG
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Model, Training, Deployment: Development Flow \é{%ﬁ‘p

O PyTorch
ai8x Model

4

Dataset + Quant-Aware
@ Training 3
Machine Learning
Experts

ai8x-training

Checkpoint File J

(Weights)

Model Description MAX7800X
[ (YAML) P Synthesis _EnputDataSampe]

@ Synthesis
ai8x—synthesis

ssssssssasnns

e Embedded Er e e Ese R R Eerss e unasrrasraeresrrtennastisrsre s NG erIeriIteerEesreerNastierterreTtNasRERErTeres
Engineers

Live Data Embedded _ Ul / Qutput
Acquisition C Code Processing

(3) Deployment

Embedded SDK

ANALOG |
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MAX78000 Benchmarks vision
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Inference Time ms Inference Energy mJ
2000 300
250
1500
200
1000 150
100
500 I -
MAX78000 MAX32650 STM32F7 MAX78000 MAX32650 STM32F7
;28 billion aperaﬁans/second, )
cxact same Wrgnetwork oo MAX78000 MAX32650° STM32ET?
pAXT000, “STHF7222€, Intemal Network MACs CNN at 50 MHzt, Cortex-M4, 120 MHz, Cortex-M7. 216 MHz. 2.1V
4Includes time to load input, 1.2V 1.2V ! ="

SDoes not include time to load input,
6STMF746NG + external 3.3V SDRAM

1542532400651 + SDRAM = KWS20 13,801,088 2.0 ms, 0.14 mJ 350 ms, 8.37 mJ] 125 ms, 30.1 mJ3
controlter
ANALOG = FacelID 55,234,560 | 13.89 ms?, 0.40 m] 1760 ms®, 42.1 m] 714 ms3, 153 mJ + 59 mJ6
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Battery Life Leader in Independent Benchmarks vision

summiT
Proof-of-Concept standalone smart camera e —
U RN o-ELEKTRA
Maxim Tntegrated [ e
\ I,
. . . ) inference (mJ)
Tr_|gger time: once per ’?’(AWinner
minute. 5.34 24h30°

. : [ Electronic |
= Battery capacity: 8.64J. Apollo3 1.31 80h00 Electropic| Al
L] Energy per camera 3.80 46h00 ExcRiLence

GAP8 0.52 140h15°
VEGA 0.14 225h00°

XCORE.ai 1.26 81h50’
[WAX75000 — RRE 24400

image captured: 0.5 mJ.

- Perpetual work with only 100Lux with less than 1 second
V — . . starting time
éPROJEOT BASED LEARNING @& Michels Magno | 20.05.2020 | 18
AN ALOG A Battery-Free Long-Range Wireless Smart Camera for Face Detection: An accurate (1 embeddedaward=o=1
benchmark of novel Edge AI platforms and milliwatt microcontrollers Michele MAGNO, Head -onner

9
DEVICES  of the Project-based learning Center, ETH Zurich, D-ITET, EMEA TinyML Talks June 2021
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Thinking About Edge AI Use Cases... vision
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" sees |

If my [application] 4 hears +
senses object/sound/event/situation/...

then do

action

If my [camera] sees a bear, then take a high-resolution picture and send over cell network

If my [thermostat] hears glass break, then send a text message to the owner

If my [factory robot] sees a person nearby, then shutdown until they leave

If my [pet door] sees a cat with a mouse in its mouth, then lock the pet door and send me a text message

ANALOG |
DEVICES © 2023 Analog Devices
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Action Recognition

« Embeddings saved in memory on a
rolling basis

= No redundant calculations

1D- CNNL ayer
dilation = 2

Validation Paramet

Dataset Doy
Acc. ers
Kinetics-400 iiEEa.‘?o?dramel ///@J —% ; : y— y/z }

(4 classes +

.........

other) nnnnnnnnnnnnnn o o
5 bneck blocks = ;

4 max pools ‘ ]/ g

o -

222222222

ANALOG
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Temporal Context
3 second:

embedded

vision
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People Tracking vision
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oun 5,000V
0.084A

Total CNN: 0 us
Median CNN: 0 us

! Load time 77 ms

ANALOG
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Trail Camera
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https://github.com/MaximIntegratedAl/refdes
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System Energy: From Traditional Systems to embedded
MAX78000 vision
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* Accelerator drastically lowers CNN energy

>
 Input and data manipulation become much g
larger relative contributors to energy LU
« MAX78000 improves data loading, better
algorithms can help with data manipulation:
e.g. better ways of handling raw images
VN _, l
c hardware
5 ke)
| B 5
© 82 5 algo
I = o improvement
S express,
loader
Traditional Accelerator MAX78000

’ ANALOG N micro only 3
4 DEVI CES © Analog Devices
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Data Manipulation: Debayerization vision
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In order to obtain an RGB format, the raw image
must be debayerized. There are several
debayerization methods*:

pa—

* Bilinear Interpolation » Outside the CNN accelerator

* Sequential Demosaicing | 1 reqced system energy consumption

Bayer filter

- Iterative Demosaicing
- Machine Learning Methods Z N

) Ada ptive COIOr PI a ne Inte rpOIation Red channel Green channel Blue channel

Figure 1. Bayer Filter (Nkansah et. al., 2022)

* Dammer, K., Grosz R., (2017). Demosaising using a Convolutional Neural Network approach. Lund University, Lund, Sweden.

ANALOG |
DEVICES © 2023 Analog Devices 5
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CNN based Debayerization vision
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« Approach 1: Learning the manipulation & interpolation by a CNN model
and embedding this network into an accelerator — Efficient way of

debayerization
128%128*128
64*128*128
3*128*128
1*128*128
F_‘ 3*128*128

_
TransConv2D

—_ —_—
128°9°9 64171 355

Conv2D Conv2D Conv2D

Figure 3. The Network of BZRGBNet (Syu et. al,, 2018)
ANALOG |
DEVICES © 2023 Analog Devices 6
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CNN based Debayerization vision
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« Approach 2: Using folding and fixed 1x1 kernels

G1

BN

G12

B12

;;;;;

<
g) Sy g )

FOLDING
R11 | G21 | R12 | G22 - >
Gt | B21 | 632 | B22
3°471*1 RGB IMAGE
BAYER IMAGE FOLDED IMAGE CONV 5454
‘ 1+128*128 4'64°64 I ‘ I

Step 1. Folding the pixels into channels Step 2: Convolution with the fixed kernel to

ANALOG
DEVICES

obtain RGB
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ults VISion
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Mean Squared Reconstruction Error

ImageNet

0.007

0.006
0.005
0.004
0.003
0.002
0.001

m Bilinear Interpolation mb2rgb = conv w/fold + transconv + conv mconv w/fold + b2rgb

ANALOG |
DEVICES © 2023 Analog Devices
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Conclusion vision
SUMMIT

« MAX78000 enables battery-powered smart applications at the edge

- Effective data manipulation and preprocessing are much more important
when using highly-efficient NN inference engines

« Two methods proposed to perform interpolation inside CNN accelerator,
MAX78000

 Results show better accuracies compared to simple conventional
interpolation; the work is ongoing

ANALOG |
DEVICES © 2023 Analog Devices

19



embedded

Resources VvisSion
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« We are waiting for you at the ADI booth!
« Upper-level Al repo: https://github.com/MaximIntegratedAl

* Open-source training repo: https://github.com/MaximIntegratedAl/ai8x-training/

 Open-source synthesis repo: https://github.com/MaximIntegratedAl/ai8x-
synthesis

« Data-folding paper: L3U-net: Low-Latency Lightweight U-net Based Image
Segmentation Model for Parallel CNN Processors
https://arxiv.org/pdf/2203.16528.pdf

« B2RGBNet paper: Learning Deep Convolutional Networks for Demosaicing
https://arxiv.org/pdf/1802.03769.pdf

ANALOG |
DEVICES © 2023 Analog Devices "
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