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Object Detection .

Not just what is in the frame, but where,
and how many

FOMO EDGE IMPULSE SENSECRAFT

47 slides - 1 lab - XIAO ESP32S3 Sense

IESTIO1 - TinyML - Prof. Marcelo Rovai




WHERE WE ARE - PART |

From "what" to "where"

One label per image was enough for a box and a wheel. It is not enough for a
conveyor belt.



Dataset Edge Impulse Deploy

LEARNING OBJECTIVES

What you will be able to do

01

Tell detection from
classification

Know when one label per
image stops working, and
what a detector returns
instead.

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

02

Explain how FOMO
works

A grid of tiny classifiers and
a centroid per object,
instead of a bounding box.

03

Label and train in Edge
Impulse

Bounding boxes, Al-
assisted labeling, FOMO
MobileNetV2 0.35, and the
F1 score.

04

Deploy it two ways

An Arduino library with
serial output, and
SenseCraft with a live
preview.

03



Dataset Edge Impulse Deploy

CLASSIFICATION

One dominant object, one label

Cat: 70% Dog: 80%

Cat or dog. When one object fills the frame, a single label is the right answer.

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection
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WHEN IT BREAKS

Four animals, no dominant one, and the answer is "ashcan"

[PREDICTION] [Prob]
ashcan : 27%
Egyptian cat : 19%
hamper : 13%
0
EU .
100 -
B W
150 -
¢ e
200 '
250
jp0{ = N , : .
0 100 200 00 400 500

MobileNet trained on ImageNet, running on a Raspberry Pi. Top score 27 %, for the wrong class.

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection
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OBJECT DETECTION

Every object gets a class, a score, and a box

MobileNetV2 SSD FPN-Lite 320 x 320, trained on COCO, on a Raspberry Pi. Up to 10 objects per frame.

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

06
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THE PROBLEM

SSD and YOLO models weigh several

megabytes. Our board has 512 KB of fast
internal RAM.

The SSD above is about 3.7 MB. Fine on a Raspberry Pi; far too big for a microcontroller.



Dataset Edge Impulse Deploy

THREE ANSWERS

Three models, three different questions

Classification Detection with boxes

What is in this image? One label for What, where, and how big? A class

the whole frame. and a bounding box per object. SSD,
YOLO.

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

FOMO

What, where, and how many? A class
and a centroid per object. No size.

08
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FOMO - FASTER OBJECTS, MORE OBJECTS

Drop the box, keep the center. Up to 30
times less memory and energy than SSD
or YOLOVS.

Launched by Edge Impulse in 2022. It runs on microcontrollers with less than 200 KB of RAM.
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Edge Impulse
S

Deploy
S

HOW FOMO WORKS

An image becomes a grid, and the grid becomes centroids

Grayscale image

MobileNetV2 0.35

Grid

96x96x 1

feature extractor

12 x 12 cells, 8 x 8 px each

Every cell is a tiny classifier. Neighboring cells of the same class merge into one object.

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

Cell classes

background, bug, fruit

=

Centroids

X, Y per object
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THE GRID, DRAWN

Blue cells hold an object; the red dot is its centroid

IESTIO1 -

Edge Impulse

Deploy

XIAOML Kit - Ch. 3 — Object Detection

Grid (12 x 12)

}” block of pixels”

Object Centroid

Thered lines are the 12 x 12
grid — each cell is one "block
of pixels"

Blue cells are the ones the
model classified as an object

The red dot is the center of
each blue region — that is the
output

Size is not reported. A large
object only means more blue
cells.

11



DATASET

0 2 Fruits, bugs, and the background

Fifty-eight pictures, several objects in each, captured with the board itself.



Concepts Edge Impulse Deploy

THE GOAL
Sort and count oranges and frogs on a line

Fruit: small oranges
Bug: plastic frogs

Background: everything else —
FOMO adds this class by itself

We want the class, the
position, and the count of
every object

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection 13
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RAW DATA

Several objects per image, so no class folders

Unlabeled QVGA frames from the XIAO. Each image holds fruits, bugs, or both, in different numbers.

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

14
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CAPTURE - ARDUINO IDE

CameraWebServer turns the board into a camera you can save from

<) [ @ CameraWebServer | Arduino IDE 2.2.1 File ) EXa m p I eS > ESP32 >
R Camera » CameraWebServer
BOARDS MANAGER CameraWebServer.ino  app_httpd.cpp  camera_index.h  camera_pins.h
ESP32 13

|8 - T | A stable esp32 2.0
= re (2.0.x) —
Arduino ESP32 Boards 16 //#define CAMERA_MODEL_WROVER_KIT // Has PSRAM S a e esp CO e b
by Arduino 17  //#define CAMERA_MODEL_ESP_EYE // Has PSRAM not a 3.x alpha
2.0.13 installed 18  //#define CAMERA_MODEL_ESP32S3_EYE // Has PSRAM °
Boards included in this package: 19 //#define CAMERA_MODEL_M5STACK_PSRAM // Has PSRAM
Arduino Nano ESP32 20 //#define CAMERA_MODEL_M5STACK_V2_PSRAM // M5Camera version B Has PSRAM
More info 21 //#define CAMERA_MODEL_M5STACK_WIDE // Has PSRAM
2013 ~  REMOVE 22 //#define CAMERA_MODEL_M5STACK_ESP32CAM // No PSRAM

Keep only

23 //#define CAMERA_MODEL_M5STACK_UNITCAM // No PSRAM
24 //#define CAMERA_MODEL_AI_THINKER // Has PSRAM

25 define CAMFRA MODFI_TTGO T JOURNAJ No_PSRAM CAMERA MODEL XIAO ESP32
esp32 by Espressif 26 | #define CAMERA_MODEL_XIAO_ESP32S3 // Has PSRAM ] - — -
Systemé N Tk LoPTessiT INternat poards wx S3 uncommented
2.0.14 installed 28  //#define CAMERA_MODEL_ESP32_CAM_BOARD
Boardslrrl‘cluded in this package: 29 //#define CAMERA_MODEL_ESP32S2_CAM_BOARD
UM FeatherS2, Bee Motion,

4 L 30 //#define CAMERA_MODEL_ESP32S3_CAM_LCD Q Q o
ESP32S2 Dev Module, Adafruit ... = e = = -
o 31 //#define CAMERA MODEL DFRobot_FireBeetle2 ESP3253 // Has PSRAN Enter your Wi-Fi credentials,

32 //#define CAMERA_MODEL_DFRobot_Romeo_ESP32S3 // Has PSRAM .

3004l = gl enable PSRAM in Tools, and

34

¥ o upload

36 // Enter your WiFi credentials

37 /1

38 const charx ssid = "sekkkkkokkokk' )

39 | const charx password = "skxkskokokkkk'

40

Ln 11, Col 19  XIAO_ESP32S3 on /dev/cu.usbmodem2101 [not connected] [

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection 15
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CAPTURE - BROWSER

Open the address, start the stream, save the frames

P Yoy —= - The Serial Monitor prints the
PENRNNTT™ ‘ Ak D LO@: board's address — openiitin a
= Toggle OV2640 settings b rOWSe r

XCLK MHz 20 JEE

Resolution QVGA(320x240) v

vty ; : P Choose QVGA, 320 x 240, then

Brightness

. : Start Stream
Saturation =

Special Effect

AWB

AWB Gain

WB Mode

e Save stores the current frame

AEC DSP

o - PP — ' ® in your Downloads folder

AGC

Gain Ceiling
BPC

e - AL Stop Stream when you are
e = TN i done, and move the images to
;:::(Downsize EN) One fOIder

Color Bar

LED Intensity

Face Detection

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection 16
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CAPTURE RULES

Deploy

About fifty images, and make each one different

01

Mix the scene

Vary how many fruits and bugs
appear, and combine them in the
same frame.

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

02

Vary the conditions

Different angles, backgrounds, and
light. The model should not learn the
table.

03

Mind size and overlap

FOMO prefers similar sizes and no

overlap — easy with a fixed camera.

We break it a little on purpose.

17



EDGE IMPULSE STUDIO

03 Label, train, and test

Boxes go in, centroids come out.
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Dataset Edge Impulse Deploy
N —

THE PROJECT

A public project you can clone, targeting the ESP-EYE

=
«——. EDGE IMPULSE

a

Dashboard

Data acquisition
BB Experiments
@ EON Tuner
v Impulse design v
@® Create impulse
® Image
®  Object detection
Retrain model
73 Live dassification
Model testing
[E]  Post-processing

W  Deployment

GETTING STARTED
& Documentation
® Forums

& Discord

MJRoBot (Marcelo Rovai) / XIAO-ESP32S3-Sense-Object_Detection  rustic

Welcome to Edge Impulse, the largest community of edge Al developers!

& Target: Espressif ESP-EYE... I Clone this project

This is a public Edge Impulse project, use the navigation bar to see all data and models in this project; or clone to retrain or deploy to any edge device.

XIAO-ESP32S3-Sense-Object_Detection

About this project

This public Edge Impulse project does not have a README yet. Clone this project to add new data or retrain this project, or
to deploy this project to a device.

Data (58 items) View all

20231128150608 20231128150458 20231128155315 20231128150713

20231128150635 20231128150710 20231128150716 20231128150815
bug

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

Run this model
Scan QR code or launch in browser

Launch in browser

Dataset summary

DATA COLLECTED
58 items e
y » WG

XIAO-ESP32S3-Sense-
Object_Detection — public
project 315759

Labeling method set to
bounding boxes (object
detection)

Target: Espressif ESP-EYE, the
closest device to our board

58 items, already labeled with
fruits and bugs

19
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Dataset Edge Impulse

DATA ACQUISITION

Deploy

O —

Upload everything as training data, then label

=
«——. EDGE IMPULSE

a

Dashboard

Data acquisition
BB Experiments
@ EON Tuner
v Impulse design -
@® Create impulse
® Image
®  Object detection
Retrain model
73 Live dassification
Model testing
[E]  Post-processing

W  Deployment

GETTING STARTED
& Documentation
® Forums

& Discord

MJRoBot (Marcelo Rovai) / XIAO-ESP32S3-Sense-Object_Detection  rustic

Data sources

DATA COLLECTED DATASET SPLIT
58 items 87%/13% 1

Dataset

Training (52) Test (6) Post-processing (0

SAMPLE NAME LABELS
20231128150750 bug
20231128150508 fruit, fruit, fruit
20231128150437 fruit
20231128150635 fruit
20231128150736 bug, bug
20231128150625 fruit, fruit, fruit, ...
20231128151648 bug, bug, fruit, ...
20231128150543 fruit, fruit
20231128150906 bug
20231128150546 fruit, fruit, fruit

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

% Y

ADDED

Nov 28 2023, 15...

Nov 28 2023, 15...

Nov 28 2023, 15...

Nov 28 2023, 15...

Nov 28 2023, 15...

Nov 28 2023, 15...

Nov 28 2023, 15...

Nov 28 2023, 15...

Nov 28 2023, 15...

Nov 28 2023, 15...

Click on a sample to load...

& Target: Espressif ESP-EYE... & Clone this project

The first upload was 47
images, all unlabeled

They wait in the labeling queue
until each object has a box

Each row lists the labels found
in that image, like "fruit, fruit,
bugll

20



Concepts Dataset

LABELING

Edge Impulse Deploy

Draw a box once, and let tracking do part of the work

® © ® = XAO-ESP32S3-Sense-Objec X  +

&€ > C M@ 2 studio.edgeimpulse.com/studio/315759/la.. & ¥t In)

= MJRoBot (Marcelo Rovai) / XIAO-ESP3253-Sense-Object_Detection

Dataset Data sources ' Labeling queue (36)

Labeling '20231128150740' (36 items left) Label suggestions: | Track objects between frames v

Use your mouse to drag a box around an object to add a label. Then click Save labels to advance to the next

item.

Delete sample

© 2023 Edgelmpulse Inc. All rights reserved

(€] = XIAO-ESP32S3-Sense-Objec X =+

> C M@

o=
%

studio. impulse.com/studio/315759/la... & Yt In)

MJRoBot (Marcelo Rovai) / XIAO-ESP32S3-Sense-Object_Detection

Dataset Data sources B Labeling queue (35)

Labeling '20231128150608' (35 items left)

Label suggestions: | Track objects between frames v

Use your mouse to drag a box around an object to add a label. Then click Save labels to advance to the next

Delete sample

item.

fru
% fruit L

@ fruit®
-
™,

© 2023 Edgelmpulse Inc. All rights reserved

Save labels

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

Drag a box around each object,
type its label, then Save labels

Label suggestions: "Track
objects between frames"

YOLOvV5 suggestions only help
with COCO objects — not
plastic frogs

Tracking labels the next image
partially — always check it

21



Concepts

REVIEW

Fix a wrong label from the three-dot menu

Dataset Edge Impulse Deploy

@® @ = XAO-ESP32S3-Sense-Objec X  + v

€« C @ % studio.edgeimpulse.com/studio/315759/acquisition/training?page=3 Q % D L 0@

& Connect a device to start building your dataset.

=" EDGE IMPULSE

Dataset

RAW DATA

Training 8 Test

Dashboard 20231128150453
SAMPLE NAME LABELS ADDED
B Devices
20231128150850 bug, bug, fruit, fruit ~ Today, 15:27:08
£ Data acquisition
20231128150716 bug Today, 15:27:08
W Impulse design
20231128150514 fruit, fruit, fruit Today, 15:27:08
®  Createimpulse
20231128150732 bug, bt Today, 15:27:08
@ EONTuner s 4580
Retrain model 20231128150733 bug Today, 15:27:08
R Metadata ? +
21 Live classification 20231128150532 fruit, fruit, fruit, fruic. Foname
Edit labels
Model testing 2023112815003 bug, bug No metadata
Clear labels
¥ Versioning 20231128150730 bug, bug Move to test set
& Disable
@) Deployment 20231128150718 bug
Download
20231128150527 frui, fruit, fruit, fruit =
GETTING STARTED U Tt AT Delete
@ Documentation 2023128150453 bug Today, 15:27:08
®  Forums 20231128150720 bug Today, 15:27:08

<':°¢:>

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

Open the three-dot menu at
the end of the sample's row

Edit labels opens the image
with its boxes

The same menu moves a
sample to the test set

22
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BALANCE AND SPLIT

Fruits outnumbered bugs. Eleven more bug
pictures, 58 in total, and 6 held back for testing.

The Studio reports the split as 87 % train, 13 % test. Count objects, not only images.

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

23
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Edge Impulse Deplo

THE IMPULSE

From a QVGA frame to 9,216 features

Raw image = Resize = Grayscale

320 x 240, RGB565 96 x 96, squash 1 channel

Squash, not crop — objects near the edges stay in the frame.

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

Features

9,216 values

object detection block

24
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Dataset Edge Impulse Deploy
W N—

CREATE IMPULSE

Image data, an image block, and an object detection block

.
«——. EDGE IMPULSE

a

Dashboard

Data acquisition
BB Experiments
@ EON Tuner
v Impulse design v
®  Create impulse
® Image
®  Object detection
Retrain model
73 Live dassification
Model testing
[E]  Post-processing

W  Deployment

GETTING STARTED
& Documentation
® Forums

QA Discord

MJRoBot (Marcelo Rovai) / XIAO-ESP3253-Sense-Object_Detection  rustic B Clone this project

Impulse #1

AN Animpulse takes raw data, uses signal processing to extract features, and then uses a learning block to classify new data.
Image data e Image 0 Object Detection o Output features
(Images)

Input axes Name Name 2 (bug, fruit)

Object detection

Input axes (1) Input features

image Image

Image Image

Image width Image height

Resize mode

A-R

2 (bug, fruit)

Train on data subset ®

- -

© 2026 Edgelmpulse Inc. All rights reserved

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

Image data at 96 x 96, resize
mode Squash

The Image processing block

Object Detection (Images) as
the learning block

Output features: 2 — bug and

fruit

25
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Dataset Edge Impulse Deploy

FEATURES

——

Grayscale features, and two classes that already separate

=
«——. EDGE IMPULSE

a

Dashboard

Data acquisition
BB Experiments
@ EON Tuner
v Impulse design v
@® Create impulse
® Image
®  Object detection
Retrain model
73 Live dassification
Model testing
[E]  Post-processing

W  Deployment

GETTING STARTED
& Documentation
® Forums

& Discord

MJRoBot (Marcelo Rovai) / XIAO-ESP32S3-Sense-Object_Detection  rustic

Parameters Generate features

Training set

Data in training set 52 items

Classes 2 (bug, fruit)

Feature generation output -

© 2026 Edgelmpulse Inc. All rights reserved

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

& Target: Espressif ESP-EYE... I Clone this project

Feature explorer

® bug

@ fruit .%’..
°
(0
o.’: o ® 0..
° ° e ®
o
[ Y ® L
° * . "
® ', °
o ® °
°
)
® ° o s

On-device performance ®

PROCESSING TIME PEAK RAM USAGE
15 ms. 4 KB

Color depth set to Grayscale in
Parameters, then Generate
features

52 training items, 2 classes

Bugs and fruits form two
clusters, with a few points in
between

Pre-processing cost on the
target: 15 ms and 4 KB of RAM

26
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FOMO MobileNetV2 0.35, not a 3.7 MB SSD

e —— - 0 MobileNetV2 SSD FPN-Lite 320

T — i » 0 @ 1 x 320 — about 3.7 MB, RGB
_— B Choose a differeént model

%" EDGE IMPULSE wd e on Iy

. % | | o a FOMO MobileNetV2 0.1 — the
B Dawa asqusition LEBMTH  icilebiecy 550 FFH Une XHWIT0 Sma”est Option

T R b e e e FOMO MobileNetV2 0.35 —
. : " sty e our choice, about 250 KB of
RAM and 80 KB of flash

#  EON Tuner

B Mode te
P Versening
@ Deployment

GETTING STARTED

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection 27
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Dataset

TRAINING

Edge Impulse Deploy
o N

60 epochs, and an F1 score of 85 %

.
«——. EDGE IMPULSE

a

Dashboard

Data acquisition
BB Experiments
@ EON Tuner
v Impulse design v
@® Create impulse
® Image
®  Object detection
Retrain model
73 Live dassification
Model testing
[E]  Post-processing

W  Deployment

GETTING STARTED
& Documentation
® Forums

QA Discord

MJRoBot (Marcelo Rovai) / XIAO-ESP32S3-Sense-Object_Detection  rustic

Neural Network settings

Training settings

Number of training cycles ® 60
Use learned optimizer ®

Learning rate @ 0.001
Training processor @ CPU

Data augmentation ®

Advanced training settings

Neural network architecture

Input layer (9,216 features)

FOMO (Faster Objects, More Objects) MobileNetV2 0.35

Output layer (2 classes)

{ ¥ Clone this project to train this model ]

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

& Target: Espressif ESP-EYE... I Clone this project

Model

Last training performance (validation set)

F1 SCORE ®
85.2%

Confusion matrix (validation set)

BACKGROUND
BACKGROUND
BUG 27.3%
FRUIT 10%
F1 SCORE 1.00

On-device performance ®

Model version: @ | Quantized (int8) ~

Engine: ® | EON™ Compiler v

INFERENCING TIME PEAK RAM USAGE FLASH USAGE
955 ms. 239.4K 77.8K

60 training cycles, learning rate
0.001, augmentation on, 20 %
validation

Input 9,216 features - FOMO
MobileNetV2 0.35 = 2 classes
(+ background)

F1 score 85.2 % on the
validation set

Estimate for the ESP-EYE: 955
ms, 239.4 KB of RAM, 77.8 KB
of flash

28
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READ THE CONFUSION MATRIX

Bugs disappear into the background 27 % of the time

ACTUAL | / PREDICTED — BACKGROUND BUG FRUIT
Background 99.7 % 0.2% 0.1%
Bug 27.3% 72.7 % 0%
Fruit 10 % 0% 90 %
F1 score 1.00 0.73 0.92
Validation set. Bugs and fruits are never confused with each other — the errors are all missed objects.

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection 29
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WHY F1, NOT ACCURACY

Most of the 144 cells are background. A model
that never finds anything still looks accurate.

F1 combines precision and recall per class, so missed objects and false alarms both cost.

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection
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MODEL TESTING

83 % on six images the model never saw

o= EDGE IMPULSE MJRoBot (Marcelo Rovai) / XIAO-ESP3253-Sense-Object_Detection  pustic SIX test I m ages’ each Wlth
several objects

Dashboard This lists all test data. You can manage this data through Data acquisition.

a

Data acquisition

B Experiments Test data M Modlel tasting output v Per-image F1 from 66 % to 100
® coNTuner % — the 66 % one holds two

Set the 'expected outcome' for each sample to the desired outcome to automatically

A+ Impulse design - score the impulse. Results Model version: @ bugs and tWO fruits

® Createimpulse SAMPLE NAME EXPECTED OUTCOME  F1 SCORE RESULT
ACCURACY ®
® Image 202311281552... bug, bug 100% H 83.33%
®  Object detection 202311281506...  fruit, fruit, fruit, fruit  100% : Feature explorer ® " 8 9% I h
Overall 83.33 %, close to the
fetrain model 202311281508, bug, bug, fruit, fruif 66% (6] (o) g 9
... bug, bug, fruit, fruit 3 object_detection - correct o) I d
" @ object_detection - incorrect 85 /0 On Va I atlon
&% Live dlassification
202311281505...  fruit, fruit, fruit 80% °
Model testing
202311281509... bug 100%
[E]  Post-processing ®

202311281509... bug, bug, fruit, fruit ~ 85%
W  Deployment

GETTING STARTED
& Documentation

® Forums

B Discord © 2026 Edgelmpulse Inc. All rights reserved e

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection 31
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LIVE CLASSIFICATION

Test with your phone before you flash anything

16:25 HUACH 73

AA B¢ @ hone.edgeimpulse.com G

=  MJRoBot (Marcelo Ro...

fruit (0.97) ' i

fruit (0.89) m

fruit (1.00) ‘

fruit (0.99)

- a2 Time per inference: 1 ms.
@ edgeimpulse.com X &

EMA VIDEO FOTO RETRATO P

B @ -

Switch to data collection mode

< > M M O

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

Edge Impulse Deploy

16:24 Y 16:27 e
AA B¢ @ hone.edgeimpulse.com G AA B¢ @ hone.edgeimpulse.com G
=  MJRoBot (Marcelo Ro... =  MJRoBot (Marcelo Ro...

e
fruit (1.00)

fruit (1.00) ‘

bug (0.75)

bug (0.81)

i

Time per inference: 1 ms. Time per inference: 1 ms.

Switch to data collection mode Switch to data collection mode

< > t m o< > b m O

Scan the QR code in Live
classification with your phone

Take a photo, and each
detected object is marked with
its class and score

False positives? Raise the
confidence threshold to 0.8 or
more

32



DEPLOY AND RUN

Two ways onto the board

An Arduino library you control, and SenseCraft so you can see what the
camera sees.



Concepts Dataset Edge Impulse Deploy

DEPLOYMENT

Arduino library, quantized int8, EON Compiler on

= EDGE IMPULSE MJRoBot (Marcelo Rovai) / XIAO-ESP3253-Sense-Object_Detection  rusLic Sea rCh for and SeleCt ArdUinO

library as the deployment
target

0

Dashboard Configure your deployment Run this model

. . . B . ) Scan QR code or launch in browser
Data acquisition You can deploy your impulse to any device. This makes the model run without an internet connection,

minimizes latency, and runs with minimal power consumption. Read more.

BB Experiments

Keep the EON Compiler on —
less RAM and less flash, same
accuracy

Deployment target
@ EON Tuner

A+ Impulse design - C++ library
A portable C++ library with no external dependencies, which can be compiled ad

with any modern C++ compiler.

@® Create impulse

® Image &
Inference engine Launch in browser

®  Object detection

Retrain model EON™ Compiler .
o Same accuracy, 17% less RAM, 29% less ROM.

73 Live dassification

int8: 970 ms and 239.4 KB of
RAM — float32: 2,706 ms and
887.1 KB

Model testing Model optimizations and performance

Build, and a .zip library
downloads

Bl Post-processing Model optimizations can increase on-device performance but may reduce accuracy. Performance
estimate for Espressif ESP-EYE (ESP32 240MHz).
W Deployment

Quantized (int8) IMAGE OBJECT DETECTION TOTAL
LATENCY 15 ms. 955 ms. 970 ms.
GETTING STARTED RAM 40K 239.4K 239.4K
FLASH - 77.8K
,{7 Documentation ACCURACY 100.00%
® Forums
Unoptimized (float32) IMAGE OBJECT DETECTION TOTAL
& Discord LATENCY 15 ms. 2,691 ms. 2,706 ms. o
RAM 4.0k 887.1K 887.1K

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection 34
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READ THE PROFILER

The Studio estimates 955 ms for the
model. On the XIAO, it runs in 143 ms.

The estimate is for an ESP-EYE, an older ESP32. The ESP32-S3 has vector instructions the optimized kernels use.

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection
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THE SKETCH

Replace the camera pins with the XIAO's

esp32 camera.ino — replaces lines 32 to 75

. — Add the .zip with Sketch » Include Library
#define PWDN_GPIO_ NUM , Add .ZIP Library.

#define RESET_GPIO NUM
#define XCLK GPIO NUM
#define SIOD GPIO NUM
#define SIOC GPIO NUM
#define Y9 GPIO NUM
#define Y8 GPIO NUM
#define Y7 GPIO NUM
#define Y6 GPIO NUM
#define Y5 GPIO NUM

— Open Examples » your project » esp32 »
esp32_camera.

— The example ships with ESP-EYE pins.
These are the XIAO ESP32S3 Sense pins.

#define Y4 GPIO NUM
#define Y3 GPIO NUM
#define Y2 GPIO NUM
#define VSYNC GPIO NUM
#define HREF_GPIO NUM
#define PCLK GPIO NUM

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection 36
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SERIAL MONITOR

4 ms to prepare, 143 ms to detect

Predictions (DSP: 4 ms., Classification: 143 ms., Anomaly: 0 ms.):
No objects found
Predictions (DSP: 4 ms., Classification: 143 ms., Anomaly: O ms.):
bug (0.875000) [ x: 80, y: 64, width: 16, height: 16 ]
Predictions (DSP: 4 ms., Classification: 143 ms., Anomaly: 0 ms.):

fruit (0.582031) [ x: 48, y: 32, width: 8, height: 8 ]
fruit (0.773438) [ x: 80, y: 32, width: 8, height: 8 ]

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

DSP

4 ms

MODEL

143 ms

ON PAPER

~6.8 FPS
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READ THE OUTPUT

Each line is a class, a score, and a cell, not a box

esp32_camera | Arduino IDE 2.2.1

L N

esp32_camera.ino

18 * LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
19 * OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
20 * SOFTWARE. —

21 */
22
23 /* Includes */

24 #include <XIAO-ESP32S3-Sense-Object_Detection_inferencing.h>
25  #include "edge-impulse-sdk/dsp/image/image.hpp"

27  #include "esp_camera.h"

29 // Select camera model — find more camera models in camera_pins.h file here
30 // https://github.com/espressif/arduino-esp32/blob/master/libraries/ESP32/examples/Camera/Camera

3

32 #define PWDN_GPIO_NUM i b
33  #define RESET_GPIO_NUM -1
34  #define XCLK_GPIO_NUM 10
35 #define SIOD_GPIO_NUM 40
26 #define STOC GPTN NIIM 29

Serial Monitor X  Output

[Message (Enter to send message to on '/dev/cu.usbmodem2101') BothNL&CR ~ 1
fruit (0.566406) [ x: 56, y: 32, width: 8, height: 8 ]

Predictions (DSP: 4 ms., Classification: 143 ms., Anomaly: 0 ms.):
No objects found

Predictions (DSP: 4 ms., Classification: 143 ms., Anomaly: 0 ms.):
fruit (0.582031) [ x: 48, y: 32, width: 8, height: 8 ]
fruit (0.773438) [ x: 80, y: 32, width: 8, height: 8 ]

Predictions (DSP: 4 ms., Classification: 143 ms., Anomaly: 0 ms.):
fruit (0.550781) [ 64, y: 16, width: 8, height: 8 ]

Predictions (DSP: 4 ms., Classification: 143 ms., Anomaly: 0 ms.):
fruit (0.722656) [ 64, y: 16, width: 8, height: 8 ]

MosoN o~

Ln 48, Col 29 XIAO_ESP32S3 on /dev/cu.usbmoder

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

Two oranges in view, two fruit
lines in the same prediction

xand y arein 96 x 96 input
pixels, on multiples of 8 — the
grid

Width and height of 8 means
one cell, not the object's size

Count the lines and you have
the count of objects
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SENSECRAFT - UPLOAD

Deploy

Download the int8 .tflite, then upload a custom model

@00 [EE | O Mo | cOMNM | € See | coPers | @ NCl | @ XIAC | @ SSC | © Edg | & List | @ MNI | = Usir = x = mnii | @ ()¢ 2100 | + v
<« » C M 2% https://studio.edgeimpulse.com/studio/315759 w [ ) o g
— Download block output
—- EDGE IMPULSE
TITLE TYPE SIZE ——
Collaborators (1/4) (2]
Dashboard Image training data NPY file 52 windows B
B Devices w MJRoBot (Marcelo Rovai) ~owsel
Image training labels JSON file 52 windows B
€ Data acquisition
mpulse design Image testing data NPY file 6 windows B Summary e
®  Create impulse
Image testing labels JSON file 6 windows B DEVICES CONNECTED
® Image 1
® Object detection Object detection model TensorFlow Lite (float32) 82 KB B
DATA COLLECTED
@ EON Tuner .
Object detection model TensorFlow Lite (int8 quantized) 55KB B « 59 items
®  Retrain model
- Object detection model TensorFlow SavedModel 186 KB B
Live classification
Project info
Model testing
Object detection model Keras h5 model 88 KB B

P Versioning

Project ID 315759

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

Dashboard » Download block
output

Object detection model,
TensorFlow Lite (int8
quantized) — 55 KB

The float32 version is 82 KB;
the board gets the int8 one

39



Concepts Dataset Edge Impulse Deploy

SENSECRAFT - CUSTOM MODEL

Connect, then enter the labels in alphabetical order

Connect the XIAO ESP32S3 in
Chrome, and pick its serial port

@O @ A ewla ™ [ beeeCrati A B = B Mask Desegiin mih CP3] 0 & 0 Peos, Clessfiosion Uob W WCLA Vilen Coierl Detec’ ¥ | D AS-EBFXIEN-Sesas-Otes

@ @ T hEpesed-sluds g hil o SenseCrat - Wk Teslkn M upIccess w jn] L 0w !

Upload Custom Al Model, at
the bottom of the page

Choose the .tflite file and give
the model a name

Labels by ID, in alphabetical
order: 0 background, 1 bug, 2
fruit

The book used the SenseCraft Web Toolkit. Today it is part of SenseCraft Al, the workspace from Chapters 1 and 2 —
screens may differ.

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection 40
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SENSECRAFT - PREVIEW

Live preview, centroids, and two sliders

SenseCraft

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

Edge Impulse

The preview marks each
detected centroid on the live
image

Confidence sets the minimum
score to report an object

loU decides how much two
boxes must overlap to count as
one

Device Log opens the same
stream of results as a serial
monitor
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DEVICE LOG

3+ 115 + 1 milliseconds, and five boxes

perf: {"preprocess":3,"inference":115, "postprocess":1}
boxes: [[30,150,20,20,97,2],

[90,110,20,20,98,2],

[150,150,20,20,98,2],

[170,170,20,20,94,2],
[170,150,20,20,94,2]]

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

PRE-PROCESS

3 ms

INFERENCE

115 ms

BOX

X, Y, W, h, score, class
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POST-PROCESSING

More boxes than oranges, so merge neighbors

0 A large object can light up
several neighboring cells

B

g'p E . . - . e Each region becomes its own
Mzl O ‘@ @ - _ ‘ ¥ Y centroid, so one orange counts

twice

e Merge centroids closer than a
set distance, then count

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection 43
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THE BUDGET

Deploy

A detector that is faster than our classifier

CONFIGURATION INPUT PRE-PROCESS MODEL OUTPUT
Ch. 2 classifier, XIAO (measured) 96% RGB 4 ms 199 ms 1 label
FOMO, Studio estimate (ESP-EYE) 96%, gray 15 ms 955 ms —
FOMO, XIAO, Arduino 96%, gray 4 ms 143 ms centroids
FOMO, XIAO, SenseCraft 96%, gray 3 ms 115 ms centroids
SSD FPN-Lite, Raspberry Pi 4 320, RGB — ~5x FOMO boxes, ~1.5 FPS

Same board, same input size. One channel instead of three, and an early cut of MobileNet, make FOMO the cheaper model.

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection
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SUMMARY

Three things to remember

01 FOMO trades size for speed

A 12 x 12 grid of tiny classifiers gives a class and a centroid per object, but no size.

02 Labels are boxes, outputs are cells

You draw boxes to train; the board answers in 8-pixel cells. Merge neighbors before you count.

03 Read F1 per class

85 % overall hid a bug class at 73 %. Every error was a missed object, not a confusion.

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection
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CHECK YOURSELF

The board prints "fruit [ x: 80, y: 32, width: 8, height: 8 ]". What does width: 8
tell you?

A The orange is 8 pixels wide in the 96 x 96 image

B The detection covers one 8 x 8 cell of the grid — FOMO does not measure size

C The orange is 8 % of the frame width

FOMO classifies cells of 8 x 8 pixels. The width and height describe the cell region around the centroid, not the object.

The interactive deck gives per-answer feedback.

IESTIO1 - XIAOML Kit - Ch. 3 — Object Detection

46



Questions?

Next — Keyword Spotting, where the sensor is a microphone
and the image is a spectrogram.

I[ESTIO1 - TinyML - Prof. Marcelo Rovai
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