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Webinar Logistics

 Turn on your system sound to hear the streaming presentation.

« If you have technical problems, click “Help” or submit a question
asking for assistance.

- Participate in ‘Attendee Chat’ by maximizing the chat widget in your
dock.
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Dr. Don Wilcher

Visit ‘Lecturer Profile’ in your console for more details.

LinkedIn Page:
https://www.linkedin.com/in/dr-don-wilcher-ed-d-mseit-ee-
ceta-2/35151/

Patreon Page:
https://www.patreon.com/c/DrDon683
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Course Kit and Materials

Smart-Al Lens BBC Micro:bit Digital Logic Gates Lab

5 Activities Workbook

Smart Al Lens

¥
¢ _ O
+

i Kit
37 in 1 Starter K
. for BBC ‘micro:bit ®

Keyestudio 37-In-1 Sensor Starter Kit
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Research Perspective

"A single neural network predicts bounding boxes and class
probabilities, directly from full images in one evaluation[1]."
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Agenda:

« What Is a Recognition Model?

« Types Of Recognition Models

« MicroPython: A Mini Tools Primer
 Lab: Characteristic Learn Device
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What Is a Recognition Model

« A Recognition Model is an artificial intelligence or machine
learning model designed to
a) identity
D) classify or
C) verify objects
d) patterns
e) or signals in data.
 Unlike detection models (which just find and locate things),
recognition models focus on understanding what those
things are.
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What Is a Recognition Model. ..

A recognition model maps input data (such as an image,

sound, or sensor signal) to a known category, label, or
identity.

Mathematically:

fx) >y
Where:

x= input data (image, voice sample, fingerprint, etc.)
f= recognition mode|

y=recognized label (e.g., “cat,” "Alice’s face,” “digit 7")
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What Is a Recognition Model. ..

The probability of the image being recognized uses the
following Softmax equation.

e Zk where:
P( k | x) 7, =score (logit) for class k from the network
y o er *K=number of classes
] 1

Softmax is a mathematical function used in neural
networks to convert a vector of real numbers into a
probability distribution.
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What Is a Recognition Model. ..

A Python model can be used to illustrate the recognition
model aided by the Softmax equation.

Classes = x =[ apple, banana, grape, orange]

The Python model will determine that the image is a “grape” based on
the Softmax equation’s probability score.

10
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Question 1

For a recognition model, what types are used?
a) image, voice sample, fingerprints JE
b) voice sample, keyboard, mouse
c) tablet, image, voice sample
d) none of the above

11
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What Is a Recognition Model. ..

import numpy as np
import matplotlib.pyplot as plt

Classes

f Step 1: Define fruit classes
classes = ["apple”, "banana”, ° '» “orange” F))/tf1()f7

Partial code

true_labei =

Simulated
scores

z

# Higher yre for grap

= np.array([1.2, 0.8, 2.5, 1.
Step 3: Apply Softmax to get pr«
f softmax(z):

exp z = np.exp(z - np.max(z))
return exp z / np.sum(exp z)

Sof’[max Eq 9 probs = softmax(z) -
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What Is a Recognition Model. ..

Recognition Model Probabilities

3~ Class Probabilities (P(y=k|x)): 1.0
apple: ©.162
banana: ©.109
grape: 0.596
orange: ©.133 0.8 -
Predicted Class (y): grape
2 0.6 1
.E
©
a
o
& 0.4
0.2
00 - T T

apple banana grape orange
Fruit Classes 13
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What Is a Recognition Model. ..

Why are Recognition Models important?

Recognition models are important because they give machines the ability:
a) to know what something is, not just that it exists.
p) They provide
. classification
ii. identity, and meaning,
C) These elements are critical for security, automation, personalization,
and human-like interaction.

14
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Types of Recognition Models

1.Image Recognition Models
*What they do: Identify and classify objects, scenes, or patterns within
images.
*Examples:
a) Recognizing whether an image contains a cat, dog, or car.
b) Identifying a tumor in a medical scan.
-Mathematical core: Softmax-based classifiers over extracted features:

y = argm%x* Ply=k|x)

*Algorithms/architectures: Convolutional Neural Networks (CNNSs), Vision
Transformers (ViT). 15
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Types of Recognition Models. ..

2. Object/Face Recognition Models
*What they do: Detect and identify specific instances of objects
or people.
*Examples:

a) Face ID unlocking a smartphone (recognizes you).

b) Recognizing a product by its brand logo.
*TWO parts:

Feature extraction (embeddings from CNNs/VIT).

« Similarity measure (cosine similarity, Euclidean distance).
*Mathematics:

similarity (f» (x1)f(x,)) > threshold = same identity

16
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Types of Recognition Models. ..

3. Speech Recognition Models
*What they do: Convert spoken language into text.
*Examples:
a) Voice assistants (Alexa, Siri, Google Assistant).
b) Automated transcription.
Pipeline:
a) Audio waveform — feature extraction (MFCCs, spectrograms).
b) Sequence model (RNN, Transformer).
C) Probability distribution over vocabulary words.
*Mathematics (sequence recognition):

y = argmaxx P(y | x1.7)
y

17

where x;.7is the audio sequence.
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Types of Recognition Models. ..

4. Text Recognition Models (OCR)
*What they do: Recognize printed or handwritten characters from
images.(Associated with Modified National Institute of Standards and
Technology (MNIST).
*Examples:

a) License plate recognition.

b) Reading handwritten digits (MNIST).
Pipeline:

a) Image — segmentation — character recognition.

p) Often CNN + RNN + CTC loss for sequence alignment.

18
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Question 2

Which equation is true for a Softmax-based classifier?
a)y= arg maxx Ply=k|x)

b)y= arg maxx P(z=k| x)
C)y= arg maxx P(y=k|x)
d) none of the above

19
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Types of Recognition Models. ..

Other Types of Recognition Models include:

» Pattern/Character Recognition — Reads structured data like handwriting or license plates.
Example: OCR (Optical Character Recognition).

+ Speech Recognition - Converts spoken words into text.
Example: Siri or Alexa understanding a command.

» Biometric Recognition - Identifies humans by unique features (iris, fingerprints, gait).

Example: Border control systems verifying passports.

20
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MicroPython: A Mini Tools Primer
Micro:bit.org Editor

https://python.microbit.org/v/3

# mpor
Sound £ from micro
q))) Play music, speech and other. ..
. .
B B C M | C rO ' b |t e O Microphone [{E3 e 4 while True:
’ F:efeurepu;e S{ Measire arxd feact fo'sound.. display.show(Image.HEART)
sleep(1000)
Deve | O m e nt y Touch logo (B . display.scroll('Hello')
p b Use the goﬁj logoasanextra.. % 18
.
TO O | S ( N O rd | C API Jv\_ Data logging [[F) >
Log sensor data on your...
.
Semiconductor i
R F S C) 898 Expand your micro:bit

# Code in a 'while True:' loop repeats forever

¢ Send to micro:bit D C &+ Save

) (5 open

(&)

(DD (D (@)

21
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MicroPython: A Mini Tools Primer

https://microbit-micropython.readthedocs.io/en/v2-
docs/index.html

# BBC micro:bit MicroPython

v2-docs

# / BBC micro:bit MicroPython documentation € Edit on GitHub

BBC micro:bit MicroPython documentation

BBC Micro:bit

Hello, World! i . . i N X X

D eve | O m e n t The BBC micro:bit is a small computing device for children. One of the languages it understands is

p Images the popular Python programming language. The version of Python that runs on the BBC micro:bit is
Buttons called MicroPython.
.
[ools (Nordic
Music This documentation includes lessons for teachers and APl documentation for developers (check out
the index on the left). We hope you enjoy developing for the BBC micro:bit using MicroPython.
¢ Random
Semiconductor [

Gestures
The BBC micro:bit MicroPython documentation contains information for all versions of the

n | 2 F S O C) Pirediicn micro:bit board. Where functionality is applicable only to the latest device, you will see a note or

Storage comment marking this as V2.
Speech

Network If you're a new programmer, teacher or unsure where to start, begin with the Tutorials and use the
Radio micro:bit Python Editor to program the micro:bit.

Next Steps

22
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MicroPython: A Mini Tools Primer

Thonny Download version 4.1.7 for

Windows « Mac « Linux

htt -DS //t h on ny O rg/ Python IDE for beginners """""""""""""""""""

‘= Thonny = (=] X
File Edit View Run Tools Help

BBC Micro:bit o

def fact(n): Name Value
ifne=

fn==0:
eve O I | Ie I I return 1 fact <function fact i
else: N 2
*n 3
| | N : n = int(input("Enter a natural number
O O S O r | C ! print("Its factorial is*, [aXY) faqt

def fact(n):

Semiconductor o | S
EET“"‘ else:
fetorn_ fact(ED) * n
n R F S O C) Shell

Local variables

fact

Local variables
Name Value
Name Value
3

23
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MicroPython: A Mini Tools Primer

]
le
I

BBC Micro:bit P
D eve | O p m e nt ELECFREAKS WIKI

. 1.2.1. Add Python File
TO O | S ( N O rd | C e We've created a codebase EF_Produce_MicroPython-master for a convenient python programming to Al

Lens, you will only need to use the functions and modify the parameters for application.

. GO TO STORE
)e | | I | C O n d u Ct O r Go To Store & Download the package and unzip it: EF_Produce_MicroPython-master

1.2. Al-Lens-Python Samples Code

MICR

O micro:bit

n R I: S O C) e GOTSHga aa S m a rt Al - Le n S

MicroPython
Resources

WNL1.Le H
display.scroll(
display.show(Image.HEART)

v

https://www.elecfreaks.com/learn-en/microbitplanetX/ai/Plant-X-EFO5035-python-en.html|

24
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MicroPython: A Mini Tools Primer

1.2.2. API

API
AILENS()

switch_function(func)

BBC Micro:bit =
Development ...
Tools (Nordic ~ semees
Semiconductor

NRF SoC)

[T}
+
o
o
D
ot
Yy

get_track_data()

get_color_type()

Description
Init Al Lens
Choose Al Lens functions, funcchoose function: (Learncharacteristics
learn; Cardcard recognition; Faceface recognition; Trackingtracking
recognition; Colorcolor recognition; Ballball recognition)
Recognize the contents on the card
Get the info of the cards from the Al Lens to a list(X-axis; Y-axis: Width;
Height; Confidence coefficient; Total numbers of cards; ID of current cards)
Judge if there is a human face recognized in the Al Lens
Get the info of the face(s) from the Al Lens to a list(X-axis; Y-axis; Width;
Height; Confidence coefficient; Total numbers of face(s); ID of current
face(s))
Recognize the color of the balls in the Ai Lens
Get the info of the ball(s) from the Al Lens to a list(X-axis; Y-axis; Width;
Height; Confidence coefficient; Total numbers of ball(s); ID of current
ball(s)).
Get the info of the segment(s) from the Al Lens to a list (Deviation angel,
deviation distance, segment length)
Recognize the color of the cards in the Al Lens

Get the info of the color(s) from the Al Lens to a list(X-axis; Y-axis; Width;

Smart Al-Lens
MicroPython

AP

https:.//www.elecfreaks.com/learn-en/microbitplanetX/ai/Plant-X-EFO05035-python-en.html

|: Partial List

25
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MicroPython: A Mini Tools Primer

Microsoft MakeCode’s version of MicroPython

& Blocks

Q 1) # PlanetX AI Lens - Characteristic Learn (MakeCode Python)
B 2 # - Add extension: elecfreaks / pxt-PlanetX-AI
Basic 3 # - Connect AI Lens to I2C (SCL/SDA) per your breakout board
4
Input 5 # initialize and switch to feature/thing (characteristic) learn mode
E 6 PlanetX_AILens.init_module()
. . @» Music ; :
. 7 PlanetX_AILens.switchfunc(PlanetX_AILens.FuncList.THINGS)
BBC Micro:bit 1o .
9 basic.show_icon(IconNames.ASLEEP)
il Radio 10
11 # Button A: capture / learn current object into learned-slot ID1
D eve | O p | | I e nt C‘ Loops 12 def on_button_a():
13 # learn into slot ID1
2 Logic 14 PlanetX_AILens.learn_object
. & . _object(PlanetX_AILens.learnID.ID1)
TO O |S N O rd | C = variables 15 basic.show_icon(IconNames.HEART)
16 basic.pause(150@)
E Math 17 basic.show_icon(IconNames.ASLEEP)
. 18 input.on_button_pressed(Button.A, on_button_a)
Semiconductor e |8
20 # Button B: optional quick visual check of confidence (press to display confidence)
O Extensions 21 def on_button_b():
22 # query confidence (©..180 maybe) for learned ID1
n R F S O C v Advanced 23 conf = PlanetX_AILens.object_confidence(PlanetX_AILens.learnID.ID1)
24 # object_confidence returns a numeric confidence value (some builds return @ if none¢

25 # show approximate as a number (may be >9 so show as two-digit)

RS - D8

26
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Question 3

In reviewing slide 25, which API “"Get the info of the
cards from the AlLens to a list? 4 =
a) switch_function(func)
b) get_card_content()
c) get_card_data()
d) none of the above

27
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Lab: Characteristics Learn Device
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Lab: Characteristics Learn Device...

Participant Learning Objectives:

« Participants will learn how to use the Microsoft MakeCode
Python to build the Characteristics Learn Device.

« Participants will learn to implement a learning event on
recognizing an object using the Smart Al-Lens to Micro:bit Sensor
Shield.

« Participants will learn to view the Confidence Level on the
Characteristic Learn Device.

29
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Lab: Characteristics Learn Device...

Concept Block Diagram for a Characteristics Learn
Demonstrator

A

micro:bit
Smart Al LENs —7L’ Sensor Shield

v2

30
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Lab: Characteristics Learn Device

Characteristics Learn Device Demonstrator Electrical Wiring
Diagram

Smart Al-Lens To Micro:bit: Electrical Wiring Diagram

P20 P20 micro:bit
Smart Al LENs P19 P19 Sensor Shield

VCC V2 v2
GND G

31
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Lab: Characteristics Learn Device

Characteristic Learn Device Demonstrator Electrical Wiring

Diagram Note:
V2 =VCC
G=GND

RJ11T wire
harness
connected to
Micro:bit
Sensor Shield

=
©
=
-—
7
@
>
D
x

32
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Lab: Characteristics Learn Device...

Characteristic Learn Device Demonstrator Electrical SmartAl-Lens
Wiring Diagram powered ON

Smart Al-Lens §=. =
wired to the B

Micro:bit
Sensor Shield '.

3 < iE
4 ifl
|
' bt 3 il e
. . : ;
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Lab: Characteristics Learn Device...
User Interface (UI) of Characteristic Learn Device

Button A: Button B:
Capture/Learn Quick Check of
Confidence Level
Operation:

A press/release on Button A, will allow the Smart-Al Lens to capture and store an object’s image.
Placing the object in front of the Smart-Al Lens will allow the micro:bit to display a Smiley face. No
object present or the incorrect object will display a Sad face on the micro:bit's 5x5 LED matrix. s,
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Lab: Characteristics Learn Device...
Setup Procedure

1. Go to Microsoft MakeCode: micro:bit and open a new project.

2. Click on the Python button to open a new editor.

3. Copy and paste the Characteristics Learn Python code from the text file into the editor.

4. Add the PlanetX-Al extension in the Make Code Python project before compiling. Note: The extension
provides the PlanetX-Al Lens API to the programming environment.

5. Attach the micro:bit to the code development laptop computer or desktop PC USB port.

6. Download the Characteristics Learn code to the micro:bit (Click the Download button)

7. Insert the micro:bit into the Sensor Shield. Attach the USB cable to the Sensor Shield’s USB
connector.

35
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Lab: Characteristics Learn Device...

Learn Mode

1. Place an object in front of the Smart Al-Lens.
2.Press/release Button A. A heart will be displayed on the micro:bit's 5x5 LED display.

Note: the object is stored as an image on the micro:bit.
2. Press Button B. The number 79 will scroll on the LED matrix. This number is the confidence level..

4. Place the learned object from Step 1 in front of the Smart Al-Lens.
5. A smiley face will be displayed on the micro:bit's LED matrix.

36
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Lab: Characteristics Learn Device...

Characteristics Learn Python Code pasted onto the editor

S oot | e

Q A # PlanetX AI Lens - Characteristic Learn (MakeCode Python)
2 # - Add extension: elecfreaks / pxt-PlanetX-AI
3 # - Connect AI Lens to I2C (SCL/SDA) per your breakout board
4
Input 5 # initialize and switch to feature/thing (characteristic) learn mode
. 6 PlanetX_AILens.init_module()
Music 7 PlanetX_AILens.switchfunc(PlanetX_AILens.FuncList.THINGS)
Led 8
9 basic.show_icon(IconNames.ASLEEP)
Radio 10
11 # Button A: capture / learn current object into learned-slot ID1
Loops 12 def on_button_a():
13 # learn into slot ID1
Logic 14 PlanetX_AILens.learn_object(PlanetX_AILens.learnID.ID1) Learn Mode -
Variables 15 basic.show_icon(IconNames.HEART)
16 basic.pause(158) Step 3
Math 17 basic.show_icon(IconNames.ASLEEP)
18 input.on_button_pressed(Button.A, on_button_a)

PlanetX_Al-Lens 19
20 # Button B: optional quick visual check of confidence (press to display confidence)

Retansions 21 def on_button_b():
22 # query confidence (©..100 maybe) for learned ID1

Advanced 23 conf = PlanetX_AILens.object_confidence(PlanetX_AILens.learnID.ID1)
24 # object_confidence returns a numeric confidence value (some builds return @ if nong
25 # show approximate as a number (may be >9 so show as two-digit)

Characteristics_Learn B n

37
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Question 4

In reviewing slide 25, which API aligns with the -
description “Get the info of the cards from the AI Lens & ”
to a list? ( N

a) RJ15

b) RJ45

c) RJ11

d) none of the above

38
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Lab: Characteristics Learn Device...

BBC Micro:bit Digital Logic Gate Lab Activities Workbook
Challenge

Modify the Characteristics Learn Device
code where pressing a digital
pushbutton switch will turn on an
external red LED.

Page 34 provides an electrical wiring
diagram on attaching the traffic light
unit and the digital pushbutton switch
to the sensor shield.

39
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Lab: Characteristics Learn Device...

Assembled and L L L | N |[p
Functionally ‘
Characteristics
Learn Device
Demonstrator

Watch the Video Clip!

Keyestudio

https://youtu.be/xpPdI8WaAo4

40
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Question 5

Which page number in the BBC Digital Logic Gate
workbook provides an electrical wiring diagram for
attaching the digital pushbutton switch and the traffic &
light unit to the sensor shield? -

a) 26

b) 39

c) 35

d) 34

41
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Thank you for attending

Please consider the resources below:

[1] J. Redmon, S. Divvala, R. Girshick, and A. Farhadi, “You only look once: Unified, real-
time object detection,” arXiv:1506.02640 [¢cs.CV], Jun. 2016. [Online]. Available:

https://arxiv.org/abs/1506.02640

[2] [1] D. Wilcher, “Designs News September 25 webinar code,” GitHub repository, Sep.
2025. [Online]. Available: https://github.com/DWilcher/DesignNews-
WebinarCode/blob/main/September 25 Webinar Code.zip
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