





Teacher Guide

Lesson 1

Listen,VinciBot!
Extension Activity
01 Vinci Pet

02 Lights on, VinciBot!

Lesson 2

Book or Pen

Lesson 3

VinciBot Recognizes Letters

Lesson 4

What is the weather in Beijing

Lesson 5

Let's Dance
Extension Activity

The Leader VinciBot







Teacher Guide

Al Features of VinciBot: Embedded Machine
Learning (Tiny ML) and loT

Al, or Artificial Intelligence, is like giving brains to machines. Just like how we use our
brains to think, learn, and make decisions, Al teaches computers to do the same thing.
Imagine having a super-smart friend who can help you with all sorts of tasks: solving
puzzles, playing games, even chatting with you! Al is like that friend, but for computers. It
helps them understand things, make predictions, and even come up with new ideas. For
example, Al can help your phone recognize your voice commands, suggest movies you
might like, or beat you at a game of chess. It's really cool because it makes machines
smarter and more helpful in our everyday lives. So, learning about Al is like unlocking the
secrets of how to make computers act just like humans!

The main aspects of artificial intelligence (Al) encompass various facets of simulating
human intelligence in machines. Here are the key aspects: machine learning, natural
language processing (NLP), computer vision, expert systems, etc.

An Al robotic, often referred to simply as a "robot", is a machine equipped with artificial
intelligence (Al) capabilities that enable it to perform tasks autonomously or with minimal
human intervention.

These robots are equipped with sensors, actuators, control systems, and Al
algorithms that enable them to perceive their environment, process information, make
decisions, and take actions based on what they sense.

Al robotics is a rapidly evolving field with applications ranging from industrial
automation and manufacturing to healthcare, transportation, and even household chores.
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Al robotics typically consists of several key components, including sensors, actuators,
and control systems.

Sensors: These are devices that detect and measure physical properties or
environmental conditions. They provide data to the robot about its surroundings, enabling
it to perceive and interact with the environment. Common types of sensors used in Al
robots include: cameras, ToF ranging sensor, LiDAR (Light Detection and Ranging),
infrared sensors, sound sensors, etc.

Actuators: These are mechanisms responsible for physically manipulating the robot's
environment based on the instructions received from the control system. Actuators
convert electrical or pneumatic signals into mechanical motion. Common types of
actuators includes motors, servos, pneumatic actuators, and hydraulic actuators.

Control System: This is the brain of the robot, responsible for processing sensor data,
making decisions, and sending commands to actuators to achieve desired tasks or
behaviors. The control system may include: microcontrollers or microprocessors, HUB,
etc.



As an Al robotics solution, VinciBot possesses characteristics such as autonomy,
learning, sensing and perception, decision making, interactivity, and adaptability. Looking
atthe productitself, itincorporates a variety of sensors, multiple actuators, and itis
equipped with an embedded microcontroller system.

) i Actuators: Frontand
Actuators: Six 16 million full-color rear omni-directional
programmable light guide pins o ( e wheels
(Can be used with optical fiber strips, acrylic
boards and cardboards) 111 1] —————— ~ Actuators: Speaker

_ Sensors: Infrared communication (transmitter)

" L 4 Sensors: Five-way line
 Sensors: Light detecitlon sensor (right) ¢ ) follower / color
: i . _ .~ Sensor (Supports line

Actuators: 16xgprogrammablewhite @ (R ®- folowngandeit

LED matrix

) RN detection)
***** Sensors: ToF LiDAR ranging sensor

- Sensors: Infrared communication (receiver 1)
- (Supportsinfrared remote control)

" Sensors: Light detection sensor (left)

* Sensors: Sound detection sensor (MIC)
(Supports recording and voice recognition)

Tiny ML, orembedded machine learning, is one type of Machine Learning. Through
model creation, data acquisition, training and development, and programming, VinciBot
can recognize speech commands, hand gestures, objects, etc, with no Internet required!

Model Creation Training&Development

' Data Acquisition Programming
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The Internet of Things (IoT) describes the network of physical objects — “things”™—
that are embedded with sensors, software, and other technologies for the purpose of
connecting and exchanging data with other devices and systems over the internet. Smart
Home is a great case for using loT.

Touse the Tiny ML and loT of VinciBot, please check in the extension center.

MOTOR

Only supports official IR remate control Only supports LEGD 9686 series motors.

Extension Center

IR Remote

leT DHT11 Sensor Rotary Angle Sensor Joystick LED Strip

Connect VinciBot to the intermet. Temperature & Humidity Sensor Ratary Angle Sensor oystick LED Strip




In this lesson, students will learn the four steps of Tiny ML by creating and using a
speech model. There are four steps of Tiny ML: model creation, data acquisition,

training and development, and programming.

Speech Model

* Know Tiny ML, and be familiar with the 4 steps for Tiny ML: model creation, data
acquisition, model training and deployment, and programming.

. Create one speech model and know the tips for acquiring speech data.

. Use the created model to program and turn the VinciBot into an obedient robot pet.

ISTE: 1a, 1d, 2d, 4a, 5a, 5b, 6¢
CSTA (Grade 3-5): 1B-CS-01, 1B-CS-03, 1B-DA-06, 1B-DA-07,
1B-AP-10, 1B-AP-11, 1B-AP-12, 1B-AP-15

VinciBot, PC/Pad




VinciBot as an Artificial Intelligence (Al) robotic solution, in addition to basic programming, it also
supports Al functions such as embedded machine learning (Tiny ML), Internet of Things (loT),
etc. Inthis lesson, we will first become familiar with the the Tiny ML.

Embedded machine learning (Tiny ML) is a typical type of Machine Learning. ltis also a
typical function for VinciBot. There is one microphone in VinciBot, which helps the VinciBot can

"hear" according to its Al function. In this lesson, we are going to create a speech model, and
use the created model to program.

Select Model
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Step 1: Choose and create an ML model

Geeting VinciBot

Train And Save Model

Model Train Class: 5 Sample: 25

»
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Select Neural Network: (@SIuEll Start Train .
E ES [J
§ o = Operators
i |. r % = % —‘—v @.)
 Foten] Va'?mes
i e o
0.0045
o CRD R Contdence:
. ; (]
window size(ms): window increase(ms): ot

Step 3: Train and deploy the model Step 4: Use the model to program




matata 0. - File  §p TinyML Untitled Project

studio

© " Events @
Events
o

Motion
® @® when triangle ~ key pressed|

Motor

@® when obstacle distance > +

Select Model

A

image Model Specch Model Tof Model
My Models
VinciBot Pet Al Automatic Shooting Il
o 05203 Jri—

First, design the speech commands/wake-up words. For example, “Hello” “Dance” , and “Sing a
song” .

Then, Before acquiring the data, you need to make sure the VinciBot is connected to the
coding platform.

class1 &

Plase Add Dataset

¥
CE=]

Acquire Data

class1 &

Please Add Dataset

TinyML Model

x
>
n Dopomickioy

Select Model

Ed

Image Model Speech Model ToF Model

»

My Models

Create a new speech classification training project

(( Name Listen VinciBot

Nodata




Next, change the class name, and check the “Setting” .

In “Settings” , "delay" means the delay of several seconds in starting to collect data after the
the "Acquire" button is pressed. “Duration” shows how long it takes to acquire one sample.
Usually, we need to repeat the commands/wake-up words several times in this duration. In most
cases, we can use the default settings, which include no delay and a duration of 10 seconds.
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Finally, press the "Acquire" button to acquire data samples. There are several tips:

1. In the “duration” of acquiring data samples (which is 10 seconds in this case), you need to
keep repeating the command/wake-up word.

2. Data diversity: The more diverse the data, the better the model. So, we can acquire speech
data with different speech speeds, timbres, and accents.

3. Please collect at least four audio data samples for each class.

4. Each model should have at least two classes of data, with one class being "Nothing." (Ina
speech model, "Nothing" refers to background noise when no commands/wake-up words is
detected; in animage model, "Nothing" refers to the background scene when no image is present.)

Hi~VinciBot~ .
Hi,VinciBot!
The voice ol data s g ecommended s U3

Hi, VinciBot...
Hello #
-
~ © A o . Total 5 Samples
| ~l

ore

e 3000
—— 1

Acqire |
e 100

Settings |
— 0
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One important tip is we can download data of one class by pressing the “download all
samples” button and uploading them to another model.

Listen VinciBot
Model G Data Acquisi

,,,,,,,,,,,,,,,,,,,,,,,,

Upload Data

—) DeleteClass

Hello BsBAWIqd.inge. More Disable Class

Remove Samples

Download All Samples

Al

P O A T,
O PR G O Y
TP PG TLEP G L o




How can you train and deploy the model?

® Press " Start Train" to train the model.

Pay attention to the "Train Cycle", the
default Train Cycle is 50.

Listen VinciBot

Train And Save Model

Model Train Class: 4 Sample: 20

Select Neural Network: (SEEID)

L) Liscncce § = Lo ] f Fioten §
aming (oooss) [ o \
: Confidence: L )
window size(ms): | 1000 [ndow increase(ms): | 100 \
Report v

* We should also read the Logout. Usually,
the accuracy from Epoch 1 to Epoch 50

should be getting closerto 1.

., val_accuracy
, val_accura

, accuracy=0.
, accuracy=0.9991, .0823, val_accura
, val_accura:
, val accura

, accuracy=1.
6, accuracy=1.
, accuracy=1.
, accuracy=1.0000, 638, val_accura
, accuracy=1. , . , val_accura:
6, accuracy=1.0000, .0647, val_accura
, accuracy , .0626, val_accura
, accuracy . .0628, val_accura
, accuracy , . , val_accura:
, accura 613, val_accura
, accur 613, val_accura
, val_accuracy:

ch 50: loss=0.
nished training
Saving best performing mc ..
Saving best performing model OK
Job completed

* After finishing training the model, please
read the report. In this case, the report
shows that the trained model is pretty good.

Last Train Score Deploy Model

Accuracy Loss

96.1% & 014

Confusion Matrix

Hello Dance Sing a song Nothing

Hello - 0% 0% 0%

Dance 2.0% - 0% 7.8%

Sing a song 0% 0% _ 0%
Nothing 0% 3.7% 0% -

F1 Score 0.99 0.93 1.00 0.95

* Ifthe "Accuracy" in the report and the
logout are not very good, you can either
acquire more data samples, simply
retrain the model, or change the "Train
Cycle" toretrain the model.

*® Press the "Deploy Model" button, and go
to the programming page.

TS - @ @ () O Broi Ovr G-
©

Here are some parameters in “Train” , including “Train Cycle” , “Learning Rate” , "Min
Confidence” , “window size(ms)” and “window increase(ms)” . Usually, such terms have their
default settings. So, we rarely need to change the settings.

@ Train And Save Model

Model Train

Select Neural Network: @
e T e

Class: 4 Sample: 20

[ vrcc
Train "50 Y\ Learning ‘ Min ‘/0.5 \‘
Cycle: \ / Rate: ~/ Confidence: N J
T\ VT
window size(ms): | 1000 | window increase(ms): | 100 |
(N \ J
Report v
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Train Cycle describes the iterative process of training a model using a dataset,
evaluating its performance, and adjusting the parameters, all until satisfactory results are
achieved.

Learning Rate is a hyperparameter that controls the size of the steps taken during the
optimization process, particularly in iterative optimization algorithms, which include
gradient descent. It determines the model's parameter adjustment range in each update
during training. Finding an appropriate learning rate often involves experimentation and
tuning.

Window Size refers to the number of data points or observations consideredin a
single iteration or processing step.

Sometimes, if your training results are not particularly satisfactory, you can achieve
better outcomes by adjusting “Train Cycle” or "Learning Rate” and training again.
However, how to change the parameter is quite complex. At this stage, we just need to try
different parameters.

The parameter in window size is relatively easy to understand. For example, ina
speech ML model, the preset parameter for window size is 1000ms, which is 1 second.
When our command is "Hello" or similarly short, and it can be repeated more than once
within 1 second, this setting requires no change. However, when our command is longer,
such as "VinciBot, how are you?” and "VinciBot, how do you do?", increasing the window
size appropriately becomes necessary.

How can you program?

1. Get familiar with My Al coding blocks

e Load the specified embedded machine learning model and make a prediction.

. . am
}‘c;_'» load model * and perform prediction once

¢ Obtain a specified model's prediction. The name of the category to which the forecast
result belongs.

@ model + :result of current prediction

¢ Obtain the confidence level in a specified category from a specified model's predictions.
Return a value in the range of 0-100.

@ model « : confidence of current v

¢ Determine whether a specified model's predictions belong to the specified category.

Return a boolean value. True: The forecast matches the specified category. False: the
forecast mismatchesiit.

@ model +« :ispredictionresult



2. Increase the accuracy of predictions by indicating the time of each prediction.

To enhance the speech recognition accuracy, we can add prompts for the "Start" and
"Stop" of each prediction through programming. One demo sub-program to prompt each
prediction time is shown below.

7 emotion happy *

load model Listen VinciBot + and perform prediction once

show image I_I_I_I for o seconds
llStOpll

When using the speech commands, we need to start speaking a command
continuously as soon as the "Start" signal lights up. We should keep saying the command

Activity 1: Listen, VinciBot!

The Speech commands VinciBot will
Hello Say “Hello”
Dance Dance
Sing a song Sing a Song
Nothing Make a “heartbeat” sound

1



Demo Program:

@ when triangle » key pressed

k emotion happy *

epeat €
wait o seconds

=2+ show image E E
wait m seconds

perform prediction once

Hello =

.;.} sound ‘}] emotion hello + until done

Is prediction result Dance =

+

7

song *

.,\) sing twinkle, twinkle, little star + until done

VinciBot » :lIsp asult Nothing = 7

sound @) others heartbeat v until done

1. What is the process of Tiny ML?
2. How many Tiny ML model types does VinciBot has? What are they?
3. Talk about the tips of acquiring speech data.
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Activity

Students are going to create, train and deploy a speech model which includes all

the commands/wake up words for your Vinci pet. Then, they will use the created
model to program, and turn the VinciBot into an obedient robot pet.

The Speech Commands VinciBot will
Hi, Vinci Make a baking sound
Spin Spin around in place
Come Do the action “sprint”
Wait Do the action “shake”
Down Make an emotion “sleepy”
Nothing Make a “heartbeat” sound

1. Students select and create the voice model "Vinci Pet."
2. Students follow the steps to systematically collect all voice data.
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3. Students train the model and decide whether to retrain it based on the Accuracy Report.
If the results are still unsatisfactory, students need to adjust some parameters and train
the model again.

.
) ran s sove s . . - i .
........ . E o
ol Tran » - .~ - .
Wi % o % _ o 22%
Select Neural Network — o o o
~~~~~ o
||lhe 55 ﬁ U
amn am am an o o —~ 0 0 a— . R .
[ mFcC ]  Dense | . e @5
rancrse: () tesmerite (008 ) ot (05 )
(1000 ) (100 )

Report v

4. Click the "Deploy Model" button to deploy the model into My Models.

Step 3: Students use the “Vinci Pet” speech model to program.

1. Students should design "Start" and "Stop" signals for each prediction. Then write a
sub-program to prompt each prediction time to enhance the speech recognition accuracy.
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Vinci Pet » and perform prediction once

show image Em fmro seconds

Stop

2. Add the “nested if else” statement to finish the program.
Demo program:

@ when ftriangle v ' key pressed

wait ° seconds
s: show image mﬂl
bwait m seconds

ﬁf‘ load model Vinci Pet » and perform prediction once
show image m_ﬂ for 0 seconds
fi- Model VinciPet » :Is prediction result Hi Vinci v then

@) sound ‘)) animal dog v  until done

Model Vinci Pet » : s prediction result Spin » then

@ turn left v+ for @) degrees v+ with @Il % speed until done

.‘fp Model Vinci Pet » : s prediction result Come »

action sprint »

:“;\ Model VinciPet » :Is prediction result Wait » then

A action shake »

:i' Model Vinci Pet » :Is prediction result Down » then

2 emotion sleepy v

:?’ Model VinciPet v : s prediction result Nothing v then

@) sound @) others heartbeat v | until done
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