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Workshop on Designing and Assembling a Walking Robots% 5T E27H
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Content/Activity NS/ iEE]

Time HB#[H]

14:30 — 14:45

Introduction to the design of legged robots and related learning and teaching resource
materials

BN & B ARYRRET RS R ER

14:45 —15:15

Introduction to the programmable control of robots (e.g. sensors, servo motors,
microcontrollers) and related components of building a walking robot

B EIMAR T Rizien (FIaNREes. FIREEIE. FuzthlEs) REBLS1THIm
)\E’Jd‘ﬁ?‘%nﬁ

15:15-16:15

Hands-on activities:

* Design and assembly of the robot
e Wiring of the robot

B G AED:

- T ARYERETERESS

o T ARYIZAR

16:15 —-16:50

Demonstration and explanation of how the robots with uploaded codes work

BRI ARRED SIS AR A GDENEE

16:50-17:00

Q&A EEE



Aims of the workshop today

We think that proficiency and interest for STEAM can be enhanced via
robotics.

Robotics activities are a great way to get students engaged and familiarised

with STEAM.

Many students, when they think of robotics, associate them with movies,
TV shows, toys, video games and other exciting things that they do in their
fun time.

This enthusiasm may generate interest in a future STEAM career or help

students feel more comfortable in STEAM projects
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Legged robot vs wheeled robot

R

IVIaker Fa|re 2017 Tokyo




Bipedal (2-legged) robots VS Quadrupedal (4- Iegged) robots

.l BN l’)iﬂ L1~




Examples of robotics use in Education

* Children with autism are learning communication and social skills
* Students with developmental issues and attention disorders are learning focus.

e Department of Educational Psychology

aftiums The Chinese University of Hong Kong

HOME ABOUTUS PEOPLE RESEARCH TEACHING SERVICE

Our hands speak: Robot-based intervention to promote gestural communication in children with Autism
Spectrum Disorders (ASD)

PFOE : ERARRAAEEREREFEBEE—RAFSHE

[A project led by Prof. So Wing-chee, Catherine]

Collaborating w
and implement home-based ¢

funde ne CUHK Knowledge Transfer Fund, Quality Education Fund, and Social Innovation
Enterprise Fund.



https://www.fed.cuhk.edu.hk/eps/handsspeak.html

Use robots to teach student with Intellectual disability
— rm v =

A
https://www.youtube.com/watch?v=2IYHKGONIkQ


https://www.youtube.com/watch?v=2IYHkGONIkQ




Today's STEAM Project Robotics is an
interdisciplinary
subject that combines
hardware, software,
algorithm and control.

Mathematics

Science
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Coding Robot design Aesthetic design
Circuit Incorporate equipment

& connectors

Angle
manipulation

Servo
Motor

Moving steps
calibration

Force

Into artwork

3D printing
Sensor

Geometry



Related learning and teaching resource materials

Education Bureau

The Govermnment of the Hong Kang Special Administrative Region e Text Size
of the People's Republic of China

. Curriculum - Schoo Public and
Education Systom R Students and o ~ . . e .
Dowelopmont and Toachers Relotoed Al o= ti | Administratio Accoss to - tion Contact Us
and Policy levelopment andc Parcnts Related cocheors Relaoted | Administration anc l:n_hm stration ccoss to Informatiorn ontactUs
! Support Monagomaont Rolotod

Lotest Nows | AboutEDE | Pross Rolocasc

Home >Curriculum Development and Support >Key Learning Areas >Technoloqy Education
>Technology Education - References & Resources >Technological Subjects

$1-3 STEM Education - Learning and Teaching Resources

Project Learning learning and teaching resources

English Version Chinese Version Remarks

Robotics Project I -3 N . Luew}
Learming Dotails e Dotalils e Download programme code &7

Robotics learning and teaching resources

English Chinese

Topics ) )
P Version Version

Remarks

, ) . Download
. . Basic control of electronic , .
Basic Unit 1 S Details programme
components

Download
programme



https://www.edb.gov.hk/en/curriculum-development/kla/technology-edu/resources/tech-subjects/resources.html

Considerations in designing the robot

* Have legs and a
 Have a display t

ole to walk

nat shows its face

* Reduce the body to the smallest possible

size
* Able to operate

on small battery

e Use the least amount of equipment possible

* Electrical wires need to be housed neatly
within designed ducts

 Most students can do it




Micro-controller unit for the robot
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Development of new hardware =» Opportunities for innovation



Choose the Micro-controller unit for this Project

ESP32-S3FN8

WIiFi/DualCore
8M-FLASH

0.85" IPS-LCD
128 x128 P

6-DoF IMU

MPU6886
Button x 1

GPIOs x 6
IRLED x1
USB CDC
PortAx1

@

ESPRESSIE

ATOM S3
ESP32 531
e
é’ BTN 534|.cr>nsr G)o,

G41 — 621Mosi

il CLK_OUT3

LCD 0.85"

Gl15

Pins to be used in the project ale

ACH1 ACHO
TCH2 TCHI

-M5STACK-

CLKOUT 1€ TOUCH  GPIO

G17
G21
G33
G34

G4

Cs

BL

SCK
MOSI

RS
LCD-RST

POWER GND




Other components of the robot

— |
PSD cover,

MCU:
Micro-controller unit

PCB:
Printed circuit board

PSD:
Position sensitive
detector




Coding to operate the robot

#include <M5AtomS3.h> [Jvoid setup() {

#include <DabbleESP32.h> Serial.begin(l5120C

M5.begin(true, true, false, false); // Initialise MOEAtomS3 (LCD, USB serial, I2C(38,39), LE
#define Default SETTINGS M5.Led. setRotation (4) ; // Rotate the screen 90 deg in counterclockwise dir
Dabble.begin("S5TEMcentre-robot-1"); // set bluetooth name for connection

const uint8_t Srv0 6; //GPIO pin for Right Front leg servo
const uint8_t Srvl 7; //GPIO pin for Right Back leg servo pinMode (Srv0, OUTFPUT) ;
const uintf8 t Srv2 3; //GPIO pin for Left Front leg servo pinMode (Srvl, QUTFUT) ;
const uint8 t Srv3 = 38; //GPIO pin for Left Back leg servo pinMode (Srv2, OUTPUT) ;
const uint8 t AdcO0 = 5; //Analog to Digital converter port pinMode (Srv3, OUTPUT) ;
pinMode (AdcO, INPUT);
const uint8 t srv CHO = 0, srv_CH1 = 1, srv CH2 = 2, srv_CH3 = 3; // define servo channels
const double PWM Hz = 50; // Pulse width modulation frequency => PWM period = 1/50 = 20ms // configure servo PWM channel and frequency
const uint8 t PWM resolution = 14; // PWM resolution l4bit (0~16383) ledcSetup(srv_CHO, PWM _Hz, PWM_resolution);
ledcSetup(srv_CHl1, PWM Hz, PWM resolution);
int pulse All Left = 409; // 0Odeg : 214 (bit) x 0.5ms (pulse) / 20ms (PWM period) ledcSetup(srv_CHZ, PWM Hz, PWM resolution);
int pulse_ All Right = 2048; //180deg: 2714(kit) x 2.5ms (pulse) / 20ms (PWM pericd) ledcSetup(srv_CH3, PWM Hz, PWM resolutiocn);

int all left = 0; // Configure servo pins and channels
int all right = 180; ledcAttachPin(Srv0, srv_CHO);
ledcAttachPin(Srvl, srv_CHI);
int HomePosAng[] = {55,95,103,93}; // initial servo angle ledcAttachPin(Srv2, srv_CH2):;
int ang0[4]; // temporary variable ledcAttachPin(Srv3, srv CH3);
int angl[4]; // temporary variable
float ts=120; // move on to the next step after 120ms face normal() ;
float td=10; // control the speed of the servo angle changes

Initial setting():

gl AtomS3_robot1_PDP2023 | Arduino IDE 2.0.3 d . I D E
Arduino

File Edit Sketch Tools Help

° e @  M5Stack-ATOMS3

AtomS3_robot1_PDP2023.inoc  debug_custom.json

1 #include <M5AtomS2.h>
2 #include <DabbleESP32.h>




Degrees of freedom in a robot

:ea:;élwh To impose a certain kind of motion to happen
eadrlc
between two rigid parts in a single degree of freedom,

ShoulderPitch use a servo motor.
ShoulderRoll
Body Part Degrees of Freedom (a1 &3 &)
Neck 2
ElbowYaw
ElbowRoll Shoulders & Arms 6Xx2
Hip & Legs 5x2+1

Total

| HipYawPitch

WristYaw
Hand

(Open & Close)
HipRoll
HipPitch

Pitch Axis

KneePitch

AnklePitch
AnkleRoll|

Roll Axis S
Yaw AXxis



https://compsci290-s2016.github.io/CoursePage/Materials/EulerAnglesViz/

What is a Servo motor ?

Servo motors consist of:

1. Gear reduction (slow but strong)
2. Position sensor

3. Electronic circuitry

brown = ground
red = power

orange = control




How Does the SG90 Servo Motor Works




How does a Servo motor work ?

A servo motor has an electronic board that accepts PWM (Pulse Width Modulation xEZHE
signals and measures its on-time pulse width. The servo motor also has a potentiometer that

helps in keeping track of the shaft position.

—_— The embedded board continuously detects and corrects
the unintended shift in the shaft position. The target
position is maintained by continuous error correction
between the shaft position and the user input.

4m OUTPUT SHAFT

U
=T ETT T
or
DC MOTOR.

PWM DC Motor

Signal

CONTROL

Potentiometer CIRCUIT



How can we use PWM signals to operate a servo motor?

To control the motion of the SG90 servo motor we need to apply a PWM signal
to the orange wire to achieve the desired position.

PWM=0range (J1I")
Vcc Red( )
Ground=Brown (=)

The duration of "on-time" is called
the pulse width.

Set PWM period = 20ms (frequency 50Hz)
T{REHA TR
0.5ms “on-time” pulse width corresponds

| +«— 20ms —» ‘ to O°

PWM period = 20ms

2.5ms “on-time” pulse width corresponds
to 180°




Simple Wiring Diagram

B="—" G8

o M ® 67

G338 © O G6

Back side of G39 ©
the PCB

ol GS = .
' G7 = | .
: ®
Frontside of Ge6" |» * G538
the PCB G5 * ] G39
siofofofefe
XXX Xo ke
XX X XeXe,

Left Back Left Front  Right Back Right Front detector

Position sensitive

(J8) (J7) (J6) (J5) (4)




Features that the robot must have

e Able to move forward, backward, turn
left or right

e (Can adopt a few poses

* Facial content alterations are possible

 Able to be operated remotely via
smartphone apps like Dabble

 Able to regulate its movement in
response to the distance of an object
in front of it Dabble




Assembly of the robot




Assembly of the robot:

@ Secure the On/off switch




Assembly of the robot:

@ Place the servo motor of the left front leg




Assembly of the robot:

@ Place the servo motor of the right front leg




Assembly of the robot:
Place the PSD (Position sensitive detector)




Assembly of the robot:

@ Place the servo motor of the right back leg




Assembly of the robot:
Place the servo motor of the left back leg




Assembly of the robot:

@ Store the wires inside the duct




Assembly of the robot:

Place the PCB (Printed circuit board)




Assembly of the robot:

Attach the jumper wires to the connector pins




Assembly of the robot:

Attach the MCU (Atom S3) to the connector pins




Assembly of the robot:

U Place the battery to the battery case




Assembly of the robot:

@ Switch on the robot to reset the home position of all servo motor shafts

> " ’
i
— — -— Jpp———e &
R—— -
- 2
B
i
1
!
: |

Home position




Assembly of the robot:

Fasten the four legs with screws, one at a time

T—

Left back leg



Assembly of the robot:

T

U Fasten the PSD cover with screws




Install the "Dabble" smartphone app for controlling the robot

Dabble: One App for
Sensing & Control

Simplified project-making, wireless hardware
control, sensing, loT & much more.

GETITON ,- £ Download on the “
» Google Play ‘ € A pStore |

One App.
Infinite Control.

T - &
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Screen

Name of the robot
defined in the program:
Teacher-robot-x




Establish a connection between Dabble and the robot

2:55 =T - 3115 = &
da ble & D Cancel Dones... Try Again dQ ble VAt

Unknown device

LED Brightness Control Terminal

Y 4

LED Brightness Control Terminal

Unknown device

Unknown device

Unknown device

m 5.@ Unknown device Connect m §.=@

Gamepad
Gamepad Pin State Monitor Gamepad Pin State Monitor

Unknown device

Unknown device

Fu’s AirPods Pro Connect "

Phone Sensors

5

Phone Sensors

Unknown device

Unknown device Connect Name Of the
robot defined
in the program

Unknown device

STEMcentre-robot-1




Establish a connection between Dabble and the robot

Switch Mode

Digital Mode




Use Dabble to operate the robot




Use Dabble to operate the robot

Tilt down



Use Dabble to operate the robot

Right front leg up



Use Dabble to operate the robot

Left front leg up



Use Dabble to operate the robot  (Walking)




Coding with the Arduino IDE

AtomS3_robot1_withPosSenDetector_14bits | Arduino IDE 2.0.3
File JEdit Skeich Tools Help

I‘ e"""" S kEtCh IC-rl ) \\] _

A

MNew Remote Sketch  Alt+Ctrl+N

- P ectar 14hits.ino dehun custom_ison
Open... Ctrl+0O

Open Recent Preferences

Examples
. (0 Show files inside Sketches
Close Ctrl+W
Editor font size: 14
Save Ctrl+5
o Interface scale: Automatic 100
Save As... Ctrl+Shift+5

Theme: Light (Arduino) v
Preferences... Ctrl+Comma

Language: English v (Reload required)

Advanced Show verbose output during O compile (J upload

) Compiler warnings None w
Quit .
(O Verify code after upload
Auto save
[ Editor Quick Suggesiions

Additional boards manager URLs: [https://mbstack.oss-cn-shgnzhen.aliyuncs.com/resource/arduino/package_mbate Q

Ln 146, Col 1 UTF-8 M5Stack-ATOMS3 [not connected]

https://mb5stack.oss-cn-shenzhen.aliyuncs.com/resource/arduino/package _mb5stack_index.json




Coding with the Arduino IDE

2l AtomS3_robot1_withPosSenDetector_14bits | Arduino IDE 2.0.3
File Edit 5ketch | Tools] Help

Auto Format
x> Xo>

Archive Sketch

AtomS3_ Manage Libraries... Ctrl+Shift+l

Serial Monitor Ctrl+Shift+M

Serial Plotter

WiFi101 / WiFiNINA Firmware Updater se | ect ‘“ M SSta C k_ATO M 53”

Upload S5L Root Certificates

Board: [M5Stack-ATOMS3" Boards Manager... Ctrl+Shift+B

1
2
3
vl
5
G
7
8
9

Get Board Info ]
Arduino AVE Boards

=
=

USE CDC On Boot Arduino Mbed OS5 Mano Boards

H
=

CPU Frequency Arduino megaAVR Boards

=
WA

Core Debug Level esp32

H
I

USE DFU On Boot M5Stack

=
L

Erase All Flash Before Sketch Upload M55tack

[
o

Events Run On

o
0~

Flash Mode

=
WO

Flash Size

P
&

ITAG Adapter

[
=

¥
-]

Arduino Runs On

U5E Firmware MSC On Boot




Coding with the Arduino IDE

#define Default SETTINGS

uint8 t srve =
uintg t

const uint8 t

const uintg t

const uint8 t Adce

ﬂTDnSB
B ESP32-s3 @

\\'5 6-DOF ‘N leS MPUG6886
28l Tl CLK_OUT3

’1, A
cEdded Aot

| 5V _

LCD 0.85"

G15 cs
Gl6 BL
G17 SCK
G21 MOsI

(GND I 5V ] o35 s

G34  LCD-RST

ACH1 ACHO

TCH2 TCHI1 S
-M5STACK -

Reserve G5 (ADC) for PSD sensor =

CLKOUT 12C




Coding with the Arduino IDE

const uint8 t srv CH® = @, srv CH1 = 1, srv CH2 = 2,
const double PWM Hz = 5@;
const uint8 t PWM resolution = 14;

int pulse All Left = 409;
int pulse All Right = 2048;

int all left = @,
int all right = 180,

We can offer various analogue values to control the pulse width
Example:
Analogue values for 14-bit pins can vary from O to 16383. (2714 = 16,384)



0.5-25ms

Servo Motor

PWM frequency: 50 Hz
PWM period: 1/50 = 0.02s
=20ms
PWM resolution: 14bits
PWM pulse width:
0-16383 (2714)

Time period — 20 ms
Frequency — 50 Hz

You can rotate the servo motor shaft from 0° to 180° by varying the

PWM pulse width from 0.5ms to 2.5ms.
0°: 16384 X = ~ 409 180°: 16384 x 2>

22 ~ 2048
A



How to configure the program's parameters?

// Pulse width modulation frequency --> period 20ms
const double PWM _Hz = 50;

//PWM resolution 14bit (0 ~ 16383) 2714 = 16384
const uint8_t PWM _resolution = 14;

// 2714(bit) x 0.5ms (pulse) / 20ms (PWM period)
int pulse_All_Left =409; //servoangle=0°

PWM

Pin + 50S) // 2714(bit) x 2.5ms (pulse) / 20ms (PWM period)

14 bits {D-16383)

Angle: 0 int pulse_All_Right =2048;

Pulse Width:

int all_left = 0; // 0°
int all_right = 180; // 180 °




Codmg with the Arduino IDE

int HomePosAng[] = {85,95,183,93};
int angel[4];

int anglf[4];

tloat ts=1286;

tloat td=16;

int position status = @;

23
26
2%
26

N I w5

Move forward from rest: €@

Calibration is required for the robot to
Right Front " Right Back Stand properly

(RF) (RB)

To alter the walking pace, modify
these values

Home position:

{RF, RB, LF, LB}:
{~90,~90,~90,~90}

Home position + {0,0,0,0}



Coding with the Arduino IDE

Move forward from rest: €

Right Back

Left Front

—15%(assumed)

{RF, RB, LF, LB}:

15°(assumed) map & Home position + {0,-15,15,0}

Move forward from rest: @)

' Right Front

Left Front Left Back

{RF, RB, LF, LB}:
Home position + {-15,0,0,15}

Move forward from rest: €

Right Front Right Back

Left Back

Left Fron§

‘ {RF, RB, LF, LB}:
Home position + {-15,15,-15,15}

Right Back

Left Back

=752

{RF, RB, LF, LB}:

—115°
.- Home position + {15,-15,15,-15}



Move forward from rest: €¥

(RF) (RB)

Right Front Right Back

(LF) (LB)
Left Front Left Back

Home position:

{RF, RB, LF, LB}:
{~90,~90,~90,~90}

Home position + {0,0,0,0}



Move forward from rest: @

Right Front Right Back

—1 5°(assumed)
=

{RF, RB, LF, LB}:
€ | Home position + {0,-15,15,0}

Left Back

15°(assumed) mp



Move forward from rest: €

Right Front Right Back

Left Fron’% Left Back

1 ®

+15°

.

-15°

{RF, RB, LF, LB}:

15°
= Home position + {-15,15,-15,15}



Move forward from rest: @@

Right Front Right Back

Left Fron’% Left Back

{RF, RB, LF, LB}:
Home position + {-15,0,0,15}




Move forward from rest: @

Right Front Right Back

Left Fron’% Left Back

-15°

{RF, RB, LF, LB}
Home position + {15,-15,15,-15}




Move forward from rest: @

Right Front Right Back

Left Fron’:c Left Back

{RF, RB, LF, LB}:
Home position + {0,0,0,0}



Coding with the Arduino IDE

void face default eye(void *pvParameters){

while(1)

{
face clear();
M5.Lcd.fillCircle(39,49,10,0X001F);
M5.Lcd.fillCircle(89,49,10,0x001F);
M5.Lcd.fillRect(39,83,50,10,0x8800);
delay(1000);
face clear();
M5.Lcd.fillRect(34,44,10,7,0x001F);
M5.Lcd.fillRect(84,44,10,7,0X001F);
M5.Lcd.fillEllipse(62,83,25,5,0xC800);
delay(5600);

1=

volid look right() {
face clear():;
M5.Lcd.fillCircle (19,459, 1C
M5.Lcd.fillCircle(c9,49, 10
M5.Lecd.fillRect(19,78,50,2C
}

}

I
I
o =1 oy 0

void face normal(){
tace clear(); | p—— |
M5.Lcd.fillCircle(39,49,10,0x001F); o
M5.Lcd.fillcircle(89,49,10,0X001F); e
M5.Lcd.fillRect(29,83,50,10,0x8800);

L N ]

I |
|
I =

void look left()({
face clear():;
M5.Lcd.fillCircle (59,459, 1C
M5.Lcd.fillCircle(109,49,1C
M5.Lcd.fillRect(59,78,50,2C

I | I
J M NN
e L [N

I
%]
oy 0N

vold face changed(){
M5.Lcd.fillScreen(M5.Lcd.color565(255, @, 9));
M5.Lcd.fillCircle(39,49,10,0X001F);
M5.Lcd.fillCircle(89,49,10,0X001F);
M5.Lcd.fillRect(39,73,50,40,0XFFFF);

|
]




Coding with the Arduino IDE

299  void setup() {

300 Serial.begin(151200);
M5.begin(true, true, false, false);
M5.Lcd.setRotation(4);

("STEMcentre-robot-1");

[
¥

¥

pinMode(Srve, OUTPUT
(Srvl, OUTPUT);
e(Srv2, OUTPUT);
(Srv3, OUTPUT

Adce, INPUT); da ble FAE- Cancel — Try Again “da ble

Establish a connection between Dabble and the robc

3 266 v - 318

)
)
)
)

Unknown device

2 ‘ T 2 |
Unknown device Connect

|
h ] LED Brightness Control Terminal LED Brightness Contral | 1

Unknown device

PWM Hz, PWM resolution);

)
PWM Hz, PWM resolution); Unknonn device —
PWM Hz, PWM resolution); [+ - mgz _— [+

Unknown device
Gamepad

PWM Hz, PWM resolution);

Gamapad | Pin §
Unknown device

Unknown device

Fu's AirPods Pro Connect
[-)

Unknown device

srv_CHO);
srv_CH1); -

srv_CH2);

srv_CH3);

Phone Sensors Phone Sensors

(W]
] 1
3

Unknown device Connect Name of the
robot defined
in the program

L
o
o

Unknown device

L
[
(W]}

STEMcentre-robot-1

L
[N
I

(W]
[N
L



Coding with the Arduino IDE

an flmat psd() The Ad CO Values frOm

v
float volts = analogRead(Adc®@)*5/4096;

position sensitive detector
: return analogRead(Adce); ‘ ra nge from O tO 4095 (2/\12)

int virtual distance - o Modify these settings to alter
virtual distance = psd(); the robot's moving behaviour

USBSeria wrintlnl nse '. _"
1()>3400)&&(psd()<4095)) && (position status == 9))

it ((psd()>1800)&&(psd()<3400)) && (position status == @))




Clothing design for the robot Maintenance of the battery

- s ﬁa
@y ..
You may design a robot uniform To recharge the battery, use a
and print it using a 3D printer smart universal charger

suitable for 3.7V Lithium AAA
Battery



Other references
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