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Workshop on Designing and Assembling a Walking Robot設計與組
裝可步行機械人工作坊

Time 時間 Content/Activity 內容/活動

14:30 – 14:45

Introduction to the design of legged robots and related learning and teaching resource 
materials
簡介多足機械人的設計及相關學與教資源

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
簡介機械人的可編程控制 (例如感應器、伺服電動機、微控制器) 及建構步行機械
人的相關元件

15:15 – 16:15 

Hands-on activities:
• Design and assembly of the robot
• Wiring of the robot
動手做活動:
• 機械人的設計與組裝
• 機械人的接線

16:15 – 16:50 
Demonstration and explanation of how the robots with uploaded codes work
演示及解釋已上載代碼的機械人如何運作

16:50 – 17:00 Q&A 問與答



• 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. 

Aims of the workshop today

• 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

enthusiasm



Robotics Can Improve Proficiency and Enthusiasm for STEAM 

ASIMO (Advanced Step in Innovative Mobility) is a humanoid robot created by Honda in 2000



Legged robot vs wheeled robot

Maker Faire 2017 Tokyo



Bipedal (2-legged) robots vs Quadrupedal (4-legged) robots



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

Examples of robotics use in Education

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


Use robots to teach student with Intellectual disability 

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

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

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


It is possible 
to make robot 
programming 

simple and 
engaging



Robotics is an 
interdisciplinary 
subject that combines 
hardware, software, 
algorithm and control.



Related learning and teaching resource materials

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

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

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


Considerations in designing the robot

• Have legs and able to walk

• Have a display that shows its face

• Reduce the body to the smallest possible 

size

• Able to operate on small battery

• Use the least amount of equipment possible

• Electrical wires need to be housed neatly 

within designed ducts

• Most students can do it



Arduino (Uno) Micro:bit

M5 AtomS3

Development of new hardware ➔ Opportunities for innovation

Micro-controller unit for the robot



Choose the Micro-controller unit for this Project

ATOM

S3
Pins to be used in the project



Other components of the robot

battery

Servo motor

PCBMCU

robot body 

robot legs

PSD

MCU:
Micro-controller unit

PCB:
Printed circuit board

PSD:
Position sensitive 
detector

PSD cover



Coding to operate the robot

Arduino IDE



Degrees of freedom in a robot

Body Part Degrees of Freedom (可動關節)

Neck 2

Shoulders & Arms 6 x 2

Hip & Legs 5 x 2 + 1

Total 25

Pitch Axis

Roll Axis
Yaw Axis

(Open & Close)

To impose a certain kind of motion to happen 
between two rigid parts in a single degree of freedom, 
use a servo motor.

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



How Does the SG90 Servo Motor Works



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.

How does a Servo motor work ?
A servo motor has an electronic board that accepts PWM (Pulse Width Modulation 脈寬調變) 
signals and measures its on-time pulse width.  The servo motor also has a potentiometer that 
helps in keeping track of the shaft position.



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

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

0.5ms 
Pulse

2.5ms 
Pulse

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.

0.5ms “on-time” pulse width corresponds 
to 0

Set PWM period = 20ms  (frequency 50Hz)
工作週期 工作頻率

PWM period = 20ms

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



Simple Wiring Diagram

G8

G7

G6
G5

3V3

G39
G38
5V
GND

G8
G7
G6
G5

3V3

G39
G38
5V

GND

Right Front
(J5)

Right Back
(J6)

Left Front
(J7)

Left Back
(J8)

Position sensitive 
detector

(J4)

Front side of 
the PCB

Back side of 
the PCB

Servos



Features that the robot must have

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

• 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:

M3 M2



Assembly of the robot:

Secure the On/off switch



Assembly of the robot:

Place the servo motor of the left front leg J7



Assembly of the robot:

Place the servo motor of the right front leg J5



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

a b c

d e f

J4



Assembly of the robot:

Place the servo motor of the right back leg
J6



Assembly of the robot:
Place the servo motor of the left back leg J8



Assembly of the robot:

Store the wires inside the duct

a b c



Assembly of the robot:

Place the PCB (Printed circuit board)

a b c



Assembly of the robot:

Attach the jumper wires to the connector pins

Orange
Red
Brown

-+



Assembly of the robot:

Attach the MCU (Atom S3) to the connector pins



Assembly of the robot:
Place the battery to the battery case11

-+



Assembly of the robot:
Switch on the robot to reset the home position of all servo motor shafts 12

Home position

~90

on-off switch



Assembly of the robot:
Fasten the four legs with screws, one at a time13

a

b c

d

e

f

Left back leg



Assembly of the robot:

Fasten the PSD cover with screws14

PSD cover



Install the "Dabble" smartphone app for controlling the robot



Screen

1

2

3

4

5

6

7

8

X

9

10

11

12

13

14

15

16

19 1820

21

22

Speaker’s
Table

23

17

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



Establish a connection between Dabble and the robot

Name of the 
robot defined 
in the program

connected

Gamepad



Establish a connection between Dabble and the robot

4

5

6



Use Dabble to operate the robot

Tilt up



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)

Forward

backward

Turn
left

Turn
right



Coding with the Arduino IDE

https://m5stack.oss-cn-shenzhen.aliyuncs.com/resource/arduino/package_m5stack_index.json



Coding with the Arduino IDE

select “M5Stack-ATOMS3”



Coding with the Arduino IDE

Reserve G5 (ADC) for PSD sensor



Coding with the Arduino IDE

We can offer various analogue values to control the pulse width
Example:  
Analogue values for 14-bit pins can vary from 0 to 16383.   (2^14 = 16,384)



Servo Motor 

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 ×
0.5

20
 ≈ 409      180 : 16384 ×

2.5

20
 ≈ 2048 

0.5 – 2.5 ms

PWM frequency: 50 Hz
PWM period: 1/50 = 0.02s
      = 20ms
PWM resolution: 14bits
PWM pulse width:
0 – 16383    (2^14) 



How to configure the program's parameters?

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

//PWM resolution 14bit (0～16383)  2^14 = 16384
const uint8_t PWM_resolution = 14; 

//  2^14(bit) x  0.5ms (pulse) / 20ms (PWM period)
int pulse_All_Left = 409;   // servo angle = 0 

// 2^14(bit) x 2.5ms (pulse) / 20ms (PWM period)
int pulse_All_Right = 2048; 

int all_left = 0;        //  0 

int all_right = 180; // 180 

+ve



Coding with the Arduino IDE

Calibration is required for the robot to 
stand properly

To alter the walking pace, modify 
these values



Coding with the Arduino IDE



Left Front Left Back

Right BackRight Front

Move forward from rest: 1

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

Home position:
 {~90,~90,~90,~90}

(RF) (RB)

(LB)(LF)



Left Front Left Back

Right BackRight Front

Move forward from rest: 2

15(assumed)

-15(assumed)

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

+ve

-ve



Left Front Left Back

Right BackRight Front

Move forward from rest: 3

-15

+15
-15

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



Left Front Left Back

Right BackRight Front

Move forward from rest: 4

-15

+15
{RF, RB, LF, LB}:

Home position + {-15,0,0,15}



Left Front Left Back

Right BackRight Front

Move forward from rest: 5

-15

+15
-15

+15
{RF, RB, LF, LB}:

Home position + {15,-15,15,-15}



Left Front Left Back

Right BackRight Front

Move forward from rest: 6

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



Coding with the Arduino IDE



Coding with the Arduino IDE



Coding with the Arduino IDE

The Adc0 values from 
position sensitive detector 
range from 0 to 4095 (2^12)

Modify these settings to alter 
the robot's moving behaviour



Clothing design for the robot Maintenance of the battery 

To recharge the battery, use a  
smart universal charger 
suitable for 3.7V Lithium AAA 
Battery

You may design a robot uniform 
and print it using a 3D printer



Other references
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