The Implementation of an
Augmented Reality Display and a
Virtual Reality Gontroller on Glasses

Jiuhe Tian
Princeton International School of Mathematics and Science
General Engineering
2022 -2023



1. Basic Information
2. Application ¥ i '

| /’6 ............. \ f ............. \ \.\. f ............. \ / ............. \ |
3. Approach e O oo W A iososnid | s linrioll | :

I I | ' '
I | sgesvennnnnnannns R | . Frrrrirasaes s Frrrre e e 8

I Projector Small Projector ! i ESP Arduino . TR T e !

I : .................................. : I I [ I TP, E I i Some |

I | - ............................... i + : ................................ i I | 7” l/)/'()l}(’lllt’ll / i
i Lens Small Lens i i Accelerometer Unity : ] i
| | Bensnaanmanenan || Sopekicia s A RS el | R e R : —

| G i ) st =

| : Plastic board Frame . : o Laptop . E | L

I :\ ............ J\ ............. / : : k]k j I '__ __;
\ ". "

: AR Display i VR Control : V' Droduct |

1 e ]

I 1




Basic Information - Design Draft

Thin plastic board } L__,_/ fjﬁf e T \7
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Near-eye display

| T /’7\*

Projector /

e
Wire with the projector /'/

Wireless with ESP

/ The distance is
arm length most
of time, it's fine to
use bluetooth

Structure / cover: 3D Print or laser cut
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ESP: just show Rechargeable
position battery

Use a laptop as a server, connect the
projector and the controller together,
use 3D vector to calculate and
generate graph



Basic Information - AR Display Model

The plastic board reflects the
information from the projector

The laptop screen

The overview of the AR (compare with the first image)
display model




Basic Information - VR Controller Model

The VR controller model includes a breadboard, an
ESP8266 processor, and a MPU6050 accelerometer. The
model is currently sending information to the laptop in
the image.




Basic Information - Position Tracking

Screenshots of the Unity project, the blue bar shows the

rotation and position information of the VR controller model.
(could have a live demonstration here)




Application - Ideas

Augmented Reality

Virtual Reality

No position tracking

Have position
tracking

Portable

Hard to move

Only put a screen in
front of eyes

Can see
real world

Cannot see what is in
the real world

Can be totally
virtual

Relies on the real
world environment

AR + VR System

The diagram shows the logic relationship among AR, VR, and my AR + VR project.
The AR + VR system integrates advantages of AR and VR, to use in broader areas




Application - Applicable Areas

e Long distance control in...
o Surgery: Doctors can control robot arms to do surgery from far away with hand
motion
o Planet exploration: Movement of astronauts can be recorded and sent to the
exploration robots on another planet
o Gigantic or tiny works: Workers motion can be used to control gigantic machines to
build bridges, or control laser to make chips

e Entertainment
e Education



Plastic board
Lens in front of the
light source

Weak light reflected
from the board

Z

Light source

Human eyes

P=0.70+0.02"
F1=0.57+0.02
FII=0.14+0.02

The screenshot of optics
simulator shows how the
light from the projector is
going to be transmitted to
human eye.




Approach - VR Position Tracking

General idea: add up short time displacement with short time acceleration

Calculate displacement x from acceleration a with integration.

v = [ adt, (D
x = [wvdt, (2)
When At — 0, we can express (1) and (2) as
L D e B
lim ) JaAt (3)
A—0 i=0
— a+a_
where a = —5=
i

With formula (3), the displacement information can be calculated from the acceleration data sent
from the accelerometer.



Approach - VR Position Tracking

void loop() {

>

Get new sensor events with the re gs B .
mpu. getEvent(&a, &g, &temp); - ArdUIHO COde runnlng On ESP8266
ro_x += g.gyro.x * DELAY / 1000.0 * 180.0 / pi;
ro_y += g.gyro.y * DELAY / 1000.0 * 180.0 / pi; . S—
ro_z += g.gyro.z * DELAY / 1000.0 * 180.0 / pi; void UpdateP051t10n() {
//objectRigidbody.AddForce(Vector3.up * 9.8f * Time.deltaTime, Force
Print out the values */ //acc_ini_x = acc_X;
// Serial.print("Rotation X: "); %30 ow a3 2
Serial.print(ro_x); //aCC_:!.n:!._y = S
SABIRT . privit (. ®) s //acc_ini_z = acc_z;
// Serial.print(", ¥: "); if (acc_x == 0) vel x = 0;
Serial.print(ro_y); if (acc_y == @) Vel_y = 0;
//Se:la%-irln?(:'(");z ) 1+ (acc Z == @) vel z = 0;
erial.print (", = ")
A = . transform.Translate((vel _x + ©.5f * acc_x * 0.1f) * Time.deltaTime,
erial.print (ro_z);
Serial.print(","); (vel z + 0.5Ff * acc_z * 0.1f) * Time.deltaTime,
// Serial.println(" rad g2 I |(vel_y + 0.5f * acc_y * 0.1f) * Time.deltaTime);

vel x += acc_x * Time.deltaTime;
vel y += acc_y * Time.deltaTime;

// Serial.print("Acceleration X: ");

Serial.print (a.acceleration.x);

Serial.print(","); vel z += acc_z * Time.deltaTime;
// Serial.print(", ¥Y: ");
Serial.print (a.acceleration.y); }

Serial.print(",");

// Serial.print(", z: ");

Serial.print (a.acceleration.z);

Sardnl speickinl) ; ¢+ C# code running on the laptop t

// Serial.print(" m/s”*2 ™)




Approach - Gonnection Setup
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The graph shows how the ESP8266
is connected with the MPU6050
accelerometer. Link:
https://randomnerdtutorials.com/es
p8266-nodemcu-mpu-6050-accele
rometer-gyroscope-arduino/
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https://randomnerdtutorials.com/esp8266-nodemcu-mpu-6050-accelerometer-gyroscope-arduino/
https://randomnerdtutorials.com/esp8266-nodemcu-mpu-6050-accelerometer-gyroscope-arduino/
https://randomnerdtutorials.com/esp8266-nodemcu-mpu-6050-accelerometer-gyroscope-arduino/

Approach - Connection Setup (cont'd)
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The graph above shows how the final product will be like. Two
accelerometers will connect with the server on different ports, and
The projector will display what the server shows about the
accelerometer data




e What to make: an AR glass with VR position tracking

e Why to make: to build a glasses which integrates the advantages of AR and VR

e How to make: use optics for display, an accelerometer for positioning, and a
laptop as a server

ESP

A=




Thanks for Listening

March 2023
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