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Live-Diffusion
Live-Diffusion is a real-time multimodal Al image generation system that can dynamically respond
to various user interactions. This project is designed to expand creative possibilities by bridging the
accessibility gap for zero Al-knowledge users and integrating multimodal sensation of the physical world.

Aegis: Space Maintenance Drone

Aegis Is a space maintenance drone designed to repair space satellites, extending their operational
lifespan. It integrates surgical robot controller and arms for precise operations by either astronaut or
remote operation from earth. The drone uses an ION propulsion system to ensure its sustainability and
continuous servicing in space.

Gaudi-Vision

Gaudi-Vision is an interactive project that transforms user uploaded images into Gaudi’s aesthetic. The
project utilizing Al technology to provide an alternative solution to the population and preservation of
culture heritage.

Beyond Ink-wash

Beyond the Ink-wash is an interactive digital system that recreates the elegance of traditional Chinese
Ink-wash paintings through modern programming technologies. The project empowers users to draw
a personalized ink-wash artworks though body interaction, offering an interactive experience with the
traditional ink-wash paintings.
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PIFFUSION

Real-time Interactive AI Image Generation System

> The Live-Diffusion project aims to enhance the interactivity of
current image-generation AI by integrating a multimodal sensory
system. The system can dynamically respond to various user
interactions and environmental data. By integrated user-friendly
interface, the system can also expand creative possibilities by
bridging the accessibility gap for zero AI-knowledge users and
receiving multimodal sensation from the physical world.
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BACKGROUND . /Accessibility_Gap . /Steep_Learning_Curve

> Although a significant number of people express interest in AI > Learning AI image generation
technology, only a few possess the foundational knowledge required to presents a considerable
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° /L1 mi tEd_Inter’aCt1 veness develop generative models effectively and fully harness AI's potential. learning curve, demanding a

comprehensive understanding of
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CONCEPT

. /Objectives

cd Live-Diffusion/Concept

Real-time Interaction

> The system shall harness various input signals
in real-time to create AI-generated images that
adapt dynamically based on user -{interactions,
providing an immersive and responsive experience.
This will involve continuously monitoring and
interpreting input data from hardware or software
sources.

Multimodal Perception

> The system shall employ multimodal perception
by integrating inputs from a range of sensors
to create dynamically responsive AI-generated
images, enhancing artistic expression through a
blend of environmental and physiological data
from various sensors.

User Accessibility

> The system shall prioritize user accessibility
by translating complex AI 1industry jargon into
clear, comprehensible language and providing a
user-friendly interface that welcomes users of
all technical backgrounds.
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DEPLOYMENT

cd Live-Diffusion/Deployment

. /Sensor_Reading_Collection

> The reader side is responsible for getting sensor readings and sending them to the receiver
side using ESP-NOW protocol. The receiver takes care of receiving readings and prints in the
serial port with the knobs' readings. They control either prompt or parameters separately.
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. /Code_Snippets

Arduino

> In the coding process, the
codes mainly consist of five
functionalities as follows:

o000 sendData

//RECEIVER MAC Address
uint8_t broadcastAddress[] = {0x3E, @xEA, 0x7B, 0x19, 0xAQ, 0x58};

// Structure example to send data
// Must match the receiver structure
typedef struct struct_message {
char a[32];
int sensorLight;
int sensorTemp;
int sensorHumi;
} struct_message;

// Create a struct_message called myData
struct_message myData;

esp_now_peer_info_t peerInfo;

// callback when data is sent
void OnDataSent(const uint8_t *mac_addr, esp_now_send_status_t status) {
Serial.print("\r\nLast Packet Send Status:\t");
Serial.println(status = ESP_NOW_SEND_SUCCESS ? "Delivery Success" :
"Delivery Fail");

}

// Set device as a Wi-Fi Station
WiFi.mode(WIFI_STA);

// Init ESP-NOW

if (esp_now_init() * ESP_OK) {
Serial.println("Error initializing ESP-NOW");
return;

}

// Once ESPNow is successfully Init, we will register for Send CB to
// get the status of Trasnmitted packet
esp_now_register_send_cb(OnDataSent);

// Register peer

memcpy(peerInfo.peer_addr, broadcastAddress, 6);

peerInfo.channel = 0;

peerInfo.encrypt = false;

// Add peer

if (esp_now_add_peer(&peerInfo) = ESP_OK){
Serial.println("Failed to add peer");
return;

} sendData()

Set up ESP-NOW communication, defining
data structure and peer information,

then send sensor data with delivery
status feedback.

00 SensorRead
#tinclude <DHT.h>

// DHT sensor pin and type
t#tdefine DHTPIN 4
ftdefine DHTTYPE DHT22

// light sensor pin
#tdefine LIGHT_SENSOR_PIN 34

// Initialize DHT sensor
DHT dht(DHTPIN, DHTTYPE);

float sensorLight;
float sensorTemp;
float sensorHumi;

void sensorRead() {
// Read light sensor value (analog)
SensorLight = analogRead(LIGHT_SENSOR_PIN);

// Read temperature and humidity from DHT sensor
SensorTemp = dht.readTemperature(); // Celsius by default

SensorHumi = dht.readHumidity();

// Check if any readings failed and exit early (to try again).

if (isnan(SensorTemp) || isnan(SensorHumi)) {
Serial.println("Failed to read from DHT sensor");
return;

}

return;

} sensorRead ()

Use DHT module and analogRead() to
get readings from different sensors.

[ X X ) SerialUpdate

float sensorLight;
float SensorTemp;
float SensorHumi;

// callback function that will be executed when data is received
void OnDataRecv(const esp_now_recv_info xinfo, const uint8_t *incomingData, int
len) {

memcpy(&myData, incomingData, sizeof(myData));

//write servo data

sensorLight = myData.SensorLight;

sensorTemp = myData.SensorTemp;

sensorHumi = myData.SensorHumi;

void setup() {

// Set device as a Wi-Fi Station
WiFi.mode(WIFI_STA);
// Init ESP-NOW
if (esp_now_init() = ESP_OK) {
Serial.println("Error initializing ESP-NOW");
return;
}
// Once ESPNow is successfully Init, we will register for recv CB to get recv
packer info
esp_err_t result = esp_now_register_recv_cb(OnDataRecv);
if (result = ESP_OK) {
Serial.println("Callback registered successfully");
} else {
Serial.println("Failed to register callback");

} ®

} receiveData()
Receive data using ESP-NOW, and
update parameters that assigned to
sensor data.

(X N RotaryEncoderHandler

// Rotary Encoder 1
#define CLK 27
#define DT 26
#define SW 25

// Encoder 1

volatile int16_t positionl = 2;
volatile int16_t lastCLKState1l;
volatile bool positionChangedl = false;

void setup() {

// Encoder 1 pin modes

pinMode(CLK, INPUT);

pinMode(DT, INPUT);

pinMode(SW, INPUT_PULLUP);

lastCLKStatel = digitalRead(CLK);
attachInterrupt(digitalPinToInterrupt(CLK), handleEncoderl, CHANGE);

: .

// Rotary decoder 1 handler
void IRAM_ATTR encoderHandler() {
int16_t currentCLKStatel = digitalRead(CLK);
if (currentCLKStatel % lastCLKStatel & btnilStatus = HIGH) {
if (digitalRead(DT) = currentCLKStatel) {
positionl++;
} else if(positionl > 2){
positionl--;
}
positionChangedl = true;
}

lastCLKStatel = currentCLKStatel;

}
encoderHandler ()
Handle a rotary encoder interrupt
by updating position value based
on rotation direction.

o000 SerialUpdate

void serialUpdate(){
Serial.print(positionl);
Serial.print(",");
Serial.print(position2);
Serial.print(",");
Serial.print(position3);
Serial.print(",");
Serial.print(knobValue);
Serial.print(",");
Serial.print(sensorLight);
Serial.print(",");
Serial.print(sensorTemp);
Serial.print(",");
Serial.print(sensorHumi);
Serial.println(",");

serialUpdate()

Send data in a predefined
structure through serial port.



. /Data Execution

. /AI_Image_Generation

TouchDes1igner

ComfyUI

. /UI_Display
TouchDesigner

op('Stable_Diffusion').
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Build simple UI using TouchDesigner.
Translate Parameter Jargons
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RENE

split Data

Split data received from Serial Port

Button

Achieve button function using Python code.

¢jj

buttonBlack('streaml')
notify('Stream ended')

buttonwhite('streaml')
notify('Stream started
return

buttonPress()

Stream Button
function code

op('Stable_Diffusion').
op('Stable_Diffusion').

)

. from serial to TD DAT.

elif steps = 30:
limitedSteps = 30

else: value = Decimal(value) + ste
limitedSteps = steps if value s

op('Qualityl').par.text = limitedSteps

par.Reinit.pulse() > boundary[e]:

par.Stream = True

return

assignValue()

Assign received value

changeValue()
Change parameter

value using keyboard
in case of emergency.

Press

notify('Preset 1 loaded')
return

record = False
adule, buttonBlack( buttonsave’)

saveImage()

Save favorable generated images
into local disk storage with
current parameter and time.

loadPreset()

Load Preset function can change the
prompt and non-sensor parameters 1in
one click.



Presenting @Undergraduate Research Symposium

O U _|_ C O M E . . . ;‘jS;:ap'l.ystem User Experience

Generated Images Webcam Images

>y N
;‘J&b- "—i“
\\_‘ -'H'_ ey o

s 7t 7

»3\\ \1m--.uJ

w\\\a.m& i

—
-
-

- ‘\-. !’
'\ r:"" \‘l’u-

AN, LT AV
N\ Thambode- YN
A _n\x‘a!r-

SEEHSA . WL
‘l_rh"_" L

2

| WY
=il Ll =iuL

e I 2o
G e B
e R ] -

i_l [_! - E. |—]
0 0] oemm—
=R -1 LN

EL—A Sin nyye
Presenting and Ex1b1t1ng @IMA Gallery

féuchbesigner Sensor & Controller' Exibi ting @NYUShanghai Halloween Event



b " o TSt . PRt e . P S TN

- T T 0 % & T
el g i e e b L Er— SN — P Bt ¢ AR Y e P b

A W% ; "o " . . i, v " AL . T - . ‘ 'y > X -';t' e T 1
! N . \ _ - ~ " & s . N de., . e - Fi -y
. . v, . - ’ﬂ ﬁ .
=" TN N ¥ LY s ' g 05 AN e - pedd e - : e e e - <
. - \ NS ' ! B 8 - b . I gy . T p .y AT WL Foy . .y o ST
L] . N, h, \, . N N n, - 3 e . R Ty AR S .
r \ \ \ . \ . . o ' " . ~ 2 ’ T T T i e Twd . 2
' . " s ® o ode ol
e - PPN L L E .
- . |

AEgIS &
Space maintenance drone

In space, EVA maintenance is a very dangerous mission, we propose a
space drone based on ION propulsion technology with precise robdtic.
arms, in order to substitute EVA maintenance tasks.

During the project we experimented and optimised ION propulsion
technology. When designing the remote control for the robotic arm, we
found that the traditional solution was too complicated, and we
designed a new set of remote controls for the gimbal.

2024.9.21 :

Team members:
Hao Shi Jinran Ye Sichen Zhen Zixuan Liu




Background

The original design requirements of space spacecraft are high reliability
and easy maintenance.

However, many historical events have shown that aircraft maintenance
needs more development.

News

When will Starliner come home? Boeing and NASA still don't know

Stich anticipates resolving the Starliner's helium leak with the mission team
this week. Despite challenges, the spacecraft is ready for emergency ISS
departure, with 27 of 28 RCS thrusters approved for reentry. The mission's
extension is a surprise boon, with Amy Decker, from the chief engineer's
office, enthusiastically calling the additional data "AWESOME."

NASA Rejects Jared Isaacman's Plan To Save The Hubble Telescope

NASA considered but rejected a plan to service the Hubble Space Telescope.
Mark Clampin, head of NASA's Astrophysics, cited risks in trying to save
Hubble and stated they won't enhance it after reviewing commercial options.
Clampin appreciated the analysis from the NASA team, SpaceX, and Polaris.

11 —
Intense Radiation S—

Radiation can cause embrittlement,
decomposition, or other physical
changes in materials, compromising the
structural integrity of the spacecraft.

Protective covering
Liquid cooling layer
Vacuum insulation
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Gravity forces the blood in our bodies to flow downward, and in space, this 1 ///
process becomes chaotic, leading to edema. This can lead to vision changes
such as decreased sharpness and structural changes in the eye itself.
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Microgravity
‘
In the microgravity environment, maintenance
N equipment and parts are floating around in space,
. and astronauts must perform maintenance work
while keeplng many tiny itéms under control ¢t (
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Limited Vision

Astronauts need helmets to maintain
the internal air pressure of the
spacesuit, the glass cover inevitably
limits the field of view. After wearing
the helmet, the field of vision will be
reduced to 60% of that without the
helmet.

[_E]Q Discovery

Due to technical limitations, there is no safe and reilable
the development of space work



Re Searc h Sending people to space is very expensive
It is not an efficient way to deploy additional personnel to go into space

to perform spacecraft maintenance tasks.

What is the maintenance PN High Compatibility

There is no need to think

process of serving spacecraft ?

[ = by ' too much about carrying
¢ ) ' Fuel Su | machines or cargo into
i, = ~ '*’ﬁ o : PPly space, and there is no need
= S Machines are essentially to change the overall design

of the rocket.

Programmability

Machines can be programmed as
needed to adapt to different job

rf
goods, and there are fewer I i
conditions to consider than
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High Certainty

sending them to heaven. With proper planning and

Remote control
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Why Robotic Arm is Cumbersome ?

Risks And Benefits Coexist s a

g
The existing robotic arm is a bulky and complex component that cannot be discarded ,
]
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Endurance Of Concentration On Earth (15min)

as part of the spacecraft, even if it malfunctions.

Long Term Period High Cost

Li m ited Wor ki n g H o u rs Endurance Of Comentréﬂon In Space (15min)

High Technical Complexity
The concentration time is only about 10 min, if ' ) ® @
you have to force yourselfto concentrate, then . ° & z ® :
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Heavy Weight And

. Astronauts need to undergo lengthy training
Large Size Meet the requirements for space maintenance

The weight and size of the robotic arm
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The robotic arm is a highly

integrated electromechanical between a rocket's speed and its into space, the longer the

15 min is already the limit.
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Mechanical arm (without shield)

CO nce pt S ketc h “ Exploded Diagram

System Operation o e e O ——

Powerful
hunting tool

Plexiglass exterior protection

Lighting systems \ -_ ’

Camera and infrared distance sensor

Grab function and landing gear function
can be integrated at the same time

Big hands
for strength .

Little hands

for eatlng e ..{

Big and small hands could make space
repair missions more flexible

" Space IR 4l Ne: P

Statio_n .

Complete Machine
I Original
- NS

lon thruster - front

lon thruster - back

Designated

Enhanced Observation

iy, Have more information collection capabilities,
a SN free angles, and multiple technical means to =} ; frin
(i=x ! ' 3 nea obotic arm with integrated
e bh—,‘*’ gs{g[ﬁ;véiand observe failures of artificial landing gear 2 Shield provides the § %

function of a protective
\ cover, as well as solar
\ energy replenishment

\

Precise Arms

Using a drone equipped with a robotic arm that
can interact in real time ,remotely operated in
the space ship or even on the ground.

Integrated fill light and laser

welding on robotic arm guards Replacement of maintenance tools
Enhanced Safety

Efficient and flexible maneuverability, when
astronauts encounter danger or need assistance
during extravehicular walking,Space drones
could provide support and bring back rescues




Testing And Modeling

Exploration Of Robotic Arm Forms
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Different arm span lengths, different shaft placement positions,

different gripping methods, and different storage and folding methods

Exploration Of Robotic Arm Operation Methods
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The workings of a professional
camera gimbal provided the
inspiration, and with a total of
four angle sensors, the
gripping function on the
robotic arm has been fully
realised. Operator training
time should be cut down
somewhat compared to the
joystick style of remote control
currently used on the Space
Shuttle.

Use In Combination

When wired, the input
angle of the gimbal
can be transmitted to
the robotic arm in real
time. Considering that
we are testing on the
ground and there is a
gravity factor, when
actually used in space,
the servo will respond
more quickly

With the wireless
module connected,
off-site operation is
already possible.

Precise Operation

Due to the use of angle sensors and the ergonomic position
of each sensor's pivot, it is less prone to misuse than a
joystick.

Intuitive Operation

Because of the camera gimbal-like shape, it's easy to
understand how it works at a glance, with the pinching action
of the thumb and index finger performed by two pivot arms and
an angle sensor.

01 PTZ controller

d] ”q] e § 02 ESP32 (sender)
sov__ N 0 V| 03 ESP32 (receiver)

D = 04 Robotic arm
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1. Sensor Angle Mapping

void setup() {

pinMode(ServoSensor6R,INPUT);
pinMode(ServoSensor3R,INPUT):
pinMode(ServoSensor2R,INPUT);

void loop() {
int ServoSensor2R_RawData = analogRead(ServoSensor2R);
int ServoSensor3R_RawData = analogRead(ServoSensor3R);
int ServoSensor6R_RawData = analogRead(ServoSensor6R);
int ServoSensor2R_Fixed = map(ServoSensor2R_RawData, 0, 4095, 0, 270);
int ServoSensor3R_Fixed = map(ServoSensor3R_RawData, 0, 4095, 0, 540);
int ServoSensor6R_Fixed = map(ServoSensor6R_RawData, 0, 4095, 0, 270);
int ServoSensor2R_Maped = map(ServoSensor2R_Fixed, 0, 270, 270, -90);
int ServoSensor3R_Maped = map(ServoSensor3R_Fixed, 0, 270, 0, 270);
int ServoSensor6R_Maped = map(ServoSensor6R_Fixed, 0, 270, 270, 45);

nn

2. Servo Control

//Servos Define
//19 s6r ;18 s3r; 5s2r; 21s4r;15s5r;17s1r; 16 Y1 ; 4

Zl;

int s1r = 17;
int s2r = 5;

int s3r = 18;
int sdr = 21;
int s5r = 15;
int s6r = 19;

Servo Servo6R;
Servo Servo5R;
Servo Servo4R;
Servo Servo3R;
Servo Servo2R;
Servo ServolR;

3. Communication Between Microcontroller

//RECEIVER MAC Address
uint8_t broadcastAddress[] = {0x78, OXEE, 0x4C, 0x00, 0xA8, 0x28};

/] Structure example to send data
/I Must match the receiver structure
typedef struct struct_message {
char a[32];
int Sensor2R;
int Sensor3R;
int Sensor6R;
} struct_message;

/| Create a struct_message called myData
struct_message myData;

esp_now_peer_info_t peerinfo;

/] callback when data is sent
void OnDataSent(const uint8_t *mac_addr, esp_now_send_status_t status) {
Serial.print("\r\nLast Packet Send Status:\t");
Serial.printin(status == ESP_NOW_SEND_SUCCESS ? "Delivery Success" :
;Delivery Fail");

/| Set device as a Wi-Fi Station
WiFi.mode(WIFI_STA);

/[ Init ESP-NOW

if (esp_now_init() = ESP_OK) {
Serial.printin("Error initializing ESP-NOW");
return;

}

/| Once ESPNow is successfully Init, we will register for Send CB to
/] get the status of Trasnmitted packet
esp_now_register_send_cb(OnDataSent);

/] Register peer

memcpy (peerinfo.peer_addr, broadcastAddress, 6);
peerinfo.channel = 0;

peerinfo.encrypt = false;

/| Add peer

if (esp_now_add_peer(&peerinfo) != ESP_OK)}{
Serial.printin("Failed to add peer");
return;



ION Propulsion Power Unit Experiment

Final Power Unit

First Try Second Try Third Try

Use needle-shaped negative electrode Experiment with zigzag electrodes to Testing the impact of fairing shape on
to excite electrons and tested the study the impact of electrode shape ion excitation efficiency

distance between the positive and on ion excitation efficiency

negative electrodes

Wind Speed 1.2m/s  Wind Speed 1.7m/s  Wind Speed
Stability Stability Stability

21m/s

Servo Design

In terms of power design bilateral total of 6 ion thrusters are used, 4 for forward propulsion and 2 for reverse, so only one
180 degree servo is needed on a single side to achieve - yaw angle, roll angle, pitch angle change.

Fourth Try

Tested larger voltages, impact on
efficiency and stability

Wind Speed

2.1m/s

User Interface

The combination of sawtooth and
venturi electrodes can produce

Wind Speed

Menu -

= Propulsion Maintenance Standby {3 Propulsion Mair;E;nl:E Standby »
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Flight Control |
While flying, the pilot can precisely control the !
direction of the drone's movement by aligning the =y . — N
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right side will show the operating status of the six -
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repaired will be highlighted in red, and the body of B
the drone is also displayed in red to help the pilot ;
distinguish the boundaries and prevent collisions.

When performing a repair mission, the target to be o = e

The left side of the interface will show the flow of the
mission, and the bottom side will display mission-
related information.
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-~ Exploded Diagram

Final Outcome

S _ : - plexiglass cover

lon thruster core

Emergency brake discs

Titanium arm

Composite shield to protect
against high temperature
. radiation to the robot arm

Colour-coded knuckles to aid accurate
identification during operation
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Antoni Gaudi was born on June 25, 1852, in Reus, Catalonia, Spain, into a family
of coppersmiths. He moved to Barcelona for his studies in architecture at the
Provincial School of Architecture, graduating in 1878. Gaudi's career is inextricably
linked with Barcelona, where his most notable works are located. His unique
approach to the Modernisme movement, which incorporated a variety of styles
and techniques, along with his devotion to nature, religion, and Catalan culture,
distinguished him early on. Gaudi's architecture evolved significantly over his
lifetime, from a Victorianism style to more natural and organic forms that defined
his later works. Despite facing criticism for his avant-garde style during his lifetime,
Gaudi's legacy has grown substantially over time, and he is now celebrated as a
visionary in modern architecture. His contribution to the Modernisme movement
and his innovative use of materials and structural solutions have cemented his
status as one of the most influential architects of the 20th century.

Gaudi's architectural style is distinguished by its integration of natural forms,
vibrant colors, textured surfaces, and organic shapes. He was inspired by his
deep appreciation of nature, which is evident in the fluidity and organic quality
of his designs. Gaudi often employed the use of trencadis, a mosaic made
from broken tile shards, to add vibrant textures and colors to his buildings.
This technique, along with his innovative use of materials like ironwork for
ornamental purposes, became hallmarks of his work. Gaudi's architecture

is also known for its complex geometric forms, which were often inspired

by natural structures, contributing to the unique and unmistakable style that
defines his contribution to the Art Nouveau movement.

Gaudi's work was deeply influenced by his religiosity, a profound fascination
with nature, and the integration of Catalan cultural symbols. His devout
Catholic faith inspired the spiritual symbolism that permeates his work,
particularly evident in the Sagrada Familia. Gaudi's observation of nature
influenced his architectural forms and structures, leading him to mimic natural
shapes and utilize them in innovative structural solutions. Additionally, Gaudi's
designs often include elements of Catalan nationalism, reflecting his pride in

: his heritage. These influences combined to create a body of work that was
OpenAl Stable Diffusion Google both deeply personal and universally appealing, marking Gaudi as a pioneer
DALL-E Model DeepDream in integrating philosophical and cultural dimensions into architectural design.




Key Features of Gaudi's Style Al Generative Image Project Concept
Overview of Artificial Intelligence in Art From Gaudi Style to Al Generation and Interactivity

Material and Color Harmony

J _ . @audi also had a keen eye for selecting “N pifin : " - - ;
. ok, materials that naturally possess vibrant ‘Artificial Intelligence Creativity Neural Networks Generative Models T ______ 5 1 Tadal (bt o n Eemibieseslle Amess
Cafenqry Arches and ) — i -'_:: # _ ! ] CO/OI‘S, such as the use of different types of 19;6 19 705 199 OJ 2 0 l OJ Odd'}/ Al Model i
| o e . : 2 . ' ) / °® ® o [ o

Apperence of the term Expansion of Al in The Internet and The Rise of Data preprocessing

stone, ceramics, and glass. He combined Identificati fk listic el
these materials in ways that their natural catihication of key stylstic clements
\ Integration of artistic vision

colors complemented the overall palette of l 9 6 0 J l 9 8 0 J 2 0 o 0 .f 2 0 2 0 ._f ‘,\

his designs, as seen in the Casa Vicens,

Parabolic Structures 2

Gaudi utilized the catenary arch,
which is the curve that a chain or rope

forms when supported at its ends and where the use of brightly colored tiles Early Algorithmic Integration with The Age of Machine Al Becomes a \  Gser foedback 20
acted upon by gravity. This principle contrasts with the natural tones of the brick Art Digital Tools Learning Medium | improve model
was used to create structures that and stone. }

are both aesthetically pleasing and
architecturally sound, evident in many

) Customization of designs
of his works. g

Relevant Al Techniques

For a project aiming to emulate Antoni Gaudi's architectural style using Al, specific Interactive refinement of generated images

technologies such as neural networks, deep learning, and style transfer techniques are
pivotal. Neural networks can analyze Gaudi's designs to understand the underlying
patterns and characteristics unique to his style. Deep learning allows the Al to process
these complex datasets, improving its ability to generate accurate representations over Al-Generated
time. Style transfer, a technique used to apply the stylistic elements of one image to Gaudi-Style Images
another, could be directly applied to architectural designs, enabling the Al to reimpose

Gaudi's distinctive aesthetic onto modern architectural forms. These technologies

collectively facilitate the Al's ability to interpret and replicate Gaudi's complex artistic

Trencadis Mosaics

Gaudi extensively used trencadis,
- atechnique involving broken pieces
of ceramic tiles, glass, or stone, to
create vibrant mosaics. This technique
allowed him to play with color in an

High-detail images
Organic and Natural Forms
Gaudi often drew inspiration from the
natural world, mimicking the shapes
and structures found in nature. His
work is characterized by curves,

Consistency with Gaudi’s style

ing i i almost painterly fashion, creating vivid, . ) ) ) ) )
;’I.Z%”g?g ;’giis’slfg:e?ﬁ;a‘? reect oxtLron strfass that oatof ,he‘%-gm style in architecture, offering a new lens through which his work can be appreciated and -~ Capture the spirit of Gaudi’s architecture
those that reflect the irregularity and and bring his structures to life. extended. Objective = E&&
elegance of nature. - *---- Recreate Gaudi’s style in new designs
Ethical and Aesthetic Considerations Applications and Impact

Using Al to recreate or innovate upon human artistic styles raises several ethical and
aesthetic considerations. Questions of authorship and authenticity emerge, particularly
concerning the originality of Al-generated works and their fidelity to the human artists'
intentions. The preservation of artistic integrity is also a concern, as the use of Al Architectural Educational Cultural
challenges traditional notions of creativity and the artist's unique touch. Projects like Design Tools Preservation
this navigate these issues by focusing on the collaborative aspect of Al in the creative

_ process, viewing Al as a tool that extends the human capacity for innovation rather

\ than replacing it. Ethical guidelines and transparent methodologies can help maintain
the balance between honoring the original artist's legacy and exploring new creative Creative exploration Accessible design Keeping Gaudi’s
frontiers. in architecture capabilities legacy alive

Symbolism

Gaudi's buildings are rich in Christian
symbolism and personal reflections.
Incorporating symbolic elements can
add layers of meaning to a structure,
making it not just a building but a
narrative in stone and mortar.

Structural Innovation

Gaudi was not only an artist but also
a pioneer in structural engineering. He
experimented with new construction
techniques, such as using tilted
columns and hyperbolic paraboloid
structures, to achieve both strength
and aesthetic uniqueness.
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To make the Al re-drawing function work, | first experiment with several ways @ New Nosots O Views e (B Detlls

that can make it work. And Choose the one with the best performance.

% Home

P9 Gallery

& Andy - Personal

WA

L et :
003 170et Oe7ded 33 Gt Bb29237754403 AAUSINGEEEL D] 51f5B5665afedd S67adab54f3d2  95GeSefenci2ich  218daffSealedd?  3703d3d37dclib

f = éH“dy.lmwnllmn '.-IUZE:!}:I‘:M'};zecE Aafcd1 73082467 Abdad92323596 Gf2bhabbe 10 ca Sdef1asd 716167 adHb 7614 1b0 boS3bacifdTBG fA7 16547 2beb69b ecdldfef 045
i Desktop 973b jpg afeajpg Ladf17 pg aede jpg Ad35)pa bi2fe pg T93pg 246 pg 2dedd jpg
— t'm GoodMotes | e -;’L?éh
e b = Internshup Outcomes i . i jEiu H
_— " Microsoft Copilot 811 2, . w0 adt == 1
s T T ) ad3ddedaceT9e S0TEISA0650E6 cf TBAST efesti] d2&acedadibbad edTide3GadGel3 eflc10cdbeSda 02 ibaddbfode fhascodb 100837
Naotability cdaTdbab7of30f cla 1 8A483 26100 TTefadh 2540201 d2oa326bfdefdc df79h01 2bacted 9b5e285c12call Dedefffeld4000  OaS6fa3ddobIas
. . . N 9h o9& jpg Gfecdc jpg Thaopg eclBjpg del jpg a721 jpo b3 jpiy 2954 jpa
ComfyUl Easy Diffusion Automaticlill
Pros: Pros: Pros: o
Powerful & Customize Intuitive Ul Most Stable o
*Instinct node Interface « Simple Interface *Powerful Pre-set
*Powerful Node Functionalities
*Support API
PP 4. Set Control Net
Cons? Cons' . Cons: . . ——— DEPTH CANNY SOFTEDGE LINEART seg
Learning Curve Simpliciy Customizability -
*Node interface is hard to -Limited Functionality + Hard to Modify
operate for beginners *Hard to Modify —

2. Choose Diffusion Model

Since it’s impossible for using a weak GPU to train a well performed Diffusion
Model, | decided to use a well-trained Diffusion Model with a Lora Model to
guide its style to make it as close as Gaudi

QUTPUT

v1: Test the feasibility of the system / Technical validation

After Comparing the most popular and well-performed model for realistic

image generation, we choose the Realistic-Vision V6.0 as our base model Problem found:
- Depth produces a significant difference from the original image but it is closest to Gaudi’s style

- Canny is the most loyal to the original image but it will lose Gaudi’s nature curve on the edge of
the architecture

v2: Explore the system further / Test more ControlNet models, Find the model
that has the best performance

v3: make slight changes to the parameters / explore more ControlNet models,
and make an image grid for better comparison

Solution:

After many attemptions, | found a way to merge these two features together.
- Use Canny to guide the first half of the image generation

- Use Depth the guide the last half of the image generation

v4: Finalize two ControlNet models / Get the best performance

v5: Merge two ControlNet models / Utilize the best part of each ControlNet
Model

Stable Realistic Architecture Realistic

Diffusion 1.5 Vision V60BI1._ Real Mix v1.1 Vision V60BI. At the beginning, we use the image to follow the original image to have a proper “base”. After the
base model VSIHyperVAE V60BIVAE base is established, we can use depth controlnet to add more gaudi elements and features to it.

After V5: adjust the parameters and the prompts to find the best result



User Send Image

Server Fetch Image

Tencent Cloud SDK

Use LAN as the bridge
for image communication.
(Limit access)

l

Use node.js to establish
a TCP/IP port for image
upload and save the
uploaded file to the local
database

Not Passed. STOP

Passed

l

Call ComfyUl API for
image generation

For Webbased
Censorship
J
\/ \/
N
Not Passed:
Passed. Store in
STOP Database
J
N

Censorship using ChatGPT
API first, and found it has
a very slow response time
and requires VPN since the
Chinese Government has
blocked regular access to it.

Display on User Ul&Screen

Censorship using Alicloud
then, found it can’t
precisely filter out the
political architectures

v

Tencent Cloud has the
best performance

Web-based Mobil Ul

Nodejs Server

body .randomFilename file.originalname;

You can find the full code at the
following link:
https://github.com/Hyperillion/Gaudi-
ogress, Math.pow(2, retryCount) * 1680); VISI On /

Display Image

g = window.location.search.slice(1);
queryString.split("&");

fs e] = pair.split('=');
params [ decodeURIComponent(key)] = decodeURIComponent value) ;

return params;

setTimeout(scrollToBottom, 188);

i

function scrollToBottom() {
window.scrollTo({

top: document.body.scrollHeight,

behavior: "smooth*

fetchImages(} {

This project is deployed in China Architecture Science and

Technology Museum. After confirming the work flow and

site information with them, | designed a more detailed user
interaction that display the generated images both on the big

screen and user mobile phone.

Select image
Upload Image

P e SRt g

2 i Al

Image is being
reviewed

Ul provides a button to upload images
for image review (architecture only)

Includes user terms and disclaimers:
images are for this test only, not for
commercial use, generated images
do not represent the position of the
Museum of Science and Technology,
uploading represents a shared image
that the Museum of Science and
Technology has the right to use, and

SO on.

The user clicks on the upload image
button and enters the system image
selection interface.

AR LS

Image generated
successfully

Then the user waits
for the picture to be
generated and a
progress bar appears
on the mobile

phone to inform the
user of the current
processing progress.

Scan QR code to access Ul
(Ul background is Gaudi Sagrada Familia)

Step 3

After the generation is finished, the image will appear
on the big screen (duration of image appearance: 15s).
At the same time, the Ul on the mobile phone displays
the generated image, and the user can save it with a
long press.
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This project is very interesting, and the generated images look quite similar to Gaudi's
architecture. Children love playing and want to upload every picture to try.

It feels quite innovative, reproducing Gaudi's style in an Al way. | just feel that the degree
of restoration can be a little higher.

| really like this project. The use of Al at the end of the entire exhibition hall continues
Gaudi's aesthetics, symbolizing Gaudi's eternal artistic value. It happens to be located
behind this eternal Gaudi section, which has a strong sense of inheritance.




BEYOND MAY 2023
INK-WASH

Interactive & Generative Ink-wash Painting

Beyond the Ink-wash is an interactive digital system that recreates
the elegance of traditional Chinese ink-wash paintings through modern
programming technologies. The project empowers users to draw a
personalized ink-wash artworks though body 1interaction, offering an
interactive experience with the traditional ink-wash paintings.




INSPIRATION

Ink-Wash Aesthetics

My dinspiration starts from the visual style of traditional Chinese
ink-wash paintings which is known for the minimalistic and
expressive representation of nature and landscapes. In my project,
I hope I can create a virtural ink-wash world that beyond just
paintings.

Ink Diffusion

Fluid Textures

Light and Shadow

Subtle Gradients

Collision of Modern and Tradition

As for the Ink-wash paintings, it already has thousands of years

of history. However, the coding can be treated as the product of
contemporary invention. This project can demonstrate how technology
can serve as a bridge between traditional art forms and modern
interactive experiences.

Ink-wash Painting Programming
Tang dynasty England

618AD 1843

Digitalize Ink-Wash Art Creation

I hope I can preserve the cultural heritage of ink-wash art while
modernizing it through digital mediums. Through this process, the
in-wash painting can be transformed from the exclusive mastery 1into
an accessible and interactive experience.

Broader Accessibility

The project wants to invite audiences of all ages, cultural backgrounds,
and artistic abilities can engage with the rich tradition of ink-wash
painting. By simplifying the creative process through an interactive
and intuitive platform, it opens the door for more people to explore
and appreciate this art form without the need for prior training or
expertise.

Draw 1in Draw 1n
Traditional Mouse &

Brush A Body




DEPLOYMENT

Visual Reference

To be honest, I’m not that good at painting. To make the project embed the
most intuitive ink-wash painting aesthetics, I chose a human-made ink-wash

painting as my visual reference.

Mountain in the Background

The mountains are covered by the light fog,
giving the audience a sense of soft silence.
It also has a significant brushwork on the
mountain’s edge, which becomes the most
challenging part of reproduction.

Willow Leaves

The willow leaves are another challenge that
I’ve encountered in this project. I decided
to use a spring and ball structure to code
the willow due to its hanging features.

S
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Lake/River

When the water is still, it becomes almost
transparent which is quite hard to make the
audience realize its existence. But when the
weather 1is rainy, the raindrops can easily
interact with the water and we can use ripples
to visualize the water flow.

Boat in the Lake

The boat can be treated as one of the element
that makes the project vivid. The boat can
bring an active and life-like element to the
whole frame.

Mountains and hills

Vi: Initially, the project employed lines according to Perlin Noise to
generate mountain shapes, but this approach lacked the soft, organic
diffusion that characterizes traditional ink-wash painting.

For Code See:

V2: After observing the limitations of using lines to draw mountains,
it was suggested to explore a particle system to better replicate the
ink diffusion style. A particle system allows for dynamic simulation of
ink flow, mimicking how ink naturally spreads on absorbent paper with

https://editor.p5js.org/Hyperillion/sketches/GTIrPpcya

variations in density and gradients.

For Code See:

https://editor.p5js.org/Hyperillion/sketches/rgnMZKT9E

s
ES

V3: To make the hills appear more realistic and harmonize
seamlessly with the river in the center, I implemented a system
where the hills' height dynamically responds to the x-position of
the canvas. This approach creates a natural flow and alignment
with the river's path. Additionally, by varying the hill heights
with each iteration of drawings, the system introduces subtle
variations that enhance the sense of depth and perspective, making
the composition feel more organic and visually engaging.

For Code See: https:/7/editor.p5js.org/Hyperillion/sketches/mrrv_9Lxj

Water Reflections

When the particles are drawing the hills, I generate a mirrored
particles to draw the water reflection to make the more realilstic.
I added sin Value on it to simulate the water ripple effect.

Wl ’?ﬂ; b . .




Gravity and Force System Bird Flocking System Willow Leaves Boat & Ripples

In order to creaFe a realjst1c gnv1ronment,.1mp1emept1ng a gravity The bird flocking system is built using The willow leaves are designed using a Incorporating boat with ripple effects
system is essential for simulating natural interactions between a dynamic flow field generated by the spring system, allowing them to respond adds a crucial layer of realism to the
objects and other dynamic components behave realistically as they orovided code, which calculates angles dynamically to wind and other forces 1in water, capturing the subtle dynamics of
would in the physical world. for movement based on Perlin noise a lifelike manner. its surface.
values. L
6217 class Ball { e ,  e— gg; fu??tio:i\:iilow() {
622 cc:-nstructor(x, ¥ r) { 4 h“" B I Ve I et I A [ et It Il I 329 for lgletgi = 0; i < springs@.length; it++) {
623 this.pos = createVector(x, y); i h‘“ v | w | e o ucda dodambe Tw [t dedasdo 0 Spﬁ?"gsgﬁ-gwaieﬁgs_
624 this.vel = createVector(); ' | " = s | g T e ey
625 this.acc = Createve‘:tor(); : T N e e B - -2 333 for (let i = @; i < springsi.length; i++) { |
626 // $ 334 spr%ngﬂ[:.l].u;.)date(); '
P O R e e | e 335 springs1[i].display();
627 this.rad = r; / ggg }
628 this.mass = this.rad / 10; I T e T R 338 ballsi[e].firm(-15, 30);
629 // 339
: ; 3 S (O N || (I 340 balls1[1].applyForce(createVector(1, -1));
630 th%s.damplng = 0.97; // -0.03% ‘ = 341 b2n§1[z].22&&222&2?@@&2&a,5, 0));
631 this.gravity = createVector(o, 0.3); o 2 B S A N N R b 342 balls1[5].applyForce(createVector(0.2, -1));
632 this.angle = 0; =L | - e — ;
633 } 232 // draw and update the flow field; iig HERTLA it oy 05
634 233 for (let r=0; r < rows; r++) { 346 ba1158[1].applyFor‘ceECl‘“eateVectorE1, -B.;g);
- O . 347 balls@[2].applyForce(createVector(9.5, 8));
635 'Fil"ITI()( = ']Bg, y = 1@@) { ggg fogeglit*cc *@]:,REEOEU'???):E’-CS-}-%E{* widihe 348 balls@[3].applyForce(createVector(e.2, 0));
636 this.pos = createVector(x y)_ = . ) 349 balls@[4].applyForce(createVector(e.2, 0));
£ 3 ’ ’ 236 let y = r * RESOLUTION; 350 ballse[5].applyForce(createVector(e.2, -1)); 8057 display() {
237 edid "NIEEL , _ _ 806 if (this.isDone) {
638 238 // angle L 5oy e | e
639 applyGravity() { 239 let xFrq = x * FREQ_POS + frameCount * FREQ_TIME; 354 let force = p5.Vector.mult(mouseVel, @.004); e FibpleLayer ROFI110):
640 this.applyForce(thiS.gravity)- 240 let yFrq = y * FREQ_POS + frameCount =* FREQ_TIME; 355 ballse[i].applyForce(force); 810 rippleLayer.stroke(208, this.pos.y - height / 3 - this.rippleY / 1.8);
641 } ’ 241 ggg E’) 11s0[4] T 811 rippleLayer.translate(this.pos.x, this.pos.y);
) . alls@e[1].a ravi 2 ripplelLayer. is. ;
6472 242 let noiseValue = noise(xFrq, yFrq); // @ to 1 358 ballsﬁ[i].uzga{ePosit}i,on(); SE riigietaicr‘iﬁ;g?a, g?ai\:i;.igéplﬂ % 9.5, this.rippleY * 0.12);
643 sueT FOI‘CE‘(‘F) { 243 let angle; 358 1 ‘ _ _ 814 rippleLayer.pop();
PPy : 244 angle = map(noiseValue, @, 1, -PI / 4, PL / 4); // 3607  for (let i = 1; i < ballsl.length; i++) { 815 } else {
644 if (this.mass <= @) { 245 I O 5= B F 361 if (addwind) { 816 //raindrops
645 console.log("Wrong mass!"); 246 if (angle >= @) { . A e T femen i Batrokals:
646 return; 247 angle = -angle; Bed 3 ‘ _ B3 fill(o, 0, 0, 200); _
248 } 365 ba1151[}].applyﬁra\r}ty_/(}; 820 translate(thls.pos.x, this.pos.y);
647 } 366 ballsi[i].updatePosition(); 821 rotate(this.angle - 90);
648 let force = p5.Vector.div(f, this.mass); ;;g } : — - 3/ _— . 622 sF?lgcggl'(g:scale - 0.6);
649 this.acc.add(force); // force accumulation 29 8pE28. PUSILEREE )] cem B moaveen SR 824 e~
650 ) s .
AhR1
Preview Animated Bird movement using Preview Draw Willow leaves using Inkzyizh iFyIE ?OattW1th
. . . . . COS eriin o1se 0]
For every object in the system including raindrops, forces vertex shape vertex shape and erase() : ,
: . : ; : : : simulate the floating
acting upon it are calculated in real-time, and its velocity is VO B 2
X effect on the water.

dynamically updated based on its mass and the cumulative forces. For Code See: https://editor.p5js.org/Hyperillion/sketches/svewtRYw2 For Code See: https://editor.p5js.org/Hyperillion/sketches/68yiMsrfj




QU TCOME ~FUTURE DEVELOPMENT

Currently I'm working further on digitalizing ink-wash aesthetics into
3D world. Here is a customize shader I worte in threejs that reproduce
the ink-wash style.

Presented on IMA end-of-semestershow



For more projects information, please visit my portfolio website:

https://andyyejr.gitlab.io/portfolio-en




