
Automatic generation of architectural 
renderings based on deep neural network
The research is part of the research project of Somatosensory Big Data Internet of 
Things Laboratory of of Chongqing University.(Lead and directed by prof.Liu Li)

Work involved: Project leader  
Responsible for task allocation and schedule control. 
Research direction determination, literature review, and data set collection. 
Responsible for part of the server building work and neural network coding.

Different styles of architectural rendering datasets were fed into different types of neural 
network frame works(GAN,CGAN,PGGAN,DCGAN), and the results are generated by 
quantifying the renderings with the inception score.
Based on DCGAN, we carried out the foundation work of our subsequent software 
development and  GUI.

Brief Introduction of Project Achievements

Project report    https://drive.google.com/file/d/1cadD1ysQ-vODsTLoQKvAn31B5k8dlu8Z/view?usp=sharing
Code                  https://github.com/Frankd35/SRTP

Background and Research significance
The traditional architectural design process relies on field research, manual sketching, 
model building and rendering effect drawing, which takes a long time. If only according 
to the design requirements(such as style,number of plies), renderings can be 
generated to meet the needs roughly , designers can  better communicate with first 
party and get inspiration for further design scheme.
The automatic generation of architectural renderings is of great value in the field of 
architectural design without too much unique requirements, such as residential design, 
which can greatly improve the efficiency of drawing and communication.

Research  experimental processance
Set up data set
We downloaded a standard data set from Kaggle, supplemented it with crawlers, and 
ended up with 25 different architectural styles.

Model training and improvement
We have tried to use four networks (GAN, CGAN, DCGAN and PGGAN) for training, 
and adding correspondent attribute information.The loss function is minimized by 
modifying parameters. We found that DCGAN worked best in the models we chose for 
training.

GAN
Firstly, we  try to use the basic GAN network model, we 
refer to the open source GAN network (https://github.com/
eriklindernoren/PyTorch-GAN/tree/master/implementations), 
adjust the parameters to train our dataset.After 1000 iterations, 
the Outlines of the building image were visible, but not very well.

CGAN
CGAN(Conditional GAN) sends the tag together with the generator 
and discriminator to generate/judge the result based on the tag. 
In this way, we can control the generation of architectural 
renderings of different styles. From the visual clarity, the effect of 
CGAN is better than that of GAN.

PGGAN
After the above model was built, we tried to use PGGAN model to 
generate high-resolution images.

The probabilities in native GAN are all 
changed to conditional probabilities

Incrementally let generators and discriminators grow. Starting with 
low resolution, gradually adding new layers and complicating the 
network model to learn better details

DCGAN
Then we tried DCGAN, which combined CNN and GAN, and used 
deconvolution operation, which is suitable for unsupervised learning 
tasks. We adjusted parameters and convolutional layer on the basis 
of principles, and the adjusted model structure, which is as follows:

Original model

Our changed model



DCGAN rendering generation effect
DCGAN generation iterative process

Loss function of generator Loss function of Disgriminator

Operation demonstration of GUI interface: 
https://youtu.be/_xt_T3uFyj0    
https://www.bilibili.com/video/BV1RY4y147j9?spm_id_from=333.999.0.0

IS score to evaluate renderings
Models are evaluated from the following two perspectives: 
1. Whether the generated image is clear and looks like real picture;
2. Models that generate more diverse samples deserve better scores.

Here, we use IS Sore to evaluate the quality of the generated images.The higher the 
IS score is,the better the model is.

IS (Inception Score) indicators of different neural networks

IS (Inception Score) indicators of models with different iterations times

With the increase of iteration times, the 
image effect is getting better, but there 
is a possibility of over-fitting

The generation effect of DCGAN is 
obviously better than that of other GAN, 
which is also subjective to us.

In the above study, we only try to choose the style, and other control conditions, such as storey height, area and facade 
color, can also be used as selection labels for control generation. The future of our ideal model is to generate satisfactory 
renderings through label control, which will greatly reduce labor costs.

By selecting the style tab, the user can reproduce the architectural image of the stylethey want.  Each selection generation 
calls the model in the background.



https://drive.google.com/file/d/1yVlh2pEQkComd3P31RRhnyqlDaIwQxSI/view?usp=sharing

https://github.com/fukexuexue/Carbon-footprint-Q-A























Modeling and render ing
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BACKGROUND AND RESEARCH
Cities are leading on climate action and innovation for the world, but still face significant structural barriers. In today’s transition towards green and 
sustainable urban future, diverse structures within cities co-exist and act in balance to contribute this transition, in which energy infrastructures significantly 
promote the pursuit for ‘cooler cities’. 

1.Mitigate Urban hit island effect(UHI)
What is UHI?
An urban heat island (UHI) is an urban area  that is 
significantly warmer than its surrounding rural areas 
due to human activities.
What causes UHI?
anthropogenic heat additions, albedo decrease, storage 
of heat in infrastructure (buildings, paved areas etc.), 
evapotranspiration, or variations of energy

3 main ways to mitigate UHI and cool city
· Design and build buildings with less energy and passive
climate control.
· Use white paint to reflect heat (expensive but cools).
· The roof is transformed into an urban garden.  Use the tree
canopy to cool off.

4 major impacts of UHI
· Increased Energy Consumption due to varying heating
and cooling costs and emissions associated with generation of
energy.
· Elevated Emissions of Air Pollutants and Greenhouse Gases.
· Compromised Human Health and Comfort.
· Impaired Water Quality.

Current measures to mitigate the heat island effect are 
costly, less adaptable and less mobile.

UHI effect will consume a lot of energy. Is there 
any energy-saving way to cool city.
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What is decarbonization?
Decarbonisation refers to the process of reducing carbon dioxide (CO2) emissions 
resulting from human activity in the atmosphere. The current (and optimistic) objective of 
decarbonisation is to, eventually, eliminate our carbon dioxide emissions.
In practice, getting to zero net emissions requires switching to clean energy sources 
and shifting from fossil fuels to electricity

Why is decarbonization so urgent?
According to the World Economic Forum, full decarbonisation of 
our energy systems is the only solution to climate stabilisation.
Now, we are already lagging behind targets set in 2015, and our 
current policies would, in the best-case scenario, lead to an increase 
of 2.1 °C and, in the worst-case scenario, to a rise of 3.9 °C
With a 3 °C increase (the current average we’re heading towards if 
we don’t change our ways), cities like Miami, Shanghai, Osaka or 
Rio de Janeiro would sink underwater. Additionally, a total of 275 
million people worldwide would need to relocate and escape the 
flood.

How can we achieve decarbonization?
· Energy efficiency: reducing energy consumed to provide an energy service.

· Electricity decarbonization: reducing electricity generation emissions intensity.
· Fuel decarbonization: reducing the emissions intensity of liquid and gaseous fuels.
· Electrification: switching end uses from fossil fuel to electricity.
· Carbon capture: capturing CO2 from a facility or removing it from the atmosphere.

When renewables meet e-mobility
As we increasingly rely on renewables and low-carbon emission energy sources to 
power our cities, factories and vehicles, a new problem arises:
How can wind turbines produce energy when there’s no wind?
How can our solar panels meet sudden demands of energy during the night?
Part of the answer lies in how we store energy and loop it back to the grid to ensure 
a secure and constant flow.

Cities' electricity needs to be more flexible to reach decarbonization.

As for cities:
· Urban energy, transport and building infrastructures are gradually becoming greener.

· There are more electric vehicles on city streets.
· Better water treatment and recycling schemes, and more solar panels on rooftops

around the globe. 

PSDF——Solar photovoltaic, Energy storage, Direct current and Flexibility
This concept and the establishment of the PSDF system is mainly to think about how the building as a part of the city can 
help the building, the city better achieve flexible electricity allocation, in order to achieve energy conservation and 
decarbonization of buildings and cities. In addition, this system makes innovation in the exchange system of solar energy, 
household appliances and electric vehicles. It has already landed on some buildings and the system's implementation 
in a digital park has reduced carbon emissions by 210 million tons, equivalent to planting 290 million trees.

Road transport, in particular, is the "chief culprit" of carbon emissions. Transportation, which 
accounts for 28% of U.S. greenhouse gas emissions, is more than electricity production or 
industry.So the car industry plays a key role in achieving carbon neutrality. The development 
of new energy vehicles will also help achieve carbon peaking and carbon neutrality ahead 
of schedule. while electric cars are greener, electricity needs to be generated from cleaner 
sources, with less coal.
However, as the sales of new energy vehicles exploded, the number of charging piles increased 
disproportionately. Additionally, most charging piles are private ones installed in residential 
communities, with only an average of six to seven vehicles per common pile. 

New energy vehicles make great contribution to decarbonization, but charging piles are not enough

A broader urban scenario should be integrated by optimizing the energy 
relationship between different urban sectors. 

2.Decarbonization-reduce carbon emission and use of low
carbon power sources



Making cities cool usually means consuming 
more energy, how can we cool city and 
mitigate UHI while saving energy and reducing 
carbon.

Cool city and mitigate UHI: Can it be more 
flexible and time-sensitive?
Sav ing  energy  and  reduc ing  carbon: 
Electricity consumption in cities and buildings 
is better regulated, and charging of new 
energy vehicles is more convenient.

Design
1.Name and slogan:

2.Design apperance

Leaf Vehicle to Cool City (LV2C)
Revolving around the leaf-shaped vehicle, we try to make contribution to cool the city, to mitigate the 
heat island effect, and also optimize the energy transition within urban system.  



 Four ways to supply power

six working modes of LV2C
· Pure electric mode · FCS + power battery driving
· Charging mode · Pure FCS mode
· Regenerative braking mode    · Parking charging mode

Pure electric mode indicates that when the power demand 
is large, the fuel cell and power battery are supplied 
simultaneously.  FCS + power battery charging mode 
refers to the output of fuel cell to charge the power battery 
and provide power output to the driving motor through 
the inverter when driving normally.  The pure FCS mode 
refers to that only the FCS system provides energy to drive 
the vehicle, and the power battery is neither charged nor 
charged.

Detailed design of LV2C and energy transition pattern

Solar To Electricity (The leaf-shaped 
surface layer)

Hydrogen to Electricity (The Hydrogen 
tank and fuel cells)

Heat to Electricity (Thermoelectric 
generator)

Power battery

The battery pack has a capacity of 1.56 kW.h and is made 
up of four modules and 64 cells. When the vehicle load is 
low, the power battery can be utilized to power the drive 
motor, and the fuel cell stack can be charged to the power 
battery by generating energy. The power battery aids the fuel 
cell in meeting the vehicle's high acceleration power need.

The thermoelectric generator (TEG) has 
been identified as a reliable solid-state 
technology for power generation. 

The heat energy transferring from the hot engine muffler 
surface to the cool side of TEG surface activates the motion 
of electrons and holes. When the fuel cell is activated, the 
generated waste heat can be used for battery charging. 
To recover the waste heat from fuel cell stack (FCS), the 
TEG needs to be integrated with a cooling circuit, acting as a 
cold sink for the heat rejected by TEG cold junctions.

The regenerated electrical power from TEG are stored 
together in the battery. A new TEG integrated auxiliary power 
unit (APU) is shown in Fig 7. The heat recovery system can 
absorb most waste heat and improve the power generation 
efficiency of hydrogen fuel.

The leaf-shaped photovoltaic panels cover its wwhole roof 
and hood to charge the car, whenever there is light radiation 
on the top. Each panel unit will adjust its angle according 
to different illumination angles to ensure efficient light 
absorption.
The photovoltaic panels on the roof and side of LV2C body 
can absorb solar and light radiation to generate electricity 
without pollution and greenhouse gases released, 
which can be stored in the battery of the car, saving lots of 
electricity for charging the car.

LV2C, with 5 m2 of photovoltaic panels, can add about 96 
km driving capacity by stalling for 8 hours in sunny days. 
When the electric energy runs out, the photovoltaic energy 
storage can continue supporting the car to drive for a long 
time without recharging.  

Equipped with three identical hydrogen storage tanks 
(Figure 4), 52.2 L in volume, the hydrogen storage capacity 
of the LV2C is significantly enhanced. 

The waste  electric energy in the building will be used 
to electrolyse water to produce hydrogen, and stored in 
hydrogen storage tanks to echarge hydrogen for vehicles 
Also, LV2C can be hydrogenated from hydrogenation 
stations.

The LV2C transmits electric energy to the driving motor 
through the fuel cell. Hydrogen and oxygen react in fuel 
cells, produce electricity and heat, and transmit electricity 
to motors and batteries The whole process realizes zero 
emission without pollution.

leaf-shaped photovoltaic panels

Hydrogen interface



Application scenarios of LV2C
1.Associated with building
Team leading by Jiang Yi of Tsinghua University proposed PSDF building power distribution 
system.(introduced in the background).
When the owner is at work, LV2C parking near the building can be used as a building 
battery to charge and discharge. 
 In order to cooperate with the development of light storage flexible system, LV2C is 
equipped with power conversion system ( PCS ) + battery, which can realize bidirectional 
charging between vehicles and buildings.  The bidirectional energy conversion can support 
the power grid, ensure stable operation of the power grid system, and provide functions such 
as short-term shock resistance, smooth power supply, energy storage, peak shaving and 
valley filling. 
Our Energy Tree and Energy charging underground garage will serves as a medium for 
energy conversion and exchange.

Energy tree
Function: Absorbs light energy and converts it into electricity to charge LV2C.
At the same time, as a charging and discharging medium for buildings and vehicles, it 
contributes to the flexible electricity consumption of cities.

Energy charging underground garage
Function: Provide electric changing service for electric vehicles and serve as charging and 
discharging medium between LV2C and buildings.

2.Associated with  Surface Urban Heat Island (SUHI) Mapping

Venticooler
Heat release into a well-ventilated area disperses this heat, reduces the concentration of 
heat and also decreases the immediate local impact, thus decrease the UHI effect. It can be 
charged by buildings or venticooler.
Function: Cool and ventilate the surrounding environment. 

Energy tree Venticooler

PSDF building redischarge framework
Buiding vehicle energy exchange system----Cool 

charging station

Energy charging underground 
garage

Identify district that most suffered from Heat island effect
· Venticooler is arranged in areas with severe heat island effect inlong-term to relieve heat and
cool city.
· Real-time heat island effects are used for LV2C path planning and will be discussed in detail later.
The way to form SUHI mapping



3.Associated with Urban service

The purpose of road recommendation to mitigate heat island effect here is to avoid excessive local heat in our city which may bring many problems 
not only to people but also the whole city, so that the heat in the city tends to a dynamic balance.

Road recommendation towards dynamic heat balance

Avoid excessive heat accumulation by LV2C

An increasing amount of vehicles from the road generate heat. Therefore, reducing the number of vehicles is a direct approach to reducing heat 
production, which mitigates UHI.Reducing traffic to areas with high heat island effects or congestion is a sensible way to mitigate UHI.

The road choosing interface of the LV2C
Algorithm framework for path recommendation



The road choosing interface of the LV2C
Algorithm framework for path recommendation

Self-Organized Traffic Control

Sensors in LV2C not only detect the external and 
thermal environment (temperature, moisture, CO2, 
etc.) It also involves the geometric perception 
of the car like computer vision. It works as a 
virtual traffic light protocol that can dynamically 
optimize the flow of traffic in road intersections 
without requiring any roadside infrastructure. It can 
also inspect the surrounding car to avoid car-to-
car collisions, prevent unnecessary congestion, 
recognize and sense the surrounding cooling 
charging station. Vehicle-to-vehicle and vehicle-
to-roadside communications architectures will act 
in balance to provide road safety, navigation, and 
other roadside services.

Searching for the Cool Charging Station
LV2C carries the convenience and intelligence 
of the IOV (Internet of Vehicles). Each vehicle 
is like a node on a network, capable of recording 
its location on the map in time. With the organic 
integration of timely record and map, it can match 
the nearest Cool Charging Station in real time 
according to the battery capacity information, 
helping users to quickly go to the destination and 
carry out energy recharge, repair and replacement.

Public service-- logistics services

Blue LV2C are used for public services like logistics services
Logistics services are mainly divided into daily logistics and 
special logistics. Daily logistics is to help city residents to carry 
out physical transportation, such as take-away, letters, parcels, 
garbage transportation, etc. And special logistics is mainly to cope 
with the current epidemic-ridden environment, which can be 
used to transport medical specimens, medical devices, nucleic 
acid sampling, etc. to ensure fast, sterile and contamination-free.

     Energy replenishment is a problem for many users and can only be done in 
specific locations or garages. LV2C has a mobile charging car that can charge 
vehicles anywhere, anytime to keep them going. For the shortest amount of 
time, LV2C allows users to get the longest driving time.   
     Mobile charger car can also be used in emergency situations, such as 
rescue and other medical fields.

Mobile charging service

Orange mobile charging and emergency rescue LV2C

Click the link to watch video of LV2C:
https://youtu.be/96MQJ8oKwCQ 



INSIGHT1
Mobile phone seems to be an organ of 
the human body

It was Marx who first regarded machines as 
.On the one hand, 

machines greatly improved people's labor 
efficiency, and at the same time increased the 
degree of human alienation.

extended human organs

Our basic necessities of life are inseparable from the help of mobile phones, 
but at the same time, it seems to be controlled by it. This seems to be a 

that many technological developments will accompany.
dual attribute 

But where is the boundary between us as an
organism and as an electronic device?

Phone is like our brain. The transmission of information is like
blood, and the app is like a functional cell

We're like Snagin's pigeons in our time 
with our phones. 

 to your phone and apps.
Contribute a steady 

stream of time

Speculation:human cyberg
Intelligent people

Individual project 2021.10-2022.6



Spatial narrative Interior design Video clip Arduino installation EEG test

This work starts from the perspective of human and technology development from the
perspective of narrative, and develops the possibility of symbiosis and confrontation
between technology and human beings, as well as the speculation on the boundaries of
technology development.Mainly through a story-based mirror space  production, it shows
confrontation and symbiosis respectively.













https://www.bilibili.com/video/BV1P5411r7Hr 
share_source=copy_web

https://www.bilibili.com/video/BV1P5411r7Hr?
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ひかり
This is a personal hand-painted work, drawing inspiration
from animal gestures for styling design   



Group work:  Liu qianxi Fu kexue 

Participate in:     Arduino making  Concept iteration     

https://www.bilibili.com/video/BV1NY4y1P7gy?share_source=copy_web&vd_source=766595
a2b21b34373ac4fa3a8fba5e8a







APP Architecture Design
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