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 The increasing availability of geospatial data, the development of AI and the availability of 
large computational capacities have contributed to the growing importance and potential of 
GeoAI. GeoAI has an important role in advancing traditional AI technologies and developing 
new ways to solve problems posed by the massive, complex, diverse and ever-increasing 
nature of geospatial data. Geospatial data is widely used in many scientific fields and 
applications such as smart cities, transportation, business, public health, public safety, 
resilience to natural disasters, climate change and many more. Especially because of the huge 
growth in population and the need to analyse United Nations sustainability impacts oblige the 
experts to utilize GeoAI. The future vision, sustainable cities and green campuses provide 
acceleration in the IoT and planning with GeoAI. In this scope this preceding enlightens 
campus planning by GeoAI as beginning step of the digital twin mechanism. This article is 
applied to: (1) GeoAI and campus planning techniques; (2) QGIS and KooMap utilization for AI 
based image recognition; (3) interpreting the output of GeoAI based map and giving 
sustainability recommendations related with campus planning; (4) Strengths and 
shortcomings of the research. GeoAI usage is proven as a beneficial way to make decisions on 
university campus by using automatically recognized satellite images. It is the first step for 
digital campus management system. 
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1. Introduction  
 

With the increasing global population and 
urbanization rates, the management of cities has become 
increasingly challenging. This population growth has led 
to an increase in consumption, highlighting the need for 
efficient use of resources, while also contributing to 
environmental pollution issues. The influx of people into 
cities has led to increased traffic and environmental 
pollution, while the expansion of urban areas has 
disrupted ecological balance. The challenges associated 
with managing the growing population, coupled with 
increasing environmental pollution and degradation, 
have prompted countries to create smart and sustainable 
cities. While countries allocate significant budgets to the 
development of smart and sustainable cities, some cities 
are planned to be rebuilt, while others focus on making 
their traditional cities smart and sustainable [1]. A smart 
city is defined as a city that uses digital technology to 
improve its operations and management and address the 
problems affecting the modern city [2]. Smart cities are 

seen as an important potential for the future as a solution 
to global climate and ecological problems [3]. Since it 
would be expensive, difficult, complex, and time-
consuming to completely change the infrastructure of an 
entire city for experimentation purposes, testing these 
applications on a smaller scale, such as a university 
campus, could be a good alternative [4]. Increasing 
access to higher education in many countries has led to a 
significant increase in the number of students [5] and 
campuses have become prototypes of cities with their 
student numbers, vehicle traffic, infrastructure services 
and increasing management problems. 

Advancements in information and communication 
technologies (ICT) enable data generation from various 
sources, different times, and locations in cities, while also 
making it possible to process this data. Data obtained 
through the 2D or 3D scanning of the physical 
environment, objects, and humans, such as satellite 
images and LiDAR point clouds, are used to simulate, 
plan, design, and manage cities. Developments in 
Artificial Intelligence (AI) algorithms also make it 
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possible to collect, process, analyse, and visualize big 
datasets. Interdisciplinary spatial analytics known as 
Geographic Spatial Artificial Intelligence (GeoAI) is a 
technological solution for data-intensive geospatial 
problems, heralding a new stage of data-intensive 
discovery that complements empirical, theoretical, and 
computational paradigms characterizing the evolution of 
scientific research so far [6]. It can be said that there is a 
general consensus in the literature about the central role 
that real-time or near-real-time GeoAI supported data 
analytics can play in monitoring and operating a city or 
campus [6]. The continuous flow of directed, automated, 
and voluntary big data collected from a wide range of 
mobile and fixed data sources about buildings, assets, 
urban infrastructure, citizens, and the environment, 
including physical and social perceptions, enables the 
real-time simulation of urban data. 

In this scope the main contribution of our article is the 
usage of GeoAI as an opportunity to plan sustainable 
campuses which are the miniature of the cities and the 
core components of this issue. To plan our campuses 
smartly, we should use state-of-the-art solutions such as 
geospatial data driven approaches [7]. 
 

2. Background 
 
2.1. Geospatial artificial intelligence 
 

Geospatial Artificial Intelligence (GeoAI) can be 
defined as a new discipline that combines innovations in 
spatial science, artificial intelligence methods such as ML 
and DL, data mining and high-performance computing, 
aiming to assist in the processing and spatial analysis of 
big data [8].  

GeoAI uses ML [9-16],  and DL [17-27]. GeoAI now has 
an important role in advancing traditional AI 
technologies and developing new ways to solve specific 
problems posed by the massive, complex, diverse and 
ever-increasing nature of geospatial data, which are 
considered geo-referenced data containing geo-tagging 
locations or location marker. Geospatial data is widely 
used in many scientific fields and applications such as 
smart cities, transportation, public safety, natural 
disasters, climate change and many more. 

GeoAI has significantly advanced GIS and mapping 
methods in recent years and the integration of advanced 
computing tools enables more innovative applications 
for GeoAI and Earth observation. GeoAI has become a 
driving force in advancing the use of GIS data [8]. 
Although the application of GeoAI for mapping is 
increasing, there is still a need to improve application 
development in various aspects. In Table 1, studies 
related to GeoAI are presented, including the techniques 
used in these studies and the objectives of the studies. 
 
Table 1. GeoAI studies and their aim(s) 

Author/ Year Aim(s) 

VoPham, et al. 
2018 [28] 

To provide an overview of GeoAI and potential 
future directions for GeoAI in environmental 
epidemiology. 
 

Janowicz et al. 
2020 [29] 

It examines the work on GeoAI, how increased 
data sharing is accelerating GeoAI efforts, and 
its future potential. 
 

Cugurullo 
2020 [30] 

The paper explores how the development of 
artificial intelligence intersects with urban 
development, both theoretically and 
practically, and examines the case of Masdar 
City, an urban experiment in the United Arab 
Emirates. It shows that the emergence of 
urban AI is part of a long-term process of 
technological development and a political-
economic agenda that enables the transition 
from automation to autonomy.   
 

Arundel et al. 
2020 [31] 

In this paper, data containing 200 examples for 
each of 10 natural feature classes is tested on 
an object detection problem using a region-
based convolutional neural network. It also 
discusses the main challenges in developing 
training data in the geospatial domain, such as 
scale and geographic representation. 
 

Döllner  
2020 [32] 

The paper characterizes 3D point clouds as a 
master data category and describes the role of 
3D point clouds for building the foundation of 
geodigital twins, the applicability of M and DL 
approaches for 3D point clouds. Examples are 
also given to illustrate how ML/DL allows to 
efficiently create and maintain the underlying 
data for geodigital twins, such as virtual 3D 
city models, indoor models or building 
information models. 
 

Gao 
2021  
[33] 

Studies describing the importance of GeoAI 
are reviewed, from basic spatial 
representation learning to spatial prediction 
and various advances in cartography, earth 
observation, social perception and 
geographical meanings. 
 

Liu and  
Biljecki 
2022 
[34] 

They aimed to familiarize beginners with the 
basics and state-of-the-art of GeoAI and to 
draw attention to the potential of spatially 
explicit GeoAI for studying socio-economic 
dimensions of urban life. 
 

Pierdicca 
and Paolanti  
2022 [35] 

The study outlines AI-based techniques for 
analyzing and interpreting complex geomatics 
data. 
 

Alastal  
and Shaqfa 
2022 
[36] 

The paper provides an overview of GeoAI 
technology and guides the reader on 
integrating artificial intelligence with 
geographic information systems and utilizing 
GeoAI tools and technologies. The paper also 
includes a case study on the use of GeoAI in 
Kuwait and a set of recommendations. 
 

Ang et al. 
2022 
[37] 
 

It includes key discussions on the implications 
of geographic information on Smart City 
transportation, machine learning approaches 
for Smart City transportation, innovative 
artificial intelligence (AI) approaches for 
Smart City transportation, and recent 
emerging trends using integrated DL. 
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Song et al. 
2023 
[38] 

The study discusses GeoAI applications in a 
broad framework. Usage areas of GeoAI 
applications; They examined them in four 
categories: building and infrastructure 
problems, analysis for land use, natural 
disasters and management of social problems. 

 

Liu and Biljecki [34] stated that the development of 
spatially explicit GeoAI models is still at an early stage, 
but the applications of deep neural network-based 
methods are increasing. They show that DL is the most 
widely used method especially in recent years, the 
average rate of DL is 80% compared to ML's rate, while 
ML's rate is 20% [34].  

The aim of this study is to provide an overview of the 
main concepts surrounding the emerging field of GeoAI, 
to clarify the differences between GeoAI and more 
general AI, to integrate AI with GIS, making visualization 
and software with AI capabilities crucial. Furthermore, 
this paper discusses the main steps for geospatial data 
analysis that have been successful in main areas such as 
application and model development, including 
visualization. Additionally in this study, object 
classification was performed using a combination of ML 
and DL methods. 
 
2.2. Green Metric Index 
 

In September 2015, the United Nations adopted the 
2030 Agenda for Sustainable Development, which 
outlines 17 Sustainable Development Goals (SDGs) to be 
implemented by member states. Higher education 
institutions, including public institutions, play an 
important role in achieving sustainable development. 
The core activities of higher education institutions, such 
as teaching, research and management, profoundly affect 
the economy, the environment and society, as recognized 
by the 2030 Agenda. 

The term “green campus” has its origins in the 
concepts of “environmental protection” from the 1972 
Conference on the Human Environment and “sustainable 
development” from the 1987 World Commission on 
Environment and Development. Sustainable 
development has come to play a key role in higher 
education institutions, both for the organization, 
teaching and research, and for the sustainability of the 
physical environment of the campus. Green campus 
assessment systems have been launched to evaluate the 
sustainability performance of campuses. The 
Sustainability Tracking, Assessment, & Rating System 
(STARS) was launched in 2006 and so far 342 out of 1204 
registered higher education institutions have received a 
STARS rating. Subsequently, the University of Indonesia 
(UI) launched world university rankings in 2010, later 
known as the UI GreenMetric World University Rankings, 
to measure the sustainability efforts of campuses. The 
aim of the Green Metric is to create a self-assessment tool 
on campus sustainability for higher education 
institutions around the world.  In 2010, 95 universities 
from 35 countries participated in the ranking and by 
2022 this number had grown to 1050 universities from 
85 countries. The UI GreenMetric assesses university 
policy and performance across six categories 

Environment and Infrastructure (SI), Energy and Climate 
Change (EC), Waste (WS), Water (WR), Transport (TR) 
and Education and Research (ED). The index is derived 
by administering a remote, online survey to derive a 
sustainability ranking of universities. Some data is self-
reported, while others require evidence to be uploaded 
[39].  Factors such as the fact that the index is largely 
based on the statements of participating universities and 
that some criteria are far above national requirements 
make it difficult to obtain objective results [40]. In the UI 
green metric ranking, universities are divided into 6 
categories according to the characteristics of their 
campuses. In this study, the campus of OSTİM Technical 
University, which is in the “high-rise building” category, 
is analysed. It is thought that the study will also 
contribute to the development of a decision support tool 
that can automate the results by taking satellite images 
in the evaluation of evidence and external environmental 
factors such as the size of the campus area, green area 
ratio, parking ratio, building ratio, open space ratio, and 
to obtain more accurate results. 

There are various studies in the literature on the 
Green Metric ranking of universities. Examples of these 
studies are given below; 

 
Table 2. Green Metric Index  studies and their aim(s) 

Author/ 
Year 

Aim(s) Results 

Karasan 
et al.  
2023 
[41] 

To develop a 
methodology for green 
metric evaluation and 
decision making using 
multiple expert 
knowledge for 
uncertain 
environments. 

It is shown that the 
green index of 
universities can be 
calculated using a 
multi-stage decision-
making model. 

Boiocchi 
et al. 
 2023 
[42] 

The UI GreenMetric 
World University 
Ranking system aims to 
examine the 
effectiveness and 
fairness of universities 
in measuring their 
sustainability efforts. 

Suggestions for 
improvement were 
made regarding the 
indicators of the 
ranking system. 

Sari et al. 
2023 
[43] 

It is aimed to examine 
the positive effects of 
participation in UI 
GreenMetric on the 
performance of 
universities in creating 
sustainable campuses. 

UI GreenMetric 
participation has 
been shown to have a 
positive impact on 
their standing in THE 
Impact Rankings. 

Galleli et 
al. 
 2022 
[44] 

It is aimed to compare 
UI green metric and 
times higher education 
sustainability 
university rankings. 

It is reported that 
there are differences 
in the structure, 
limitations and areas 
for improvement in 
both rankings. 

Atıcı et 
al.  
2020 
[45] 

It is aimed to explore 
the relationship 
between universities' 
environmental 
sustainability efforts 
and their performance 
in UI GreenMetric and 
global rankings. 

It has been shown 
that environmental 
sustainability can be 
a global competitive 
advantage for 
universities. 
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Ariesanti 
et al. 
2019 
[46] 

It is aimed to analyse 
the online disclosure of 
environmental 
responsibilities of 
Indonesian 
universities. 

It was found that 
most Indonesian 
universities do not 
disclose their 
environmental 
activities on their 
websites. 

Rochim 
&Sari 
2015 
[47] 

It aimed to analyse the 
relationship between 
Institutional Archives 
visibility and waste 
management in 
Indonesian 
universities. 

It has been suggested 
that there is a strong 
correlation between 
academic resource 
accessibility and 
environmental 
sustainability efforts. 

 

2.3. Smart and Sustainable Campus 
 

According to the Turkish Language Association, the 
word “smart” means “capable of distinguishing right 
from wrong, good from bad, able to act correctly and 
cautiously as it should be by taking lessons from the 
experiences it has gained and seeing the reality well”. 
Today, especially thanks to advances in artificial 
intelligence, there has been a tremendous development 
in the number and usage areas of smart devices. 
Machines have also become smarter and have gained the 
ability to distinguish right from wrong like humans and 
to act correctly and cautiously as they should by learning 
from their experiences.  

Smart campuses aim to create more efficient, 
optimized and more sustainable environments thanks to 
the data obtained from people and objects inside and 
outside the campus.  Smart campus studies have recently 
gained momentum, especially with the rise of smart 
cities. While increasing population and limited resources 
require optimization in areas, the increase in the number 
of data obtained from people and objects has made it 
possible to improve by drawing meaningful conclusions 
from this data. While some of the studies on smart 
campuses have focused on tools to improve learning 
skills, others have focused on ensuring their 
sustainability, and a significant number have focused on 
developing conceptual models due to the newness of the 
concept and the lack of applications. The table below 
compares some of the case studies on smart campuses; 

 
Table 3. Smart campus studies and their aim(s) 

Author/ 
Year 

Aim(s) Results 

Polin et 
al. 

2023 
[48] 

The aim of the study, which 
is a literature review, is to 
highlight the more 
comprehensive 
conceptualization of smart 
campuses and their 
practical applications in 
various fields. 

The conceptual 
framework is 
presented. 

Mahariya 
et al. 

2023 
[49] 

Through observation and 
analysis, it is aimed to 
explore the role of industry 
4.0 technologies in enabling 
innovation and 
sustainability. 

Innovative facilities 
aimed at achieving 
sustainable 
development goals are 
presented. 

Silva-da-
Nóbrega 
et al. 

2022 

Using importance 
performance analysis, it is 
aimed to identify key 
elements and gaps in smart 
campus dimensions and 

Opportunities and 
challenges for an 
education based on 
sustainable 

[50] provide priorities for 
decision makers. 

development goals are 
reported. 

Paspatis 
et al. 

2022 
[51] 

It is aimed to demonstrate 
the role of smart campus 
microgrids in sustainable 
energy transition through 
case studies. 

The applicability of 
microgrids is 
demonstrated through 
the example of Hellenic 
Mediterranean 
University. 

Alnoman 

et al. 

2022 

[52] 

Developing a smart campus 
application that 
emphasizes technology-
oriented, student-centered 
learning with framework 
development method. 

The use of technology is 
important in improving 
the student learning 
experience and data 
privacy challenges 
were also addressed. 

Liu 

2021 

[53] 

Developing a smart campus 
by using educational 
information systems in 
Vocational Schools through 
case study. 

A smart campus 
information 
environment enriched 
by the integration of 
cloud computing, IoT, 
big data and AI has 
been developed. 

Chen 

2020 

[54] 

Demonstrate the 
deployment of a smart 
campus ecosystem in the 
case of Sichuan University 
using a case study. 

A smart campus 
ecosystem was 
presented, supported 
by progressive 
construction ideas and 
the use of cutting-edge 
technology. 

Dong et 
al. 

2020 

[4] 

It is aimed to determine the 
definition and framework 
of smart campuses. 

An integrated 
perspective of 
technological advances 
and educational 
concepts was 
presented.. 

Sari et al. 

2016 

[43] 

Through technology 
implementation, it is aimed 
to demonstrate how IoT 
can be used in smart 
campus development. 

The impact of IoT on 
real-time and 
technologically 
integrated teaching 
approaches and 
external partnerships is 
demonstrated. 

Rha et al. 

2016 

[55] 

Through a literature 
review, it is aimed to 
illuminate the current state 
of smart campuses and 
provide a framework. 

A multifaceted 
framework is proposed 
across the dimensions 
of learning, technology 
and user engagement. 

 

2.4. Campus Planning 
 

Smart campuses are a given name for the small 
applications of the smart city facilities. The university 
campus is an example for the smart campus. In the vision 
of the smart campus for the future there are lots of 
studies that try to analyze land-use land cover (LULC) 
maps, and make decisions for planning campus area in 
the literature [56-71].  

At these researches multiple ML classification, time-
framed change analysis, remote sensing and manual 
demonstration methodologies were applied to assess 
satellite imagery.  

On the other hand, limited number of works present 
campus planning decision making by the behalf of GeoAI. 
Table 4 interprets the studies in literature with their 
methodologies and results.  

It is our contribution to the literature and the 
originality of our study that we provide aspects and 
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views by a case study in the applied GeoAI science 
domain. To guide the authorities who make campus 
planning we interpret them the usage of AI based LULC 
maps and give potential opportunities and threats by 
evaluating analysis output. 

 
Table 4. Campus planning studies and their content 

Author-Year Methodology Result(s) 

Thar et al. 
2018 
[56] 

 

Agisoft, QGIS, 

ArcGIS,Image 

Classification 

Analysis of planning 

buildings, stadiums, 

swimming pools, parks and 

recreation centres in the 

university campus. Any 

sustainability planning 

decision was given. 

Kinoti and 
Nyaga 
2018  
[57] 

GIS, Remote  
Sensing, LULC 
Changes 

Analysis of land use and land 
cover change in Karatina 
University. They give an 
overview guiding to update 
the university policy. 

Hwang and 
Wiseman 
2020  
[58] 

Photo 
Interpretation, 
Image classification 

Analysis of urban tree canopy 
and comparison the outputs 
of two techniques. Any 
sustainability planning 
decision was given. 

Bozdağ et al.  
2020 
[59] 

Spatial and 
Statistical  
Area Analysis  
(manually with GIS 
tool) 

Social and behavioral 
analysis of spatial legibility. 
Any sustainability planning 
decision was given. 

Haq and 
Panduardi 
2020  
[60] 
 
 

QGIS, AHP  
Statistical Analysis 

Social and behavioral 
analysis of campus planning 
for academic success. It gives 
a new approach suggestion 
that can be used for academic 
suitability analysis. But any 
sustainability planning 
decision was given. 

Zaki  
et al. 
2020 
[61] 
 

GIS, Statistical  
Analysis  
(Morphological 
Parameters) 

GIS analysis as a useful tool in 
smart city urban planning. 
They give an overview 
related with environmental 
impacts guiding to 
sustainable and proper 
campus planning. 

Papua  
et al. 
2020 
[62] 

QGIS, Manual  
Assessment 

Map analysis by spatial data. 
It is related with the 
development of a new web-
based GIS for campus review. 
But any sustainability 
planning decision was given. 

Srivastava 
 and 
Chinnasamy 
2021 
[63] 

LULC Changes, 
Google Earth Pro,  
Manual 
Classification 

Ecological analysis of campus 
by environmental 
sustainability impacts. They 
give an overview related with 
environmental impacts 
guiding to sustainable 
campus planning. 

Shao 
2021 
[64] 

LIDAR Metrics,  
Statistical Analysis 

They give insights related 
with environmental impacts. 

Hong  
et al.  
2022 

Hyperspectral 
Image, 

AI based mathematical model 
is suggested. But any 

[65] 
 

Convolutional 
Neural  
Networks (CNNs), 
Transformers 

sustainability planning 
decision was given. 

Ikara  
et al. 
2022 [66] 

ArcGIS, Manual  
Mapping 

Any sustainability planning 
decision was given. 

Anushya 
2020  
[67] 

ArcGIS, Google 
Earth,  
3D Model 

It gives insights related with 
indoor planning. 

Alastal  
and Shaqfa 
2022 [36] 

GeoAI, GIS AI based geographical 
analysis. But any 
sustainability planning 
decision was given. 

Çaliskan 
2023 
[68] 

LULC Changes, 
Remote Sensing 

It gives insights related with 
campus planning. 

Çetin and 
Yastıklı 
2023 [69] 

LIDAR Metrics,  
DBSCAN clustering 

It gives insights related with 
detecting trees. 

Özaydın 
et al. 
2024 [70] 

Open source 
building datasets 

It gives insights related with 
detecting buildings. 

Li et al.  
2024 
[71] 

GPS, GIS Solution analysis for parking 
efficiency. 

 
3. Materials and Methods 
 

Object detection locates objects of interest in an 
image and returns location and category information. 
With the development of remote sensing (RS) 
technology, both the size of single satellite images and 
the amount of information they contain are rapidly 
increasing. Unlike close-range imaging, satellite images 
usually cover a large area and have a complex 
background as well as different projection orientations. 
Therefore, it is very difficult to accurately detect all 
objects in a satellite image. The currently available 
automatic image interpretation approaches cannot meet 
the needs of many real-world applications in the RS 
community. Therefore, the question of how to quickly 
and accurately detect objects from satellite imagery has 
become a focus of research. To counter the challenges, 
existing object detection algorithms often combine 
template matching, knowledge representations, object 
analysis and machine learning [72]. 

DL and ML algorithms are frequently used for GeoAI. 
Especially Convolutional Neural Networks (CNN), 
Recurrent Neural Networks and Transformers [65] are 
common techniques for image processing and 
classification by identifying and labelling patterns, 
textures and characteristics [35]. By these technologies 
the detected objects can be displayed on satellite image. 
Various land uses and objects can be recognized and 
demonstrated as different task types by mapping with 
geotif files and geojson data. The characteristics of the 
pixels are analysed and clustered on the regions based on 
similarities in colour and shape. The images can be 
separated to the segments such as foreground, 
background or road, car, sky, pedestrian, bike. In 
addition, the files that have low resolution can be 
updated with high-quality resolution by data 
augmentation methodologies. These algorithms and 
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techniques are helpful for several industries such as 
agricultural crop recognition, urban planning, automatic 
map updating, medical diagnosis, autonomous driving, 
video surveillance, and machine vision.  

There are several solutions such as SenseEarth and 
ArcGIS to serve these GeoAI applications digitally. ArcGIS 
is an ESRI product to integrate artificial intelligence, 
machine learning, and deep learning with GIS technology 
to produce knowledge, solve problems, quantify risks, 
and find opportunities faster. ArcGIS system automates 
workflows, creates rich models of the real world, and 
analyses all kinds of data at scale, including imagery, 2D 
and 3D features, tabular data, videos, unstructured text, 
and time-series data. SenseEarth is an AI-powered 
Geospatial Analytics Tool to cover land use, crop 
recognition, change detection and object detection etc. It 
provides land use classification compatible with both 
drone and satellite images by extracting over 25 classes 
of ground features automatically.  

In our paper KooMap alternative solution was 
determined because of its comprehensive Cloud 
foundation models which is continuously pre-trained 
and fine-tuned. Its strengths are the capabilities to 
combine IoT backstage solutions and GeoAI for digital 
twin applications. These tools were used for several 
years to establish smart campuses and smart cities. 
Therefore, the algorithm components have high accuracy 
with its comprehensive and robust database data models 
from different regions of World [73]. 

In this research the applications utilizing these 
cutting-edge technologies are chosen and the research 
methodology given in Figure 1 was applied. QGIS 
application is an open-source geographical information 
system (GIS) software to view, analyse, edit and print 
spatial information, in addition to composing and 
exporting graphical maps. QGIS is popularly used by GIS 
analysts and experts. QGIS is a geographic information 
system software that is free and open-source. QGIS 
supports Windows, MacOS, and Linux. KooMap is an 
application platform as a service (aPaaS) which is served 
through Huawei Cloud. KooMap allows users to make 
LULC and object detections on satellite images.   It is an 
AI-powered, cloud-native geospatial analytics and 
applications platform. KooMap provide insights for the 
city planners and other industry experts for the domains 
smart city, campus, telecom, agriculture, architecture, 
sustainability, energy and mechanical engineering by 
GeoAI applications. KooMap also aims to produce digital 
twin cloud maps. Huawei Cloud Map Service is also a 
satellite image processing service that converges high-
quality satellite sources and provides global satellite 
image processing, supporting application transformation 
and innovation for government and enterprise 
customers. It provides industry assets, builds an open 
platform, and provides one-stop out-of-the-box space-
time information services, such as spacetime processing, 
analysis, and visualization.   

OSTİM Technical University ranked 886th among 
1182 universities with 4425 points out of 10000 points 
in the UI Green Metric ranking. In the ranking, 
universities are subjected to 6 categories and 24 sub-
categories such as the ratio of open areas to total areas, 

the ratio of green areas, smart building applications, 
green building applications, the ratio of vehicles to the 
campus population, and the ratio of parking areas on 
campus. For this reason, in order to make an automatic 
measurement for the subcategories mentioned in the 
study, buildings, trees, roads and vehicles were identified 
and their ratios were determined from satellite images. 
OSTİM Technical University's location in the capital city 
and in an industrial zone was an important selection 
criterion. These regions are the places where the most 
steps need to be taken and planning needs to be done in 
terms of sustainability. 

In this study area scope 5 different geospatial data 
type were analysed. These are building AI detections, 
roads AI detection, trees AI detections, vehicle AI 
detections and vehicle AI detections by data augmenting. 
All of these output data types are generated by KooMap.  
Deep learning methods such as Convolutional Neural 
Networks algorithms were applied to the Google Map 
images in the background of this application. By data 
augmentation method the geospatial data were 
increased by rotating, re-colouring, zooming. 
 

 
Figure 1. Research approach flow 
 

Geospatial data collection was operated as follow. 
Firstly, OSTİM Technical University campus satellite 
image was obtained by using QGIS and the map on URL: 
http://mt0.google.com/vt/lyrs=s&hl=en&x={x}&y={y}&
z={z}. During data pre-processing the raster polygon 
points were set and the campus area defined with 
latitude and longitude information. By clipping the 
raster, the georeferenced image was exported from QGIS 
in .tiff format as the second step. 

Thirdly, the campus tif file was analysed by KooMap 
using image recognition AI algorithms for building, road, 
tree and super resolution vehicle detections. To provide 
these object detections, feature extraction and model 
training phases were executed in the background of the 
KooMap. KooMap benefits from the pre-trained 
foundation models being executed in Cloud. These 
foundation models [74] were pre-trained with 100 
billion parameters by multiple data sources and multiple 
data types such as enterprise, public network, tables, 
images, video etc. These models are fined-tuned with 
multiple scenarios using PostgreSQL, Oracle and Huawei-
developed distributed relational database GaussDB. 
Computer Vision Foundation Model comprises from 
classification, segmentation and inspection methods for 
pre-training. After pre-training fined-tuned models are 
deployed according to different scenarios in the pipeline 
and the cycle continues by the iterations for continues 
model trainings. These B2B applications are used for 
smart cities, smart campuses and industry specific digital 
twins [74]. The training efficiency of the models is 
average more than 40% and 95% accuracy. 

The obtained detection layered satellite image was 
evaluated by experts from OSTİM Technical University. 
The experts reviewed and discussed the campus 
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according to its building structure, road infrastructure, 
tree density and vehicle density by comparing with other 
structures surrounding the campus in the GIS. 

At the end of the methodology the experts made some 
decisions related with their campus planning 
considering the results of AI powered geospatial analysis. 

The aim of this scientific approach is to present some 
sustainability decisions for a university campus with the 
supervision of the environmental GeoAI insights. 
 
4. Results 
 

Figure 2 and Table 5 depict the analysis output of the 
full range buildings, road, tree and vehicle detected with 
and without augmented resolution tasks. The geotiff size 
is 3.36 MB that includes 0,220 km2 geospatial area 
between 32° 44' 29.84'' N - 32° 44' 48.00'' N longitudes 
and 39° 58' 4.28'' E - 39° 58' 13.99'' E latitudes. It has 
3743*2612 pixels resolution with 96dpi with 32-bit 
depth. Building, road, tree are the LULC, and vehicle is the 
object which were detected by using Analysis module of 
KooMap. KooMap provides a City Information Modeling 
(CIM) for decision making on environmental and civil 
engineering optimized planning.   

The colors that define the objects in Figure 2 are as 
follows; blue-GeoAI detected buildings, green-GeoAI 
detected trees, purple-GeoAI detected vehicles, red-
GeoAI data augmented detected vehicles, yellow–GeoAI 
detected roads. 

 

 
Figure 2. Analysis output 
 

Table 5. Quantitative analysis output 

Type 
Area 
(km2) 

Percentage Count 

Building 0.06302 55.5761% 19 

Tree 0.03323 29.3049% 48 

Road 0.01299 11.4556% 12 

Vehicle 0.004154 3.6633% 617 

 

4.1. Image recognition 
 
4.1.1. Buildings 
 

Reducing carbon emissions in buildings is critical to 
achieving the Paris climate goals and net zero emissions 
by 2050. Buildings represent 39% of global greenhouse 
gas emissions, of which 28% are operational emissions 
and 11% are building materials and construction. 
Buildings can achieve zero carbon performance by using 
renewable energy for heating, reducing the use of 
refrigerants with high global warming potential and 
using low-carbon, recycled materials in construction. 
Energy efficiency is one of the top priorities for zero 
carbon buildings. Digitalization is a key enabler of energy 
efficiency in buildings. Smart buildings leverage 
advanced sensing and controls, system integration, data 
analytics and energy optimization to actively reduce 
energy use and demand. The potential energy savings 
from smart buildings are significant. Automated systems 
can save 10-15% of energy in commercial buildings. 
More advanced functions such as demand-controlled 
ventilation can save an additional 5-10%. Integrating 
building systems can deliver incremental energy savings 
of 8-18% compared to basic HVAC (heating, ventilation 
and air conditioning) and lighting control. Energy 
Information Management Systems that use advanced 
metering infrastructure and monitor end-use in 
buildings can save an average of 3%, while automated 
fault detection and diagnosis can save an average of 9% 
in energy use [75]. 

As seen from Figure 3 the region located in OSTİM 
Technical University includes large buildings because it 
is in the largest industrial zone of Ankara. OSTİM 
Technical University consists of three blocks formed a 
single file as the figure below.  This figure shows an 
output from KooMap application to analyse OSTİM 
Technical University campus buildings detected 
automatically by image recognition method. 

These blocks` quick bird views are differentiating 
from other building in the industry zone, it comes 
through the construction of an educational center. This 
construction style can be continued for next campuses. 
The accessibility is easy to other blocks from one thanks 
to the internal connections between buildings. 
 

 
Figure 3. Building evaluation 
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It is seen from Table 5 that the building area is 
relatively much more than the tree, road and vehicle 
areas. An extensive area 55% of the campus is occupied 
with concrete rather than other types. Considered that 
greenery places should be constructed balanced with 
concrete field for next campuses. 

The fact that the largest part of the campus area 
consists of buildings has made energy saving and the use 
of renewable energy in buildings the most important 
element of sustainability for the university. The 
university can prioritize building energy efficiency to 
increase its sustainability score. It can also increase 
energy efficiency by making buildings smart. Again, as 
seen in Figure 3, energy needs can be met from 
renewable energy by installing solar panels in the areas 
of building transitions or terrace areas. 
 
4.1.2. Road 
 

Roads surrounding campus was evaluated by experts 
in Figure 4. This figure shows an output from KooMap 
application to analyse OSTİM Technical University 
campus closest roads detected automatically by image 
recognition method. The campus has a main road at the 
left side of the neighbor mosque of campus. Other sides 
are the parts of side lines connecting campus to OSTİM 
industrial zone. By looking at these streets campus is in 
the top intersection of the three distinct avenues 
(Alinteri Avenue, Baskent Avenue and 100. Yil Avenue).   
 

 
Figure 4. Road evaluation 
 

It is seen from Table 5 that the road area covers 11% 
of the all types of the GeoAI detected areas. The total of 
buildings and roads cover 66% of the types in 
percentage. Considered that greenery places should be 
constructed balanced with concrete field for next 
campuses. 

 
4.1.3. Trees 
 

Green spaces contribute greatly to a sustainable city 
and the improvement of the environment. Green spaces 
play an important role in sustainable development. 
Green space interventions nurture the existing character 
of settlements, improve environmental conditions, 
encourage outdoor recreation and active lifestyles. On a 
larger scale, they also reduce heat island effects and 
runoff. In recent years, their role in reducing carbon 
emissions and improving people's health has also been 
emphasized [76]. The benefits of green spaces can be 

divided into three main categories: environmental 
benefits, economic and aesthetic benefits, and social and 
psychological benefits [77]. In the UI Green Metric 
assessment, green spaces account for 500 out of 10000 
points.  

Figure 5 shows an output from KooMap application to 
analyse tree density inside OSTİM Technical University 
campus and closest area detected automatically by image 
recognition method. It is seen in Figure 5 that the trees 
are so rare that the pavements cover the big area of the 
scene. This situation causes not be cleaned of the polluted 
air and an uncomfortable atmosphere by campus 
students. Sustainable development and the development 
of green spaces is of great importance, not only for the 
natural environment, but also as an urgent need to 
improve people's lifestyles. Quality of life is positively 
influenced by a number of important roles played by 
green spaces. To increase life conditions, it is necessary 
to increase greenery areas near the campus. It is possible 
to take various actions inside and outside the building to 
increase green areas. Green roofs for campus buildings 
and increasing green area might be an optimized choice 
to provide green area for students. Greening the campus 
environment, irrigation of green areas by collecting 
rainwater, vertical greening on the building surface can 
be listed among the main solutions that can be done. In 
Milan, Italy, architects created a “vertical forest” of 800 
trees, 4,500 shrubs and 15,000 plants on two residential 
tower blocks. If planted on the ground, the “forest” would 
cover an area the size of three and a half football fields. 
Similar projects are underway in cities in Switzerland, 
the Netherlands and China [78]. The campus budget will 
may be planned to invest for this problem for next 
academic years. 

 

Figure 5. Tree evaluation 
 

It is seen from Table 5 that the tree area covers 29% 
of the all types of the GeoAI detected areas. Considered 
that greenery places should be increased to the 50% for 
next campus plans. 
 
4.1.4. Vehicles 
 

Figure 6 shows the vehicles parked near the campus. 
This figure presents an output from the KooMap 
application, used to analyze vehicle density within the 
OSTİM Technical University campus and its surrounding 
area, detected automatically through the image 
recognition method. It is seen that there are a huge 
number of vehicles parking in the area surrounding 
campus. Some of these vehicles are belongs to the 
employees of the workplaces and some of them belongs 
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to the students. It is conspicuous that parking zones and 
areas are insufficient rationally to the vehicle quantity. 
Therefore, this problem should be resolved by allocating 
more place for parking. Considered that special parking 
zones should be constructed for next campuses. In 
addition, students can be encouraged to use bicycles to 
reduce carbon emissions and electric transportation 
vehicles can be prioritized within the campus for the next 
campus area. 

 

Figure 6. Vehicle evaluation 

It is seen from Table 5 that the vehicle area covers 4% 
of the all types of the GeoAI detected areas. 
 
5. Discussion 
 

A Sustainable University is an institution of higher 
education that works to minimize the negative 
environmental, social and economic impacts of its 
activities and leads society towards a sustainable way of 
life. In the global fight against climate change, 
universities should also be role models for implementing 
sustainable practices. In this context, the creation of 
carbon neutral campuses is an urgent priority to 
accelerate climate action and catalyze transformative 
change in society. A carbon neutral university campus is 
one that reduces greenhouse gas emissions as much as 
possible and offsets the rest by investing in projects that 
eliminate or avoid equivalent emissions, such as 
reforestation or renewable energy generation. This 
involves a comprehensive transformation that 
encompasses energy efficiency, sustainable mobility, 
waste management and the adoption of clean energy. 

At the global level, the UN promotes the Sustainable 
Development Goals, a universal call to action to end 
poverty, protect the planet and improve the lives and 
prospects of all. In 2015, all member states adopted the 
SDGs and emphasized the importance of achieving the 
SDGs outlined, targeting the years 2030 and 2050. The 
importance of urban sustainability is expressed in the 
UN's sustainability goal number 11: Sustainable cities 
and communities. Part of this goal emphasizes the 
“creation of green public spaces”, which cannot be 
achieved without significantly transforming the way we 
build and manage our urban spaces [79]. Universities 
play a critical role in the development and welfare of 

states and serve as an important stakeholder in the 
realization of the Sustainable Development Goals. On the 
other hand, with their large scale and population, 
universities can be seen as micro cities with direct and 
indirect impacts on the environment. Therefore, it is 
imperative for universities to integrate the SDGs into 
their strategic planning and policies and reflect them in 
their daily activities. In 2021, at the Times Higher 
Education Climate Impact Forum, 1,050 universities 
from 68 countries made a series of new commitments to 
achieve net zero emissions by 2050 and transform their 
impact on nature. Academic institutions around the 
world have joined the UN's Race to Zero campaign by 
committing to reduce their carbon emissions to zero by 
2050 at the latest.   

As the population of cities around the world grows, 
how to make living spaces sustainable has been a major 
topic of discussion. This study focuses on how ever-
increasing spatial data can contribute to the creation of 
more sustainable spaces. In this study, objects and their 
densities in the campus areas of universities were 
identified through object identification using satellite 
imagery of a university campus area.  It is thought that 
identifying objects from satellite images and determining 
their densities in the total area will facilitate the policies 
to be created to make campuses and cities more 
sustainable. 

OSTİM Technical University is the first university 
located within an industrial zone in Turkey. OSTİM is an 
organized industrial zone that plays an important and 
pioneering role in Ankara and Turkish industry today, 
with 6,200 businesses and 60,000 employees operating 
in 17 main sectors and 139 sub-sectors. OSTİM Technical 
University has set itself the vision of being the 
"University of Industry". The university is a third-
generation entrepreneurial university that focuses on 
talent and competence, combining theory and practice by 
placing them at the center of its education and training 
system, and establishing a strong network through 
institutional collaborations. The university, being the 
university of industry, is highly demanded, which leads 
to a significant increase in the number of students day by 
day. The increasing number of students and the 
university's location within a dense industrial zone 
necessitate some measures regarding campus planning. 
One of the main measures is to take steps to reduce 
vehicle and traffic congestion and the resulting carbon 
emissions. In this study, steps have been taken towards 
the digital mapping of the campus area, and it is aimed to 
develop applications for traffic control by ensuring the 
simultaneous updating of the digital map in the future. 
Researchers hope to develop an application using the 
digital map, which is continuously updated with real-
time data from the campus, to both eliminate the parking 
problem and reduce carbon emissions caused by the 
increased parking search time. This way, the application 
can guide drivers to the nearest available parking space 
around the campus.  

A broad literature review was processed and it was 
seen that remote sensing and GeoAI methods are today`s 
state-of-art technologies because of their user-friendly 
usage. These procedures were superior to the previous 
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alternatives such as LULC. As the calculation and 
operations of processing for these techniques have lower 
number of steps than other manually operated activities. 

As stated in [80] the GeoAI successed to make 
automation on base maps in Kuwait by changing new 
roads, buildings etc., our study achieved its goal by 
making decision for sustainable and green campus 
detecting buildings, roads, trees and vehicles. Besides, 
gave insights to the stakeholders and contributors of 
urban planning the usage of GeoAI by the help of the 
commercial applications. Therefore, this research can be 
accepted as an output of cooperation in the geospatial 
analytics technology of industry, academy and needer 
authority (enterprise) mentioned in the 
Recommendations of the [80] research. 

It was seen that using data augmentation performing 
GeoAI in the tool to convert image to higher resolution is 
more effective for objects such as vehicle rather than land 
uses such as buildings, roads and trees. Because some 
more quantities of vehicles were recognized by data 
augmentation feature compared with the image which 
was not applied any data augmentation to make higher 
resolution. The count of vehicles increases from 415 to 
617 when the data augmentation method is used in 
KooMap. 

Working with civil engineers, urban planners and 
architectures can be the future work to construct new 
campuses. The geospatial data should be reviewed with 
their expertise. In addition, OSTİM Technical University's 
campus should be compared with other university 
campuses to evaluate the effectiveness of the learning 
and living centers for university students. 

Our research proved that the applicability of GIS as a 
useful tool in campus planning in addition to the earlier 
case study [60]. The environmental sustainability 
impacts can be analysed by GIS analytics demonstrated 
in [61]. Our research is supportive for this issue from the 
aspect of the GeoAI analysis usage. In next studies the 
dynamic monitoring and detection can be tried to solve 
campus sustainability problems by the IoT sensors and 
remote sensing. Because this research shows that GeoAI 
is so beneficial for smart campuses not only in planning 
but also in managing them. In instance like given in [71] 
the parking problem can be prevented by showing the 
drivers empty park areas utilizing outdoor parking 
sensors in the surrounding of the campus.  

In our study the image based qualitative and 
geospatial quantitative data is assessed in both as the 
result output of GeoAI tool. The percentage area and 
counts information is used to make decision for the 
potential actions in university campus planning. By this 
way the hydro-ecological parameters can be evaluated in 
addition to GeoAI and can be made estimations related 
with condition changing as a future work. These 
estimations` accuracy can be increased by evaluating 
with the LULC changes in similarity with [67]. The 
approaches utilized in [67] can be combined with our 
GeoAI methodology. 

It was seen by our research that model outputs 
provide decision-makings for sustainable campus 
planning as below [39]. These are evidence required 

indicators while they are answered in UI Greenmetric 
Questionnaire. 

- Building type, their height and amount (Figure 3) 
show concretion and campus type. It is related 
with Setting & Infrastructure (SI) aspect criteria - 
1.4 Campus setting indicator, 1.7 Total campus 
buildings area indicator. 

- Tree amount (Figure 5) shows greenery area. It is 
related with SI aspect criteria - 1.10 Total area on 
campus covered in planted vegetation (SI.3) 
indicator. 

- Vehicle amount (Figure 6) shows number of 
vehicles in campus and close to the campus. It is 
related with Transportation (TR) aspect criteria - 
5.4 The total number of vehicles (cars and 
motorcycles with combustion engines) divided 
by the total campus’ population (TR.1) indicator. 

- Road distribution (Figure 4) shows vehicle roads 
by distinguishing from parking areas, pedestrian 
paths. It is related with TR aspect criteria - 5.12 
Total ground parking area indicator. 

These relationships of our suggested model can be 
visualized in Figure 7. 
 

 
Figure 7. GeoAI - UI GreenMetric Evaluation Model 
 

As a future work it is planned that the research can be 
expanded quantitatively by analyzing area (m2) of the 
GeoAI indicators. 

The GreenMetric ranking, which was developed for 
the Sustainable Campus concept, is based on 
declarations. The fact that the index is largely based on 
the statements of participating universities is one of the 
factors that make it difficult to obtain objective results. 
The more the data is based on evidence rather than 
statements, the more accurate the results will be. This 
study will also provide a new approach to the use of 
satellite imagery in the assessment of buildings and their 
surroundings and to easily obtain evidence-based data 
through object identification. 
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