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ABSTRACT
Due to the outbreak of the Covid-19 pandemic, college tours are no longer available, so many students
have lost the opportunity to see their dream school’s campus. To solve this problem, we developed a
product called “Virtourgo,” a university virtual tour website that uses Google Street View images gathered
from a web scraper allowing students to see what college campuses are like even when tours are
unavailable during the pandemic. The project consists of 3/4 parts: the web scraper script, the GitHub
server, the Google Domains DNS Server, and the HTML files. Some challenges we met include scraping
repeated pictures and letting the HTML dropdown menu jump to the correct location. We solved these by
implementing Python and Javascript functions that specifically target such challenges. Finally, after
experimenting with all the functions of the web scraper and website, we confirmed that it works as expected
and can scrape and deliver tours of any university campus or public buildings we want.
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1. INTRODUCTION
Due to the Covid-19 pandemic, in-person campus tours are no longer possible. This means that a
lot of seniors in high school will miss the opportunity to see their dream schools’ campuses,
which is significant in helping them form an idea of what college is like. Currently, there lacks a
persuasive virtual tour platform on the internet that can deliver to students and families a
comprehensive overview of what school campuses really look like. In recent years, more than
two million American high school seniors that graduate each year enroll in a college or
university, which is about 66% of each class. Although it is hard to predict the percentage of
these two million students that tried to get a virtual tour, it is a reasonable deduction that many of
them wanted at least some guide to know what kind of school they are applying to. In the future,
the number will only rise, as both the total number of high school students and high school
graduation rates are projected to increase. We predict that even after the pandemic, when colleges
and universities reopen their campuses to the public, there will still be a need for virtual tours, as
not every applying senior will be able to take a tour at every school that they are interested in.
This leaves a strong demand for a platform hosting virtual tours of universities. The same applies
to other public organizations or buildings. Not only do schools need virtual tours, public
buildings as big as sports stadiums and airports, or as small as restaurants and stores, might also
find themselves one day in need of developing a virtual tour to increase publicity or improve
customer experience.
Some existing methods have already been used to address this problem. Some universities and
public places have had outside companies develop virtual tours in the form of 360-degree images,
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which allows the user to switch between images and navigate around the place [11, 12, 13].
However, this requires people to go around the place to take pictures, which is inefficient and
often takes a lot of time and effort to complete. Also, it is hard to get permissions for such tours,
especially during the pandemic, when schools are extra cautious about the potential spread of
virus. Therefore, if images were not made prior to 2020, tours using this method would be
extremely hard to develop during the pandemic.
In fact, immersive tours in the form of 360-degree pictures or, if possible, virtual reality, will
produce the best results because they will let people have better long-term memory results [14].
One important goal of virtual tours is to make people remember the university, so immersive
tours are better than 2D pictures at letting people experience the school visually; therefore, they
are more preferable. However, because the technology of virtual reality is still not mature, there
are obstacles in solely using virtual reality for campus tours [15]. For instance, a major challenge
is that virtual reality is not yet popular enough so that everyone has a pair of goggles, which are
often expensive. In addition, people likely will not buy a pair of goggles just to go on a school
virtual tour. As a result, because 2D pictures cannot provide an immersive experience, and virtual
reality has not been popularized enough for everyone, using 360-degree images seems to be the
best approach. It is also better to develop a website than a phone application, because computer
screens are larger and can give a better view, and people don’t have to download an application
in order to access the virtual tour.
In this paper, we follow the same line of research to provide immersive experiences in the form
of 360 images. Our goal is to create a service that can generate simple tours within a short period
of time and do not require people to travel to the campus during the pandemic. Our method is
inspired by web scraping and Google Street View [1, 2]. Google Street View is a function
developed by the Google Earth [3, 4] team to provide users with the opportunity to explore the
world in the form of 360-degree images, which can be taken with special panoramic cameras able
to capture the surrounding environment; an example of a panoramic camera would be Ricoh
Theta [9,10]. Because there are many users of Google Street View all around the world [22], and
many researchers also use it for environmental protection and social development [23, 24],
Google’s team constantly spend a lot of effort ensuring a clean and quality environment of the
street view platform; the quality of pictures on Google Street View, as a result, serves as a
baseline for our service as well. First, we developed a Python scraping script that finds 60
locations near a given university and an available 360-degree picture around each location [5, 6].
Web scraper is a popular method that gathers information from the internet for analytical or
personal use. Second, after deleting the repeated pictures, we output the scraped information into
a json file. Finally, we developed a website that pulls the information from the json file and
shows the tour. Google has many users; some of them own 360 cameras and have taken and
uploaded the pictures of a school campus before. This effectively solves the problem of needing
people to go to the school and take pictures, as we can take advantage of those that are already
available on the internet through a web scraper.
In two application scenarios, we not only demonstrated the effectiveness of our scraping script,
but also proved the usefulness of our website in an actual environment. First, we generated a list
of the top 100 schools in the United States, as well as every registered university or college in
California. We then ran our python scraping script and waited for it to iterate through every
school on the list. When each school was completed, the terminal would print the name of the
school and its index in the list (the first school is 1, the second is 2, etc.) After the scraping part
was done, two processing functions went through the results, checking for repeated pictures and
changing the descriptions. We successfully acquired a file named “data.json” that contains all the
scraped information. The scraping script worked just the way we expected it to. Secondly, we
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copied the data.json file and put in the same directory as our website html file [7]. We pushed the
information to GitHub, our website’s server [8], and after a while, the data showed up on our
domain “https://www.virtourgo.com.” After we typed in the name of a random school in our list
of schools and clicked the button to start the virtual tour, we were led to separate tour page,
where we could not only see the street view panorama up and working, but also a places list
dropdown menu that shows all the available buildings at the school, two descriptions that tell
people the name of each building and the next one, and a button to go to the next building on the
list. The website also worked just as we intended.
The rest of this paper is organized thus: Section 2 provides insight on the challenges we
experienced during the development process of the web scraper and website; Section 3 focuses
on the details and gives a guide for how we designed the different components, as well as how we
solved the problems mentioned in Section 2; Section 4 gives an overall evaluation of our final
product; Section 5 presents the related works done in this field. Finally, Section 6 allows for
concluding remarks and future possibilities for the project.

2. CHALLENGES
In order to build a university virtual tour website that uses Google Street View images gathered
from a web scraper, a few challenges have been identified as follows.

2.1. Challenge 1: The scraping script does not tell what the next place is
The scraping script generates a json file, which consists of two descriptions for each location.
Description1 is a sentence that states the name of the current location, while description2 is a
sentence that either tells the viewer what the next location is, or concludes the tour if it is the last
stop. However, when the python script tries to find the available 360 pictures, it finds the
locations near the targeted school one by one, which means that it cannot get the name of the next
location and put it in “description2.” In order to fix the problem, we implemented a function
called “processing(inp)” (see Figure 1) for when the scraping part finishes running. The
processing function will iterate through every location in the data dictionary, changing the
“description2” of each location with the name of the next location before outputting the data as a
json file.

Figure 1. “processing (inp)”

2.2. Challenge 2: The Scraping Script will Always Produce Duplicate Locations
Our scraping script is designed to find available 360 pictures around several locations in each
school. However, because there might not be that many 360 pictures on Google Street View,
every school will more or less have locations with the same pictures, depending on the school and
its available pictures. If a school has abundant images (meaning that people in the past have taken
a lot of 360 pictures and uploaded them), then it will have fewer places with the same images.
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Obviously, users will not want to see the same image twice for a school, so in order to avoid this
problem we implemented another processing function called “check_repeat(inp)” (see Figure 2).
The function will iterate through every location with every school scraped, truncate the latitude
and longitude to four decimal places (this is because although many locations show different
latitude and longitudes in the later decimal places, they still represent the same image), and delete
the location if the image already appears before the data gets outputted as a json file. Meanwhile,
the function will also print out the name and the number of locations deleted in the terminal.
Although this will not eradicate the problem entirely since sometimes the latitude and longitude
will still show the same image, it will effectively solve the problem in 80% of the instances.

Figure 2. “check_repeat (inp)”

2.3. Challenge 3: The “List Of Places” Menu Cannot Jump to the Correct Location
In the touring page, each school will have its own “List of Places” menu in the navigation bar that
shows a list of all the places available on the site. This is intended for users to see all the locations
available and jump to the one they want. However, since we did not make a new html page for
every location, it is difficult to let them jump to the correct location of the correct school,
especially when there are a lot of locations stored in the database. Therefore, we developed a
JavaScript function, “goToNextPlaceWithIndex(gotoIndex)” (see Figure 3). This function will
take the index of the location that appears on the List of Places menu, find the data stored with
the index, and start a street view panorama with that location.

Figure 3. “goToNextPlaceWithIndex(gotoIndex)”
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3. SOLUTION
Our finished product – Virtourgo – is a website that displays virtual tours for well-known
universities in the world. It implements a web scraper to gather information from the internet and
compile it into a virtual tour. The scraping process is done in the background, so individual users
will not need to see or change anything to access the tour. The scraper uses Selenium in Python to
search 1) buildings on the campus of the desired school, 2) available Google Street View pictures
around each building, and 3) each picture’s latitude and longitude. The information scraped is
then re-evaluated by another script, which goes through each location to make sure they are not
repeated. To conclude the scraping process, we stored the information scraped in a json file
within a GitHub repository. Like any other website, users can access the Virtourgo by entering
the URL, which in this case is virtourgo.com, in a web browser. The DNS Server we chose is
Google Domains, and the server is GitHub. The users will automatically be directed to a page
named “index.html,” the main page of the website. On the homepage, there is a search box with
auto-correct function. Users will enter the name of their desired school and click the “Start
Virtual Tour” button to go to the tour page that shows the scraped locations one at a time. On the
tour page, most of the screen will be the Google Street View images embedded on the page, and
below those will be some descriptions about the place, as well as what the next stop will be.
When the tour is concluded, users will be prompted to return to the home page, where they can
feel free to start another tour. In sum, there are three main components of our system (see boxes
in Figure 4):
●
●
●

a Python Web Scraper that gathers information about all the locations
a GitHub repository that acts as the server, hosting the website and storing the scraped
information
a DNS Server by Google Domains that processes the request

The following sections will describe the implementation process for each of the three
components, as well as the website itself, in detail.

Figure 4. Three main components of our system
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Web Scraper
For the Web Scraper part, our goal is to find the latitude and longitude of places of interest at and
around the given school. To ensure efficiency, we would also like to scrape many schools at
once, given a list of all the schools we want. First, we need to make sure that the name of the
school we have is the same one that appears on Google Maps. We can do this by finding the
place with the closest name to the one we inputted. This is to prevent unexpected writing errors
when typing in or copying the name of the school. Then, we can start searching for the actual
locations around the place we want. For each place, we will find the closest 60 locations around
it; for each location, we will gather the name of the place and the latitude and longitude of the
closest available image. The code to find places around each school is shown in Figure 5. To be
able to search many schools at a time, we implemented another function, which simply iterates
through a list of different schools to find the information above for each one. This way we don’t
have to run the code for each school. Finally, we will output the data we scraped into a json file,
which we will use in the actual website. The json file, which we name as “data.json,” is designed
specifically for the website and has all of the same variable names. This allows us to simply copy
the “data.json” file from the Python scraper directory and directly paste it in the website
repository without needing to change the its formality.

Figure 5. Code to find places around each school

Of course, because not every location has its own 360 picture on Google Street View available,
many locations will show the same picture, so we have to use another function to rule out
locations with the same images. Because we chose to find the locations first, and then find 360
pictures according to the locations, duplicate pictures are unpreventable. An alternative scraping
method would be to find the pictures first, then find the name of the building closest to the
picture. This would eradicate duplicate pictures. However, Google Street View currently does not
support searching surrounding buildings’ names with a 360 picture. It only functions the other
way around, that is, to search the closest 360 pictures of a building. Therefore, we have to deal
with the duplicate pictures elsewhere with another function.
Google Domains DNS Server
The DNS Server used for the website is Google Domains, which hosts our domain. First, we
entered the webpage to build a domain through “https://domains.google.com/registrar/search.”
Then, we entered the name that we wanted the domain to be: “virtourgo.” Next, we chose the
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ending of my domain, which is “.com” in our case. Finally, we needed to pay an annual fee of
$12 for Google to host our domain. After we paid for the domain and logged in to the google
account that bought it, we navigated to “My Domains,” and selected the domain we just
registered, and clicked on “DNS.” There are a couple of things we need to put in before it starts
working (see Figure 6).

Figure 6. DNS records

In the box above, we entered “185.199.108.153” into the “IPv4 address” section, and then clicked
the + button to the right of it. Next, we entered the rest three of the IPv4 addresses,
“185.199.109.153,” “185.199.110.153,” and “185.199.111.153.” These are the IP addresses that
belong to GitHub. Then we clicked “Add” after finishing. Finally, in the dropdown menu that
says “A,” we clicked to find a button called “CNAME,” and in the “Domain name” section, we
put in the domain we just registered, “virtourgo.com.”
GitHub Server
All the html programs of the website, as well as the scraped information, are stored in a GitHub
repository, which also serves as the server of the website. To do this, we first created a GitHub
repository, and pushed the html and json program files on the repository. Then, we went to the
“settings” page of the repository, which can be found at the top of the repository menu, and found
a section called “GitHub Pages” (see Figure 7). In this section, we entered the domain registered
before in the “custom domain” part and clicked “save.” In fact, users can host their websites on
GitHub without owning their own domains, so if you don’t mind the domain showing your
username and “github.com,” you could skip the “Google Domains and DNS Server” part. But
because we want our website to show our custom domain, we needed to add this in the GitHub
repository settings. Finally, we checked the box that says “enforce HTTPS,” which stands for
“Hypertext Transfer Protocol Secure.” This gave our website secure communication by
encrypting the data requests automatically.
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Figure 7. “GitHub Pages”

Website Development
There are three main technical parts of the website development part. The first one is the search
box, the second one is the function to find the desired school, and the third one is the embedding
of the Google Maps Street View window into our website. For the search box, we want to add an
auto-complete function for it, so users will not need to enter the precise name that appears on our
website. We implemented the autocomplete function using Jquery. We created a “#schoolInput”
tag (see Figure 8) and used the tag when defining our search box by saying (id=“schoolInput”).
The source “schools” is a var that we created with all the names of our school list, and the delay
is the time in milliseconds the search box will wait before giving its suggestions. For instance, in
our case, users will see the search box automatically suggesting the name of the school according
to what the user has already typed in after 600 milliseconds of idle time.

Figure 8. Autocomplete function using Jquery

For our search box to be able to jump to the correct school, we created another function called
“#startVirtualTour” (see Figure 9). In this function, we retrieve and call the name of the school
from the previous function “#schoolInput,” and find the index of that school’s name. Then, we
navigate to the index of that specific school with another function “goToNewPage,” which leads
us to the actual tour page.

16

International Journal of Computer Science & Information Technology (IJCSIT) Vol 13, No 4, August 2021

Figure 9. “#startVirtualTour”

For the Google Maps Street View function, there are a couple of stats we have to enter in order
for the street view panorama to initiate (see Figure 10): the position, which includes the latitude
and longitude of the location, and the pov, which includes the heading and the pitch. The latitude
and longitude determine the exact position the place is located on the map, so that Google Street
View can find it in its system. The heading signifies the position the users are looking at (e.g.,
whether north or south), and the pitch determines the angle of the pov (whether looking straight
ahead or pointing at the sky). We then accessed the information scraped in the previous section in
a function by id “pano,” and entered those numbers. Notably, besides linking the JavaScript file
in our html file as usual, we also inserted the following script with our google api in the html file
(we replaced our actual API key with “your_api” for security reasons):
<script
async
defer
src="https://maps.googleapis.com/maps/api/js?key=your_api&callback=initialize"></script>

Figure 10. Stats to enter for street view panorama

4. EXPERIMENT
To evaluate the major components described above, we designed three experiments to see if they
work as expected. The first experiment aimed to test the autocomplete search box and the jump to
school function. On the website, we typed in the first few letters of some school we scraped. If
our targeted school appeared in the autocomplete list, we then clicked the “Start Virtual Tour”
button to see if we are navigated to the correct school. We picked 20 schools randomly from the
list, and if all the schools passed the aforementioned test, we considered the whole system to
fulfill our expectations.
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Figure 11. Typing fist three letters, “Har…”

We tried the test with 20 schools randomly selected from the school list, one of which is Harvard
University. We typed in the first three letters of the name “Harvard” (see Figure 11), and the
autocomplete function successfully provides us with all the schools whose names include “har.”
In our database now, there are three schools with “har” in its name, “Harvard University,”
“Charles R. Drew University of Medicine and Science,” and “Harvey Mudd College.” After we
clicked and selected our targeted school Harvard University, we clicked the “Start Virtual Tour”
button at the right of the search box. The page then changed to the main tour page (see Figure
12), which shows the first stop of Harvard University.

Figure 12. The main tour page for Harvard, which shows the first stop of Harvard University

We repeated the process for another 19 randomly selected schools and all got the results we
expected - the autocomplete function showed us the school’s name, and the start tour button led
us to the tour page with the correct school’s images.

18

International Journal of Computer Science & Information Technology (IJCSIT) Vol 13, No 4, August 2021

Experiment 2
The second experiment was designed to test the scraping function. We randomly generated 20
schools and put them in a list named “schools.” Then we called for the scraping function and the
processing function (see Figure 13).

Figure 13. Scraping and processing function

The processing function’s purpose is to fix the problem with the school’s names. During the
scraping process, we could not get the name of the next location, so we cannot tell users where
the next stop is. Therefore, the processing function aims to go into every location and change the
part where it says what the next stop is, which is in a key called “description2.” After the
scraping is done, we then uploaded it into a json file called “data.json.”
After the scraping is done (after each school’s scraping process is completed, the terminal will
print the index and the name of the school), we can open the output file “data.json” and see the
results (see Figure 14).

Figure 14. Open output file “data.json”

The file is constructed with many dictionaries in json format. In the main dictionary, there is a
timestamp, which represents the time the scraping action was performed, as well as a list called
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“data.” This list is compiled of 20 dictionaries that each point to their respective school. In each
school dictionary, there includes a data point for the school’s name, the school’s address, the
school’s location in terms of latitude and longitude, and a list of buildings. In the list of buildings,
there are 60 different dictionaries that each contain the information for a particular building. The
information includes: the name of the building marked as “title,” a sentence describing the name
of this building called “description1,” a sentence that tells the users where the next stop is stored
in “description2,” the latitude and longitude of the 360 picture, and the heading and pitch (also
called “pov” in the html file of the website) of the location.
Experiment 3
Besides the processing function, we also wanted to test the function we designed to prevent
duplicate locations. The third experiment is designed to test the effectiveness of the
“check_repeat(inp)” function mentioned in the “Challenges” section.
First, we ran the scraping script of the “schools” list mentioned above, which consists of 20
randomly generated schools, without activating the “check_repeat(inp)” function; we named that
json file “unprocessed.” Then, we ran the scraping script, but this time with the function, and
named its corresponding file “completed.” Next, we went through each school in the school list
of both the “unprocessed” and “completed” file with our website and recorded the number of
duplicate locations in each file. Finally, we compiled the number of duplicate locations of each
file into an excel table (see Figure 15).

Figure 15. Number of duplicate locations in each file

In the “unprocessed” json file, each school had an average of 60 total locations, which
corresponds with our expectations, because we scraped 60 locations for each school. In these 60
locations, 31 of them are duplicate results. In contrast, in the “completed” file, each school only
had an average of 38 locations and 9 duplicate ones, showing a 71% decrease in the number of
duplicate locations. Our check function successfully ruled out an average of 22 duplicate
locations. Furthermore, in the “unprocessed” file, the rate at which duplicate locations occur is
51.6%, while in the “completed” file, the rate is only 23.7%. This shows a 54.1% decrease in the
average duplicate rate of schools in the “completed” file. Although 23.7% of duplicate locations
will still more or less affect users’ experience, it is already much better than 51.6%. In the future,
we hope to develop more advanced functions to check for repeated 360 pictures, and we hope to
lower the duplicate rate to less than only 5%.
The experiment results show that the website brings up the correct school and the scraping script
overall met our expectations.

5. RELATED WORK
Andri, C., et al. created a virtual tour for Management and Science University (MSU) with
augmented reality and virtual reality in 2019 and recorded that the majority of the users were
happy with the product [16]. Their work is more detailed and entails more time with each specific
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information. Our work is a more general script that can cover the tours of many schools at the
same time. Perdana, D., et al. organized a virtual tour with 360-degree pictures using 3DVista for
3 buildings of Telkom University (Tel-U) in Indonesia [17]. Their 360 pictures were made using
stitched-together 2D images, while the source of our 360-degree pictures were scraped from
Google Street View. Similar to the augmented 360-degree panoramic safety training done by
Eiris, R. et al., their works are more interactive than ours, but require more precise planning of
the tour route [18]. Li, X. et al. developed a program to use 360-degree panoramic pictures from
Google Street View to map urban landscapes and quantify environmental features [19]. Both of
our works use Google Street View as the source of 360 pictures, but instead of analyzing them,
our project tries to develop a tour with the pictures, while they try to analyze the city.
Thennakoon, M. et al. advanced a tour mobile application, using web scraping to compile
information from Wikipedia for tourists [20]. Both our applications are web-based products, but
their work requests information from Wikipedia, while ours is from Google Street View.
Widiyaningtyas, T. et al. also aimed at creating a virtual tour for school campus with ORB image
stitching [21]. Their work is made possible by image stitching, which involves taking several 2D
pictures and combining them into one panoramic image, while ours does not require us to take
pictures ourselves.

6. CONCLUSION AND FUTURE WORK
In this project, we successfully developed a python web scraper that scrapes images from Google
Street View to compile a tour for a given list of universities. We also created and launched a
website that makes use of the data scraped from a json file and can show the school the user
wants based on a search using a search box.
The entire project can be split up into 3 or 4 parts: the scraping script, the GitHub server, the
Google Domains DNS Server, and the HTML website program. We discussed the
implementation process of all of them in Section 3. In section 4, we did a series of experiments
and proved that each part can function and the website can work as planned and deliver a user’s
tour smoothly. The experiments also showed that we have solved the challenges effectively.
During the Covid-19 pandemic, many students are locked in their homes, unable to attend an
actual university tour. The purpose of this project was to provide a solution to this problem by
developing a virtual tour using 360-degree images. Through the experiments, we have proven
that users can achieve this goal effectively on our website, and that the scraping script can create
tours for many schools efficiently. In fact, the tour can not only be used for universities, but for
other public buildings or gathering places. It is even possible to scrape other information, such as
detailed descriptions, people’s comments, or 2D images of each school.
Notably, the product of our research can be applied in many scenarios other than university tours.
Because our web scraper has the ability to scrape 360 pictures of universities, it can also be used
in other places such as football stadiums, public amenities, as well as other landmarks of the city,
where there are a fair amount of pictures available on Google Street View, and users would like
to know the surrounding environment of these places. In such case, our web scraper can be used
directly for searching these new places with no change needed to the scraping script; we can also
make a new website in a short amount of time, as we only have to change the homepage of the
website while keeping the functions that power the main tour page.
However, there are still limitations to the system. For instance, although the function that checks
repeats works in the majority of cases, it is still unable to detect every repeated location with just
latitude and longitude data. This requires human effort to physically go through the scraping
script and delete repeated locations. Also, the quality of the 360-degree images cannot be
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ensured. Everybody can upload 360 pictures to the internet, and since Google Street View has
been around for more than 10 years, some pictures were taken many years ago and therefore have
lower image resolution and quality. Lastly, because the website uses Google Domains to power
its functions, users who cannot access Google services, such as those in China, will not be able to
view the website unless with the help of other proxy applications.
In the future, we can try to find another way to analyze and delete the repeated images, and also
find ways to analyze the resolution of the images in order to maximize the tour quality.
Improving the look of the website UI can also give users a better experience with the tour.
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