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Abstract:

Location information has become an important part of informa-
tion systems due to the fact that more than 80% of information is linked
to a location on the earth’s surface. Collecting geospatial information
requires special tools, technologies, and methods. Most data collection
platforms are designed without major consideration for GIS data, since
GIS data requires a special type of database management system, and
most of these platforms use non-spatial databases, so spatial objects
are not stored properly, especially for polygon and line features. The
objective of this study is to develop Form Builder platform for GIS
data collection by using open-source technologies. The study highlights
the power of open-source technologies in GIS applications as well as
importance of GIS database for Form Builder applications. The cloud-
based form builder application designed to be simple and easy to use for
non-GIS users to design GIS data collection forms, visualize collected
data and export collected data as shapefiles to be used in other GIS soft-
ware for further processing or analysis. The cloud-based Form builder
1s a web-based GIS application that enables people to design their GIS
data collection forms, visualize collected data, and export collected data
to different GIS formats. Open-source technologies used in all aspects
of the development of the cloud-based form builder application, Django
and Geodjango as a python based web framework used to develop the
form builder application, PostgreSQL and PostGIS database systems
used as geospatial database management systems hosted on the cloud,
GDAL as a geospatial data engine used for reading and writing GIS
data from and to the geospatial database, Geopandas with leaflet API
used for visualization of GIS data on web pages.

Keywords:Cloud Computing, Open-Source GIS, Form Builder, GIS
Data Collectio
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Introduction:

Cloud computing technology increasingly become an import-
ant solution for organizations that looking to drive their business
forward. The NIST defined Cloud computing a model for enabling
ubiquitous, convenient, on-demand network access to a shared
pool of configurable computing resources (e.g., networks, servers,
storage, applications, and services) that can be rapidly provisioned
and released with minimal management effort or service provid-
er interaction (1). In Cloud Computing, computing resources are
provided as on-demand services over the internet, these services
delivered in three models, Infrastructure as a Service (IaaS), Plat-
form as a Service (PaaS) and Software as a Service (SaaS), Google
Doc is an example of SaaS, Firebase Database is an example of
PaaS while the Amazon EC2 is an example of [aaS. Organizations
using cloud computing technology to consume cloud-computing
services according to their needs. According to the NIST, there
are four-deployment model for cloud computing private cloud,
community cloud, public cloud and hybrid cloud. Recently, Geo-
spatial Technology are increasingly provided on cloud computing,
which provides dynamically scalable GIS technology, GIS Data
and GIS functions as a web service. GIS Data collection consid-
ered as one of the most expensive activities in GIS applications
(2). Geospatial data collection may include remote sensing data,
field data and other in-house GIS data conversion processes. Tra-
ditional field data collection (i.e. pen-and-paper based) is a time
consuming and bulky task. For example, we need to prepare base
maps, collect an ancillary dataset, and other paperwork. This is not
practical to use in real-time disaster information collection, which
occurs in unpredictable places and requires a quick emergency re-
sponse (3). The use of Open-Source Web Mapping tools is still
today quite limited due to their higher required skills with respect
to APIs and only occurred in few literatures’ studies (4) (5) (6).
In this paper aims to develop cloud-based form builder for GIS
data collection using open-source technologies to enable people to
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design their GIS data collection forms on the cloud using Open-
source technologies, through Form Builder application user can
visualize collected data as tables, maps as well as export collected
data as shapefiles.

Related Work:

Survey Builder tool, initiated by the Career Resource Center
(CRC) and College of Engineering in order to develop a dynamic
web-based survey tool, The Survey Builder application designed
for the University of Florida is a tool that lets users create surveys,
administer them, and analyze survey results all through the web.
It allows any department to create a survey and administer it over
the web. Questions can be Likert scale, yes/no, short answer or
open response. Each question has a unique ID and can be reused in
subsequent surveys. Colleges have the ability to develop standard
questions that are included in all departmental surveys. All results
are stored in a database accessible by the department that creates
the survey (7). Survey builder provides a lot of features, including
Create Survey, Administer Survey, conduct survey, view survey
results and link survey but all these features do not consider the
location information.

Harvard Humanitarian Initiative in association with Brigham
and Women’s Hospital, USAID have designed Kobo toolbox an
open-source data collection tool, researcher can build a question-
naire choosing various patterns in the Kobo Toolbox website. Once
the questionnaire is organized, the survey can run through the an-
droid application ‘Kobo collect’ for data collection by downloading
it without any expenditure. Kobo toolbox provides Form Builder,
Question library, Data collection via android or Web browser, man-
age, download and analysis of the data, Access control (8). Although
Kobo toolbox and Kobo collect are widely used in humanitarian
crisis like natural disasters, natural calamities, manmade disasters
etc. Kobo toolbox has some limitation, the database system used in

02023 guigy-a1444 aa2all g3 - galpll anzll- agdgnill cibwlyall -0kl alao m




Mohammed Mahmoud Ibrahim Musa-Dr. Ashraf Osman Ibrahim-Dr. Eltaib Saeed Mohamed Ganawa

Kobo toolbox is not spatial database which led to some limitations
when designing data collection forms for GIS data.
Methodology:

Cloud Based Form Builder for GIS data collection will be
developed using Open-source technologies, Figure 1: shows the
general architecture of Cloud based form builder for GIS data
collection as well as software and tools used in the development.
PostgreSQL alongside with PostGIS extension will be used as
Cloud GIS database, GDAL as Spatial Data engine will be used
for reading and writing to GIS database, Django and Geodjango as
python web framework following (Model, View, Template) MVT
pattern will used to develop the Cloud based web GIS application
of the Form Builder, Geopandas and Leaflet API will used to visu-
alize and export collected GIS data.

Cloud based form builder is a web-based application that
enable users to create their own data collection form for GIS, in
form builder users can specify type of GIS data will be collected
points, lines or polygons. To create form user must be registered,
and registered users need to add login details to login to the cloud
form builder, once user logged in user can create data collection
form, all form created by user will be linked to that user, once user
created a form the form details and related fields will be stored
on cloud GIS database and a new spatial table will be created on
cloud GIS database based on form details. Through form builder
users can add enumerators by adding enumerators details these
details will be stored on cloud database in enumerators table, enu-
merator can use his username and password to login and conduct
data collection.
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Enumerators
.

Collect Data (fill Form)

i

Create Data Collection Form H <&
{ )
. . . [ GIS
A Ll
- Visualize, Export Collected Data @ Database

User
. GDAL, PostgreSQL/PostGIS
Form Builder

v ®

Django, Geodjango, Geopandas

Figure 1: General Architecture of Cloud Based Form Builder
Since the idea for Cloud based form builder based on cre-
ate a table for each data collection form and each data collection
form composed of a set of entry element each entry element is
considered as a field (column) in the table. Two related tables cre-
ated one for forms information and the other for the fields’ infor-
mation. The forms table include the following fields (FORM _ID,
FORM NAME, FORM DESCRIPTION, GEOMETRY TYPE,
USER _ID). FORM_ID field is unique and auto incremented field.
The FORM_NAME field must follow the naming rules, it must
start with a letter (cannot start with number) and can only con-
tain alpha-numeric characters and underscores. Since the FORM _
NAME field is constrained field, the FORM_ DESCRIPTION field
allow users to add a brief description to the form. The GEOME-
TRY TYPE field allow the user to specify the type of geometry
(Point, Polyline, and Polygon) for the Geospatial Data, if there is
no need for spatial data, the user can leave this field blank. The
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USER ID field used to specify the ID of the user who have cre-
ated the form. Name of data table related to the form composed
of FORM_NAME and FORM ID to avoid the conflict. Since
the platform is cloud based and used by different users from dif-
ferent areas and sometimes users might use the same name for
their form, and it is not allowed to have two table with the same
name in database system. The fields table include the following
fields (FIELD ID, FORM_ID, FIELD NAME, FIELD LABEL,
FIELD TYPE), FIELD ID field is unique and auto incremented
field. The FORM ID used to specify the ID of the Form relat-
ed to the field. The FIELD NAME field must follow the nam-
ing rules. Since the FIELD NAME field is constrained field, the
FIELD LABLE field allow users to add a brief description to the
field. The FIELD TYPE field allow the user to specify the type of
data (integer, float, text), field name used as column name in the
related form’s table and the field type to specify the data type for

the column.
USERS FORMS FIEDLS
PK | USER_ID — PK | FORM_ID — PK | FIELD_ID
USERNAME FORM_NAME FIELD_NAME
PASSWORD FORM_DESCRIPTION FIELD_LABEL
FULL_NAME GEOMETRY_TYPE FIELD_TYPE
USER_ID — USER_ID — FORM_ID

ENUMERATORS

PK | ENUMERATOR_ID

ENUMERATOR_NAME
USERNAME

PASSWORD

L USER_ID

Figure 2: General Schema of Cloud GIS database
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Once a user creates a form, form details will be stored on
forms table and related fields details will be stored on field ta-
bles. Afterwards, a data table related to the form will be created.
The data table name will be composed of form name and form
id to avoid duplication and conflicts. Field names will be used as
column names for the data tables while field type will be used as
data type for each data type for each column. Figure 3: shows the
structure of the database.

USERS

USER_ID |USER_NAME| PASSWORD FULL_NAME

I— | admin wrin Admin User
2 user] s User One FIELDS
FIELD_ID [FIELD_NAME| FIELD_LABEL | FIELD_TYPE | FORM_ID
FORMS | D D INTEGER |
2 NAME NAME TEXT |
FORM_ID | FORM_NAME [FORM_DESCRIPTION | GEOMETRY_TYPE | USER_ID
3 GEOM GEOM TEXT |
I HEALTH _|HEALTH ASSESSMENT POINTS ]
K FOREST  |FORESTASSESSMENT | POLYGON 2 ! D NAME INTEGER :
' 5 TYPE TYRE TEXT 2
:
' 6 GEOM GEOM TEXT
: DATATABLE (HEALTH)
1 i) NAME GEOM
Leeeer )
|
;
1
;
; DATA TABLE (FORESTS)
. ) TYPE GEOM
L

Figure 3: Database Structure
Results

The cloud-based form builder for GIS data collection plat-
form developed to test the proposed synchronization algorithm, as
presented in Figure 1, PostgreSQL/PostGIS is used as GIS data-
base for cloud platform, and GDAL used as engine for reading and
writing data in GIS database, most of data collection platform us-
ing non-spatial database which make storage of spatial object is dif-
ficult, for example in Kobotool box one of the most common data
collection platform, spatial information for points data stored by
adding two columns (longitude and latitude) to store the coordinate
of points, when it comes to line and polygon features it is difficult
to represent such spatial data in longitude and latitude column, be-
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cause line and polygon features composed of multiple points, and
it does not make sense to create many longitude and latitude col-
umns to store the coordinates of these points, using PostGIS as a
database for the platform enable users to create form with various
spatial data types such points, lines and polygons. Form Builder
web application built by using Django a python-based web frame-
work, Geodjango as add-on for Django used to create GIS data
model, Geopandas used to extract, transform and export GIS data
to various format, and Django rest framework used to create rest
web services. the main page of Form Builder web application en-
ables users to create a new account or login if the user already regis-
tered, User can create an account on the platform by using sign up
button, sign up button will open a new page which enable users to
create a new account by adding their username, email address, and
password. Users’ details will be stored on user table within cloud
database. Figure 4: shows the main page of the platform.

133% A o =
CoGeo Form Builder Sign Up

Create Your Data Collection Form Easily

Figure 4: Home Page of the Form Builder platform

Sign up page enable users to create a new account, the sign-up
page designed to be as simple as possible, user only need to add
the username, email and password. Figure 5: shows the sign-up

page.
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S M CoGeo Collect - Sign Up. By +

O D o+ 127.0.0.1:8000/auth/signup

I CoGeo Collect

Sign Up

aau_sudan
mohammedmahmoud@aau.edu.sd
...........

1 Agree The Terms And Conditions

TR
Figure 5: Sign Up Page
If the user already registered, user can use sign in button to sign
in to the platform, in sign in page user should add the username and
password to sign in, entered username and password will be checked

across user table if the user is existing with the same details the user
will be signed in. Figure 6: shows the sign-i

Q O 127.00.1:8000/auth/signin

1 coczo collect

Sign In

Remember Me Forgot Your Password?

Don't have an account yet ? Sign Up

£ NN Panvrinkt Paltan Pallart Nackhased Navalansd hu Mahsmemad kshmaid ¥

Figure 6: Sign in Page
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Once user signed in, form list page will appear to the user,
the form list page shows the list of forms created by the user, in
addition to a button to enable user to create a new form, form list
will be retrieved from the forms table on cloud database. Figure 7:
shows the form list page. In Form List Page, users can see created
from in addition to buttons to manage the forms, these buttons in-
clude button to delete the form, button to view the form and button
to edit the form, once the user click on delete button the form de-
tails and related fields will be deleted from forms and fields tables
on cloud database as well as the data table related to the form will
be deleted from the database. Figure 44: shows the Form list with
options to view, edit or delete form.

) m Dachbeard - CoGeo Form Build X JES = 0

Q D 127.00.1:8000/forms/ “ @ 0 B =

[[EUDITOETIE = Q eachoms. ) «mn -

Create New Form

Name Description

admin_health Health Assessment Tool mm

ENUMERATORS

© 2023 Copyright CoGeo Form Builder Developed by CoGeo

Figure 7: Form List page
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Create a new form page will enable users to create their data
collection form, user should add form details which include the
form name, form description, and specify the geometry type. And
addition to that user can add fields to the form, field details in-
clude, field name, field label and field type. The form details would
be stored on the forms table in cloud database, while field details
will be stored 1n fields table in cloud database. Once the user clicks
on create form button a new data table will be created for the form,
the data table name composed of username of the form creator and
the form name while the columns of the table will be the fields of
the form. Figure 8: shows the create new form page.

SO [ D<hboard - CoGeo Form Buil: x [N - o

QO D 127.0.0.1:8000/forms/new 44 © ¢ R =
Q 0 admin

Create Data Collection Form

"l CoGeo Form Builder

FORMS

ENUMERA... Form Name Geometry Type

forest POINT v

Form Title

Forest In Sudan

Field Name Field Label Field Type

forest_name Forest Name INTEGER v

INTEGER
REAL
TEXT

© Add Field
v

Figure 8: Create Form Page

View Form details page enable user to collect data through
web pages, user can click on Open Form button to open data col-
lection form and fill the form with data, in addition to that view
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form details enable users to view collected data in a form of ta-
ble or map and export collected data to shapefiles, which standard

format of GIS data supported by various GIS software. Figure 9:
shows Form details page.

FORMS ,
admin_forest

e L[

Forest In Sudan Open Fom

ENUMERA..

©2023 Copyright CoGeo Form Builder Developed by CoGeo

Figure 9: View Form Details Page

Enumerators can open Collect Data page using web browser
on their smartphones to collect data enumerators can fill forms’
fields and draw the geometry related to the form, collected data

will be stored on data table related to the form. Figure 10: shows
Data collection web page.
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S [T Dashboard - CoGeo Form Builc xS < — o

Q O =@ 127.0.0.1:8000/forms/collect_data/2/ bicd @ ¥ B =

l" CoGeo Form Builder = Q 0 admin -

admin_forest

FORMS
Dender National Forest

ENUMERATORS

35.33753105613648 12.622917628991404

ol dpdas %y

Figure 10: Collect Data Web Page

Data view page shows the collected data in form of table, user can
open data view page by using data button on view form details
page. The date retrieved from data table related to the form. Figure
11: shows data view page.

FORMS .
admin_forest

Eaooe

id forest_name geometry
Dender National
n

ENUMERA...

0101000020E6100000C3BEB73734AB4140693D390FEF3E2940)

Forest

< >

©2023 Copyright CoGeo Form Builder Developed by CoGeo

Figure 11: View Data as Table Page
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Map view page shows collected data on a map, user can open Map
view page by using Map button on form details page, the data
retrieved from data table related to the form based on geometry
value type and value the map displayed, Leaflet API used as an
API for Web Mapping and Open Streets Map used as base map for
map view. Figure 12: shows Map View page.

|" CoGeo Form Builder

a
o
pn
g

FORMS .
admin_forest

ENUMERATORS
+ e

Shahads

sl i

il =Liahit| ® Opinckaathap

Figure 12: View Data as Map Page

Export data page enable users to export collected data as shape-
file, collected data retrieved from data table related to the form
and converted to shapefile by using Geopandas. Figure 13: shows
export page.
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S [ Dsshbosd - CoGeo FormBuilc X MBS 2 T

Q O 127.00.1:8000/formsfexport/2/ o 2 9 A =

l" CoGeo Form Builder [ Q 0 admin -

FORMS

admin_forest

Shapfile

ENUMERATORS

2023 Copyright CoGeo Form Builder Developed by CoGeo

Figure 13: Export data as Shapefile
Enumerators list page shows the list of enumerators added by user,
from the enumerators list page user can delete existing enumera-
tors or add new enumerators, user can delete existing enumerator
by using delete button, and can add a new enumerator by using
Create Enumerator button. Figure 14: shows enumerators list.

SO [ Dashboard - CoGeo Form Builc % NS a]

l" CoGeo Form Builder = Q 0 admin

FORMS

Create Enumerator Account

ENUMERATORS

Enumerator Name Username =

Salim Naser o @ Delete
enum1 S @ Delete

2023 Copyright CoGeo Form Builder Developed by CoGeo

Figure 14: Enumerators List Page
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Create Enumerator page enable user to add and account for enu-
merator by adding Enumerator name, username and password.
Enumerator details stored on Enumerators table on cloud database.
Figure 15: shows create new enumerator page.

0 0 1700800 enmectorsen & N NE
= Q o amin. +
Create Enumerator
FORMS
ENUMERA Enumerator Name

Enumerator name

Usemname

Password

Create Enumerator

Figure 15: Add Enumerator Account Page
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Conclusion:

Since location become an important element in Information
systems, an efficient tool to collect location information is highly
needed, invention of Web technologies and cloud computing tech-
nology enable people do conduct collaborative collection of GIS
data. Cloud Based Form Builder of GIS data collection is an inte-
grated platform to enable people to create forms for GIS data col-
lection. Form builder application is web-based application devel-
oped by Django/Geodjango framework to enable people to design
their GIS data collection form, the form builder enables people
to create a form for points, polylines and polygons, as well as vi-
sualizing and exporting collected data. PostgreSQL with PostGIS
extension were used as cloud GIS database, using PostgreSQL/
PostGIS as spatial database enable us to create different types of
spatial tables which make the platform unique, whereas most of
existing data collection platform use non-spatial databases which
is lead to limitation on integration of collected data with GIS soft-
ware. Interfaces of Cloud form builder application designed to be
simple and easy to use, which enable non-GIS users to develop
GIS data collection forms easily. Cloud Based form builder for
GIS data collection developed by using open-source technologies
which highlight the power of open-source technologies in GIS ap-
plications and how open-source technologies can mitigate the cost
of GIS solution.
0.1.Recommendations:

To make Cloud GIS data collection platform more efficient,
additional GIS functions must be added to enable users to conduct
different GIS functions on collected data, it is recommended to
integrate Cloud GIS Data collection platform with one of open
sources GIS server such as Geoserver, MapServer. Integration of
Cloud GIS data collection platform with GIS server enable data ta-
bles of collected GIS data to be shared as Web GIS services using
different GIS service standards such Web Map Services (WMS)
and Web Feature Services (WFS), which enable users to consume
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collected GIS data in different applications and platforms which
provide a real-time consumption of collected GIS data. It is also
recommended to provide some query operations to enable users to
conduct spatial and attribute-based queries on collected GIS data,
these query operations also enable users to export collected GIS
data according to the user needs. It is recommended to enable us-
ers to upload GIS data to Cloud GIS data collection platform such
as Shapefiles, GeoJSON and KML, which allow users to integrate
collected GIS data with other GIS data. It is recommended to de-
velop a Mobile Application to enable enumerators to conduct the
data collection activity through their smartphones.
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