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ABSTRACT

Rehabilitation Approach for Pollen Monitoring

Technological developments have revolutionized how we deal with many problems in our
lives. We can find out about a lot of things before they happen thanks to technologies like
Anrtificial Intelligence and Machine Learning.

Many types of allergies can be avoided by taking some precautionary measures like
avoiding a specific food or drug. Pollen allergy is hard to deal with because its windborne
as well. This is what we are trying to solve. We want to make pollen patients aware of any
outbreak or spike of pollen density before it even happens so they can take precautionary
measures. But is it possible?

What if we can look into the future and tell exactly how severe is the pollen going to be
tomorrow? or the day after that? Or next week? However impossible it may sound, Thanks
to Machine Learning we did just that. Using a huge dataset that contains data for different
attributes like the count of pollen, humidity and temperature of every single day for the
past 10 years, we built multiple ML models on which we trained this dataset. The models
when trained were able to detect patterns in the data. These patterns could now be used to
predict the density of pollen in future based on the training data set. We used three Machine
Learning models of which Logistic Regression gave us the best accuracy of 99%. Being
this accurate isn’t very likely when dealing with other real world problems but because our
dataset was very linear and the patterns were fairly visible, i.e the spike in pollen count in
spring season specifically, we could get the accuracy as high as 99%.

The statistics we get from the Machine Learning algorithm will be displayed on an android
application that we built from scratch. The user will have to install the android application
and select the type of pollen allergy and his area. The application will show him if the
pollen density is low, high, severe or critical for the next few days. The user can also set
the notifications for when the density of pollen is alarming. This will help him take
precautionary measures and stay inside in case there’s an outbreak.
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Chapter 1. Introduction

1.1. Overview

The suspended pollen grains in the air reach the human respiratory track through
inhalation, triggering a type of seasonal allergy called pollen allergy. Pollen is one
of the most widespread of all the things that can cause allergies in humans. So
our project is to prepare a system with the help of which users will be able to
get predictions for the density of pollen, pollen patients can have awareness about
the pollen density in a particular area and likewise the pollen density in at least
the near future, with a given confidence level, so they can take proper
precautionary measures to avoid pollen allergy and remain healthy.

1.2. Problem Statement

Watery red eyes, runny nose, sneezing, coughing, these familiar symptoms mean spring is
in the air. Millions of people suffer from seasonal allergies triggered by airborne pollen not
just in spring but in summer and fall, too and now evidence suggests their numbers will rise
in a changing climate. When plants exposed to warmer temperatures and higher levels of
COg, plants grow more vigorously and produce more pollen than they otherwise would. In
a statement published last year, the World Allergy Organization, comprising 97 medical
societies from around the world, opined that climate change will affect the start, duration,
and intensity of the pollen season and exacerbate the synergistic effects of pollutants and
respiratory infections on asthma.

1.3. Approach

Our solution will completely change the game of allergy sufferers. Our Machine Learning
approach to pollen forecasting will completely transform how governments, corporations
and individuals interact with pollen data. With up-to-date, location-based pollen data,
those with severe sensitivities for whom pollen can be dangerous, such as people with
asthma, will enjoy outdoor activities when they know pollen levels are low. There are some
application available on playstore that predicts the density of pollen but they are for a
particular area (i.e. Europe, America).lt would be worth mentioning here that there is no
app available for Islamabad .Our solution will help the people of Islamabad to have
awareness of density of pollen in a particular area so they can take proper precautionary
measures to avoid pollen and remain healthy.
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Scope

The project will help the pollen patients by making the predictions about the density of
pollens in a defined geographical area. The initial data provided to us by the PMD mainly
cover the four sectors of Islamabad F-10, G-7, E-8, and H-8. This project mainly consist
of three modules. In the first module we will be analyzing and pre-processing our data to
transform the raw data into a format that is appropriate for further analysis through machine
learning techniques. Raw data is usually incomplete or inconsistent and not ready for the
techniques to be applied. In the second phase the model will be trained and tested to make
predictions. Finally in the third phase we will develop an app and accompanied by a web
portal that will show the estimation of the density of plant and give predictions of overall
pollen count for each selected area or sector.

Objectives

Our Primary objective is to ensure the completion of our project along with the
fulfillment of pre requisites of the final year project. This will include building
individual scientific and Al skills and presenting the perfect details of the project.
This project shall aid to build the necessary skills that would allow our group
members to become capable of penetrating into the industry without confronting
unnecessary hurdles. Project tasks will include a brief survey of the known
techniques to create such application which may include open source libraries and
platforms like scikit-learn and Tensor flow and pick the techniques and technology
which helps the students map to the requirements in the best way. To understand
and implement the end-to-end software development and deployment process in
the context of Al-based software, keeping in view the practices and concerns of
the industry.
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Overview of the Document

This document shows the complete working process of our application SPM. It starts off
with the literature review which shows past work done in similar field, requirement
analysis of the system, system architecture which highlights the modules of the software
and represents the system in the form of component diagram, Use Case Diagram, Sequence
Diagram and general design of the system. Then it will move on to discuss the detailed
Description of all the components involved. Further the dependencies of the system and its
relationship with other products and the capacity of it to be reused will be discussed. At
the end test cases and any future work proposal has been presented.

Document Conventions

Heading are prioritized in a numbered fashion, the highest priority heading having a single
digit and subsequent headings having more numbers, according to their level. Font used is
Times New Roman. All the main headings are of size 18 and bold. All the second level
sub-headings are of size 16 and bold. All the further sub-headings are of size 14 and bold.
All references in this document are provided where necessary, however where not present,
the meaning is self-explanatory. All ambiguous terms have been clarified in the glossary at
the end of this document.

Intended Audience

This document is intended for:

Developers: (Project Group)

In order to be sure that they are developing the right project that fulfills the requirements
provided in this document.

Testers: (Project Group, Supervisor)

In order to have an exact list of the features and functions that must respond according to
requirements.
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Users:

In order to get familiar with the idea of the project and how to use/respond in failure
situations and suggest other features that would make it even more functional.

Documentation writers: (Project Group)

To know what features and in what way they have to explain. What technologies are
required, how the model is trained for making the prediction of pollen allergy and how is
android application designed in order to facilitate the user to see the forecast..

Project Supervisor: (Assistant Professor Dr. Saddaf Rubab)

This document will be used by the project supervisor to check whether all the requirements
have been understood and in the end whether the requirements have been implemented
properly and completely.

Project Evaluators: (CSE Dept. MCS)

In order to know the scope of the project and evaluate the project throughout the
development for grading.
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Chapter 2. Literature Review

There is a growing global public health concern on the increasing and dynamic rates

of asthma and allergies all over the world. Causes explaining the epidemic of (allergic)
diseases are unclear. The prediction of allergy and preventive strategies are currently
insufficient to abate the epidemic. A wide variety of mechanisms are associated with
allergic diseases.[1]

Pollen allergies affect a significant proportion of Islamabad residents. Many patients
with pollen allergy are hospitalized in Islamabad in spring (February to April), fall
seasons (July to September) and after monsoons. To determine the type and
concentration of airborne pollens causing allergic diseases in the susceptible patients
in Islamabad. The study was conducted from January 2005 to December 2006 and
Burkard Volumetric Spore Trap' provided by the World Allergy Organization was
used. This spore trap was placed in the F-10 area of Islamabad and samples were
collected on weekly basis during the whole study period. To obtain the sample, the
spore trap drum was loaded with a strip of sticky tape every week. The sampled sticky
tape was then collected each week at a specified time and replaced with a fresh strip of
sticky tape, which was then collected next week. This cycle , continued for whole study
period. From each sample seven permanent slides were made and mounted with
gelevitol mounting media; The slides were then examined microscopically. A total of
702 individuals irrespective of age or gender were included in the study. Skin prick
tests were performed for pollens using allergen extracts of Hollister-Steir, USA and the
results were recorded. The two flowering seasons in Islamabad i.e., spring and fall
caused maximum pollen allergies. The Broussonetia papyrifera (paper mulberry) tree
in spring, and the Cannabis sativa (bhang) weed in the fall season, Produced the highest
seasonal pollen counts. In the spring season of 2005, Broussonetia papyrifera produced
the highest pollen count, (73%) of the total pollen count, with a maximum count of
1390 pollen/cu meter of air/hour on 20th of March, while in 2006, it accounted for 75%
of the total pollen-count with a maximum count of 1430 pollen/cu meter of air/nhour on
10th of March. in fall Season of 2005, Cannabis sativa produced maximum pollen
counts of 85 pollens/cu meter of air/hr on 18th of August, while in 2006, it achieved
maximum counts of only 40 pollens/cu meter of air/ hr on 27th of August. Skin prick
tests demonstrated that out of 702 individuals selected irrespective of age or gender, 3
38 (48%) exhibited positive results in response to Broussonetia papyrifera pollen
extracts, 207 (29%) were positive to grass pollen extracts and 137 (20%)w ere positive
to Cannabis sativa pollen extracts. The Broussonetia papyrifera has the highest pollen
count in the spring, (February to April), and is the main cause of allergic diseases like
allergic rhinitis and asthma among the residents of Islamabad while the Cannabis
sativa pollen count peaks in the fall season, causing allergic symptoms from July to

5
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September. Skin prick tests confirmed the findings. Regular awareness campaigns for
seasonal pollen allergy should be launched before the beginning of the seasons.

This study showed that 2 main types of plants (ie, B. papyrifera and C. sativa)
producing allergenic pollen and causing seasonal allergic diseases in Islamabad. Grass
pollen and mold spore allergies are manifested perennially in susceptible individuals.
These results are specific to the city of Islamabad, Pakistan. Further surveys need to be
undertaken before generalization to a wider geographical region could be possible.
These data are supported by another study in Chicago from 1985 to 1989, which
showed that death caused by asthma in 67 asthmatic patients aged 5 to 34 years was 2
times higher on days when fungal spore concentrations were at or above 1000
spores/m3 versus the days when below 1000 spores/m3. In our study, the Alternaria
spores are below 1000, whereas Cladosporium spores rise to above 1000 in spring
season when the pollen count for B. papyrifera is very high, reaching to above 30,
000/m3 air in a single day. There are deaths due to asthma in spring, and the pollen of
B. papyrifera is regarded as the main cause, but above studies indicate that molds like
Alternaria and Cladosporium may be the cause in aggravating asthma and even deaths.
Research clearly shows that immunotherapy for the molds is effective, so if the mold
immunotherapy is included in the immunotherapy schedule in Islamabad, many
complications and even deaths can be prevented.[3]

Within the limitations of this study, it may be concluded that the 2 main types of plants
producing pollen and playing a role in the genesis of seasonal pollen allergies are B.
papyrifera and C. sativa during March/April and July to September, respectively.
Grass pollen and mold spores are manifested perennially in susceptible individuals.
These results are specific to the city of Islamabad, Pakistan. Further surveys would
have to be undertaken before generalization is possible to a wider geographical
region.[2]

References
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Chapter 3. Software Req. Specification (SRS)
3.1. Introduction

The introduction of the Software Requirements Specification (SRS) provides an overview of
the entire SRS with purpose, scope, definitions, acronyms, abbreviations, references and
overview of the SRS. The aim of this document is to present detailed description of the
project (Smart Pollen Monitoring & Prediction Service) which uses data provided by Pollen
Monitoring Department (PMD) to make prediction about the density of pollens in a
particular area for a specified time with certain confidence level. The detailed requirements
of the Pollen Monitoring are provided in this document.

3.1.1. Purpose

This document covers the software requirement specifications for project. The idea of the
project is to take relevant and available data followed by training and testing model on it to
give predictions about the frequency of occurrences (density of pollen) for a particular area.
The idea behind this project is to layout the prediction about density of pollen, so that pollen
patients can take proper precautionary measures to avoid pollen allergy and remain healthy.
The predictions will be uploaded to both web and android app in future weekly. This document
is meant to outline the features and requirements of the Pollen Monitoring Software, to serve
as a guide to the developers on one hand and a software validation document for the prospective

client on the other.

3.1.2. Project Scope

The project will help the pollen patients by making the predictions about the density of pollens
in a defined geographical area. The initial data provided to us by the PMD mainly cover the four

sectors of Islamabad F-10, G-7, E-8, and H-8. This project mainly consist of three modules. In
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the first module we will be analyzing and pre-processing our data to transform the raw data into
a format that is appropriate for further analysis through machine learning techniques. Raw data
is usually incomplete or inconsistent and not ready for the techniques to be applied. In the
second phase the model will be trained and tested to make predictions. Finally in the third phase
we will develop an app and accompanied by a web portal that will show the estimation of the

density of plant and give predictions of overall pollen count for each selected area or sector.

3.2. Overall Description

3.2.1. Product Perspective

Main idea behind the project is to predict the density of pollen in selected areas of Islamabad.
The Pollen usually start in first week of March in Islamabad and Rawalpindi and expected to
attain peak during second fortnight of March. Pollen season is expected to end by mid-April.
Our goal is to develop an app supported by web portal that predict the overall pollen count for

each sector.

The predictions of the density of pollen will be done by applying machine learning algorithm
on data provided to us by Pakistan Meteorological Department Department(This data can be

seen from Pakistan Meteorological website http://www.pmd.gov.pk/rnd/rndweb/rnd_new/) .

3.2.2. Product Features:
The main features of Smart Pollen Monitoring & Prediction Service/ app are highlighted below:

1. Allows for the user to input the area of Islamabad which user wants to analyzes.
2. Show the users when pollen levels are expected to be high.

3. Notify the user when they might be exposed to risky pollen levels.


http://www.pmd.gov.pk/rnd/rndweb/rnd_new/
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3.2.3. User Classes and Characteristics

Allergic Patients

Pollen Monitoring will help the allergic patients to keep track their allergies with pollen
forecast, tracker and an index based on local pollen for more than 10 different plant types

Industries Leveraging Pollen Monitoring

Health Care: Protect the most sensitive population groups by keeping them aware of what’s

in the air, in real time wherever they are.

Tester (occasional user)

The testers of the system can check user requirements from this SRS and develop test
scenarios accordingly.

Developers

The developers will use this at the developing time and at the time of any defect occurred in
the product during maintenance.

Documentation Writers

The document can serve as a future reference for other versions of the SRS.

Design and Implementation Constraints

GPU processing power may be required for running classification algorithm, thus
necessitating the use of cloud platform or any available local machine with capability.
Stable and fast Internet connection will be needed for serving the users over the web.

For predictions to achieve accuracy, huge data set will be needed.
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User Documentation

We will provide adequate user documentation in the app and through a separate web page
for the users to understand the system and its use, better.

Assumptions and Dependencies

Assumption

The basic assumption is that the relevant government department will be able to provide us
data, as promised, and structured in the way, with relevant attributes like variations in
weather, pollen count, type etc., that we have specified and they have confirmed. We would
also desire for the data to be in a cleaner form, however, we do understand that we might
need to employ significant time to clean and pre-process the data before employing machine

learning over it.

Dependencies
Scikit-Learn
Tensor Flow
Nodejs
Android
Web (Html,CSS ,JavaScript)

External Interfaces Requirements

Android interface

User is provided an interface where he/she can monitor the density of different pollen plants

and over all count of pollen in each sector.

User can set push notification for specific type of allergens by turning it on. Also Users will

be prompted to set the certain level for that allergen in order to get notification alarms.

10
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Hardware Interfaces

RTX based or equivalent NVDIA GPU based system for training and interference.

Software Interfaces

Scikit Learn and Tensor Flow will be used to apply the machine leaning to the data in order

to train prediction models.

Pandas and Sea-born will be used in visualization and analysis of the data set.
Communication Interfaces
The only communication is between the client (web & android) and the server. GET

Request will be
used to receive data. HTTP will be used as the protocol

System Features
This section describes in detail the system features of the RAD.
User Location

Description and priority

User Location would help the system in determining the user geographical location hence
resulting in accurate predictions of the density of pollen plants. Thus, It is the most important

functionality because all other functionality have dependency on this functionality.

Stimulus/Response Sequences

The system will get access to user location by getting permission from the user on startup.
After the permission is granted, the system can get the location from GPS module of the

device.

11
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Functional Requirements

FR-1: The system shall be able to get user current location.
FR-2: The system shall be able to show location on map view.
FR-3: The system shall ask user permission to access the device location.

3.4.2 Forecasting

Description

Forecasting will help the user in knowing the status of pollen allergy around his/her
selected area. User needs this functionality because after finding the density of pollen
plants around , he/she can take proper precautionary measures to avoid pollen allergy
and remain healthy.

Stimulus/Request Sequence

Users will be provided an interface where he/she can monitor the density of different pollen
plants and over all count of pollen in each sector. User can navigate through heat maps of

pollen plants for the specific sector.

Functional Requirements

FR-5: The system shall be able to see prediction of the density of different pollen plants for
area relative to user’s location.

FR-6: The system shall also estimate the overall count of pollen for each sector.

FR-7: The system shall be able to create heat maps of different type of pollen plant for the
specific sector.

FR-8: The system shall handle the internet connectivity issues in getting the forecasting
information from server (repeated inquiry from server automatically).

FR-9: The system shall use the data in making predictions provided by Pakistan

Meteorological Department in specified format.

12
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3.4.3 Alert Notifications

Description

The system will generate allergy alerts when pollen count is high or allergens reaches the
certain level. This functionality will be useful in a sense that if a certain user is allergic to
certain allergens he/she can turn on the notifications for that allergens.

Stimulus/Response Sequence

User will set push notification for specific type of allergens by turning it on. Also Users
will be prompted to set the certain level for that allergen in order to get notification alarms.

Functional Requirements

FR-10: The system shall notify the users if allergens reaches the certain level.

FR-11: The system shall provide the interface to the users to set certain levels for certain
allergens.

FR-12: The system shall also notify the users when it finds the amount of pollen in an area
is exceedingly high.

FR-13: The system shall ask the permission of users for pushing notifications.

3.4.4 Guide

Description

Guide will provide all the information to the user related to the different classes of pollen.
This information include name of plant, images, concentration near user’s location, pesky
symptoms user faces from that plant, precautionary measures that users should take to

remain safe.

Stimulus/Response Sequences

User will be provided with interface where they can read the guide of different pollen

plants by sliding sideways.
13
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Functional Requirements

FR-14: The system shall provide accurate information regarding each plant.

FR-15: The system shall handle the internet connectivity loss during getting the information
from the APIS.

FR-16: The system shall show error message when internet connection is not available.

3.5 Other Nonfunctional Requirements
Performance Requirements

NFR-1: The response time of the system should not be more than 20 seconds while fetching the
information from online database.

NFR-2: The system shall be able to process concurrent requests at the same time.

NFR-3: The system shall be able to maintain multiple sessions concurrently.

NFR-4: The performance of the system should be consistent for all users who use the system at

the same time.

Security Requirements:

NFR-5: The database services that system is using shall be reliable and secured.

Software Quality Attributes:

NFR-6: The system shall be available 24/7 for use.

NFR-7: The application shall not crash if large number of simultaneous users access the system
at same time.

NFR-8: The system shall not have a downtime of more than 20 minutes.

NFR-9: The system shall not exceed 20 events in a week that causes failure.

NFR-10: The database servers shall not take more than 30 min to restart in case of failure.

NFR-11: The application shall run on android supported devices.

Safety Requirements:

NFR-12: The application shall display the accurately predicted data about pollen.

14
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Chapter 4. Design and Development
4.1 Introduction

(SPM) is the act of trying to determine the future density of different pollen plant in a defined
geographical area. The successful prediction of pollen’s density of different pollen plants will help
the pollen patients in taking precautionary measures to avoid pollen allergy and remain healthy.
The first phase of project involves the collection of (pollen) data from Pakistan Meteorological
Department (pmd).The next phase of project aimed at using the Machine Learning algorithms for
the task of predicting future density of pollen with a given confidence level. In order to help the
patients in monitoring the predictions, we will develop an android app supported by web portal.
This app will be able to show the density of different pollen plant and over all pollen count for the
sector relative to user’s location. It will also allow the user to set a certain allergic level for allergen
in order to get notifications and as a result user will get notifications if the amount of pollen in an
area is high. We will be uploading the predictions about certain range in future in weeks to our web

portal.

4.1.1 Purpose:

This software design specification (SDS) document describes the architecture and system design of
SPM. It mostly contains different design diagrams and their explanation. The document is intended
to inform stakeholders of the details of the design and the design process. This document will help

the developer(s) in implementation and maintenance of the Application (app).

4.1.2 Scope:

SPM will completely change the game of allergy sufferers. Our Machine Learning approach to
pollen forecasting will completely transform how governments, corporations and individuals
interact with pollen data. With up-to-date, location-based pollen data, those with severe sensitivities
for whom pollen can be dangerous, such as people with asthma, will enjoy outdoor activities when
they know pollen levels are low. Through our application pollen patients can constantly monitor
the real time location-based pollen data and will also be able to get the alert if the amount of pollen

in an area is high.
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4.1.3 Definitions, Acronyms, Abbreviations:

o APP: Application

o PMD: Pakistan Meteorological Department

o GUI: Graphical User Interface

o SPM: Smart Pollen Monitoring & Prediction Service

o SDS: Software Design Specification
UML: The Unified Modeling Language (UML) is a general-purpose modeling

language in the field of software engineering, which is designed to provide a
standard way to visualize the design of a system

o ML: Machine Learning

o WABS: The project management Work Breakdown Structure

4.1.4 References:
e Use Case Modeling Guidelines, which documents the guidelines used to develop the use
case model specifying the functional requirements in this specification._

http://ieeexplore.ieee.org/xpl/freeabs all.jsp?arnumber=787548

e http://en.wikipedia.org/wiki/Sequence diagram

e http://en.wikipedia.org/wiki/Component diagram

4.1.5 Document Overview:

This document shows the design and working of SPM. It starts from higher level details for a non-
technical reader to understand just by seeing the diagrams to the lower level details that aid the
developer to code and understand other technical details of the application. Section 2 the System
Architecture Description gives a detailed overview of the application. Section 2.1 Structure and
Relationships shows the higher level details system working by the means of System Block,
Activity, State Transition, and Use Case diagrams. Lower level details are described using the
Class, Sequence diagrams and Structure Chart. Section 2.2 describes how the application is

designed to curb the tendency of User Interface Issues and problems during User Interaction.
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In Section 3, Detailed Description of Component is given to show the working of modules with
low level details. It shows the purpose, function, subordinates, dependencies, interfaces, resources,

processing and data of the components and their relationships with each other.

Section 4 shows the Reuse and Relationship to other Products i.e.; information about work done
in the same project before and any reuse of the same work. The section also provides a key to reuse

this system for further upgrade

Section 5, Design Decisions and Tradeoffs shows the architecture style and design pattern of the
application, while in the Section 6 the Pseudo Code of the components is given in for human

reading rather than machine reading.
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4.2 Work Breakdown Structure:
SPM
Planning SRS sDS Implementation Testing
— Objectives — Scope — Usercases Delgte?:[?r%int Bullggr;%;est
_— . | | Sequence - _—
— Feasibility — Hardware Diagram Data Acquisition Run Test Cases
— Assumptions — Software — Class Diagram — Prep?nact:;sing
— Constrainis — System Features — Activity Diagram — Training Model
) Functional . Predict Pollen
— Issues & risks ™ Requirements — State Transition — Count
Mon-Functional
| Requirements

Fig 4.1.1: Work Breakdown
Structure

4.2 System Overview

Give a general description of the functionality, context and design of our project.

4.2.1 Context

This section describe the context in which (Smart Pollen Monitoring & Prediction Service) SPM
can assist it users. It explains the abstract, unmet need of the society that SPM will be able to fulfill

and how many would benefit from SPM.
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4.2.2 Abstract

Pollen Monitoring is the act of trying to determine the future density of different pollen plant in a defined
geographical area. The successful prediction of pollen’s density of different pollen plants will help the
pollen patients in taking precautionary measures to avoid pollen allergy and remain healthy. The first
phase of project involves the collection of (pollen) data from Pakistan Meteorological Department
(pmd).The next phase of project is task of Feature Extraction / Dimensionality Reduction. The final
phase of project aimed at using the Machine Learning algorithms for the task of predicting future density
of pollen with a given confidence level. In order to help the patients in monitoring the predictions, we
will develop an android app supported by web portal. This app will be able to show the density of
different pollen plant and over all pollen count for the sector relative to user’s location. It will also allow
the user to set a certain allergic level for allergen in order to get notifications and as a result user will
get notifications if the amount of pollen in an area is high. We will be uploading the predictions about

certain range in future in weeks to our web portal.

4.2.3 Unmet need of the Society

Watery red eyes, runny nose, sneezing, coughing, these familiar symptoms mean spring is in
the air. Millions of people suffer from seasonal allergies triggered by airborne pollen not just
in spring but in summer and fall, too and now evidence suggests their numbers will rise in a

changing climate.

An investigative research was carried out in 6 villages within 20 kilometers of central
Islamabad to determine the incidence and prevalence of pollen allergy and factors associated
with it. Using a cluster sampling method, a survey of 347 households was conducted. Results
show that 33% of the total study population was suffering from more than one type of pollen
allergy. The highest number of casualties occurred during the months of February and March
and the most affected persons were those aged 40 years or above followed by children in the
age category of 7-19 years. The symptoms of allergies for more than 39% of the patients last

for a minimum of 60 days or more.
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There are some application available on playstore that predicts the density of pollen but they
are for a particular area (i.e. Europe, America).lt would be worth mentioning here that there is
no app available for Islamabad .Our solution will help the people of Islamabad to have
awareness of density of pollen in a particular area so they can take proper precautionary

measures to avoid pollen and remain healthy.

4.2.4 Functionality

This section illustrates working for the project Smart Pollen Monitoring and Prediction Service by

system features:

User Location

User Location would help the system in determining the user geographical location hence resulting
in accurate predictions of the density of pollen plants. Thus, It is the most important functionality
because all other functionality have dependency on this functionality. The system will get access to
user location by getting permission from the user on startup. After the permission is granted, the
system can get the location from GPS module of the device. User will also be provided an option to

manually enter a location of his choice.

Forecast

Forecasting will help the user in knowing the status of pollen allergy around his/her selected area.
User needs this functionality because after finding the density of pollen plants around, he/she can
take proper precautionary measures to avoid pollen allergy and remain healthy. The system shall be
able to see prediction of the density of different pollen plants for area relative to user’s location. Users
will be provided an interface where he/she can monitor the density of different pollen plants and over
all count of pollen in each sector. User can navigate through heat maps of pollen plants for the specific
sector. These predictions, estimation, heat maps will be based on the model trained using pollen data

provided by Pakistan Meteorological Department.
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Alert Notification

The system will generate allergy alerts when pollen count is high or allergens reaches the certain
level. This functionality will be useful in a sense that if a certain user is allergic to certain allergens
he/she can turn on the notifications for that allergens. The system shall ask the permission of users
for pushing notifications. User will set push notification for specific type of allergens by turning it
on. Also Users will be prompted to set the certain level for that allergen in order to get notification
alarms. The system will also notify the users when it finds the amount of pollen in an area is
exceedingly high.

Guide

Guide will provide all the information to the user related to the different classes of pollen. This
information include name of plant, images, concentration near user’s location, pesky symptoms user
faces from that plant, precautionary measures that users should take to remain safe. The system will
provide accurate information regarding each plant. The system will handle the internet connectivity
loss during getting the information from the APIS. User will be provided with interface where they

can read the guide of different pollen plants by sliding sideways.
4.2.5 Design

Design of Machine Learning Prediction Model
Following are the five modules/ components of how our prototype (Machine Learning Model) will
be designed.

e Acquisition of Data set

PMD will be providing us the required data.

e Analyzing Dataset

We will analyze the dataset using our specific ML techniques.
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e Predicting the missing values

Prediction of lost data or noisy data so that we can visualize dataset.

e Visualizing the Dataset

We can visualize datasets using Scatter plot, Box plot and Scree plot. It will help us to classify/group the

data, which will produce better and meaningful results.

e Deliverables

Prediction model and software prototype will be implemented for predicting pollen count upon

completion.

4.3 System Architecture Description

This Section gives overview of application, its higher and lower levels details and user
interfaces. Detailed description of system architecture and design pattern which this system
is going to use is discussed in this section.

4.3.1 Architectural Design:

This section covers the overall technical description of SPM. It shows the working of
application in perspective of different point-of-views and also shows relationships between

different components.

4.3.2 System Block Diagram (Machine Learning Model)

After acquiring the data, we will visualize it in following formats. (Appendix A)

e Scree Plot
e BoxPlot
e Scatter Plot

These visualizations give us better idea of our data and it further help us in choosing a technique. The

techniques that we are working on are following. (Appendix B)
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a. Regression (Simple linear, Multiple linear, Polynomial, Support Vector Regression)
b. Classification (K-Nearest Neighbor , Support Vector Machine)
c. Clustering (K-Means)
d. Kalman Filter

e. Principle Component Analysis (Non Linear Principle Component Analysis)

Regression{Simple
| multiple, Paly, SVR) [

Classification (KMNMN,
— 3 Scatter Plot - SV —
v
Data Acquisition »| Scree Plot »| Technigue Selection »| Clustring (K-Means) » Processed Data
A
L] Box Plot - Kalman Filter —

Principle Component
Analysis (PCA)

Figure 4.1. Structure and relationships
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4.3.2 System Block Diagram (Application)

The diagram(s) show the higher level description of the application(s), generic working of the
application(s) and interaction with the user.

User interacts with the application by selecting the location (which he desires to know the pollen
status of that area). Database fetches the information particularly (pollen forecast) to user and
display it to user. User can also set push notification for the specific type of allergen he is allergic
to. In order to send notification to user in real time, Cloud Function is deployed on the firebase
database environment. This function will send notification to user if amount of pollen in an area is
high.

Cloud Display Notify

Function /

Database
(Firebase) User
Different Inputs Set Alert
Select Location Notification
Select Allergy Type
Guide

Figure 4.2. Block Diagram

The main components are:

e User Input
o GUI
e App Logic

e Database
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4.4 Decomposition Description:

441 Component Diagram

This section describe the decomposition of subsystems in architectural design

=zcomponents> [
==Application=>

G

Interfal

=<component==
==Application=>

User Input

&l

<<gomponent== E
Database *‘/@—"}}

Integ:N.

Vi

==component=>
==Application=>=

App Logic

v

=<component== E

GUI Rendering

=<gomponent=> {l
Input Events

%rx

=Zcomponent== gl
Controller

Figure 4.3. Component Diagram
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4.4.2 Sequence Diagram
The sequence diagram(s) of the Snap Assistant is given below:

. % . Main Menu Forecast

User : :
Start Application ' I
n |
> |
|
Main Menu Displayed |
< """"""""""""""""""" |
T |
| |
| |
“ . Select Forecast | |
> .
Display Forecast ’L
0
| Request Location
< .
|
| Select Location
------------------------------------- e D)
|
|
|
|

Figure 4.4. Sequence Diagram(1)

% Main Menu Forecast

Start Application

Main Menu Displayed
< pilay

Select Forecast

. &

Display Forecast ’
Request Location
‘ Select Location
————————————————————————————————————— R Rt
|
Request Pollen Type |
4 q yp |
Select Pollen Type |
.............................. Vp1>
|

Figure 4.5. Sequence Diagram(2)
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% Main Menu Forecast Database
User | : :
Start Application >JI_ l l
I I
Main IMenu Displayed I I
[ I I
T | |
I I I
I I I
Select Forecast 1 | |
g I I
. I
Display Forecast L |
L > I
| Reguest Location |
- } I
I Select Location |
..................................... 1".“.".".u.".".".“.".".“;)
Request Pollen Type | |
N Select Pollen T l |
------------------ B, X Request Forecast (Location, Pollen Type) :
I
I
! i Forecast Displayed
S qmm e T
I I
I | |
I I I
L | I I

Figure 4.6. Sequence Diagram(3)

Display Info

Iiiiil 'ﬁﬁﬁi‘

User i
Start Application -

P

e Main Menu Displayed

.
]
Select Info - ]I

P
T
]
]
I
]
]
I
]
I
|
]
I
]
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ]
I
I
]
I

|-
Ll
Request Info
L Info Displayed

Figure 4.7. Sequence Diagram(4)
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Database

Main Menu Alert
Notification
User | :
icati | |
Start Application - |
|
: i |
IMain Menu Displayed |
‘< """"""""""""""""""" |
T |
I |
Select Alert Notification >i| :
|
Set Notificaton L
P
» ! Request Pollen Type
' >
..................................... .|...--........--........‘-........--.
Select Pollen Type I )
I Request Intensity
M |
------- ;S-élé;:{-lﬁt-éﬁéif}:----------------~I-----------------------------------} Save Notification( Pollen Type | Intensity)
I
: - Message ( "MNotification Saved" )
B oo mm e e
I | ; .
I | Alert Nofification
‘ ] ]
I |

Figure 4.8. Sequence Diagram(5)
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4.4.3 Dynamic View (Activity Diagram)

Visual Paradigm Online Diagramg}

N
J

Start Application

Choose gn Option

LA A a J
Close
Application
Yés
Exit Visual Paradigm Online Diagrams Express Edition

Figure 4.9. Activity Diagram of Mobile Application
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4.4.3 State Diagram

Initial State

Exit App

Main Menu Displayed

Return to Main Menu

User Selects Info

User selects forecast

Information Displayed

Forecast Displayed

User selects alert notify

Notification Menu

Return to main menu

Displayed

Page 30
Exit App
k Refresh Fetching Data
Change Location
Change Polen type
Exit App
Save Notification
Set pallen Type
Set Intensity

Figure 4.10. State Diagram of Mobile Application
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4.4.4 Implementation View (Class Diagram)

Visual Paradigm Online Diagrams Express Edition

Vizual Paradigm Online Diagrams Express Edition

Figure 4.11. Class Diagram

31



Smart Pollen Monitoring & Prediction Service
Page 32

4.45 Structure Chart

This chart shows the breakdown of the application to its lowest manageable levels. It shows the
modules and their corresponding functions which this application will implement. This chart

basically shows the structure breakdown of the application starting from main modules to specific
functions.

[
: Alert
- Forecast Information o
Application UI Notification
o 11 b} Gt Location Display
Main Menu Information ud Gt Pollen Type
e
— —
Forecast Get Pollen Type bl Gt tenSity
_
[
™= Information e Display Forecast — it Notification
bl A\lert Notification

Figure 4.12. Structure Chart
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4.4.6 Design Rationale:

SPM is an interactive application which requires multiple types of user interface. Developing
such systems require thorough consideration on the design factors as it might result in
complexity problem. A poorly-designed system results in a system consuming more resources
with very little efficiency and a slower response time which directly affects the experience of the

target user besides this, poor designs make testing and maintenance activities difficult.

MVC pattern will be used for the implementation of this application. General behavior of MVC

is shown below.

S

UPDATES MANIPULATES
VIEW CONTROLLER
\% i} A
< cg"
L N
N\ /
USER
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4.5 Data Dictionary:

Name Description

Main Menu This is main class of the System. All the initial events are generated though it’s
function. It contain all the activities object to generate events.

Fragment Fragment is a built-in android class that is a content controller and contain most

views, layouts, and event logic including:

o Layouts and views displaying relevant app content.

o Event handling logic associated with relevant views.

e View state management logic such as visibility or error handling.
o Triggering of network request through a client object.

o Retrieval and storage of data from persistence through model objects.

Alert This class is basically inheriting the fragment class. This is basically the
Notification fragment that is generated when user on main menu select Alert Notification.
This fragment allows the user to login and set push notifications for a certain
type of allergens he is allergic to.

Forecast This class is also inheriting the fragment class. This class contain all the function

and component listener that is necessary to get location and pollen type from the
user and then request the data from the database based on user’s selected location
and pollen type
Information | This class is also inheriting the fragment class. This class is basically the view
and the controller class that contain all the component and their necessary
component listener for displaying the queries and solution. All the necessary

logic to request the queries from the database is also implemented in this class.
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Forecast
Model

InfoModel

ForecastView
Holder

InfoView
Holder

RecyclerView
Adapter

RecyclerView
Information
Adapter

RecyclerView
Forecast
Adapter
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This class is the model class for the card views that are populated dynamically
on the recycler view component in the Forecast class.
This class is the model class for the card views that are populated dynamically

on the recycler view component in the Information class.

This ViewHolder class is the keystone to the Recycler View and the Adapter. ing a
ViewHolder to the View, we store the cache of the View objects. So whenever we
scroll up a list (RecyclerView), the data on the top most ViewHolder is shifted onto
the ViewHolder kept above the screen (not visible to user) and the View is kept for
recycling and if the user scrolls down, the ViewHolder already stores the cached
data, and thus the Views and the data from ViewHolder can be presented again to

the user. This process makes the lists efficient and provides smooth scrolling.

This class is similar to forecast View Holder class. The only difference is that it

is the view Holder class for the recycler view in the Information class.

The adapter prepares the layout of the items by inflating the correct layout for the
individual data elements. This work is done in the onCreateViewHolder method. It
returns an object of type ViewHolder per visual entry in the recycler view.

This class manages the data (Infomodel) and adapts it to the individual entries in the
widget. It extends the RecyclerView.Adapter class and is assigned to the recycler
view via the RecyclerView.setAdapter method. The input to the adapter of an
recycler view can be any arbitrary Java objects. Based on this input the adapter
return the total number of items via its getitemCount() method.

This class manages the data (Forecastmodel) and adapts it to the individual entries
in the widget. It extends the RecyclerView.Adapter class and is assigned to the
recycler view via the RecyclerView.setAdapter method. The input to the adapter of
an recycler view can be any arbitrary Java objects. Based on this input the adapter

return the total number of items via its getitemCount() method
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4.6. Pseudo code of Components

4.6.1 Pseudo code of Android Application:

Main Menu

View();
Selected Fragment = Null
If (user .select(“Forecast™)){

Selected Fragment = new ForecastFragment();}
else if ((user .select(“Information”)){

Selected Fragment = new InfoFragment();}
else if ((user .select(“Alert Notification”)){

Selected Fragment = new InfoFragment();}

Forecast

Database db = FirebaseDatabase();

String Location = Ask User to select location();

String Pollen Type = Ask User to select pollenType();

List[] myDataset = db.requestforecast(Location, PollenType);
mAdapter = new MyAdapter(myDataset);
recyclerView.setAdapter(mAdapter);

Display Forecast ();
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Information

Database db = FirebaseDatabase();

List[] myDataset = db.requestinfo();
mAdapter = new MyAdapter(myDataset);
recyclerView.setAdapter(mAdapter);

Displayinfo();

Alert Notification

Database db = FirebaseDatabase();
String PollenType = Ask User to selectPollenType();
String Intensity = Ask User to select Intensity();

List[] myDataset = db.savenotification (PollenType,
Intensity);

mAdapter = new MyAdapter(myDataset);

recyclerView.setAdapter(mAdapter);

Notify ();
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Dataset (Model)

class Dataset{

String location;

String PollenType;

Dataset(location,pollenType){
this.location = location;
this.pollenType = pollenType;

}

getLocation(){

return location;}

get pollenType(){
return pollenType;}

¥

Adapter

Class Adapter{
Dataset dataset;
Adapter(Dataset){

this.dataset = Dataset;

}
V = View();

Item = V .getitem();

Item.setValue(dataset);
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4.7 Human Interface Design

4.7.1 Overview of User Interface

Visual Parad

User

/
DN

pm Online Diagrams Express Edition Pollen Watch

.
*
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.
.

4

Set Allergy Type

Set Alert Notification
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Figure 4.20. Use case Diagram
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Use Case Description:

Use Case 1

Use Case
Actors

Use Case Description

Normal Flow

Alternative Flow

Pre-condition

Post Condition

Includes

Extends

Assumptions
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View Forecast
User , Database

This use case will help the user to monitor pollen forecast of different pollen
type in various location according to their own choice.
View Forecast will contain two options for the user which enable them to
monitor pollen according to their own choice. These two options are :

(1) Select Location

(i) Select Pollen Type

Application may not be working properly. User has to reinstall the
application or check his internet connectivity.

1. App is installed and working properly on the phone.

2. The device should have a good Internet Connection.

The two options for setting the location and pollen type will be displayed and
after user sets the location and pollen type, pollen forecast of that pollen type
and location will be fetched from Database and display to user on screen to
monitor it.

1. Check Internet Connectivity

2. Select Location

3. Select Pollen Type
N/A

Phone has a good Internet Connection.

40



Smart Pollen Monitoring & Prediction Service
Page 41

Use Case 2
Use Case Select Location
Actors User

Use Case Description This use case will help the user to select that location of which user wanted to
monitor the pollen forecast.

Normal Flow User taps on the set location text field and drop down list of different sectors
will be displayed to the user. User choose the sector from the drop down list by
clicking on it and as a result that particular location (sector) will be selected.

Alternative Flow N/A

Pre-condition The Pollen Watch App is installed and working properly on the phone.

Post Condition Drop down list of different sectors will be displayed to user. User selects the
location from the list.

Includes N/A

Extends N/A

Assumptions N/A
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Use Case 3

Use Case
Actors

Use Case Description

Normal Flow

Alternative Flow

Pre-condition

Post Condition

Includes
Extends

Assumptions
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Select Pollen Type
User

This use case will help the user to select that pollen type of which user wanted
to monitor the forecast.

User taps on the set pollen type text field and drop down list of different pollen
types will be displayed to the user. User choose the pollen type from the drop
down list by clicking on it and as a result that particular pollen (type) will be
selected.

N/A

The Pollen Watch App is installed and working properly on the phone.

Drop down list of different pollen types will be displayed to user. User selects
the pollen type from the list.
N/A

N/A

N/A
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Use Case 4

Use Case

Actors

Use Case Description

Normal Flow

Alternative Flow
Pre-condition
Post Condition
Includes
Extends

Assumptions
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View Info

User, Database

This use case “view Info” is like a guide that clear doubts of different user
queries. This will provide the user with most doubted queries about pollen
allergy with their solution.

User clicks on the view Info tab. All the information will be fetched
from the database and displayed too user on screen.
N/A

Application is working properly and phone has a good Internet connection.
After fetching the information from database, the application will show the
information

Check Internet Connectivity

N/A

Phone is having a good Internet Connection.
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Use Case 5

Use Case
Actors

Use Case Description

Normal Flow

Alternative Flow

Pre-condition

Post Condition

Includes

Extends

Assumptions
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Set Alert Notification

User , Database

This use case will generate allergy alerts when pollen count is high or allergens
reaches the certain level. This functionality will be useful in a sense that if a
certain user is allergic to certain allergens he/she can turn on the notifications
for that allergens.
User will set push notification for the allergens he is allergic to by doing these
steps:
1. User will first login via email.
2. User will select the Allergy type of which he wanted the application to
notify him.
3. User will then select the category (high, low, medium) of Allergy type
selected in the previous step.
4. User will the click the “save” button to save the notification.

User may want to change some previous notification.

Application is working properly and having a good Internet Connection.

The notification will be save in the database. Whenever that certain allergen
cross the limit set by user, user will be notified.

1. Login

2. Set Allergy Category

3. Set Allergy Type
N/A

Phone is having a good Internet Connection.
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4.7.2 Screen Images
The user Interface of the Pollen Watch is as follow

When the user selects forecast / home

Al 708/sF A @ 57% W

all .l 94 KB/s T,

Pollen Station: G-7 Paper Mulbery

G-7 4 Forecast

Paper Mulbery
Saturday

23 November 2019 | Extreme

G-7 Paper Mulbery Sunday

Forecast 24 November 2019

23 November 2019 Monday

25 November 2019

EXTREME

Tuesday

26 November 2019 | Extreme

It was MODERATE
yesterday

Wednesday

— N7 NlAaviAarmmbhaAan YN10 L vinnara

A 9 O &

Home Map Info Alert Home Map Info Alert

Figure 4.21. Forecast
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When the user selects the information / info tab

all il 32KB/s T 7:30 PM A @ 57% W}

What is pollen?

The pollen grains are the male tiny
particles which are released from trees,
weeds, and grasses. Pollen grains function
is to fertilize other parts of plants, but
many never reach their targets and remain
suspended in atmosphere.Most species of
pollen have some level of allergenicity but
not all of them.

What is pollen Allergy?

The suspended pollen grains in the air
reach the human respiratory track
through inhalation, triggering a type of
seasonal allergy called pollen allergy. Pollen
is one of the most widespread of all the
things that can cause an allergy. Many of
the foods, drugs, or animals that cause
allergies can be avoided to a great extent;
even insects and household dust are
avoidable. But staying indoors when the
pollen count is very hiah may not help to

f 0 o a

Home Map Info Alert

Figure 4.22. Information
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When the user selects the Alert Notification tab

il il 21 B8 Al all42B/s5

- Set Your Alert Notification - - Set Your Alert Notification -

- Select Allergy - < Paper Mulbery 2
|O Extreme | |O Extreme |
'O High | |@® High |
lo Moderate l |O Moderate |
|O Low | |O Low |

(O None (O None

SAVE SAVE

L Q 0 a f 0 o a

Home Map Info Alart Home Map Info Alert

Figure 4.23. Alert Notification
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4.7.3 Screen Objects and Actions

4.7.3.1 Home Icon

Page 48

Object Name Home icon
Image ~
Present on Screen Main Menu

Action

When user selects home option on main
menu (screen) , he is navigated to forecast
window.

4.7.3.2 Info Icon

Object Name Info icon
Image [ )
Info
Present on Screen Main Menu
Action When user selects info option on main
menu (screen) , he is navigated to

Information window

4.7.3.3 Alert Notification Icon

Object Name

Alert Notification icon

Image

a

Alart

Present on Screen

Main Menu

Action

When user selects Alert option on main
menu (screen) , he is navigated to
Notification window.
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4.7.3.4 Change Location(Drop Down)

Page 49

Object Name

Drop Down(Change Location)

Image

Pollen Station:

G-7

Present on Screen

Forecast

Action

When user clicks on change location (drop
down), a drop down list of different sectors
pops in front of user, from which user selects
his desired location. eg Sector G-7

4.7.3.5 Change Pollen Type(Drop Down)

Object Name

Drop Down(Change Pollen type)

Image

Paper Mulbery

Present on Screen

Forecast

Action

When user clicks on change Pollen Type
(drop down), a drop down list of different
pollen types pops in front of user, from which
user selects his desired pollen Type. eg Paper
Mulbery
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4.7.3.6 Recycler View
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Object Name

Recycler View

Image

- Select Allergy -

Present on Screen

Allergy Notification

Action

When user clicks on Select Allergy (drop
down), a drop down list of different allergies
pops in front of user, from which user selects
the one allergy (of which he wanted to receive
notifications).

4.7.3.8 Radio Group (Select Intensity)

Object Name

Radio Group(Select Intensity)

Image

‘O Extreme |

() High

() Moderate

O Low
() None

Present on Screen

Allergy Notification

Action

User can select one of these radio buttons to
select the intensity for receiving notifications.
So if certain allergens crosses the limit user

gets the notification.
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4.7.3.9 Save Button
Object Name Save Button
Image
SAVE
Present on Screen Alert Notification

Action When the user clicks on the save button, a
notification alarm is saved in database for that
user .So in the future user receives the
notifications if certain allergen crosses the user
selected intensity.
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4.7.4 Requirement Matrix:

Page 52

Functional Requirements

Component

4.1.3 The system shall be able to get user
location.

Pollen Station:
G-=7

This component (text Field present on forecast
window) allows the user to select location

4.2.3 The system shall be able to see prediction of
the density of different pollen plants for area
relative to user’s location.

G —7 Paper Mulbery
Forecast

Saturday

e

Sunday

24 November 2019

Monday

25 November 2019

Tuesday

SS——.

Wednesday

DT Al s SN0

This component (Recycler view) shows the user
forecast of pollen relative to his location.
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Chapter 5. Project Test and Evaluation

5.1. Introduction

This test plan section describes the appropriate strategies, process and
methodologies used to plan, execute and manage testing of the "Smart Pollen
Monitoring & Prediction Service(SPM)". The test plan will ensure that SPM meets
the customer requirements at an accredited level.

Manual Testing will be followed which includes testing a software manually, i.e.,
without using any automated tool or any script. In this type, the tester takes over
the role of an end-user and tests the software to identify any unexpected behavior
or bug. Each Unit will be tested separately and then will be integrated with other
units; therefore, Unit Testing and Integration testing will be followed. For each
unit, Black box Testing is done and for combined units Acceptance Testing is
done.

The test scope includes the Testing of all functional, application performance and
use cases requirements listed in the requirement document.

Software testing, depending on the testing method employed, can be implemented at
any time in the development process. However, most of the test effort occurs after
the requirements have been defined and the coding process has been completed.
This document includes the plan, scope, approach and procedure of the testing of
SPM. The pass/fail criteria of the test items are also defined. The document tracks
the necessary information required to effectively define the approach to be used in
the testing of the product.

5.2. Test Items

The test items selected for testing include the following

1. Performance / Accuracy
2. Interface
3. User Control
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5.3. Features to Be Tested

The features of our game include the functionality mentioned in our design document.
Following features are to be tested keeping in view the test items and system features
aforementioned

The application should be properly

The Application shall be able to get user current location.

The different options available on bottom navigation bar shall be
Forecast

Info

Alert Notification

At any time user shall be able to exit the application when required.

On selecting forecast: the user shall be able to see prediction of the density of different pollen
plants for area relative to user’s location.

The application shall also estimate the overall count of pollen for each sector.

The application shall handle the internet connectivity issues in getting the forecasting
information from server (repeated inquiry from server automatically).

The application shall notify the users if allergens reaches the certain level.

The application shall provide the interface to the users to set certain levels for certain
allergens.

The application shall provide accurate information regarding each plant

The application shall handle the internet connectivity loss during getting the information
from the APIS

5.4. Test Approach

Functional Testing will focus on each use case that is included in the version currently
being worked on. Testing will mainly consist of execution of test cases written to
address the gap identified. It will focus on inputs, outputs and system changes due to
the actions.The testing strategy for SPM will be Alpha testing (Black box and White
box techniques). Black Box testing technique will be used for testing functionality of
each module.
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5.5. Item Pass/Fail Criteria

Details of the test cases are specified in section Test Deliverables. Following the principles outlined
below, a test item would be judged as pass or fail.

Preconditions are met

Inputs are carried out as specified

The result works as what specified in output => Pass

The system doesn't work or not the same as output specification => Fail.

5.6. Suspension Criteria and Resumption Requirements

Testing procedure will be suspended whenever a defect is found that restricts further testing. A
corrective measure will be applied depending upon the criticality of the defect and testing will be
resumed.

Efforts have been made to remove all and every chance of failure but there are certain unpredictable
factors such as network issues, corrupt input data, or system failure that may lead to some issues.
Error handling is applied more deeply to cover all these issues but unforeseen circumstances may
happen.

5.7. Test Deliverables

Testing tasks

Develop Test Cases.
Execute tests based on the test cases developed.
Report defects during tests if any.

Manage the changes made after testing.

Test cases

Following are the Test Cases:
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5.7.1. Getting the User Location

Page 56

Test Case ID TC1

It shall display the user with the two options, i.e Use GPS, or
TestCase Select Sector
Description

Testing Technique
used

Black Box Testing.

Preconditions

1.The application must be installed properly

2. Mobile phone is connected to Internet

Steps 1. Launch Application on mobile phone.
User shall be able to see two option to select i.e Use GPS or
Expected output Choose Location

Actual output

Application Screen is displayed having options
1.Use GPS
2.Select Location

Status

PASS

Table 5-1 TestCasel
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5.7.2. User Selects Use GPS option

Page 57

Test Case ID TC?2
This test case will check whether application be able to get the
Description user location from GPS, when the user selects the GPS

Testing Technique
used

Black Box testing

Preconditions

Application is launched and a Screen is displayed with the two
options i.e Use GPS and Select Location and user selects the
“USE GPS” option

Steps

1. Launch application.

2.Select “USE GPS” from the application screen

Expected output

Application shall be able to get coordinates of user location from
GPS

Caution

Ask User Permisson before accesing GPS

Actual output

Application gets the coordinates of user location from GPS.

Status

PASS

Table 5-2 TestCase?2
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5.7.3. User Selects Choose Sector Feature

Test Case ID TC3
This test case will check whether application be able to get the
sector from google map api, when the user selects the particular
Description sector
Testing Technique | Black Box testing
used
Application is launched and a Screen is displayed with the two
options i.e Use GPS and Select Location and user selects the
Preconditions “Choose Sector” option
Steps 1. Launch application.
2.Select “Choose Sector” from the application screen
Application shall be able to get coordinates of user selected
Expected output Location from the google map api.
Actual output Application gets the coordinates of user location from GPS.
Status PASS

Table 5-3 TestCase3
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5.7.4. Displaying the options in bottom navigation bar
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Test Case ID

TC4

TestCase
Description

The bottom navigation bar shall contain the three icons that can be

Selected by the user:

These three options should be:
1- Forecast

2- Info

3- Alert Notification

Testing Technique
used

Black Box Testing.

Preconditions

1.The application must be installed properly

Steps

1. Launch Application on mobile phone.

Expected output

User shall be able to see a three icons in bottom navigation bar

Actual output

Bottom Navigation bar is displayed having options
1- Forecast
2- Information

3- Alert Notification

Status

PASS

Table 5-4 TestCase4
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5.7.5. User selects the forecast icon

Test Case ID TC5S
This test case tests whether on clicking the forecast icon system
shows the user the pollen’s density forecast of different type of
Description pollen based on their selected location
Testing Technique | Black Box Testing
used
1- The system shall use the data in making predictions provided
Preconditions by Pakistan Meteorological Department in specified format.
2- The model on which system is relying on, will be trained and
tested to make accurate predictions.
1- Launch Application on mobile phone.
2- Select “Choose Sector” from the application screen
3- Select “Choose Pollen Type” from the application screen
4- Select “Forecast icon” from the bottom navigation bar
Steps
The user shall be able to see prediction of the density of different
Expected output pollen plants for area relative to user’s location
Good Internet Connection
Caution
The user was able to see prediction of the density of different
Actual output pollen plants for area relative to user’s location
Status PASS

Table 5-5 TestCase5
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5.7.6.  User selects the Information icon

Test Case ID TC6
This test case will check whether on clicking information icon in
the bottom navigation bar , a new window will open that will
. show the different queries of user with their location
Description
Testing Technique | Black Box testing
used
1- Application is launched and User selects the info icon.
2- The system shall handle the internet connectivity loss during
Preconditions getting the information from APIS.
Steps 1. Launch application.
2. Select “Information icon” from the bottom navigation bar
The system shall provide accurate information related to queries
Expected output asked by users related to pollen
The system provided the accurate information related to the queries
Actual output asked by user related to pollen
Status PASS

Table 5-6 TestCase6
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5.7.7. User selects the Alert Notification icon

Test Case ID TC7

This test case will check whether on clicking Alert Notification
icon in the bottom navigation bar , a new window will open that
will allow the user to set the alert notification for the specific

Description type of pollen

Testing Technique | Black Box testing

used

1- Application is launched and User selects the Alert Notification

icon.

2- The system shall handle the internet connectivity loss during
Preconditions getting the information from APIS.
Steps 1. Launch application.

2. Select “Alert Notification icon” from the bottom navigation bar
Expected output The system shall allow the user to set the alert notification for the

Specific type of pollen
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The user was able to set alert notification for specific set alert
Actual output notification for specific type of pollen

Status PASS

Table 5-7 TestCase7

5.8. Responsibilities, Staffing and Training Needs

5.8.1. Responsibilities:

All developers of the project are responsible for the completion of all components testing and
integration testing tasks.

5.8.2. Staffing and Training Needs:

Basics knowledge of testing strategies and techniques is needed for the testing of the project.
Techniques such as Black Box testing, integration testing should be known to developers.

All the developers will be testing each other’s work and will be actively participating in the
development and testing of the project simultaneously.

5.9. Risk and Contingencies

Efforts have been made to remove all and every chance of failure but there are certain
unpredictable factors such as network issues, corrupt input data, or system failure that may
lead to some issues. Error handling will be applied more deeply to cover all these issues but
unforeseen circumstances may happen.

5.9.1. Schedule Risk:

The project might get behind schedule so in order to complete the project in time we will be
needing to increase the hours/day that the project is being worked on.
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5.9.2. Operational Risks:

Operational risks will be eliminated by Scheduling daily meetings and regular deadlines to
meet the goals of the project as well as provide proper communication within the group.

5.9.3. Technical risks:

Technical risks will be eliminated by keeping the once defined requirements constant.

5.9.4 Programmatic Risks:

In case of a programmatic risk the scope of the project will be limited in order to stay inside
the constraints of the project.
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Chapter 6. Future Work

This project can be extended further in some of the ways that are going to overcome the
limitations that we are facing. One most severe limitation right now that we are facing is that
we have been given the data of only one sector of Islamabad by Pakistan Meteorological
Department for the one type of pollen that is fluctuating and causing severe allergy in pollen
allergic patients

So one way to overcome this is if we are predicting the pollen count of one city for example
Islamabad then department which is collecting the data on these thing i.e pollen should
provide multiple variables for multiple location. Along with that they should also some
variable from which we can directly infer the amount of pollen in that specific sector or
location.

There is one more way that can be done in future to predict the density of pollen if in future
some one is facing the same limitations (mentioned above) as us, what they can do is that if
they have the trend of of the sector they can correlate the trend of another sector based on
some criteria and variables.It may not give us the exact prediction but it can be pretty close.

Another improvement that can be done in this project is that we can include services like
weather forecast , rain prediction some thing like that in our application so that it can be like
complete package for the weather, pollen, allergy, rain etc. In future we can also build an
application programming interface that is going to provide json data related to the prediction
to other organization who might want to utilize this kind of data. We have only build the
interface of this application in android , In future this application can also be build on multi-
platform like web , desktop, iphone apps etc.

A very most interesting thing can be done in future on this project is to collect the data from
pollen patient or some other allergic patients using gadgets like apple watch of their daily
activities and to utilize this data in an edge learning system that will perform the profound
calculation at the edge of system i.e on the person’s phone or on his laptop to provide insights
to the patients what they can do to improve their daily routine. It’s interesting because in this
way the user's data will only be on their devices and they might feel secure that their daily
life can only be seen by their devices and by no one else.
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Chapter 7. Conclusion

What if we can look into the future and tell exactly how severe is the pollen going to be
tomorrow? or the day after that? Or next week? However impossible it may sound, Thanks
to Machine Learning we did just that. Using a huge dataset that contains data for different
attributes like the count of pollen, humidity and temperature of every single day for the past
10 years, we built multiple ML models on which we trained this dataset. The models when
trained were able to detect patterns in the data. These patterns could now be used to predict
the density of pollen in future based on the training data set. We used three Machine Learning
models of which Logistic Regression gave us the best accuracy of 99%. Being this accurate
isn’t very likely when dealing with other real world problems but because our dataset was
very linear and the patterns were fairly visible, i.e the spike in pollen count in spring season
specifically, we could get the accuracy as high as 99%.

The statistics we get from the Machine Learning algorithm will be displayed on an android
application that we built from scratch. The user will have to install the android application
and select the type of pollen allergy and his area. The application will show him if the pollen
density is low, high, severe or critical for the next few days. The user can also set the
notifications for when the density of pollen is alarming. This will help him take precautionary
measures and stay inside in case there’s an outbreak.
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Appendices
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Appendix A: Glossary

a > Wb

APP: Application

GUI: Graphical User Interface

SPM: Smart Pollen Monitoring and Prediction Service

SDS: Software Design Specification

UML.: The Unified Modeling Language (UML) is a general-

purpose modeling language in the field of software engineering, which is designed
to provide a standard way to visualize the design of a system

WBS: The project management Work Breakdown Structure
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