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1 ABSTRACT

Urban surroundings and spaces are losing theititgetue to the visual pollution in the urban paamoa of
already densely populated cities in the developmgntries. Quantitative assessment of visual poluand

its spatial mapping are very recent and relativetyexplored branches of urban studies. The diyerit
visual pollution objects (VPOs) and their traitse tsubjectivity of observers, the scale of urbaacepand
dependency on subjective variables are the keylestyds for quantification during visual pollution
assessment (VPA). A paper-based score-card type td8lAusing Analytical Hierarchy Process to address
these issues has previously been developed. Howewesidering the challenges associated with the
deployment of paper-based tool for VPA (which inlgdithe inability to handle variety of data typestsas
text, numeric, geolocation, images, etc.), the nahtprogression is the development of a mobile-thase
solution which matches the fast-growing mobile pexten rate of urban centres and provides a tegn-k
solution to achieve efficiency and effectivenesprmary data collection. On the other hand, academ
research on the spatial mapping of visual pollutias slightly progressed to explore its cartogmphi
dimension. This research presents a spatial dec&ipport system comprising of a combination ofrope
source tools to collect, store and present VPA #atany urban space of any scale. The system esplo
Open Data Kit (ODK) to build its mobile-based VP#ot which can be used to collect VPO attributesigisi
any Android device. The collected data is streatnea web-based data management module of the system
in real time which is built upon ODK Aggregate aPostgreSQL. Furthermore, the web-based visualisatio
module of the system is built upon some other majmn source tools including OpenGeo Suite and PHP.
The visualisation module presents the results sfiali pollution index (VPI) in the form of a web-kds
dashboard containing real-time choropleth maps lwban be filtered for any specific VPO.

This research demonstrates the strengths of opespggal tools to solve challenges of primary data
collection on a diverse range of VPOs along with $listematic capturing of their spatial locatiod sisual
images. Furthermore, it proves the ability of omaurce web mapping tools to display visual poliutio
assessments in most appropriate cartographic eeg®n. Resultantly, it offers the practitionegban
planners a tested mechanism to assess and magviie of urban visual pollution in an urban spacd a
help them take effective measures to improve thealiimage of the city.

Keywords: open source, geospatial tools, urbarnupoli, visual pollution, pollution assessment

2 INTRODUCTION

For the first time ever, over 50% of the world'sppéation lived in urban areas in 2008 and is piej@do

rise to 70% by 2050. Additionally, it is predictdtht most of this growth (at a rate of 2.27%) witicur in
developing countries where there is already a pawti basic needs and good governance (UN Habitat,
2016; Wakil, Hussnain, Waheed, & Naeem, 2016) Tiheedsion of urban issues has drastically changed in
the 21st century due to the complexity of urbanrm@mments. The urban challenges of today’s wor&drat
only related to service delivery and infrastructuret are more linked with urban governance and
management. It is evident from the literature t@itemporary urban governance methods to dealtith
urban problems are insufficient, resulting intoamtsprawls, peri-urban developments, visually wegdet
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urban landscape, and disordered urban neighbousherdi localities (UN-Habitat, 2009). The urban éssu
are of multi-fold and multi-dimensions. For exampbellution which was limited to air, water, landda
noise, how includes visual pollution as a key doelde addressed (Mcmahon, 2011; Nagle et al., 2009)

The overall compound impression of disorder, ctutdight and excess of any object which hindersyan
vision and affects aesthetic of urban landscagderimed as visual pollution (Allahyari, Nasehi, ale
Zebardast, 2017; Principe, 2015). All those elemaritich create visual clutter including solid wadtenps,
outdoor advertisements, wall chalking, communicatoles and hanging wires, broken roads, dilaptate
buildings, etc. are visual pollution objects (VP@s) their concentration at any point defines ehwell of
visual pollution (Chmielewski, Samulowska, Lupagl- & Zagajewski, 2018; A. Portella, 2007).

The impact of exposure to visual pollution in urbsettings is penetrating and vast including physica
mental and social. Studies reveal that it may bes@action for drivers on a highways (Hasan, 201rafic
chaos, loss of sense of place and aesthetics (@dadb & Sunmola, 2014), psychological disturbanaed,
low quality of urban landscape( Chmielewski, Chiewedki, Tompalski, & Wzyk, 2011). Therefore, it ruins
the whole living environment of urban neighbourh®@hd communities. Moreover, literature also report
the escalating effect of visual pollution on chédrsince they lose their sense of beautificaticoh laetter
surroundings since these qualities are usuallyczsed with deteriorated visual settings, and cqueatly
lose the urge to improve them (Jana & Sc, 2015)ioda writers including Lynch, Cullen, Dandis, Cama
and Ashihara, in their books “Theory of the CityThe Selection Landscape”, “Visual Literacy Prineig’,
“Public Places and Spaces”, “Aesthetic Landscamspectively, emphasise the quality of the visual
environment as it clearly defines urban spacesugipan centres (Nami, Jahanbakhsh, & Fathalipour60
Further, it is quoted that humans perceive andrdhgenced by the imageability and legibility ofethouilt
environment they live and grow in (A. Portella, ZD0In a nutshell, it is an established fact thaman
perceptions and development are associated withuhlgy of the urban environment.

As the visual pollution is a recently emerged urpasblem, its quantification and statistical meashave
yet to mature (Allahyari et al., 2017; Aydin & Nigin2008; Chmielewski et al., 2011). Researchevmfr
both developed and developing countries are carinp to exploring a number of aspects of this arba
phenomenon but all those endeavours have someafioms to investigate the subject in terms of
subjectivity, complexity, researchers’ biases, idtifie quantification of the level of visual polion, scale of
area and VPOs coverage (Bankole, 2013; Nasar & HIB%P; V.A. Gokhale, Mayuri Raichur, n.d.). Due to
such constraints, especially quantitative assedsofevisual pollution, it is generally associateithwsoft
elements of governance like policies, laws, gurddj etc. rather than physical solutions like theeio
branches of pollution.

3 RELATED WORKS

3.1 Efforts on assessment of visual pollution and itsactographic presentation

As explained previously, most of the definitionadnk has been done during the last four decades eMeny
according to Portella’s work (A. A. Portella, 200fhany researchers have addressed the systematic
assessment of various dimensions of visual poltutkor instance, Allahyari, H. and et.al workedtba
evaluation of visual pollution in urban squareslgAlari et al., 2017), Szymon et.al. used inteibility
analysis and public surveys to measure visual poiuChmielewski, Tompalski, Chmielewski, & d&yKk,
2016), Karimipour, H., et.al assessed the visupkith of Tehran Towers using GIS (Karimipour, Mogdh

& Dehkordi, 2015), Jurate, at.el. measured thealigupact of billboards along the roads and prestiat
framework for their regulation (Kamicaityte-Virbasie & Samuchovi, 2013), and Atta, at.el. workedhen
statistical determination of visual pollution (At@013).

On the other hand, the work on the cartographicesgmtation of visual pollution is at an embrycostiage.

A review of cartographic representations offeredadyanced GIS tools represents a long list of niadgch
options including density, heat and cluster map#-gesizing symbols, and carto-diagrams. Howewsly

a few have been adopted by researchers workingisaualvpollution. This concern has been raised by
Syzmon et.al. in a recent publication where thesnrsarised that only three methods of cartographic
visualisation have been adopted for visual poltutisapping so far: i) the point symbol style refegrito
VPO locations, ii) the visibility map, and iii) theonographic symbols representing streetscapealvisu
pollution (Chmielewski et al., 2018). While predagttheir promising work about the engagement tizen
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science and WebGIS for VPA, Syzmon et.al. refetoetthe absence of visual pollution mapping in alinen
platform. However, the work by Wakil et.al. in 20b@s already responded to this concern where using
online density maps, the accumulation of outdomegtsements is represented (Wakil, Hussnain, Na&em
Tahir, 2016)

3.2 Quantitative assessment of visual pollution; introdction to paper-based VPA tool

Recently, the authors have developed a scorecpedpgper-based tool for the quantitative measurenfen
visual pollution in any location. The procedurakalls about the development of the tool, its contak
coverage and its reliability are in the publicatipmocess as a separate output. However, it is it@pbto
mention that the developed VPA tool is based onfitndings of a two-tier analytical hierarchy proses
(AHP) exercise with a group of 20 professionalgmtist, classify and rank the VPOs. Additionallye ttool
contains the attributes and characteristics of a#e® along with their rubrics values which are used
generate a quantitative value, ranging betweend0180, called visual pollution index (VPI) at anien
point or node.

In its final shape, the tool offers the coveragdoofy VPOs classified in ten broader groups. Asda the
validity and reliability of the tools are concernethe inter-observer reliability, also called intater
reliability (IRR), has turned out to be 83%.

3.3 Challenges of using paper-based VPA scorecard ingtHfield

Despite its strengths, the administration of thpepdased VPA tool has resulted in some challenfjes.
major one has been its inability to handle theeatgrdof data types such as text, numeric, geolocatinages,

etc. during the field survey. Typically, a survewemerator must carry multiple devices along with YHPA
scorecard which could help in capturing photos BfOg and geographic location (GPS coordinates)eof th
site where visual pollution is being measured. lkenmrnore, it is difficult to keep all records prolyetagged

on various data sources. For example, assigningigue site-code to paper-based VPA scorecard and
replicating the same for GPS location and VPO iredgduces errors. The paper-based filled VPA teal h
been shown in see Figure 1.

Figure 1. A picture of a filled paper-based scaeddype visual pollution assessment (VPA) tool

Other challenges faced during the administratiorpaber-based VPA tools included the time and cost
inefficiency. Furthermore, the data entry procegsoses to human error. Hussnain et.al already mqula
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how the similar challenges of paper-based data eration can be effectively resolved through a nebil
based or computer-assisted solution (Hussnain,mAniidakil, & Tharanga, 2014).

4 SYSTEM ARCHITECTURE

This research presents a combination of open saooteto develop a system which offers the caltecof
urban visual pollution data through Android devicemnages the collected data through an onlineegerv
and develops quick on-the-fly analysis charts amasdy maps for various VPOs. The schematic diagram
representing the system development flow is giveRigure 2. The system relies primarily on the Opete
Kit (ODK) ecosystem since most of its components developed using various ODK tools. ODK is an
open-source suite of tools initially developedhat University of Washington with the financial asance of
Google (Hartung et al., 2010).

VPA tool autharing using
XLSForm which is
converiad to XML using
XLSForm Offline Tool

VPA tool deployed at enline F————o__
»  server (based on ODK
Agaoregate)

\ Visual Pallution
| Index (VPI) data |
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| [ lincluding images
VP4 tool deployed of VPOs, text. |
at Andriod numesric and geo-

devices (Using

VP4 Data
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CODK Collect)
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Figure 2. Schematic diagram representing the sydmmlopment flow

In its simplest form, the system consists of twdm@mponents: i) mobile-based component operable o
any Android device and ii) the server-side comporierreceive, store and manage data of variousstype
Although, there exists a wide range of tools un@&K suit to help and build the various dimensiofis o
above-mentioned components, only the selected tomle been used which were relevant to the tasks at
hand for various system requirements. Table 1 sumasathe applied tools.

Stages Task Opensource tools applied
1. Paper to mobile form The paper-based scorecard must be_Sform
conversion translated to a digital form. ODK XLSForm Offline v1.7.0
2. Mobile  data] Using Android devices to colle¢tODK Collect
collection in field attributes of VPOs, their pictures
and their geographic locations
3. Data management gnReceiving data sent from AndroldODK Aggregate
online server devices (via WiFi or other internet
sources), management of VRA
form, data management and
visualization
4. Mapping of visual Presence of VPOs must bépenGeoSuite
pollution data reflected on maps using symbalpHp
(which the density maps has to b?’ostgreSQL
developed) based on the VPI
values

Table 1. Open source tools used at various stdggstem development

In the first stage, the paper-based VPA tool hanhmnverted to a digital format (commonly calledti
authoring). ODK tools require the form to be in XfFocompliant XML format. Since direct XML writing
turns out to be complicated for the lengthy VPAIto_.SForm (https://docs.opendatakit.org/xIsforrhgs
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been used for this purpose. XLSForm is a standd&idhasimplifies the authoring of forms in Excel. tis
process, an Excel workbook with a pre-specifiedksoeet, standardised column headings and keywsrds i
prepared as shown in Figure 3. To convert the Ekask form to XML, ODK XLSForm Offline v1.7.0
(https://gumroad.com/I/xIsform-offline) has beeredss given in Figure 3. Resultantly, the digitahf of
VPA tool is ready in ODK understandable XForm paite

VPA Tool - Read-Only - 8/20/2018 ~ Muhammad Hussnain X B | QDK XLSForm Offiine v1.7.0 * |

Formulas  Data  Review View  Help O Tell me what you want to do File  About

-

A e [ 5L ] L «|| 1. ChooseXLSForm (s or xsx) for conversion
label hint  appearan relevant required
I — o | Choose file.. | ...sis\Khydija Thesis\VPM Tool GDK\VPA_Toolsdsx:
Address b icd 1
Hurmbe of road lezs ves |
Dorminant lanciuse (more than 705 o 2. Choose location for output file(s)

of activity
v ofbuldings [ ofstorend ves Cheose location ission\PhD Thesis\Khydija Thesis\VPM Tool ODK
ngeuag ez fast)

3. Set conversion options

e [] Overwrite existing output file(s)
Smiibaands Validate converted XForm with ODK Validate
S(0ilIboar

4, Run conwversion

Run

Inputt file: D:\OneDrive - Higher Education Commiession'\PhD Thesis\Khydija
Thesis\VPM Tool ODK\WPA_Tooldsx

. Output file(s): D:\OneDrive - Higher Education Commission\PhD Thesis
- \Khydija Thesis\VPM Tool ODK\WPA_Teol (1).aml
ves

field-hiss ${signboaras_press:

survey | choices

Figure 3. Screenshot of VPA tool in XLSForm forrtiat) which is then converted to the XML file ugi®DK XLSForm Offline
(right)

In the second stage, the VPA tool is deployed onrgid-based mobile devices for field use. For this
purpose, ODK Collect (https://docs.opendatakitamligct-intro/) has been used. ODK Collect is also
available as an open source application which ead an XForm and display the form into a seriesmiit
prompts, as exhibited in Figure 4. For every qoestODK Collect ensures form logic, entry constisiznd
repeating sub-structures at the time of data didlecOnce data about all the VPOs is finaliseds gent to
the online server.

®Blddsnane losa W =0 [ i 22%812.00 W EBLWd2eN s JEO A W w0 Gl 23581153
[[] cetBlankForm = Q : [7] visualPollutio.. i [] visual Polutio... i [7] visual Poliutio...
1 [ paney
i i Functional hinderece

Visual Pollution Assessment gy ical appesrance s oS R SRS O () mobile

Tool = (") Structure Broken_5 <
- C) poster
() Leaning_4
- Placement Color scheme
O Torn off_3 ®)] Stand alone O Pleasant_1
‘__') Normal_2 C‘ On wall C-’ Nommal_2
r) Very well shaped_1 O On roof 10p O Irritating_3
Structure * Display surfaces () Disturbing 4
() Woaden structure y Single facing_1 =
O 9 4 9- () Highly disturbing_5
() Steel Structure () Double facing (back to back)_3 ==
et — View hinderence
(", Maonapole OV facing Triangle_5 4t 5 seai of 7 5 1 maans no hindanance whlle & maans max hindarace
() Multi Post Size
Adjacent Landuse Q Small 1 Picture of billboard
) Residenti )
() Residential O 10%20.2 Take Picture
& Commercial (") 20%30_3
() Educational () 30%40_4 S o
":) Health C, Larger_5 * Record Location
O Hotel Contents. Start GeoPoint

Refresh -
5 Inchistrial (™) Commercial

Figure 4. Screenshots of VPA Tool in ODK Collectesrclose-ended question is presented with a prezteget of options

ODK Collect resolves the challenge of multiple dew handling in the paper-based survey sinceawall
the enumerators to collect text, numeric, date tinshbice, images and geolocation data types whieh
required for VPA. In addition to that, it allowsethreal-time calculations and presents the restilthe
assessment immediately as shown in Figure 5.
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Summary Results

Based on the information collected
about Visual Pollution Objects, there
exist

21 VPOs out of total 29 VPO types.

At a scale of 0-100,
Visual Pollution Index (VPI) at

Saddar Chowk Rawalpindi
is assessed to be 69.

Refresh

Figure 5. Summary results of Visual Pollution Asseent presented to the data enumerator in real time

In stage three, the digital form of VPA tool (XFgras been deployed on the online server which is
established based on the ODK Aggregate (httpsz/dpendatakit.org/aggregate-intro/). ODK Aggregate
uses PostgreSQL as its database and helps in s@eeroperations including form management,
submissions management and user management astexxhibFigure 6. The VPA data received from the
field is presented as a list of submissions, simdaa spreadsheet view, such that the data fdr pade is
displayed as a single and separate row.

[ ODK Aggregate x (2] — e

< C | ® Notsecure | 46.101.67.184 DKA ste/Agaregate.html#submissions/filte A% ®

Log Out superadmin g LA

Submissions
Filter Submissions Exported Submissions

Form Visual Pollution Assessment Tool v Filter none v dil Visualize =) Export &) Publish
Save

S s per pags locati

Submissions per page 100 date  starttime 2 ocation - ddress road legs  land use activity  building hight rod

Accuracy

Filters Applied
) 201804 00 000 Chaklala i
Add Filter g 21 ot a0 g, 357467070527999 336002533333 73.0885700000 481.80000000004.7000000000  railway 4 park_open_space sp’:ce 1
Display Metadata 00:00:00.0 station
2018-04- ’
t 3 20180421 417 467070527999 33,624 1533333 73.0736350000 4916000000000 4.9000000000  K2SMIr 3 commercial  Commercial 3
08:28:45.687 market
00:00:00.0
2018-04-
t 4 2018-04-21 o7 1657070527999 33.6260050000 73.0692733333 500.40000000004.1000000000 "2 4 commercial ~ Commercial 2
08:44:21.502 hospital
00:00:00.0
201804 5018.04.21
t 3 i oo 357467070527999 33.6216666667 73.0664250000 371.7000000000 4.8000000000 Murres road 2 commercial  Commercial 3
08:59:40.229
00:00:00.0
2018-04-
t 3 2018-04-21 57 467070527999 33.6200533333 73.0661266667 496.90000000004.8000000000 _ME° 3 commercial ~ Commercial 3
09:07:36.501 station road
00:00:00.0
201804 5018.04.21
t 3 o= 357467070527999 33.6174766667 73.0655633333 498.2000000000 4.8000000000 Metro road 3 commercial  Commercial 3
09:17:01.555
00:00:00.0
»

Figure 6. Screenshot of ODK Aggregate based sevhiah allows the management of submissions receivenigh ODK Collect

Furthermore, ODK Aggregate allows the quick vissetion of VPA data. The user can generate a pig cha
or a bar graph for any selected column and se@alterns appearing from the collected data as given
Figure 7.
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Figure 7. Screenshots of the online server whildwalthe visualization of VPA data in the form @& gharts or bar graphs

Finally, OpenGeo Suite (http://workshops.boundlessgpm/suiteintro/) and PHP are used to createrda-fr
end interface to display VPA data in the spatiahfoThe front-end application reads the data frowen t
PostgreSQL data of ODK Aggregate and uses geotocatlumns to generate point data layers. To make
the online map more meaningful, density map has lzgplied which uses the point location based VPI
value to highlight areas containing various lewlIgisual pollution.

5 CONCLUSIONS AND FUTURE WORK

This research concludes that an efficient and gffieguantification mechanism of visual pollutionterms

of time and cost at any point of interest in anamrlrea is achievable with mobile-based and optntdals.
The ODK entails the properties of transparency speled to VPA process. However, the availability of
capacitated human resources and institutional stpgrod setup is inevitable for the wider utilizetiof the
tool. Thus, these are posed among a few of thernshmlenges for owning and operating the opencsur
based VPA tool. So, it is highly recommended toehawvensive training of the concerned professionals
especially urban planners and managers to eradicateeluctance in using the mobile-based VPA tool.
Since the VPO categories are subject to increaperaarea and location, further customization efttol is
suggested. It is expected that the mobile-basedl tdBl development process will be refined as thigjesct

of visual pollution will be better acknowledgedyéstigated and tested by the city managers espeiciahe
developing countries.
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