OnBoard: Bus ldentification System for Visually  Impaired

Mumbai Field Trials Report
( January -April 2015)

In Association With

MUMBAI "----
Xavier's Resource Centre ﬁ’ gi
for the

Visually Challenged




OnBoardesignDevelopmentind Mumbai Trials Team

Name

Designation

Prof.M. Balakrishnan

Professor, CSihd Mentor, AssisTech

Prof.P.V.M. Rao

Professor, MEnd Mentor, AssisTech

IIT Delhi Mr. Dheeraj Mehra Project Sientist
Mr. Deepak Gupta Project Assistant
Mr.T. Vishwarath Project Associate
Mr.Neil Shah S. Project Asistant
Ms.Radhika Dharwadkar Project Associate
Ms.Jenny Charan Project Associate
Ms. Radhika Prabhakar Project Asociate
Prof. Sam Taraporevala |t NP F S & & 2 NEGoflegepMumbadhd S NI|
Director, XRCVC
Mr.Krishna Warrier Consultant Project Implementation
XRCVC Ms. Neharrivedi Project Consultant
Mr Sushil Pandit Technical and Access Technology Awareness
Officer
Mr Aniket Gupta Executive Assistant and Manager Administrati
and Finance
Mr Keshavan Nadar Technical and Access Technology Awareness
Officer
Mumbai Mr.Shishir Joshi CEO
First

All the partner organizations conducting the trials acknowledge the support provided by BEST.
Specifically we would like to thank Dr.J.Patil (General Manager), Mr.OP Gupta (former GM),

Mr.Victor.S.N (Officer on special dutghd Sh.A.R.Merchant, AsStraffic Supdt (Airport operation)
who facilitated the conduct of trials.



Contents

R [ 011 (oo |8 Tox 1o o PP PP PPPPRR 6
2. System design & modifications for installatiQn.............cccccccviiiiiiiiiiiiiieree e, 6
DA RSV (=1 40 (=T ] o] (o] o 1P 6
2.2 All TrialS PreParatiONS .. .....ocuuieiiie et e e e st e e e s e e e e e 7
2.3 DESIgN IEfINEMENTS ...ttt e e e e e e e s e e e e e e e e e eeaee s 8
2.3.1 BUS MOAUIE......ceiiiiiieiiie ettt e e e s e e 8
2.3.2 USEI MOUUIE.........iiiieiie ettt ab e e e a e e 9

2.4 ORFIEld INSTAIALION. ... .eiie e 9
2.4.1 OVEIVIBW......eeeeeeee ettt e ettt e e e e ettt e e e 2 e ekt e e e e e e e s bbb e et e e e e et s e et e e e e e s nnnereeaeeas 9
2.4.2 Outcomes resulted from step by step installation..............ccceveeeiiiiiiii e 10

3. ACUAI trial AELAIIS ...t 11
S.L TIMEIINEC Xttt et e e et e e e e e e ab e e e e ab e e e anre e e a 11
3.2 TraiNiNL X X X X X K e ieiiiiiiiie ittt e e e e e e e e et e aaaaaaeaaaaaaeaens 11
3.3 Understanding current bus SEeKIDBNAVIOUL.............cooiiiiiiiiiiiiniiiieee e 12
3.4 SUPEIVISEA THAUS. ...ttt e e e e r e e e e e et eeeeeeaan 12
3.4.1 OULCOME VAITADIES....ccoiiiiiieiie et e e 13

3.5 UNSUPEIVISEA trHALS......uuuiiiiiiiiiiiiiieee et e s 13
3.5. 1 USEI NIOIMENT.....eiiiiiiiiiiiii ittt e e e s e e e e e s et e e e e e e e e e 13
3.5, 2 FHEIA TrAIS. ... 14

3.6 SYSIEIMIN USE.....ciiiiiiiie ettt e e e e e e e et e e e e e e eaaaaaaaaaaeaeaseeesaassaaanananes 15
3.6.1 Supervised boarding during PEBBUIS...........euveiiiieiiiiiiiecieeeceeeeee e 15
3.6.2 Supervised boarding during RPAAK NOUIS.........c.eeviviiiiiiiiiiieeee e, 15
3.6.3 SEmBUPEIVISEMOAITING. ... ...uviiiieiiiiiiiiii e 16

3.7 Posttrial questionnaire and feedback .............ccoooiiiiiii e 16
. RESULT S . oottt ettt e e e e e e e e e et e e bbb e e e e e e e e e eeeee b e s 17
4.1 Pretrial QUESTIONNEAIIE. ....c.ooiiiiiiiie ettt e e e e e e e e e e e e e aaaaaaaaens 17
4.1.1 Problems at DUS STOP.....coo it e e e e e e e e 17
4.1.2 PSYChOlOQICaAl TACTAIS. .....eeiiiieiiiiiiii et e e e e 18
4.1.3 ANXIELY TEVEL ..o 18

4.2 SUPEVISEA DOAITINGS. ... oottt e et e e e e e e e e e e e e e e e e e e e e e e e e e e aa e e e e nnnnennee 19
4.2.1 The Measure of System Effectiveness in Improving Bus Baarding........................ 19

e T U 1T 01T oY T=To I 5 = 1 PR 21
4.3.1 Observations of the users during trialS..................o oo 23



4.4 POSt trial QUESTIONNAULE.......ciiiiiiieeie et e e e e e e r e e e e s s ssnrrneeeeeeaanns 25

4.4.1 SYSIEIM ULIILY. ...t e e e e e e e e e e e e e e anes 25
4.4.2 Device related feedback.............occuviiiiiiiieiiii 26
4.4.3 Training and OrENTALIONL........uuuieiiiiiiee e e eeees 26
4.4.4 ORMEId EXPEIENCES ... ..uiiiiiiie ittt e e e e e e s s e e e e e e e e annnees 27
4.4.5 FULUIE rEQUITEIMENTS ... .uuiiiiiieeiiiiiie it e e e e e st e e e e e e s e e e e e e s e e e e e s e e e e e e e e e s annnees 28
ndp 5NABSNDRA | yR..02y.RdzO.0.2.NDA....NB.ALRY.AS..... 28
5. Closing ceremony (FTAPFl 2015)......cccuiiiieiieiie e eeteeeie et eeeeiee et e e e e e ereeeraesneeeere e 29
B. CONCIUSION. ...ttt e et e e s e e e et e e e snne e 29
7. ACKNOWIEUGMENTS ... ittt e e e e e e e e e e e e bb e e e e e s anbbrneeeeeeaanne 30
Annexure 1: List of bus stops on routes 134 and 121........cccooiiiiiiiiiiieeiiiiiiieeee e 31
Annexure 2: Baseling qQUESTIONNAILE.............ccoiiiiii e e e e e e e e e e e e e e e e e e e e e e e e e e aeans 32
Annexure 3: Posfrial feedback and system assessment questionnaire.............ccccvvvvevveeneeen. 37
Annexure 4: User response sheet for unsupervised boarding............cccccvvvviieevereeeieeieieeeeeenn. 40
Annexure 5: User details of Unsupervised trialS. ... 41
Annexure 6: Consolidated results of the unSUPE® trialS.............eevviiiiiiiiiie 42
ANNEXUIE 7: MEIA FEPOIS.....ccc i e e e e e e e e e e e e e e e e e aaaaaaaaaaaeaaaeaaaaad 45
Annexure 8: Feedback from drivers and coONdUCLOrS.............ccooivvieeiiiiieeniiiie e A8

Annexues 9,10,11 comprise raw data and is bound separately in another volume.


file:///C:/Users/dell/Desktop/BUS%20ID%20docs/mumbai%20report-7July2015.docx%23_Toc424032558

List of kgures

FIQUIE I SYSTEM OPEIALION. .....eeiiitiiiee ittt ittt ettt ettt e et e e et et e sk be e e e sa b et e e sbe e e e s bbe et e s abbeeeeanbeeeeabrneenaes 7
Figure 2 0OnBoard bus module and user module design refinements.............ccceeviiiieinie i 9
Figure 3Installed Speaketum-antenna MOTUIE.............ocuiiiiiiiii i 10
Figure 4installed under seat battery MOTUIE............coiiiiiii e 10
Figure 5 User enrolments according to various parameters, (a) age, (b) gender, (c) Level of Visual

g 0= U1 0= 0 SO 14
Figure 6 Supervised boarding during Peak NOULS..........cccoiiiiiiiiii i 15
Figure 7 Supervised boarding during NGREaAK NOUIS...........cooiiiiiie i 16
Figure 8 SEMISUPEIVBEA DOAIAING,.......uuveiieiii it e e et e e s e e e s rms e e e e e e s te e e e e e e e s e mnnrnaneeaeas 16
Figure 9 Problems facedy users at the bUS StOR..........ccuiiiiiiiiiiii e 17
Figure 10 Situations creating psychological impact on users at thes Stop...........ccccceviiie e 18
Figure 11 (a)First successful query by the user at an approximate distance from the approaching bus, (b)

distancefrom the bus stop where the bus actually StORS...........ceiiiiiiiiiiiii e 19
Figure 12 (a) Successful queries, (b) Number of selections done for eachesséal query.............c.c....... 20
Figure 13 (a) Distinguishing of multiple buses, (b) Successful navigation towards the entry daar......... 21
Figure 146 0 Ly 2dzNA S&a SELISNASYOSR o0& (GKS dzaSNJ Ay 62 NRAy 3

(U] PP P PP PP PP PPPPPPPPPPP 21
Figure 15 The boarding data of the different USers...........oeeveviviiiiiiiiicc e, 23
Figure 16 The average fractional Waiting timMe Per USEI........ccuuiiiiiiiieiiiiiee ettt 23
Figure 17 System utility and its adoptability..............coooiiiiiiiiiii e 25
Figure 18 Device related feedDaCK.............ooiiiiiiii e 26
Figure 19 Feedback regarding device training and Orientation..............coocvereiiiere i 26
Figure 20! & S NIBEIU ERPETIENCE...........cvevieeieieeeeieeeeee ettt ettt ens e es et es et et se s snms s senes 27
Figure 21 Feedback regarding future work and possible modification...............ccccvvvvvivieiviviiiiiiieeeeeeee, 28

Figure 22 Pictures of the closing ceremony arlle demonstration of the system before media personnaD

List of Tables

Table I TrainingactivitiesX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X AK X X X X X X X
Table 2 User enrolment datX X X X X X X X X X X X X X X X X X X X X X X X X X X X XO0OOXXKIK X X X X X X
Table 3 The frequency of the bus 121 & 134 in MINUBEX X X X X X X X X X X X X X X X X X X X X X X X X X X d
Table 4 The cumulative results of the trials completedX X X X X X X X X X X X X X X X X X X X X X X X X X X ]
Table 5 Expected Price rangeX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X BX X X X X X X .



1. Introduction

The need and utility of urban transport system is considered to be the most essential requirement for
the overallinclusionof visually impaired. However, most public transportation systems, especially in
the developing countries, are not accessible and this is often listed as one of the major bottlenecks for
social and economic inclusion of visually impaired. OnBoard, theleosfication and homing system

has been developed to address these needs. A rldipuency based, completely ustrggered
system helps the user first to identify the rout@mber and then enables the user to board the bus
using the auditory cues fromhe entrance of the bus.

The previous trials were on a limited scale in totally supervised conditions in Delhi resulting in
cumulativenumber of 100 boarding by 12 visually impaired userslumbaitrials builds upon the
learnings obtained from the pildtials conducted on Delhi public transit buses. The feedback from
the Delhi bus identification trials were studied thoroughly and the learnings were implemented to
make sure that the modified version of OnBoard would actually help visually impaired nsers i
improving their access to public transport. These improvements were primarily focused on the
following fronts:

a) Design refinements on bus module for better installation and reducomplexity within the
module likely to resulin lower maintenance,

b) Enhancing the user experience by development of user module with better features,

¢) Making the system more robust by a mechanism that conveys systems present status.

A significant amount of time and resources were invested in understanding varfmuts recevedas
feedbackfrom the users, and thus improving the technology for large scale implementation of
OnBoard. We were thus in a position to conduct a much safer and efficient OnBoard trials on the BEST
buses, Mumbai.

These trials resulted in total of 95 bodings in supervised and seraupervised conditions by 56

users and 348 totally unsupervised boardings by 21 usever a span of 3 monthsThe analysis and
FSSRol O1 NBOSAQGSR INB LINBaSyGdSR Ay (KA& anidzReé 6K
of a uservalidated system which enable independent and safe access to public transport in an urban
environment.

2. Systendesign &modifications foiinstallation

The following sections introduce the bus identification system and the various design modifications
from previous version for cofield installation.

2.1 Systendescription

The system comprises of two modules: (i) User Module and (ii) Bus module. Onsetiears a bus
approaching the bus stop, he presses the Query Button on the User Module, transmitting a RF signal
to all buses in the vicinity. Each bus responds to the User Module by transmittingmtsoute
number. All numbers received are sequenyiakad out by the user module. User may proceed to
selectthe desired route number by pressing the Selection Button which triggers a voice output from

a speaker located at the entry of the selected bus. This acts as an auditory cue andlassists to

move towards the entry door of the bus. The system allows for flexibility to customize operation
according to user specific bus usage patterns, saving time and effort. Using an auditory interface, the
user can store the route numbers of commonly boardeds (called a restricted set) in the user
module. This allows the user to concentrate only on relevant bus numbers.



w Auto-Query mode (optional): The device automaticallyscansfor busesat regular intervals and
notifiesthe user.Thiseliminatesthe usef@needto continuouslypressthe querybutton.

w tsd&ldstion mode/Restricted set: In case the user is interested in boaotilygpne particular bus

route, he or she can store its route number in advance and use the selection button to check if the
desired bus is present at the bus stop. This allows the user to skip the query phase and immediately
check for the desired bus.

A number feeding unit was developed to program / change the route number of a particular bus
module (with a unique id) as and ah required This operation can be done remotely within a range
of 30m without the necessity of having a physical wired connection.

| WORKING PRINCIPLE WORKING PRINCIPLE
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Figurel- System operation. From Lefa) User queries for route numbers and User module reads
out the received numbers, (b) User selects bus to trigger an auditory cue from its entry

2.2All trials preparations

Feedback received from the phase Il of the trials conducted on Delhi DIMTS buses was immensely
valuable. Delhi trials were successfully completed by August 2014, and the feedback received both
from the users as well as the bogerating companyvere incorpratedin the next phase of the trials.

Preparations for the Mumbai trials started by September 2014, and the key challenges were to
incorporate all the modifications that our stakeholders wanted, in order to make the system more
robust and user accessible

The bus module installed on Delhi buseare significantly modifieéh terms of system design and
electronics. During our study, we found certain challenges faced both by the user as well as the bus
organization.

a) The connecting pile of wires running leden the speaker and amplifier case was often found
broken and tampered, while the system was in operation.

b) Antenna tampering was also identified as the major issue in most of the systems due to the
antenna projecting out from the speaker module. Alsohiit5 or 6 days of operation, most of
the systens stopped working properly.



c) The complexity in the electronic circuitry made system debugging very difficult, due to a lot of
wiring involved within the system. So, we came up with a modified and a minieduirsion of
the bus module that reallifelped in managing things the bus depot.

In this section, we detail the modifications that reduced the maintenance cost, improved the system
efficiency and made it more robust. The goal of the modifications twasaximize usability with
minimal changes to the permanent infrastructure of buses and bus agency support structure. The bus
module required design modifications and customizations in order to allow installation in varying
buses being used by differentrsé&ce providers. In this phase of trials we ensured no modifications
were required within the bus

The overall design of the bus module is divided into two parts:

(1) Speaker and Antenna module installed on the railings of the bus, and

(i) Underthe-Seat Module comprising of the battery, amplifier and control circuits.

(iii) The long wire antenna connectors enable installation of the antenna at a suitable place (top
of the speaker box) for better communication.

2.3Design efinements

2.3.1 Bus mdule

a) For easy maintenance and timely indication of system failures, a LED grid has been incorporated
to indicate successful charging in progress, sufficient battery power and a healthy functional
system.

b) The environmental noise is observed to be vemyhhin some cities compared to others. Thus,
there was a need to keep the volume of the loudspeakers adjustable. A variable potentiometer
has been provided so that the sound level can be adjusted manually.

c) The previous unit weighed almost 8 kg, therebykimg the deploymenas well as maintenance
difficult. The current speaker module which hangs on the window railings only weighs 2 kg and
the underthe-seat module weighs 3.5 kg. Further, the modules are much more robust since they
are fabricated on a single printed circuit board.

d) Inthe new unitthe charging port has been integrated along with the other circuitry and is shifted
to the exterior of the box. This has eliminated the need of the transformer and the rectifier,
thereby eases the chargingocess

e) A relay has been added to bring down thewer usage when the device is in sleep mode. The
improvement has brought down the charging requirement from 1 day to 7 days.

f) The connecting pile of wires running between the speaker and amplifier unit are made detachable.
So, at the time of system failurthe only need would be to remove the amplifier unit and not the
entire system.

g) The antenna has been inserted within the wooden speaker box, this eliminated the chances of
antenna tampering, since there was no scope of antenna projecting out.

h) In order toimprove the bus module ruggedness against the jerks and vibration while the bus is in
motion, an aluminium box was designed within which the amplifier case unit remains attached.
This aluminium casing gets fitted and tightened with the under seat ratimgsgh clamps.

i) The incorporation of single screw clamps for the wooden speaker box led to a decrease in setup
and installation time as compared to installing with double screw clamps. This also eliminated the
need for two members to be present for insttibn. It also resulted in the rubber sheath of the
clamp to be firmly held in position througbut the duration of the trials.



Figure2- from left, (a) OnBoard bus module ar(@) user module design'refinements.

After incorporating all the design changes, a demo product of the bus module was developed and was
very well tested under real conditions in order to checksiistainability and robustness for a longer
time duration. By January 2014, almost 25 bus modules were manufactured, tested and integrated
with all the necessary electronics.

2.3.2 User module

The user module alsanderwentsome of the noticeable changes in terms of the material that was

used to develop the casing. The previous user module case was developed by the process called
W{StSOGADBS @SN AAYUISNAY3I o0{[{0vQF y2iiscd® aA0fS
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which a dye is prepared initially and on the basis of that, number of module cases can be developed.

This process is not very expensive for mediuaiesproduction and is thus preferred. As a result we

have obtained smoother surface finish and a black glossy appearance. Fimg#ne user module
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monitoring the presence of user module.

2.4 Onfield installation

2.4.1 Overview

The two major routes 121 and 134 were identified for installation of the systRms#tes were selected
keeping a number of considerations in mind. The routes should belong to the bas depot for
logistic reasons. Further, the routes should overlap giving us a possibility of testing under presence of
multiple buses from different route®etails of these routes aigiven in Annexure 1.

On these routes some stops were identified thveere not conducive of conducting the trialEhe

major reasons were ajon-availability of bus shelter which does not allow for easy identification of
bus stop. b) repair/maintenance wortear the location ¢) bus not stopping at the stop as there were
few passengers boarding at that stop,

The first module was installed on the BEST bus thJa@uaryThe onfield installation was divided

into three stages: the design modifications after installing the first module, installation of 15 modules
and completing the installation of 24 modules on the two routes. The systastested in the first

week forcertain factordike robustness, tamperingtcd ! FGSNJ A AyAy3a Sy2dzaK 02\
susceptibilityagainst water ingress, weather etnd itsperformanceon the public buses eroute,

we continuedinstalling remaining systems in phases. During stidib systems were installed from



7"to 15" March.The last phase of installations continued fron1'1& 25" March when all 24 modules
were conpletelyinstalled in the buses.

We noticed that the depot deploys buses on various routes completely dynamically, i.e. in the morning
the route number for a particular bus is decided and sometimes maodified during the day based on
their traffic requirementsetc. During the period of the trials the bus organizatidghe BESTvas
requested to deplopnly thesebusegwith the systens installedpn thespecifiqprogrammedroutes.

Figure3- Installed Speakecumantenna modulefrom left, () Speaker location on the hub) Bus
SYGiNE YR GKS aLSIF]1SNna t20FG6A2y 0SaARS GKS TNRY

Figured-Installed under seat battery modulshowing the electronic and badty casing enclosed in
an Aluminium case fixed under the seat.

2.4.2 Outcomes resulted from step by step installation

Once the device was ready to be installed taking care of all the design refinebzsad on the user
feedback fronthe Delhi trials, we started installing bus modules in certain stages, as discussed above.
Theinstallaton® G KS 0 dza Y 2 Ralzy Banges tR yieQdiinfrasiuigtami MN\iEs section,

we list down the outcomes and learninfyem step by stepnstallation of bus modules.

In stage 1,ifst bus modulewasinstalled on 3 January which helped in understanding various

factors which were very crucial, since the prodias never beetested on the busy roads of Mumbai.

The front face of the bu¥ 2 Rdzf S  @dredl it &ny Kin@l of foam or similaraterial. It was left
SELRA&SR (2 G(KS LIS2L) SQa ¥SSiod ' FTiGSNI2yS 4688132 6K
face where actually the audio and antenna cable runs to the speaker moduledamsaged and
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removed from its location. So, this proved to be a learning curve, in making the system more robust,
and thus we came up with a bus module covkfeom the front with the foamlike material. There

were no as furthemaodificatiors required in he installation of the bus module during stage 2 and
stage 3 of the trials.

3. Actual trial details

The trials were conducted in the period of January to April, 2015 in Mumbai. The usatication

ga R2yS o0& GKS - I @A SNDampaifed XREVD) SSRESS, yhé puBic T2 NJ i K €
transport corporation in Mumbagave us ecess to a large fleet of buses

3.1 Timeline

During thisstage, 100 supervised and sesuipervised boarding were attempted by the user.
Supervised boarding means, each awtry time the user wanted to board a bus, a volunteer was
always available to support hitrer at the bus stop, in order to guide him/her whenever required. In
such cases, the user was informed virebhdvanceabout the arrival of the bus at the stop, whieases

his boarding attempt and in developing confidence for using the system. In Semi supervised boarding
the user was only intimated through a phone call regarding arrival of the bus at a particular stop. There
was no volunteer involved for guiding tliser in system usage or helping them to board his/her bus

of interest. Semi supervised boarding were attempted by only those users, who had already conducted
supervised boarding and had enough experience in boarding a bus with a system installed.

This phase of the Mumbai trials, allowed the user to get familiarized with the system and also
enhanced their boarding experienc@he last phase of the trials commenced fron{' 26arch. This
phase was completely unsupervised. The user was asked to board ampiing on the specified
route, at any time of the day from #8March to 1¢" April. This phase of the trial was very critical in

the sense, it provided the complete overview as to how a visually impaired user could board a bus in
reallife completelyindependently.

3.2 Training

Proper training was given to make the user familiar with the device and also to understand the
different functional modes. The entire training program was divided into six simple activities for easy
learning and understanding bhé user. The activities are listed in the table. Each of the activities is
planned for a stefby-step introduction to the system, understanding the benefits and usage of the
device.

Tablel- Training activities

Activity Title Function
No.
1 Anoverview Familiarizéraineewith the OnBoarddeviceandits
functionality
2 Holdingthe user Learnthe correcttechniquesfor holdingthe usermodule
module
3 Usermodulebuttons Locateandidentify the useof different buttons and switches
4 Usermodulebattery Learnhow to chargethe usermodule
charging
5 Customizednodesof Learndifferent modesof operationlike auto-queryand
operation defaultmode

11



6 Realtime usageof the | Operatingthe modulein a naturalcontrolledenvironment
module

The sessions were mostly interactive providing ample opportunities to the users to clear their doubts

by seeking clarifications from the trainers. The training also inclymladtical sessions where users

were initially guided in use of the device in controlled environments and later moving into open
unfamiliar environments. On 2 NR RS@AO0OS 02YSa gAGK | dzZASNI Y|y
facilitating the user in properly usj the module.

3.3 Understandingurrent bus seeking behaviour

Semistructured questionnairdased interviews enquired about the present dependence on public
buses and interaction with fellow commuters at the bus st@pnnexure 2)it focussed on the
problems which they face and features they would like to be incorporated in an assistive device.
Interviews lasted 30 minutes and centred on extent of use, preferred time of day, need for help from
a sighted guide for bus boarding analygpre-planning required. Furthethey were asked about how
they seek assistance from fellow sighted travellers at the bus stop to help them identify and board
buses. They were asked to recount instances when they are successful in obtaining helpaas well
when they were refused help, misguided, harassed or ridiculed.

The major problems that uséaces at the bus stop are:
Not able to identify bus door
i.  Location othe bus door
ii.  Not able to identifyroute number of thebus when alone
iii.  Bus not stopping at déred location
iv.  Fellow ommuters not reponding orasking awkward questions
v.  Problem in seeking help during night
vi.  In multiple bis scenario not able to identify the correct bus

The interaction also included assessing the impact on social behaviour and pgyciidiactors. The
key points covereavere whether:
i.  User is hesitant in asking for help

i. People are cmperative

iii.  Missed buses frequently/ boarded wrong bus

iv. Reached late to destination

v. Impact ontheir confidence

vi.  Any injurieghat hadoccurredin boarding public buses

3.4 Supervised trials

During the supervised trials the users were accompanied by sighted buddies and they were required

G2 SyadNBE al ¥Sie a ¢Sttt Fa NBO2NR 20aSNBIGAZ2Y
establishing tle functionality of the devicghe conduct of drivers, conductors and fellowtavellers

at the bus stop was observed and the success rate of boarding with the system was recorded. Users
were called for the trials based on their availability and afteingegiven training, were guided to a

bus-stop ofeitherroute number121 and/orroute numberl34. During this phase the bs$ops having

poor infrastructure and which were potentially dangerous owing to constructiom/oek were

identified and excluded. he buddies only played a @wdination role and did not interfere with the

user while operating the system. In case the user had done more than one boarding and was confident

12



enough he was dropped at a bestop enroute and was intimated when the bus wakrting from
the busdepot.

3.4.1 Outcome variables

For onfield observations, we recorded data in the form of functional parameters which are of use to
determine the effectiveness of the system.

a)

b)

d)

e)

f)

9)

h)

The approximate distance when bus is queried succesdfligates the distance between user
and bus when the user module first speaks out the number of the bus. This provides information
of when the user is notified of the incomibgisand his preparedness to board.

Approximate Distance of user from Bus whestops gives the measure of the distance the user
has to navigate between the place where he is standing and the front door of the bus which he
has to board. It is also indicative of the real life conditionmast citiesas the buses do not stop

at the designated place owing to road conditions/traffic.

Number of successfulugries is a measure of the number of times useeds to press query
beforehe presses the select button and bsigeaker reads out the numbers of the buses. A higher
value would indtate that the user wants confirmation of the bus number before locking his
selection, and also indicates that user is not able to press the select button immediately after
successfully querying.

Successful Number of Queries (Failure when "no buses") gigesition of the working of the
guery system and to determine whether the bus numbers of nearby buses are received and
sequentially spoken out by the user module.

Number of Selections Done (Number of times the user needs the audioAfies)dentificaion

and seéction of a desired bus, the loadeakernext to the door of the bugalls out the bus
number. The user has to navigate the distance between him and the bus and can trigger the sound
multiple times.

Did user successfully distinguish multipleses This gives indication whether the user is able to
distinguish multiple buses that are entering the bus stop? The current design of the system where
the speaker of the bus is ustriggered enables the user to move towards his bus of interest.

Has usesuccessfully navigated to the entry of the door? This gives us information of the utility
of the system in helping the user to navigate independently to the entry of the door following the
audio cues.

Did user experience any collisions/injury during lathag? This provides information as to whether

the process of independent boarding leads to safety concerns and collisions witveters.
Successful Boarding (Yes / NojNd&f, Reason for failure to boardis gives the success rate of
boarding aftera series of trials and helps tsunderstand any difficulties the userdsll facing in
accessing the system in real life settings.

3.5 Unsupervised trials

3.5.1 User enrolment

A total of 21 users were enrolled in the trials. To validate the sy$teetionality across a large
section of the population a selection criteria was applied as shown in the table below.
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Table2- User enrolment data

Criterion Variable No. of users
Age Above 30 | 11
Below 30 | 10
Gender Male 13
Female 8
Level of visual impairmen| Blind 16
Low vision |5

Low vision is considered to be the case when user is not able to reduitheumber but can see

bus for a distancef up to 15 feet. The following Figure shows classification based on the three
factors.In this report we have kept the names of the users and have modified the names of users by
keeping the gender specificity. &luser details are given in Annexure 5.

Population distribution

OIIIIIIII

Blind Low visioh Blind Low visioh Blind Low visioh Blind Low visioh

No. of users
N w N

[y

Male Female Male Female

Below 30 Above 30

Figureb- Userenrolmentsaccording tgparameters ofage gender andlevel of Visual Impairment

3.5.2 Field trials

In unsupervised trials the user was issued a sedule for the duration of the trials. Each useas

expectedio complete 200 2 I NFRPA LI Q&R NRSNJ G2 @GFIfARFGS GKS &aeadas
route, the user was required to board the designateasidrom a preidentified busstop. Further he

had to complete 1® 2 I NJok ¥23 bua and 16 2 I NJRok ¥33 6ua. Peak hours are catesied

to be between 4PM and 8PM a®M to 11 AM and nospeak hours are theemaining hourf the

day. The usewas eypected tocomplete 100 2 | NRripgak ondl 16 2 I NRringrip€né hours.

Theywere regularly contacted by XRCVC on the days they were doing the trials. During this perio
following data was recorded cgvery boarding.

a) Boarding stop

b) Bus number

c) Time ofarrival

d) Time of boarding the bus

e) Their perceived anxiety level on a scale of 0to 5
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f) Door of entry (either front or back; if back the reasons)

g) Any information of missed buses; buses whose systems were not working or buses without
system

h) Any device (user made) malfunction

i) Any other comments

Thedata collectiorform is given in Annexure 4.

3.6 System in use

The followingpicture sequenceshow the system in operation during the supervised and semi
supervised trials in Mumbai.

3.6.1 Supervised boardidgring peakhours

Figure6- Supervised boarding during peak hoursm left, (a) User successfully queryiadpus
approaching the bus stggb) User navigag towards the door of the bygc) User reaching the bus
door and completing the boarding

3.6.2 Supervised boarding during foeak hours

g SRR g - R
"'H'f Y L Are ~ A\"’
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(d)

Figure7- Supervised boarding during nqreak hoursfrom top-left, clockwiséa) User sinding at
the busstop, (b) Use successfully querying the bug) After selectingiser navigates towards the
bus, @) User successfully completes boarding.

Figure8- Semisupervised boardingrom left, (a) User standing at the bus stop and querying the
bus (b) Triggering voice output from speaker by pressing the select buitpisuccessfully
completing boarding.

3.7 Postrial questionnaire and feedback

After all the trials were conductedhe users shared their feedback and answered-gtrectured
guestions to assess the impact of the systamsed on theibusboarding behaviouusing the system
(Annexure 3)This session covered the following aspects:

a) Assessment of system utility bgnsidering factors like whether system made them independent,
reduced anxiety level, solved the problem of bus door identification and localization.

b) Device related queriewhether user module was convenient to use and if not, what changes can
be incorporaed.

¢) Feedback onraining am orientation

d) On-field experiencesHow did the busdrivers and conductors respond, reactifrom fellow ce
travellers etc.

e) Possible modifications and future wevkhether user was prepared to purchase the product if
officially unchedand the price they are prepared to pay for the product
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4. RESULTS

4.1 Pretrial questionnaire

The questionnaire analysis and the observation yielded overwhelming evidence that visually impaired
people face major difficulties in accessing busad laeavily rely on sighted assistance, which is often
unreliable. Boarding buses independently impacts their safety as they have to rely on engine sound or
touch the bus body to reach the bus door. During the study, users mentioned that seeking help
sometimes leads to misbehaviour and misguidance and impacts personal interactions. They strongly
felt the need of an assistive device that can solve the problem of bus number identification and bus
door location.Please note that this was a subjective assessroétite biggestoncerns of the users;

and these problems were not directly posed to users for their respdftse consolidated fegback is
presented in Annexure 10

4.1.1Problems at bus stop

The major issues that were highlighted in the interacticelated to problems at the bus stop were:

a) Bus number identificationAll the 56 users mentioned that they had problems in identifying the
bus number.

b) Location of bus doo23 users mentioned that they use their white cane or hands to locate the
entry to the bus. This is a serious safety issue as the user might get hurt by bus body or the cane
might come under wheels.

c) Peopledo not respond: Almost 28% of the users mentioned that they experienced situation
where the person who was asked for help in ideiifybus did not respond.

d) Bus mt stopping at desired locatioThis happens due to the fact that the driver either speeds up
after stopping for a small duration. They stop only if someone flags the bus and the driver notices
this. 25% of users recountederiences of not being able to board the bus even after getting the
information about the route number.

e) Problems anight: During night due to reduced frequency of buses as well asithation at the
bus stops5 users recounted that they experiencerbplems in boarding buses.

Problems at the bus stop

not able to locate the desired busm
unhygenic conditions I
multiple buses problem mmm
people give wrong information/forget to inform I———
problems at night .
drivers do not wait I
people do not co-operate/respond in certain casd
bus not stopping at desired location EE——
when alone cant identify I —S——
location of bus door I
bus number identificatior | —

0 8 16 24 32 40 48 56
Users

Figure9- Problems facetby usersat the bus sop.
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4.1.2Psychological factors
The aspects related to the impact on the psychological and social factors are summarized below:

a)

b)

d)

e)

f)

9)

Hesitant in asking fdnelp: AlImost 33% of users replied that they were hesitant in asking for help
and it also depends on factors like their confidence level and whether they are seeking help from
opposite gender.
Peopléd reponse:28% of users replied that they experiencedramoperative behaviour on
seeking help on several occasions.
Missing a bus88% of the users responded in the affirmative when queried whether they had
missed a bus. The major reasons identified were:
i.  Multiple buses entering at the same time
ii.  Not receivig help from the conductor
iii. People forgot to inform
iv. ~ Commuters engaging in a discussion with them and not giving a direct reply.
v.  Misguidance
vi. Being alone
vii.  Driver speeding away.
Boarding a wrong bu§9% of the users replied that they had boarded the wrongduesto
hurry or after being misguided
Reached late56% of users recounted that they reached late to their destination.
Injury: 16% of users responded that they hatdeast once hathjuryin the process of bus
boarding
Affects overall Confidenced4% @ users replied that problas associated with bus boarding
negatively affects their confidence level.

Psychological impact

had an injury INIINININGE
affects confidence negativelyill NG
reached late to destination INEEIGINGGGGGGGEGEEE
boarded wrong bus I

Factors

missed a bus | S

negative peoples reaction I N
hesitant in asking help I

0 5 10 15 20 25 30 35 40 45 50
No. of users

Figurel0- Situations creating psychologicalpact onusersat the bus stop

4.1.3 Anxiety leveUsers were asked to rate their anxiety level on a scaletofs] with 1 being the
lowest and 5 being the highest. The anxiety level on average was 2.8 at the bus stop and 2.6 while
boarding. Fifteen users mentioned a high anxiety of 4 or 5 at the logsastd nine users mentioned
such high levels of anxiety at the time of boarding.
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4.2 Supervised boardiag

A total of 70 users completed the traininig this phase 56 usersho have completed the training
were taken to the bustop to do the boarding. Faix users th trial was not conducted asuswas

not available on that rout&and the remaining who got trained were just interested in knowing about
the system A total of 95 trials were conducted of which 85 trials were successful. Of these 10
boardind® were completed semindependently.In this study we have recorded, analysed and
presented the observations of 42 boardf@ag

4.2.1 The Measure of System Effectiveness in Improving Bus Boarding

a) Range of operation.

Although the RF communication ranbetween the user and bus module in testing is determined to
be 30m, in real life condition this is considerably reduced owing to metallic barriers etc. hindering the
performance of the antenna. Moreover the user realizes the bus entering the bus stogistbace

less than this threshold value. Hence in most cases the query is not done till Wwhdus is at a
distance of 10 meterdn our study, in a total of 66.7% cases the user was able to query the bus
successfully at a distance greater thamBbters. Practicdly a distance of more than Beters gives
sufficient time for the user to board after taking into account the average duration of bus stopping at
the bus stop

b) Distanceof user from the bus when it stops.

4 0dzaSa R2y Qi ahére ik nedessity bf prévitling sRit@dle indvigafian guidance to
the user. In our study, in a total 87% of times the bus stops at a distance greater theneters. Thé
provesthe requirement for suitable navigation guidance for the user. Even wheditiance is less

than 5meters, navigation guidance was required because the bus generally moves some distance
from the time the user first detects it by the characteristic engine sotihd.bus identification system
enables the user to board the bus in the vicinity of the bus stop irrespective of where the bus stops.

Approximate distance from Approximate distance from
bus when first queried stop, where bus stops
successfully

> 40
20 8 30
) o
c 15 S 20
D 10 O
S N T I
LL 510 10 10 to 15 5to0 10 10 to 15
Dlstance in meters D|stance in meters

Figurell- Showing from left(a) First successfuguery by the useat an approximate idtance from
the approaching bugb)distance from the bus stop where the bus actually stops.

c) Successfulumber of queries.
This information is useful to determine whether the user has been able to query the bus successfully

on the bus entering the stopA higher value indicates thdte user wants to confirm the bus number
or isnot able to immediately press the select button after querying. In 56% of the cases the user
selected the bus after querying successfully once.
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d) Number of selections after lockj the preference of bus.

In order to navigate safely to the bus door the user may need to hear audio cues repeatedly from the
bus as he might be disoriented or the bus may have moved some distance since it was last queried. In
36% of cases selections weedone once or twice, before boarding. In 39% of cases the speaker was
activated 3o 4 times. This shows that the speaker functions as a guidepost and the user can navigate
his way to the bus door by triggering select multiple times. An interesting casavith the partial

visual impairment, where the device was required in order to identify a route number but not for
navigating towards the bus entry.

Successful number of queries Number of selections don
25 5 20
o 20 c 15
s % 10
Q 10 =
- nl e B
L 4 5 Failure lor2 3ord4d 5o0r6
Number of queries No. of selections

Figurel2- Showing from left, (a) Successful queries, (b) Number etsehs done for each
successful query.

e) Didusercoulddistinguish multiple buses?

Normally in a bustop there will be the situation that multiple buses enter the bus stop. In this case

it becomes necessary for the user to distinguish between his desired bus of interest and the others. In
the trials the user could not distinguisthenthree or more buses were preserne reason that was
identified was that cacommuters began helping the user thus disorienting him.

f) Has user reached the door directly?

The position of the speaker at the front window aids the user to approach the do8d.%nof the

cases the user was able to reach the door directly. However some users owing to fact that they were
using an assistive device for the first time reached the door after trailing the busviitiuyand In

one case the user was helped bytcaveler and in one case the user had overshot the position of the
door in his anxiety to reach the door quickly.
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Is user able to distinguish Has user successfully
multiple buses navigated to door

S S

o

= No = No

S | g v

> >

S S

n 0

®) ®)

@) 0 10 20 30 40 O 0 10 20 30 40
Frequency Frequency

Figurel3- Showing from left, (a) Distinguishing of multiple buses, (b) Successful navigation towards
the entry door.

g) Did user experience any injury/collisions?
In 89% of the trials the user had reached the door safely from his starting point without colliding

cotravellers. In fourcaseshowever the user collided with other people. In one caseaugrof VI

users was approaching the door and this led to a collision with a footpath vendor as they were hurrying
towards the bus door. In other case the user collided with passengers who wéraadding from the

front door.

h) Didthe user accessfully baaled independently?
The user independently finishebld boarding in 80% of the trial cas&ome users needed assistance

to approach the door after successfully querying because the bus did not stop for sufficiently long
time. In few cases the user did nmtess the select button after successfully querying. In one case the
bus did not stop at the bus stop.

Collisions/injuries Successfully boarded (Yes / No)
experienced c
g O Need assistance|Jjj
g ves M S o
> [}
3 o I 2 ves
o @)
®) 0 10 20 30 40 0 10 20 30 40
Frequency Frequency

Figurel4- Showing from left, (alnjuries experienced by the user in boarding independently, (b)
Successfd 2  NRAY 3I Q& o6& (KS dza SN

4.3 Unsupervised trials
A total of 21 users patrticipated in the unsupervised trials and a total ob848ling@were completed
in total. Asimplemodelbased on probability of arrival of the bus based on its frequédrasy been

RSOSt 21LSR (2 aaSaa UKS aeadsSvyQa STTSOiA@SySaa

134) frequency and the corresponding time interval between two buses arriving at a bus stop during
peak and norpeak and during weekday/ holidayasbeen estimated as presented in the table. The
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ratio of the users waiting time and the frequency of that bus gives a number calletiattteonal

waiting time® ¢ KA &
that the user has waited more time than the average frequency of the bus at that particular bus stop.
This can also give an estimate of whether the user has boarded the first bus of that particular route
that has come to his bus top after he reaches the sffipis is further collaborated with the data of

the maintenance log of the bus modules that indicate the system health. In a total of 279 cases the
users were able to board the first bus that enters the stop, in 54 cases the second one and in 15 cases
they had to wait for more than 2 buse$he consolidated results are presented in Annexure 6.

A a

dza S F dz

Someindicative opinions recorded by thesers are quoted here
oFelt the sense of independence and enjoyedtingiat the stop for a change

éBecause of devigghe 02 Yy RdzOG 2 NJ O2YSa |

driver also waits
al i

2yS 27

OEven in @ompletely unfamiliar route was able to navigate

AY RSGSN¥YAYyAyY3

KSI R

G2 3Sa

iKS

iKS

againsye

A O

i Kafled dirwhed thieg hekirdthe&aled they stopped. Because the drivers
and conductors knew the system they are being cooperativelwimade the boarding easy.

The most prominent reasons of a user not being able to board the desired bus, for the first time are

identified as:

Bus battery running lowBecause of this the modulgas responding to query but it did not have
enough charge tdrive the speaker to announce the route number
Busmodule being deliberately switched off as the buses were on occasion swapped between

routes. As the module did not have the featume changethe route numberby the driver the

module was switched offy the driver/conductoin order to avoid confusion. However on certain
holidays and days where the bus frequency was low, in order to continue the test;ngsers

were informeda-priori to board the bus after query and select regardless of the route number.

In some cases the user being new to the system did not query the bus; this happened at heavy
traffic busstops andalso where theauser is not able to distinguish multiple buses.

Table3- The frequency of the bus 121 & 134 in minutes.

Bus route Peak/Nonpeak | Timein Time in min
min(weekday) (Weekend/holiday)
121 Peak 15 25
Non-peak 20 30
134 Peak 25 35
Nonpeak 30 40
Table4- The cumulative results of the trials completed.
No. of First Second More than 2 | Average Fractional
boarding® | attempt attempt attempts waiting time
348 279 54 15 0.94
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Boardings per user
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Figurel5- The boardinglata of the different users.

It denotesthe ratio of the

Avg. fractional waiting time  aiting time of user to the

1.60 dynamic bus frequency

Avg. Fractional waiting time

User name

Figurel6- The average fractional waiting time per user.

4.3.1 Observations of the users during trials
a) On the field:
i.  Allusers mentioned that they had used the front door of the bus while boarding.
ii.  Opposite side response: The present design of the system allows the user to detect buses that
are approaching from the opposite side of the road. This happens more frequently at bus stops
which are on narrow roads as the buses plying on the oppositevaitlee within range of
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Vi.

b)

Vi.

30m. Most users, after pressing the select button came to know that the response is coming
from the opposite side by speaker sound. However in cases when the bus goes out of range
and there are buses entering into his/her stop itcbenes confusing for the user.

Many users mentioned that drivers stopped for a longer duration when the speaker was
activated at the bus stop.

On days when the bus frequency was low and in cases whesutieg of buses was done
randomly the selected bus ga a different output from the route it was plying on. This caused
confusion among users.

A couple of users observed that during independent access, vehicles had come in between
them and the bus door. In peak hours there is a problem of heavy rush anditngiddar the

front door.

Some users also wanted information of destination bus stop and reported waiting at the
wrong bus stop for that particular bus route.

Device related:

The device when switched on gives beeps indicating the charging level. Ing@stha device

3 @S GKNBS 0SSLlA 6KSy AGQa oFdGdSNE NBIFOKSR
on-field.

One user also wanted to have a feature to punch in his desired number so that he may receive
only the information relating to that partular route.

Users also wanted the device to have mobile like features including position tracking.

Seven users also mentioned that they experienced late response from the bus. This occurred
due to the battery being low.

In case two modules are queryingthe same time only the module nearest to the bus module

is activated. This discomforted some users.

Some users mentioned that the voice of the speaker is loud and echoes inside the bus. A
possible reason for this could be that the window glass panessdl

Theon-field data along with user observations are presented in Anneu
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4.4 Post trial questionnaire

4.4.1 System utilityThe following table shows the response of 21 users with regards to various
factors related to system utility.

System utility
Does this device reduce your trave_

time?

D S O K O O

independant

B e IO Sy

time of bus boarding

S S e O e O O

Ro
)]
'}
]
% confident

B S e O e

level

Bl

Bus Localization

DO e S0 I PO O

identification

P

was bus boarding easie:|EEEGz_E—

0 3 6 9 12 15 18 21
No. of users

Figurel7- System utility and its adoptability.

The users were asked to rate their anxiety level on a scale of 1 to 5 with 1 being the lowest and 5 the
highest. The anxiety level of the users at the bus stop was 2.25 and @innef bus boarding was
1.75. 16 users replied that the anxiety level was reduced by using the system.

Problems remaining unsolved: One user commented that it is difficult to use both the cane and the
device together. It was also observed that the useeseanot stopping at all locations.
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4.4.2 Device related feedbadkhe following table shows the response of 21 users with regards to
various factors related to the operation of user module.

Device related feedback

Do you think you got enough time to board the bus on«_

identified?

Is the current voice output volume of the bus modul—
acceptable
current voice output volume of the user module acceptab NI
Did antenna of the device cause any problenElllIIIIEINGNG@EGE
Charging port easy to locate I
Were you able to access each button easily when requiEEllIIIIIIEIEGEEEEEEEEEEE

Is the position of buttons easy to locate and operaiEl NG

Parameter

Are you comfortable with the current size of the devidEiIIIIINIGEGEGEGEGEGENGNGEGENEGENENEENEEEENEN
Was the device easy and comfortable to us i

0 3 6 9 12 15 18 21
No. of users

Figurel8- Device related fedback.

Many users have expressed the desire to have a slim miikélenodule. Some users also wanted
the antenna to be inside the module instead of projecting out. One user wanted all the buttons to be
on the front face of the device.

4.4.3 Training andrientation
The following table shows the response of 21 users with regards to various factors related to the
training and orientation.

Training and orientation

Are there any more points that need t(-
be covered in training/orientation?

Did the training cover all the aspects that you need_
for using the device in unsupervised conditions?

Was the training sufficient for
understanding the functionality of
module

Parameter

0 3 6 9 12 15 18 21
No. of users

Figurel9 Feedback regarding device training and orientation.
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One user mentioned that thedining did not cover the situation when response was received from
the opposite side.

4.4.4 OHfield experiences
The following table shows the response of 21 users with regards to various factors related te the on
field trials.

Onield experience

D T o I e o
time of bus boarding

Did you have to seek external help durin
your boardings? -

any device related issues
GKEG YIRS 82d doy o N . <5 oo x
e e O |
co-travelers positive?
e s S S O 0
for you to board after selection?
Was Conduct of drivers and conductors cooperati_

0 3 6 9 12 15 18 21
No. of users

Figure20-! & S NJield expgfrience.

a) Safety:Two users mentioned that due to the chaotic traffic conditions vehicles came in between
them and bus at the time of bus boarding.

b) Device related issueshe bus battery when low affected the system performance. Hence users
got late response from the bus module. Further the user module fell down in some cases, the
antenna broke and it was replaced.

c) Seeking external helfn one case the user had to seekezral help in identifying the location
of correct bus stop for her particular bus number.
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4.4.5 Futurgequirements
The following table shows the response of 21 users with regards to various factors reléted to

projectedfuture modifications.

Future work and possible modifications

ot miommaton for vaur de boaraing N
provide you information for your de-boarding

Will you be comfortable using a

Smartphone app n lace o us-

module?
e v e o en ot e roares
give you the information of the route?
o by e
would you buy it?

0 3 6 9 12 15 18 21
No. of users

Figure21- Feedback regarding future work and possible modification

a) Affordable priceThe response given by users with regards to the price of the module is shown in
the table given below.

Table5- ExpectedPrice range.

SI.LNo | Range(in Rupees) | No. of users
1 <500 8
2 500-1000 8
3 10002000 2
4 >2000 2

b) Design change#lany wsers wanted slimmedlevice and the antenna to be inside the module.

The consolidated postial feedbackfor all the users is presented Annexure 11

n®p S5NADGSNDR& YR O2yRdz0Oi2NDRa NBaLRyasS

A key aspect of our field trials lay in establishing effectiverdination with thestaff of BEST. The
feedback of the drivers and conductors was notdtany of them provided their support for the
system and mentioned that the device could have a much broader scope by being available to a wider
section of the populace like old people aifliterates. They also noted that this device would help
them in discharging the obligation towards visually challenged people. Several of them also
expounded some problems and limitations of the present design. Key among them were:

i.  Speaker getting actived by a person standing on the opposite side of the road, leading to
confusion and unwanted delay in moving from the bus stop
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As the bus route is prwaded if the bus was reuted, the system would output a number that
was different from the route it wa running. This causes confusion among them and the co
commuters.

A chance that the system gets activated at a traffic junction oruber not standing at the
designated stopbut still being able to query and activate the speaker.

The consolidated fedzhck is presented in Annexuge

5. Closing ceremonfl 7" April 2015)

The system received a very good response and a closing ceremony after the trials were completed
was conducted at the BEST head office in Colaba, Muoibdi?" April 2015 The M.D of BEST,
Dr.J.Patil was the chief guest and spoke about BEST providing-ldasted supportfor scalinghe

system to its entire fleet of 4000 busekhe user caprdination group, XRCVC, also appreciated the
fact that system was a user friendbpe requiring less training and significantly empowered users to
access the public buses. Further several users who participated in the trials spoke about the positive
impact such a system could have in the lives of visually challeSgede of the mediaeports from

the closingceremonyare in Annexuré'.

6. Conclusion

This report detailed the learningnd evaluation from the trials conducted in Mumbai. The objective

of our study has been to generate empirical evidence that would facilitate the move dowar
incorporation d such a system in public busekhe large scale field evaluation in supervised, semi
supervised and unsupervised conditions yielded positive results. The users reported a better access to
public transport by not having to rely on other-6b2 Y'Y dzi SNDa KSf LJ F'yR 3JdzZA Rl y O!
was validated in the supervised boarding stage on a numbeammeters which clearly showed how

the system functions an urban environment. The unsupervidemhrdingstage in which the average
fractiond waiting time is 0.94nd also the high fraction of users who boarded the bus in their first
attempt, gives evidence that the system is effective in enabling independent safe access to the buses.
The positive feedback received from users across age, gamgevisual impairment level categories
confirms that the system enables independent access to the visually impaired without compromising
on safety.These trials were completed after establishing a successful collaboration with the public
transport agencyBEST and the user -oodination group XRCVC. The feedback and learning from
environment gave support in our endeavour to implement the system in varying conditions and
environment. Theact that a very high percentage of the triadergroup is willing tgpurchase the
product for actual dayo-day use demonstratethe feasibility of arrying thiswork further.
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Figure22- Pictures of the closing ceremony and the demonstration of the system before media
personnel.

a) GM of BEST, Dr.J.Patil addressing the audiencejsyalyimpaired user sharing her experiences
of using the system, &rof. M. Balakrishnan interacting with the media. d) Visually impaired users
demonstrating the system
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