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1. Introduction 
The need and utility of urban transport system is considered to be the most essential requirement for 

the overall inclusion of 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, the bus identification and homing system 

has been developed to address these needs. A radio-frequency based, completely user-triggered 

system helps the user first to identify the route number and then enables the user to board the bus 

using the auditory cues from the entrance of the bus. 

The previous trials were on a limited scale in totally supervised conditions in Delhi resulting in 

cumulative number of 100 boardingΩs by 12 visually impaired users. Mumbai trials builds upon the 

learnings obtained from the pilot trials 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 users in 

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 reduced complexity within the 

module likely to result in lower maintenance,  

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

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

A significant amount of time and resources were invested in understanding various inputs received as 

feedback from 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 boardings in supervised and semi-supervised conditions by 56 

users and 348 totally unsupervised boardings by 21 users, over a span of 3 months. The analysis and 

ŦŜŜŘōŀŎƪ ǊŜŎŜƛǾŜŘ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ǿƘƛŎƘ ŜǎǘŀōƭƛǎƘ ƻǳǊ ǎȅǎǘŜƳΩǎ ǎǳŎŎŜǎǎ ƛƴ ƛƳǇƭŜƳŜƴǘŀǘƛon 

of a user-validated system which enable independent and safe access to public transport in an urban 

environment.  

2. System design & modifications for installation  
The following sections introduce the bus identification system and the various design modifications 

from previous version for on-field installation.  

2.1 System description 

The system comprises of two modules: (i) User Module and (ii) Bus module. Once the user hears 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 transmitting its own route 

number. All numbers received are sequentially read out by the user module. User may proceed to 

select the 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 and assists the user 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 boarded buses (called a restricted set) in the user 

module. This allows the user to concentrate only on relevant bus numbers. 
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ω Auto-Query mode (optional): The device automatically scans for buses at regular intervals and 

notifies the user. This eliminates the userΩs need to continuously press the query button. 

ω tǊŜ-selection mode/Restricted set: In case the user is interested in boarding only one 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 when required. This operation can be done remotely within a range 

of 30m without the necessity of having a physical wired connection. 

 

 

Figure 1- System operation. From Left-(a) 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. 

2.2 All trials preparations 
Feedback received from the phase II 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 bus operating company were incorporated in 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 buses were significantly modified in 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 between 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. Also within 5 or 6 days of operation, most of 

the systems stopped working properly.  
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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 miniaturized version of 

the bus module that really helped in managing things at 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 was to maximize 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 different service 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:  

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

(ii) Under-the-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. 

 

2.3 Design refinements 

2.3.1 Bus module 

 
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 very high in 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, thereby, making the deployment as well as maintenance 
difficult. The current speaker module which hangs on the window railings only weighs 2 kg and 
the under-the-seat module weighs 3.5 kg. Further, the modules are much more robust since they 
are fabricated on a single printed circuit board. 

d) In the new unit, the 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 charging process. 

e) A relay has been added to bring down the power 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 failure, the 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 to improve 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 railings through 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 installation. It also resulted in the rubber sheath of the 
clamp to be firmly held in position through-out the duration of the trials. 
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Figure 2- from left, (a) OnBoard bus module and (b) 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 check its sustainability 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 also underwent some 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 

Ψ{ŜƭŜŎǘƛǾŜ ƭŀȅŜǊ ǎƛƴǘŜǊƛƴƎ ό{[{ύΩΣ ƴƻǘ ŦŜŀǎƛōƭŜ ŦƻǊ ƳŜŘƛǳƳ ǎŎŀƭŜ ǇǊƻŘǳŎǘƛƻƴΦ !ƭǎƻΣ ǘƘƛǎ ǇǊƻŎŜǎǎ is costly 

ŀƴŘ ƛǎ ƴƻǘ ƳŜŀƴǘ ŦƻǊ Ƴŀǎǎ ǇǊƻŘǳŎǘƛƻƴΦ bƻǿΣ ǿŜ ƘŀǾŜ ǎǿƛǘŎƘŜŘ ƻƴ ǘƻ ŀ ΨǾŀŎǳǳƳ ŎŀǎǘƛƴƎΩ ǇǊƻŎŜǎǎΣ ƛƴ 

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 medium scale production and is thus preferred. As a result we 

have obtained smoother surface finish and a black glossy appearance. For carrying the user module 

ǿƛǘƘ ŜŀǎŜΣ ŀ ƴŜŎƪ ǎƭƛƴƎ ŦŜŀǘǳǊŜ ǿŀǎ ǇǊƻǾƛŘŜŘΣ ǿƘƛŎƘ ǊŜŘǳŎŜǎ ǘƘŜ ǳǎŜǊΩǎ ǊŜǉǳƛǊŜƳŜƴǘ ƻŦ Ŏƻƴǘƛƴǳƻǳǎƭȅ 

monitoring the presence of user module. 

2.4 On-field installation 

2.4.1 Overview 

The two major routes 121 and 134 were identified for installation of the systems. Routes were selected 

keeping a number of considerations in mind. The routes should belong to the same bus depot for 

logistic reasons. Further, the routes should overlap giving us a possibility of testing under presence of 

multiple buses from different routes. Details of these routes are given in Annexure 1. 

On these routes some stops were identified that were not conducive of conducting the trials. The 

major reasons were a) non-availability of bus shelter which does not allow for easy identification of 

bus stop. b) repair/maintenance work near the location c) bus not stopping at the stop as there were 

few passengers boarding at that stop, 

The first module was installed on the BEST bus in 30th January. The on-field 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 system was tested in the first 

week for certain factors like robustness, tampering etcΦ !ŦǘŜǊ ƎŀƛƴƛƴƎ ŜƴƻǳƎƘ ŎƻƴŦƛŘŜƴŎŜ ƻƴ ǎȅǎǘŜƳΩǎ 

susceptibility against water ingress, weather etc. and its performance on the public buses en-route, 

we continued installing remaining systems in phases. During stage-II, 15 systems were installed from 
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7th to 15th March. The last phase of installations continued from 15th to 25th March when all 24 modules 

were completely installed 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 modified during the day based on 

their traffic requirements etc. During the period of the trials the bus organization, the BEST was 

requested to deploy only these buses (with the systems installed) on the specific programmed routes.     

 

    

Figure 3- Installed Speaker-cum-antenna module, from left, (a) Speaker location on the bus, (b) Bus 
ŜƴǘǊȅ ŀƴŘ ǘƘŜ ǎǇŜŀƪŜǊΩǎ ƭƻŎŀǘƛƻƴ ōŜǎƛŘŜ ǘƘŜ ŦǊƻƴǘ ǎŜŀǘΦ 

      

Figure 4-Installed under seat battery module, showing the electronic and battery 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 refinements based on the user 

feedback from the Delhi trials, we started installing bus modules in certain stages, as discussed above. 

The installation oŦ ǘƘŜ ōǳǎ ƳƻŘǳƭŜ ŘƛŘƴΩǘ ǊŜǉǳƛǊŜ any changes to the bus infrastructure. In this section, 

we list down the outcomes and learnings from step by step installation of bus modules. 

 

In stage 1, first bus module was installed on 30th January, which helped in understanding various 

factors which were very crucial, since the product has never been tested on the busy roads of Mumbai. 

The front face of the bus ƳƻŘǳƭŜ ǿŀǎƴΩǘ Ŏƻvered with any kind of foam or similar material. It was left 

ŜȄǇƻǎŜŘ ǘƻ ǘƘŜ ǇŜƻǇƭŜΩǎ ŦŜŜǘΦ !ŦǘŜǊ ƻƴŜ ǿŜŜƪΣ ǿƘŜƴ ǿŜ ŘƛŀƎƴƻǎŜŘ ǘƘŜ ǎȅǎǘŜƳΩǎ ǇŜǊŦƻǊƳŀƴŎŜΣ ǘƘŜ ŦǊƻƴǘ 

face where actually the audio and antenna cable runs to the speaker module, was damaged 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 covered from the front with the foam like material. There 

were no as further modifications required in the 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 user co-ordination 

ǿŀǎ ŘƻƴŜ ōȅ ǘƘŜ ·ŀǾƛŜǊΩǎ wŜǎƻǳǊŎŜ /ŜƴǘǊŜ ŦƻǊ ǘƘŜ ±ƛǎǳŀƭƭy Impaired (XRCVC), and BEST, the public 

transport corporation in Mumbai gave us access to a large fleet of buses.  

3.1 Timeline 

During this stage, 100 supervised and semi-supervised boarding were attempted by the user. 

Supervised boarding means, each and every time the user wanted to board a bus, a volunteer was 

always available to support him/her at the bus stop, in order to guide him/her whenever required. In 

such cases, the user was informed well in advance about the arrival of the bus at the stop, which eases 

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 the user 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 experience. The last phase of the trials commenced from 26th March. This 

phase was completely unsupervised. The user was asked to board any bus plying on the specified 

route, at any time of the day from 26th March to 10th 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 

real life completely independently. 

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 by the user. The activities are listed in the table. Each of the activities is 

planned for a step-by-step introduction to the system, understanding the benefits and usage of the 

device. 

                                                                  Table 1- Training activities. 

Activity 
No. 

Title Function 

1 An overview Familiarize trainee with the OnBoard device and its 
functionality 

2 Holding the user 
module 

Learn the correct techniques for holding the user module 

3 User module buttons Locate and identify the use of different buttons and switches 

4 User module battery 
charging 

Learn how to charge the user module 

5 Customized modes of 
operation 

Learn different modes of operation like auto-query and 
default mode 
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6 Real time usage of the 
module 

Operating the module in a natural controlled environment 

 

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

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

were initially guided in use of the device in controlled environments and later moving into open 

unfamiliar environments. On-.ƻŀǊŘ ŘŜǾƛŎŜ ŎƻƳŜǎ ǿƛǘƘ ŀ ǳǎŜǊ Ƴŀƴǳŀƭ ŀƴŘ ŀ ǘǊŀƛƴŜǊΩǎ ƘŀƴŘōƻƻƪ 

facilitating the user in properly using the module. 

3.3 Understanding current bus seeking behaviour 

Semi-structured questionnaire-based interviews enquired about the present dependence on public 

buses and interaction with fellow commuters at the bus stop. (Annexure 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 and any pre-planning required. Further, they 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 help as well as 

when they were refused help, misguided, harassed or ridiculed. 

The major problems that user faces at the bus stop are: 

Not able to identify bus door 

i. Location of the bus door 

ii. Not able to identify route number of the bus when alone 

iii. Bus not stopping at desired location 

iv. Fellow commuters not responding or asking awkward questions 

v. Problem in seeking help during night 

vi. In multiple bus scenario not able to identify the correct bus 

 

The interaction also included assessing the impact on social behaviour and psychological factors. The 

key points covered were whether: 

i. User is hesitant in asking for help 

ii. People are co-operative 

iii. Missed buses frequently/ boarded wrong bus 

iv. Reached late to destination 

v. Impact on their confidence 

vi. Any injuries that had occurred in boarding public buses 

 

3.4 Supervised trials 

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

ǘƻ ŜƴǎǳǊŜ ǎŀŦŜǘȅ ŀǎ ǿŜƭƭ ŀǎ ǊŜŎƻǊŘ ƻōǎŜǊǾŀǘƛƻƴǎ ƻƴ ǘƘŜ ǳǎŜǊΩǎ ōƻŀǊŘƛƴƎ ŜȄǇŜǊƛŜƴŎŜΦ !ǇŀǊǘ ŦǊƻƳ 

establishing the functionality of the device, the conduct of drivers, conductors and fellow co-travellers 

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 after being given training, were guided to a 

bus-stop of either route number 121 and/or route number 134. During this phase the bus-stops having 

poor infrastructure and which were potentially dangerous owing to construction/re-work were 

identified and excluded.  The buddies only played a co-ordination 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 
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enough, he was dropped at a bus-stop en-route and was intimated when the bus was starting from 

the bus-depot. 

3.4.1 Outcome variables 

For on-field observations, we recorded data in the form of functional parameters which are of use to 
determine the effectiveness of the system.  
a) The approximate distance when bus is queried successfully indicates 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 incoming bus and his preparedness to board.  

b) Approximate Distance of user from Bus when it stops 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 conditions in most cities as the buses do not stop 
at the designated place owing to road conditions/traffic.  

c) Number of successful queries is a measure of the number of times user needs to press query 
before he presses the select button and bus-speaker reads out the numbers of the buses. A higher 
value would indicate 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. 

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

e) Number of Selections Done (Number of times the user needs the audio cues)-After identification 
and selection of a desired bus, the loudspeaker next to the door of the bus calls out the bus 
number. The user has to navigate the distance between him and the bus and can trigger the sound 
multiple times.  

f) Did user successfully distinguish multiple buses- 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 user-triggered enables the user to move towards his bus of interest. 

g) Has user successfully 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. 

h) Did user experience any collisions/injury during boarding? This provides information as to whether 
the process of independent boarding leads to safety concerns and collisions with co-travellers. 

i) Successful Boarding (Yes / No); If No, Reason for failure to board? This gives the success rate of 

boarding after a series of trials and helps us to understand any difficulties the user is still 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 system functionality across a large 

section of the population a selection criteria was applied as shown in the table below. 
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                                                    Table 2- User enrolment data  

Criterion Variable No. of users 

Age 
Above 30 11 

Below 30 10 

Gender Male 13 

Female 8 

Level of visual impairment Blind 16 

Low vision 5 

 

Low vision is considered to be the case when user is not able to read the bus number but can see 

bus for a distance of 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. The user details are given in Annexure 5. 

   

 

Figure 5- User enrolments according to parameters of age gender and Level of Visual Impairment. 

3.5.2 Field trials 

In unsupervised trials the user was issued a user-module for the duration of the trials. Each user was 

expected to complete 20 ōƻŀǊŘƛƴƎΩǎΦ Lƴ ƻǊŘŜǊ ǘƻ ǾŀƭƛŘŀǘŜ ǘƘŜ ǎȅǎǘŜƳΩǎ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ 

route, the user was required to board the designated bus from a pre-identified bus-stop. Further he 

had to complete 10 ōƻŀǊŘƛƴƎΩǎ on 121 bus and 10 ōƻŀǊŘƛƴƎΩǎ on 134 bus. Peak hours are considered 

to be between 4PM and 8PM and 9AM to 11 AM and non-peak hours are the remaining hours of the 

day. The user was expected to complete 10 ōƻŀǊŘƛƴƎΩǎ in peak and 10 ōƻŀǊŘƛƴƎΩǎ in non-peak hours. 

They were regularly contacted by XRCVC on the days they were doing the trials. During this period 

following data was recorded on every boarding. 

a) Boarding stop 

b) Bus number 

c) Time of arrival 

d) Time of boarding the bus 

e) Their perceived anxiety level on a scale of 0 to 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 module) mal-function 

i) Any other comments 

 

The data collection form is given in Annexure 4. 

3.6 System in use 
The following picture sequences show the system in operation during the supervised and semi-

supervised trials in Mumbai. 

3.6.1 Supervised boarding during peak-hours 

     

Figure 6- Supervised boarding during peak hours, from left, (a) User successfully querying a bus 
approaching the bus stop, (b) User navigating towards the door of the bus, (c) User reaching the bus 
door and completing the boarding. 

 

3.6.2 Supervised boarding during non-peak hours 

     

 (a) (b) 
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Figure 7- Supervised boarding during non-peak hours, from top-left, clockwise(a) User standing at 
the bus stop, (b) User successfully querying the bus, (c) After selecting user navigates towards the 
bus, (d) User successfully completes boarding. 

 

3.6.3 Semi-supervised boarding 

    

Figure 8- Semi-supervised boarding, from left, (a) User standing at the bus stop and querying the 
bus, (b) Triggering voice output from speaker by pressing the select button, (c) Successfully 
completing boarding. 

3.7 Post-trial questionnaire and feedback 

After all the trials were conducted, the users shared their feedback and answered pre-structured 

questions to assess the impact of the system based on their bus-boarding behaviour using the system. 

(Annexure 3). This session covered the following aspects: 

a) Assessment of system utility by considering factors like whether system made them independent, 

reduced anxiety level, solved the problem of bus door identification and localization. 

b) Device related queries-whether user module was convenient to use and if not, what changes can 

be incorporated. 

c) Feedback on training and orientation 

d) On-field experiences- How did the bus-drivers and conductors respond, reaction from fellow co-

travellers etc. 

e) Possible modifications and future work-whether user was prepared to purchase the product if 

officially launched and the price they are prepared to pay for the product. 

 

(c) (d) 
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4.  RESULTS 

4.1 Pre-trial questionnaire 
The questionnaire analysis and the observation yielded overwhelming evidence that visually impaired 

people face major difficulties in accessing buses and heavily 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 assessment of the biggest concerns of the users; 

and these problems were not directly posed to users for their response. The consolidated feedback is 

presented in Annexure 10. 

4.1.1 Problems at bus stop 

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

a) Bus number identification: All the 56 users mentioned that they had problems in identifying the 

bus number.  

b) Location of bus door: 23 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) People do not respond:  Almost 28% of the users mentioned that they experienced situation 

where the person who was asked for help in identifying bus did not respond.  

d) Bus not stopping at desired location: This 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 recounted experiences of not being able to board the bus even after getting the 

information about the route number.  

e) Problems at night: During night due to reduced frequency of buses as well as the situation at the 

bus stops, 5 users recounted that they experienced problems in boarding buses. 

 

 

Figure 9- Problems faced by users at the bus stop. 
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4.1.2 Psychological factors 

The aspects related to the impact on the psychological and social factors are summarized below: 

a) Hesitant in asking for help: Almost 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. 

b) PeopleΩs response: 28% of users replied that they experienced non-cooperative behaviour on 

seeking help on several occasions.  

c) Missing a bus: 88% 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 receiving 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.  

d) Boarding a wrong bus: 89% of the users replied that they had boarded the wrong bus due to 

hurry or after being misguided 

e) Reached late: 56% of users recounted that they reached late to their destination. 

f) Injury: 16% of users responded that they had at least once had injury in the process of bus 

boarding 

g) Affects overall Confidence:  44% of users replied that problems associated with bus boarding 

negatively affects their confidence level. 

 

 
Figure 10- Situations creating psychological impact on users at the bus stop. 

 

4.1.3 Anxiety level: Users were asked to rate their anxiety level on a scale of 1 to 5, 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 bus stop and nine users mentioned 

such high levels of anxiety at the time of boarding. 
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4.2 Supervised boardings 
A total of 70 users completed the training. In this phase 56 users who have completed the training 

were taken to the bus-stop to do the boarding. For six users the trial was not conducted as bus was 

not available on that route 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 

boardingΩs were completed semi-independently. In this study we have recorded, analysed and 

presented the observations of 42 boardingΩs.  

4.2.1 The Measure of System Effectiveness in Improving Bus Boarding 

a) Range of operation.  
Although the RF communication range between 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 stop at a distance 

less than this threshold value. Hence in most cases the query is not done till when the bus is at a 

distance of 10 meters. In our study, in a total of 66.7% cases the user was able to query the bus 

successfully at a distance greater than 5 meters. Practically a distance of more than 5 meters gives 

sufficient time for the user to board after taking into account the average duration of bus stopping at 

the bus stop. 

b)  Distance of user from the bus when it stops.  
!ǎ ōǳǎŜǎ ŘƻƴΩǘ ǎǘƻǇ ŀǘ ŦƛȄŜŘ ƭƻŎŀǘƛƻƴǎ there is a necessity of providing suitable navigation guidance to 

the user. In our study, in a total of 27% of times the bus stops at a distance greater than 5 meters. This 

proves the requirement for suitable navigation guidance for the user. Even when the distance is less 

than 5 meters, navigation guidance was required because the bus generally moves some distance 

from the time the user first detects it by the characteristic engine sound. The bus identification system 

enables the user to board the bus in the vicinity of the bus stop irrespective of where the bus stops. 

 

      

Figure 11- Showing from left, (a) First successful query by the user at an approximate distance from 
the approaching bus, (b) distance from the bus stop where the bus actually stops. 

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

on the bus entering the stop. A higher value indicates that the user wants to confirm the bus number 

or is not 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 locking 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 were done once or twice, before boarding. In 39% of cases the speaker was 

activated 3 to 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 case was with the partial 

visual impairment, where the device was required in order to identify a route number but not for 

navigating towards the bus entry. 

       

Figure 12- Showing from left, (a) Successful queries, (b) Number of selections done for each 
successful query. 

 

e) Did user could distinguish multiple buses? 
Normally in a bus-stop 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 distinguish when three or more buses were present. One reason that was 

identified was that co-commuters 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 door. In 81% of 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 bus body with hand. In 

one case the user was helped by co-traveller 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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Figure 13- 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 with 

co-travellers. In four cases, however the user collided with other people. In one case a group of 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 were de-boarding from the 

front door. 

 

h) Did the user successfully boarded independently? 
The user independently finished the boarding in 80% of the trial cases. Some 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 not press the select button after successfully querying. In one case the 

bus did not stop at the bus stop.   

 

     

Figure 14- Showing from left, (a) Injuries experienced by the user in boarding independently, (b) 
Successful ōƻŀǊŘƛƴƎΩǎ ōȅ ǘƘŜ ǳǎŜǊΦ 

4.3 Unsupervised trials 

A total of 21 users participated in the unsupervised trials and a total of 348 boardingΩs were completed 

in total. A simple model based on probability of arrival of the bus based on its frequency has been 
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134) frequency and the corresponding time interval between two buses arriving at a bus stop during 

peak and non-peak and during weekday/ holidays has been 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 called the fractional 

waiting timeΦ ¢Ƙƛǎ ƛǎ ǳǎŜŦǳƭ ƛƴ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ǎȅǎǘŜƳΩǎ ŜŦŦŜŎǘƛǾŜƴŜǎǎΦ ! ǾŀƭǳŜ ƎǊŜŀǘŜǊ ǘƘŀƴ м ƛƴŘƛŎŀǘŜǎ 

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 stop. This 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 buses. The consolidated results are presented in Annexure 6. 

Some indicative opinions recorded by the users are quoted here: 

άFelt the sense of independence and enjoyed waiting at the stop for a changeέ 

άBecause of device, the ŎƻƴŘǳŎǘƻǊ ŎƻƳŜǎ ŀƘŜŀŘ ǘƻ ƎŜǘ ǘƘŜ ǘƛŎƪŜǘΦ hǘƘŜǊǿƛǎŜ ǘƘŜȅ ŘƻƴΩǘ ŎƻƳŜΦ !ƴŘ 

driver also waitsέ 

ά!ǘ ƻƴŜ ƻŦ ǘƘŜ ōǳǎ ǎǘƻǇǎΣ ōǳǎ started, but when they heard the voice they stopped. Because the drivers 

and conductors knew the system they are being cooperative which made the boarding easy.έ 

άEven in a completely unfamiliar route was able to navigateέ 

 

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

identified as: 

i. Bus battery running low- Because of this the module was responding to query but it did not have 

enough charge to drive the speaker to announce the route number. 

ii. Bus module being deliberately switched off as the buses were on occasion swapped between 

routes. As the module did not have the feature to change the route number by the driver, the 

module was switched off by the driver/conductor in order to avoid confusion. However on certain 

holidays and days where the bus frequency was low, in order to continue the testing, the users 

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

iii. In some cases the user being new to the system did not query the bus; this happened at heavy 

traffic bus-stops and also where the user is not able to distinguish multiple buses. 

 

                                  Table 3- The frequency of the bus 121 & 134 in minutes. 

Bus route Peak/Non-peak Time in 
min(weekday) 

Time in min 
(Weekend/holiday) 

121 Peak 15 25 

Non-peak 20 30 

134 Peak 25 35 

Non-peak 30 40 

 

Table 4- The cumulative results of the trials completed. 

No. of 
boardingΩs 

First 
attempt 

Second 
attempt 

More than 2 
attempts 

Average Fractional 
waiting time 

348 279 54 15 0.94 
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Figure 15- The boarding data of the different users. 

 

Figure 16- The average fractional waiting time per user. 

4.3.1 Observations of the users during trials 

a) On the field: 

i. All users 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 opposite side will be within range of 
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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 it becomes confusing for the user. 

iii. Many users mentioned that drivers stopped for a longer duration when the speaker was 

activated at the bus stop. 

iv. On days when the bus frequency was low and in cases when re-routing of buses was done 

randomly the selected bus gave a different output from the route it was plying on. This caused 

confusion among users. 

v. 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 and huddling near the 

front door. 

vi. Some users also wanted information of destination bus stop and reported waiting at the 

wrong bus stop for that particular bus route. 

 

b) Device related: 

i. The device when switched on gives beeps indicating the charging level. In two cases the device 

ƎŀǾŜ ǘƘǊŜŜ ōŜŜǇǎ ǿƘŜƴ ƛǘΩǎ ōŀǘǘŜǊȅ ǊŜŀŎƘŜŘ ŎǊƛǘƛŎŀƭ ƭŜǾŜƭ ƻƴ ŦƛŜƭŘΤ ǘƘǳǎ ƛǘ ƘŀŘ ǘƻ ōŜ ǊŜǇƭŀŎŜŘ 

on-field. 

ii. 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 particular route. 

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

iv. Seven users also mentioned that they experienced late response from the bus. This occurred 

due to the battery being low. 

v. In case two modules are querying at the same time only the module nearest to the bus module 

is activated. This discomforted some users. 

vi. 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 pane is closed.  

 

The on-field data along with user observations are presented in Annexure 9. 
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4.4 Post trial questionnaire 

4.4.1 System utility: The following table shows the response of 21 users with regards to various 

factors related to system utility.  

 

Figure 17- 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 at the time of 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 users were not stopping at all locations.  
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4.4.2 Device related feedback: The following table shows the response of 21 users with regards to 

various factors related to the operation of user module. 

 

Figure 18- Device related feedback. 

Many users have expressed the desire to have a slim mobile-like module. 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 and orientation 

The following table shows the response of 21 users with regards to various factors related to the 

training and orientation. 

Figure 19- Feedback regarding device training and orientation.  
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One user mentioned that the training did not cover the situation when response was received from 

the opposite side. 

4.4.4 On-field experiences 

 The following table shows the response of 21 users with regards to various factors related to the on-

field trials.  

 

Figure 20- ¦ǎŜǊΩǎ hƴ-field experience. 

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 issues: The 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 help: In one case the user had to seek external help in identifying the location 

of correct bus stop for her particular bus number.  
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4.4.5 Future requirements 

The following table shows the response of 21 users with regards to various factors related to the 

projected future modifications.  

 

Figure 21- Feedback regarding future work and possible modification. 
 

a) Affordable price: The response given by users with regards to the price of the module is shown in 

the table given below. 

                                                                   Table 5- Expected Price range. 

Sl.No Range(in Rupees) No. of users 

1 <500 8 

2 500-1000 8 

3 1000-2000 2 

4 >2000 2 

 

b) Design changes: Many users wanted slimmer device and the antenna to be inside the module. 

 

The consolidated post-trial feedback for all the users is presented in Annexure 11. 

пΦр 5ǊƛǾŜǊΩǎ ŀƴŘ ŎƻƴŘǳŎǘƻǊΩǎ ǊŜǎǇƻƴǎŜ 

A key aspect of our field trials lay in establishing effective co-ordination with the staff of BEST. The 

feedback of the drivers and conductors was noted. Many 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 and illiterates. 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 activated 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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ii. As the bus route is pre-loaded if the bus was re-routed, the system would output a number that 

was different from the route it was running. This causes confusion among them and the co-

commuters. 

iii. A chance that the system gets activated at a traffic junction or the user not standing at the 

designated stops but still being able to query and activate the speaker.  

 

The consolidated feedback is presented in Annexure 8. 

 

5. Closing ceremony (17th 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, Mumbai on 17th April 2015. The M.D of BEST, 

Dr.J.Patil was the chief guest and spoke about BEST providing whole-hearted support for scaling the 

system to its entire fleet of 4000 buses. The user co-ordination group, XRCVC, also appreciated the 

fact that system was a user friendly one 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 challenged. Some of the media reports from 

the closing ceremony are in Annexure 7. 

6. Conclusion  
This report detailed the learning and evaluation from the trials conducted in Mumbai. The objective 

of our study has been to generate empirical evidence that would facilitate the move toward 

incorporation of such a system in public buses. The 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 co-ŎƻƳƳǳǘŜǊΩǎ ƘŜƭǇ ŀƴŘ ƎǳƛŘŀƴŎŜΦ CǳǊǘƘŜǊ ǘƘŜ ǎȅǎǘŜƳ 

was validated in the supervised boarding stage on a number of parameters which clearly showed how 

the system functions in an urban environment. The unsupervised boarding stage in which the average 

fractional waiting time is 0.94 and 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, gender and visual 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 agency BEST and the user co-ordination group XRCVC. The feedback and learning from 

environment gave support in our endeavour to implement the system in varying conditions and 

environment. The fact that a very high percentage of the trial user group is willing to purchase the 

product for actual day-to-day use demonstrates the feasibility of carrying this work further. 
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                                        (a)                                                                                 (b)   

       

                                          (c)                                                                                    (d) 

Figure 22- Pictures of the closing ceremony and the demonstration of the system before media 
personnel. 

a) GM of BEST, Dr.J.Patil addressing the audience, b) a visually impaired user sharing her experiences 

of using the system, c) Prof. M. Balakrishnan interacting with the media.  d) Visually impaired users 

demonstrating the system  

 

 






































