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ABSTRACT

Looking out for each other’s safety is always a nice thing to do.
Crowdsourcing enables us to do just that as we've developed a
system called Safe Street Rangers that allows the user or
ranger to monitor and report via a mobile app the level of
safety concern of any street segment regarding seven aspects
including traffic signs, road obstacles, brightness, road
condition, animals, solitariness, and traffic accidents, in
relation to a transport mode (i.e.,, driving or walking). The
system consists of three main components; mobile app, web
app, and data server. Each submitted report will be verified
and approved by an admin user via our web app. The data
server handles all data storage and processing. It checks for
overlapping of reported street segments with the existing
ones and updates the safety rating values of street waypoints
accordingly. The system has been tested with the real users
from which its usefulness is highly perceived.
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1 Introduction

Street safety is an issue that concerns us all. The number of
accidents and deaths on the world’s streets are unacceptably
high. It has been estimated that 1.35 million people will be
dying every year [1]. Particularly, in a low-income country,
there has not been any reduction in the number of street
traffic deaths and accidents. The rates of road traffic death are
highest in Africa (26.6/100,000 people) and South-East Asia
(20.7/100,00 people) [2]. More than half of all road traffic
accidents are among vulnerable street users i.e., pedestrians,
cyclists, and motorcyclists.

As reported in 2018 [2], 22 countries accounting for 1 billion
people have amended their laws on one or more risk factors
to them into alignment with best practice. In addition to these
supportive law amendments that can potentially lower the
street accidents and deaths, we as computer scientists
believed that the information and
technologies (ICTs) can also be utilized to further mitigate the
issue.

communication

There are a number of useful ICT applications that attempt to
address the street safety. For instance, an online community
called Hollaback [3] uses the digital storytelling method for
social movement to draw awareness to street harassment,
which is a one of the street safety concerns. Street harassment
includes verbal harassment to groping, stalking, leering,
flashing, and sexual assault. A mobile application called bSafe
[4] allows the user to receive SOS alarm when their loved ones
are in trouble, and ask friend to follow them on the map (real-
time) when the wuser feels insecure. Another mobile
application called WalkSafe [5] aids people that walk and talk,
improving the safety of pedestrian mobile phone users. It uses
the camera and accelerometer sensors and data classification



UbiComp’19 / /ISWC’19, September, 2019, London, UK

techniques to alert mobile phone users of unsafe cars
approaching them.

In this work, we took a different approach to provide a
different service that extend beyond the state of the art in
addressing the street safety issue. We developed a prototype
system called Safe Street Rangers that allows the user to
report and monitor the level of street safety. It enables the
local residents to report of the street safety issues in their area
such as street damages, road obstacles, broken traffic signs,
risky turns, unattended dogs, dark street, and so on, which
will become a helpful source of information for other street
users e.g., visitors, unfamiliar pedestrians, or anyone who
wants to be aware of the street safety condition. The system is
based on crowdsourced data that comes from the users and is
for the users.

2 System Overview

Crowdsourcing has attracted considerable attentions with
various approaches developed to utilize these enormous
crowdsourced data from different perspectives. The crowd-
contributed data have become a powerful information source
that covers almost every aspect of our lives, including traffic
conditions, environmental conditions, health, public events,
and many others. Researchers have turned to crowdsourcing
to seek the wisdom of the crowd to solve machine-hard
operations, e.g., POI labeling [6], image search [7], and
software development [8]. Along the same line, here we wish
to utilize the crowd-contributed data that reflects on the level
of street safety.

Our Safe Street Rangers (SSR) system consists of three main
components; server, mobile application, and web application,
as shown in Fig. 1. The SSR system accommodates two main
types of users; admin and ranger. Ranger is a mobile app user
who can observe and report the level of street safety. There
are seven aspects of street safety that the ranger can report
and observe through the mobile app, including safety
concerning traffic signs, road obstacles, brightness, road
condition, animals, solitariness, and traffic accidents. Admin
user manages the reports submitted by the rangers by
checking and verifying them. As data is flowing between the
mobile and web apps, so there is an online server handling the
data i.e., storing and processing the data streams.

2.1 Mobile Application

The mobile app allows the user or a safe street ranger to
monitor and report the level or rating concerning street safety
in relation to each of the seven different aspects. The mobile
app was developed using lonic framework?, which is an open-
source SDK (software development kit) for hybrid mobile app

1 https://ionicframework.com
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development created by Max Lynch, Ben Sperry, and Adam
Bradley of Drifty Co. in 2013. It was chosen because of its
cross-platform capability. The SSR app icon is shown in Fig. 2.

Web application Mobile application

Admin manages the - ~—Ranger submits a report €——
reports
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Figure 1: System overview of Safe Street Rangers that
consists of three main components; server, mobile
application, and web application
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Figure 2: Mobile app icon

The level or rating of street safety ranges from 0 to 10.
Depending on the reported rating, a color is used to represent
the safety level; yellow if the rating is from 0 - 3, green if the
rating is from 4 - 7, and red if the rating is from 8 - 10, where
0 implies the safest level and 10 means the least safe level.

The app is using the Google Maps API2 for displaying a map
and all other related geo-polylines and markers. Google Maps
polyline is used to highlight a street segment in color
corresponding to the reported rating and Google Maps marker
is used to identify the beginning and ending locations of street
segment on which the rating is given.

When the user makes a report, which is a data including the
street segment and rating value, it is sent to the online server

2 https://developers.google.com/maps/documentation
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to process and store the data. The admin user will then check
and verify the report. Once the report is approved by the
admin, the newly reported rating is then be added into the
database and ready to be viewed via the mobile app.

2.1.1 Monitoring. The user can monitor the street safety level
according to each of the seven safety aspects. As shown in Fig.
3, the user can choose the aspect that the user wants to
monitor with respect to the street safety concerning driving or
walking. We believed that each of these aspects is different
from the perspectives of car driver and pedestrian walking on
a street. So, we created two different perspectives for the user
to monitor street safety in the perspective that is most
relevant to them.
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Figure 3: The user first chooses a transport mode (driving
or walking) and then selects to monitor the safety level
concerning one of the seven aspects i.e., traffic signs, road
obstacles, brightness, road condition, animals,
solitariness, and traffic accidents

The app will display the result on a map centered around the
area where the user is located. Once the user has selected the
transport mode and a safety aspect, then the app displays
result on the map, as illustrated in Fig. 4. Of course, the user
may want to see the result concerning a different transport
mode as well as from a different aspect of street safety, the
user can just simply click on the icon (car or person) in the
bottom left of the screen then the list of aspects will prompt
the user to select similarly to the snapshot shown in Fig. 3.
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By monitoring or observing the street safety level, the user
may use this insight to plan out their trip accordingly. They
can even use this insight to give a warning to others. The user
can also be a local official who manages and is in charge of
monitoring the area to which the reported ratings can benefit
their work and local residents as a whole as well.
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Figure 4: A snapshot of displayed street safety levels
across different street segments

2.1.2 Reporting. When the user or a safe street ranger in this case
wants to give a ratting to a street segment, the user can just use
the same SSR app and come back to the monitoring module as
shown in Fig. 4, and click on the plus icon on the upper right
corner of the screen. The app will prompt the user with a map to
select the street segment for which the ranger wishes to provide
the rating. The user tabs on the map to identify the starting and
ending points on the street to determine the street segment, as
shown in Fig. 5.

In the case where the user mistakenly identifying either the
starting or ending points on the street, the user can adjust
their selection by simply click on the point left-arrow on the
left-hand side of the screen to go back and re-do their street
segment selection. The user can repeat this step as many
times as needed until a satisfied street segment is selected.

Once a reporting street segment has been selected, the user
will be prompted with a slide bar for giving a rating (from 0 -
10) to each of the seven aspects, as shown in Fig. 6. When the
rating values are supplied and submitted, the user will see a
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confirmation message that the report has been submitted and
pending on the admin’s approval, as shown in Fig. 7.
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Figure 5: User selects the starting and ending points on
the street to determine the street segment for which the
safety rating is reported
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Figure 6: User chooses the rating for the reported street
segment concerning each of the seven safety aspects
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Report Submitted

pending on admin approval.

SUBMIT

Figure 7: A confirmation message informing the user that
the report has been submitted and pending on the
admin’s approval

2.2 Web Application

After a report has been submitted via the mobile app, it will
arrive at the server ready to be read by the admin. So, a web
app was thus needed to be developed to serve for this purpose.
Therefore, the web app is mainly used by the admin to
monitor and manage the reports. The web app was developed
with the Laravel PHP frameworks3.

When the admin logs into the web app, the admin will see a
list of submitted reports both approved and pending. For
example, Fig. 8 shows a snapshot of the admin’s view of two
pending reports with timestamp. Admin can click on option
buttons on the right-hand side to accept, decline, or view the
detail of each pending report.

When the admin clicks to view the detail of the report, the
web app will show a map on which there is a reported street
segment highlighted with a color corresponding to the safety
level, as shown in Fig. 9. At this point, the admin needs to
consider the report whether to approve it. There might be
cases of spamming, exaggerated, or incorrect reports. The
admin must be carefully digesting the report possibly by
comparing it with other relevant reports or use his/her own
local insights. Part of our future work will explore a system
design for a more sophisticated report filtering mechanism.

3 https://laravel.com
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Figure 8: Admin’s view of pending reports on the web app
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Figure 9: Admin’s view of a reported street segment
highlighted with color corresponding to the safety level
on the web app

2.3 Data Server

Our data server is responsible for storing and processing the
data including report ID, user ID, geolocation of the reported
street segment (i.e., starting and ending locations), and rating
value for each of the seven aspects. The server was built with
the Laravel framework, which is capable of communicating
with our mobile and web apps via our own developed APIL. A
MySQL database was used for storage and data queries.

Some calculations are performed in the server. When a pair of
geolocations determining the starting and ending points of
street segment is submitted from the mobile app along with

UbiComp’19 / ISWC’, September, 2019, London, UK

its corresponding ratting values, waypoints are queried and
obtained through the Google Maps API and reported rating
value is assigned to each waypoint. One street segment must
have at least two waypoints (i.e., one for each end). A more
curving street has more waypoints, each waypoint for each
turning point on the street. An example of waypoints is shown
in Fig. 10.

Map  Ssatellite

Buffilopak

Figure 10: An example of waypoints obtained from using
the Google Maps API

When reported street segment or some part of the street
segment overlaps with the previously reported ones in the
database, the ratings assigned to the overlapped waypoints
are then re-calculated to the average rating of all current
overlapped waypoints and stored back to the database.

There was one issue that we encountered while updating the
rating values of the stored waypoints. There is possibility that
a newly reported street segment overlaps with the existing
one(s) but the starting or ending points does not match with
any existing waypoints. As the user can pinpoint any
geolocation on the map to be the starting or ending street
segment, so this leads to the issue. To solve this, we basically
assign the newly reported mismatched point to the nearest
waypoint by using the Google Distance Matrix API for distance
measurement. We chose to assign the rating value to the
nearest waypoint instead of creating a new waypoint because
the possibility of having the exact same location to this
mismatched point in the future is relatively low, so assigning
the value to the nearest waypoint helps average up the
existing reported rating at the location.

Another issue is concerning checking for the overlapped
waypoints. When a new reported waypoints arrive, the server
then checks if the there are any overlaps with the waypoints
stored in the database. Waypoint data is stored in the
database as a linked list for this purpose of checking for
overlapping. Each new waypoint is checked against the
existing ones for a match. If no match found, then a geo-
distance is measured between the new waypoint and each of
the existing ones to find two nearest waypoints in the
database and their corresponding distances, denoted as dI
and d2. A distance between these two nearest waypoints is
also measured, denoted as d3. The system checks if d3 > d1 +
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d2, then the new waypoint is said to be overlapping with the
existing waypoints. As the waypoint data is stored in the
database as a linked list, we can now insert the new
overlapped waypoint between the two nearest waypoints
accordingly. Then, the rating value is updated to an average
between the newly reported rating and the adjacent waypoint
located one position above in the linked list.

3 Demo

For the demonstration purposes, a video clip showing how the
developed Safe Street Rangers system works is available at:
https://youtu.be/NcEqagHz-IM. The mobile app is available
on the Google Play at
https://play.google.com/store/apps/details?id=cmu.isne.ssr

4 User Experience Study

To evaluate the developed SSR system, we put it into the test
by the real users by conducting a user experience study. Each
user was asked to try out our SSR app and then asked to
answer a questionnaire (shown in Fig. 11). Each user
downloaded and installed the app on their smartphone. The
survey questionnaire was designed base the Theory of Four
Elements of User Experience [14], which askes to the user to
rate their level of agreement with four different statements
concerning the user experience with the system that include:

1. Itisuseful.

2. Itiseasy to use.

3. Itis easy to start using.

4. Itis fun and engaging.

o4 ‘ . v
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Figure 11: User experience study questionnaire
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There arl7 participants in total that include 10 males and 7
females. Each participant was asked to give a rating of
agreement level to the four statement where the rating score
is a 5-likert scale where 1 means the lowest level of agreement
and 5 means the highest level of agreement.

Overall, the users gave the highest rating for the system being
useful at (4.53), followed by being easy to start using (4.12),
then being easy to use (3.53), and lastly being fun and
engaging (3.41). The overall result is shown in Fig. 12. This
suggests that the users appreciate the usefulness aspects of
the system, however there is still a need for improvement
particularly in the aspects of being easy to use and being fun
and engaging. One of the comments from the users was “It’s
slightly difficult to know how to proceed with the app without
any instructions. Although it’s not super hard to use but at least
some kick-off instruction would help.”. As suggested, a brief
user instruction could clearly be an additional part of the app
in our future app design and development.

5.00

4.53 412

4.00 3.53 3.41
3.00

2.00

1.00

0.00

Itisuseful Itiseasyto Itiseasyto Itisfunand
use startusing  engaging

Figure 12: Overall result of the user experience study

When separate the users by gender, Fig. 13 shows the male
users gave ratting similar to the overall trend, however female
users highly rated the usefulness followed the easiness to
start using aspects, then gave a higher rating to the aspect of
being fun and engaging (3.71) than lastly being easy to use
(3.14). It suggests that female users may struggle with using
the app. It is also reflected in one of the comments from a
female users saying that “It looks interesting but it’s difficult to
use. If you (our researchers) don’t explain to me, I wouldn’t
know how to use it”. Another comment from a female user was
“This is a good idea app. Since I'm not originally from here, |
often have problem judging if this road or that road is better to
ride my bike. I will definitely use it. I think the graphics and the
way it displays can be better. Can I share the result (street
safety result) on my social media?’. This suggests that we
should consider improving the app appearance artistically as
well as interesting features like social interaction or social
media connectivity.
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Figure 13: Result of user experience study when grouped
by gender

When separate the users by age, there were two users who
were younger than 20, 11 users who were 20-29 years old,
one user who was 30-39 years old, and three users who were
40-49 years old. The result in Fig. 14 shows that the
youngsters (<20 years old) highly rated the system in all
aspects except for the aspect of being easy to use. This aspect
of being easy to use has really been shown as an issue,
particularly in the age group of 30-39 years old the users gave
the rating as long as 2.0. Users in the 20-29 age group didn’t
seem to have issue with it but the aspect of being fun and
engaging. One of the comments from this 20-29 age group was
that “I like the app. I can see myself using it in the future. But it
needs to improve on its excitement that would make people
stick with it and use it over and over again. One of the things
that I can think of is social media stuff could probably boost up
the its usability”. Similar to what has been suggested earlier
that an addition of some exciting features like social
interaction features could be helpful for the app’s usability.
Surprisingly, the aspects of being easy to use and being fun
and engaging seemingly are the issues for the 30-39 age group
than the older age group, 40-49 years old.
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4
3
2
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It is easy to start using M It is fun and engaging

Figure 14: Result of user experience study when grouped
by age
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5 Conclusion

Various approaches have been developed to utilize the
crowdsourced data from different perspectives. In this work,
we developed a system that makes use of the crowd-
contributed data to address the pressing issue of street safety.
The developed system is called Safe Street Rangers. The
rangers are the system’s mobile app users who act as the
street keepers. A ranger can monitor and report the level of
safety on any street segment based on their experiences and
perceptions regarding seven different safety concerns
including traffic signs, road obstacles, brightness, road
condition, animals, solitariness, and traffic accidents, in
relation to a transport mode i.e., driving or walking. Once the
report has been submitted, there is a web app via which an
admin user logs in and verifies it. Report verification and
approval are needed to ensure valid reports which will be
displayed on the app for all other users to view. The system
updates the rating values given to street segments shown on a
map all the time whenever a new report has been submitted.
The system checks for overlapped street segments and
updates the rating values accordingly. To preliminary evaluate
the system, a user experience study was conducted with the
real-world users. The results suggest that the system’s
usefulness is highly recognized. However, there are still other
aspects to be improved. Comments and suggestions from the
users are constructive and advising us to consider an addition
of user manuals and interesting social interaction features for
our future development.

There are however some limitations and lessons learned from
our prototype development. Due to the nature crowdsourced
data that needs ‘crowd’ to gather massive data, there must be
a mechanism for attracting users to use the app over and over
again. A suggested social interaction feature could potentially
achieve it. Another limitation is the shortcomings of the linked
list approach for storing data is that although it enables a
simple method for checking and organizing waypoint data
overlapping, it can potentially give a different result if the
direction of the street segment is opposite (i.e., positions of
the starting and ending points are reversed). An alternative
approach will be explored in our future development.

Nonetheless, we believe the Safe Street Rangers system overall
is useful as another way to tackle the local street safety issue
that concerns us all. We believe that it is our own
responsibility to watch out for each other.
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