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EXECUTIVE SUMMARY

Work-zone incidents and fatalities have become an unfortunate part of the transportation landscape as
it has matured over the years. As little new construction is being added, and instead drivers and workers
are forced to share space, the potential for conflicts in work zones is high. Drivers who disregard
warnings and speed through work zones or who are driving distracted are most at fault for incidents.
This project is part of a three-pronged approach to increase driver awareness of work zones and
influence driver behavior accordingly.

The first component was a human factors study, performed by Craig et al. (2017), determining the most
effective way to alert drivers to work zones without disrupting their driving tasks. The second
component, by Liao (2019), sought to determine whether Bluetooth low-energy tags could be deployed
in work zones to provide real-time updates to drivers’ mobile phones through an app. This project, the
third component, established a real-time database of active work zones from the moment the first
advanced warning sign was placed to the time the crews packed up. When completed, this Statewide
Work Zone Information System (SWIS) will be a fully updated database of active work zones at any time;
it will also archive past projects and allow users to pre-plan projects for future dates.

SWIS utilizes traffic control devices (TCDs) already being placed by workers in a work zone; the TCDs are
outfitted with a SWIS asset beacon tracking their location and movement throughout the work zone as
they are laid out. SWIS uses processing algorithms to determine where a work zone is located and to
update its information in real time. In addition, SWIS uses a novel algorithm to determine whether a
work zone is fully set up and flags it for inspection if it is ready. The inspection algorithm checks whether
the work zone is set up in compliance with Manual on Uniform Traffic Control Devices (MUTCD) layout
guidelines or with pre-approved planned project layouts; if it is, no manual inspection is required. If it is
not, the project is flagged for manual inspection.

Users, both those involved with the project and the general public, can access SWIS through an Internet
interface. Users can move around the map to find work zones, search for work zones that are currently
active in SWIS, and also look for past or future planned projects using a chronological view. Users with
more advanced permissions can create or update projects through the SWIS web interface as well.

SWIS can also play a vital role in future connected and automated vehicle (CAV) applications by
providing accurate, up-to-date work zone traffic-control conditions like new road alignments, lane
closures, etc.

More field testing with SWIS needs to be done before the system is ready for use around the state.
When active, the research team hopes SWIS will be a valuable support technology for drivers that helps
reduce incidents in work zones and for right-of-way (ROW) owners to monitor work-zone activity and
compliance without physically having to visit the site. The team also hopes SWIS will become a cloud-
based source of traffic and traveler information.
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Figure 5.7 Zoomed in view on a project

In addition to real time project views, SWIS users can access the chronological view to see historical
project data stored in SWIS. Figure 5.8 depicts the chronological view, titled “Chronoscopic View” in the
GUI option.
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In the chronological view, users can move the blue slider above the projects list to a desired date range.
As the slider is moved, the list of projects active in that time range will appear. Figure 5.9 shows a user
selecting a historic project. Note the beacons are not tracked, as the project is no longer active.
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5.2.3 Scenario three — Creating a Project in SWIS

Users with appropriate permissions can create projects directly in SWIS. Figure 5.10 is the project
creation screen, where users can enter the project name and description, and add traffic control plans
and work zones to the project layout.
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When creating a new TCP, users will select the start and end date of the project, then add beacons to
the project by clicking “Edit TCP”. Users will select whether or not this TCP is the default condition for
the roadway. The default condition toggle indicates that the TCP being created symbolizes the road's
default traffic control. Users will set the schedule for the project, year and month active, days of the
week active, and any days that are to be excluded from the TCP. Users can select “validate schedule” to
see a pop up calendar verifying the days the TCP will be active. Users then create the work zone layout
by selecting TCDs to place on the map. These may be dragged and dropped onto the map, and then
finely adjusted by milepost. When placing the start and end TCDs, users will select “set start TCD” and
“set end TCD” respectively. Once the work zone layout is complete, users select “save project”. Note
that users are responsible for the work zone’s design and compliance with MUTCD standards; SWIS does
not check compliance.
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CHAPTER 6: CONCLUSIONS AND FUTURE WORK

This report describes the design of a real-time, remote system for organizing, monitoring, and inspecting
roadway work zones. The need for such a system arose from the development of wireless, driver-
warning beacons that broadcast safety advice to vehicles approaching a work zone. Such warning
beacons rely on a cloud-based repository, relating their IDs to appropriate warning messages sent to
drivers’ cellphones. The original concept of these Bluetooth beacons required that their location and
registration in the system be carried out by the work zone crew. MnDOT engineers raised the concern
that any such method would meet resistance from work crews, and advised a creating beacons that
could be deployed without any extra work on behalf of the crew. To address this concern and capitalize
on the recent advancements of loT devices and wireless connectivity, the research team designed and
developed completely autonomous beacons that determine their location through GPS technology and
transmit it over regular cellular networks. Knowing the device locations and movement enabled remote
monitoring and inspection possibilities. SWIS started as a simple cloud-based database of work-zone
beacons and evolved into a fully functional work zone operation and control application.

The currently delivered system has all the features described in this report. The most advanced concepts
are its ability to automatically decipher the work-zone boundaries and MUTCD or pre-approved layout,
and conduct automatic inspections for safety and operational compliance. SWIS also serves as a
provider of traveler information on roadway work zones, which is a major piece of information needed
by 511 and other systems, which currently deliver information to users as the systems are manually
updated.

While SWIS was built with considerable attention paid to complying with traffic engineering and traffic
operations practice, it will not be considered a finished product until it is tested in actual practice.
Following system demonstrations provided to MnDOT and other DOTs, the development team will seek
to conduct a large field operational test where several real work zones will be outfitted with SWIS
beacons and have their assets tracked and inspected by the system.

Tests and deployments during system development have helped eliminate hardware and software
issues. However, since only a small number of beacons have been constructed and testing has taken
place in urban areas, a claim cannot be made that all issues have been detected and resolved. The
envisioned field operational test will address potential issues related to GPS accuracy/drift, cellular
network availability, undocumented deployment practices, and accuracy of the state’s road database.
SWIS success will depend on addressing all of these issues in order to retrieve route, mile-point, and
speed information, as well as to gain acceptance from the industry.
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Data Standards

e JSON: The system uses JavaScript Object Notation (JSON) to transmit data.

e WGS84: This geodetic datum is used by the System’s beacons to describe their location and the
client side map to express location

e NADS83: This geodetic datum is used by SWIS’s functions to retrieve route data from MnDOT and
is used by MnDOT Temporary Traffic Control Plans to express work zone setup

e REST: The SWIS server follows a Representational State Transfer (REST) architecture

e |SO 8601: The system expresses date and time in the format described in ISO standard 8601 so
that it is in a readable unambiguous format.

Server Set Up

This is a guide for setting up the SWIS server.
OPERATING SYSTEM

The SWIS server was written to be run on a machine running a Linux Kernel. The server can be run on
kernels derived from Windows and Unix systems, but procedures may vary slightly. The machine should
have a minimum of 2 GB of RAM and 16 GB of hard drive storage space. SWIS’s Server has a GUI, but it is
not used in the instillation and is accessed remotely, meaning the host can be set up heedlessly.

Once the Linux Kernel derived operating system is installed on the server and connected to the internet,
obtain the hostname of the machine. It is required for configuration of the server in the following steps.

INSTALLING CRITICAL PACKAGES

Before downloading the SWIS source code, the newly configured machine will need some packages
installed. From anywhere in a terminal, run the following commands:

sudo apt-get update && sudo apt-get upgrade

sudo apt-get install git python3-pip python3-dev python3-venv libpg-dev postgresql postgresql-
contrib

CLONING THE SWIS REPOSITORY GIT CLONE

Download the SWIS package from github in terminal by navigating to the directory you wish to install
SWIS in and typing the command:

git clone <URL-Of-SWIS-Repository>
CREATING SWIS VIRTUAL ENVIRONMENT; INSTALLING SWIS DEPENDENCIES

Next, set up a python virtual environment so that dependencies using the python package manager (pip)
can be isolated and managed. From terminal, type the command:

A-1



python3 -m venv </path/to/SWIS/virtual/environment>
Once created, the virtual environment will need to be activated. From terminal, type the command:
source </path/to/SWIS/virtual/environment>/bin/activate

Once activated, navigate to the setup directory within the SWIS directory that was cloned in the
previous step. From that directory, type the command:

pip3 install -r requirements.txt

This command will install the rest of the dependencies necessary to run SWIS in the virtual environment,
including Django, djangorestframework, and the psycopg2-binary.

Initializing and Pre-Populating the SWIS Database

Once the dependencies for the server have been set up, the system’s database can be initialized. From
terminal, type the following commands.

sudo su - postgres
psal

These commands start a shell session from which a database for SWIS can be created. Typing the next
command will create SWIS’s database.

CREATE DATABASE swis;

Once the database is created, it will need a user account allowed to connect and interact with it. This is
done by executing the command:

CREATE USER <name_of user> WITH PASSWORD ‘<password>’;

After creating this user, it will need some of its default parameters modified. This is done through the
following commands:

ALTER ROLE <name_of_user> SET client_encoding TO 'utf8';
ALTER ROLE <name_of_user> SET default_transaction_isolation TO 'read committed';
ALTER ROLE <name_of_user> SET timezone TO 'UTC';
Finally, the user will need to have database access rights. This is done by typing:
GRANT ALL PRIVILEGES ON DATABASE swis TO <name_of_user>;

Now that the database has been created, navigate to SWIS’s settings.py file. In the DATABASES section
of the file, change the user and password fields to match the credentials specified in the postgres shell
session. Navigate back to the top of the SWIS directory and type the command:
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python3 manage.py migrate

The database has now been initialized for the SWIS server. To ensure that conflicts do not occur with
previously existing content navigate to the top of the SWIS directory and begin a python shell session.
This is done by running the command:

python3 manage.py shell

Once inside the shell session, type the following python commands:
from django.contrib.contenttypes.models import ContentType
ContentType.objects.all().delete()
quit()

Once cleared we can populate the database with icon and project data. Run the following command
from the setup directory within the SWIS directory:

python3 manage.py loaddata devicedump.json Icons.json ttc.json

Creating an Administrator Account to Access the Server GUI

To create a user who can log into the admin site, run the following command from the top of the SWIS
directory and fill in the prompted information:

python3 manage.py createsuperuser

Starting the SWIS Server

Navigate to SWIS’s settings.py file. In the ALLOWED_HOSTS list, enter the host/domain name of the
server obtained in step 4.2.1. Exit the file and start the server by running the command:

python3 manage.py runserver

SWIS should now be accessible from the domain name specified. To access the client, follow the domain
name with/SWISApp. To access the admin GUI of the server, follow the domain name with /admin.



