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1 Introduction

1.1 Background

In 2008, a Maricopa Association of Governments (MAG) on-call consultant project
investigated the feasibility of generating a web-accessible congestion map for the arterial
street network surrounding the University of Phoenix Stadium and Jobbing.com Arena in
Glendale, Arizona. In this study, five signalized intersections around the stadium were
investigated, including the geometry, timing, detectors, communications, and available
detection data. Algorithms that would use traffic signal detector data, occupancy, and
volume were proposed for identifying the arterial street congestion level. Initial tests of
the algorithm showed positive results. A software module that would extract data from
the City of Glendale’s i2 Traffic Management System to estimate the congestion level
was proposed. The feasibility study identified necessary modifications to the i2 system
to facilitate this development. Options for using color coded maps to display the
congestion level over the internet were also developed.

The feasibility study demonstrated that the arterial congestion information could be
provided to the public using traffic data extracted from existing sensors and the traffic
management software environment. However, a software development effort will be
required to implement the proposed algorithms, further testing, and eventual
deployment. The implementation phase of the project will build upon the results of the
feasibility project and develop the software needed to implement the proposed Arterial
Congestion Map in Glendale.

The implementation phase of the project has three tasks. Task 1, the subject of this
document, is to identify the system architecture and functional requirements. Task 2 will
provide a system design and deployment plan. Finally, Task 3 will involve development
of the system.

1.2 Scope

The scope of this task is to identify the congestion map system architecture to be used
on this project along with the functional requirements.

As part of the initial work, user needs and the outline of an approach were described
along with details of analysis and resulting algorithms needed to turn the system data
into data that will address the user needs.

In this document, the approach called out in the feasibility study will be fleshed out in the
form of a system architecture. Based on this architecture and the algorithms and user
needs defined in the feasibility study, functional requirements will be identified.
Hardware, software, and communications links that are required to support the functional
requirements will also be identified. Changes to existing components required for
deployment will be described.

1.3 Document Organization
This document is organized in the following way.
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Section 1 covers the background of the project as well as a description of the scope of
this document, its organization, and any reference documents.

Section 2 describes the Data Exchange Network that will provide the solution platform.
This section describes the system architecture, data flows, and the functional
requirements.

Section 3 details the hardware, software, and communications needs to implement the
Data Exchange Network.

Section 4 describes changes required of existing software components..
Finally, Section 5 describes evaluation criteria for system design alternatives.

Section 6 contains details of congestion calculation algorithms.

1.4 Reference

The following are reference documents germane to this Technical Memo
e Final Report for MAG ITS/TE On-Call Services Contract No. 321-1,Glendale
Stadium Area Congestion Map Proof of Concept Project Final Report
(feasibility(October 2008)

1.5 Glossary

The following is a glossary of terms used in this document.
Term Definition

ATCM Arterial Traffic Congestion Map

Congestion metric A measure of congestion on a link.

Congestion metric trend value A measure of the trending of the congestion metric.
Something a kin to an “acceleration” factor or first
derivative in calculus.

Data Exchange Network The network describing all the components of the
system from i2 to the ATCM.

i2 TMS The Glendale traffic management system.

Virtual machine A single computing resource in a virtualization

environment. Usually consists of an operating system
environment.

Virtualization A way to support multiple virtual machines on a single
piece of computing hardware.

2 Data Exchange Network

2.1 System Architecture

The existing components of the system architecture include five instrumented, signalized
intersections. These intersections communicate with Glendale’s i2 Traffic Management
System (i2). Signal status data and detector measured traffic volume and occupancy
data are reported back to i2 in real time. The vehicle detectors around the five
intersections include primarily stop bar detectors and some advance detectors.
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Detectors report vehicle count (traffic volume or flow rate) and average detector
occupancy (temporal density) data.

On the traffic congestion map, colored coded links represent the congestion status of
sections of roadway. Each link can represent a single movement or multiple
movements. (The decision of what a link represents will depend on a number of factors
including the degree of instrumentation at an intersection.) Each link has a unique ID.
Detectors are assigned to each link and report real-time data to link.

The system architecture is depicted in Figure 1. This figure, based on work in the
feasibility study shows the intersection controllers reporting data from detectors to i2.
Data is acquired by the Congestion Metrics Service that calculates appropriate values to
be used for map displays. A Congestion Display Module provides a web server that
makes the congestion data available to the public in an easy-to-use format.

Web Browser Web Browser Web Browser
Internet
Congestion Display
Module
Congestion Metrics
Service
New
Component
i2TMS Existing
Component
Field
Intersection Intersection Intersection
Controller Controller Controller

Figure 1 - Logical System Architecture
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2.2 Data Flows

The data flows are primarily one-way, from the field to the user’s display. Figure 2
depicts these data flows. The data flows themselves are described in detail below.

Generate
Metrics (i2
CS)

ongestion
Metrics

2.2.5 Collect
Metrics (i2
CDM)

Requests (i2
CDM)

2.2.7 Displa
Data (Web
Browser)

Current State
Cache

Figure 2 - ATCM Data Flow Diagram

2.2.1 Handle Poll Request (Controller)

In response to a detector data request message (poll) from i2TMS, the field controller
responds with detector data. Raw Detector Data messages from the field contain the
following data elements.
- Traffic Signal Controller ID
- Time Period (the duration of the data collection period, in seconds)
- Collection Period Sequence Number (to ensure no data is missed)
- For each detector
0 Local detector number (unique to this traffic signal)
0 Volume count (number of vehicles, during this collection period)
0 Occupancy (in half percent, during this collection period)
o0 Detector status (indicates if detector failed a health check)

2.2.2 Handle Poll Response (i2TMS)

Raw Detector Data is collected from the field controller, turned into an internal i2ZTMS
Detector Data Event message and disseminated to interested process (other modules,
services, or systems). The Detector Data Event message contains the data received
from the field plus a timestamp.

2.2.3 Collect Detector Data (Congestion Metrics Service)

Detector Data Event is collected from i2TMS by the Congestion Metrics Service (CMS)
over the i2 Event Channel (i2TMS middleware). This data is converted into an internal
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Detector Data message with normalized data including volume that is converted to a
flow rate in vehicles per hour.

2.2.4 Generate Metrics (Congestion Metrics Service)

Detector Data is collected from all detectors assigned to a traffic movement or link and
processed to generate Congestion Metrics for the movement or link. This data
includes the following.

- LinkID

- Congestion metric

- Timestamp

Note that the Congestion Service generates generic congestion data that could be used
for multiple purposes in the future (such as incident detection), not only for the
congestion map display.

2.2.5 Collect Metrics (Congestion Display Module)

Congestion Metrics are collected by the Congestion Display Module (CDM) and used
to determine the appropriate congestion level to report (e.g., low, medium, or high). This
data is sent on as Map Congestion Metrics to other processes within the Congestion
Display Module that require it. These metrics include the following.

- Link ID

- Congestion metric

- Congestion metric level (category such as low, medium, high)

- Timestamp

2.2.6 Handle Web Requests (i2 Congestion
Map Congestion Metrics data is collected. When a request for a map web page is
received, Web Page Data required to display map-based congestion data is sent back
to the browser. This data includes the following.

- LinkID

- Congestion metric

- Congestion metric level

- Timestamp

- Any additional required dynamic content

Current data is cached for rapid response to subsequent requests for the same data.

2.2.7 Display Data (Web Browser)
The web browser displays Web Page Data on a map background.

2.3 Functional Requirements

The following table contains the functional requirements for the MAG Glendale Arterial
Traffic Congestion Map

Requirement

ATCM-FR-001 Display The ATCM shall display a map with a dynamic icon
(link) for each turning movement in an intersection,
where available.

MAG Glendale Arterial Traffic Congestion Map  System Architecture and Requirements
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|D) Area Requirement

ATCM-FR-002 Each link icon shall display a congestion level as one of
four colors plus a fifth color indicating no data is
available.

ATCM-FR-003 Link congestion level colors shall be configurable by a
system administrator.

ATCM-FR-004 The default link congestion level colors shall be:

- Light Traffic = Green

- Moderate Traffic = Yellow
- Heavy Traffic = Magenta
- Severe Traffic = Red

- No Data = Grey

ATCM-FR-005 The user shall be able to toggle the display of a legend
indicating the meaning of each congestion level color.
ATCM-FR-006 An administrator shall be able to specify the text for

each congestion level. This is the text that appears in
the legend and in tool tips.

ATCM-FR-007 When a user moves the cursor over a link, a display
shall hover over the link (“tool tip”) which displays the
link 1D, the congestion level text, the congestion level
metric, and the timestamp indicating when the data was

generated.

ATCM-FR-008 The map utilized as background for the ATCM display
shall be geographically accurate.

ATCM-FR-009 The user shall be able to pan the map by dragging the
map.

ATCM-FR-010 The user shall be able to pan the map through use of
directional pan arrows.

ATCM-FR-011 The user shall be able to zoom in or zoom out by

clicking on a zoom control. If supported by the
underlying map engine and hardware, the user shall be
able to use the mouse scroll wheel to zoom.

ATCM-FR-012 The user shall be able to toggle the display of the
names of geographical features, including street names
and city names, shall be display on the map.

ATCM-FR-013 The user shall be able to toggle the display of aerial
photograph images in the background.

ATCM-FR-014 The location of the Glendale Stadium and Jobbing.com
Arena shall be displayed on the map.

ATCM-FR-015 The name of the Glendale Stadium and Jobbing.com
Arena shall be displayed at the location of these
facilities.

ATCM-FR-016 The map display shall automatically add and remove
detail during zooming to avoid clutter.

ATCM-FR-017 Link icons shall scale and/or relocate as the map is
zoomed such that each icon remains distinct.

ATCM-FR-018 The ATCM shall follow the web page style guidelines for

the City of Glendale, if available.
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|D) Area Requirement

ATCM-FR-019 The ATCM shall display a status bar with the timestamp
of the last data update.

ATCM-FR-020 The ATCM shall provide access to an information page.

ATCM-FR-021 An administrator shall be able to edit the information
page.

ATCM-FR-022 The initial ATCM information page shall include the

following: Acknowledgements, FAQs (with a minimum of
five likely questions), links to the Arizona 511 web site,
and a user feedback form.

ATCM-FR-023 An administrator shall be able to add and delete links.

ATCM-FR-024 An administrator shall be able to define a link by
specifying its ID and a free-text description of up to 64
characters.

ATCM-FR-025 The ATCM shall reject duplicate link IDs by displaying

neither link on the map and by putting “INVALID
CONFIGURATION — duplicate link IDs” in the status
bar.

ATCM-FR-026 The administrator shall be able to define a link’s icon
location by specifying the latitude/longitude pairs for
each vertex of a polyline up to a maximum of 20

vertices.

ATCM-FR-027 The ATCM shall warn the administrator if a vertex is
outside the base area.

ATCM-FR-028 An administrator shall be able to define a vertex by
entering the latitude/longitude pair directly.

ATCM-FR-029 An administrator shall be able to assign up to eight i2

detectors to a congestion link, including weighting
values, for each detector. Alternatively, the
administrator shall be able to specify the saturation flow,
zone length, vehicle length, and free flow speed for the
system to calculate weights.

ATCM-FR-030 An administrator shall be able to define the minimum
percentage of detectors with good data that is required
to continue calculating metrics and thresholds.

ATCM-FR-031 An administrator shall be able to define default
congestion metric parameters.

ATCM-FR-032 An administrator shall be able to specify congestion
metric parameters for each link.

ATCM-FR-033 An administrator shall be able to apply default
congestion metric parameters to any link.

ATCM-FR-034 An administrator shall be able to define default
congestion level thresholds.

ATCM-FR-035 An administrator shall be able to specify congestion
level thresholds for each link.

ATCM-FR-036 An administrator shall be able to apply default

congestion level thresholds to any link.
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|D) Area Requirement
ATCM-FR-037 Data The ATCM shall utilize i2 volume and occupancy data to
Processor generate a congestion metric using the algorithm
specified in Section 6.1.

ATCM-FR-038 Environment The ATCM shall be configured so that the each
computer of the ATCM starts up automatically when the
host computer starts up. If there are multiple computers
that make up the ATCM, the ATCM shall be
independent of the order in which the host computers
and the i2TMS start up.

ATCM-FR-039 The ATCM shall support the following web browsers and
platforms.
- Microsoft Internet Explorer versions 6 and 7
running on Microsoft Windows XP and Vista
- Mozilla Firefox versions 2.0 and 3.0 running
on Microsoft Windows XP and Vista.

ATCM-FR-040 Each ATCM host computer shall be configured to sync
its time to an external time source. If no external time
source is available, either one ATCM host computer or
the i2TMS shall be chosen as the time source and all
other ATCM computers shall sync their time to that
source.

ATCM-FR-041 The web page shall be configured so that it can be
displayed on a 1024x768 pixel display without scroll
bars when the window is maximized, the default
(standard) browser tool/menu/status bars are.displayed.

The following table contains non-functional requirements for the MAG Glendale Arterial
Traffic Congestion Map.

ID Area Requirement

ATCM-NF-001 Display The ATCM shall update all derived data with 10 seconds
of when the data is updated in the Congestion Service.

ATCM-NF-002 The ATCM shall support a minimum of 500 intersections
and 2500 links.

3 Hardware, Software, and Communications Needs

This section describes initial needs for hardware, software, and communications to
support the MAG Glendale Arterial Traffic Congestion Map. It is important to note that
the needs identified in this section may change as specifics of the detailed design are
fleshed out. This section sketches out the types of items that may be required and,
where appropriate, discusses potential approaches to deployment.

3.1 Hardware

Hardware needs described here are logical meaning that in some cases, a physical
resource can be used for multiple modules or components. A survey of existing
hardware and communications resources is required to determine the feasibility of this
approach.

MAG Glendale Arterial Traffic Congestion Map  System Architecture and Requirements
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There are two ways to handle hardware requirements. One is through the acquisition of
dedicated hardware. The second is through hardware resource sharing. The advantage
of the former is that it provides a dedicated resource, although it is more expensive to
acquire, and maintain.

Hardware resources can be shared through one of two mechanisms. The first is through
co-hosting on a single resource. This means that modules run in separate processes in
a common operating system environment. All resources are shared and the operating
system is responsible for managing contention. The advantage of this approach is that
there are fewer environments to administer. The disadvantage is that the complexity of
the environment increases and there is an increased possibility of conflict between
modules.

The second mechanism is through virtualization. In this scenario, an application running
on a server presents multiple virtual environments. These environments look like
individual environments from inside the virtual machine. The virtualization software
manages resources with the ability to allocate dedicated resources for each virtual
machine. The advantage of this approach is in the fact that each module has its own
customized environment to work in, reducing conflicts. This disadvantage is that there is
an additional need for the administration of the virtual machines.

3.1.1 Congestion Metrics Service

A server resource is required to host the Congestion Metrics Service Module. This
server needs access to both i2 TMS and the Congestion Display Module. It may be
possible to combine this module with either i2 TMS or the Congestion Display Module,
either through co-hosting or virtualization. It would make the most sense to share
resources with i2 TMS although acquiring separate server hardware for this purpose is
optimal.

The Congestion Metrics Service has some persistence requirements in terms of
configuration files. However the demands on this server will be limited and specific. As
such it does not need to be as robust a hardware item as the Congestion Display
Module.

3.1.2 Congestion Display Module

A server resource is required to host the Congestion Display Module. It would be best to
have a separate resource for this module, especially if this is the module that serves web
pages to the internet. This should be a server-class machine that is relatively powerful.
Disk space is not a critical item as there is very little persistence required.

3.2 Software

3.2.1 Software Development

In Section 2.3 of this document, requirements for the Congestion Metrics Service and
Congestion Display Module are detailed. In Section 3.2.3, below, changes to the i2 TMS
system configuration are identified.

MAG Glendale Arterial Traffic Congestion Map  System Architecture and Requirements
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3.2.2 Backup and Configuration Management

Additionally, it is important that a backup plan be created and implemented to backup
critical resources. The details of the backup plan and resources to support that plan are
out of the scope of this report. In addition, a configuration management plan should also
be created and implemented to manage the system configuration for this project.

3.2.3 i2 and Traffic Signal Configuration Changes

In addition to the development of new software modules, some changes to the i2
configuration may be required. These include the following.
¢ Edit and download the signal controller parameters for the five initial traffic
signals to define each detector as a system detector that will then supply volume
and occupancy data to i2 when requested.
e Adjust or add video detection zones in some of the video detection units at
intersections, as necessary.
e Configure i2 communications services to request detector data periodically from
the five initial intersections.
o Define detectors as system detectors in i2.

3.3 Communications

The communication path is relatively simple. Data must be able to flow from the
Glendale i2 TMS to the Congestion Metrics Service to the Congestion Display Module to
the internet. The communications and type of communications will depend on the
detailed design. But, at some point, connection to the Internet must be provided that
allows data to flow to any and all public users of the system while protecting the City’s
internal network.

The feasibility study suggests that initial use of the ATCM will be relatively light and,
hence, existing city communication infrastructure will be sufficient, although a separate
link or network DMZ may be required for security reasons. While other details of the
communication plan can be worked out at a later point, it will be important for the City’s
Information Technology department to be involved early to provide this capability.

It also recommended that even if the City’s existing Internet link is considered sufficient
for the initial deployment, the City plan to provide a dedicated Internet link for this
service, if for no other reason than to prevent the City’s Internet traffic from affecting the
performance of the congestion map and vice versa.

4 Functional Requirements for Modifications to i2TMS

This section describes the functional requirements for modifications needed to existing
systems.

Currently, the i2 TMS is the only involved system other than the modules implementing
the requirements in Section 2.3. This system architecture requires no material changes
to the i2 TMS. The only potential changes required to the i2 TMS are in the
configuration described in Section 3.2.
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5 Alternatives Evaluation Criteria

The major design issue that may require an analysis of alternative approaches is the
selection of the base map for ATCM. The approach to this analysis includes an
evaluation of the approach based on criteria specified below.

Functionality. Does the choice of map fulfill the functional requirements for the map?
Does the map provide additional value beyond the satisfied requirements?

Performance. How does the map perform under a user load? How does the map
perform under a data load? What user system resources are required?

Logistics. How does this map get to the user? Are plug-ins required? Are there any
licensing issues?

Coverage. What is the map and aerial photography coverage like in the target area?
How much detailed is provided? What are the boundaries?

Accessibility. How accessible is the map? Can any user get to the data easily?

Map Data Maintainability. How is the data kept up-to-date? Does it require a
download? Is data maintenance transparent to the user? What resources are required
to maintain the map? How up-to-date is the map typically?

Cost of Development. How easy is it to develop the application that uses the map?
What tools are available? What are the costs involved in developing an application
using the map?

Cost of Ownership. What is the cost of licensing the map? Are there any licensing
restrictions or restrictions on the use of the data? Is there a recurring licensing fee? Are
additional computing resources required?

ATCM Maintainability. How easy is it to maintain the application using the map? If the
API changes, how is that determined? How easy is it to adapt to modifications in the
API. How tightly integrated must the application be with the map?

Stability. How long has the map technology been available? How many iterations of
either functionality or the APl have occurred? What is the stability of the company
providing the capability?

While it is frequently useful to undertake a weighted scoring system to evaluate choices,
it is our experience that a more subjective approach works just as well. As such, these
criteria will form the basis of an analysis to be undertaken and documented during Task
2. The results of this analysis will be a section of the design document.

6 Congestion Metric Algorithms

This section contains the congestion metric algorithms. This includes algorithms to
calculate both the metric and the trend value.

MAG Glendale Arterial Traffic Congestion Map  System Architecture and Requirements
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6.1 Congestion Metric Algorithm

The congestion metric is a value calculated for each link based on a set of coefficients
and detector data. The formula for this calculation is below.

Z(Wio xT, ¢ xO + W, XVi,s)
M. = sesV

| 2T

sesY

M; = A congestion measure for detector i over the recent sample window S

S = Anindividual sample (e.g., sequence number) of detector data
The set of samples included in the “sample window” or “sample
S = horizon” from which detector data may be used to calculate a
congestion measure.
The subset of valid samples from the full “sample window” from which
detector data will be used to calculate a congestion measure (e.g., the
most recent 15 minutes). Samples where detector faults are indicated
are excluded from the valid sample window.
The “sample horizon” time in seconds. The suggested value is 900
seconds (15 minutes).
The “sample minimum?” threshold in seconds, is the minimum amount
TSM = of valid detector data (in aggregate) needed to form a valid congestion
metric. The suggested value is 420 seconds (7 minutes).

T _ The time span (sample period) for detector i during data sample s in
seconds
The occupancy (i.e., percentage of time during the sample period
O.. = during which the detector was occupied) for detector i during data

sample swhere 0<0O, <1

I,s —
The volume (i.e., count of actuations ... preferably counted at the
Vi, = trailing edge going from the actuated state to the not actuated state)
for detector i during data sample s

Wio A weighting factor for the occupancy of detector i

WiV A weighting factor for the volume of detector i

Subject to the constraints:

ZTLS >TsH
seS
ZTLS >TM
sesY

These constraints indicate that the measures will consider all data in the sample horizon
(e.g., 15 minutes) and that at least some minimum amount of that data must not contain
fault indications (e.g., 7 minutes).

The congestion metric M for a given link is the maximum value of M; for all detectors
assigned to the link.

The conditions resulting in the display of each level of link icon color are show below.
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Level/Color Condition

No data Not enough data (but no faults).

No data Too many detector faults detected.

Low 0 <= M; < L max
Medium Lmax <= M; < Mmax

ngh Mmax <= I\/Ii < Sma><

No Data Snax < M; Out of realistic range of values

Weights may be specified per detector. However, if a set of weights is not specified for a
detector, the weights are calculated as follows:

WiO =1

WiV = MAX {0(
Where:

W-V
SatFlow,
Length™™
Lengthi\/ehicle
SpeediFreeFlow

3600 _ Lengthiz"“e + Lengthi\/ehicle
SatFlow,

SpeediFreeFlow

A weight which in this equation is designed to account for
unoccupied detector time in the gap/space between two
vehicles traveling at saturation flow density.

The saturation flow rate for the movement flowing over
detector i expressed in vehicles per hour (assuming that light
was green the whole hour). Using Highway Capacity Manual
2000 suggestions, the values could be 1900 vph for exclusive
through lanes, 1805 vph for exclusive left turn lanes, and
exclusive 1615 for right turn lanes.

The length of the detection zone for detector i expressed in
feet.

The length of a typical passenger vehicle in feet.

The free flow speed of the link in feet per second. This may
be taken as the posted speed limit if it is not known, though
some studies suggest that drivers tend to drive about 5 miles
per hour over the speed limit.
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