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Introduction
Project Vision

Mobility Strategies for Multimodal

Transportation
Technolag&
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Introduction

Project Objectives

» Impact of speed management strategies on
conventional roadways

» Effects of speed management strategies on connected
corridors

» Pedestrian delay at signalized intersections
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Speed Management Strategies
Conventional Corridors

» What are the primary outcomes of an effective speed
management strategy!

{ Improve mobility and vehicle progression by: \
v Reducing nonrecurrent delays
v Reducing incident-induced delays

Improve public health and traffic safety by:
v Reducing the number of speeding-related crashes
v Reducing average speed
v' Increasing speed limit compliance
\ (NHTSA, 2014; NHTSA, 20I7)}
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Speed Management Strategies

Conventional Corridors

Speed Table [- Small town

|- Posted Speed Limit=70mph
2- High-speed intersections

|- Main Roads

Transverse Rumble Strips

Converging Chevron Marking
Pattern

|- Horizontal Curves

Transverse Markings 2- Interstate Work Zone

Speed humps |- Local roadways

|- Main roads

Optical Speed Bars 2- Freeway Curves

Speed Limit Pavement Legend |- Main roads

“Slow” Pavement Legend [- Main roads

State

UNIVERSITY

(FHWA 2014)




Speed Management Strategies
Conventional Corridors

» School zone

Texas (G. Ullman & Rose, 2005) => Avg. Speed reduced by 9 mph
South Korea (Lee et al., 2006) => Avg. Speed reduced by 17.5%

» Work zone
US, Interstate 80 (Pesti & McCoy, 2001;) => Avg. Speed reduced by 5 mph

» Transition areas
New Zealand (Wrapson et al., 2006) => Avg. Speed reduced by 6 mph

» Urban and rural road

London (Walter & Broughton, 2011) => Avg. Speed significantly reduced
Wisconsin (Santiago-Chaparro, 2012)
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Speed Management Strategies
Conventional Corridors

» Reduced aggressive and risky driving
United Kingdom (Stanojevi¢ et al., 2018)

» Reduce both mean speeds and variance in speed
London (Elliott and Broughton, 2005; Walter et al, 2011)

» Target the fatal crash

Queensland, Australia (Newstead, 2004)

» Increase seat belt use
London and Saudi Arabia (Bendak S, 2005; Stanojevic et al., 2012)
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Speed Management Strategies
Conventional Corridors

[ Roadway Designs are not Always Applicable J

[ Continuous Enforcement is Costly J

[ Spatial Halo Effect (Fixed-point) }

[ Speed Enforcement Cameras are not |

\ legal in all states )
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Speed Feedback Sign

Impact on Intersections Performance Measure

* Speed Feedback Sign:

N
"H’ Intersection/Miovision TrafficLink

A

THE UNIVERSITY
OF ARIZONA.

OFUTAH

UNIVERSITY

5:.-:‘ Tohono
<:| <::| Chul Park
+ Intersection Q @
b *
vk w b
ﬁ 2 ] 2
Casas Adobhes
Segment SFS Distance Speed
Segment . . Upstream Downstream g ! p R
Direction County . . Length to Downstream Limit
ID Intersection Intersection . .
(miles) (miles) (mph)
| Eastbound Pima N Shannon Rd N La Cholla Blvd. 0.98 0.24 45
2 Eastbound Pima N La Cholla Bivd N La Canada Dr. 1.02 04 45
3 Westbound Pima N La Canada Dr N La Cholla Blvd. 1.02 0.47 45
4 Westbound Pima N La Cholla Blvd N Shannon Rd. 0.98 0.38 45
UNIVERSTTY Crate



Speed Feedback Sign

Impact on Intersections Performance Measure

=)

Vehicle Dela Arrival
Volume 4 on Red
Data Collected

Disable SFS Active SFS

Active SFS

Split WiFi
Failure Speed

Speed Feedback Sign Disabled Speed Feedback Sign Enabled

ow Rate(Pc/Hr)
) ~
3 2
15-min Flow Rate(Pc/Hr)
R 2 3
1 3

;.. INRRRAALY Hhy JNRNRARAN g
No significant ‘ : $ ﬁ% # M&
A change in the c-@a P % REYENT *

Portland I T e T e e P A B P R RO
volume
or Arizon. savas State Segment 1: Eastbound from N Shannon Rd. to N La Cholla Blvd.
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Speed Feedback Sign

Impact on Intersection Arrival on Red

*Fail to reject (X), Reject (v); AR: Percent of Arrival on Red

Chi-
Friedman Test Period Square P-Value Decision*
X?)
Ho: 13k oy = MARopp AM-Peak 6 0.11 X
Mean H,= for at least one segment, the mean percent PM-Peak 6 0.11 X
arrival on red before and after disabling the SFS
is different Off-Peak 6 0.11 X
Ho: 0%ar oy = O2AR op AM-Peak 6 0.11 X
Variance H,= for at least one segment, the variance of  pM-Peak 54 0.14 X
percent arrival on red before and after disabling
the SFS is different Off-Peak 6 0.11 X

At a significance level of &« = 0. 05, there is not sufficient
evidence to reject the null hypothesis.

The operation of SFS does not have a statistically
E\I& u significant impact on the percent of arrivals on red
- UNIVERSITY

Portland
e o U TAH State

UNIVERSITY



Speed Feedback Sign

Impact on Speeding Behavior

Study Sites

Three Sites with SFS-only

Three Sites with Periodic Law
Enforcement

Three Sites with Periodic Law
Enforcement + SFS

R .0 @
- UNIVERsITY Portland

THEU
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SFS + PERIODIC LAW ENFORCEMENT

Downstream Data

Baseline Data
Collection (DDC) Point

Collection (BDC) Point
Speed Speed
Limit

Strategies

Speed Management
Strategy Data Collection
(SMDC) Point



Speed Feedback Sign

Impact on Average Speed

F 3
A @ 84
o i mph
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Conclusion

» Identify a key speed management strategy
Increase the spatial effectiveness of SFS (fixed-
point)

No impact on intersection performance measures

» DOTs looking to expand SFS coverage can

consider adding enforcement areas at their
new SFS locations

» Coordinated efforts between transportation
agencies and law enforcement will help to
address speeding
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Connected
Corridors
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Introduction
Data

Time period: August, September, November and December in

2018.

Basic Safety Message

(BSM)

| UTABusID
Latitude
Longitude
Speed
Heading

Rgr.mved Intersection ID

| Timestamp

Signal Request
Message (SRM)

Basic Safety Message

(BSM)

[ Intersection ID |
Lat/Long
Timestamp

Heading

Intersection ID
- Approach ID
| Min X Coord
| Min Y Coord
| Max X Coord
| Max Y Coord

A THE -
© UNIVERSITY

OFUTAH

THE UNIVERSITY
OF ARIZONA.

Portland
State

UNIVERSITY

Vehicle ID o

Signal Status Message

(SSM)

Request ID
Request Status
Latitude
Longitude
Heading
Intersection ID
Timestamp

Bus Reliability UTA

UTA Bus ID
Timestamp
Direction
Scheduled Time
Arrival Time
Dwell Time
On-time Status

Vehicle ID
Request ID
Request Status
Intersection ID
Timestamp

Signal Controller Data

(ATSPM)

Interzection IT)
Timestamp

Signal ID
TSP input ON
TSP Input OFF
TSP Requested Received
TSP Request Cancel
TSP Service: Early Green
TSP Service: Green Extend

Timestamp



Received from Blaine Leonard and David Bassett

Data Processing

BSM Data

Timestamp ReceivedA Vehicleld Cnt
08/27/2018 22:05:01 7229 12029
08/27/2018 22:05:02 7229 12029
08/27/2018 22:05:03 7229 12029
08/27/2018 22:05:04 7229 12029
08/27/2018 22:05:05 7229 12029
08/27/2018 22:05:06 7229 12029

* TheTimestamp in the raw database is Greenwich Mean Time (GMT), it

10
10
10
10
10

8

Latitude LongituderEIevati

40.60668
40.60672
40.60677
40.60684
40.60691
40.60698

-111.939
-111.939
-111.939
-111.939
-111.939
-111.939

1319
1319
131
1320
1320
132

bn Heading Sp
52 356.925
76 359.005
D.9 359.0425
06 359.3175
18 359.595

D.2 225.0875

bed

13
17.2
22
25.6
28.8
30.375

1,494,142 records

MinOfX MaxOfX

40.60402
40.60402
40.60402
40.60402
40.60402
40.60402

40.60753
40.60753
40.60753
40.60753
40.60753
40.60753

needs to be transformed to Mountain Standard Time (MST).

* The*“Heading” column in this database is to determine the driving
direction of buses. Route 217 have four directions (Northbound,
Southbound, Eastbound and Westbound).As this project focuses on
northbound and southbound, the data with eastbound and westbound

need to be removed.

R .U &
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https://Westbound).As

Data Processing
BSM Data

1) GMT to MST
For the date from Aug 1%, 2018, to Sep 30,2018, and Nov 15,2018, to Nov 4,
2018: MST = GMT — 6

’ ’ D ’ :
For the date from Nov 4th, 2018, to Dec 31st, 2018 MST = GMT — 7

2) Direction filtering:

Northbound: heading is from 315 to 360 and 0 to 45; Westbound: heading is from 45 to
|35;
Southbound: heading is from |35 to 225; Eastbound: heading is from 225 to 315.

Timestamp AtIntersPehicleI{ Cnt |Latitude|.ongitud431evati04 Headingl Speed ‘ MinOfX | MaxO0fX I MST |
2018-08-27 22:05:01 7229 12029 10 40.60668 -111.939 1319.92 356.925 13 40.60402 40.6075% 2018-08-27 16:05:01
2018-08-27 22:05:02 7229 12029 10 40.60672 -111.939 1319.46 359.005 17.2 40.60402 40.60753% 2018-08-27 16:05:02
2018-08-27 22:05:03 7229 12029 10 40.60677 -111.939 131949 359.0425 22 40.60402 40.6075% 2018-08-27 16:05:03
2018-08-27 22:05:04 7229 12029 10 40.60684 -111.939 1320.06 359.3175 25.6 40.60402 40.6075% 2018-08-27 16:05:04
2018-08-27 22:05:05 7229 12029 10 40.60691 -111.939 1320.18 359.595 28.8 40.60402 40.6075% 2018-08-27 16:05:05
2018-08-27 22:05:07 7229 12029 10 40.60706 -111.939 132042 0.345 32.9 40.60402 40.60753% 2018-08-27 16:05:07
2018-08-27 22:05:09 7229 12029 7 40.60725 -111.939 1320.043 154.6286 [36.28571 40.60402 40.6075% 2018-08-27 16:05:09
2018-08-27 22:05:11 7229 %12029 9 40.60744 -111.939 1319.936 1.538889 39 40.60402 40.60753% 2018-08-27 16:05:11

A T”Eu Portland 837,325 records

UNIVERSITY
THE UNIVERSITY

OF ARIZONA. OF UTAH State

UNIVERSITY
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Received from Blaine Leonard and David Bassett

Data Processing

SRM Data

Yeque Vehicleld VehicleName VehicleRole Inbouncintersectionl Requesi RequestType

Timestamp
08/01/2018 00:29:49
08/01/2018 00:29:50
08/01/2018 00:29:50
08/01/2018 00:29:50
08/01/2018 00:29:51
08/01/2018 00:29:51
08/01/2018 00:29:52

1

L

727812029
727812029
7278712029
727812029
72782029
7278712029
7278712029

transit
transit
transit
transit
transit
transit
transit

22
22
22
22
22
22
22

7111
7111
7111
7111
7111
7111
7111

33 request
33 request
33 request
33 request-update
33 request-update
33 request-update
33 request-update

VehicleLat VehicleLor VehicleEle!
-111.939
-111.939
-111.939
-111.939
-111.939
-111.939
-111.939

40.65124
40.65124
40.65124
40.65122
40.65122

40.6512

40.6512

1328.4
1328.4
1328.4
1328.3
1328.3
1328.2
1328.2

69,575 records
VehicleHe Jehicle DateCreated
179.875 6 08/01/2018 00:29:51
179.875 6 08/01/2018 00:29:51
179.875 6 08/01/2018 00:29:56
179.4375 7 08/01/2018 00:29:56
179.4375 7 08/01/2018 00:29:56
179.175 8 08/01/2018 00:29:56
179.175 8 08/01/2018 00:29:56

The Timestamp in the raw database is Greenwich Mean Time (GMT), it needs
to transform to Mountain Standard Time (MST).

The “VehicleHeading” column in this database is to determine the driving
direction of buses. Route 217 have four directions (Northbound, Southbound,

Eastbound and Westbound).As this project focuses on northbound and

southbound, the data with eastbound and westbound need to be removed.

The date in the SRM database need to be same as the date in ATSPM

database.

A .U

THE UNIVERSITY UNIVERSITY
OF ARIZONA. OF UTAH

&

Portland
State

UNIVERSITY
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https://Westbound).As

Received from Blaine Leonard and David Bassett

Data Processing
ATSPM Data

19,263 records

SignallD Timestamp EventCode| EventParam
'7091 2018-08-03 16:58:28 112 2
'7091 2018-08-03 16:58:29 114 2
'7091 2018-08-03 16:58:36 115 2
'7091 2018-08-03 16:58:38 112 2
'7091 2018-08-03 16:58:38 114 2
'7091 2018-08-03 16:58:46 115 2
'7091 2018-08-22 12:56:19 115 2
'7091 2018-08-22 12:56:19 115 6

The date in the ATSPM database need to be same as the date in SRM
database.

Since the TSP served enumerations depend on the controller type, it needs
to add controller type for each SignallD.

TN * | @

THE UNIVERSITY

OF ARIZONA. OF UTAH State

UUUUUUUUUU



Data Processing

ATSPM Data

1) Direction filter:

Remove the data records whose date are not same as the date in SRM.

2) Controller type added:

The controller type are Econolite for Signal 7094, 7095, 7111,7115,7116,

and 7229 and the rest are Intelite.

SignalIﬂ Timestamp IEventCodeI EventParam pntroller type
7091 2018-08-03 16:58:28 112 2|Intelite
7091 2018-08-03 16:58:29 114 2|Intelite
7091 2018-08-03 16:58:36 115 2|Intelite
7091 2018-08-03 16:58:38 b 2|Intelite
7091 2018-08-03 16:58:38 114 2|Intelite
7091 2018-08-03 16:58:46 115 2|Intelite
7091 2018-08-22 12:56:19 115 2|Intelite
7091 2018-08-22 12:56:19 115 6|Intelite
LS\ ygpsTy  PORTaRd = =7 =~ o N

THE UNIVERSITY
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Received from Blaine Leonard and David Bassett

Data Processing
UTA Data

08-01-2018 1000 2655 L.Olsen W.Tharp 04:08:00 12029 217 TO 7800S 13-N1754

08-01-2018 1000 5952 S. Stanton C. Stewart 13:21:00 12029 217 TO ROSE F62-SRDWIL

08-08-2018 1002 3808 L.Shaw E. Taft 06:53:00 99055 217 TO 7800S 13-N1754

08-01-2018 1000 2655 L.Olsen W.Tharp 05:14:00 12029 217 TO ROSE F13-N1754

08-01-2018 1127 9238 S. PeterselS. Middlet 17:07:00 17024 217 TO ROSE FBLNDCNTF

04:08:00

13:29:00

06:53:00

06:07:00

17:59:00

04:08:1p ON TIME

13:28:27

06:47:4

06:16

18:19

Early

2 Critical Eal

01 Late

05 Critical Lat

19

-33

-318

541

1205

11 0
4 78
618 618
0| 1117
58 570

Since the bus status contains “ON TIME”,“Early”,“Critical Early”,
“Late”,“Ciritical early”, we need to calculate the number of

records whose status is “ON TIME” to calculate the reliability.
Also, we performed analysis for both northbound and
southbound, where we need to split the directions (“To 7800S” is
southbound and “To ROSE PARK” is northbound).

R .0 @
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Case Study

Intersections

gs -
Based on the <=
filtered data, @ ... ! oo
- - -
18 1ntersections on
Redwood road was =4
Glendale Golf Coyrse '@ @
selected. & B
I e
C O Google

I
e mla
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Result Analysis

Metrics

BSM data
SRM data
ATSPM data

UTA data
Delay data

TN * | @

THE UNIVERSITY
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Count the number of buses that drive at a certain
intersection

Count the number of TSP requested for a certain
intersection

Count the number of TSP served for a certain
intersection

Calculate the reliability, travel time and operation time

Calculate the intersection delay

27



Result Analysis
Reliability

Method: calculate the summation of all on-time arrivals for each
timepoint and divides them by the total arrivals for that point. A
bus is considered “on time” when it is less than five minutes
behind its scheduled arrival time.

95.00% 92.09% 92.07% 23-28%
89.44%

90.00% [
85.00%

The reliability for
northbound and
southbound all improve

after signal retiming.

80.00% r

Reliablity

75.00%
70.00%
65.00% |

60.00%
Northbound SouthBound

Direction

m Before Signal Retiming ™ After Signal Retiming

UM ARILAINA Mors4wrrL UNIVERSITY

28



Result Analysis

Travel Time and Operation Time

Travel Time
The time that a vehicle
travel from the departure
station to the terminal
station.

4300 r 4190.47
4200 r 4106.28

4100 |
2 4000 +
S 3900 -
£ 3800 ©
= 3700
2 3600 -
£ 3500 +

3400 +

3300

4095.07

3625.06

Northbound SouthBound
Direction

u Before Signal Retiming = After Signal Retiming

|
- UNIVERsITY Portland

THE UNIVERSITY

OF ARIZONA. OF UTAH State
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Operation Time
The driving time that a
vehicle from the departure
station to the terminal
station (not include dwell
time).

3700
3600 |-
é 3500 |-
=3400 |
£ 3300 |
£ 3200 ¢
2 3100 f
£ 3000 |
22900

2800

2700

3568.66 3562.15

3376.31

3042.52

Northbound SouthBound
Direction

m Before Signal Retiming = After Signal Retiming

29



Result Analysis
TSP Requested and Served

Before Signal Timing

20.00%
18.00%
16.00%
14.00%
12.00%
10.00%
8.00%
6.00%
4.00%
2.00%

The yellow areas and blue areas
represent the percent of bus event
with TSP requested and TSP served,

Percentage of TSP served/requested

respectively. The average ratio of TSP 7 776 0 50 0.8 108 18108 18 82
o Signal ID
served to requested before signal et oo

retiming is 33.13%.The average After Signal Timing
percentage of TSP served to

requested after signal retiming is
35.29%.

ed

(%)

o

< o
(=]

=

percentage of TSP served/request

p\Qq QQ' r\\@ f\\ f\\ /\\&

u % Signal ID
Portland
UNIVERSITY ortlan = TSP servedcent ™ TSP requested

THE UNIVERSI'IY

OF ARIZONA. OF UTAH State
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Pedestrian Delay
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Estimating Pedestrian Delay
Why?

» Pedestrians’ level of frustration grows with the
increase of pedestrian Delay.

» Delay, in general, 1s one of the most significant
signal performance measures

Quantifies the operation level of service of
intersections.

» Delays affects pedestrians disproportionately
when compared to other users.

R .U &

- UNIVERsITY Portland 32
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Methodology & Data Collection

Traffic
Flow

Ped. Green
Time

Ped. Delay

High Resolution Event-
based Data

Foothills Ma

J®u +

a

Identify specific variables that can best

characterize pedestrian delay distribution
function

~N

/
N

Develop a pedestrian delay estimation
model using finite mixture modeling

Assess transferability to other
intersections on the network

J

33



Model Evaluation & Comparison

W Ina Rd. & N Camino De La Tierra

W Ina Rd. & N Shannon Rd.

Wl T e
80
3 n
@5 o
& N
<] a
25
201
6AM 2PN 6PM 8AM 2PM 6PM
Time of Day Time of Day
— Actual = Dunn Method - - virkler Method - - HCM Method - - Proposed Method — Actual = Dunn Method - - virkler Method - - HCM Method - - Proposed Method
W Ina Rd. & N La Cholla Blvd. W Ina Rd. & N La Caiiada Dr.
100
8
& 50
a
25
&AM 2PM 6PM A 2PM 6PM
Time of Day Time of Day

— Actual = Dunn Method - - virkler Method - - HCM Method - - Proposed Method

— Actual -

Dunn Method - -

virkler Method - = HCM Method - - Proposed Method

A

THE UNIVERSITY
OF ARIZONA.

L] %
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UNIVERSITY

OFUTAH

HCM 2010 Method (similar
to HCM 6 edition):

0.5 (C-g)*

Virkler Method (virkler 1998) :

d. = (c — (g + 0.694))2
P 2C

Dunn Method (Dunn and Pretty,
1984):

_ (g +10)*

dp = 2(g +15)
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Test of disaggregated prediction
(Hubbard et al., 2008)

Model Transferability

» Calibrating estimation models is usually a costly, complex, and time-consuming
procedure

» Itis not always feasible for agencies to collect sufficient traffic data at each
individual intersection

Predicted based on
RMSE (Seconds) g:ii:(éjlz WilnaRd.& N (W InaRd. & N Lal W Ina Rd. & N
) Shannon Rd. Cholla Blvd. La Canada Dr.
Tierra
W ina Rd. & N
g Camino De La Tierra 17.64 (40.24) 19.17 (39.46) 22.35 (42.92)
)
] W ilna Rd. & N "
§ Shannon Rd. 10.91 (38.98%) 12.34 (39.46) 14.78 (42.92)
© W Ina Rd. & N La
% Cholla Bivd. 15.4 (38.98) 14.7 (40.24) 13.06 (42.92)
- W Ina Rd. & N La
|—
Cafada Dr. 19.56 (38.98) 18.1 (40.24) 17.91 (39.46)
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Application

» More reliable, robust, and accurate approach

for estimating pedestrian delay at signalized
Intersections

» Develop pedestrian delay density function

For analyzing the risk of pedestrians violating the
signal

» Network-wide model for estimating pedestrian
delay

R .O @
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Project Takeaways
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Key Learnings

» U
d

» U

nderstand the impacts of speed feedback sign
ong traditional corridors

nderstand the impacts of signal retiming and

coordination, on transit signal priority

» Feasibility of using controller event-based
traffic data for estimating multimodal signal
performance

R .O @
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Broader Impacts

» Improved corridor safety by proposing innovative
speed management strategies

» Improved corridor mobility by proposing signal timing
practices

» Encouraged the use of eco-friendly mode choices on
the corridors

» Encouraged more people to walk and bike
» Triple University Collaboration

» University-Public agency collaboration
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Thank you! Questions?

Yao-Jan Wu Xianfeng Yang

Office: (520) 621-6570 Office: (801) 585-1290
Email: yaojan@arizona.edu Email: x.yvanga@utah.edu

Abolfazl Karimpour Sirisha Kothuri

Cell: (520) 308-2627 Cell: (503) 725-4208
Email: karimpour@arizona.edu Email: skothuri@pdx.edu
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Appendix
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Speed Feedback Sign

Impact on Intersection Delay

Delay
= AM-Peak 6 0.11 X
Ho: 13 o0 = Mo pp 25 PM-Peak 6 0.11 X
H ,= for at least one segment, the mean = Off-Peak 6 0.11 X
delay before and after disabling the SFS  _ AM-Peak 6 0.11 X
is different 2 PM-Peak 6 0.11 X
Off-Peak 6 0.11 X
: . 5o AM-Peak 5.4 0.14 X
Ho: 6% pegy = 0% Deopr 2 PM-Peak 5.4 0.14 X
H ,= for at least one segment, the variance = Off-Peak 6 0.11 X
of delay before and after disabling the AM-Peak 6 0.11 X
SFS is different 9 PM-Peak 6 0.11 X
Oft-Peak 6 0.11 X
At a significance level of 0.05, there is not The existence of SFS does not have a
sufficient evidence to reject the null statistically significant impact intersection
hypothesis delay
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Speed Feedback Sign

Impact on Intersections Split Failure

& Chi-
Friedman Test § = Period Square P-Value Decision*
= (X?)
Split Failure

0 AM-Peak 5.4 0.14 X
HO:”SS%ON = ﬂgll.:OFF g < PM-Peak 6 0.11 X
Mean H,= for at least one segment, the mean & Off-Peak 6 0.11 X
split failure before and after disabling the AM-Peak 6 0.11 X
SFS is different E PM-Peak 6 0.11 X
Off-Peak 6 0.11 X
= AM-Peak 5.4 0.14 X
Ho: 0250, = 02500 g PM-Peak 6 0.11 X
Variance H,= for at least one segment, the variance _E Off-Peak 5.4 0.14 X
of split failure before and after disabling AM-Peak 6 0.11 X
the SFS is different 9 PM-Peak 6 0.11 X
Off-Peak 6 0.11 X

The existence of SFS does not have a statistically significant
impact on either the split failure
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