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Introduction

» Problem Statement
(1) How to evaluate arterial operational performance on urban streets?
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Source: HCM 7t Edition

(2) How to facilitate the use of performance evaluation methodology of urban street facilities in
the HCM?
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Introduction

» Research Objective
(1) Explore the use of an alternative tool to facilitate the use of automobile performance
evaluation methodology of urban street facilities in the HCM

(2) Provide recommendations of use for the automobile performance evaluation methodology of
urban street facilities in the HCM
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*** Review of Automobile Performance Evaluation Methodology of Urban Street
Facilities in the HCM
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Review of Automobile Performance Evaluation Methodology of Urban Street Facilities
in the HCM

» LOS Criteria
(1) Arterial through-vehicle travel speed
(2) Volume-to-capacity (V/C) ratio

Arterial Through-Vehicle Travel

Speed Percentage of Arterial Base

Free-Flow Speed (%) Critical V/CRatio< 1 Critical V/C Ratio> 1

>80 A F
67-80 B F
50-67 C F
40-50 D F
30-40 E F

<30 F F

Note: Critical V/C ratio = the largest volume-to-capacity ratio for arterial through movements at all intersections in the analyzed
direction
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Review of Automobile Performance Evaluation Methodology of Urban Street Facilities
in the HCM

> HCM Calculation Framework

ential Data Source
Traffic Characteristics Data

Step 1: Determine Arterial Free-flow Speed

Demand flow rate by movement group Field data, past counts

at boundary intersection (veh/h)

Access point flow rate by movement
group (veh/h)
Midsegment flow rate (veh/h)

Field data, past counts

Field data, past counts

Must be provided
See discussion in text

Estimate by using demand
flow rate at the downstream

boundary int. approach

Geomelric Data

A

y

Step 2: Determine Arterial Through-Vehicle Speed

A

y

Step 3: Determine Art

erial Spatial Stop Rate

A

y

Step 4: Determine Automobile LOS

Center for Advanced Transportation Education and Research

Number of lanes by movement group
at boundary intersection

Upstream intersection width (ft)
Segment approach turn bay length at
boundary intersection (ft)

Number of midsegment through lanes
Number of lanes at access points—
segment approach

Number of lanes at access points—
access point approach

Segment approach turn bay length at
access points (ft)

Segment length (ft)

Restrictive median length (ft)
Proportion of segment with curb
(decimal)

Number of access point approaches
Proportion of segment with on-street

Erkiﬂ Sdecimal)

Field data, aerial photo

Field data, aerial photo
Field data, aerial photo

Field data, aerial photo
Field data, aerial photo

Field data, aerial photo

Field data, aerial photo

Field data, aerial photo
Field data, aerial photo
Field data, aerial photo

Field data, aerial photo
Field data

Must be provided

Must be provided
Must be provided

Must be provided

(&) Number of through lanes
on approach = number of
midsegment through lanes.
(b) No right-turn lanes.

(©) If median present, one
left-turn lane per approach;
otherwise, no left-tumn lanes.
One left-turn and one right-
turn lane

40% of the access point
spacing, where spacing = 2 x
(5,280) / D5 in feet, but not
more than 300 ft nor less
than 50 ft

Must be provided

Must be provided

1.0 (curb present on both
sides of segment)

See discussion in text

Must be provided

Other Data
Analysis period duration (h) Set by analyst 0.25h
Speed limit (mi/h) Field data, road inventory Must be provided
Performance Measure Data
Through control delay at boundary HCM method output Must be provided
intersection (s/veh)
Through stopped vehicles at boundary HCM method output Must be provided

intersection (veh)

2nd- and 3rd-term back-of-queue size
for through movement at boundary
intersection (veh/lane)

Capacity by movement group at
boundary intersection (veh/h)
Midsegment delay (s/veh)

Midﬁment sto& SStoEs/veh)

HCM method output

Must be provided

HCM method output Must be provided
Field data 0.0 s/veh
Field data 0.0 stops/veh

Source: HCM 7t Edition
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Combined Vehicle Trajectory Data and HCM Calculation Framework

» Vehicle Trajectory Data Demonstration
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'| Longitude:-119.741994
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Latitude: 39.586008

Speed: 55.83 mph
Heading: 17
Date: 3/9/22

Time: 7:59:03 AM

Longitude:-119.742529 |

Speed: 52.97 mph

Heading: 18
Date: 3/9/22
Time: 7:58:57 AM

Latitude: 39.583536

| Longitude:-119.743047
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Speed: 50.82 mph
Heading: 18
Date: 3/9/22

Time: 7:58:51 AM

3

Longitude:-119.743572
Speed: 53.69 mph
Heading: 18
Date: 3/9/22
Time: 7:58:45 AM

3y
Latitude: 39.585364 |
Longitude:-119.742264
Speed: 55.12 mph
Heading: 18
Date: 3/9/22
Time: 7:59:00 AM

Latitude: 39.584130
Longitude:-119.742790
Speed: 52.25 mph
Heading: 18
Date: 3/9/22
Time: 7:58:54 AM

titude: 39.582948

Longitude:-119.743306

Speed: 51.54 mph
Heading: 18
Date: 3/9/22

Time: 7:58:48 AM

¥ Longitude:-119.743846

Speed: 53.69 mph
Heading: 19
Date: 3/9/22

Time: 7:58:42 AM
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Combined Vehicle Trajectory Data and HCM Calculation Framework

> Combined Calculation Framework

Step 1: Determine Arterial Base Free-flow Speed
— Arterial Travel Speed T ' Step 2: Determine Arterial Through-Vehicle Travel Speed
Step 1: Extract Arterial Step 2: Calculate Arterial . . ! | . . . .
Through-Vehicle Trajectories Performance Measures Arterial Spatial Stop Rate 5 Step 3: Determine Arterial Spatial Stop Rate
— V/C Ratio Analysis Step 4: Determine Arterial Motorized Vehicle LOS
Vehicle Trajectory Data Calculation Framework HCM Calculation Framework
2000
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Combined Vehicle Trajectory Data and HCM Calculation Framework
» V/C Ratio Analysis
In oversaturated conditions, it can take vehicles up to three cycles to travel through the

downstream intersection, even though vehicles fall within the designed link band.
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*¢* Introduction

¢ Review of Automobile Performance Evaluation Methodology of Urban Street
Facilities in the HCM

** Combined Vehicle Trajectory Data and HCM Calculation Framework

s Case Study
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Case Study

> Study Sites
3 major signalized arterials in Sparks, Nevada

&

» Analysis Periods

: $ Pyramid Hwy (3.56 mi)
Two-week weekdays (3/7-3/11 and 3/14-3/18) in 2022 Ol 0007 0
AM 7:50-9:00 150
Pyramid Hwy MD 9:00-12:30 130 ok DHE g
P / Vista Bivd (2.74 mi)
PM 18:15-19:00 150 ! RN e
] y B 7
AM 6:30-8:00 160 Se
Sparks Blvd MD 9:00-13:30 120
PM 15:30-18:00 160 : s
; Sparks Biyd (4.06 mi)
AM 6:30-8:30 130 Ly
Vista Blvd MD 8:30-14:00 110 i
PM 15:30-17:30 150

Center for Advanced Transportation Education and Research
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Case Study

> LOS Evaluation Results

Arterial
The Poorest Automobile
Segment LOS Traveler
Perception Score

Arterial Timing Plan Direction Arterial LOS

NB A C 2.326
AM
SB A C 2.288
NB A B 2.326
Pyramid Hwy MD
SB A C 2.288
NB B D 2.341
PM
SB A C 2.288
NB B E 2.312
AM
SB B C 2.308
NB A C 2.282
Sparks Blvd MD
SB A B 2.293
NB F* F* 2.374
PM
SB C F 2.323
NB A C 2.306
AM
SB C D 2.352
NB A C 2.291
Vista Blvd MD
SB B C 2.321
NB C D 2.337
PM
1 1] SB B F 2.337

- Note: F* = Critical V/C ratio> 1
*  Center for Advanced Transportation Education and Research
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*¢* Introduction

¢ Review of Automobile Performance Evaluation Methodology of Urban Street
Facilities in the HCM

** Combined Vehicle Trajectory Data and HCM Calculation Framework
+» Case Study

+* Discussion
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Discussion

» Combination of Time-Space Diagram and Arterial Through-Vehicle Trajectories for
Arterial LOS Analysis

Arterial LOS =B  Poorest Segment LOS = F

Segment LOS =F
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Discussion

» Sensitivity Analysis of Automobile Traveler Perception Score
ATPS < 2: best perceived service quality
ATPS > 5: worst perceived service quality

2.8
2.7
12.6
12.5

124

Arterial Traveler Perception Score

23

22

0 0
Arterial Spatial Stop Rate (stops/mi)

Proportion of Intersections with a Left-turn Lane

Center for Advanced Transportation Education and Research
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*¢* Introduction

¢ Review of Automobile Performance Evaluation Methodology of Urban Street
Facilities in the HCM

** Combined Vehicle Trajectory Data and HCM Calculation Framework
+» Case Study
¢ Discussion

+* Conclusion
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Conclusion

» \ehicle trajectory data can be utilized as an alternative tool to implement the existing
automobile performance evaluation methodology of urban street facilities in the HCM.

» It is recommended to combine arterial through-vehicle trajectories, TSD, arterial LOS, and
poorest segment LOS for arterial operational performance evaluation and further
enhancement.

» It is found that the proposed ATPS in the HCM is insensitive to reflecting traveler’s perception
of service quality. Additional traveler perception-based factors are recommended to be
included for further ATPS development and improvement.

Reference:
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Facilities for Motorized Vehicles in the Highway Capacity Manual Using Vehicle Trajectory Data. Journal of Transportation Engineering, Part A:
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