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Background and Overview

FREEVAL-WZ - NCDOT WORK ZONE
PERFORMANCE ANALYSIS TOOL



Introduction and Background - FREEVAL

e Developed in the late 1990s, and has been continuously improved since
that time

e Official computational engine of the TRB Highway Capacity and Quality
of Service Committee for freeways

e Faithfully implements the HCM 6th Edition Freeway Facility Analysis
e QOpen-source and free tool to evaluate freeway operations

e Encompasses all freeway segment methods (basic, merge, diverge, and
weave) for undersaturated computations

 Models oversaturated conditions and queue formation and dissipation
over time and space

e |ntegrates the latest HCM methods for managed lanes, freeway work
zones, reliability analysis, and evaluation of active traffic and demand
management (ATDM) strategies



FREEVAL Modules for Work Zone Analysis

FREEVAL

Core

FREEVAL —
PRO

e Integrates all HCM Chapters
* Managed lanes, reliability, ATDM

¢ NCDOT sponsored planning-level interface
¢ Explicit modeling of work zone scenarios and user cost
e Customized report generation functionality

¢ Decision-support system (DSS) for ATDM strategy implementation
* Manager and user modes to train staff on reacting to congestion in real-time

e Integration with Google Map interface with auto-segmentation
® Auto-calibration of facility performance from sensor data
e Automated integration of hard shoulder running and ramp metering




FREEVAL-WZ Workflow

Step 1: Global Inputs
— Basic facility parameters - study period, number of segments, etc.
 Step 2: AADT Inputs
— Distribution shape, mainline AADT, directional factor and growth factor.
e Step 3: Daily Facility Inputs
— Facility geometry and ramp AADT

e Step 4: Advanced Facility Inputs (optional)

— Allows for further facility customization, can specify full set of HCM inputs if
desired.

e Step 5: Work Zone Inputs
— Work Zone location, time, type
e Step 6: Output and Operational Analysis

— Compare outputs for all work zone scenarios

— Can immediately make use of FREEVAL's operational functionality for more
detailed analysis.
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FREEVAL Screenshot — Step 2: AADT Profile
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FREEVAL Screenshot - Step 5: Work Zone Inputs
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FREEVAL Screenshot — Scenario Compare
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Automatically generates reports with summary
inputs, outputs, and contours
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Detailed User Guide Available to Document the
Methodology and Software Tool
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5 Example 1 40
4 Example 2 43
7 Appendix A: List of Focility Specific AADT Distributions 46
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9 Appendix C: Case Study Example PDF Report L
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Tutorial Videos for FREEVAL:
http://go.ncsu.edu/FREEVAL

HCM 6th Ed Tools by ITRE

Home Videos Playlists Channels Discussion About

P Playall

FREEVAL 2015e Demos

Demo videos showing various capabilities of FREEVAL 2015e
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http://go.ncsu.edu/FREEVAL

Fortify Work Zone — Raleigh, NC

USE CASES AND CASE STUDY
APPLICATION



FREEVAL-WZ Analysis Use Cases

1. Comparing work zone scenarios
— e.g. impacts of shoulder work vs. lane closure vs. directional crossover

2. ldentifying diversion targets

— e.g. evaluating impacts of XX% diversion on operations
3. Setting temporal construction limits

— e.g. comparing impacts of lane closure start times
4. Determining minimum lane requirements for work zone

— e.g. scoping of design-build contracts
5. Specifying work zone contract provisions

— e.g. pricing for lane rentals or liquidated damages from user costs
6. Supporting public outreach/marketing materials

— e.g. expected queue lengths, travel time impacts, choke points, etc.
7. ...and various others



Work Zone Overview
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One of several facilities for the Fortify project

analyzed in FREEVAL
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Significant Capacity Drop with Two-Lane Pattern
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PM Peak 1-40 Eastbound — Two - Lane Pattern

Speed Contours for Trip from MP284-MP312
/ Two Lanes Open
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PM Peak 1-40 Eastbound — Three - Lane Pattern

Speed Contours for Trip from MP284 to MP312
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|
I
— o
o o
™ ™

306
309
312

S 795
5 297
298
299
300

70 63 70 64
70 70 70 64
70 70 70 64
70 70 70 64

L3 -
0) Pre-Construction rk-Zone Exten
Time 1] zl :J 4| J J 7| J 9 1J 11| 1 1J 14| bt 1J 1 1a] 192 21I 2 z:J 24 25l 20 271 2d 2o 3d 3l 33d 33 34 39 3 37 3d 3 al 4 & a8 47| 48 49 5 51] 52 s 5A| 55 56
1 6 6 6 6 6 6! 6: 6 67 5t 6 N 6 6: 5: 6 N I 7 6 6! 6 [ 6 6 5 6 6 47 6 6. 6 6 6 I 6 6 6 6! 6 6: 6 6: 6! 6 6 6 6! 6 6 7 6 75
6d 66| 64 671 61 671 59 o5 65 54 671 7d 6 6 51 o9 4@ e8] 68 68 6d 63 69 59 6 6| 48 69 69 4o od o4 64 ed 67 70 63 6 sd4 61 6 6| 54 6] 6] 63 50 59 62 66l 75 67 78
sd 65| 63 671 6d 69 59 o9 65 50 66| 6d 69 6d ad 671 64 69 59 63 o6 54 58 63 64 a7 6 6 68 63 63 67 66 6 63 6 53 50 50 69 64 59 54 54 58 54 53 54 6 74 o6 73
4 6] o9 69 68 64 68 6. 68| 59 69 59 69 o6 54 69 oM 70 7d 70 ed 63 7d 624 68 64 69 50 66 6 6d 64 69 70 674 70 o4 6 6d 65 6 68 61 69 69 69 64 64 66| 66 78 67 78
4 6] o5 69 68 63 68 6. 671 59 69 70 oo o4 54 o4 M 70 7d 70 69 63 o6 o6d 64 64 68 50 6o 69 4o od o4 64 6d 671 70 64 6 65 62 6: 65l 54 61| 6] 64 5d 5o el 66l 75 67 78
sd 65 63 69 61 67 6d o9 65 54 68 57 69 6 5 od 4N e8] 68 68 6d 63 67 57 59 o4 63 48 66 6 68 63 63 o9 o6 o oF 6 sd 571 571 64 6 59 54 54 57 4d 5] 59 69 74 o7 74
4 _o6d 65 64 68 62 67 6d 69 66 5] 68 54 68 6 53 69 4l 674 64 64 54 62 65 559 56 64 60 49 65 6 68 62 6. 65 64 61 6 5 52| o9 7] 3d 34 3 52 53 66 74 6o 74
6! 67] 6 6 6! 6 6 7 N 7 6 5! 6 N 6 6 6 6! 6 5! 6 64 6 4 6 6 6 6! 6 6 6 [ 6: 6 6: 3 3 2 3 3 3 3 5: 5 6 7 6 74
68 60 7d 70 69 70 od 64 7d s5q1 70 ed 70 d sl 70 70 7 7] e 7d ed @ 70 51 e 69 47 oed 64 65 7d e 70 63 6 7d 64 e 69 4o sd 56l ed 671 54 61 69 63 78 67 75
1 ed oo 7 7d ed 7d ed 69 70 59 7o s 7d ed 5 7d oM 7ol 7o 7o 674 64 ed 61 66| 64 6 51 o6 6 68 63 64 69 o 7d o3 @ 67 63 63 69 6 ol 66 66 68 60 62 67 63 79 of 75
1] 6] 65 67 69 o4 68 64 63 69 594 70 s 7of ed 51 7d W 7ol 7o 70 ed 64 6d 59 62 64 66 54 66 6 6d 63 63 67 66| 6d 67 6 6: s 63 61| 59 574 51 59 = 5! 75 67 75
1] 54 65 63 671 60 67 5 6| 51 6d 57 6o o6 s 6 6 6d 69 64 o634 64 54 60 64 63 50 69 6 68 62 63 60 66 o4 o1 6 53 53 53 63 60 50 574 5 ol 53 53 69 74 o7 74
14 ed oo 70 7d ed 7d ed e 70 5d 7o e 7d ed 571 7d oM 7ol 7o 7o 7 e 7d ed 70 69 7o 5o o6 69 54 ed e 63 70 67 70 65 6 7d__6d 70 6 o7 7d 70 o 65 7 75 ed 15
14 e 6] 7d 7d e 70 ed 69 70 54 7o 70 70 64 574 7d @ 7o 7o 70 7d e 7d 63 7o 69 70 54 67 6d 56 69 69 65 70 68 70 65 6 7d 7d 7« 7 70 7d 7d 6] e 75 69 75 64 75
1 6 67 7 7 6 7 6 6 70 5 7 797 6 571 79 5| 7 7 7 7 6 7 6 70 & 7 5! 6 6 5 6 6! 6 7 6 7 6 6 7d _7d 7 64 7 7 7 6: 6 7 6 7 6 75
1 e oo 7 7d ed 7d ed 69 70 5q 7o 7 7d 63 s 7d M 70 7 7ﬂ 7d 6d 7d 63 70 69 70| 56 67 6d 56 69 69 66 7 g 7d 66 d 7d 7 6 70 7d 70 6 o6 75 66 75 64 75
o o o o
Scenario 1a) Work Zone with[Three Lanes Open — No Diversi
M ]J J 3| 4| 5| EI 7 J 9 14 1JJ 12l 13 14/ 15 15| 1I 18 19 20 21 22 23| 24 25 26 27 28 ZEJ 300 31 32| 33 3 3 A1l 50 51
4 63 6 6 8 | 8 | 6% 700 69 62 52 6 5] 23 25 25 25 25 3 259 28 24 14 20 46 47] 1§ 47 43 29 2 70 61 65
2 520 6 700 66 61 51 61 1 1§ 25 25 25 25 2 200 17 16 11 21 49 46 19 46 42 29 2! 70 61 64
50 6 6 470 35 1§ 12 19 271 23 20 18 10 15 15 15 11 21 44 46 19 46 43 29 2 6! 60 63
53 6! 5 30 20 11 gl 9 14 14 14 14 9 15 15 15 10 20 54 14 17 A4 44 25 2! 6! 5! 61
53] 6 2! 9 109 7 7l g 16 19 15 15 9 15 15 15 11 20 47 10 1§ 4 44 29 2! 70 6. 64
52 3! 5 5 7] 9 6l g 15 18 15 15 9 16 15 15 11 21 24 10 18 4 42 28 2! 70 60 62
31 5 5 6 8 5 5 714 14 14 14 9 15 15 1§ 11 25 11 10 18 4 40 26 2 70 5 60
15| 4 4 5 6] 4 5 g 14 14 14 14 9 14 14 14 11 18 10 9 17 4 S 29 2! 70 5 54 56] 66
14 5 5 7 gl 9 7 10 16 15 15 16 9 14 13 12 g 14 9 g 15 5 41 320 32 53 19| 2§ 2 70 61 64 69 65
23] 7 8 10 14 9 g 9 19 16 15 17 8 14 13 14 7 20 19 g 17 50 44 35 35 35 43 31 3 70 62 66 74 6
40, (¢ 6] 711 7 7l g 15 13 13 14 8 15 13 14 g 19 9 9 17 4 421 30| 30 30 53 26 2 70 61 64 70 63
17] g 5 [ gl 9 6l 7 13 13 12 13 g 14 13 14 7 15 9 9 18 4 3 28 28 28 32 25 2 70 60 63 67 6%
16| 1 7] 8 10 6 7l 9 15 13 12 12 8 13 12| 10 7 15 9 9 19 4 43 39 39 39 44 29 29 70 61 65 72 6!
15| 5 4 6 7 5 6] g 12 11 11 12 8 13 10 9 71 22 11 o 19 4¢] 43 a0 4d 4o 46 2§ 2 70 62 6l 75 6
12 g 4 9 7 9 6l 7 11 13 10 14 g 13 10 19 g 21 11 9 19 A 44 41 41 41 A 29 2! 70 62 6l 74 6
9 s 5 6 7 5 6] g 13 124 12 13 8 14 11 10 g 18 19 8 19 4 45 44 44 44 4% 29 2! 70 62 6 73 6
Ll
r e withjThre
10 11 120 13 14 15 16 1] 18 19 20 2 52 54 54 5J %
571 70 70 70 63 56 70 S@ 44 2§ 2! 2 74 6 i 6 7t
55 70 70| 70 62 55 69 5| 220 25 2 2! 73 6! 75 6 75
54 69 70 69 62 53 69 2 15 25 22| 18 71 6! 75 6 75
56 70 60| 70 63 5! 70 3 120 18 17| 16 71 6 75 6 75
56 70 70| 70 63 5 79 100 13 13 13 73 6 75 6 75
6! 5 70 60 70 63 5 70 1 9 14 13 13 71 6 75 6 75
6 6 5 70 60l 70 63 4 19 8 13 13 13 68 6 75 6 75
70 70 70 63 2 6 8 13 120 12 64 66 75 6 75
70 62 70 64 5 14 12| 24 20| 19 72 (% 79 6 75
70 60 70 63 5% 70 1 100 16 14/ 12 79 6 79 6 75
70 61 70 63 5 79 14 120 10 73 63 75 6 75
3% 10 13 11 10 71|
4
: 0
5!
6

5
5!
57
57
54 70 59 70 63
60
59
5!
o

~ [~
o1 [
ololole




PM Peak Travel Time Estimate - 1-40 Eastbound
Estimated Benefits of Traffic Diversion for Trip from MP284-MP312
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Night-Time Lane Closure Volume Sensitivity

»
»
.
Analysis Segment
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mayssperios | | X 8| 8| 3| 8| 3| 5| 2| 8 3| 2| 2 3|28 2 2252352528522 5283 Segl—Seg34

#1 14:00 - 14:15 70| 65| 65| 69| 63| 63| 63) 68| 69 63| 70| 63| 69 63 70| 65| 70| 70| 70| 69| 70| 65| 69| 69| 70| 65| es| 70| 69 70| 63| 62 61

#2 14:15 - 14:30 69| 65( 65| 69| 63| 63] 63] 68 69) 63| 70| 63| 69| 63| 70| 65| 69| 70| 70[ 68 70| 65| 69] 68 70| 65| 65| 70| 68| 70| 63| 60 60| 60
#3 14:30 - 14:45 69] 65| 65| 69| 63| 62| 62| e8] 69 63| 70| 63| 68| 63 70| 65| 69) 70| 70| e8| 70| es| 69| e8| 70| 65| es| 70| es[ 70| 63| 57[ 60| 57|
#4 14:45 - 15:00 69] 65| 65| 69| 62 62| 62| 68| 69 63| 70| 63| 68| 63 70| 65[ 69) 70| 70| e8| 70| 65| 69| 68| 70| 65| 64| 70| 68 70| 62| 55/ 59| 5|
#5 15:00 - 15:15 68 65( 65 69| 62| 62] 62] 68 69) 62| 70| 62| 68 62| 70| 64| 69| 70| 70| e8] 70| 64| 69] 68 70| 64 64| 70| 68| 70| 38| 58 53| 58
#6 15:15 - 15:30 67) 6s| 65| 69| 62| 62| 62| e8] 69 62| 70| 62| 68| 62| 70| 64/ 69) 70| 70| e8| 70| 64| 69| 68| 70| 64| 64| 70| 68 70| 21| 58 48| 58|
#7 15:30 - 15:45 66| 65| 65| 68 62 61| 61) 67| 69| 62| 70| 62| 68| 62| 70| 64 69) 70| 70| e8| 70| 64| 69| 68| 70| 64| 64| 70| 68 70| 13| 58| 43| s8|
#8 15:45 - 16:00 66| 65] 65 68 62| 61) 61) 67| 69) 61| 70| 61] 68 61f 70| 64| 69| 70| 70| e8] 70| 64| 69] 68 70| 64 64| 69) 68 70[ 8 58 39 58
#9 16:00 - 16:15 65| 6s| 65| 67) 61 61| 61) 67| 69 61| 70| 61 68| 1] 70| 64/ 69) 70| 70| e8| 70| 64| 69| 68| 70| 64| 64| 57| 33| 24| 7| 58 35| s8|
#10 16:15 - 16:30 64| 64| 65| 67) 61 61| 61) 67| 69 61| 70| 61| 68 61| 70| 64 69) 70| 70| 68| 70| 64| 69| 46| 27| 20| 17| 20| 14| 12| 7| 58| 32| s8|
#11 16:30 - 16:45 64| 64 65 66| 61| 61) 61) 67| 69) 61| 70| 61] 68 61f 70| 64| 69| 70| 48[ 33| 19| 11| 9| 11| 10| 13) 13] 23] 15 15[ 7| 58 29| 58
#12 16:45 - 17:00 64| 64| 65| 66| 61 60| 60| 67| 69 61| 70| 61 68| 61| ss| 32f 23] aa| 8 of 8 of 10f 13| 12 13) 15| 21| 15| 15| 7| s8f 27| s8|
#13 17:00 - 17:15 64| 64| 65| 66| 61 60| 60| 67| 69 61| 69| 37[ 28] 12| of of 8 7| 7| 11| of of 10 13| 12 13| 15| 22| 15| 15| 7| s8[ 25| s8|
#1417:15-17:30 66| 65| 65 67] 62| 61) 61) 66| 52| 16| 10) 7| 11| 10f 10f 12| 10f of 10f 14| 10| 11| 13| 16| 12| 13) 15| 22| 15| 15f 7| 58 24 58
#15 17:30 - 17:45 67) 65| 65| 69| sa| saf 44) 4s| 21 12| 23] of 12| 10| 1| 12f 8 7| 7| 10| 0| of 10 15| 12 13] 15| 21| 16| 15| 7| 58 24) s8|
#16 17:45 - 18:00 68| 65| 65| 68 4s| 3s| 20| 20| 12| of 11| 8 12| 9| 11 12| 23] 11| 8 11] 0] 10f 11| 14| 12 13) 15| 21| 16| 15| 7| 58 25| 58|
#1718:00 - 18:15 69| 65| 65 68] 49| 43] 20| 20| 14] 10| 12| 9| 12| 10f 10f 10f 7| 8 8 14| 11| 10| 11| 15| 12| 12) 15| 22| 16| 15| 7| 58| 26| 58
#18 18:15 - 18:30 70| 65| 65| 69| 63| 63| s1| si| 18] of 0] 7f 11 13| 3of 1af o 8 8 12| 0] 1af 12| 16| 23] 14| 16| 21| 17| 15| 7| s8f 27| s8|
#19 18:30 - 18:45 70| 65| 65| 69| 63| 63| 63) e8| e9f 16| 1a] of 12| 13| 13| 13 13 of 8 14 13| a1 11| 15| 13| 15| 16| 22| 16| 15| 7| 58| 29| s8|
#2018:45 - 19:00 70| 65| 65| 69| 64| 64] 64] 68 70| se6| 41) 39| 46| 15| 11 11| 13f 20f of 13| 12| 10| 12| 16| 14| 13) 17| 22| 16| 15| 7| 58 32| 58
#21 19:00 - 19:15 70| 65| 65| 69| 64| 64| 64) e8] 70| es| 70| es| eo s8] 37| 23 12) 0| of 15| 12| aaf 11| 6| 35| 16| 13| 21| 16| 16| 7| 58 37| 58|
#2219:15 - 19:30 70| 65| 65| 69| 64| 64| 64) 68| 70| es| 70| es| 69| 65| 70| e6f 70| 63| 31 24| 19| 33| 12| 17| 14| 13| 14| 22| 17| 16| 7| 58| 43| s8|
#23 19:30 - 19:45 70| 65| 65| 69| 64| 64] 64] 68 70| 65| 70| 65| 69| 65/ 70| 66| 70| 70| 70| 69| 70| 66| 69| 43| 30| 26| 21| 25| 16| 16f 7| 58 51| 58
#24 19:45 - 20:00 70| 65| 65| 69| 64| 64| 64| e8] 70| e6| 70| 66| 69| 6| 70| 66| 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 6| 70| 37| 28] 7| 58 65| 58|
#25 20:00 - 20:15 70| 65| 65| 69| 64| 64| 64) 68| 70| e6| 70| 66| 69| 6| 70| 66/ 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 66| 70| 69 70| 18] s8f 70| s8|
#26 20:15 - 20:30 70| 65| 65| 69| 64| 64] 64] 68 70| 66| 70| 66| 69| 66f 70| 66| 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 66| 70| 69) 70| 68| 70| 67| 70
#27 20:30 - 20:45 70| 65| 65| 69| 64| 64| 64| 68| 70| e6| 70| 66| 69| 6| 70| 66| 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 66| 70| 69 70| 66| 70| 5| 70|
#28 20:45 - 21:00 70| 65| 65| 69| 64| 64| 64) 68| 70| e6| 70| 66| 69| 6| 70| e6[ 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 66| 70| 69 70| 66| 70| 65| 70
#2921:00 - 21:15 70| 65| 65| 69| 64| 64] 64] 68 70| 66| 70| 66| 69| 66f 70| 66| 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 66| 70| 69) 70| 66| 70| 65| 70
#3021:15 - 21:30 70| 65| 65| 69| es| 64| 64| e8] 70| 67| 70| 67| 69| 67| 70| ec| 70| 70| 70| e9| 70| ec| 69| 69| 70| 66| 6| 70| 69 70| 66| 70/ 65| 70|
#3121:30 - 21:45 70| 65| 65| 69| 65| 65| es| es| 70| 67| 70| 67| 69| 67| 70| e6f 70| 70| 70| 69| 70| 66| 69| 9| 70| 66| 66| 70| 69 70| 67| 70| 66| 70|
#32 21:45 - 22:00 70| 65| 65| 69| 65| 65 65 68 70| 67| 70| 67| 69| 67| 70| 66| 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 66| 70| 69) 70| 67| 70| 66| 70
#33 22:00 - 22:15 70| 65| 65| 69| es| es| es| e8| 70l 67| 70| 67| 69| 67| 70| ec| 70| 70| 70| e9| 70| ec| 69| 9| 70| 66| 6| 70| 69 70| 67| 70| 66| 70|
#3422:15 - 22:30 70| 65| 65| 69| 65| 65| es| e8| 70| e8| 70| es| 69| 68| 70| 66/ 70| 70| 70| 69| 70| ec| 69| 69| 70| 66| 66| 70| 69 70| 68| 70| 67| 70|
#35 22:30 - 22:45 70| 65| 65| 69| 65 65 65 68 70| 68| 70| 68| 70| 68 70| 66| 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 66| 70| 69) 70| 68| 70| 67| 70
#36 22:45 - 23:00 70| 65| 65| 69| 65| es| es| 69| 70| e8| 70| es| 70| e8| 70| ec| 70| 70| 70| e9| 70| ec| 69| 9| 70| 66| 6| 70| e9f 70| e8| 70 67| 70|
#3723:00 - 23:15 70| 65| 65| 69| 65| 65| 65| 69| 70| e8| 70| es| 70| 68| 70| 66/ 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 6| 70| 69 70| 68| 70| e8| 70
#3823:15 - 23:30 70| 65| 65| 69| 65| 65 65 69| 70| 68| 70| 68| 70| e8] 70| 66| 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 66/ 70| 69) 70| 68| 70| 68| 70
#39 23:30 - 23:45 70| 65| 65| 69| 65| es| es| 69| 70f eo| 70| eof 70| 9| 70| ec| 70| 70| 70| e9| 70| ec| 69| 9| 70| 66| 6| 70| e9f 70| 69| 70 e8| 70|
#40 23:45 - 0:00 70| 65| 65| 69| 65| 65| 65| 69| 70| es| 70| 69 70| 69| 70| e6{ 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 66| 70| 69 70| 69| 70| e8| 70|
#410:00 - 0:15 70| 65| 65| 69| 65 65 65 69| 70| 69| 70| 69| 70| e9f 70| 66| 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 66| 70| 69) 70| 69| 70| 69| 70
#42 0:15 - 0:30 70| 65| 65| 69| 65| 65| es| 69| 70f e9| 70| e9f 70| 9| 70| ec| 70| 70| 70| 9| 70| 66| 69| 69| 70| 66| 6| 70| 69 70| 69| 70 69| 70|
#43 0:30 - 0:45 70| 65| 65| 69| 65| 65| 65| 69| 70| es| 70| 69 70| 69| 70| 66/ 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 66| 70| 69 70| 69| 70| 69| 70|
#44 0:45 - 1:00 70| 65| 65| 69| 65| 65 65 69| 70| 69| 70| 69| 70| e9f 70| 66| 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 66| 70| 69) 70| 69| 70| 69 70
#451:00 - 1:15 70| 65| 65| 69| es| es| es| 69| 70f e9| 70| eof 70| 9| 70| es| 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 6| 70| 69 70| 69| 70 69| 70|
#46 1:15 - 1:30 70| 65| 65| 69| 65| 65| 65| 69| 70] es| 70| 69 70| 69| 70| es{ 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 66| 70| 69 70| 69| 70| 69| 70|
#47 1:30 - 1:45 70| 65| 65| 69| 65 65 65 69| 70| 69| 70| 69| 70| e9f 70| 66| 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 66| 70| 69) 70| 69 70| 69| 70
#48 1:45 - 2:00 70| 65| 65| 69| 65| es| es| 69| 70f e9| 70| e9f 70| 9| 70| es| 70| 70| 70| 69| 70| ec| 69| 69| 70| 66| 6| 70| 69 70| 69| 70 69| 70|
#49 2:00 - 2:15 70| 65| 65| 69| 65| 65| 65| 69| 70f es| 70| 69 70| 9| 70| es| 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 66| 70| 69 70| 69| 70 69| 70|
. #50 2:15 - 2:30 70| 65| 65| 69| 65| 65| 65| 69) 70| 69 70| 69| 70| 69| 70| e6| 70| 70| 70| 69 70| 66| 63| 9| 70| 66| 66| 70| 69| 70| 69 70| 63 70
TI m e #512:30 - 2:45 70| 65| 65| 69| 65| es| es| 69| 70f e9| 70| eof 70| 9| 70| es| 70| 70| 70| 69| 70| e6| 69| 9| 70| 66| 6| 70| 69 70| 69| 70 69| 70|
#52 2:45 - 3:00 70| 65| 65| 69| 65| 65| 65| 69| 70f es| 70| 69 70| 69| 70| 66| 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 66| 70| 69 70| 69| 70 69| 70|
#53 3:00 - 3:15 70| 65| 65| 69| 65| 65| 65| 69) 70| 69 70| 69| 70| 69| 70| e6| 70| 70| 70| 69 70| 66| 63| 9| 70| 66| es| 70| 69| 70| 69 70| 63 70
2 m — 6 a m #54 3:15 - 3:30 70| 65| 65| 69| 65| es| es| e9| 70| 69| 70 69| 70| 69| 70| es| 70| 70| 70| 69| 70| 66| 69| 69] 70| 65| 66| 70| e9f 70| e9| 70| €9 70
p #55 3:30 - 3:45 70| 65| 65| 69| 65| 65| 65| 69| 70f e9| 70| 69 70| 69| 70| 66| 70| 70| 70| 69| 70| 66| 69| 69| 70| 66| 66| 70| 69 70| 69| 70 69| 70|
#56 3:45 - 4:00 70| 65| 65| 69| 65| 65| 65| 69) 70| 69 70| 69| 70| 69| 70| es| 70| 70| 70| 69 70| 66| 63| 9| 70| 66| es| 70| 69| 70| 69 70| 63 70




Night-Time Lane Closure Volume Sensitivity

7PM Lane Closure

Base Case
— No Work Zone

8PM Lane Closure 9PM Lane Closure 10PM Lane Closure



Conclusion

e FREEVAL-WZ Tool allows for planning-level assessment of freeway
work zone impacts

e FREEVAL originally developed through NCHRP 03-115 for HCM6th
Edition Testing

e FREEVAL-WZ planning and work zone customization through
support and coordination with NCDOT

e Method is consistent with HCM 6th Edition, but inputs have been
customized to support planning-level applications

 Tool and method support a range of work zone analysis use cases

 More cost efficient analysis approach than microsimulation, while
still providing queuing analysis over time and space



Questions and Comments?

e Bastian Schroeder
— Principal Engineer o
— Kittelson and Associates, Inc.

— bschroeder@kittelson.com
— 919.345.4412

e Behzad Aghdashi
— Research Associate
— |ITRE at N.C. State University
— Behzad aghdashi@ncsu.edu
— 919.515.8580
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DELIVERING IN-VEHICLE MESSAGES IN
TEMPORARY WORK ZONES




Why SmartWorkzones ?

Not in Work Zone

Work Zone Occupational
Year Total Fatalities Fatalities
609 130

2012
I 2011 587 122
2010 576 106
_ _ 2009 680 116

Work zones are estimated to constitute about
2008 720 101

10% of overall congestion which translates into
annual fuel loss of over $700 million.iThe total 2007 831 106
amount of wasted fuel in the 439 urban areas was

approximately 1.9 billion gallons in 2010. (2011

Urban Mobility Report

2006 1,004 139

Source: Fatality Analysis Reporting
System (FARS) - Final, NHTSA

SAVARI INC. P


http://www.ops.fhwa.dot.gov/wz/resources/facts_stats/delay.htm#fn1
http://www.fhwa.dot.gov/exit.cfm?link=http://d2dtl5nnlpfr0r.cloudfront.net/tti.tamu.edu/documents/mobility-report-2011-wappx.pdf
http://www.fhwa.dot.gov/exit.cfm?link=http://d2dtl5nnlpfr0r.cloudfront.net/tti.tamu.edu/documents/mobility-report-2011-wappx.pdf

SmartWorkzone — What is it?

- A DSRC based system that can enable efficient transmission of Traveler
Information Messages upstream of the work zone to notify drivers approaching
the area.

- A system that can also collect probe vehicle data to compute parameters such
as travel time through a road segment, average speed, estimated length of
queue/ starting line of congestion.

- Fully compatible with existing DSRC standards.

- An end to end system that contains components that range from message
provision to message consumption.

SAVARI INC. 3



DSRC — Dedicated Short Range
Communication

> DSRC (Dedicated Short Range Communications) is a two-way short- to- medium-range wireless communications
capability that permits very high data transmission critical in communications-based active safety applications.

» Designated licensed bandwidth: For secure, reliable communications to take place. It is primarily allocated for vehicle
safety applications by FCC Report and Order FCC 03-324.

» Fast Network Acquisition: Active safety applications require the immediate establishment of communication and
frequent updates.

>L0\r/]v Latgnlcy: Active safety applications must recognize each other and transmit messages to each other in milliseconds
without delay.

» High Reliability when Required: Active safety applications require a high level of link reliability. DSRC works in high
vehi)cle speed mobility conditions and delivers performance immune to extreme weather conditions (e.g. rain, fog, snow,
etc.).

» Priority for Safety Applications: Safety applications on DSRC are given priority over non-safety applications.

» Interoperability: DSRC ensures interoperability, which is the key to successful deployment of active safety applications,
using widely accepted standards. It supports both V2V and V2| communications.

»Security and Privacy: DSRC provides safety message authentication and privacy.

SAVARI INC. 4



System Components-
SmartWorkzone

Cloud Smartphone

Computation
Engine

i Roadside Unit i i On-board Unit i



Cloud Computation Engine

= Maintains a list of all deployed Roadside Units at work zones.

= Maintains a copy of the latest Traveler Information Message for each work zone.

= Receives Probe Vehicle Data(PVD) from RSEs.

= Filters PVDs and computes travel time for each work zone.

= Encodes new Traveler Information Message (TIM) with updated travel times.

= Pushes new TIM to appropriate RSE.

= Enables monitoring of work zone performance by agencies and work zone operators.

= Scalable cloud based solution with support of additional applications.

SAVARI INC. 6



RoadSide Unit (RSU)

= Deployed at the work zone.

= Broadcasts Traveler Information Messages (TIM) over DSRC.
= Broadcasts WAVE Service Announcements (WSA) over DSRC.
= Listens for incoming Probe Vehicle Data (PVD) over DSRC.

= Pushes incoming Probe Vehicle Data to the Cloud Computation Engine over the cellular network
or fiber backhaul.

= Receives updated Traveler Information Message from the Cloud Computation Engine and
broadcasts over DSRC.

SAVARI INC. 7



On-board Unit (OBU)

= Receives Traveler Information Message from deployed RSE OR from another vehicle that
supports message hopping.

= Decodes the TIM and determines if the message is relevant.

= Relevant messages are passed to the Driver Display Unit (HMI).

= Collects PVDs based on a distance threshold.

= Transmits the PVDs to the deployed RSE when in range and upon reception of WSAs.

= Participates in message hopping if configured.

SAVARI INC. 8



Message Hopping

Desired Region 9
Range of RSU Startof Work ~ T=—a___ — -
Zone _ i
\‘ - - e
\ _ -
A P _ Q_ M ==~ - -
, O O O
| \ ~—
End of work Varying Starting Location

zone of Congestion




Use Case — Varying Terrain

= 9 vehicles used to test the system.

= The work zone setup was 2 miles
long.

= Message was successfully hopped

o o 1Y from the RSE to the last car ( green

38 _Google éart triangle).

I = Typical RSE range without hopping
maxes out at 1000m on a level
terrain.

Figure 22 : Work zone Components L

I
@ PCMS
A\ Starting Location
@ Stopping Location
The Yellow line represents the cone zone.

SAVARI INC. 10




Testing in Duluth, MN




Use Case 2 — Travel Time Estimation

=
3

" -';

7
Cruz. ANGE |

i
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Terrain is relatively flat.

The range of message delivery in this
case increased by about 600m.

This was with just one vehicle hopping.




Use Case 3 — Work Zone Notifications
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Use Case 3 — Work Zone Notifications

Z» 1591 ‘ g 4 JIB/BST'S6.57" N 77 "25'42.65" W elev 28B4 Tt eye alt 8473 ft

Graph: Min, Avg, Max Eleva : 384 ft
Range Totals: Distanc i Elev Gain/Lo 5.3 ft. ~12.8 ft__Max Slope: 19. 9. Awvg Slope:

—

= Tour Guide

SAVARI INC.




Travel Time
2 mins

Left Lane Closed Ahead

Workzone ends in 346 m

SAVARI INC.



Driver Display Unit (HM)

Travel Time
2 mins

Left Lane Closed Ahead

Workzone ends in 346 m

SAVARI INC.



Current Status

= System prototype designed and implemented.

= Full scale demonstration completed.

= [ncreasing interest in the solution from CV pilots as well as other DOTs.

SAVARI INC. 17




Q&A / Feedback




Moving FHWA Work Zone Driver
Model towards Practical Application

A work zone add-on for microsimulation tools

Volpe, The National Transportation Systems Center Turner Fairbank Highway Research Center (TFHRC)

U.S. Department of Transportation U.S. Department of Transportation

Research and Innovative Technology Administration Federal Highway Administration

John A. Volpe National Transportation Systems Center Turner Fairbank Highway Research Center
Saxton Transportation Operations Laboratory




Problem

0 Work zones can have significant operational
impacts.

0 The number of freeway work zones in the
US is projected to increase.

2 DOTs need accurate tools that can accurately predict work
zone impacts.

- FHWA identified microscopic models as having the potential to
better predict work zone operational impacts.!

2 Most microsimulation tools are not designed to simulate
driver behavior through work zones.

= Therefore, they cannot be used to accurately predict work zone
impacts (such as queue, delay, etc).

L FHWA Traffic Analysis Toolbox



http://ops.fhwa.dot.gov/trafficanalysistools/

Project Overview

Project Goal:
Create a work zone software to interface with existing
microsimulation software tools, that enables them to accurately
simulate car-following behavior through freeway work zones

Project Purpose:
To provide engineers and planners at State/local DOTs and
consulting firms with a tool that can better predict the operational
impacts of freeway work zones



Project Overview

Project Objectives:
Identify & review the most prevalently used microsimulation tools

Process FHWA Living Laboratory Work Zone Driving Data

U

Calibrate and validate the work zone driver behavior algorithms

(

Using an instrumented vehicle & data from MassDOT, collect work zone
driver behavior data in freeway work zones in MA

U

Create a Work Zone Software to interface microsimulation tools
Interface the Work Zone Software with one (1) of the microsimulation tools

Demonstrate capabilities of the Work Zone Software by interfacing with a
microsimulation software tool

Create a User’s Guide

Conduct R&D in a manner that fosters T2


https://www.fhwa.dot.gov/publications/publicroads/13marapr/04.cfm

Project Overview

Timeline for Project:

v" 1. Kick-Off Project: August 27t & 28th, 2015

v" 2. Review Microsimulation Software Tools: . January 2016
v 3a.ProcessTFHRCLLData: . May 2016
0 3b. Data Collection in MA Work Zones: . . ... October 2016
0 4a. Calibrate and Validate Algorithms: ... November 2016
2 4b. Create Work Zone Software: October 2016

2 5. Demonstrate the Work Zone Software using VISSIM: May 2017

0 6. Create a User’s Guide: October 2017



Background: Car-Following

A
AX front to rear distance
perception
no reaction threshold

CLDV

_—'—'-F-----_._._—
unconscious

reaction

deceleration

collision

difference of velocity ﬂv

<+— increasing distance decreasing distance —»
Wiedemann 74 Car-Following Model (used in VISSIM)!

1PTV-AG, VISSIM 5.10 User Manual. 2008



Background: FHWA Work Zone Model

AX Vehicle Gap
NO REACTION NO REACTION

m; \"\"? Oscillation

L sme ____%1’1’1*2%‘35%1?_‘%___

e .
Ty

AV Speed

Multidimensional Car-Following Model*

! Lochrane (2015). “A New Multidimensional Psycho-Physical Framework for Modeling Car-
Following in a Freeway Work Zone”



http://etd.fcla.edu/CF/CFE0005521/LOCHRANE_Dissertation_Final_Edits.pdf

Background: FHWA Work Zone Model

AX Vehicle Gap

NO REACTION NO REACTION
GMax ____________ ES _________ \: ____________ T"_'-‘ ____________
Oscillation
SEPARATING APPROACHING
Grgin SSSEIANSCR R AAAN N LA \ ---------------------
Ge NN
Gy

AV Speed

Multidimensional Psycho-Physical Car-
Following Framework?

Modified Field Theory?

! Lochrane (2015). “A New Multidimensional Psycho-Physical Framework for Modeling Car-Following in

a Freeway Work Zone”

2 Berthaume (2015). "Microscopic Modeling of Driver Behavior Based on Modifying Field Theory for

Work Zone Application"


http://etd.fcla.edu/CF/CFE0005521/LOCHRANE_Dissertation_Final_Edits.pdf
http://scholarworks.umass.edu/cgi/viewcontent.cgi?article=1328&context=dissertations_2

Background: TFHRC Living Laboratory
Work Zone Data

Instrumented Road
Vehicle (IRV)

Remote Traffic Microwave

Sensor (RTMS) Units

—~cge

= Car-following data, collected at 40Hz = Macroscopic data, collected & reported
for every vehicle & reported at 10 Hz per lane, per 15 minute interval

for each run. = Includes: volume, occupancy, 85

= Includes: relative distance, velocity, percentile speeds, & average gap
accel/decel, etc.



3a. Process Work Zone Data
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3a. Process Work Zone Data (cont.)

— : T . ., AV[m/s]

4 AV [m/s]



3a. Process Work Zone Data
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3a. Processed Driver Books

62 Processed Driver Books will be published to the Research Data
Exchange (RDE), along with a Metadata document, a version of the
processing tool we developed, and a short report describing how we

processed the radar data.

Enhancing Microsimulation Models for Improved Work
Zone Planning - Car Following Data from Northern
Virginia

A B E F G
1
2 Chart Settings
3 AxesBounds  Default
. o Axis 10
& Chart Lines No
7 Chart Height 225
8 Chart Width 225
9 Marker Size 2
10 Line Weight 0.5
11 Columns 4
12
13 Data Info
14 Processed Data
15 Instance Data
16

4« ‘ Tool | Bulk Processing Post Processing

Identification Information
Citation

Citation Information
Originator: USDOT Voipe Mational Transpertation Systems Center
Publication Date: Msy 8%, 2018
Title: Enhansing Microsimulstion Models for Improved Wark Zone Plenning - Gar Following Dsta
from Norther Virginia
Edition: Version 1

Publication Infermation
Publication Place: Cambridge. MA
Publisher. U S. Department of Transgortaian's (USDOT) Velpe Transgertation Center
Online Linkage:

@

Each booklet contains four tabs:

Description

Abstract: The files contsined in this dats environment were used to creste, calibrate, and validate 8
microscapic work zona model that, when intagrated into cumently svailsble microsimulstion software
packspes, would enable them to accurstely simulate car following through freewsy work zones. By improving
wark zone models, ssfer and more eficient work zones can be planned end designed, reducing the annus!
delsys and fatalities sssocisted with work zones in the US.

The dats files contained in this dets enviranment include B2 processed data fies that describe freeway car-
fellowing data (such as velocity, scosleration. and reistive position) for the car-following instances observed
during 62 individus| dats collection runs, performed through the Federsl Highway Administratian (FHWA)
Tumer Feirbank Highway Research Centers (TFHRC) Living Laborstory (LL). Dista were collected using an
Instrumented Research Wehicle (IRV) slong highwsys and freewsys in northem Virginia, in both work zones
and i in . during the. of 2013 (between June 21% and August
30 2013}, to befer understand work zane driver behsviors. The USDOT Volpe Nationsl Transportation
Systems Center (Volpe Genter) lenfifes, isoiated, snd dlassified individual car follawing instances from within
the raw data sets parameters included pe, level of congastion. and spaad Emit), then
provessed and refined the dsta fo generate the 52 dats fles pubished herewith in

The purpase of these published dats files are o be used in the crestion, caliorstion, and validstion of freewsy
car-following models {such as Weidemann B8, the Intelligent Driver Model (IDM). Gipps. or the GM madels)
The Volpe Center processed these data for the cefbrstion and validstion of freeway work zone car-following |
slgorthims for the USDOTIFHVUA Wrk Zone Driver Behavior Model,

Accompanying this metedata document sre three addion| fles: Dats Propessing Tool, Gar Following
Identfied Templats, and User Instructions/Guide. The purpase of these fles are to provice researchers with
the instrustions and resources necessary to collect, process. refine, and classify car-following dsta gathered




a. Processed Driver Books (cont.)

Following Vehicles

1. Car Following Instances. :

Time From Time Until Roadway Type Congestion Speed Limit
NewlD |Radar [ID #'s Vehicle Type MNewlD |Radar [ID #'s Vehicle Type
passanger passenger
. car=PC heavy car=PC heavy
I n fo r m at I O n a b 0 u t e a C h . vehicle=HV, bus=8, . vehicle=HV, bus=8, . W, 15, AW, TZ Wt or |
3 |[assi{ = |[#] [+ |[Object Class| « | matorcycle=m |+ |[assi{ + [[#] [+ [[object Clas{ + [motorcycle=m [+ |[h:mm:ss.00] + |[h:mm:ss.ss] [« | w22} ~ |icoruy I -
4 |L01 0 127 PC FO1 10 Subject - 0:04:23.10  (0:04:47.30  |HW uncong 50
Ca r‘_fo I IOWi n g i n Sta n Ce 5 |L02 10 Subject - FO2 1 161/163 PC 0:05:48.10 (0:06:11.30 |HW uncong 50
V4 6 |L03 10 Subject - FO3 1 161/163 PC 0:06:11.40 (0:06:21.20 |HW uncong 50
7 |Lo4 0 138 PC Fo4 10 Subject -- 0:06:23.00 [0:06:34.10 |HW uncong 50
ta ke n fro m t h e Ca r-_ s |0 |1 PC FOS |10 |Subject |- 0:06:38.60 |0:07:24.40 |HW uncong 50
9 |LO6 0 145 PC FO6 a 146 M 0:07:13.70 (0:07:24.40 |HW uncong 50
10 (LO7 0 160 PC FO7 10 Subject -- 0:08:00.50 (0:08:29.30 |HW uncong 50
F I I H Id t'f' t' 11 (108 (10 |Subject -- F08 |1 |200 PC 0:08:51.20 [0:09:07.10 |HW uncong 50
0 OWI n g e n I I Ca I 0 n 12 |L09 0 175 PC FO9 10 |Subject -- 0:09:44.60 [0:10:38.60 |HW uncong 40
13|10 10 Subject - F10 1 220/226/232|PC 0:10:52.70  (0:12:04.20 |HW uncong 40
14 |L11 0 186/193 PC F11 10 Subject - 0:10:57.40  (0:11:10.20  |HW uncong 40
Te m p I ate . 15 [L12 0 186/193 PC F12 1 228/231 PC 0:11:14.10 (0:11:28.30 |HW uncong 40
16 |L13 0 204/205/2064PC F13 10 Subject -~ 0:12:44.50 (0:12:57.50 |HW uncong 45
17 [L14 0 204/205/2064 PC F14 10 Subject -- 0:12:57.60 [0:13:25.50 |HW uncong 45
18 |L15 0 226/229/232 |PC F15 10 Subject -- 0:15:59.70 (0:16:34.10 |HW uncong 45
19 L16 0 226/229/233 |PC F16 10 Subject - 0:16:43.20 (0:17:0L.30 |HW uncong 45
20 |L17 0 226/229/234 |PC F17 10 Subject -- 0:17:01.40 (0:18:00.10 |HW uncong 45
21 |L18 0 247/252/253 |PC F18 10 Subject - 0:18:41.70 (0:19:01.40 |IS uncong 55
22 |L19 0 12/22/27/30 |PC F19 10 Subject -- 0:20:00.70  (0:20:32.50 |IS uncong 55
23 |L20 0 12/22/27/30 |PC F20 10 Subject -- 0:20:32.60 (0:21:09.10 |IS uncong 55
24 |L21 0 37 PC F21 10 Subject -- 0:21:18.90 (0:21:45.90 |IS uncong 55
25 |L22 10 Subject - F22 1 154 PC 0:22:45.50 (0:23:06.30 |AW uncong 55
26 |L23 10 Subject - F23 1 154 PC 0:23:09.70 (0:23:17.60 |AW cong 55
27 |L24 0 68/70 PC F24 10 Subject -- 0:23:21.10 [0:23:37.30 |AW uncong 55
28 |L25 o 74/78 PC F25 10 Subject -- 0:23:58.20 0:24:13.10 |AW uncong 55
29 |L26 10 Subject - F26 1 203/206 PC 0:24:01.10 (0:24:24.90 |AW uncong 55
30 |L27 0 74/78 PC F27 10 Subject -- 0:24:13.20 |0:24:38.70 |WZ2 uncong 55
31 |L28 0 90/91 pPC F28 10 Subject - 0:24:38.80 |0:25:09.20 |WZ2 uncong 55
32 |L29 0 98 PC F29 10 Subject -- 0:25:11.80 |0:25:29.70 |WZ2 uncong 55
33 |L30 10 Subject - F30 1 245/246 PC 0:25:35.30 0:25:45.70 |WZ2 uncong 55
34 |L31 0 103/118 PC F31 10 Subject -- 0:25:35.80 |0:25:58.10 |WZ2 uncong 55
351132 10 ubiect - F32 1 255 PC 0:25:48.10 10:25:58.80  |W72 uncong 55

4 b | 4. dv-time Plats 3. dv-dX plots ‘ 2. Radar data | 1. Car Following Instances | ®




3a. Processed Driver Books (cont.)

A B C D E F G H 1 dl K

2 . Rad a r Data . P rocessed 1 o H Z Ca r_ ; Time ad Ie — olluVehicI — A Distance A Velocity

. 3 ~ | 1 [ioe 30,20~ Jomed [+ et~ o~ 1o, 3-8, 200+ | s [+ e~ [0 M~ HN
fo I I OWI n g d ata 4_ 0:04:23.193 LO1 0 23.696 0.578 FO1 10 14.870 0.090 17.479 -7.826
5 B 0:04:23.292 LO1 0 23.691 0.548 FO1 10 14.851 0.090 18.209 -7.800
[ B 0:04:23.392 LO1 0 2345 0.505 FO1 10 14.696 0.020 18.970 -7.800
7 | 0:04:23.492 LO1 0 23.714 0.330 FO1 10 14.814 0.040 19.654 -7.900
8 B 0:04:23.594 LO1 0 24.008 0.022 FO1 10 15.308 0.110 20.267 -7.700
] B 0:04:23.693 LO1 0 23.666 0.453 FO1 10 15.138 0.040 21.085 -7.528
10_ 0:04:23.794 LO1 0 24.016 0.554 FO1 10 15.416 0.100 21.833 -7.600
11_ 0:04:23.892 LO1 0 24.016 0.305 FO1 10 15.416 0.070 22.564 -7.600
12_ 0:04:23.993 LO1 0 23.711 0.270 FO1 10 15.411 0.060 23.278 -7.300
13_ 0:04:24.093 LO1 0 23.761 0.134 FO1 10 15.467 0.060 24.014 -7.254
14_ 0:04:24.192 LO1 0 23.978 -0.084 FO1 10 15.827 0.140 24,741 -7.151
15_ 0:04:24.292 LO1 0 23.804 -0.049 FO1 10 15.812 0.100 25.426 -6.992
167 0:04:24.393 LO1 0 24.244 0.044 FO1 10 16.244 0.160 26.135 -7.000
17_ 0:04:24.453 LO1 0 24118 0.060 FO1 10 16.218 0.110 26.846 -6.9500
18_ 0:04:24.593 LO1 0 23.926 0.060 FO1 10 16.326 0.110 27.461 -6.600
19_ 0:04:24.693 LO1 0 24.026 0.296 FO1 10 16.326 0.120 28.185 -6.700
20_ 0:04:24.793 LO1 0 24.176 0.370 FO1 10 16.476 0.210 28.871 -6.700
217 0:04:24.892 LO1 0 24.559 0.546 FO1 10 16.959 0.210 29.523 -6.600
22_ 0:04:24.993 LO1 0 23.894 1.037 FO1 10 16.388 0.010 30.209 -6.506
23_ 0:04:25.092 LO1 0 24.317 0.834 FO1 10 16.506 0.040 30.889 -6.811
24_ 0:04:25.192 LO1 0 24.384 0.433 FO1 10 16.784 0.080 31.545 -6.600
25_ 0:04:25.293 LO1 0 24.164 0.310 FO1 10 16.764 0.050 32.202 -6.400
26_ 0:04:25.393 LO1 0 24251 0.126 FO1 10 16.851 0.060 32.829 -6.400
27_ 0:04:25.493 LO1 0 24116 -0.139 FO1 10 16.851 0.150 33.410 -6.265
28_ 0:04:25.594 LO1 0 24.478 -0.238 FO1 10 17.278 0.020 34.082 -6.200
29_ 0:04:25.693 LO1 0 23.933 0.049 FO1 10 16.923 0.020 34.685 -6.010
307 0:04:25.793 LO1 0 24.319 -0.020 FO1 10 17.119 0.060 35.315 -6.200
31_ 0:04:25.892 LO1 0 24335 -0.116 FO1 10 17.335 0.100 35.886 -6.000
32_ 0:04:25.994 LO1 0 24.032 -0.080 FO1 10 17.232 0.040 36.488 -5.800
33_ 0:04:26.095 LO1 0 24.636 -0.180 FO1 10 17.736 0.160 37.138 -5.900
34_ 0:04:26.194 LO1 0 24.073 -0.231 FO1 10 17.273  0.000 37.709 -5.800
357 0:04:26.294 LO1 0 23.818 0.063 FO1 10 17.273  0.050 38.267 -5.545
35_ 0:04:26.394 LO1 0 24302 0.073 FO1 10 17.484 0.010 38.874 -5.818
37 | 0:04:26.453 L01 0 23.961 0.006 FO1 10 17.371 0.010 39.412 -5.590

“ 4. dv-time Plots 3. dv-dX plots 2. Radar data 1. Car Following Instances | (O]




3a. Processed Driver Books (cont.)

3. AV/AX Plots. Relative
distance (AX) [m] vs.
relative velocity (AV) [m/s]
for each car-following

instance.
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3a. Processed Driver Books (cont.)
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3b. Collect Data in MA

Will collect car-following data in Massachusetts work zones
using the IRV
Will identify and classify car-following instances.

e Will use the fields from the VA study + additional fields
(such as road weather, peak vs. off-peak, rural vs. urban
freeways, etc.)

Working with MassDOT to supplement data with macroscopic
data (such as traffic counts, where available) and geometric
data for work zones (where available).



4a. Calibrate Model...
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Va@gmin -1.5] Reaction Times PRT _vi 0.5

Threshold m

Vehicle Attributes

Max Accel

N
Max Decel m
| 30 |

Model Parameters
time step (s):

Starting value for Ax =

—3 Driver 6, LO3&F03
- — Gmax

— —Gmin

- -

- =G

Vs

—\Va



4a. ...Validate Model

Aggregate field data for each driving condition & compare
calibrated model (left) in Excel to field data (right).

Use Microscopic Performance Measures

Framework Variables
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4b. Create Work Zone Software

[4] workzonemodel [E=REEN

I configure | | Analysis | v
== ==
E configuration
Execution Confiquration of the Work Zone Model
. . ; Parameters
SietoniN Configuration Files Folder Browse... 2
@ Continuous Weather Conditions
C:\Users\Brian.Odonnell. CTR\Documents\MATLABWork Zone
P— Model Interface- VISSIM-MATLAB\Configuration Files 'E . .
. Ve
g ) Wet
» Save
Step Increment Step 0 1
Available Configurations E
4
'
> Vehicle T Congestion
configTable3-BriansTest.cav Tl @ 0.5 ype 9
. =
configTable3-BriansTestlbb.csv o (") Passenger Car ) Congested
configTable3AndyTestl.csv (=]
configTable3AndyTest2.csv E
configTable3AndyTest3.cev 0 Heavy Vehicle Uncongested
configTable4 - Copy. csv
Load Network COM_example.inpx configTabled.csv
configTableS.csv 1.6 -1 1 15
COM_example.layx configTableSbroken.csv o Delta V - Rel. Speed (m/s) Tabe cell
Framework Variables
Save Workspace Freeway | Freeway WZ: | Freeway WZ: | Freeway WZ: | Freeway WZ:
Adv. Warning| Taper Zone |Lane Closure|No Lane Closure|
G in 12 12 10 10 10
G 70 70 75 75 75
G, 7.5000 7.5000 7 7 7
Gy 5 5 5 5 5
Vs @6max 7 7 & 8 &
Units Vs @omin 2 2 1.7500 17500 17500
@) . vA@Gmax =7 =7 8 5 ]
(@) English Units VA @Gmin 2 2 -2 -2 -2
() Metric Units )
Accel/Deccel Variables
Freeway ‘ Freeway WZ: | Freeway WZ: | Freeway WZ: | Freeway WZ:
* The Drlver Software Platform - EAdv‘ Wamln: Tapechma5 Lane Clclsura5 No Lane C\osur:
PC
includes placeholders for Road S 5 5 5 5 5
e 1 1 0.8000 0.8000 0.3000
Weather, CV/AV, and other [ £.5000 £.5000 5.3500 £.3500 5.3500
- are Conv 85000 85000 8 8 8
derIng conditions and/or PRT  tav 15000 15000 1.4000 1.4000 1.4000
L. A PRTd!m 1 1 1 0.9000 0.2000
SpeuallZEd vehicles. PRT,; 1 1 1 0.9000 0.9000




4b. Create WZ Software (cont.)

* SUMO and VISSIM are used as examples.

. E o COM Interface FHWA Driver COM Interface
20 Model COM
3‘ = Client
[x]
h ®
GUI Developed in:
MATLAB
" FHWA SUMO Driver ) Final Version:
Model C++ DLL A Stand-Alone
Executable in C#
Configuration Configuraticn
File File

" FHWA VISSIM Driver )
Model C++ DLL

k..,)

* Alternative interfaces can be designed for each software, and/or the FHWA Driver Model Software could be directly incorporated



5. Demonstrate WZ Software in a
Microsimulation Package

= |nterface Work Zone Software with a microsimulation
software package using a DLL interface

= Construct three networks using the software package:
1. A straight work zone segment
2. 1-395 in VA (work zones from 2013)
3. 1-91 in Springfield, MA (work zones from 2016)

" For each network, compare:

Field vs. Microsim Software vs. Microsim Software w/ WZ Add-On

Use Macroscopic Performance Measures (such as capacity,
qgueue length, total delay, and average travel speed)



6. Create a User’s Guide

= Define the type of data you’ll need to calibrate your
models

= Explain how to process this data

o How to use data processing tools
= Explain how to calibrate the Work Zone model

= Explain how to use Work Zone Software
o How to install the software
o How to use the GUI

o Documents describing software architecture (for those who wish
to modify it)

= Explain how to use Work Zone Software w/ VISSIM



Expert Panel

Volunteer Expert Panelists provide feedback on research
approach and products.

Panelists include representation from three groups:

= End Users [engineers and planners at State/Local DOTs, MPOs, and
private engineering consultancies]

= Technical Experts in Microscopic Modeling [professors,
researchers, and FHWA staff]

* Microsimulation Software Companies [software engineers and
market analysts]



Thank you

For more information, please contact:

Andrew Berthaume, Ph.D.
Project Lead — USDOT/Volpe Center
Ofc: (617)-494-3159
Andrew.Berthaume@dot.gov

Chris Melson

Project Lead — Turner Fairbank Highway
Research Center

Christopher.Melson@dot.gov

Taylor Lochrane, Ph.D.
Turner Fairbank Highway Research Center
Taylor.Lochrane@dot.gov
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