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Outline

* Al-ITMS Program and Status

« Short Term Traffic Flow Prediction algorithms
o Robust Long Short-term Memory (LSTM) for freeway detectors
o Graph Structural Learning for Time Series (GTS) for surface network

« Example Applications
o Traffic Simulations
o Congestion/incident impact prediction
o Incident mitigation

* Vision for the Next Steps
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USDOT/DelDOT “Advanced Transportation
and Congestion Management
Technologies Deployment (ATCMTD)"grant

The Vision of AI-ITMS:

— Automate and optimize transportation
systems monitoring and operations

— Early and accurate detection and
identification of transportation systems
anomalies and inefficiencies,

— Reason the cause and impact of
anomaly/inefficiencies,

— Develop corresponding solutions and
manage the system proactively

=

DelDOT

BLU=HALO)



Transportation System “Big Data”

Hybrid Cobalt Simple Dark

| solutions,

| MOEs
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ﬁ—Key Modules of Al-Transportation Operation and
Management System (AlI-TOMS)
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Traffic Anomaly Reasoning and Classification

* What is the type of incident and cause? . The service classifies each incident as

e Data input includes Bluetooth, M-dist. — Work zone (WZN)
values, Waze, restrictions, weather, and — Incident (INC)
flow data — Severe Weather (SWE)
NBT0036-NBT0073 (ne)
Start Time: 710 AM Route: DE1 NB Type: Work Zone

Weather is mist. Road condition is
N/A. The following detectors’ per lane
data crossed the critical values, and
Duration: 30 min Detectors Reason: any numbers after the detector id are
lanes with per minute speed drop:
(19979 19996). Ongoing restriction
workzone present.

End Time: 7:40 AM Address:

Severity: 42

@ 7 BLU=HALO)
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TIncident Localization and Evidence Grouping

Traffic Flow Data TRAFFIC INCIDENTS September 21, 2021 it i
D INCIDENT LIST TOTALLY 7 INCIDENTS K ey Feat u reS L
+ Map Satellite - ﬁ Route Region Severity Start Time End Time Duration . Mitigation
. il Evidences » Collect and analyze
’ 1 ova gT uwe @ WPT D aam 2O 3O network-wide, multiple

James T Vaughne = @ 2112 as20 D - p

Correctional Center DE1 NB 2021-09-20 2021-09-21

2 ) 3725 i 3

cocomen@l o] | @ S v @ NPT MEOT g GED 3@ sources of data
! 195 NB 2021-0921  2021-09-21 . {=(57 L 70]
sood | Q¥ @ uean @) 07:05 08:45 el O GO  Detect, locate,
{
195 SB 2021-09-21  2021-09-21 , =@ 1 I I
@y 'g® um @ T SN am, =D 3E reasoning, and impact
DE1NB 2021-09-21  2021-09:21 : =@® 2@ assessment of
0O Smyrna @ 3720 e Urban . 07:43 08:33 S & . .d
AcDonald's \@) Airport-38N : : 7 .
V DE1SB 20210921 20210921 > , INnciaents
yrna High School + @ 3730 e CAV . 08:00 0§,:25 85 min fﬁ@ &@ g
Ge)  Smyma - @ 3731 DSSB Urban {8z $2:2210-09-21 $2§609-21 150 min ff@ 3@

iealth Emergency
Center - Smyrna

Clayton
3 _

Wawa f’@v
~
U3 TIME LOCATION TYPE
Big Oak

(300) CQunty Park
T fﬂfé’fo‘r*yo{fjfoa‘ 9 Start Time: 8:00 AM Route: DE1SB Type: Incident
Hic W

166 Brick Store
End Time: 9:25 AM Proof:

Address: Landing Rd, Smyrna,
DE 19977
Duration: 1 hr 25 min Severity: 70 |
Detectors 21266,21744

Garrisons Lake Golf (‘.Iuh@

Traffic Incident Management Interface of AI-TOMS
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Short-Term Tratffic Flow
Prediction

1. Robust Long Short-Term Memory (LSTM) Prediction for freeway
detectors
2. Graph Structure Learning for Time Series (GTS) for large network



" Example Study: CAV Arterials

* Number of detectors on US-13 used for g
prediction: T Y
« NB: 25 detectors f.,-...{js? :
« SB: 26 detectors 249 bl
{-" ("7593
e
« Training: 2019-03-01 to 2021-07-31 (all data
including incidents) AN T
» Testing: 2021-08-01 to 2021-10-01 (2 months) "*x;“, d
o R L : 878
\}7"‘ AN
» Features used Iin the model: *d..h
 Adjacent matrix of detectors 5 m‘fis:gm
« Volumes of all detectors (last 1 hour data) | ‘%{35;"’37"3251 j
 Surface condition AN
« Weekday information ‘féi 1
* Month information £ b :
B A
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Automatic Traffic Prediction Model Updating

Prediction models need to update
to accommodate seasonal and
ong-term traffic pattern change

_ibrary of devices/sensors
Each sensor has checkpoints

Each checkpoint has:
* Models

* Training logs

« Dated evaluations

Device Library

[ 19975_SB

| =) (=10

N S Checkpoints (Per Device)
[ 2022-12-20 ] [ 2022-12-13 } [ 2022-12-05 ]]]]]]
~ /7 Metadata/Artifacts (Per Checkpoint)
Evaluations Models (9 total) Training Logs

horizon: 5
feature: speed

L 2022-12-21

)|

J

- hb_speed.csv
- hb_speed.json
- h5_speed.log

7.
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Applications of Traffic Predictions

 Simulation Model Accuracy Improvement
o Replace historical baselines with predicted demands

o Compare with live traffic data to calibrate and evaluate the
improvements

» Traffic Congestion Prediction
o Using predicted demand and known "operational capacity’, we can
predict the possibility of congestion for certain links
» Traffic Anomaly/Incident Impact Prediction and Mitigation
o Use LSTM models for demand forecasting on freeways

o Use GTS models for arterial demand forecasting before the incident

o Detours + original arterial demand - signal plan changes faster than
Traffic responsive ahead of congestion

@ BlueHalo Propriefary, See Cover Page BLU EH/\LCP
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" Traffic Flow Prediction Applications

e

VOLUME

One long peak, with 150-
200% traffic demand

Traffic prediction is
extremely effective in

Actual -+ Baseline (46.18%) Pred 5 (10.32%)

handling non-incident
related traffic pattern

300
250‘
.
100
N
)
26.

abnormalities Day after Christmas (12/26/2022)
Two peaks, one in
— midday and one in the
late evening
Thanksgiving (11/24/2022)
@ BlueHalo Propriefay, See Cover Page
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Live Automated Traffic Signal
Performance Measure (ATSPM)
and Connected Automated
Vehicle (CAV) Trajectory for
Traffic Signal Timing
Optimization

Proprietary Information of Intelligent Automation, A Bluehalo
CCCCCCC



Live ATSPM for Signal Performance Monitoring

BB € Toms High Resolution Data > pco December 6, 2021

N561:US 13 @ DUCK CREEK RD - | PCDChart H =z s

Al-TOMS monitors
traffic signal and
corridor performance,
and recommends
signal plan and
parameter change
based on live High
Res and vehicle
trajectory data

N561:US 13 @ DUCK CREEK RD

53% GT

N561:US 13 @ DUCK CREEK RD

« Collect and visualize High Resolution Signal controller log data in near real time (5 minutes interval)
* Monitor signal performances and corridor progression

A "
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' Progression Bandwidth Efficiency Calculation
PASSER Il EFFICIENCY ASSESSMENT:

g8 giToms HIGH RESOLUTION DATA > TIME SPACE DIAGRAM January 31,2023

Time Space Diagram - 12:05 -

N791:US 13 @ DE 1 N SN Y RAMP (G1)

N561:US 13 @ DUCK Cf EEK RD (G1)

N526:US 13 @ RE TAREA (G1)

N453:US 13 ¢ | RD 487 (G1)

K102:US 13 ¢ | DE 300 (G2)

K101:US 1. @ DE6(G2)

K119:US 13 @ BELMI INT AVE (G2)

K201:US 13 @ S SMYRM A RAMP (G2)

K278:US 13 @ CAI TER RD (G2)

K247:US 13 @ BIG OAK RD (G2)

@ BlueHalo Proprietgy, See Cover Page BLUEH/\LD)
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T Vehicle Trajectory Data (from Wejo) Overlay
on Time-Space Diagram

88 « TOMS Wejo Data

N791:US 13 @ DE 1 N SMY RAMP (G1)

N561:US 13 @ DUCK CREEK RD (G1)

N526:U5 13 @ REST AREA (G1)

N453:US 13 @ RD 487 (G1)

K102:US 13 @ DE 300(G2)

K101:US 13 @ DE 6(G2)

K113:US 13 @ BELMONT AVE (G2)

K201:US 13.@ S SMYRNA RAMP (G2)

K278:US 13 @ CARTER RD (G2)

K247:US 13 @ BIG OAK RD (G2)

K288:US 13 @ HICKORY RIDGE (G2)

@ BlueHalo Proprietary, See Cover Page BLUEH/\Ld_?
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" CAN Bus Data Overlay on Time-Space Diagram

oo £ TOMS HIGH RESOLUTION DATA TIME SPACE DIAGRAM January 31, 2023

Time Space Diagram - 13:05 =

5288

N791:US 13 @ DE 1 N SMY RAMP (G1) : : . : : . : . i ﬁ —
o =

N561:US 13 @ DUCK CREEK RD (G1) T res—— ]

Vid: 5288
Time: 13:09:25

: : : g | N Speed: 80.0 mph
N453:US 13 @ RD 487 (G1) R antN;;%:B ‘

ME—
N526:US 13 @ REST AREA (G1) :  —1 OVE,‘; = [ e
. :

ﬁ
K102:US 13 @ DE 300 (G2) ' ' : : : : _

K101:US 13 @ DE 6 (G2)

K119:US 13 @ BELMONT AVE (G2)

@ BlueHalo Proprietary, See Cover Page BLUEH/\Ld_?
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CAV/CAN Bus based CSPI

e € TOMS > CAVDATA TRIP DATA

m TRIP DATA

© . TRIP INFO
g
[1¢} Trip Id: 503
- Device Id: 5287
[113) Na Status: Completed
‘ ® Last Updated: 2022-07-08 17:48
i Start Time: 2022-07-08 13:31
@ B L o : End Time: 2022-07-08 17:48
1 Start Location: Coastal Hwy, Rehoboth Beach, DE 19971
ord Old Fu 2 End Location: Tyler Ave, Selbyville, DE 19975
: ssioads eie o ® Distance: 71.3 mi
R ' Duration: 4h 16m
ardscrabble [113] » 3 T Top Speed: 64.6 mph
.\ ’ o ek Orchond Top Rpm: 3957 rpm
x] e :n‘,‘ . Top Accel: 1.35m/s?
e
) tors W S 7 P E Signal cSsPI Speed Green/Red Stops/Mile
Regshor . Group Score Score Score Score
Hearns o ® ® ® IF
8 8 19
Frankfor . ?{ thany
i [} roxang  Bavard & B 8 19
Ward
= | s Q ,‘ : ierage Speed: 12.50 mph =
o = -
I i . e [ | @ o 24 8 29
\
N € 3 40 33
=l Whaleyville Showe Dt Pilias g - 7
o Parsonsburg g g8 o )
ePl @ @ © 18 15 23

“
Stops

«® «® 1«0 1«0 1«0 1«0

&




Signal Timing
Recommendation
Flowchart

A
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High Res Data from
Controllers

T

Infer turning
movement count

|

Compute optimal
cycle length for each
intersection

¥

Determine optimal

cycle length for the
corridor

T
7 I

- T
/Is/[jreprog rammed Sph
‘ﬂ@!cent for bottl er_lgck

T

Yes
Determine
progression based on
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Prediction volume

Provide addition
green time to
bottleneck movement

Determine
progression based on
LSTM/GTS
Prediction volume

¥

Cormpute optimial
offset based on new
split and travel time

for deployment

Tentative signal plan

(Optional)
Predeployment MOE
evaluation frorm
sirnuation

¥

Deploy signal plans
via NTCIP

A

Maonitor real-time
MOE




Incident & Congestion
Mitigation Decision Support

CCCCCCC
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Traffic Incident Management Workflow

1. Traffic
Anomalies

Database

A

— |

2. Spacio
temporal

clustering of
anomalies

1|

1

Traffic flow data
(per-lane/
per-bound/

Y

3. Incident

4. Incident

Detection

Y

per-minute)

2 1
al

16. Save
case for
offline
evaluation

/

A

15. Signal
plan switch
to normal

--Yes.

Incident Evidences (Traffic

Flow/ travel-time/
weather/restrictions data)

Yes.

Assessment
(lane-blockage,
service capacity)

6. Severity

Y

Localization

\J

Re-evaluate
every 5 min

14. Traffic back
to normal?

10. Incident
cleared?

5. Nearest detectors
(Upstream & Downstream)

8. Determine

Legends

|

1

|

1
] Process

|

1

1

1

1

1

1

!
1

1

detour route

No-

Re-evaluate every 5 min

A\

Aﬂg plan

13a. Monitor real-time

MOE and compare with

Empirical MOE without
incident

A

12a. Implement
mitigation plan

13b. Monitor simulated

MOE and compare with

Empirical MOE without
incident

using Concert/
NTCIP | Operator

12b. Simulation of

A A

Incident Mitigation
Plan

Re-evaluate every 15 minutes interval

change needed?

Yes

Y

11.
Determine
optimal
timing plan

Collect and Arrange Traffic
Data

. 4

Detecting Significant
Anomalies

L 2

Reasoning the Cause and
Impact

2

Predict Traffic Flow and
Conditions

a2

Generate/Recommend
Response Plans

2

Evaluate MOE and make
changes Dynamically

¥

Accumulate Knowledge
and Improve Performance

A

—
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T Example Incident Management Scenario
Sept. 21, 2021 Incident, RT-1 Southbound all lane closed due to a ch |

; ; &t
4 oy e _..
/ ] v :
7t
- . // v
() 4
y 4
f ey \

Significant Detour from RT 1 Delays on US 13

A BLU=HALQ)
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" Example of Incident Mitigation N oo

Q

DE-1 SB Incident on September 21, 2021

BLU=HALO)
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" Incident Management

£ 07:38AM
p  07:55AM
fm  08:00 AM
&) 08:53AM
f=) 09:30 AM
B 09:30 AM

DelDOT

First waze alert received

Incident start

M-dist anomaly detector detected an incident

Last waze alert received

M-dist anomaly detector indicates incident is cleared

Incident end

Timeline

VOLUME

Volume (vehiclesfinterval)

12 13 12:00
Time of day

n
Time of day

7:55 AM 9:20 AM

10:05

N453:US 13 RD 487

TRAVEL TIME
1000 prreen Plan4 Plan10 P. 125 Plan6%Plan 10 Plan 10 Plan 19 Plan 10 Plan4
TE% A0G 85% Ao T AG
STRGT S6%6T snGT
1108 18PR

Cycle Time (s)

1
Time (Hour of Day)

BLU=HALO)



T Incident Mitigation Timeline
September 21 Incident on DE-1

600
=o-=0ff _ramp_volume_SB =0-=0n_ramp_volume_SB arterial_tt_SB PCT_D_over_C

500

1 I | AI-TOMS | Residue
' ' I Regemmended | Traffic
400 Al-TOMS DelDOT Al-TOMS | ::‘Z@ation I d g
detection Email mifigation : | ehd’time I Cleare
alert start time |

200

Percentage (%) over baseline

i w\.

I I I
I I I
I I |
100 (| Y | | |
11 1 1 | —
= : : , Al-Toms ! DpelDpT :
(A I I I incident 11 Mitigation I
0 i : i H :‘a :& clearance ! Endgme dI:.
H D & O Q e} H D H H 0O O DS O O o) » 0
Time of day
A 26 BLU=HALO)



"Mitigation Solution Development

* InVISUM, we use HCM®6 and the predicted volumes to optimize signals
* We attempt to optimize phase splits at different cycle length

 Example: K201 -US13 @ S SMYRNA RAMP ( )
L[]
SR-1 Northbound: From Exit 97 to Exit 136
2500
2000
H
ﬁ 1500
)
8
£ 1000
3
o
>
500
0
ER8R28R838R3338R3838R38RSR38R3RcR833R353833R332R83888%8
SeddddmM@Ss T AN errEEae g g dddaIE 0835588353338 54422
Time of Day
=@ COUNtS el V/ISUM
SR-1 Southbound: From Exit 136 to Exit 97
3000
= 2000
=
s
H
= 1500
8
E
=2
o 1000
S
500
0

PR EEEEREEEEEEEEEEE R EEE EEEE EEEE N EE R EE N R EE R EE
ERERERERERERERERERERcmEmEemdmomMoemMomMaomMombomMaOmamomo m
SSAdAANMMITFIONEORREBGOESArAdAdddSsonSsrrEasaadsddadnam

Time of Day

e COUNTS et/ ISUM
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Solution Performance Prediction

TRAVEL TIME DELAY COMPARISON

Current Plan Recommended Plan

3
L
]
o

NN |_||_| m—  Nm |_||_| HH |_|

N791 N561 N526 N453 K101 K119 K201
Traffic Signals

A

DelDOT

|

K278
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Mitigation Solution Recommendation

g8 g TOMS Traffic Flow Data September 21, 2021 .
e Recommended

2 INCIDENT LOCATION AND SIGNALS
! _ signal timing is
better than the

current plan with
Current Plan & MOE reduced delay and
Goup  TimaPmt - travel time

K999 231 The detalled Sp“t and
offset are optimized

K001 231

Recommended Plan & MOE CYCLE LENGTH: 120 S IMFLEMENTED a n d re a d y fo r
- deployment

K999 231

BLU=HALO)
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Signal Timing Change via NTCIP

* Implemented a NTCIP software to interface
Al-TOMS and a M60 controller in DelDOT
TMC

— Retrieve current configuration

— Change signal parameters

Phase parameter: minimum green, max green,
red time, etc.

Coordination parameter: phase split, cycle time,
offset, etc.

Phase data bank
System operation mode, etc.

« Use test controllers in the TMC for initial
testing (connected to TACTICS)
— AI-TOMS switch Tactics to operation in “Manual

Mode”
—NTCIP switch to another signal plans or changing

timing parameters
//_\_)_ 30 BLUZ=HALQ)
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Machine Vision for Traffic
Condition Monitoring and
Vehicle Re-identification

31



Machine Vision for Vehlcle Count Speed and Occupancy

wcount data

32
L)
24

16
is
o

@ 32 BLU=HALO)
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Video based Vehicle Re-ID

AB-TOMS Video Matching for Vehicle Re-ID

Downstream 1 Camera Map  Satellite

18 Z0o & g8
n Center

A

DelDOT

.
%
3
e
%

?

James T. Vaughn @g
Correctional Center

€9 HISTORY J HIDE MAP
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MV HUB: US 13 at DE 300, Smyrna DE (As Built)

COLOR CODE
NB: BLUE

SB: YELLOW
WB: RED

EB: GREEN

l“”

=
—

BLU=HANLO
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Machine Vision Hub Software Interface

eg € TOMS Machine Vision > TRAFFIC CAMERAS November 13, 2022 G

JCAM17121006: US13 at DE 300 SB v JCAM17121006 c

E LIVE FEED TRAFFIC FLOW

Speed: 41.4, Vol: 2, Occ: 35 (update in 20 s)

b People Deted

¥

- e
P ML

Valero F-ﬂ;

k-

roler Large
Cedes Qtarqc
-  Vnn
Sedan
Large
Seuan
Large
Sedan
While Mercegss Suaan
silver Sedan

Mer

-0:21 1x E

BLU=HALO)
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Machine Vision Vehicle Count and Classification

oo € 'TOMS Machine Vision > TRAFFIC CAMERAS November 10, 2022 “* G

JCAM17121006: US13 at DE 300 SB v

m TRAFFIC COUNTS G) 1 Hour v e

1750
@® Coupe @ Sedan @ Large Suv Truck @ Van Reset zoom
1523
143
1500 l1Pa39]
1908 130
1250 L1203 12H
g 1958 1988
£
S 1000
o
o
o2
S e
§ 750 b
500
&
<
250
@ 133
. o B N B
NG \;0‘{0 06:00 08:00 10:00 12:00 14:00 16:00 18:00
< Time of day

/a3 BLUZHALG)
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Cross Check of Vehicle Count with System Loop Data

oo € 'TOMS Machine Vision > TRAFFIC CAMERAS November 10, 2022 x G

JCAM17121006: US13 at DE 300 SB v TRAFFIC VOLUME "

Reset zoom
Volume Baseline

125

= 100
=
v
w
L
=

S 75
=
®
=
]

= 50

25

0

06:00 08:00 10:00 12:00 14:00 16:00
Time of da
y

//_\_). BLU=HALO)
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Key Findings and Lessons Learned

* Al and Machine Learning demonstrated potential to improve TSMO
with automated big traffic data analysis/fusion, traffic flow prediction,
proactive incident management and multimodal decision support

» Challenges of implementing and deploying Al/ML for TSMO

o Data availability and data quality
o Validation of the outcomes of Al/ML

o Integration with existing TMC hardware/software tools: most vendors may not
provide API or open interfaces

o Security, networking configuration, Linux/open-source software support
Issues could cause roadblocks when deploying the system in the state
network

o Testing, Operation, Maintenance and Support requires long term commitment

A 38 BLU=HALO)
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Next Steps

« Continuous enhancement — system
will continuously learn, as a traffic
engineer would, and automate
operations

« Understanding what it takes to support
this advanced system — need support
of staff/team with the required
knowledge, skills and abllities

 Detection system of today —
enhancements with ML and Al

* Enhance mobility not only in Delaware,
but for transportation systems

Monitoring

eve rywhere https://deldot.gov/Programs/itms/
A 39 BLU=HALO)
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https://deldot.gov/Programs/itms/

https://deldot.gov/Programs/itms/

Gene S. Donaldson

TMC Operations Manager

Delaware Department of Transportation
169 Brickstore Landing Road

Smyrna, DE 19977

Tel:302-659-4601
gene.donaldson@delaware.gov

BLU=HALQ)

Xiaoliang (George) Zhao

Director, Transportation and NDE

Intelligent Automation, A BlueHalo Company
15400 Calhoun Dr., Suite 190,

Rockville, MD 20855

Tel: 301-294-5232

xzhao@i-a-i.com


https://deldot.gov/Programs/itms/

