Assessing High-resolution Connected Vehicle
Data for TSMO Applications

Joyoung Lee, Ph.D

Associate Professr
Department of Civil & Environmental Engineering

ITS Resources Center
New Jersey Institute of Technology

NJIT Team: Branislav Dimitrijevic, Ph.D., Liuhui Zhao, Ph.D. ,
Dejan Besenski, Ph.D., Joyoung Lee, Ph.D.




Background

CORR o
« Crowd-sourced connected car =S & W
data is becoming prolific, owing to ¥ . S &
advanced vehicle telematics LT
Integrated in passenger vehicles Q 0460
- ubiquitous collection of high- ¥ e UG e
precisi_or: individual vehicle Source: aashio.0rg
waypoints
« work without ad hoc infrastructure CONNECTED m—
(e.qg., loop detectors, CCTV cameras) L R v
 much more scalable '
 TSMO applications could be et o
Implemented more cost- [ -
effectively by leveraging \ == ‘
commercially available connected Mo s
car data
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Data Overview (coverage & resolution)

v { v{
"dataPointId": "ce2080d96-08858-40b7-8db9-e2da8a2987de", "dataPointId": "901277dbf-1279-4e80-8346-d9cc9bd2bleb",

o Cover I I IOSt N\J h Ighways "JjourneyId": "791f792253287cabef6513994a5689435af89da3", "journeyId": "T@6B3D5DB1619583695373_1_@",

"capturedTimestamp": "2021-04-28T10:45:31.000-0400", "deviceId": "81977732",

v "location”: { "capturedTimestamp”: 1619583680000,

d Te m p O ral re S O I u ti O n "latitude”: 40.968674, "capturedTimestampTz": -14400000,

"longitude": -74.1841e4, v "location": {

— Movement: consistent 3-second ping R R

— Event: only generated when a qualified eyt 05 patcade's “e7s0r,

1

event occurs (e.g., hard braking) et e
« Spatial resolution (precision) 3

v "vehicle": {

— 6 decimal points of latitude and longitude

"make": "CHEVROLET",

"heading™: 185

"model": "MALIBU",

« Data volume: Movement data 25x R S——

v "status": { v "eventMetadata”: {

more records than Event data "ignitionstatus": "MID_JOURNEY" “journeyEventType": “END"
(constant ping vs. event-based)

Example-Movement Data Example-Event Data
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Vehicle Trajectory Reconstruction

4:20.03AM — 4:20:03 AM

Animation: Statewide (AM peak) Animation: Individual journey




Data Quality (market penetration)

12
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) ¢ Daily Volume, veh.
Philadelphia
Functional MPR MPR MPR Avg. Avg. Daily
Classificati mean median Std. Dev Hourly Traffic
on Volume
1 2.55% 2.62% 0.76% 2,913 69,906
2 2.31% 2.28% 1.07% 2,329 55,890
3 3.25% 3.15% 1.48% 853 20,465
Location of WiM stations
4 4.39% 3.69% 2.65% 282 6,763

Weight-in-motion stations & geo buffers
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Data Overview (vehicle information)

l GBH41J§MN109186

Denotes the vehicle’s Displays the serial
brand, engine size, number of the vehicle
and type

Indicates which plant
Designates the assembled the vehicle
vehicle manufacturer
Shows vehicle year

Shows where the
vehicle was built Vehicle security code

“SquishVIN” (source: decodethevin.com)

« 8-digit “SquishVIN” number provides vehicle make, year,
model, body type

* Most of the Movement data (89.7%) has “SquishVIN”
Two EV models: Chevrolet Blot and Spark “SAUIShVINT composition




Applications

Roadway risk scan
Traffic monitoring
Parking facility analysis
Intersection management

> W E




#1 Roadway Risk/Driving Behavior Scan

1-278 ramp (1-280
WB) with
channelization

[-287 ramp (1-280
EB) without

channelization

... :
1-80 0.1-mi segment scan (1-287 & 1-280 interchange shown) Individual off-ramp scan

Philadelphi3.. . . . o
Vehicle set with cumulative heading difference

Two groups clustered

* Red lines represent a different pattern
from blue lines
Back to vehicle trajectories, these red
lines come from vehicles making lane
changes due to crash lane closure

Cumulative Heading Difference (degree)

. . . Different road geometries (e.g., with on-
StateWIde 0' 1XO' 1m| grld o Travel Distance (mile) ramp/off-ramp, etC.) needs to be
scan for hard-braking events checked for the algorithm robustness

New Jersey Institute of Technology



#2 Traffic Monitoring

* [-280 Traffic (Fatal Crash Zoom-
In)

 Numetric Start: 2021-06-06 1:15PM

* OpenReach Start: 2021-06-06
1:53PM

« EB All lanes closed and detoured

* OpenReach Close: 2021-06-06
6:37PM

e Traffic

1. Crash occurred

2. Delays in both direction
Animation: crash impact

New Jersey Institute of Technology



#3 Parking Analysis

Study of park-and-ride
facilities
— Number of sample

— Duration at parking lot
(searching for parking)

— FaC|||ty users’ origin_ Vehicl mve‘ment within parkinglotA(Edition) Philadelpti

Trip Type

destination (catchment area) L

A 1o_station
75 =— other

— Trip characteristics (travel
distance, travel time to/from
a station)

50

e Daily Sample

25 —

\
/.

] 1 2 3 4 5 [ T L g 1w M 12 13 14 15 1% 17 18 19 20 2 22 23 CatChment areas for Statlons Of
Hour of Day Northeast Corridor line
Inflow and outflow of a station
(New Brunswick)
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#4 Intersection/Interchange Management

474 y 43 \‘:- 8
NJ-36 & Wyckoff Rd, E

20y

atontown

06:03:58 (elapsed time: 215 seconds)
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Animation: intersection movements

Movement SB RT

# of Vehs 1

Total Travel Time (sec) 36
Average Speed (mph) 25
Total Delay (sec) 6
Average Delay (sec/veh) 6.0
% of Stopped Vehs 100

Animation: intersection performance measure
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Data Processing Challenge

« Scale of the data: 2-mo NJ statewide data: 9TB (uncompressed) JSON, 17 billion
records

« |TSRC Spark-Hadoop Cluster: 6 computation nodes (future expandable)
« Data engineering optimization
— Data format (JSON - Parquet)

— Spatial indexing (geocoordinate - H3 spatial index) DY b=k

— Time reduction: 3 hrs. = 2 min (extract waypoints for one intersection) H3 hierarchical spatial index
Spc;r‘!zz .., Spark Master at spark:/lhdc1:7077 ‘ Query Time Comparison :
URL: spark://hdc1:7077 \"\E £ 70 from parquet
Alive Workers: 6 E 60
Cores in use: 172 Total, 160 Used < 50
Memory in use: 1061.3 GiB Total, 960.0 GIB Used = 3
Resources in use: I: 40 -‘-t_raW_]son
Applications: 1 Running, 16 Completed g 30 ——t_parquet
Drivers: 0 Running, 0 Completed — s i S 20
Status: ALIVE ’ ' ~ F 1 o 10 ¥ t_parquet+h3

el S 0
Spark-Hadoop Cluster @ ITSRC 1 4 71013161922252831343740434649525558
Cumulated Days for Query

Query time improvement
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Conclusions

« The market penetration of the instrumented vehicles resides within the
range of 2.4% - 4.5%, depending on roadway functional
classifications.

« The trajectory data has near ubiquitous coverage in NJ roadways and
found to be representative to traffic stream.

« CV data is cost-effective and provides much greater observability of
the transportation system without ad hoc sensors

« Highly granular vehicle trajectory (as well as OD pair) reconstruction is
feasible

« Scale (and granularity) of data may pose processing challenge
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