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» It describes the
punctuality of data; or
» It is crucial to real-time 26 |

applications.
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Latency is defined as “the difference between the time the traffic flow is
perturbed and the time that the change in speed is reflected in the data.”
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» Kim,

Seoungbum, and Benjamin Coifman. "Comparing INRIX speed data

against concurrent loop detector stations over several months." Transportation
Research Part C: Emerging Technologies 49 (2014): 59-72.

O
0

Objective: Maximizing Correlation Coefficient

Average latency : 6.8 minutes

Maximum latency could exceed 10 minutes in many time periods
Reference data: Loop detector

Aggregating data into 10 second time interval
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Presenter
Presentation Notes
INRIX is a link speed. Bluetooth data is also a space mean link speed, but Loop detector is spot speed 
This paper didn’t specify how to aggregate data into 10 seconds and it is a manipulation of the data. 



» INRIX.(2007). Traffic Data and Associated Services along the 1-95
Corridor

* INRIX will deliver current speed, travel time, average speed...with latency
on average of 4.5 minutes.

» Wang, Z., Hamedi, M. and Young, S., 2017. A Methodology for Calculating
Latency of GPS Probe Data. Transportation Research Record: Journal of the
Transportation Research Board, No. 2645. DOI: 10.3141/2645-09.

» Propose methodology to measure GPS-probe data latency in comparing to
Bluetooth data. It is shown to be effective, but only on a limited dataset for
one GPS-probe data vendor.
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Presenter
Presentation Notes
INRIX 2007, didn’t specify how to calculate the latency. 



v Applying the latency measurement methodology (Wang et. al
2017) to a larger dataset
v Expanding to three states

v' Data from three major probe data vendors
v Developing a robust algorithm for automating slowdown episode
detection

v" Reuvisiting conclusions of the previous research based on the
extended data set;
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v' Analyzing latency for different vendors to describe:
» Latency distribution for different vendors;

Latency distribution at slowdown and recovery periods;

Latency distribution at different times of the day;

Latency distribution for segments of various lengths;

>
>
>
» Statistical comparison of latency across three vendors.
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Bluetooth/WiFi data preparation

« Matching and filtering high resolution re-identification based travel time
observations to generate segment space mean speed data;

» Aggregating reference data in one minute intervals.
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Data Filtering

The following observations are identified and discarded:
» Observations with unreasonably low or high speeds;
» Observations in a particular time interval that are far from the average of the rest of

the speeds observed in the same time interval.
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Presenter
Presentation Notes
Aggregating Bluetooth data into one minute basis since we also use 1 minute basis probe data and that is the most accurate commercially available probe data. 



K4
Data Interpolation ﬂ
L
The average of the neighboring observations is considered as the travel 8
speed for the missing interval (only applied to less than or equal to 5 mins). 0o
0
I i
Styi = St+—(st+n+1_st) Vi=12,3 Q
n+1 =<
Missing Interval: n=3
\
( \
=1 =2 =3
St-1 St St+i St+n+1 St+n+2
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Presenter
Presentation Notes
Data with more than 5 minutes gap are excluded.
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Data Smoothing

s Weighted moving average function

Arithmetic growth of the weights with the
previous five time intervals

y, =0.33%x, +0.27x%,_, +0.20x,_, +0.13x,_,+0.07x,_,

Ye = Xk—4 Xk-3 Xk-2 Xk-1 Xk
Smoothed Raw Data

Why Zero-phase digital filtering? Smoothing may introduce undesired
horizontal shift into the time series, however in Zero-phase digital filtering,
forward shift is followed by a reverse shift, so the artificial shift is
compensated.
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Data Smoothing

—i=— Raw Bluetooth data
—=— Smoathed Bluetooth data

v' Less noise

v No shift

o
=

n
=
T

I
=
T

80T —+— Raw GPS-probe data ]
55k —H=— Smoothed GPS-probe data i

K4
m
-
L
©)
O
o
r
o,
Q
=<

Travel Speed (mph)
ol
=

on
=

207

i Toapl | -1Hu-'-;h:l-* ....':::.I' i i i
16:00 16:15 16:30 16:45 1700 17:15 17:30 17:45 18:00
Time

.
n
T

Travel Speed (mph)
[ 3 Cad el i
—_ tn o n —_

16:00 16:15 16:30 16:45 17:00 17:15 17:30 17:45 18:00 12

6 1-95 CORRIDOR CAT.M@RKE o

COALITION




G

CATTWsRKS

Flow chart

1-95 CORRIDOR
COALITION

Bluetooth Field
Data

GPS-probe Data

Paired Travel
Time Data

Filter

Paired Data
without Outliers

Filter (rule out data with low
confidence score)

Convert

Path data

Segment Travel
Speed Data

Aggregate

One-min
Speed Data

Interpolate

Interpolate

GPS-probe Data
without Gap

Speed Data
without Gap

Smooth

Smoothed
Speed Data

Smooth

Smoothed GPS-
probe Data

K4
m
-
L
©)
O
o
—
o,
Q
=<




&

O Find the shift distance that maximizes the overlapping of Bluetooth data
and GPS-probe data.

» (AVD) Absolute vertical distance between two
curves

t—latency

n
min f1 = Z‘StBT __ g probe data
t=1

: 2
min f2 = GET g probe data » (SVD) Squared vertical distance, which gives
Z( -laeney ) more weights to the points that have bigger
difference

: - be d . . .
min 3= corr(S;” Stprl(;t;anc;ta) > (COR) Statistical representation of the
linear relationship between two curves

Ib < latency <ub
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Presenter
Presentation Notes
Latency is the decision variable
Three fitness objectives might produce slightly different results since they apply weight to correlation and vertical distance differently, and it is not possible to pick a fitness function that works best for all road conditions due to the operational and geometric attributes of the road. 
Therefore, the average of the three objectives is used to make latency results less sensitive to the choice of fitness function.
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-85 US-276/Exit 48 SC-14/Exit 56 7. 12/03/2015

I-26 Bush River Rd/Exit 108 Harbison Blvd/Exit 103 4.47 12/17/2015

South
Carolina
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-89 1-93 Stickney Hill Rd/Exit 3 3.54
07/10/2016
New  FCOE 393/US-202/US- |\ i il Rd/Exit 11 15.82 _
Hampshire 4/Exit 15 07/24/2016
193 NH-28/Rockingham NH-102/Nashua 3.63
Rd/Exit 5 Rd/Exit 4 '
1-240 US‘;O//EChta:; te US-23/US-19/Exit 3 2.23
S Xl 12/16/2016
Caroling T NC-191/Exit 47 US-23/US-19/Exit 44 2.56 -
12/26/2016
1-26  1-40/ Exit 46 A/US 74 1-26/Exit 37 14.43
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Road type: Freeway

Location: South Carolina,
New Hampshire, North Carolina

euljored Yyinos

AdNLS 3ASVO

Direction: both directions
Time: 2 weeks for each state
Segment length: 1~3.5 mile
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Automated Speed Pattern Recognltlon Filter (ASPRF)
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Average Latency for all segments over all periods (minute)

T endort | vendorz | veniors

- AVD SVD COR Mean AVD SVD COR Mean AVD SVD COR Mean

SRE 39 44 46 43 61 62 62 62 29 31 31 3.0
SC Sp 36 36 40 37 67 68 66 67 44 43 38 4.2
RP 47 53 40 47 50 52 50 51 20 24 25 23
SRE 33 34 36 34 56 60 64 6.0 23 25 27 25
sp 33 32 32 32 70 70 67 69 35 30 32 3.2
RP 40 42 39 40 36 37 47 40 29 35 26 3.0
SRE 35 41 41 39 73 78 73 75 32 32 2.7 3.0
¢ SP 46 46 36 42 77 78 74 76 32 29 25 29

Rp 34 37 41 37 59 65 68 64 32 31 38 34

SC: South Carolina, NH: New Hampshire, NC: North Carolina; AVD: Absolute vertical distance; SVD: Squared vertical
distance; COR: correlation coefficient; SRE: Slowdown and recovery episode, SP: Slowdown period, RP: recovery period 2 2
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Latency comparison between speed slowdown and recovery periods n
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Is difference in probe data latency statistically significant between pair of vendors?

L T

Vendor 1 Vendor 2

Vendor 2 Vendor 3
2.685 0.598
7.454

Vendor 3 Vendor 1

Q
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n
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Vendor 1 -9.370 4.729
Vendor 2 0.000 14.185 0.975
Vendor 3 0.000 1.000

v’ Statistically speaking, average latency among vendors is
different.

v' The latency distribution is statistically independent among
vendors.
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= Across all vendors and for all tested freeway segments,
average latency is found to be 4.4 minutes with standard
deviation of 2.3 minutes;

= Average latency is statistically different among vendors;

= No strong correlation between latency and time of the
day, and also latency and segment length were found.

= |nstead of interpreting the latency as a single number,
distribution of latency should be measured and evaluated
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= [Investigating the latency of GPS-probe data on signalized arterials.

=  Studying potential impact of traffic volume on latency of probe
data.

= Keep analyzing more cases in future to study long time trend of

latency improvement for different vendors
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= Understanding implications of the latency and its distribution on
real-time applications and exploring solutions to compensate for

latency
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Q&A

Masoud Hamedi*
Senior Research Scientist

Center for Advanced Transportation Technology

University of Maryland
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