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-
Background and Motivation

@ Winter weather in lowa is often unpredictable and can have an
adverse impact on traffic flow.

@ The lowa DOT uses various proactive maintenance operations to
lessen the impact of winter weather events on traffic speeds, and want
to assess the performance of these maintenance operations.

@ In previous research, we developed models for estimating expected
speed reductions for performance evaluation based on weather
variables and normal maintenance schedules for a single site.

@ How about doing this on an urban network?
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Objectives

@ Develop spatial temporal models to integrate multiple sources of
traffic data from an urban network;

@ Early detection of traffic speed and volume change in space and time;

o Forecasting traffic speed and volume change during winter weather
for performance evaluation.
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Data sources

@ Wavetronix:

2013 and 2014 data. Resolution: 5-minute.

o Location: about 20 locations covering sections of 1-35, 1-80, US-65 and

IA-5 in the metropolitan area of Des Moines.
It provides accurate readings for traffic speed and volume.

e INRIX:

2013 and 2014 data. Resolution: 2-minute.

Location: dense in main roads of Des Moines area.

It only provide readings for traffic speed

Its reading not consistent with those from Wavetronix

Kim et al., 2014: “efficiently calculating the speeds over a longer
period”.

The traffic speed reading appears to be self-consistent.

Zhengyuan Zhu Change detection Aug. 17, 2017

5/ 32



Data sources (Cont'd)

Latitude

-03.7 036 035 034
Longitude

Figure: Locations of Wavetronix sensors in Des Moines metro-area.
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Data sources (Cont'd)

Latitude

638 -03.7 036
Longitude

Figure: Locations of INRIX in Des Moines metro-area with proper jitter.
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Data sources (Cont'd)

@ Three locations are used for the comparison of the hourly mean

speeds from two sources.

Latitude

Zhengyuan Zhu

937 936

Longitude
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|
Data sources (Cont'd)

The lower one.
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|
Data sources (Cont'd)

The middle right one.
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|
Data sources (Cont'd)

The upper one.

Hourly average speed
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-
Integrating the two data sources: the Curve Kriging
approach

@ Wavetronix data have higher quality but are sparse in space.
@ INRIX data have lower quality but are dense in space.
@ How to integrate these two sources? Key idea:

o Use the INRIX data to estimate the spatial functional variogram (the

dependence structure),

o Use the Curve Kriging approach (Giraldo et al., 2011) to predict the
Wavetronix traffic speed/volume data at any location using functional
variagram estimated from INRIX data.
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-
Curve Kriging approach: Technical details

@ The spatial dependence is modeled by the functional variogram

10) = SVIYa(to) — Yen(th)]

@ For location sp, the best linear unbiased predictor (BLUP) for Ys, is
n
)A/SO = Z >\,('SO) YS,'7
i=1

where {s; : i =1,2,...,n} is the Wavetronix location, and the
coefficients {/\gs") :i=1,2,...,n} are obtained by minimizing

E UT (Vso(t) - YSO(t)>2dt,}

subject to 7, )\ES") =1
o A®) is a function of Vet ([ ]]; 6).
] 0,%y
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|
Example

As an example, we predict the traffic speed at the Wavetronix location
“IA-5 EB to SW CONNECTOR-EB" on 2013/1/29 using the observations
at its two nearest neighbors.

Latitude

938 937 936 -935 -93.4
Longitude
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Example (Cont'd)

Report type: Wet Snow . Weekday: Tues
100-

Al '
80- R A

Speed

40-

0B00AM.  12:00PM
Time

06:00 P.M

type — Observation — Predicted
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Robust functional change detection to detect traffic
anomaly

@ Functional approach takes care of temporal dependence
@ Estimation of normal traffic variability: functional quantile approach
for robustness.

o Abdous and Theodorescu (1992) extended the definition of quantile to
multivariate case.

o Functional depth (Liu, 1990; Zuo and Serfling, 2000; Lopez-Pintado
and Romo, 2009) can also be used.
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Multivariate quantile estimation: Technical details

e Denote x € R9 is a d dimensional vector with the /, norm |- .
o For fixed a € (0,1), define |||, , : RY = R as

xd)llp, o = H ( bal+@a—1x x| + (20 — l)xd>

2 2

IXllp,0 = G5 .
P

o Assume X € R? to be a random variable, and 4(-) is the
corresponding induced probability measure. Define

Hoo(8) = E {IX =0l ~ X1} = [ {lIx =010 = xl,. } (o),
e The a-quantile of X, say 6, o(X), is obtained by

0p.0(X) = arg inf Hya(6).
pa(X) = arg inf Hpa(6)

e Newton-Rahpson method can be used to estimate 8, o (X).
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|
Multivariate quantile estimation (Cont'd)
@ For each Wavetronix station, a 10%-th quantile is estimated for each

day of a week based on the observations of 2013.

@ One Wavetronix station is used as an example.
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Example

Estimation result for Monday.

Speed

0:00AM

6:00 AM 12:00 PM.

6:00'P.M.
Time

0:00AM

Zhengyuan Zhu Change detection Aug. 17, 2017 19 / 32



Example (Cont'd)

Estimation result for Friday.

Speed

0:00AM

6:00 AM

12:00 PM.

6:00'P.M.
Time

0:00AM
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Example (Cont'd)

Estimation result for Sunday.

Speed

0:00AM

6:00 AM

12:00 PM.

6:00'P.M.
Time

0:00AM
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Detection of traffic change in space and time

o We first integrate the two data sources, then detect change on the
integrated data.

@ The proposed procedure:

@ Use the multivariate quantile estimation method to obtain the 10%-th
quantile of normal traffic for each Wavetronix station for each day of
the week.

@ Use the curve Kriging approach to get the date-based spatial structure.

© For each target location, use the curve Kriging method to estimate
both the current speed and the 10%-th quantile curve of normal traffic.

@ For each target location, on an hourly bases compare the estimated
speed to the corresponding 10%-th quantile to detect change.
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|
Detection of traffic change (Cont'd)

@ More details about the second step.
o We divide the target locations into three groups based on the
Wavetronix observation locations.
e For a target location in each group, we specify its two surrounding
Wavetronix stations with observations.
e The curve Kriging approach is conducted based on the observations
from its two neighbors.

@ Imputation is used for missing observations.

e The estimated median curve is used for the missing segment that starts
with the first observation or ends with the last observation.
e Otherwise, the weighted average is used.

@ We use 2013-1-1 as an example.
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Example

@ Triangle: the most left
Wavetronix locations with
observations in the I-35 and I-5
segments.

Latitude

938 9.7 036 935
Longitude
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|
Detection of traffic change (Cont'd)

@ Blue group: find the two surrounding Wavetronix location directly.
@ Green group: use the two triangle locations as the nearest neighbors.

@ Red group: Use the predicted value at both ends for kriging.
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Detection results

The detection results from 2013-1-29 to 2013-1-31.

Date: 2013-1-29 from 12:00 A.M. to 1:00 A.M.

Propgygion

Latitude
N
&
>

-938 -93.7 936 935 -93.4
Longitude
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Uncertainty estimation

The variance results for 2013-1-29

Date: 2013-1-29 prediction variance

41.7- L

(var)

2500

Latitude
»
P
o

&
o PR 2000

1500

1000

-93.8 -93.7 -93.6 -935 -93.4
Longitude
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Improve the integrate

@ The aggregated INRIX data over a longer period is believed to be
reasonable and may be used to improve the integrated data.

@ Idea: build a regression model between the hourly means of the two
sources to correct for bias.
@ For a specific hour,

e Let w; and x; be the hourly mean of Wavetronix and INRIX data.
o Consider the following linear model

E(w; | x;) = Bo + Bixi.

o Let Bo and Bl to be the estimated parameters.
e Conduct the curve Kriging approach based on the mean-adjusted
Wavetronix data.
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Detection results

The detection results from 2013-1-29 to 2013-1-31 are shown.

Date: 2013-1-29 from 12:00 A.M. to 1:00 A.M.

Propggjion
3 07
£ 416 a0
El o e 050
g
02
oo
3
415-
-938 -93.7 936 935 -93.4

Longitude
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A screenshot of the online APP

We have developed an online APP to interactively present the results. The
computation is fast and can be done in real time.

Date range input: yyyy-mm-dd Time intervals:

20130101

Date: 2013-01-01 from 00:00 AM. to 04:00 AM

Proportion of speed below
10% quantie
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N
Future Work

@ Spatial dependence can be explored for early detection.
@ Spatial-temporal interaction can be explored for prediction.

@ Integrating other sources of data to build spatial-temporal data base
for traffic forecasting, anomaly detection, etc. In particular, tools are
available to convert video camera data to speed data, which can be
integrated.

@ Network design: the model can provide kriging uncertainty, which can
guide the selection of new sensor locations.

Zhengyuan Zhu Change detection Aug. 17, 2017 31/32



Reference

ABDOUS, B.,& THEODORESCU, R. (1992). Note on the Spatial Quantile of a
Random Vector. Statistics & Probability Letters 13, 333-336.

ﬁ GIRALDO, R., DELICADO, P. & MATEU, J. (2011). Ordinary Kriging for
Function-valued Spatial Data. Environmental and Ecological Statistics 18,
411-426.

ﬁ KM, S. & CoIFMAN, B. (2014). Comparing INRIX speed data against concurrent
loop detector stations over several months. Transportation Research Part C:
Emerging Technologies 49, 59-72.

L1u, R. Y. (1990). On a Notion of Data Depth based on Random Simplices. The
Annals of Statistics 18, 405-414.

LOPEZ-PINTADO, S. & Romo, J. (2009). On the Concept of Depth for Functional
Data Journal of the American Statistical Association 104, 718-734.

ZuU0, Y., & SERFLING, R. (2000). General notions of statistical depth function.
The Annals of Statistics 28, 461-482.

Zhengyuan Zhu Change detection Aug. 17, 2017 32/32



	0.0: 
	0.1: 
	0.2: 
	0.3: 
	0.4: 
	0.5: 
	0.6: 
	0.7: 
	0.8: 
	0.9: 
	0.10: 
	0.11: 
	0.12: 
	0.13: 
	0.14: 
	0.15: 
	0.16: 
	0.17: 
	0.18: 
	0.19: 
	0.20: 
	0.21: 
	0.22: 
	0.23: 
	0.24: 
	0.25: 
	0.26: 
	0.27: 
	0.28: 
	0.29: 
	0.30: 
	0.31: 
	0.32: 
	0.33: 
	0.34: 
	0.35: 
	0.36: 
	0.37: 
	0.38: 
	0.39: 
	0.40: 
	0.41: 
	0.42: 
	0.43: 
	0.44: 
	0.45: 
	0.46: 
	0.47: 
	0.48: 
	0.49: 
	0.50: 
	0.51: 
	0.52: 
	0.53: 
	0.54: 
	0.55: 
	0.56: 
	0.57: 
	0.58: 
	0.59: 
	0.60: 
	0.61: 
	0.62: 
	0.63: 
	0.64: 
	0.65: 
	0.66: 
	0.67: 
	0.68: 
	0.69: 
	0.70: 
	0.71: 
	anm0: 
	1.0: 
	1.1: 
	1.2: 
	1.3: 
	1.4: 
	1.5: 
	1.6: 
	1.7: 
	1.8: 
	1.9: 
	1.10: 
	1.11: 
	1.12: 
	1.13: 
	1.14: 
	1.15: 
	1.16: 
	1.17: 
	1.18: 
	1.19: 
	1.20: 
	1.21: 
	1.22: 
	1.23: 
	1.24: 
	1.25: 
	1.26: 
	1.27: 
	1.28: 
	1.29: 
	1.30: 
	1.31: 
	1.32: 
	1.33: 
	1.34: 
	1.35: 
	1.36: 
	1.37: 
	1.38: 
	1.39: 
	1.40: 
	1.41: 
	1.42: 
	1.43: 
	1.44: 
	1.45: 
	1.46: 
	1.47: 
	1.48: 
	1.49: 
	1.50: 
	1.51: 
	1.52: 
	1.53: 
	1.54: 
	1.55: 
	1.56: 
	1.57: 
	1.58: 
	1.59: 
	1.60: 
	1.61: 
	1.62: 
	1.63: 
	1.64: 
	1.65: 
	1.66: 
	1.67: 
	1.68: 
	1.69: 
	1.70: 
	1.71: 
	anm1: 


