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Introduction

* Most Intelligent Transportation Systems (ITS) measure
the vehicle speeds of the roads to assist vehicle drivers
to estimate the travel times and to avoid the traffic jam.

e Qur previous work proposed the Lin-Chang-Huangfu
(LCH) scheme that computes the cell residence times.

 In this paper, we extend the previous work by using the
computed cell residence times to estimate the vehicle
speeds, and validate our approach with the Vehicle
Detector (VD) measurements.

>
- =L N : L
[ ’U:WM}Z_ National Chiao TERGRIVESH Laboratory 117

Lin-Chang-Huangfu (LCH) Scheme (1/3)

* The Mobile Switching Center (MSC) records the call
activities of the User Equipments (UEs; e.g., when the
UE makes/receives a call or when the UE in
conversation hands over from one cell to another).

 The MSC collects the statistics of the activities in each
cell for every At interval typically
ranging from 15 minutes to
several hours.

MSC

 Two of the statistics are the number
of handovers and the voice traffic
of the cells. 7 Cellin X Celli

N - -\\\
W Cell i+1
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Lin-Chang-Huangfu (LCH) Scheme (2/3)

National Chiao TUHGIUIIE ] Laboratory 117

For a time point 7, we define At as the timeslot

(I5e] a0 5 + 1 ae),

Let p(7) be the minutes of traffic of cell i in At.

Let y(t) be the number of handovers into cell i in At.

From our previous work, the expected cell residence
time t;,(tr) of the UE arriving at cell i in timeslot At is

p(7)

(1) = =

Y ()

[1] Y.-B. Lin, M.-F. Chang, and C.-C. Huang-Fu, “Derivation of cell residence times
from the counters of mobile telecommunications switches,” IEEE Trans. Wireless
Commun., 2011, vol. 10, no. 12, pp. 4048-4051. 5

wﬁﬁ@!u Ul ssrsity Laboratory 117
Lin-Chang-Huangfu (LCH) Scheme (3/3)

* We define the road segment for speed estimation as
target road segment (i.e., the road segment covered by
cell i in the figure).

» Let x be the length of the target road segment covered
by cell i.

* The average vehicle speed v(7) MSC
of the target road segment in At
can be computed as

x 2y
v(®) == = o
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of the Speed Estimation

« If cell i also covers the area other than
the target road segment, y(7) and p(7)
also include the call activities of the UEs
not in the target road segment. These
activities may reduce the accuracy of the
speed estimation.

LAj-1

LAj

Road 2

» We first introduce two filtering techniques
to exclude the UEs not in the target road

segment. Then we describe two LAj+1

compensation techniques to increase the
number of observed calls.

o 3
EE N s i ‘20 TN fi i
’Uwﬁm’@“‘ﬁ National Chiao TEngURIFESI]
S,

Filtering Technique 1

* We use the standard location update
procedure in mobile telecommunications
network to identify the UEs in the target road
segment.

* Cell Ais the cell where the UE performs the
location update when entering the LA of cell i.

Laboratory 117

LA j-1

LAj

Road 2

o Cell B is the cell where the UE performs
another location update when leaving the LA of
cell i.

LA j+1

 If both cells A and B cover the road, then the
UE is identified as in the target road segment.

328

Laboratory 117

Iques for Improving the Accuracy
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Filtering Technique 2

LAj-1| |
* We use the UE’s handover sequence of
cells to identify the UEs in the target road
segment.

« If the UE’s handover sequence of cells
contains at least three cells which cover the
road, the UE is identified in the target road
segment.

LAj

* In the figure, if the UE’s handover
sequence of cells contains cells {i — 2,i —
1,i},cells {i —1,i,i + 1}, or cells {i,i +
1,i + 2}, the UE is identified in the target
road segment.

LA j+1

U,F;m:@ B BRI i 54 Laboratory 117
Far-History Compensation Technique

» The far-history compensation technique uses the “same
At” on the same days of the past weeks to compensate
for the number of the observed calls.

* On the same days of the past weeks, the traffic patterns
are typically similar; e.g., the traffic patterns of this
Monday are similar to those of last Monday.

« Similarly, for national holidays (e.g., the new year day),
we may use far-history compensation of the last national
holiday (e.g., the last new year day).

10
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Near-History Compensation Technique

« Because the MSC collects p(7) and y(t) for every At
interval, some calls may cross the timesilot.

* These “crossing-timeslot” calls may cause non-smooth
effect on the consecutive timeslots.

» The weighting factor can smooth the results.

 The speed is computed as
v(t) « Wo(t) + (1 — W)v(t — At)
where 0 < W < 1 is a weighting factor and v(t — At) is the
speed of the preceding timeslot.

11

u/‘;m@‘, B BRI i 54 Laboratory 117
Numerical Examples

 We compare the vehicle
speeds derived from the
LCH scheme with those
measured by the VD
scheme.

* We have obtained the
vehicle speed data
(measured by the VD) of
National Highway 3 at
Longtan Township,
Taoyuan County, Taiwan.

12
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Vehicle Speeds on 2011/09/16

Let v, be the vehicle speeds measured by the VD (s = VD)
and the LCH scheme (s = LCH), respectively.

- "U/‘lim:@h!fz National Chiao TURGIIRYESY Laboratory 117
Vehicle Speeds on 2011/09/25

331




| ;uyggﬁ National Chiao TURGIUTETer] Laboratory 117
Discrepancy
We define the discrepancy ¢ as ¢ = |_”ch—vVD|
VD
15
[ iuy@,\!&é National Chiao TURgIUANETe] Laboratory 117
Conclusions

» This paper extended the previously proposed Lin-Chang-
Huangfu (LCH) scheme to derive the vehicle speeds.

e The vehicle speeds derived from the LCH scheme are
compared with those measured by the VD scheme.

» The discrepancies between the LCH scheme and the VD
scheme are within 20% in most cases.

e Qur study indicates that the LCH scheme is an effective
approach for speed estimation.

16
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Thank you for your attention.

17
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Real-time Urban Traffic Sensing with GiDS
Equipped Probe Vehicles

Peng-Jui Tseng(pjtseng@cht.com.tw)
Chunghwa Telecom Laboratories
2013/12/24

k" Introduction

" The Analysis of GVP processes

" Experiment Results

“' Conclusion & Future Work
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U Motivations of this work
o) The VD denS|ty.|n Taiwan needs to be VD density in Taiwan
improved, but it needs a great deal of
expenditure to add and maintain VDs.

o Itis a trend to deploy GVP or CVP
techniques in stead of increasing VDs in R ‘

J

=\ 3
D
“\3
o
© |01
x|Ix
53
2|
0|0

Taiwan. GVP : GPS-Based Vehicle Probe

) ) CVP : Cellular-Based Vehicle Probe
O What we do in this paper

O To develop a GVP traffic Information system which collects GPS
data from commercial fleets and efficiently derives the traffic
information.

o We provided experiments on some on-line fleets’ GPS data to
evaluate our GVP traffic Information system , and prove that it
can get a better accuracy.

3/13

O The Essential Processes of Traffic Information System

Raw Data Hlstorlcal Data
Analysis Analysis

Traffic Information System

| |

We focus onthe GVP
analysis in this work. y

4/15

335




-

) GVP Traffic Information System
;A.S L]

T L

£ 4
Data
Collection ‘
Phase

[_Candidate selection
Data [ Weighted graph
Processing construction
Phase [ Route choosing
Service
Provision Website
KPhase L
5/13

some taxi fleets and
logistic fleets

correct road segment and
track the route

the
traffic information website
and apps

O Map Matching

MU

An example of Map Matching Process

GPS1

the candidate roads

the weighted
graph

Construct edges between candidate
roads.

the highest weighted path of the
weighted graph

6/13

GPs3
GPs2 °
°
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U Speed Estimation

Map Matchi 1'
ap Matching Routes of probe

vehicles

| orspecs ) p—

v'Filter out the outlier to
reduce the influence of

abnormal speed Speed Filtering

Use Fuzzy C-Means Clustering to

: ‘@ N : filter out the outlier (abnormal speed)
\
l l
/

< -
/

7/13

U Service Provision
o Traffic Information Website & App

v'Various traffic info (including \
road segment speeds) are
shown with the digital map of
the traffic info. website.

vIt collects about 3.6 million
valid GPS data per day and
produces around 2.3 million
road segment speeds per day

The Traffic Information Website
v'The traffic information such as\
road segment speed, road
videos, traffic events and
electronic sidebar are shown.
v The app has already been
downloaded over 36,000 times
The Traffic Information App for 3 months.
8/13 /
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a Our experiment setting

] . Route Rural/Urban roads : ~90 km
O GVP Speed : estimated from the length Freeways : ~100 km
GPS data collected through GPS 2012.07.02
fleet cars(taxi fleet, logistic fleet, ~ Experiment 2012.07.04
etc.) ate 2012.07.07

O Benchmark Speed : the ground
truth speed data is gathered by m
on-road field test, a testing
vehicle equipped with a GPS
recording device is driven on the \m
target roads.

0 We mainly focus on three

parts in our experiment

o Performance of map matching /
o Correctness of GVP speed data
9/13

U Evaluate the performance of map matching
o We map-match the GPS data gathered by on-road field test, and
then evaluate the accuracy of the map-matching results.

O In our experiment, our map matching module can reduce the effect

of GPS deviation and can reach about 98% of overall accuracy.
Accuracy of Map Matching

Rural/Urban roads Freeways
2012.07.02 95% 99%
2012.07.04 99% 100%
2012.07.07 100% 100%
________________________ ® These dots
EEEES—— - T indicate the
S — location of GPS

e e L S data from the
l Serious GPS deviation in urban area | testing vehicle.

Ss—.s .
| interchange |semesos==oooaoi R “® The purple line
\ 5 > represents the
o T~ results of map
~~~~~~~~ reeway )
] GPS deviation on interchange | matching.
10/13
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U Estimate the Correctness of GVP speed data

O We analyze the correctness of the estimated road
segment speed by RMSE.

O In our experiment, the estimation error of our GVP system
is about 7 km/hr to 13 km/hr in both rural/urban roads
and freeways. Besides, the estimation error of our GVP
system is lower than VD in most of our experiment results.

Error of GVP Speed Data

Rural/Urban roads Freeways
RMSE (km/hr) RMSE (km/hr)
GVP VD GVP VD
2012.07.02 |11.09 21.71 9.61 11.63
2012.07.04 |10.24 12.22 7.78 12.51
2012.07.07 |7.82 11.26 12.49 10.70

RMSE: Root Mean Square Error

11/13

U4 Conclusion

o We develop a GVP traffic Information system which collects GPS
data from commercial fleets and efficiently derives the traffic
information.

o Our experiments show that the GVP system can provide
reliable speed information. The estimation error of our proposed
method is better than mainly-used-VD.

QU Future work

o We are going to develop more powerful algorithms
to handle different kinds of GPS data sources. And
It’s also need to introduce cloud computing for
big GPS data from multiple sources.

12/13
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U CHT Traffic Info. Cloud

O Using cloud computing techniques to collect and analyze high
volume traffic data from various sources such that it can efficiently
enhance traffic information quality and coverage.

Trafficinfo APP

Multi-source
Traffic
Information
Customized
Traffic
\ -~ 3
Data Fusion VP — | e—= vdel Information
Real-time Open Data Scenic S_pot
data Batch Big data Publish Traffic
Processing Processing Information

13/13

hZEE E %Pt Chunghwa Telecom Laboratories, Taiwan (R.0.C.)
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B Static Characteristic Analysis of Traffic flow
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B Hierarchical Gaussian Mixture Modeling, HGMM
B Experimental Results
B Dynamic Characteristic Analysis of Traffic flow
B Phase Transition in Traffic Flow
B Phase Plan Analysis and Mathematical Model

B Entropy Measurement in Traffic Dynamics
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Outline

B Static Characteristic Analysis of Traffic flow
B Introduction to Traffic Flow Modeling
u

Introduction : Road traffic Information

Intelligent Transportation Systems

Advanced Traveler Information Systems, ATIS
Advanced Vehicle Control Systems, AVCS
Business Vehicle Management, BVM

Advanced Public Transportation Systems, APTS

Advanced Urban Transportation Systems, AUTS
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Introduction : Traffic Flow Data
AAEZE(1848) 1BIEA EH O

) s .
Traffic Flow : Vehlcles/ Smins ttp://wikimapia.org/45861/

S o ® S

]

Introduction : Traffic Flow Modeling

flow

location

time

http://www.nfreeway.gov.tw

Temporal-Spatial Traffic Flow
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Introduction :
Traffic Flow Modeling

Analytical models (Traffic flow theory : kinetic theory)
o Macroscopic : flow, density, velocity

o Microscopic: headway, occupation (car-following theories)

Statistical models (Data-driven approaches)
o ARIMA (AutoRegression Integrated Moving Average)
o Linear models : linear regression
o Neural-Fuzzy Network

o Pattern Recognition (Hierarchical Gaussian Mixture Modeling,
HGMM)

Introduction :
Traffic Flow Modeling

Problem statement

The traffic flow data can be represented by a linear combination of

multiple Gaussian functions to reduce the numerous traffic data.

However the performance of training is limited due to a peak flow

shape.
Gaussian Mixture Modeling, GMM
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Introduction :
Traffic Flow Modeling

Contribution

(91, 9, 9, and g,)

Main dominated
flow layer
Traffi Stationary flows
c flow
data residue flows
Residue flow
layer

Stochastic flows

Hierarchical GMM

Static Characteristic Analysis of traffic flow

Gaussian Mixture Modeling

p(x16)=3 P (xI )

1 1 _1
pi(X|9i)=—eXp[——(x—,ui)T i (x_/ui)]
(zﬂ)nlz |zi |% 2 z
f};ggv ____ Morning peak

Afternooﬁ

0 50 100 150 200 250 300 time
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Static Characteristic Analysis of traffic flow

HGMM
(91, 92, 93, and gy)

Main dominated
flow layer

Stationary flows

Traffi
c flow

data residue flows

Residue flow
layer

Stochastic flows

Hierarchical GMM

Outline

B Static Characteristic Analysis of Traffic flow
u

B Experimental Results
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Static Characteristic Analysis of traffic flow

EXPERIMENTAL RESULTS

The results of 1D-HGMM of traffic flow in weekday and holiday
patterns (at the locations: D1, D10, and D20).

Do1=)

D10=)

D20=)

Tiress

Weekday patterns Holiday patterns

Static Characteristic Analysis of traffic flow
EXPERIMENTAL RESULTS

A comparison of results between GMM and HGMM performance in
weekday and holiday patterns.

Weekday patterns holiday patterns e

347




Static Characteristic Analysis of traffic flow

2-D Gaussian Mixture Modeling

The result of GMM training for number k=4 of Gaussian mixture functions

K=4 mixture Gaussian

Static Characteristic Analysis of traffic flow

TRAINING PERFORMANCE OF GMM

To verify the performance of GMM the root mean square errors (RMSE)
is applied as a performance index

RMSE = Y
where Y; is the observation value and
Y;* is the modeling value.
Y>>
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Static Characteristic Analysis of traffic flow

THE RESULTS OF GMM TRAINING FOR DIFFERENT K

The daily temporal-spatial flow

k=8 k=12
k=10 k=15
Outline
[ |
[ |
[ |
[ |

B Dynamic Characteristic Analysis of Traffic flow
B Phase Transition in Traffic Flow
B Phase Plan Analysis and Mathematical Model

B Entropy Measurement in Traffic Dynamics
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Introduction :
Traffic dynamics Estimation

Traffic dynamics information

Traffic states transition
Free flow, synchronized flow, critical flow,
jam flow

Phase plane analysis

AN

Traffic states transition

Introduction :
Traffic dynamics Estimation

Problem statement

Identify the locations of vehicle detectors that are critical
to accurately estimate traffic parameters.
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Introduction :
Traffic dynamics Estimation

Contribution

To characterize the dynamic behavior, the entropy is
calculated to quantize the information on the traffic dynamics
at each vehicle detector.

Considerable cost savings are achieved by reducing the
maintenance frequency of vehicle detectors at non-critical
locations.

ratmic Mow

vvvvv

Outline

[ |
[ |
B Dynamic Characteristic Analysis of Traffic flow
B Phase Transition in Traffic Flow
[ |
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Dynamic Characteristic Analysis of traffic flow

TRAFFIC FLOW THEORY

2-Phase Traffic Theory

Free flow

Congestion
3-Phase Traffic Theory [Kerner 2004]

Free flow

Synchronized flow
Congestion
Wide moving jams

Dynamic Characteristic Analysis of traffic flow

Ideal Phase Transition in Traffic Flow

Type I, un-saturation flow Type II, saturation flow Type III, mild congestion

. f(x[k]) whenx[k]e S,
Type 1V, severe congestion TypeV, stop and go flow GIkD [kl<s,
k1] s(x[k]) whenx[k]eS,,
X[k +1]=
c(x[k]) whenx[k]eS,,;
J(x[K]) whenxK]€S 4
Stee > Sgn k]2
Sgn > S AKI<y
Son = Sei Alk]=0g
Scri - Ssyn q[k] < qc
Ssyn - Sjam Q[k] > qc
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Dynamic Characteristic Analysis of traffic flow

Real Phase Transition in Traffic Flow

Off-ramp

Traffic flow
B ——

DIS D19 D20 D21 D22 D23

Sijhih-Wugu section

D24 D25 D26

O,
D17
DISD16<
[n
S IO IO IO
O O [N

Speed(kmph)

Flow(vehicles per 5 min)

100 gyt
IS i .
"‘4\0 ] 4-_‘;»""”’”
50 Lt
¥
0 . . . .
0 5 10 15 20 25
!
F 23
400 i Aﬁw o
b T i S
200 jo Tl gt T
Oww"ﬂ . . .
0 5 10 15 20 25
Time(hour)

Dynamic Characteristic Analysis of traffic flow

Real Phase Transition in Traffic Flow

The traffic jam feature.

a
3]

]
|

&
8
5]

n
S
3]

Flow(vehicles per 5 min)  Speed(kmph)

The simplified
result of traffic
jam feature.
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Outline

[ |
[ |
[ |
B Dynamic Characteristic Analysis of Traffic flow
[ |
B Phase Plan Analysis and Mathematical Model

Dynamic Characteristic Analysis of traffic flow

PHASE PLAN ANALYSIS AND MATHEMATICAL MODEL

Type I (Un-saturation flow pattern):

8

coq | FOLD whenx(k] S,
XMk+U=1 g4k]) whenx[k] s,
Sfree - Ssyn q[k] 2 qth
Ssyn - Sfree q[k] < qth

Flow(vehicles per 5 rrin)
B 8 8

g

0O 2 4 6 8 10 120
Speed(arph)

where f(),s(:) are mapping functions
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Dynamic Characteristic Analysis of traffic flow

PHASE PLAN ANALYSIS AND MATHEMATICAL MODEL

Type Il (Saturation flow pattern):

f(x[k]) whenx[k]e S,

gom X[k +1]={ s(x(k]) whenx[k]<S,,,
£ c(x[K]) whenx[k]eS,,
S 100
0 - Sfree - Ssyn q[k] 2 qth
0 50 100
speedlmen) Ss:yn - S free q[k] < qth

S - Scri q[k] = qc

syn

St:ri - Ssyn q[k] < qc

Dynamic Characteristic Analysis of traffic flow

PHASE PLAN ANALYSIS AND MATHEMATICAL MODEL

Type III (Mild congestion pattern):

£ ! f(x(k]) whenx[k]e S,
B s(x[k henx[k]e S
§oo a1y |SOTD whenx(k]< S,
%m c(x[k]) whenx[k]eS,,
T J(XIKD) whenx[k]eS,,,
0O 20 40 6 8 10 120 Sfree - Ssyn q[k] 2 qth
Speed(kph)

Son = Stee  AlKI<qy,
Sen = Sei  dlk]=q,
Sei > Syqn  dIKI<q,
Syn = Siam  AIK]> 0,
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Dynamic Characteristic Analysis of traffic flow

PHASE PLAN ANALYSIS AND MATHEMATICAL MODEL

Type IV (Severe congestion pattern ):

600

5 min)
w
(=]
=]

Flow(vehicles per
oo oW
o [=] (=]

o =] o

o
=]

4

o

50 100
Speed(kmph)

o

f(x[k]) when x[k]e S ..
s(x[k]) when x[k]e S,
c(x[k]) when x[k]e S,
J(x[k]) when x[k]e S,
Siee > Sgn  AlkI= 0y,

Sen = S AlkI<qy,

X[k +1] =

Ssyn - Scri q[k] =0,
Scn - Ssyn q[k] <q
Ssyn - Sjam q[k] > qc

Dynamic Characteristic Analysis of traffic flow

PHASE PLAN ANALYSIS AND MATHEMATICAL MODEL

Type V (stop-and-go flow pattern):

8

8

g

M
A

8

Flow(vehicles per 5 rrin)

g

0O 20 40 6 8 10 120
Speed(arph)

f(x[k]) whenx[k]e S,
s(x[k]) whenx[k]eS,,

XHI=1 kD) when k] < S,
J(qKD) whenx[K] €S .
Stee > Sy dlK]Zqy,
Sgn = See  AKI< 0y
Syn > S dlk]=q,
Sei > Syn  Alkl<qq
Sgn = Siam  Alk]>q,
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Dynamic Characteristic Analysis of traffic flow

FIVE TRAFFIC-FLOW PATTERNS

unsaturated flow saturated flow

mild congestion severe congestion

Dynamic Characteristic Analysis of traffic flow

FIVE TRAFFIC-FLOW PATTERNS

Stop-and-go flow
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Dynamic Characteristic Analysis of traffic flow

Time-Space Dynamic Statistics
Type no. . .. .
visualization behavior (131 days)
| Un-Sat. flow 25 days
Il Sat. flow 20 days
I Mild congestion 43 days
v Severe congestion 8 days
V Stop-and-Go 35 days
Outline
[ |
[ |
[ |
[ |

B Dynamic Characteristic Analysis of Traffic flow
[ |

B Entropy Measurement in Traffic Dynamics
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Dynamic Characteristic Analysis of traffic flow

TRAFFIC DYNAMICS - ENTROPY MEASUREMENTS

LN N

How to measure the quantity of

dynamic traffic information

Dynamic Characteristic Analysis of traffic flow

TRAFFIC DYNAMICS - ENTROPY MEASUREMENTS

Entropy measurement

- which loop detector has maximum uncertainty

- which loop detector has maximum traffic dynamics
H=0.83 -
H=1.18 He250  Leos

VYT Y

Maximum entropy
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Dynamic Characteristic Analysis of traffic flow

TRAFFIC DYNAMICS - ENTROPY MEASUREMENTS

Maximum entropy

e e i B i el e e T A e it i Helie Sl il bl Bl Bl Sl sl el N C

I
B e B e e R B i S e A Sy
[ [ o I o

RAe 4 -+ -+ - =1
[ T R

[ N
— 4=

T T T T
O/

| | |

— AR T [
f | | | |
1 1 L L

| |

| |

1 1 1

& 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
VD No.

Dynamic Characteristic Analysis of traffic flow

Entropy Measurement in Traffic Dynamics

The flow patterns statistics of weekday and holiday traffic dynamics of 26
detectors in the section. .

I ypel
[ Typell
1 Typei
[ Typev
I Typev !
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Dynamic Characteristic Analysis of traffic flow

Entropy Measurement in Traffic Dynamics

The flow patterns statistics of weekday and holiday traffic dynamics of 26
detectors in the section.

Dynamic Characteristic Analysis of traffic flow

Entropy Measurement in Traffic Dynamics

The flow patterns statistics of morning peak and afternoon peak traffic
dynamics of 26 detectors in the section.

I Typel
[ Typel
1 typem
[ Typev

I Typev
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Dynamic Characteristic Analysis of traffic flow

Entropy Measurement in Traffic Dynamics

The flow patterns statistics of morning peak and afternoon peak traffic
dynamics of 26 detectors in the section.
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Concluding Remarks

A framework for characterizing highway traffic dynamics based
on HGMM, phase-plane analysis, and entropy analysis is

proposed.

The traffic flow data can be represented by a linear combination
of multiple Gaussian functions for characterizing the timing and
geographic property of a highway system and reducing the
quantity of raw traffic data.

Five types of traffic flow patterns are identified based on a real
traffic dataset.
The distribution of entropy values indicates different traffic

information quantity at each detector.
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