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ABSTRACT

Prediction of short-term future traffic condition is an important
element for route guidance and incident management systems. In this
presentation, a solution algorithm is proposed for short-term travel time
forecasting in congested urban roads of Hong Kong. The travel times at the
next 5-minute interval are predicted by using the historical travel time
estimates together with their updated temporal variance-covariance
relationships. The territory-wide historical travel time database is
generated by the real-time travel information system (RTIS) using the
automatic vehicle identification data available in Hong Kong. Based on the
travel time forecasts and the RTIS travel time estimates, traffic incident can
be detected by comparing their differences on the road section before and
after the incident. Case studies are presented to evaluate the performance of
the proposed algorithms for short-term travel time prediction and incident
detection, respectively.
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Incident Detection based on
Short-term Travel Time
Forecasting

Outline

1. Background of RTIS system;
Objectives;

3. Proposed algorithms for short-term travel time
prediction and incident detection

4. Case studies; and
5. Conclusions and further study.
6. Current development for Bangkok system

Automatic Vehicle Identification (AVI)
Technology
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Autotoll Tag Data

Tag in Circulation is over 220,000 tags out of 565,000
licensed vehicles in Hong Kong in December 2007

AVI Technology - Autotoll tag data

Lion Rock Tunnel (LRT) Cross Harbour Tunnel (CHT)
Toll-gate Toll-gate
8:00:00 8:15:00

Travel time of this vehicle = 8:15:00 — 8:00:00 = 15 minutes

&

AVI Technology - Autotoll tag data

Lion Rock Tunnel (LRT) Cross Harbour Tunnel (CHT)
Toll-gate Toll-gate
12:00:00 13:00:00

%! Travel time of this vehicle = 13:00:00 — 12:00:00 = :Ix

Incident Detection Based on Short-term Travel Time Forecasting
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Data Filtering Method for Generating Valid
Time Windows

—Lower limit  —— Upper limit =« Valid obsenation Invalid observation  —w— Smoothed awerage trawel time
a0 - T

a5 |

w
=1

Travel time (minutes)
n
S

0 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time of day (hours)

Methodology for Current Travel Time Estimation

TFS Off-line
Data . v variance/covariance
Filtering :fr?\';et:jmai Er:sf::ﬁ:t?;: matrix of link travel
Process time
Mean travel time Updated variance/
on links with real- covariance matrix of link
time data travel time

| |
|

TFS Off-line Mean travel time on
link travel

links without real-
times

time data
ég,bv 8

RTIS Speed Map (Directly Deduced)

{2 Trallie: Speeds an ba

Harg Ko, Kareloon arsd Mew Territories South - Windows Internet Explores

WA et tosess on Mam Routes i reng ong, iaen,

a Tranaport Department

The Governmant of the Horg €0mg Soscisl Admininrtive egion

(O Trial) Traffic Speeds on Main Routes in Hong Kong, Kowioon and New Territories South

Data Last Update Time Dirastly Daduced Tratfic Spesd
20080110 17:16:22 1 147 e kg
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RTIS Speed Map (Indirectly Deduced)

2 Traffic Speeds on Main Roads in Hong Kar, Kowloon and New Tesritorbes South - Windaws Internet Explorer

rites bep
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Craaing
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RTIS Validation Results on December
2007 (19 weekdays)

Accuracy of Speed Estimates
falling within the specified
speed interval

Cross Harbour Tunnel (Kowloon) 97%
Eastern Harbour Crossing (Kowloon) 100%
Western Harbour Crossing (Kowloon) 100%
Aberdeen Tunnel (Wan Chai) 97%
Tate’s Cairn Tunnel (Shatin & 100%
Kowloon)

Tseung Kwan O Tunnel (Sau Mau Ping) 100%
Kwun Tong Bypass 100%
Ting Kau Bridge 100%

@ Cheung Tsing Bridge 100%
11

RTIS Validation Results on December
2007 (19 weekdays)

Accuracy of Speed Estimates
falling within the specified
speed interval

Waterloo Road 100%
Princess Margaret Road 100%
Kai Tak Tunnel (Kowloon City Side) 100%
Chatham Road 100%
Salisbury Road near Nathan Road 98%

Kowloon Park Drive 100%
Island Eastern Corridor 100%
Connaught Road Central 99%

Harcourt Road 97%
& :
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2. Objectives of this study

= To develop an algorithm capable of predicting
travel times on the route with real-time auto-toll
tag data in the next 5-min interval

= To devise an algorithm for detecting traffic
incidents at current 5-min interval

& u

3. Proposed Algorithm

“ - @ |
i i Ei: I i
1'# > I i N: p : I'
WLl W g
i I J | ! i H: | : :l BeAS am
<y 1 ;
77T ‘HIL 7y (R 2 )
I H‘ Ll i Lt i ( b W Curvent time Temporal
At . ey [ i merd & travel tme
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SRR e it
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Ir { ! I 4 ] o® 1 revious fime
nf L) {7 # lea L interval -0, e.g
4 “‘ | i v L) o 8:05 am
J / |
b 1 :
Friday in N weeks ago Current day
y i ag Last Friday (e.q. Friday)
M b ﬁ No. of past Fridays (k) used: k> 2
Temporal travel time variances No. of previous time intervals (1)

used: n=1
ég; 14

K-Nearest Neighbourhood (k-NN)
Method

Number
of real-
time data

Number
of real-

_time data
> =" attime t+1

at time t+1

Current day
(e.q. Friday)
attimet
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Travel Times

Predicted travel times by
E-NN methed, X,,;

Temporal covakis

Current da\r
(Friday)

Previous Fridays

Temporal variances

Comparisons of Predicted and Estimated

Predicted travel times by the
proposed algerithm, T,

Estimated travel times by
real-time data, x,.,

real-time
data at
time t+1

real-time
data at
time t

real-time
- +— dataat
time t-1

Current day
(Friday)

Incident Detection

Historical travel time estimates at
current and previous time intervals

Real-time travel time data
at current time interval 1+

l

Predicted travel times
or speeds, X, or T,
[

l

Estimated travel
times or speeds, x,,,

]

at the incident location,

Comparison of estimated and predicted travel times or speeds

incident at same time interval

and downstream of that

l

[ Are their differences exceed a given threshold* ? I

l yes

| Occurrence in a number of successive time intervals (%), where 7 = 1?

yes
* The threshold is calibrated by the

@ | Incident alarm

historical travel time data. 17

Travel time

At time interval, predictad in

e.g. 8:15 am

t inciden;ﬁ

X

Aprp

downstream* L

&

Example of Incident Detection

previous 5 min
(k-NN method),

Travel time Estimated Threshold of
predicted in travel time by  travel time
previous 5 min  real-time data, (or speed)
(proposed Tt differences
method), T..,
6 min 2 min
10 min < 15 min 2 min
5min > 3min 1 min

Incident Detection Based on Short-term Travel Time Forecasting
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4. Case Study for Short-term Travel
Time Prediction

. .. Lion Rock Tunng
-‘C.j.‘ y / N \ >
/i .

R‘k Iy

Legend:

= Selected path

- €ro ur Tunnel (CHT)
Distance = 6.23 km,
Average free-flow travel speed = 60 km/hour

Number of Vehicles Travelled on the Selected
Path from LRT to CHT on 26 May 2006 (Friday)

LRT -
o d &%mm Valid Observations
| Manual
Autt:gtotl license plate Total
Facords matching
survey
AM Peak
(©8:00-10:00) | 285 303 588
Inter Peak
i (14:00-16:00) | V7 50 i
HMT . aB1234 PM Peak
% y (17:30-19:30) 259 608 867
Total 761 1,161 1,922

&

20

Validation Results for Short-term Travel
Time Prediction

Comparison of the Performance of the Three Prediction
Methods in the Six-hour Survey Period

Mean Absolute

Mean Absolute Perceritags
2
Model R Erro(:rg\:)AE) Error (MAPE)
(%)

= -

Propasd 0.82 1.03 4.62
algorithm
2-nearest

neighbourhood L 137 B2
Historical average App(l)'c;]a;hes 3.28 14.27

&

21
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Predictability of the Proposed Algorithm
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20 |

Predicted Travel Time (min)

15 17 19 21 23 25 27 29
Observed Travel Time (min)

Predicted Travel Times on the Selected Path from
LRT to CHT during AM Peak Period (08:00-10:00)

30

n
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= Historical average x— Observed

-
w
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&

08:00 08:10 08:20 08:30 08:40 08:50 09.00 09:10 09:20 09:30 09:40 09:50
Time of Day

Predicted Travel Times on the Selected Path from
LRT to CHT during Inter-peak Period (14:00-16:00)

30

N
w

-

—

e
e

/ —— Proposed algorithm —— 2-nearest neighbourhood
= Historical average »— Observed

Path Travel Time (min)
n
o

i
w

14:00 14:10 14:20 14:30 14:40 14:50 15:00 15:10 15:20 15:30 15:40 15:50

Time of Day

&

Incident Detection Based on Short-term Travel Time Forecasting
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Predicted Travel Times on the Selected Path from
LRT to CHT during PM Peak Period (17:30-19:30)

30

25 |

20

Path Travel Time (min)

10

@

—— Proposed algorithm
—=— Historical average

17:30 17:40 17:50 18:00 18:10 18:20 18:30 18:40 18:50 19:00 19:10 19:20
Time of Day

—a— 2-nearest neighbourhood
—— Observed

4. Case Study for Incident Detection

= Based on the road accident records
collected from Trans
has occurred on

= Waterloo Road in
North bound direction

= Involved 2 vehicles
with 1 person injured

= However, no observed data has been collected on
the path from Cross Harbour Tunnel to Lion Rock
Tunnel on 26 May 2006 for validation of the travel
time prediction.

&

port Department, an incident

in 2006

/g

HMT-LRT (Incident location)
Time Interval | Predicted Estimated Travel Speed Threshold of
Travel Travel Speed | Difference Travel Speed
Speed (7,.;) | (xus) (km/h) | (7, —xur) Differences
(km/h) (km/h) (km/h)
13:35-13:39 39.2 38.8 0.4 8
13:40-13:44 (43.0 34.9 8.1 8
(Incident
occurred)
13:45-13:49 36.7 28.2 8.5 8
13:50-13:54 31.8 28.5 33 8
13:55-13:50 33.0 31.5 1.5 8
Further comparisons on the predicted and estimated travel times and their
standard errors at the incident location, upstream and downstream of that
incident should be conducted, particularly when real-time data are o
available on the road segments of the path. -
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CHT-HMT (Upstream of the incident)

Time Interval | Predicted Estimated Travel Speed Threshold of
Travel Travel Speed | Difference Travel Speed
Speed (T7,,,) | (x.;) (km/h) | (7., —x.;) Differences
(kmy/h) (km/h) (km/h)

13:35-13:39 | 44.2 44.1 0.1

13:40-13:44 | 48.6 39.6 9.0

13:45-13:49 |41.4 31.3 10.1

13:50-13:54 |35.8 30.6 5.2

13:55-13:59 |37.3 327 4.6 8

5. Conclusions

= Short-term travel time prediction algorithm has been
proposed for incident detection.

= The results show that the proposed algorithm could
predict satisfactorily the travel times on the selected
path for the study periods with the minimum mean
absolute errors and mean absolute percentage errors.

= The results of the case study for incident detection
illustrated the potential and capability of the proposed
method to detect incidents accurately.

6. Current development for BKK

« Joint research and development with BAL-LABS,
Burapha University

= Follow up from the previous project funded by NECTEC

= A new project also funded by NECTEC to develop the
prototype for RTIS system on a specific route in BKK

= Also kindly supported by BMTA and TOT

= Using RFID system for bus management (in contrast to
the RFID system of Auto-toll in HKG)

-l
NeCTeC

» mamber of NS 30
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RFID-
Base

Station

Moving
RFID
Reader

(v

@i »
Fixed B-Base via ADSL

Meving Reader via GPRS
g
@ BAL Labs ... N==yy=l=ll 31

@ BAL Labs .

5
ECTEC..I

a mamber of NSTDA

32

Traffic data to Pocket PC/
Mobile phone

Shops, Events & Happenings, Eat
out?

Logistics applications:
Real-time Routing & Scheduli
Freight Distribution

Transport & Traffic
Policy:

Road pricing, E-Toll

¢ rr—

& membar of NSTDA

TOT based traffic info

]
NECTEC

TOT WiFi Hotspot : Paypoint,
Personal Life Style, ete,

Traffic data to in-car navigator

Calling & Securing
Taxi by Intelligent
Traffic Sim Card

Vehicle tracking: Security & Control :
Bonded trucks, Dangerous Cargo, Student
Van, etc.
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6. Current development for BKK

Install B-MOV tag on private vehicles and taxis (mid
2009)

Plan to develop the RTIS engine with the RFID data
from the bus system (early 2009)

Calibrate the off-line system (mid 2009)

Develop the first trial with a full validation (following
the previous experiences in HKG) (late 2009)

Further extend the coverage area for the full
deployment

-The End-

@ BAL Lobs necrec?
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