50 Years of Smart City
Impact of Logistics Ecosystems

on social economical and environmental development

KeynoteAbstract

Professor Elizabeth Chang

11t International Conference on Innovations in Information
TechnologylIT 2015, Dubal

1-3 Nov 2015



Outline

. Smart Cityc Where we are at
. The enablers of Smart Citylnnovation I'T

. The iconic representation of Smart City
Logistics Ecosystems

. World Wide Research Issues & Our Work

. Smart Cityc Where we aregoingc¢ Hot topic

. Conclusion



lconic Representation of Smart City_ogistics

Logistics is one of the keys to distinguish RICH and POOR countries, the Logistics GAP cofififtulesBank 2013].

Logisticds the 31 largest industry sector imleveloped economiescontributing up to15%-+ of GDP. Germangnnual turn-over 210B
Euros, US: U$1.4 Emerging economic countries, China, US$1.flGErman House, NY 2013];

Logistics is THE KEY for economic competitiveness, growth and poverty redudtimnld Bank Trade Logistics Survey 3013
Logistics is THE enabler in Domestic and International Trade Hd¥esld Bank 2013].

Logistics is the Chiefriver for top performance.

Countries that pursugrogressive logistics reforms, continue to improve theiconomic performance.

Developed countries continue to build the INFRASTRUCTURE and LOGISTICS and in GreefWoglidiBank 2013].

How good your logistics is, determines how good your economy will GeHow Smart your city will be
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1. 50100 years of effort Smart City

From civilisation to modernization

Wherewe are at
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100 years efforic Smart City

Modernization
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2. The enabler
Innovation ICT underpinning Smart City



Enablerc Communication Devices
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Enablerc Communication Infrastructure
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Enablerc Information Network
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Enabler¢c Embedded Systems

Time, Speed, Space, Heterogeneity
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Enablerc Big Data Management

Mobility, Flexibility, Simplicity, Personalised & Cognitive UX

Modernization

Civilisation

Dynamic Data Ecosystems
Data lakes, data farms

Mobilised DS BI
In-memory DB On-Demand DS Bl
Self-service Bl Geo-Mobile enabled BI
- - Predictive Analytics | Augmented reality for Bl
Big Data, NoSQLDB Cloud services Hybrid Clouds
Guided BI IoT, and WoT Source Ecosystems
Semantics and Ontology | CPS (Cyber Physical | Smart Digital Enterprises
DataMart, Real-time Dataf 13 Datastorage | Systems Cyber and mobile security
B Addiotes Data cleansmg & quality | Reputation Systems Cognitive UX
ERP (Enterprise Res Plan| Mult-agents Risk Management sysL—— F—|
CRM Search Engmes etc
SCM (Supply Chain Mgn Bm l;ﬁogﬂ: sys
Data Warehouses (DW)| E-Commerce /e-Busmess s =
Process Re-Eng OLTP, OLAP MW L Gnds A\iDA, and SOA i
Workflow M@‘ DSS (Decision Support S Autonomops. comp_u.nng'
BusinessModelling | KPI (key performance NN Data security & privacy
Al Expert Sys, DM | Pattems, KD &
Quality Standards Inter-, Intra Op
&t
Databases gls“;‘xs.
Inventory Control| UIMS, et
Customer Service |
Account Management
&t
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lconic Representation of Smart City_ogistics
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Smart City
The worldsince mid 2000s
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Smart Grid
The No.1 successful evidence aRo|
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Smart Home
The worldeffort since early 2010s
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Cyber Information Engineering




Smart Manufacturing
The world effort since 1980s
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Smart Medicare
The world effortSince 2000s




Defence Modernization

5000 years of hlstoryZOOOBC vs 2000 AReople and Technology




3. Logistics ecosystems




Ecosystem Inspired Computing

Key features

Self organization

Self sustain

Ecosystem Inspired Computing Dynamic Architectures
Temporary coalition
Mutual benefit




Logistics

A Logistics is about movement of people, goods
and services to the right place, at the right tim
with the rightpeople and material handling.




Logistics, Transportation, Supply Chal

Raw Materials
150BT/Day Manufacturing
i " Distribution
Consumer

Retailer

TradelLogistics=SC; LogistRsviders = Transport Logistics Operators = Supply Chain S&peaalist. Concepts differences.
Logistics: horizontal: SC: VerticdCinventory replenishment of goodspgisticstransporting goods, & people & services.
SC: 9% by volume are materials/sefproducts, 10% are consumer goods; 40% Cargo Goods by Value are transpdsted by
Themore the trade, the more services, more jobs and better economy

Time, JITQOS Security, Safety, Heterogeneity, Optimisation, Efficiency, Productivity



Commercial vs Defence Logistic

Top 10Similarities

Top 10Differences



Commercial vs Defence Logistics
Similarities

Commercial Logisticand Defence Logistics

RequirementcLJ | OS> GAYSZ aLJ OSE Ozadx |
Model ¢ Joint partnership, networked of operators and operations
Intelligence¢ Data & Information

Tools Use of facilities, infrastructure, resources, technologies

Services & Operations (WH,DistriX 0

Mode of Op- air, sea, land, cyber, space

Fuelc lower the cost, sustainable

Performance measuresproductivity, efficiency, optimisation, cesienefit

Environmentc complex, competitive, uncertainty, dynamic,-predictable,
crowded, connected, collective, constrained

10.Attacksc deny, corruption, interruption, disruption, security, safety, trust, ris

© 0N Ok wWhE




Commercial vs Defence Logistics
Differences

Commercial Logistics Defence Logistics

1.

w

o0

10. Situation- harmless

Purposebusiness growth, cut the cost
Increase revenue

Objectivesg bottom-line, customers
Customer- B2B, B2C

Focus manufacturersandtrade,
supply chain

Supply Chain valueChain

Asset- someone else asset, standards
and automation

Stock¢ minimum
Management- distributed

Providersg partners, alliances,
consortium

1. Purposeenable capability, agility,
sustainment

2. Objectives- save lives, win the war
Customerg gov public

4. Focus maintenancesustainmentwind-up
operations

5. Supply Chairg chainof supply

6. Assetcits own assetsafety reliability,
availability

7. Stock¢ maximum
8. Management- centralised

9. Providers- Coalitions forces, integrated
services, Defence + civilian contracts

10. Situation¢ dangerous, violent, lethal

L




Difference between the three types of
Logistics
| Business | Humanitarian

Goal Customer, cost Alleviate the suffering
(profit) and time of vulnerable people

and minimize the

deprivation costs

Design Customer demand  Vulnerability needs
Pattern of Repetitive 1 less Unpredictable T high
occurrence uncertainty uncertainty
Demand for  Less fluctuations High fluctuations
resources
Competition Yes No
What is at  Profits, reputation, Life, reputation,

stake? business suffering

enan D. Yoho, Sebastiaan Rietjens, Peter Tatham, (2013) "Defence logistics: an important research field in need of researchers", International Journal of Physical Distribution & Logistics
Management, Vol. 43 Iss: 2, pp.80 i 96



4. \World wide research

Issues and our work




World Needs Logistic,

Economies, Humanity, Society®

_GLOBAL SHUTDOWN _

\ _—
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USA Trade Logistics Will Triple iny2®

Example USAthe Economic Superpower

Thinking inside the box Shipping containers and the growth of globalde will double in Increased Container Traffic
the next decadeviorldpressMay 30, 2013 byarty Larivierd 2 d
World merchandise trade Ports worldwide = Increased Revenue
2012 prices®, $tm .
2 1965 1970
INTERNATIONAL ADOPTION Port labour productivity, 1.7  30.0 = &
GOV DO s ] E
29 Average ship size, 84 197 = .
tonnes E .
10 Number of loading 11 3 @
portsin Europe g =
5  Insurance costst, 0.24  0.04 g .
£ per tonne &
mmmmmwﬂ vameo{ggods“‘ 2 1 .
transitt, £ per tonne 7
T e 1999 2005 2010 2020 2030
Sources: World Trade Organisation; US Bureau of Labour Statistics; * Deflated by US consumer prices
Daniel Bemhofen et al; The Economist TAustralia to Europe  tHamburg to Sydney
EXPECTED TO
¢ G o
f M (P iy, e TRIPLE IN NEXT
o Ao BTl - 20 YEARS
#4_| Over 70% of imports pass [~ )f' , s
,“*rj through to other markets [ 175 e 2
T VBT PR ) “
Tria] o o T Ll o T
L “i';‘ i" = :_-!j}\g 5 A T
N s s =2 saae (e
. 2 i, r ™ .:7‘/.J __;___ l I_é.-c-v
™ - ~ .v}- (\-—
Lo § - g ‘?
Ports handle one < - > VSE L it §~
third of all container L e e
traffic in U.S. and ‘
nearly two-thirds of -
containers from Asia Blue Ribbon Panel of Transportation Experts Steve Adarn

SCAGS00ds Movement Task Force September 21, 2005 City of Riverside, CA Thursday, August 15, 2013


http://operationsroom.wordpress.com/author/mlariv/
http://operationsroom.wordpress.com/author/mlariv/

World Trade Logistics Will Triple in 2@

Developed and Emerging Countries

Germany’s foreign trade 2012: export +3.4%; import +0.7%
In 2012 Germany exported goods worth 1 0973 billion euro and imported goads waorth

909.1 billion euro. That means that Germany’s exports increased by 3.4% and its imports by 0.7% in

Global volume meschandise Irade fiows and CREB mefals index

¢

2012 compared with 2011.

"%
y

More>

Exports - Imports
GDP

Typically, the term "balance of exports and imports” includes both goods and servi
GDP ratio shown here covers only goods.

Foreign trade balance as a percentage of GDP= *100

Foreign trade halance
asa percentage of gross domestic product in %
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@ Statistizches Bundesamt, Wieshaden 2013

Chinese exports and imports
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It reflects a country’s integration in the world economy. The fo

Foreign trade-to-GDP ratio = *100
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@ Statistizches Bundesamt, Wieshaden 2013

10 12

In 2012 the foreign trade balance closed with a surplus of 138.3 billion euro. In 2011 the foreign trade
balance surplus amounted to +158.7 hillion euro.

Imports and exports of e-hikes, 2012
Mumber of bicycles

Imports

People's Rep 90 300
of China

Hungary

Japan |20 300]

Exports

Metherlands 39600
Austria 6 GO0
Swvitzerland T 500

& Statistizches Bundesamt, Wiesbaden 2013

Balance of Trade of China (billion USD)

China's growing share of U.S, trade deficit,
2000 - May 2009 (non-oil goods)
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Australia Trade Logistics Will Triple iny28

Source: Port Handbooks 2011

PORT OF MELBOURN

Port of Melbourne Trade e sususse-

Top five trade commodities and markets in

Brisbane Port - Exports/Imports 201072011

Port of Brisbane Handbook 2011 Imports . e present & 10 yeor prome o Sort o mei:
o O R AN T TR TR - Customer Handbook 2009/2011 tepor o
W imports M Exports AS 3 10RINCENt 300 STBLEYIC SETET0r The SE3E O VICIDNA, POM Of MeDOWTE DrOVISEs 3 fINDe Of DENERs 1 e State
18.000 1 Crude Oil Global econcmy TEtuGh Me MCIIEANON BAC ZUDOGM Of Fade reated Rduzies.
“, g " a B § B 2 Refined Oil Malaysia A summary of these benetts It isted in Bie table beiow
-4 E I nt
F Gropig B 3 Cement China
i 4 Iron & Steel Japan 530 beecheres of e o o rubebnd et S3.00 e o i
= ; [ansdcnon ana §1 KiGmewTs of navigate chanme.
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= The Mty of e DOTS F3Ge TOUIREUT S CONIIEnted Dt T 320 Fande:
T GANZ 33 vAme Sarvs VA ari ifen Sas MG UMDY OVS QAN CMUS GATE DRDS OADY GIOS CMDS THG WY rEIRTUR, QUK DL Gry DUk, DEREa] CIDOR IRT MOMDF vERKIe.
Financial Year
ToRS! e EYOUON e pOrtIn Z00T-08 reacned 75,7 MIoN FEven e KoAnes. Of TS
1,000,000  Rank | 103, COPITE r£G aae MEDMEEnED T%. Mo CONENMErSED GENErD: (EreaKSum 3nd
900, 000 motor vemicies) 19%: Bausd bulk T4 dry Bulk 4%.
800, 000 1 Coal Japan
32.5 bition to e

bietiong 2 Refined Oil Australia
§ w00 &

500, 000 2 3 Cereals Taiwan

‘fz :; 4 Meat Products China pee———

300, 000 F . e valee <z race

200, 000 5 Iron & Steel South Korea B T

== 54 —

O 0w 9uvz 9293 7ama Y4 e AT SIS MUY RGO OOD) OLGZ 0200 GMDA OAUS CMGA 0GG7 0708 CROP OO

Aunc Tace haz more Tan doubied over the past 10
YEArT With IUOAY GROWS I EXDOMI 1O Middle Eat
ana of Imporied

Financial Year
Port of Brisbane Total Trade % Moy Jpo Voo Sy o3ons  Satlou
Mimports M Exports
18, 000 Dt Salig Doys.
ke i st A
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E 7
| E & E F 7
12, 000 F: 3 G a
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4, 00C
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Tonnes 000

RN

Financial Year

WA Ports Total Import 10%, Export 90%

Ports Handbook A

Albany Per Dampie Port

Plus 12 other non-
Government ports

There are 35 major tenants In the port underiaking Cargs handing and shipping reisted
acevbes.
Containerzed Tade, Which Curently SCCOounts for

PoMC empicyees
54 temporasy empicyees ang 15 contact empioyees (31 Marcn 2309)

Sydney Port Trade

Sydney Port Corp Annual Report 2010/2011

200505 |

2006/07 |
2007700 | 20.2 MLLION
200000 |
2000rt0 | 25.2 MILLION
201011 | 2.7 MILLION

26.7 MILLION

27.8 MILLION

27.8 MILLION

2005/06 TO 2010/11 (MASS TONNES)

TOTALTRADE

1.028 2,020

1.784 MILLION MILLION

e i M‘,,ﬂw MILLION

0 00

2005/06 2006/07 2007/08 2008/09 2009/10 201011

TOTAL CONTAINER TRADE
2005/06 TO 2010/11 (TEUs)

To uncertake = sategic management of the port, POMC has 177 orgoing empioyees, 0 expand w

32z wnnez) of w3l Face, contrued
ALl TEU growth of §.0% per annum
210 years.

! "
OF! [op] &%
of S
(o] < ok

TOTAL  TOTAL TRADE TOTAL AILL TOTAL FULL
CONTAMER  (MASS TONNES) OONTAINER CONTAINER
TRADE (TEUs) IMPORTS(TELS)  EXPORTS(TELS)

WORTH OF TRADE EACH YEAR  TO'T




Global Issues

1. Homeland Security
2. Congestion (Roads & Ports)
3. Collaborative Logistics

4. Carbon Footprint
5. Big Data Management




Global Issue £ Homeland Security

Two key Areas
RegulationsHomeland security; National security measures; different countries, different priamyway is the
bestway, mutual recognition; Information sharing betwe@nvernments; between Logistics and SC providers;

TechnologiesX-Ray, Sniffer, G$can facilities, Goods Tracking, Container tracking; Material tracking; RFID; Se
Facility scattered, nway to screerall; no methods to track beyond borders, information and data interoperabili



Research into Transport Security

Our Work
1. Ambient SecurityLogistics Network and Intenodal,
ARC LP0349100, 26Q6806; PATREC, 202607;StatOilHydrd2009
1. Trust -ARC LP 0560346, 208
2. Risk - ARC LP 110200118, 2012015

Outcomes
A 5 grants Obtalned Trust and Reputation for Studies in Computational Intelligence p)
.. . Service-Oriented Environments
A 5 preliminary patents filed (Y. sl
. Tharam S. Dillon
A 5 PostDocs supervised X ool FaookhK. Hussain
A . B O \ o {2 Elizabeth J. Chang
6 KeynOtESjehvered _ RN\ ‘j'“*'.'»—!i“‘v . Risk Assessment
A 12 PhD theses completion t = S9N and Management
o j . in the Networked
A 3 Books Cd\uthored : 3 Economy
A 30+ Tier 1 Journal Papers kst
A over 200 Scientific Papers




Inter-modal Security

Securityhelp identify and measurthe Logistics operatiosecurity and vulnerability,
monitoring and control ofmalicious activitiesthrough ITIt also detects thettacks, fraud,

and intrusion etc.

Technology underpinning the
above are:

RFIDlamper detection
Logistics Network Security
Supply Chain Security
BarcodeWatermarking
Information Security

To To To Io I

Ambient Security

_f g@ﬁ
= )
= 3*'

>*

Distribusted Logistics Network D)

1!
' — — e . —
1 | Maliciows rader modifies the tag —
]
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Figure 2-5: The Logistics Network L-\ttacks

Logistics Network Attacks described as operations to disrupt, deny,

- Spoofed altered and
Replayed Routing
information

= Hello Floods
= Jamming

= Collision
= Unfairness

- Resource Exhaustion

- Desynchronization
- Relay
- Rushing

- Warmhaole

- Misbehaviour

- Acknowledgement
Spoofing

= Sink Black Hole

- Flooding
- Physical Tampering

= Availability

=Authentication

-Authorization

-Confldentlality

-Intagrity

-Mon-Repudiation

Freshness

-Forward Secrecy

-Backward Secrecy |

-Salf Organization | T

Locallzatlon

“Physical
Becurity

- Spoofed altered and Replayed
Routing information
Countermeasure

- Helle Floods Countermeasure

= Jamming Countermeasure
= Gollision Countermeasure

- Unfairness Countermeasure

- Resource Exhaustion [

Countermeasure
- Desynchronization Countermeasure
- Relay Countermeasure

= Rushing Countermeasure

= Wormhole Countermeasure

= Misbehaviour Countermeasure

- Acknowledgement Spoofing
Countermeasure

= Sink Black Hole Countermeasure

- Flooding Countermeasure

= Physical Tampering Countermeaasure

-—®  degrade or destrojyogistics communication dataithin nodes, huband
networks. Logistics Networkvadely shared, it is easi@nd vulnerable
—_ againstattacksuch as Eavesdropping and Traffialysis etc.
e
® Attacks Security Analytics
) Requirements
- Eavesdropping - Eavesdropping Countermeasure
-Traffic Analysis -Traffic Analysis Countermeasure
= Sybil - Sybil Countermeasure
- Selective Forwarding - Selective Forwarding Countermeasure

Addressing
Remaining Attacks

- Eavesdropping
- Replay

»- DoS

- Jamming
- Flooding

Figure 4-1: The process of Attacks Filtering




Trust

Trustis defined ashe belief the trusting agent has
Ay GKS (NHza 0 S Randcapbifityit® &
deliver a mutually agreed service in a given context

A Logisticsprovider
ranking systems
A Search engine to

find service
-
providers
aa

Initiation of a trust relationship

and in a given timslot.

Definitions of Trust
Trustworthiness
Reputation cliz
Definition of Reputation
Ontology and Trust

Trust Relationships

Reputation Relationships
Recommendation Relationships
Third Party Relationship
Reputation Query Relationships

Reputation for Trustworthiness
Prediction

Business Intelligence

X

Custorrers %

Stppliers

A

To Do Do Do Do To Io Io I» o Do Do Do

« directinteraction (clirect contact)
« reputation (transitive introduction)
¢ history (past interaction records)

. may have 17 hand knowledgs, but we can
ion, sometimes, it is also kno
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Figure 8.29 3rd Hand Opinion from an Unknown Agent
(may be a Malicious Agent or may be an honest Agent)
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RIS

A Riskevaluation involves the determination the probability of failure and the

conseguences of failure.

Even though the chance of

A Thepossible Risk is a combination of:
w The probability of failure of the busineastivity

=
- 0.01% chance of failure f.q.
w The consequences &dilure,and (e S

Even though the chance of
failure is low, the impact is

w Thefinancial, human or resourcégssprobability. e e

Figure 2.1: Importance of probability of failure and mmpact in transactional risk
analysis

1

Determining Risks in an Interaction .

0.5

= The expected behavior(ProCom ,....«..) is determined by: o

LOIF
0.3

(1 * ¥ Cj N
ProCom Interaction =ﬁ{1 Accu Criterion i Slg Criterion I) o \ﬂ

0 1000 2000 3000 4000 5000 €000 7000 8000 900D 70000 11000 12000 13000 14000 15000 16000

where the value of 1 represents the degree of fulfilment of the criterion e i
ﬂCCﬂrd Ing tﬂ ﬂ‘le Expectﬂd bﬁhavlﬂur. Figure 6.16: Determining the Financial Risk in the Business Activity
T | St P s s
= The level of un-commitment in the interaction (Failure ;.. . ..) is found by ik r ————
Br oC s Total Failure 9"1°°:5r’°babi"'y°' 0 Not Displayed
- _ T oCor = Assess Fs enp
Failure Interaction — Tr aCam 100 Extemeybigh | 71-S0% Pty From W7
. ) Largely High 51-70 ?:/v P‘robability of ) ron R R
= The level of un-commitment can then be mapped to the Failure scale to —— e —
determine the actual FailureLevel (Actual FailureLevel): et Fae : i
Significantly Low e n’:;m”“"" o 4 Fon AR RRRT
Actual FailurelLevel = LEVEL (Failure Interaction) Brreneylov | 0-0NPBRINS S| et SRR




Future Work
O

A Real Time Information Mining and Sharing for Ambie
Security

A Building and maintaining the trust; and predicting
trustworthiness of Partners; Trust relationshmpning,

A Cascadindpilures arising from dependenciégalue at
Riskmodels,

A Adoption in governments, extended enterprisasd
consortium logistics.

A Adoption in Defence Force. If we have logistics failur
could result in high casualties, and high consequenc

41



Global Issue 2 Congestion on Roac
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Congestions a Logistics Issue

It is NOT the infrastructure itself or who built it, who use it, who planned it, who paid for
Civil Engineers, Businesses, Governments or General public are not accountable or
responsible for the congestioithe lack of Logistiggofessionals, their participation in
planning and design of the logistics infrastructure tre key to theproblem.

2 key Areas

A

Existing infrastructure Optimising of Infrastructure and Resourcé3r aim is to build
Virtual Logistics Infrastructure for better use of physiaafrastructure throughlnternet
Communication, WSN, Google Traftkpp, GPS, etc.. Traffic conditions prediction ,
routingsand routes recommendations.

New infrastructure solve the problem, not just shift the problem, or not solve the
LINRPOfSY® . &SR 2y RSYlFYRZXZ LJzN1l}R2asS 27
requirement for the roads, ports, distribution, trade demand, population growth, bud
dzNB Iy LIX | yY Ay 3 |y RCoNgeHgztein MddellyigiandX @ § K N
Simulation(Not 4vars but 20100vars simulations )



Optimising Existing infrastructure

through Virtual Infrastructure for
better use of physical infrastructure

Road



Our work CTraffic Prediction and Management

#A mainroads

" WESTERN AUSTRALIA our purpose 3

"To provide safe arjra
that will enhance ¢z =

ensure economic (T

<Tvoe Search Criteria>

* Projects Main Rq

Fleglons

Communlt_v Main Ro

authorit

of Natio
» Safety Flnmn 7

 Design and Implem‘entatlon of Visualisation Tool

» Contracts

Freeway Sensors

3

ITS DataMart

Servlet SQL Server RPC
. . Store .’ — .
w e! service \ ‘
/ \ Google
\
= . Client
25w 3 things
i 1. Where to put the sensors
‘ 2. Noisy on the data
46 3. Sharing of Information with

road users

L Real Time Traffic Prediction using

| Aims
| w Traffic flow Prediction in motorways and

Realtime traffic information

Wireless Sensor Networks & Data
Mining

arterial roads
w Traffic Congestion Forecasting and
Management through Redime data mining

Challenges

w Smart system to predict traffic on existing
infrastructure

w Traffic prediction models on arterial roads

w Manage congestion in rediime

Outcome:

w Traffic prediction and simulation System bas
on historical data and real time sampled date

w Develop new prediction algorithms

w Enable management congestionreaktime




ShortTerm Traffic Flow Forecasting Using tt

Taguchi Method

N\
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Fig. 1 Schematic of short-term traffic flow predictor for a section of the freeway

5.(t+mT ) !

Short-term traffic flow predictor
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Fig. 2 Illustration of the inputs and output of the short-term traffic flow predictor

Actual and forecasted traffic flow conditions

- Actual traffic flow conditions
— Forecasting traffic flow conditions

|
5
.
|
¥
3

sampling time

The amount of input patterns captured by the on-road
sensors is large, not all input patterns are useful to
predict the future traffic flow. The inclusion of useless
input will mislead the neural network model prediction.

Taguchi method, a robust and systematic optimization
approach for designing reliable and high-quality models,

Case Study, develop a short-term traffic flow predictor
based on past traffic flow data captured by on-road
sensors located on a Western Australia freeway
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Hybrid exponential smoothing antlleuralNetwork algorithm for

Cars w0

55—

N

i=1

Minutes

Blue represents the real data of traffic floyis the real data, The mean relative absolute error

Red represents the prediction of traffic flowjs the

prediction

obtained by the neural network (with

Sampling time is 60 seconds (1 minute). exponential Smoothing) IS 4.5648%

Mean relative absolute error indicates the differences .
between the real data and the prediction. and the accuracy 35.4351%
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