_',_u‘ri;..‘_ﬂldiﬂl

Q/(} \ . \\\\
= /\
. I= B
SAFE MOBILITY IN EGYPT _
> ' b | \ Road Safety School
/ ~ - - <3
e \ .\

Intelligent Transportation
Systems (ITS)




L ”’3
SAFE MOBILITY IN EGYPT

/// Tintiy

About the
Instructor

s 28 Jelan) By 2
YOV A &S Jaakai - Ja) duaia ol 5 5iS0 e Juals s
Claalall (pe dae 8 g pall g Jaill didia 8 aclise Jin =
i el
Apunigh) ol LD o) 5 Calls (e 8 J5f o sina (uiges ®
A8 Jaill alas bl el 8 bVl (e anll aal ey Cala ®
Apallal)

Safe Mobility in Egypt — »as (2 (¥ Jaiil) guuga =
7

$ Mel



About Road
Safety School-

UK & Safe
Mobility in Egypt




_ ()

_J‘“"..ri;!‘rﬂ'\.smi

SAFE MOBILITY IN EGYPT

2

Ll Jal€l) ) 5 d iy ol dl) e Jgeanlle
ALl

Sl alasinls aiall b can ) Qe ol
O Ll Fland) ane (Dl pualadl pes ) sia Ao
dasd _adl aaS 32 53 palaa

J213 sacinall dsadadl) il ginall mren 33aLEe JleSind =
050 A slaall a5 <l L) s Al aues Ja Gl
s i

L 8 A4S jLaal JA e Jad Jeli (5 gl G3das =
Aaidl Jals Lelaa¥) ddaiiV) g cilaladl)

NN



(- |

—-"‘“" Al Jall

SAFE Y IN EGYPT
/ / o4 /
/
A '

/ 4 /

/ 4
/
% p

1. Introduction to ITS

2. ITS Applications & Data
Science

3. Benefit & Cost Analysis for
ITS Applications
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Traffic over a year
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\ - AADT: Annual Average Daily Traffic Figure 6.7 Example of monthly traffic volume variations for business and
| recreational access routes.
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Figure 6.6 Examples of hourly and daily traffic variations for intra-city

and inter-city routes.
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Level of
Service LOS on
Basic Freeways

Average Passenger-Car Speed, S (km/h)

\\\' :
10 w
EXHIBIT 23-3. SPEED-FLOW CURVES AND LOS FOR BASIC FREEWAY SEGMENTS
130 l = p
5 Free-Flow Speed, FFS = 120 km/h K 1100,: - )
1M0kmh ) L 4E0 [Tl
110 - - S - -
00 100 km/h - 1600 T~ .-
" 'i "‘ __'_'-—__--- = -
00 90 km/h’ Lo 1750 “&\
80 [0SA Bl 1 D|- £
70 s s — - —
60 S = = s
] & ) i
5[] it - n.&‘:&s\ a i} ”
: NS - :
40 @@x‘*‘;: il .-
ST PP 5 2o
30 K ﬁ:prﬂ?ﬁ
20 P
(1] St L
Qi
0 400 800 1200 1600 2000 2400 /
Flow Rate, v (pc/h/In




i oy
2 / ¥ / /.
' =If k = 28 vplpkm:

"Gap ="

Gap = (1000/29) — 5 = 29.5 m, (5 m is standard
length of vehicle)

=If g = 3000 vplphr &V = 40 vph:

"Gap="7?

k = qg/V =3000/40 = 75 vplpkm
Gap = (1000/76) — 5 = 8.2 m, (5 m is standard
length of vehicle)




Questions >

a. highest density
Level of b. lowest speed
Service (LOS) c. highest speed
d. highest flow
e. lowest density & highest
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Basic Idea ... .

Sketch

Everything is fine
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Fundamental diagram of traffic flow (flow vs. density)

Optimal «—Mean free speed, u;
flow or
CapaCity,qmaX .......................t
§ / Optlmal Speeda u0
2 ;
= :
- : \ Speed is the
slope. u = g/k
Uncongested
o Congested
flow
. Optimal Jam
Density (k) p demsity, &

density, k,
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Fundamental diagram of traffic flow and shock wave

P / For upstream
q — q
9 Chis Slope gives
% 2 velocity u,, of
L L% d, shock wave for q,
_ 49,9
Uu —
[ "k, —k
For bottleneck 2 1

k,

k
Density (k) >k

Queue forms upstream of the bottleneck. So we use the
diagram of the upstream section

17



O -
W
() \
— ' =
—_— e a¥) JEl .
SAFE MOBILITY IN EGYPT -

Common Locations for Localized Bottlenecks

Location Eij_.-'ml}::nl Descriptiﬂn

Lane Drops Bottlenecks can occur at lane drops, particularly midsegment where one or more traffic lanes ends or at a low-volume exit
ramp. They might occur at jursdictional boundaries, just outside the metropolitan area, or at the project limits of the last
megaproject. Ideally, lane drops should be located at exit ramps where there 15 a sufficient volume of exiting traffic.

Bottlenecks can occur at weaving areas, where traffic must merpge across one or more lanes to access entry or exit ramps or

Weaving Areas
enter the freeway main lanes. Bottleneck conditions are exacerbated by complex or msufficient weaving design and distance.

Freeway On-Ramps Bottlenecks can occur at freeway on-ramps, where traffic from local streets or frontage roads merges onto a freeway.
Bottleneck conditions are worsened on freeway on-ramps without auxihary lanes, short acceleration ramps, where there are

multiple on-ramps in close proximity and when peak volumes are high or large platoons of vehicles enter at the same time.

Freeway exit ramps, which are diverging areas where traffic leaves a freeway, can cause localized congestion. Bottlenecks are
exacerbated on freeway exit ramps that have a short ramp length, traffic signal deficiencies at the ramp terounal intersection,
or other conditions (e.g., insufficient storage length) that may cause ramp queues to back up onto freeway mamn lanes.
Bottlenecks could also occur when a freeway exit ramp shares an auzihiary lane with an upstream on-ramp, particularly when
there are larpe volumes of entering and exiting traffic.

Freeway

Exit Ramps
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Freeway-to-Freeway
Interchanges

Freeway-to-freeway interchanges, which are special cases on on-ramps where flow from one freeway is directed to another
These are typically the most severe form of physical bottlenecks because of the high traffic volumes involved.

|

Changes in Highway
Alignment

Changes in highway alignment, which occur at sharp curves and hills and cause dovers to slow down esther because of safety ’
concerns or becanse their vehicles cannot maintain speed on upgrades. Another example of this type of bottleneck i3 in
work zones where lanes may be shifted or narrowed dunng construction.

Tunnels/

b Underpasses

B

Bottlenecks can oceur at low-clearance structures, such as tunnels and underpasses. Drivers slow to use extra caution, or to :]
use overload bypass routes. Even sufficiently tall clearances could canse bottlenecks if an optical lllnsion canses a structure
to appear lower than it really 15, cansing drrvers to slow down.

MNarrow Lanes/Lack Bottlenecks can be cansed by either narrow lanes or narrow or a lack of roadway shoulders. This is particularly true in

of Shoulders locattons with high velumes of oversize vehicles and large trucks.

Traffic Bottlenecks can be caused by traffic control devices that are necessary to manage overall system operations. Traffic signals,
Control Devices treeway ramp meters, and tollbooths can all contnbute to disruptions in traffic flow
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Identifying Study Locations
Step 7 — Refine High-Priority Corridors

Identify Safety and Congestion Hot Spots
Conduct preliminary safety and congestion assessment

CHESTERFIELD
COUNTY

| @ ' Study Area
P !

7 Hot Spl ius

Six-Year
Improvement Program
(1 argrwia Diepariment

o Transpartation)
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Exhibit 6. Using Freeway Detector for Bottleneck Analysis

Northbound I-880
Average Speed (Miles per Hour)
10/1/04-10/31/04, Tuesday-Thursday

45
40 23" Avenue

=+ 35
SR 238

) 25 Tennyson

Fremont
20

15 Auro Mall Parkway

: A ‘ - 10
5 | |

12 ! 11 AML : 11 PM.

Time of Day

30 33 30 45 50 35 60 65 70 75
Speed Colors (Miles Per Hour)



Basic Idea ... .

Sketch

Everything is fine
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“Crossed-Over” Through and Left-Turn
Movement in One Direction on Arterial

“Crossed-Back” Tthrough Movement
in One Direction on the Arterial

Right-Turn Movement
onto Freeway On-Ramp

Unopposed Left-Turn Movement onto
Freeway On-Ramp

. Signal-Controlied Crossovers
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\ Identify pain points and bottlenecks. Based on
\ event and traffic management initiatives, you can
develop clear traffic guidelines, including
\ suggestions for alternative access routes, load
balancing across multiple parking lots and

incentives for varying arrival times.
e - N

Question i
- e A
How does traffic around a football -~
stadium differ between a match day and a =
non-match day? w \4
) \ /"l\_\(. " | ! "' ’ ./
- \/‘ -~ / ~
}' = P
R ,_ 4
- 2
~ 3 ' - i t. - -:'/
A A
4 | 0 [ W /
Rt \\ A //'2
//,7/,////
Figure 6: Average speed comparison around the stadium t
Vo DAl &7 . ¢


https://docs.tomtom.com/move-portal/case-studies/traffic-stats_traffic-stadium
https://docs.tomtom.com/move-portal/case-studies/traffic-stats_traffic-stadium
https://docs.tomtom.com/move-portal/case-studies/traffic-stats_traffic-stadium
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Intelligent Infrastructure

i
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Arterial Crash Foad Foadway
Frevention & Wigather Cperations &
Management Management Safety Management Maintenance
- : ey e
Transit Traffic Emergency Electranic Traveler
Management Incident Management Fayment Infarmation
Management & Fricing
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Information Coammercial Intermuodal
Management Yehicle Freight
Dperations

Intelligent Vehicles
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Callision Avaidance
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Driver Assistance
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Impact of ITS on the Transport System

* Converts the Static Control Systems into Dynamic Control
Systems

Data
Collection

Information

Dynamic
Informed Decisions ----> System

Maximize the capacity utilization

28
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What is an ITS System ?

ithIT ithout ITS
. WithITS et > Transport
Network
Infrastructure

/ \

/ \
/ \

/ Government \

/ Agencies \
/

/

Travelers /
Fleet

Information




Application in ITS
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Intelligent

Transportation
Engineer

I

Automation

Engineer

Transportation



When to think about ITS

Solve an existing traffic problem: congestion, reliability, ... etc
Improve traffic services
Operate the traffic system more reliably and more effectively

Store and evaluate archived data collected from the operating
system
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Questions

3. ITS systems offer “informed decisions” to

a. Static systems

b. Dynamic systems

c. Maximize capacity utilization
d. Transportation systems

e. Decision makers






Active Transportation and Demand Management

(ATDM)

* Linking transportation demand management (TDM) and
traffic management enhances the ability for transportation
stakeholders to address mobility and reliability concerns in
travelers’ decision-making processes and enable users to
make informed decisions throughout their trip.

Active Demand Management

Dynamic Ridesharing

Active Traffic Management
Dynamic Lane Use/Shoulder Control

Active Parking Management
Dynamically Priced Parking

On-Demand Transit

Dynamic Speed Limits

Dynamic Parking Reservation

Dynamic Pricing

Queue Warning

Dynamic Way-Finding

Predictive Traveler Information

Adaptive Ramp Metering

Dynamic Parking Capacity




Questions

4. ATDM systems enhance ...

. traffic management

. demand management
mobility and reliability
. users' decisions

© o o0 T o

any of the above



Active Transportation and Demand Management
(ATDM)

* ATDM is the dynamic management, control, and influence of
travel demand, traffic demand, and traffic flow of
transportation facilities.

Archived Data Real-time < Predictive Data

https://ops.fhwa.dot.gov/




Questions

5. ATDM systems are ...

Dynamic systems

control systems

ITS systems

Demand management systems

o o o oD

. all of the above




DEMAND
MANAGEMENT

TRAFFIC
MANAGEMENT

Congestion
‘k\ Pricing
- Emergency )

"‘ Transportation -
Active Traffic Management Operations Bike-Ped Support Systems
[Variable Speed Limits, Managed Lane Employer-based Outreach services
Queue Warning, Lane Control] Operations (HOV/HOT) Fl T g SUu
Arterial Management Priority Treatments Guaranteed Ride Home'Service

(Transit Signal
Dynamiciohiouidentizs Priority e.g.) Shared Mobility Modal Support
Smarter Work Zones Traveler Travel Planning Services
QEEiCEnCIBnHEtanagemBIt Information Vanpool/ Ridematching Services

Figure 2. lllustration. The nexus between traffic management and demand management.



Active Traffic Management (ATM) Strategies

 Active Traffic Management (ATM) strategies focus on influencing travel behavior
during a trip with respect to operations and lane and facility choices.

 ATM is the ability to dynamically manage recurrent and non-recurrent congestion
based on prevailing and predicted traffic conditions.

* Focusing on trip reliability, ATM maximizes the effectiveness and efficiency of the
facility, while also increasing safety and throughput by using integrated systems
with new and automated technologies.

e Adaptive Ramp Metering (ARM)

» Adaptive Traffic Signal Control (ATSC)
e Dynamic Junction Control (DJC)
 Dynamic Lane Assignment (DLA)

* Dynamic Lane Reversal (DLR)

* Dynamic Merge Control (DMC)

Dynamic Shoulder Lanes (DShL)
Dynamic Speed Limits (DSpL)
Queue Warning (QW)

Transit Signal Priority (TSP)



Active Traffic Management (ATM)

 Active traffic management (ATM) is the ability to dynamically
manage recurrent and non-recurrent congestion based on prevailing
and predicted traffic conditions. Focusing on trip reliability, it
maximizes the effectiveness and efficiency of the facility.

 ATM approaches seek to increase throughput and safety through the
use of integrated systems with new technology, including the
automation of dynamic deployment to optimize performance
quickly and without delay that occurs when operators must deploy
operational strategies manually.

 ATM includes dynamic routing, dynamic junction control, adaptive
signal control, and transit signal priority.



Active Traffic Management (ATM)

* Dynamic lane use/shoulder control: the dynamic opening of a shoulder lane to traffic or
dynamic closure of travel lanes on a temporary basis in response to increasing
congestion or incidents.

* Dynamic speed limits: the dynamic change in speed limits based on road, traffic, and
weather conditions.

* Queue warning: the dynamic display of warning signs to alert drivers that congestion
and queues are ahead.

* Adaptive ramp metering: the dynamic adjustment of traffic signals at ramp entrances to
proactively manage vehicle flow from local-access roads.

* Dynamic rerouting: the dynamic provision of alternate route information in response to
increasing congestion at bottlenecks/incidents.

* Dynamic junction control: the provision of lane access based on highway traffic present
and merging/diverging traffic to give priority to the facility higher volume to minimize
the impact of the merging/diverging movement.

* Adaptive traffic signal control: the optimization of signal timing plans based on
prevailing conditions to increase throughput along an arterial.



Questions

6. ATM systems manage ...

. throughput
. dynamic systems
recurrent and non-recurrent congestion

. Demand management systems
. all of the above

T Q 0 T



Benefits of ATM

* A decrease in primary incidents by alerting drivers to congested conditions
and promoting more uniform speeds;

* A decrease in secondary incidents by alerting drivers to the presence of
gueues or incidents and proactively managing traffic in and around incidents;

* Increased throughput by reducing the delay associated with the number of
primary and secondary incidents reducing speed differential in traffic flow,
and reducing the shockwave effects of excessive breaking.

* Increased overall capacity by adding shoulder use during congested periods
when it is needed most;

* Overall improvement in speed uniformity during congested periods; and

* Increased trip reliability by increasing capacity and throughput and reducing
incident delay and improving vehicle throughput.




Identifiers to use ATM Strategies

* High traffic volumes;

* Changes in prevailing conditions;

* A high prevalence of crashes;

e Capacity bottlenecks;

e Adverse weather;

* Adverse environmental impacts;
 Variability in trip reliability;

* Construction impacts;

* Financial constraints and priorities; and,
* Limitation in capacity expansion.



Questions

7. Itis advised to use ATM systems at ....
conditions

limited capacity expansion
adverse weather

high traffic volumes
construction impacts

SN

. all of the above




Potential measures to evaluate system
performance and ATDM deployments

Average Travel Time

Travel Delay

Bike/Ped Accessibility

Travel Time Reliability

Non-Recurring Delay

Transit Use

Travel Time Buffer Index

Average System Speed

Transit vs Auto Travel Time

Travel Time xth Percentile

Incident Info. Dissemination

Transit On-Time Performance

Planning Time Index

Incident Severity

Mode Share

Vehicle Miles Traveled

Incident Clearance Time

Parking Occupancy

Congestion Level

Road Weather Clearance Time

Number of Citations

e Traffic Density

Queue Length

Customer Satisfaction

e Traffic Volume

Occupancy

Reduced Trips




Questions

8. Potential measures to evaluate system
performance and ATDM deployments include

travel time

. travel delay

gueue length

vehicle miles travelled

® Q 0 T O

. all of the above




Active Traffic Management (ATM) in USA

Active Traffic Management 1

MT
ME
Pembroke
T Portland
WY Det roit NY
Wanship Pittsburgh }\C‘T;_F’MV,York ".
Denver OH Wilmington
uT CD. IL i Trento
KS Saint Louis wv
MO KY VA
Krioxiiiie chesspeske | Strategy

Flagstaff Albuquerque TN
® Q. '_LM}OK AR gaar\s;\ ® Adaptive Ramp Metering
GA

College Station § M° o~ B Dynamic Lane Use Control
L7, Austln. \; Mobile . . .
0 275 550 1,100 Miles i A - @® Dynamic Speed Limits
I ' 1 ! 1 1 ! f | ando
® B  Queue Wamning
® Dynamic Shoulder Lanes




Information

Data Collection --->

Daily

Speed

Flow

Travel Time
Weight
Departure Time
Trip Duration
Accidents

Hourly

Speed

Flow

Travel Time
Weight
Departure Time
Trip Duration
Accidents

>

Real-time

Speed

Flow

Travel Time
Weight
Departure Time
Trip Duration
Accidents

---> Information

Predictions

Predicted Speed
Predicted Flow
Expected Time of
Arrival
Alternative
Routes

En-route
Information

52



Information
Information Systems

Data Collection ---> Processing --->

Software Packages

Processing Units Algorithms

Experts; Scientists
& Engineers

53



Before Implementing ITS

Nation-wide Vision

2
3.
4. Standaro

TS Architecture

~easibility Studies ... Cost — Benefit Analysis
TS Applications should be:

1.

Integrated: major elements of the ITS Taxonomy are linked

. Compati

Expanda

Dle.
Dle.

ized:

54



Integration in ITS

e Sharing of information between agencies
— when arterial traffic data are shared with transit agencies so they can improve service

* Equipment interoperability

— when emergency vehicles communicate with traffic signals to preempt signal timing
to improve incident response

* Coordinate control actions between different agencies
— when arterial management agencies coordinate signal timing on a corridor

55



Standardization in ITS

Regional standards or utilized from other regions. Standards lead to
faster and more reliable systems development according to the
governmental goals.

* To have a consistent & expectable product behavior
* To improve the interfaces between parts of complex systems
* Help users to expect at least minimum product performance

* Help public agencies and other organizations to cooperate and
interact successfully.

e Offer manufacturers and vendors easier entry to markets

e Offer buyers a greater choice of suppliers, at lower risk and lower
cost.



Architecture
4 Types of ITS Architecture:

r‘ ’
1 »_

Enterprise View

1
'&0&0 10 %

i , - Pfocesses Service

2 %) ﬂx) v y Packages
' : 0, orT 0,&0 : Requirements |

Functional View

3 ‘ > _ / (Physical Objects, Objects
nformation Flows
Physical View Obj

T

Communications View




Architecture Reference

Architecture Reference for Cooperative
and Intelligent Transportation (ARC-IT)

* The Architecture Reference for Cooperative and Intelliﬁent
Transportation (ARC-IT) provides a common framewor
for planning, defining, and integrating intelligent
transportation systems.

* ARC-IT is a reference architecture: it provides common
basis for planners and engineers with differing concerns
to conceive, design and implement systems using a

- i8]
Relationships between Organizations

Enterprise View

common language as a basis for delivering ITS, but does et s
not mandate any particular implementation. : -

* ARC-IT includes artifacts that answer concerns relevant to - T .
a large variety of stakeholders, and B g

provides tools intended for transportation planners, - Physical View
regional architects and systems engineers to conceive of
and develop regional architectures, and scope and
develop projects.

Layored peotocoks faclitating data exchasge betwoan Physical Objects
Communications View

58


https://local.iteris.com/arc-it/html/security/concerns.html
https://local.iteris.com/arc-it/html/methodology/stakeholders.html
https://local.iteris.com/arc-it/html/resources/tools.html
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