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Traffic Safety Engineer
Road Safety Engineer
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Transportation Plan
Planning

Initial Designing
Financial ministry

Contracts and competitors (Etimad)

Suitable Contractor

Suitable consultant

Implementation ( design + implement)

Operations + maintenance
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Fig. 2-2. Road life cycle.

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)




ROAD SAFETY

Road Safety Engineer (RSE)

‘ “Learn continually, there’s always
one more thing to learn.”

Steve Jobs '
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1. The Importance of Road Safety
2. Basic Definition of Road Safety
3. The three Corners of road safety
4. 4 E

5. Road users

6. Road Safety & Road Map
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A world free of high risk roads
THE GLOBAL CHALLENGE

THE COST OF INACTION
IS UNACCEPTABLE.

Road crashes are mostly
pmlicuilt d"mmbleand
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EACH DAY
3,500

people are killed in road crashes

A HIDDEN REALITY
0& 'I'I'IE WORLD
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M Road Traffic Crashes

» Approximately 1.3 million people die each year as a result of road traffic crashes.
» Road traffic injuries are the leading cause of death for children and young adults

aged 5-29 years.

» Road traffic crashes cost most countries 3% of their gross domestic product.
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Definition of Road Safety

by
—ENGINEER—

» Safety - Absence of danger or risk

* Road Safety 2>

* The ability of person to travel without risk or
serious injury
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The three Corners of road safety
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«Safe Roads: Designing and maintaining roads to prevent accidents.

-Safe Vehicles: Ensuring vehicles have the latest safety features.

-Safe Road Users: Promoting responsible behavior and adherence to traffic laws.
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. Road users?
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1.Drivers — Cars, trucks (light, medium, and heavy-duty), buses, motorcycles.

2.Motorcycle
3.Pedestrians — People walking, including children, elderly, and disabled.

4.Cyclists — Bicycle riders, including e-bikes.
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—ENGINEER="" Road users include:

Public Transport Users — Passengers of buses, trains, trams.

Emergency Vehicles — Ambulances, police cars, fire trucks.

Construction/Maintenance Vehicles — Used for roadwork or building.

Agricultural Vehicles — Tractors and rural machinery.
Animal-drawn Vehicles — Carts pulled by animals in some areas.

Autonomous Vehicles — Self-driving cars.
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—ENGINEER— countermeasure

countermeasure refers to any action,
intervention, or strategy implemented
to reduce the risk of road accidents,
improve safety conditions, or mitigate
the severity of crashes.
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Trade-off

A trade-off is a compromise where
gaining one benefit requires
sacrificing another, as it's
impossible to have both in full.
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Accidents Countermeasures Decrease accident
+

Trade-off

Treatment

Medicine +
Side-effects

Symptoms
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Road Safety Management Strategy Safe System Approach
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Each one have its own
countermeasures

4 E’s Approach
Engineering
Enforcement
Education
Emergency Response
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Pillars road safety
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The contributing factors for a road
. . . Human factors (93%)
accident are inside the

Human

Road environment
factors (34%)

Environment

Vehicle system

(1%)

Vehicle factors (13%)
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- Fvidence-Based Road Safety

Mominal
Safety

Substantive

 Safe on paper vs. safe in reality Safety

— Nominal safety: absolute, based
on design criteria and standards

Crash Risk

— Substantive safety: based
on long-term data trends

Design Dimensions
and crash data : E‘HI%TI-.H'.:-DI..ISGFELIFL'-.'E.

OPPING SIGHT DISTAMCE, ETC)
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-Safe Vehicles: Ensuring vehicles have the latest safety features.

-Safe Road Users: Promoting responsible behavior and adherence to traffic laws.
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The three Corners of road safety
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-Safe Road Users: Promoting responsible behavior and adherence to traffic laws.
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ZENGINEER~ Key Principles of Human Behaviour

To understand human behaviour, it is important to bear in mind four key principles.
1. Human behaviour is guided by two different systems (deliberative and intuitive).
2. Humans are not exclusively logical, rational beings.

3. Human behaviour is heavily influenced by the environment.

4. Humans make mistakes.
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Human Factors for Road Systems

* Deliberative vs. intuitive decision-making

— Deliberative (Rational): Selecting a different
route based on travel time information

— Intuitive (Implicit): instantaneous decisions

— Deciding to proceed through an intersection
on yvellow traffic signal

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)




ﬁ Road Map Road safety Career

ROAD SAFETY
—ENGINEER—

*‘RSE (Road Safety Engineer)

«Code and references *IRAP m

‘RSA (Road Safety Auditor) *Defensive Driving

‘RSP (Road Safety Professional)
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Road Map Road safety Career
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Defensive
Driving
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1. The Importance of Road Safety
2. Basic Definition of Road Safety
3. The three Corners of road safety
4. 4 E

5. Road users

6. Countermeasures and Trad-off

7. Road Safety & Road Map
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THE MAIN ROADS

The roads that connect the major cities
in the Kingdom are identified with one or
two figures.
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A )0 B plal | ASLD na lghas 5 w0 e g Asea Y
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THE SECONDARY ROADS

The roads that connect the towns and
then with the main roads network .
these roads identified with three figures.

duc 541 (3 lal)

2203 SAN (g das )5 ) B dal) IS Loy
3450y SV Bodat \ pa s iy g iy
L S PRI

FEEDER ROADS

The roads that connect villages, hijars
and farms with other roads. These roads
identified with four figures .
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SYMBOLS:

White ceramic non-reflective pavement marker.
Yellow ceramic non-reflective pavement marker.
oloiWl @ anje eliay - AuSle 3,b Adle
Double face white / white reflective RPM.

..\abo.,.«.'a\:.. ;LA._,J.M\.Q&).JQR.&)L—C
Single face white reflective RPM.

Double face yellow / yellow reflective RPM.

Single face yellow / reflective RPM.

Double face yellow / red reflective RPM.
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TRAFFIC MARKINGS AND PAVEMENT MARKERS:; APPLICATIONS

TWO=LANE HIGHWAY = 60 KM/H
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1) The first advance warning sign must meet the following

criteria:
Distance to point where lane
closure begins, or flagging
position.

Divided Highway 1500 m.

Two Lane Highway 1000 m.

2) The spacing between advance warning signs must meet the
following criteria.

Divided Highway 300 m.
Two Lane Highway 250 m.
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DETAIL C : THERMOPLASTIC MARKING DETAIL CROSS - SECTION

N.T.S
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PLASTIC NJB NO GAP WITH 3 LED LINES LIGHTS
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The three Corners of road safety
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-Safe Roads: Designing and maintaining roads to prevent accidents.

-Safe Vehicles: Ensuring vehicles have the latest safety features.

-Safe Road Users: Promoting responsible behavior and adherence to traffic laws.

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)




Safe system approach
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According to the American Association of State Highway HlerarChy Of Contr()ls

Transportation Officials (AASHTO)

Roadside Design Guide, the recommended clear zone f’;g‘éztve
distances are designed to allow approximately 80 to 85 percent |

of all runoff-the-road vehicles to recover or come to a safe
stop.

Physically remove
the hazard

Replace
the hazard

J Isolate people from
the hazard

Administrative Change the way
Controls people work

Protect the worker with
Personal Protective Equipment

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Professional ( RSP1-SA)
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« Hierarchy of Controls

effective
Physically remove
the hazard
Replace
the hazard

ENC .L‘:l':l!‘lllg) 4’ Isolate people from
_; ontrols the hazard

Administrative Change the way
Controls people work

Protect the worker with
Personal Protective Equipment
Least
effective

Elhadi Mohamed 00966532581003 - 00201000074470

Road Safety Professional ( RSP1-SA)




2. Safe system approach
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« Hierarchy of Controls

effective

Physically remove
the hazard
ST HITHY Replace
JUNSLILULIVIIL the hazard
Isolate people from
the hazard

‘ Administrative Change the way

- Controls people work

Protect the worker with
\Personal Protective Equipment

Least
effective

Elhadi Mohamed 00966532581003 - 00201000074470

Road Safety Professional ( RSP1-SA)




Safe System Approach
(Vision Zero)

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)
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YRSENG 2. Safe system approach
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People make mistakes - this means that some crashes are inevitable

Humans are vulnerable - the human body has a limited ability to withstand crash forces

System components - requires that safety is improved within all parts of the system

Shared responsibility - road designers share a responsibility in creating a safe road system

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)
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Self explaining and forgiving
roads, and roadsides
that protect road users

Safe travel speeds that
reflect the design of roads
and vehicles and the
protection they offer

Road Safety Management

Effective road safety management providing a results focus, coordination, research, monitoring
and evaluation, advocacy, knowledge transfer, crash understanding and insurance incentives

SAFE SYSTEM

Post Crash Response

Effective post crash response that minimises the severity of injuries and facilitates fast
rehabilitation with world class emergency treatment facilities

Safe vehicles that prevent
crashes and protect road
users supported by
minimum safety standards,
inspections and public
desire for safer vehicles

Competent road users that
comply with traffic laws
supported by effective
public education and
campaigns, driver training
and licensing, legislation
and enforcement

Elhadi Mohamed 00966532581003 - 00201000074470

Road Safety Engineer ( RSE)
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Safe Speed

100%

80%

Fatality
risk

10%

-———————--—--——--—_-———-—_—

@9

Impact speed (km/h)

Elhadi Mohamed 00966532581003 - 00201000074470
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What can constitute a roadside hazard?

"A roadside hazard is any feature or object beside
the road that may adversely affect the safety of the
roadside area should a vehicle leave the road at that
point."

*bridge piers / abutments

elarge sign posts

eculvert headwalls

*ends of retaining walls

eutility poles

large trees

*slopes exceeding 1:4

*CCTV & enforcement equipment

*Municipality gateways and monuments
longitudinal drainage channels / swales

erock cuttings
ocliff face
eareas of water

ecurbs with a vertical face more than 100 mm on high-speed

roads

eparked vehicles & stored materials

*inappropriate barrier terminals

Elhadi Mohamed 00966532581003 - 00201000074470

Road Safety Engineer ( RSE)
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Speed:0. Okm/h

Eng ELsayed Gad
lndex number 6357
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Lighting columns & CCTC Lighting columns Bridge supports

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)
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Large sign assemblies Drainage ditches, swales Rock outcrops in cuttings

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)
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Side slopes exceeding 1:4 Buildings | Gateways
Rock outcrops in cuttings

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)




Clear Zone

A clear zone is defined as an unobstructed width adjacent to the live traffic lane over

ROAD SAFETY
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which vehicles can safely travel and recover should the driver unintentionally leave the

marked traffic lanes.

ol :
—_— -
=
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https://www.linkedin.com/posts/elhadi-mohamed-334804105 roadsafety-driversafety-aashto-activity-
7254854996716863488-3vVp?utm source=share&utm medium=member desktop

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)
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Curve = 0° - radius = Infinity

Cut Slope (Up) Flat Fill Slope (Down)
1:5 1:6 1:10 0 - 1:6 1:5

<1,500 4.6 4.6 4.9 49 4.9 4.9 5.5 5.8 7.0

80 <6,000 5.2 5.2 5.5 5.5 5.5 5.5 6.1 6.4 7.9

6,000+ 5.5 5.8 6.1 6.1 6.1 6.1 6.7 7.3 8.8

<1,500 6.6 7.2 7.4 7.8 8.2 8.2 9.1 9.8 12.0

100 <6,000 7.2 7.8 8.1 8.7 9.0 9.0 100 | 11.0 13.2
6,000+ 8.1 8.7 9.0 9.6 9.7 9.7 109 | 11.9 14.4

<1,500 7.3 7.9 7.8 9.0 9.3 9.3 10.2 | 11.3 13.9

120! <6,000 7.9 8.5 8.8 9.4 9.8 9.8 11.1 | 125 15.1
6,000+ 8.8 9.4 9.8 10.4 10.8 108 | 12.0 | 13.4 16.3

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)
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Design options for treatment of unsafe elements within the cross sections:

* Remove the obstacle or redesign it so it can be traversed safely, create a clear safety zone

* Relocate the obstacle to a point outside the defined safety zone where it is less likely to be struck

* Reduce the impact severity by carefully using appropriate passively safe products

* Redirect vehicles by shielding the obstacle with a longitudinal vehicle restraint system (VRS)

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)




Ramped & Fish Tail Terminals
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Crash Test Month: Driving Off A Crash Barrier (youtube.com)

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)



https://www.youtube.com/watch?v=C_YMXGfHo-A
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"o Fishtail / Spoon Barrier Terminal
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Ramped (Turn Down) Approach Terminals

Road Safety Engineer ( RSE)



Ramped (Turn Down) Approach Terminals
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YRSE Action
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« Adopt the principals of the safe system for on-going, future design & highway improvements

 |dentify these features using iIRAP, Road Safety Inspection & Road Safety Audit.

* Prohibit the use of fishtail barrier terminals and replace

* Prohibit the use of ramped approach barrier terminals and replace

« Update the current KSA highway design manual — Road Code

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)
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Energy Absorbing Terminals

RSE
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Crash Cushions
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Treatment of existing ramped terminals
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Standard

RSE
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BS EN 12767:2019

BSI| Standards Publication

Passive safety of support structures for road
equipment. Requirements and test methods

=
bSlo ..making excellence a habit™

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)
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TR Not Passively Safe
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Passively Safe
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e High Enerqgy absorbing (HE): decelerate a vehicle the most but generally also cause the most

damage to the vehicle which can result in secondary danger for the occupants.

 Low Energy absorbing (LE): usually bend naturally under the vehicle during a crash before they

break off or are knocked down.

* Non Energy absorbing (NE): enable the vehicle to continue at a reduced speed after a crash.

This reduces the chance of injury to the occupant(s) but increases the risk of a secondary accident if
there are obstacles behind the light pole such as buildings, trees, excess side slopes, rock outcrops

etc.
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YRSE Direction Class
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Direction class indicates the angle at which a crash-friendly pole performs:
« Single Directional - can only be safely hit from one direction (20°).

» Bi Directional - perform for traffic coming from the opposite direction (20° and 160°).

 Multi Directional - not sensitive to impact angle and can be hit from all driving directions.

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)
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RSE

Choice of Passively Safe Features

Careful design is required when considering the use of passively safe features, in particular:

the direction in which the feature could be struck
the energy absorbing category

type of fixing (shear off, breakaway, slip base etc)
clear zone

location of other hazards

presence of vulnerable road users

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)
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« Adopt the principals of the safe system for on-going and future design & highway improvements

« Designers to embrace the benefits of passively safe products at the relevant and appropriate
locations

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)
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HE poles decelerate a vehicle the most but generally also cause the most damage to the vehicle which can result in secondary
danger for the occupants.

LE poles are poles that usually bend naturally under the vehicle during a crash before they break off or are knocked down.

Protect trees with guardrail
with preferably lighting

columns behind
1"‘.‘ D'-.. \

Lu 8% N\ &

NE poles enable the vehicle to continue at a reduced speed after a crash. This reduces the chance of injury to the occupant(s) but
increases the risk of a secondary accident involving vulnerable road users (urban areas) or if there are obstacles behind the light
pole such as buildings, trees, excess side slopes, rock outcrops etc.

Clear Zone

b ' v
e v
& P Clear Zone
' HE
NE/ L
i |
HE HE HE / LE NE NE 13
NE NE NE NE NE NE
HE | l I Protect ditch with guardrail

and preferably locate lighting Clear Zone
columns behind

Drainage ditch / swale > 1:4

Clear Zone Clear Zone
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Concrete barrier

Barrier Three-cable guardrail Metal-beam guardrail
type on weak posts on strong posts
General £
shape and £ 16
dimensions : & i
el iy i
T 2l W]
i
3.1 :
§ 3
—1 &
: § g et &
3 |]° bl
TR o [ =
g ey | TSy
s l
T L
1 =
Description Three 19 & diameter A 2.7 R minimum Type 1
cables mounted on “W-shape' beam rail
S75 x 8.5 posts spaced mounted on C 150 x 100 x 50
at 4.9m. steel posts with a
C 150 x 100 x 50 steel block
Post spacing is 1.9m.
Deflection
under impact 3.3m 0.9m 0
Minimum distance
from rail face to 3.6m 1.0m Not Applicable

fixed object

Table 1.15.3
Roadside Barriers

Elhadi Mohamed 00966532581003 - 00201000074470

Road Safety Engineer ( RSE)
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Road Safety is J
safe paths and safe sides

Elhadi Mohamed

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety in ( SHC)
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Accident Investigation
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ﬁ Haddon Matrix and Hazardous Events

VEHICLE/ PHYSICAL 50CI0-
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PERIOD HUMAN EQUIPMENT ENVIRONMENT ECONOMIC
EE#E.SH Poor vision or Failed brakes, Narrow Cultural norms
reaction time, missing lights, shoulders, permitting
alcohol, speeding, lack of wamning iLl-timed signals speeding, red
risk taking Systems light running, DUI
Failure to Malfunctioning Poarly designed Lack of
use occupant safety belts, guardrails vehicle design
restraints poorty engineered requlations
air bags
High Poorly designed Poor emergency Lack of support
susceptibility, fuel tanks communication for EMS and
alcohol systems trauma systems

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)
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. Outcomes

Cila Haall

Elhadi Mohamed 00966532581003

We need to adopt a consistent and robust method in identifying,
capturing and reporting relevant information.
Y 5 laaa y 5 Abiall culd e slaall 3aa3 8 3, 68 5 Aiia 43y jla dladie) ) Aalay o
e

To provide suitable training to those who are tasked to attend crash
sites and collect and present information and findings.
Caal sall adl ga o CaSSI agalSi 2 Al aldiDU cauliall cuy il 8 il
) 5 Cla sleall apai g pan g ¢y ) 9 pall

Understand the basic requirements of conducting an inspection of a
crash site.

Ay g pall ) sall a8l se o aasl o) jaY Al clllaiall agd

- 00201000074470 Road Safety Engineer ( RSE)
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e Ascertain if existing highway design was a contributing factor.
Calall e @y 8 aclue Jdale A6 3y hall aaal (S 13) Lae Sl
e Ascertain if highway infrastructure or asset was a contributing factor.
Caalall g @8y i laclus Sle 5o hall Jgeal 5l dgaill dag) @il 13) Lae K
e |dentify where highway infrastructure requires repair / replacement.
i gl #3al Zliag ) 5kl dbadl) 4l &8 ge ol s
e |dentify suitable measures for improvement.

e Capture information to be added to the c&sh database for future blackspot / cluster sites
analysis.

il 8 il gall Ly iS5 )/ ol puad) Jalail Jdal aal el iy 330 ) LgiiliaY il slaall e gl
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. Safety 42l : Prepare ueadll
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Equipment
) Azall

Communication
Y Laty|

First Aid
L Y1 Calalasy|

Fire Extinguisher




. Safety 4>l : Driving salall

AAAAAAAAAA

Safe Speed

Ay de yudl
d Control of your
vehicle

s jo A oSail
Fatigue or feeling unwell
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Seat belt
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Approach with caution

oA ol 8y

Park safely

Dl s 3 S el i
Protective Personal Equipment
duad Sl Alaall Cilans

Introduce yourself
Sldly (o ye
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Safety 42l : At Site &8 sall A
Glass zls Hot materials
- \A ‘
Metal e Hazard o=
. . Recovery

Bodily fluids Awareness RERA(
pual J) g

g;“)“ Live traffic
Hazardc?us bl Lllall g yall 48 ja
contaminates Topography
B . o \S
s sl sl e 5 Al el

Familiarize yourself and be Prepared
2afise (S g ludi 2 50
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Do not park in the immediate vicinity of the crash
?.L;.d"\ Galal 3 pilia 3y dlaall dalaial \‘_géj.u\.“ua}a‘ﬁ

Continue to assess for potential hazards

Ascertain the brief details before walking the site

wsall b el Jd 5 psall g 5 peaiaall Jaalill) oy oS

Ascertain the pre impact direction of vehicles
S all alakaia¥) J L olai) (e S0
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Establish the extents of the crash site
sl a8 go Gl 2aa

Walk in the direction(s) of each vehicle taking photographs at regular
distances.

AIS e e L) e 5l gl Jaliill 48 je IS (Claladl) oladl 4 5l

Look for physical evidence on the carriageway surface and on highway
infrastructure and record.

.‘d%uj ‘\-’UJ""‘M dJ‘L‘M Aiadl) 4l csk‘} d’)‘u‘ C‘L‘“ gsk‘ L,,SJL‘“M d:‘hj‘ e Gl
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Physical Evidence — Tire Marks
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dalrall Gl HaY Gldle
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Locked tire marks
(skid marks)
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Physical Evidence — Tire Marks

Dlal Adle ABS ( <ladle
(3 Aasla (3Y 30
ABS tire mark (anti
lock skid marks)
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Physical Evidence — Tire Marks
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Deviation identifies
point of impact
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Sladle
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Yaw marks

Striated
pattern
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Physical Evidence — Debris
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BB PRGN FICY
B R Vehicle Position & Damage
Sl S5 LS all il g gaend il ey el (go dpaa L
* Take many photographs and video of all sides of the vehicle(s)
adail) day LS yall pual ga (e 2SUN Cululall 2
* Take measurements to ascertain their post impact positions

LS el gl 5 A8 pall pnia (A ) ) o
 Record body panel damage

(Sl o el land) Al 5 (5 kel jlandl Ja) ol jUaY) Alla (s
* Record tire condition (if possible record tread and side wall condition)
(Airbag) 4 sed) sabus sl / aclaall dajal 5 el zla 3l Als Ja
* Record condition of windscreen, seatbelts / airbag deployment

ety 1 ) paa) Jaaalds Jan

 Record details of load being carried
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May 317, 2023 10:22:071 PM GMT+03:00
May 317, 2023 10:22:07" PNM GMT+03:00
27.340368N 42 258405E

ST12° NW

65

Al-Shanan

Hail Province

Altitude: 924 . 2mMm

Speed: 0. 0km/h

Index number: 123
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Highway Infrastructure Damage

Crash Jest.y . 13-11

Spée g ~* 101 kph

Angle: 26°
Mass: 2052 kg
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Field sketch using straight curb line

or straight median barrier. /
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ROAD SAFETY Field Sketch

?ﬁjhg—g\pajjﬂmﬁ N
31.7 ‘Ul ‘@ 4.5 : Jshl A
V') Red Honda Accord — Plate No.

Length: 4.5m Width: 1.7M

54} 2 le Lighting Column

<

Measurements
A - debris
B - oil
C- FLS
D -RLS
E-RRS
F-start of skid 1
G - start of skid 2
H - pathole

Terr sine moan.

54} 2 le Lighting Column
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Field sketch using triangulation method — using permanent feature.
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Intelligent Transportation Systems (ITS)
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ROAD SAFETY Learning Outcomes
—ENGINEER— . . .
After completing this course, you will be able to:

Summarize the overall magnitude and importance of highway safety

‘Evaluate the effects of ITS on improving the safety planning process

‘Describe ITS-related technology that impacts safety

-Analyze ITS safety countermeasures within the context of a variety of different operational
situations

‘ldentify practical opportunities for collaboration among safety and ITS personnel
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Intelligent Transportation Systems (ITS)

ROAD SAFETY
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ITS=( Cameras +Sensors )->Data analysis— Information - Decision - Safety

are technology-driven systems designed to improve the efficiency,
safety, and management of transportation networks.

They use tools like sensors, cameras, and communication technologies
to monitor traffic, manage congestion, and provide real-time
information to drivers and public transport users.

Key applications include

traffic management,

automated toll collection,

smart vehicles,

and real-time traveler information.

The goal of ITS is to create safer,
more efficient, and sustainable transport systems.
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 autonomous and connected vehicles (ACV)

1. Vehicle-to-infrastructure (V2l) technology which enable

vehicles to communicate with roadside equipment unit.

2. Vehicle-to-Vehicle (V2V) technology that allow two adjacent

vehicles to communicate with each other.

3. the Vehicle-to-Pedestrian (V2P) technology

4. the Autonomous/driverless/self-driving Vehicle (AV)

technology

Q K
V2N
l Vehﬁde to-Veh:de Vehicle-to-Network k ”

H :g
-1 .
- ‘

Vehicle- ‘oDewce

val
Vehicle-to-Grid V2Xx Vehicle-to-Infrastructure
Vehicle-to-Anything
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Topic 1: Intersections and Interchanges
Topic 2: Bicycle and Pedestrian Conflicts
Topic 3: Congestion-Related Crashes

Topic 4: Commercial Motor Vehicles (CMVs)
Topic 5: Work Zones

Topic 6: Weather-Related Issues

Topic 7: Traffic Incident Management

Topic 8: Rural Corridors
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Topic 1: Intersections and Interchanges

YR This chart shows how safety issues common at intersection and interchanges, listed across the top,
—ENGINEER— can be addressed by different ITS technologies, listed down the side.

Conflict with
Pedestrian or
Cyclist

Failure to Red Light Wrong Way
Stop or Yield Violations Traffic

Intersection
Conflict Warning
Systems

Wrong Way
Detection and
Warning
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Topic 1: Intersections and Interchanges
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Traffic Detection

eTraffic detection systems measure

1. vehicle presence
2. speed

3. and are typically located in advance of a conflict area.

=
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Topic 1: Intersections and Interchanges
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Intersection Conflict Warning Systems

Intersection Conflict Warning Systems use
traffic detection on the main road to

measure vehicle presence and speed.

The detection is connected to a control module that manages
warning displays indicating current cross traffic on main route
at two-way stops (e.g., LED flashers on cross traffic ahead and

stop signs).

aeae

CONTROL MOULE
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Topic 1: Intersections and Interchanges

RSE

eSS Stop Sign Gap Assist (SSGA)

STOP SIGN |
—ENGINEER— GAPASSIST :

[ [ E—

SSGA utilizes traffic detection to detect
vehicle at stop line as well as oncoming traffic
on each main road approach (presence and
speed) as well as connected vehicle

information to detect available traffic gaps g N 5 - [ @
“and provides in-vehicle or roadside warning £ 7 ’ GAF
indications of lack of gap availability ; | ’
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Topic 1: Intersections and Interchanges

RSE

Video Monitoring

ROAD SAFETY
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. . . . &) i s S5 22 ST 7|
Closed-Circuit Television (CCTV) . : 7 =\

Video monitoring uses CCTV cameras
for operations staff to monitor

operating conditions at specific
locations.
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Topic 1: Intersections and Interchanges

RSE

ROAD SAFETY

—ENGINEER— Red Light Violation Warning

First Image - Before Shot of
Violation

Red Light Violation Warning systems enable a
connected vehicle approaching an instrumented
signalized intersection to compare current traffic
signal timing information and intersection layout
with current travel speed and acceleration profile to
determine if it appears likely that the vehicle will

enter the intersection in violation of a traffic signal. e o s

If the violation seems likely to occur, a warning can
be provided to the driver.

License Plate Close-up from

Ama al ha luwa wislatliaos I eses
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Topic 1: Intersections and Interchanges
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How Wrong-Way Driving Alert Systems Work

ROAD SAFETY
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i4Beyond.com/wrongway

Wrong Way Detection and Warning Systems

S

2

1 Detects vehicles: Signs located on exit ramps use
radar to detect vehicles traveling the wrong way.

2 Triggers lights: Flashing lights are activated to notify
the driver if he/she is traveling in the wrong direction.
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Topic 2: Bicycle and Pedestrian Conflicts
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This chart shows how safety issues related to bicycles and pedestrians, listed across the top, can be
addressed by different ITS technologies, listed down the side.

Excessive Conflicts at Crossing Non Compliance
Vehicle Speed Locations with Laws

Automated Speed
Enforcement Systems

Bicycle and Pedestrian
Detection Systems

Advance Pedestrian
Alert System

Red Light Violation
Warning
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Topic 2: Bicycle and Pedestrian Conflicts
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Automated Speed Enforcement systems

monitor motorists’ speeds and issue
penalties for excessive speeding.
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Topic 2: Bicycle and Pedestrian Conflicts
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Bicycle and Pedestrian Detection Systems

@, M6 0R:SNIER AN

~
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Topic 2: Bicycle and Pedestrian Conflicts

ROAD SAFETY
—ENGINEER—

Advance Pedestrian Alert Systems

The Rosco® Advanced Pedestrian Alert
System TM integrates with the Mobileye®
Shield + TM Collision Avoidance System to
provide an external warning to Vulnerable
Road Users (VRUs) around the vehicle
when there is a risk for collision.

Rosco’s APASTM solves the issue of noise
pollution that other exterior warning
systems create with an intelligent system
that will only alert when a VRU is in danger
of a collision with the vehicle.
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Red Light Violation Warning

First Image - Before Shot of
Violation

Red Light Violation Warning systems enable a
connected vehicle approaching an instrumented
signalized intersection to compare current traffic
signal timing information and intersection layout
with current travel speed and acceleration profile
to determine if it appears likely that the vehicle will
enter the intersection in violation of a traffic signal. Soiohs linge < Bhit of
If the violation seems likely to occur, a warning can ol
be provided to the driver.

License Plate Close-up from

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)




Topic 3: Congestion-Related Crashes

—ENGINEER— This chart shows how safety issues related to congestion, listed across the top, can be addressed
by different ITS technologies, listed down the side.

Recurrent

Merge Related Bottlenecks

Unexpected Events

Ramp Metering at
Entrance Ramps

Queue Warning

Dynamic Speed
Advisories or Limits

Dynamic Lane Use
Control

Part Time Shoulder Use
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Ramp Metering at Entrance Ramps
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Topic 3: Congestion-Related Crashes
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Queue Warning
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Dynamic Speed Advisories or Limits
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Topic 3: Congestion-Related Crashes
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Dynamic Lane Use Control
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Part-Time Shoulder Use
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Topic 4: Commercial Motor Vehicles (CMVs)
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Truck Dv.ersue o Enforcement and
- Overweight Detection -
Parking Inspection

and Enforcement

Truck Parking Information
and Management Systems

Oversize or Overweight
Enforcement

Advance Warnings for
Oversized Height and Width

Advance Warning for Rail
Crossings

Underinflated Tire Sensors

Brake Heat Monitoring

Hazmat Detection
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ROAD SAFETY Topic 4: Commercial Motor Vehicles (CMVs)

—ENGINEER—
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Oversize or Overweight Enforcement
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Topic 4: Commercial Motor Vehicles (CMVs)

ROAD SAFETY Advance Warnings for Oversized Height and Width

—ENGINEER—

- )

) .

L4
R N )

e e
pasy
S

The Oversize Vehicle Warning (OVW) application uses external
measurements taken by the roadside infrastructure, and
transmitted to the vehicle, to support in-vehicle determination
of whether an alert/warning is necessary..
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Underinflated Tire Sensors
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Topic 4: Commercial Motor Vehicles (CMVs)

Brake Heat Monitoring
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Hazmat Detection
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Advance Warning for Rail Crossings

Active traffic control devices are those that give visual and
audible advance notice of the approach of a train. These
include flashing-light signals (both mast-mounted and
cantilevered), bells, automatic gates, active advance warning
devices, and highway traffic signals.
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Topic 5: Work Zones
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Traveler/
Worker
Safety

Lack of

Lane Vehicle

Closures

Excessive

Traveler Speeds

Info

Queueing

Project Websites/ Mobile
Apps

Real Time Traveler Info

Variable Speed Advisories

Automated Speed
Enforcement

Smart Arrow Boards

Dynamic Lane Merge

Queue Warning System

Smart Work Zones

Work Zone Intrusion
Alarms

Autonomous Truck
Mounted Attenuators

Incident Management in
Work Zones
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Topic 6: Weather-Related Issues
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Excessive Lack of Pre Trip
Reduced Travel Speed, Weather

Road i Misjudging Information and

Friction Visihility Stopping Vehicle

Distances Preparedness
Road Weather
Management
Traveler
Information
Variable Speed
Limits

Automated
Pavement
Treatment

llluminated
Pavement
Markings

Queue
Warning
Systems

Parking
Management
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Topic 7: Traffic Incident Management

Secondary Responder Incident Traveling
Crashes Exposure Victim Safety Public Safety

Dynamic Speed Advisories
or Limits

S - - - _

ROAD SAFETY
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Dynamic Lane Use Control

Adjust Signal Timing
Alternate Routes

Sensors and CCTV Cameras
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Topic 8: Rural Corridors
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Intersection
Safety

Road
Weather

Wildlife
Conflicts

Roadway
Departures

Road Geometry Warning System
Animal Warning Systems

Automated Visibility Warning
Systems

Wrong Way Driver Detection and
Warning System

Integrated Weather
Monitoring/Prediction Systems

Highway Rail Crossing Safety
Systems

Intersection Collision Warning
Systems

Bicycle and Pedestrian Safety
Systems

Speed Warning Systems

Work Zone Safety Systems
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A

el Top Crash Types

Collision with

37.49% Motor Vehicle

5" =Angle: 18.0%

sHead On: 9.9%
»Rear-end: 6.53%
»Sideswipe: 2.68%

Collision with
31.44°% Fixed Object

=Shrubbery or Tree: 7.63%
- =Culvert, Curb, or Ditch: 7.56%
40 =Pole or Post: 4.4%

sEmbankment: 2.99%
= Guardrail: 2.84%

Collision with
20.96% Object Not
Fixed

» Pedestrian: 15.4%
»Pedalcycle: 2.37%

Non-Collision
10.01%

&

= Rollover: 8.85%
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Overview of Safety Approaches

4 — 5 —
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Transportation
_ Roadway Systemic Syg’tems Connected
Dnve.r safety safety Management and and Automated
behavior management analysis Operations (TSMO) Vehicles
process ar;dp;‘ﬁ'j‘;i’}grgs (CV/AV)

Traditional B Complex

TOTE)— RSMP — Systemic — T -

Integrated
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y/RSE
e An Overall TSMO Program ®

Core TSMO strategies to reduce crashes and hazards include:

=  Ramp metering = [EXcessive speed warning
= Queue warning = Fog warning systems
= Quick-response incident clearance = "Road diets"

= Signal timing, clearance, and phasing ® Pedestrian/cycle crossings
modification

Critical Thinking Question: What types of crashes do queue
warning systems aim to prevent? Select a, b, or c for the answer.

(a) Side-swipe collisions
(b) Rear-end collisions
(c) Pedestrian collisions
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Speed Limit 30 Scott,
Truck 25 ——|lll Highway Designer
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ﬁ ITS Systems Perspective
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Stopped cars ahead. | Scott,
Decrease speed. = Highway Designer
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Evolution of Transportation Technology

ROAD SA
—ENGINE

Operations

/\Prwate ~ Automated || __

A~/ Sector @

Vehicle
Connedctivity
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Connected
Vehicles
and
Automated
Vehicles

Cooperative Automated
Transportation

(CAT)

Automate
Vehicles

Select the

parts to learn more.
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e AUtOMated Vehicles ®

* Uses on-vehicle network of sensors and artificial intelligence to guide vehicle
along a route and avoid other vehicles, pedestrians, bicyclists, and other
obstacles

Cooperative Automated
Transportation

(CAT)

[

Auf_tomated
Vehicles

Elh




CLOSE

Vehicle Connectivity

ROAD SAFETY
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= Uses wireless communications to provide data to other systems and users, as
well as receiving data on traffic signal and roadway status, along with warnings
from other vehicles

Cooperative Automated
Transportation
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RSE

oA R Example ITS Technologies

Traffic management centers.

Traffic monitoring for vehicles, pedestrians, micromobility.
Traveler information.

Traffic control systems and displays.

Telecommunications (fiber and wireless).

Cooperative Automated

Road weather information. ;I'Crir%portation

Commercial vehicle preclearance.

Electronic toll collection/road pricing.
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CLOSE

Cooperative Automated Transportation ®

= Typical applications that benefit safety

Real-time traffic management
Pedestrian/bicycle warning

Traffic congestion/incident warning

Trip planning
Touchless advance fare payment that reduces dwell time _

. . Cooperative Automated
at station stops along with resultant delays/queues {T;.%portauan

Integrated smartphone apps for vehicle or service request,
enabling user to spend less time waiting streetside
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Zero Deaths Vision

Safe System Approach

Now let’s put some of these concepts together
to answer the question: How do we work
towards zero deaths?




There are six principles that
Zero Deaths Vision form the basis of the Safe
System approach:

», Deaths and serious injuries

Safe System Approach  ° are unacceptable
—> Humans make mistakes
Now let's put some of thc = Humans are vulnerable

to answer the question: ) pesponsibility is shared
towards zero deaths? -

e




1 Safe Road User > Safe Road

Users Vehicles
2 Safe Vehicles \2.., F
l 3 Safe Speeds > <52$§§5§£E.”

4 Safe Roads ‘ ‘ P Post-Crash
5 Post-crash Care R

'8 Five Elements
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Lesson 4
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Failure to Stop or Yield ®

-

.‘\'
o
P

Stop Sign Gap Traffic Detection Intersection
Assist (Microwave Example) Conflict Warning

Indiana DOT Systems
(In-vehicle Display)
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Stop Sign Gap Assist

Utilizes traffic detection to
detect a vehicle at the
stop line as well as
oncoming traffic on each
main road approach,

detecting both presence
and speed, as well as
connected vehicle

Information to detect @

[NTIRING
IRGHHIL WHEN 1

provides in-vehicle or

roadside warning Fi
Indications of lack of gap A

availability. . |

available traffic gaps and 0
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Traffic Detection @

Systems to measure vehicle presence and speed, typically located in advance
of a conflict area or at a stop line, which is known as presence detection.
Traffic detection may include video analytics, microwave detection zones, or
traditional in-pavement detection technologies such as electronic wire loops.




ROAD SAFE
—ENGINEER
e

Involves the use of traffic
detection on the main road
to measure vehicle
presence and speed,
connected to a control

module that manages
warning displays indicating
current cross traffic on main

route at two-way stops.
These warning systems use
LED flashers on signs that
Include cross traffic ahead
and stop signs.




Red Light Violations

Components include:
Red Light Violation Warning :
Traffic detection Nomal J:h;m‘::
Intersection Conflict Warning Systems

wh uc!hengh l" B —
Video Monitoring 5 %ﬂ_ “‘

-\
\

h\ b \ /\

Detection

Sensor l')(,tt( tion Zone

\ DelDOT




How Wrong-Way Driving Alert Systems Work

14Beyond.com/wrongway

1 Detects vehicles: Signs located on exit ramps use
radar to detect vehicles traveling the wrong way.

2 Triggers lights: Flashing lights are activated to notify
the driver if he/she is traveling in the wrong direction.

THERMAL CAMERA
Detects wrong-way vehicle entering ramp

‘

-

|

WRONG-WAY VEHICLE

"
Q, e

E—————— ILLUMINATED WRONG-WAY SIGN

\ Alerts wrong-way driver

THERMAL CAMERA
Detects wrong-way vehicle entering freeway

DMS
Warns right-way drivers on freeway mainline

I ccrv
Allows dispatchers to visually follow wrong-way

vehicle

RAMP METER
. / Solid red limits vehicles entering freeway at

traffic signal and ramp meter

THERMAL CAMERA
Tracks wrong-way vehicle on freeway




opic 4.2
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Bicycle and Pedestrian Safety Issues and ITS

Countermeasures
Issues that Contribute to Traffic Crashes Involving
Bicyclists and Pedestrians

ROAIL
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Motorist Behavior

Non-motorist Behavior

Infrastructure




0
== Bicycle and Pedestrian Safety Issues and ITS

Countermeasures

—ENGINE

Conflicts at
Crossing
| ocations

Excessive Non-compliance

Vehicle Speed with Laws

Automated Speed
Enforcement

Bicycle and Pedestrian ®
Detection Systems

Advance Pedestrian ®
Alert System

Red Light Violation
Warning ® ®




Excessive Vehicle Speeds

ITS countermeasures
20 |,
MPH

10%

EATH RISK

= Automated Speed
Enforcement systems

Results

3] Reduced trafﬁc TRA§L8‘, AT
speeds ke
= Reduced fatal and 40%

non—fatal injurles DEATH RISK

HIT BY A VEHICLE

TRAVELING AT

40
MPH

80%

DEATH RISK

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)




Conflicts at Crossing Locations

ITS countermeasures
« Passive pedestrian and bicycle detection at intersections and trails
« Dynamic signal timing and flashers based on ped and bike presence

- Blank-out signs depict the need for turning vehicles to yield to
bicyclists

« Advance Pedestrian Alert System
Results
* Increased awareness that peds and bikes are crossing

 Increased warning for peds and bikes of potential collisions

( Take Quiz )




A
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Correct

Correct. There are 24 vehicle-to-pedestrian
6 6 conflict points at a four-way intersection.
These are crossing conflicts which are the
most severe in a crash.

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)




Non-compliance with Laws

ITS countermeasures
 Red Light Violation Warning

Results

» Reduced fatal red light
running crash rates

» Reduced fatal crashes at
signalized intersections

Elhadi Mohamed 00966532581003 - 00201000074470

Road Safety Engineer ( RSE)
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4.3
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Topic 4.3

é Exit

Congestion-related Crashes: Issues and ITS

Recurrent Unexpected
Bottlenecks Events
O o

Countermeasures
Select each issue Merge-related
to learn more. Congestion

Ramp Metering at

Entrance Ramps ®

Queue Warning @ -

Dynamic Speed

Advisories or Limits ® ®

Dynamic Lane Use

Control ® ®
~ Part-time Shoulder 2 2

Use




e Countermeasure: Ramp Metering

—ENGINEER

S
C 5 Ramp Meter and Stop Bur
Demand Loop e |
. Speed, occupancy data continuously

I l O W "% collected from mainline loop detectors
e
R A M P {”‘i f,) Vehicle pulls up to stop bar

. {7 Vehicle detected, signal turns green
%} £

WO R K S =0 Vehicle merges onto freeway
Advanced Warning Sign with Flnhing Beacon (0PTIONAL) e

Advanced Quese Loop

Loop Detector (TYPICAL)

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)




CLOSE
Countermeasure: Dynamic Lane Use Control ®
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CMV Safety Issues and ITS Countermeasures

' Enforcement
St Oversize or

T Overweight Detection =g le

and Enforcement Inspection

Truck Parking Information
and Management Systems

Oversize or Overweight

Enforcement ® ®
Advance Warnings for e

Oversized Height and Width

Advance Warning for Rail ®

Crossings

Underinflated Tire Sensors O
Brake Heat Monitoring ®
Hazmat Detection @

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)




Truck Parking

Vehicle detection
systems measure
available parking in
lots across each state

“ X

o -
\. Yl

fF 7

Parking data goes to Data is delivered to drivers

states and 3 party

processors
/7

— sws| OPEN SPACES

REST AREAS
> T MILES
34 MILES
78 MILES

\

Elhadi Mohamed 00966532581003 - 00201000074470

Road Safety Engineer ( RSE)
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/RSE Virtual Weigh Station Sensor Array
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Over-Height
Detector . y

-

L ¥5's License Plate F
: Camera
. p - ¢

>

Color Camera

Inductive Loops

Weigh In Motion for Vehicle
Scale Classification

B
|:|nau||V|onahlea UUJ00 51UUS - UUZULUUUU 744
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pr lllustration of Over Height Warning Message
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/_R/§ Advance Warning of Work Zones

‘ L
. —
:»4“ 2

. ,,:? "t

n..

" l 1'”“‘“

Over Height
Must Exit




Enforcement and Inspection

[W
TRUCK PARKING \

21
SPACLS
'y AVAILABLE

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)




Enforcement and Inspection ®

Tire and brake abnormality detection systems that use sensors to identify underinflated
tires or overheating brakes. The devices are also used to screen for other potential
safety risks including hazmat detection.




Topic 4.5
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ROAL

Work Zone Safety Issues and ITS

Exit

Countermeasures
Select each issue 2 Excessive Lane Vehicle Fatalities
to learn more. Travele_zr Speeds Closures Queueing | and Injuries
Information
Project Websites and Mobile Apps ® @
Real Time Traveler Information @ @
Variable Speed Advisories o o
Automated Speed Enforcement o ®
Smart Arrow Boards @ @ ®
Dynamic Lane Merge (0 (0 O
Queue Warning Systems (QWS) @ ®
Smart Work Zones (SWZ2) ® O O O ®
Work Zone Intrusion Alarms ®
Autonomous Truck Mounted o
Attenuators
Incident Management in Work ® ®

Zones
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West LaKe Hills

3 Rollingwood

« - Dility

CAPITAL AREA



Lack of Traveler Information

West LaKe Hills

Traffic volume and flow. Heavy traffic
and slow moving or stopped traffic
conditions are indicated in red.
Slower than normal traffic is indicated
in orange. And normally moving
traffic is indicated in green.

- Dility &

CAPITAL AREA



Lack of Traveler Information

WEST AUSTIN ' LP-1 @ Barton Creek (3900) 80 SH-130 @ Ekoy Rd 602
NEIGHBORHOOD/GROUP

West LaKe Hills .
v

Cameras provide real-time travel

information image, allowing travelers SH45WB @ IH-35
to determine any slowed or stopped Ll - W @ 3 s 0
traffic or incidents in their normal

traveled way.

- Dility &

CAPITAL AREA

SH-71 EB @ E Riverside Dr 7400




Lack of Traveler Information ®

B NB |-35 before US 183

Status: Device Online

B SB |-35 before US 183

Status: Device Online

@ SB I-35 after Rundberg Ln

Status: Device Online

B SB |-35 before Rundberg Ln

Status: Device Online

UAFI AL AKEA =

Beacon: No Beacons

Beacon: No Beacons

Beacon: No Beacons

Beacon: No Beacons

HANCOCK
NS NORTH UNIVERSITY
Al AN,
HBORHOOL up »
:

2 .’/

-~
TEXAS

CLOSE

. avins\ ™ When you've
2(®) finished
o/ 1o

: _.r M;rker 3 TatzilalaWala\llis

Real-time travel information can also be displayed on
Dynamic Message Signs in advance of a work zone
letting the traveler know how long it will take to reach
upcoming places. With this information, travelers can
make decisions to either continue through the work
zone or select an alternative route. Diverted traffic
reduces the amount of traffic within a work zone and
lessens the potential for congestion, crashes and
secondary crashes.

J

_
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ROAL

Work Zone Safety Issues and ITS

Exit

Countermeasures
Select each issue 2 Excessive Lane Vehicle Fatalities
to learn more. Travele_zr Speeds Closures Queueing | and Injuries
Information
Project Websites and Mobile Apps ® @
Real Time Traveler Information @ @
Variable Speed Advisories o o
Automated Speed Enforcement o ®
Smart Arrow Boards @ @ ®
Dynamic Lane Merge (0 (0 O
Queue Warning Systems (QWS) @ ®
Smart Work Zones (SWZ2) ® O O O ®
Work Zone Intrusion Alarms ®
Autonomous Truck Mounted o
Attenuators
Incident Management in Work ® ®

Zones



CLOSE

Excessive Speeds - MnDOT Example ®

The Minnesota DOT has piloted the use of variable work zone speed
advisories. These speeds are advisory, meaning not enforceable,
instead of regulatory. The advisory speeds change based on traffic
conditions throughout the day. Researchers found that drivers
reduced their speeds in sections of the work zone that contained
advisory speeds as compared to sections of the work zone without
advisory speeds.

Automated Speed Enforcement systems in work zones are an
effective ITS countermeasure that result in reduced traffic speeds
and increased compliance with reduced work zone speed limits.

More information on MnDOT can be found at https://restorethecorridor.com/images/

updates/notifications brochures/Delaware Electronic Speed Safety FAQ.pdf



Excessive Speeds - DelDOT Example

More information can be found at https://www.restorethecorridor.com/images/
updates/notifications brochuresDelaware Electronic Speed Safety FAQ.pdf



CLOSE

Lane Closures ®

Arrow board that
(Smart Arrow B transmits real-time
or:

coordinates and
status

Arrow board with GPS information
and cellular modem
o

Changeable . ' Changeable __ Changeable ——— Changeable

message S message 5 message (0.5 miles Mmessage
with sensor with sensor 1 mile with sensor with sensor

The changeable
message sign

provides real-time 2 Dynamic Lane
direction on lane ) M
usage and merging b 'l €rge

Select Smart Arrow Board and Dynamic Lane Merge buttons to learn more.
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Lane Closures - Smart Arrow Board

Trw Mo wwviiw ey mrippEri s | S ey




CLOSE

Lane Closures - Dynamic Lane Merge ®

Select play to
watch a video
on Kansas

csiopor morge” | I YT
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CLOSE

Vehicle Queueing ®

ITS Countermeasure: Vehicle Queue Warning Systems (QWS)

TXDOT: 44%
reduction in crashes

as compared to
without QWS

IDOT: 14% decrease in
queuing crashes and

* 11% decrease in injury
crashes as compared to

B without QWS




Fatalities and Injuries

=F

Select each warning icon to learn more about these ITS strategies.




CLOSE

Fatalities and Injuries - Smart Work Zone @




Fatalities and Injuries -Work Zone CLOSE
Intrusion Alarms ®

t‘:&!..‘-




: Fatalities and Injuries -Traffic Incident GERSE
. Management ®




« Adverse Weather is a Major Safety
“ Concern

ROAD
—ENGI

* No region is iImmune
from adverse weather,
whether it 1s snow,
hurricanes, tornados,
fog, high winds, or
flooding

\ * Annually, over 6,500
' fatal crashes and over
450,000 mnjury crashes

occur during bad SRR Freeway Flooding »
i . ot
\X'e atlle r ' CHSLA com

0




Weather-related Issues and
Countermeasures

Excessive
Travel Speed,
Misjudging of

Lack of Pre-trip
Weather

Reduced

Reduced

Road | G ihility

Friction

Information and
Vehicle
Preparedness

Stopping
Distances

Road Weather Management

o o Covered in
Topic 4.3

Traveler Information

Variable Speed Limits

Automated Pavement
Treatment

Hll]fﬁinated Pavement PY
Markings

Queue Warning Systems @

Parking Management ®
| '
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° Weather-related Issues and
Countermeasures

Excessive
Travel Speed,
Misjudging of

Stopping

Distances

Reduced
Visibility

Road Weather Management

Covered In
Topic 4.3

Traveler Information

Variable Speed Limits

Automated Pavement
Treatment

Ihiminated Pavement PY
Markings

Queue Warning Systems @

— Parking Management
|

Lack of Pre-trip
Weather
Information and
Vehicle
Preparedness




Reduced Road Friction

Road Weather Management:
Ice/slippery road warning

Variable Speed Automated pavement treatment example:
Limits Road de-icing system

Countermeasures: Results:
*» Road Weather Management » Fewer crashes
» Traveler Information » Maintenance of capacity

Traveler Information (warning/ * Vanable Speed Limits
advisory) » Automated Pavement Treatment




° Weather-related Issues and

Countermeasures
>

Reducgdd
R o

Excessive
Travel Speed,
Misjudging of
Fition

Stopping
Distances

Road Weather Management

Traveler Information

Variable Speed Limits

Automated Pavement
Treatment

[liminated Pavement PY
Markings

Covered In
Topic 4.3

Queue Warning Systems ®

_— Parking Management
e

Lack of Pre-trip
Weather
Information and
Vehicle
Preparedness




Reduced Visibilit

CAUTION
REDUCED
A VISIBILITY 48

Road weather Variable speed limits +
management: Low visibility warning
Advance fog and low

visibility warning llluminated pavement markings

* = CAUTION
SLOW
TRAFFIC

. Queue Warning System .



Example of ITS Safety Countermeasures
for Reduced Visibilit
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Weather Station
Fog on the road. ] Traffic Operation Center

: = zE S
B X P
= €

Strategically placed

weatherdetection

station determines
sightdistance.

When sight
.t J distance falls to
650 feet or less.

Speed limit
reduced.

Drivers slow
down.

Elhadi OTidinc J00 5 = UUZUIUUUU7357U
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° Weather-related Issues and

Countermeasures
| 2 =

Reducgtd
2 o
FiCtion

Excessive
Travel Speed,
Misjudging of

Stopping
Distances

Road Weather Management ® o
Traveler Information ® Covered In
Variable Speed Limits [ ] [ ] [ ] Toplc 4.3
Automated Pavement P
Treatment
Iliminated Pavement PY
Markings
Queue Warning Systems ®

— Parking Management
B

Lack of Pre-trip
Weather
Information and
Vehicle
Preparedness
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Road Safety Engineer ( RSE)
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° Weather-related Issues and
Countermeasures

>

Excessive

d Travel Speed,

Misjudging of
Stopping
Distances

FYCtion

Road Weather Management

Covered In
Topic 4.3

Traveler Information

Variable Speed Limits

Automated Pavement

Treatment
Iliminated Pavement PY
Markings
Queue Warning Systems [ ]

Parking Management
I




Pre-trip Information and Vehicle Preparedness

SUoo; . SLOWDQWNA”EAD
P'“'I'\.' with c(luﬂon'

Parking management and
information display

REST AREA OPEN
25 Miles 1-80 WB.

Open Spaces: 10

In-vehicle truck advisory

Weather information (511)
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Traffic Incidents: Safety Issues and
Countermeasures
Select each issue Secondary Responder Incident Traveling
to learn more. Crashes Exposure Victim Safety | Public Safety
Dynamic Speed
Advisories or Limits ® ® ® ®
Queue Warning Systems ® ®
Safety Service Patrols @ @
Dynamic Lane Use
Control ® ® ® ®
Traveler Information 0 o O o
Adjust Signal Timing — ®
Alternate Routes
Sensors and CCTV Py Py

Cameras



ﬁ Traffic Incidents: Safety Issues and

ROAD
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Countermeasures
Select each issue Secondary Responder Incident Traveling
to learn more. Crashes Exposure Victim Safety | Public Safety
Dynamic Speed @ ® o o

Adyvisories or Limits

Queue Warning Systems

Safety Service Patrols

Dynamic Lane Use
Control

Traveler Information

Adjust Signal Timing —
Alternate Routes

Sensors and CCTV
Cameras




CLOSE

RSE
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—we: Dynamic Speed Limits or Advisories

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)
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Queue Warning

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)




A

Z Traffic Incidents: Safety Issues and
Countermeasures
Select each issue Swary Responder Incident Traveling
to learn more. hes Exposure Victim Safety | Public Safety

Dynamic Speed

Advisories or Limits ® ® ®
Queue Warning Systems

Safety Service Patrols

Dynamic Lane Use

Control ® ®

Traveler Information @ ®

Adjust Signal Timing —
Alternate Routes

Sensors and CCTV
Cameras




RSE

ROAD SAFETY

Safety Service Patrols

What is a safety service patrol? What are the benefits of safety service
patrols?

Trained personnel using specially

equipped vehicles to: Safety service patrols are recognized as

v" Patrol congested highways one of the most effective TIM strategies.

v Search for and respond to traffic They often play a role in all stages of the
incidents TIM process, and they are one of the

v Provide motorist assistance most valued services by the public.

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)
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Countermeasures
Select each issue Swary Rey\der Incident Traveling
to learn more. hes EXJOsure Victim Sarety  BRaVel (RS

Dynamic Speed
Advisories or Limits

Queue Warning Systems

Safety Service Patrols

Dynamic Lane Use
Control

Traveler Information

Adjust Signal Timing —
Alternate Routes

Sensors and CCTV
Cameras
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Dynamic Lane Use Control

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)




A

Z Traffic Incidents: Safety Issues and
Countermeasures
Select each issue Swary Rew\der Incidént Traveling
to learn more. hes EXPOsure Victi IS\l Public Safety

Dynamic Speed

Advisories or Limits ® ® ® ¢
Queue Warning Systems @ O
Safety Service Patrols o o
Dynamic Lane Use

Control ® ® ® ®
Traveler Information - i O o
Adjust Signal Timing — e
Alternate Routes

Sensors and CCTV @ @

Cameras




ASA

ROAD SAFETY

Traveler Information

Allows travelers to make informed decisions

Mechanisms:

ACCIDENT AHEAD
TUNNEL CLOSED

« Dynamic message signs \LT ROUTE US 6

» Websites (511)

« Navigation applications

Elhadi Mohamed 00966532581003 - 00201000074470

Road Safety Engineer ( RSE)




4= Adjust Signal Timing

v" Develop timing plans for incidents
v Implement when an incident occurs

v" Monitor and adjust as needed

= @r —1:
"a\ -

_,'h..-— S —
\i'_" Y -3"-'1-=-.”‘~---

Elhadi Mohani€a U096653Z581003 - UUZU10000/4470 Roaad sarety engineer ( RSE)
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ﬁ Rural Corridor Safety Issues and ITS

ROAD S

el Countermeasures
Roadway Wildlife Road Intersection
Select each issue to learn more. Departures Conflicts Weather ST
ALY
Road Geometry Warning System ®
Animal Warning Systems @
Automated Visibility Warning Systems o ®
Wrong Way Driver Detection & Warning System o
Integrated Weather Monitoring/Prediction Systems @

Highway-Rail Crossing Safety Systems

Intersection Collision Warning Systems (ICWS)

Bicycle & Pedestrian Safety Systems

Speed Warning Systems

— Work Zone Safety Systems




Roadway Departures

Static Signs  Sequential Dynamic Lighting Dynamic Message Signs Speed
with Flashing Curve Warning Systems Feedback
Beacons Signs




Wildlife Conflicts

Norris Docd, AZTEC Engnoerng

Rhonda Stankavich, Pennsylvania DOT

How do animal detection
systems work?
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1

Bicycle and Pedestrian
Safety Issues and ITS O 2

Countermeasures
CMV Safety Issues and O 4
ITS Countermeasures |
0o

Adverse Weather is a O/
Major Safety Concern Q

O

Issues and ITS
Countermeasures

Rural Corridor Safety O O

Elhadi Mohamed 00966532581003 - 00201000074470

Intersections and
Interchanges: Issues
and Countermeasures

Congestion-related
Crashes: Issues and ITS
Countermeasures

Work Zone Safety Issues

and ITS Countermeasures

Traffic Incidents: Safety
Issues and
Countermeasures

Road Safety Engineer ( RSE)



®

—iw Why is Collaboration So Important?

Safety is important! Consider this:
Each discipline brings a different perspective

Individuals have different experience and
context

Each discipline influences different funding
programs

= Both disciplines have similar goals

Where could we start?

Congestion-related crashes may be a good
starting point.

ITS Professionals

Elhadi Mohamed 00966532581003 - 00201000074470 Road Safety Engineer ( RSE)
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%> How Can Collaboration Be Improved? ®

Fostering communication: this training is one of the attempts to improve
the collaboration and coordination.

Involve ITS people in developing safety programs
and projects.

Involve safety advocates in developing ITS
programs and projects to make sure safety is
baked into ITS projects

‘ Integrate ITS and safety into other disciplines
RR, £ “!g‘ Including planning and design

Share data between safety and ITS programs

Elhat
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