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Traffic Studies

� A traffic engineer’s laboratory is the
surrounding roadway system

� This system must be continually
monitored, evaluated, and managed



Guiding Principles

� “If you cannot tell the system performance
yesterday, you cannot hope to manage your
system today.”
-- Data Collection/Analysis

� “Data are too valuable to only use once.”
-- Data Archive
-- Real Time and Historical



Traffic Studies

� Traffic demand/patterns will change over time,
monitoring of system will enable necessary
system changes to be identified

� The effects of system “improvements” must be
justified, e.g.,
� Signal timing changes
� Lane additions or reconfigurations



Traffic Studies

� Data collection is the key foundation
� What kind of data?
� How much data?
� How to collect it?

� The study characteristics must be considered in
answering these questions, e.g.,
� Short-term or long-term study
� Statistical confidence level



Temporal Variation

� Monthly (Jan. – Dec.)
� Daily (Sun. – Mon.)
� Hourly (12:00 AM – 11:59 PM)
� K values (e.g., K100, K30)

� The ratio of the Xth highest traffic volume hour of the year to 
the AADT (Average Annual Daily Travel)

� Historically, 30th has been used in rural planning, design and 
operations. (generally flatten out from this point) 



Graphic Summary of Vehicle 
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Traffic Counts Displayed in a Network



Vehicle Classification (VC)

� Volume with respect to vehicle type
� Passenger cars
� 2 axle trucks
� 3 axle trucks
� Public service vehicle (PSV)
� Emergency vehicle
� 2 wheel vehicles

� Applications
� Geometric design (e.g., turning radii, max. grade, lane width)
� Capacity Analysis (e.g., PCU conversions)
� Automated counts
� Pavement & Structure design



Vehicle Mile Travel (VMT)

� AADT x roadway length
� Applications:
� Economic evaluation
� Resource allocation (maintenance & 

improvement)
� Planning 



Measurement methods

• measurements at a (cross-sectional) point

• measurements along a short distance

• measurements along a length

• measurements along an arterial or small area (by e.g. moving
observer method)

• other realtime large-scale monitoring methods
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Measuring means

Measuring passage times, time headways, and flow

• manual counting, using a form and a stopwatch. Advantage: simple
method; Disadvantage: labour costs and inaccuracies.

• Pneumatic tubes. Advantage: can accurately determine passage
times and time headways; Disadvantage: relatively short time
survival.

• Induction loops.

• Infrared detector.

• Instrumented vehicles (moving observer method).

Individual speeds, instantaneous, and local mean speed

• Radar speedometers at a cross-section.

• Induction loops or double pneumatic tubes.

• vehicle recognition.

• Probe vehicles.

• Remote-sensing techniques.
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“Manual” counting
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Manual Count Board
JAMAR Handheld Devices



Pneumatic tube

Lecture 3: Tra c data measurements: sensors and methods 6 / 31

Pneumatic Road Tubes



Inductance Loops

Vehicle Loops Bike Loops



Microscopic measurement at induction loops
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Fig. 3.1 The induction loop is part of an LC circuit (complemented by an external capacitor and
an AC voltage source) tuned to be in resonance if the loop is “unoccupied”, yielding a high voltage
Ueff . The metallic parts of a vehicle will increase the inductance of the loop upon driving over it.
This puts the circuit out of tune and decreases the voltage Ueff
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Fig. 3.2 Single-vehicle data as measured by an induction loop (or any other cross-sectional detec-
tor). The shaded area indicate the “detector occupancy” at different times

Double-loop detectors are composed of two (or more) induction loops separated
by a fixed distance, e.g. 1 m. The time difference between passing the first and the
second loop yields a direct measurement of the vehicle speed vα .

From these directly measured quantities we can derive secondary microscopic
quantities (cf. Fig. 3.2):

• Length of each vehicle α,
lα = vα(t1

α − t0
α), (3.1)

• vehicle type (motorcycle, car, truck, etc.) by classifying the vehicle length,
• time headway (sometimes also called simply headway) between the front bumpers

of successive vehicles (the smaller index α − 1 denotes the leading vehicle),

∆tα = t0
α − t0

α−1, (3.2)

• time gap between the rear and front bumpers

Tα = t0
α − t1

α−1 = ∆tα − vα−1

lα−1
, (3.3)

A single-loop detector can directly measure (only):

• The time t0↵ at which the front of vehicle ↵ passes the detector
(voltage drop),

• The time t1↵ at which the rear end of the vehicle passes the detector
(voltage rise)
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Inductance Loop Signatures (1)

Sport Car

Truck



Inductance Loop Signatures (2)

Pickup Truck

Trash Truck



Inductance Loop Signatures (3)

Tailgating 
vehicles

Vehicle with
a boat



Density
� Aerial photographs
� Volume / Speed
� Surrogate measure from inductance loop detectors

� Ratio of occupied time to total observation time, expressed
as a percent, is termed ‘lane occupancy’, denoted by φ (phi)

� To use lane occupancy for estimation of density, we must
know vehicle length, then density can be estimated by

100*
n timeobservatio total
 timeoccupied total

=φ

eL
k

100
φ

= Le is the effective vehicle length
1



Video Imaging

� Autoscope software



Infra-red sensors
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Laser guns
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Travel times

• Comparable for di↵erent tra�c modes

• easy to be used in tra�c models

• can be perceived easily

measurement sensors

• Vehicle Plate Recognition

• GPS receivers

• Cellular antenas
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Vehicle Plate Recognition
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GPS receivers
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GPS Basics
Introduction to the system 

Application overview
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GPS Basics

GPS!Basics! ! u-blox!ag!

GPS-X-02007! ! Page!9!

1 INTRODUCTION 
!

Using!the!Global!Positioning!System!(GPS,!a!process!used!to!establish!a!position!at!any!point!on!the!globe)!the!
following!two!values!can!be!determined!anywhere!on!Earth!(Figure!1):!

1.! One’s!exact! location! (longitude,! latitude!and!height! co-ordinates)!accurate! to!within!a! range!of!20!m! to!
approx.!1!mm.!

2.! The!precise!time!(Universal!Time!Coordinated,!UTC)!accurate!to!within!a!range!of!60ns!to!approx.!5ns.!

Speed! and! direction! of! travel! (course)! can! be! derived! from! these! co-ordinates! as!well! as! the! time.! The! co-
ordinates!and!time!values!are!determined!by!28!satellites!orbiting!the!Earth.!

Longitude: 9°24'23,43''
Latitude: 46°48'37,20''
Altitude: 709,1m
Time: 12h33'07''

!
Figure 1: The basic function of GPS 

GPS! receivers! are! used! for! positioning,! locating,! navigating,! surveying! and! determining! the! time! and! are!
employed!both!by!private!individuals!(e.g.!for!leisure!activities,!such!as!trekking,!balloon!flights!and!cross-country!
skiing!etc.)!and!companies!(surveying,!determining!the!time,!navigation,!vehicle!monitoring!etc.).!

GPS!(the!full!description!is:!NAVigation!System!with!Timing!And!Ranging!Global!Positioning!System,!NAVSTAR-
GPS)!was!developed!by!the!U.S.!Department!of!Defense! (DoD)!and!can!be!used!both!by!civilians!and!military!
personnel.!The!civil!signal!SPS!(Standard Positioning!Service)!can!be!used!freely!by!the!general!public,!whilst!the!
military! signal!PPS! (Precise!Positioning!Service)!can!only!be!used!by!authorised!government!agencies.!The! first!
satellite!was!placed!in!orbit!on!22nd!February!1978,!and!there!are!currently!28!operational!satellites!orbiting!the!
Earth!at!a!height!of!20,180!km!on!6!different!orbital!planes.!Their!orbits!are! inclined!at!55°! to! the!equator,!
ensuring!that!a! least!4!satellites!are! in!radio!communication!with!any!point!on!the!planet.!Each!satellite!orbits!
the!Earth!in!approximately!12!hours!and!has!four!atomic!clocks!on!board.!

During!the!development!of!the!GPS!system,!particular!emphasis!was!placed!on!the!following!three!aspects:!!

1.! It!had!to!provide!users!with!the!capability!of!determining!position,!speed!and!time,!whether!in!motion!
or!at!rest.!!

2.! It!had!to!have!a!continuous,!global,!3-dimensional!positioning!capability!with!a!high!degree!of!accuracy,!
irrespective!of!the!weather.!!

3.! It!had!to!offer!potential!for!civilian!use.!

!
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Global Positioning System (GPS)

• GPS Time

• Latitude and Longitude

• Speed

Typical GPS Data

Time
(UTC)

Latitude
(°)

Longitude
(°)

Speed
(mph)

16:27:39 30.389885 -91.242426 40.0
16:27:40 30.390090 -91.242276 40.6
16:27:41 30.390159 -91.242225 40.7
16:27:42 30.390298 -91.242122 41.0
16:27:43 30.390507 -91.241966 41.8



Cellular antennas
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Bluetooth sensors

MATIS - Mac Acquisition Travel
Information Sensor
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האנושית  ל מתנהונחשיכולתנו כיצד התנועה  בללדמיין נהדרתרשתת   לעיתים  אולם,  היא יש  לכך
לתקציבמשמעות   שיהיה,  רבה ככל טוב ומדויק,ניחוש אמין למידע להשתוות יכול .  אינו

     גלאי­MATIS-המוצר   מערכת לא  ויחודיתבטכנולוגיההוא
Non)(תחודרני Intrusiveידנו על פותחה המאפשרת  ,אשר

איתורהוייז ביצוע נסיעה,  מאפשר תוואי ומעקב תזמונים תעוד
רכב  מכל כלי ציבוריתשל לתחבורה רכב כלי ובכללם .סוג

קבלת  התמונה  התחבורתיתב,כתוצאה  מכך נדרשת בו מקום
  הכוללת זוטכנולוגיה,   יחודית של, קיומם מכשירים  המאתרת

  הרכבWiFiאו­Bluetooth-בהמתקשרים   בכלי היחידה, הינה
ואמינים נתונים  מדויקים קבלת סוגיהמאפשרת לכל המתייחסים

בכל  הכיווניםברשתהנעיםכלי  הרכב זמנית .בו

  

 

 

 
 

לאיכון הניתן המכשירים רמזורמגוון בארון הגלאי
כ

רקע עובדות :מספר

פתוח­Bluetooth-ה אלחוטי תקן ,הנו
קצרים בטווחים נתונים לתעבורת המשמש

  יתיחס אלחוטי, טלפון   מכשירי בין כלל ,  בדרך
אלחוטיות   אוזניות לרכב, אלחוטיות ,  דיבוריות

ניווט   .ב"וכיוLaptopמחשבי,  GPSמערכות

ה   גלאי אביזרים  ­MATIS-מערכת סורקת
  מקמ טכנולוגית,ש"נושאי על המבוסס

ה   מסוג אלחוטית או  /ו­Bluetooth-תקשורת
  הת­WiFi-ה לאתרי בסמוך קנות  הנמצאים

בשטח­MATIS-גלאי  ה קולטת  ,  הפרוסים
ה   מזהה של­MAC-את ומוסיפה  הםהיחודי

בכל  גלאי את  חתימתMATISבעת  הזיהוי
למועד  הגילוי והמדויקת היחודית .זמן

ה רציף­MATIS-מערכת  גלאי דיאלוג מקיימת
ברשת כל  הגלאים  הסמוכים את  ה,  בין מעבירה

  הגילוי הנ(נתוני   "הנתונים כתובת   של MACל
זמן נתונים  בהתבסס.בין  הגלאים)  וחתימת על

נתוני  התנועה,אלו של רציף בין  ,  מבוצע  חישוב
גילוי אתרי בין זמני  הנסיעה של חישוב ,  היתר
ותוואי   מרומזרות בגישות   ההמתנה זמני

שנתגלה רכב לכל הנבחר   הנסיעה אלו. נתונים
המערכת ובשרת עצמם בגלאים ,נאגרים

.ותצוגהלניתוח

     היחודי   ID(הזיהוי כתובת  ה) אינו  ,­MAC-של
בעל של נתונים עם   הצלבה או לקישור ניתן

את  המקמ הנושא ע"המכשיר זוהה אשר י  "ש
  הגלאי המכשיר, בעל פרטיות   מכך כתוצאה

במלואה   נשמרת תעבורת  , כל לכך נוסף
  הגלאים ובין עצמם לבין גלאים בין התקשורת

המערכת   הלי,לשרת   עוברת קידוד SSLך
הנתונים של מלאה וסודיות פרטיות .המבטיח

כיום  הוא הקרובות,  הצפי במהלך  השנים 2,  כי
   בהם3מתוך   הנוסעים או רכב ישאו  ,כלי

באמצעות קישוריות המאפשרים מכשירים
ה .­WiFi-או  ה/ו­Bluetooth-טכנולוגיות  מסוג

  גלאי הותקנו בהם באתרים שערכנו מבדיקות
  הזיהוי,כהעד­MATIS-ה אחוז כי הסתבר

כ על עמד   התעבורה­20%-במכשירים מכלל
בתוואי  הגילוי .שנסעה
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Electronic Toll Collection (AVI)



Origin-Destination (O-D) Studies
� Determining the percentage of all traffic traveling from 

each origin point of interest to each destination point of 
interest

<<
< >
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38 5 Spatiotemporal Reconstruction of the Traffic State
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Fig. 5.1 Color-coded visualization of the speed measured by stationary detectors (top) and the
speed field reconstructed by the adaptive smoothing method (Sect. 5.2). The data are from a section
of the Autobahn A5 near Frankfurt/Main, Germany (south-bound, recorded May 28, 2001). The
“active” bottlenecks causing congestions are the on-ramps of two highway junctions, and an accident
at location 478 km restricting the local capacity at this location between 10:00 and 11:30 am
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Fig. 5.2 Spatiotemporal interpolation as a way of reconstructing the traffic state at location x and
time t using the isotropic weighting kernel (5.2)

Data: Autobahn A5 near Frankfurt/Main, Germany (south-bound,
recorded May 28, 2001).Lecture 3: Tra�c data measurements: sensors and methods 24 / 31

Data Fusion

• the process of combining data from multiple, heterogeneous data sources such as
cross-sectional data, floating-car data, police reports, etc.

• each of these categories of data describes di↵erent aspects of the tra�c situation
and might even contradict each other.

• the goal of data fusion is to maximize the utility of the available information.

46 5 Spatiotemporal Reconstruction of the Traffic State
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Fig. 5.8 Influence of parameter variations when applying the adaptive smoothing method on the
detector data of Fig. 5.3

Fig. 5.9 Example of het-
erogeneous data sources:
cross-sectional detectors and
floating-car data
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What are possible causes for inconsistencies between heterogeneous data
sources? Where are visible inconsistencies in Fig. 5.9?
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Collecting traffic data with drones

Complex interactions

• Multimodality

• Components adapt

• Competing operators

• Spreading phenomena

Limits to predictability Limits to cooperationLimits to centralization
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Bird-eye view

Athens, GR
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Complex traffic interactions

Lane formation and Maneuvering

Emission Distribution Lane Time-space diagrams

Maneuvering distributions

Barmpounakis et al, 2020, 2021
Anagnostopoulos and Geroliminis, (ongoing) 



A new experiment

Nairobi, KE


