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Annex A — the web based application for the evaluat  ion of the indicators
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Al Design of the Application

This section is dedicated to present a new web-based application to compute and present the Transport and
Mobility Indicators proposed in the paragraph 3 - “Proposals of traffic and mobility indicators” of this
document.

Actually the two functions (compute and present) are implemented through two different applications on
different technologies: (a) an off-line scientific software that on a daily base retrieves the traffic measures
and the other information from a database, makes the necessary mathematical calculations, and writes the
indicators values in the same database, (b) a web page where users can plot the temporal and spatial
pattern of the desired indicator, by a guided query to the database.
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Picture Al: design of the application

A2 Structure of the database

The database is composed by three sets of tables: the first one (input) gathering real time measures
incoming by all sources, the second one (periodized) storing the data read from the first one (input),
aggregated by hour, and the third one (output) storing the indicators calculated along the available period
basing on the data read from the second table set (periodized). See paragraph A.5 for the database details.
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In the detail:

1

(input) The tables in this set gather the measures incoming by all sources. They are:

link , sets the internal id and stores the basic information about a single link. Its fields are: id ,
length , mode, zone , freeflowSpeed , description

mode, stores the type of transport mode each link can be of. The fields minSpeedThreshold,
maxSpeedThreshold, minFlowThreshold and maxFlowThreshold.

zone, stores the zones over which the aggregation will take place. Zones can be either true
zones (field aggregated =false) or dummy zones (field aggregated = true), in this case the
zone is just an aggregation of true zones according to the relation table aggregatedZone

originals , is a non mandatory table, it just keeps some informal information on how to
reconstruct the original data (tables and records) which the table link  has been populated from. Its
fields are: infol , info2 , info3 , info4 , info5 , are generic VARCHAR fields to be
interpreted as expressed by the field interpretation

interpretation , is @ non mandatory table related to the table originals . It expresses the
way each field iInfoX  of records from originals must be interpreted.

cti, cbi , are the table containing the Citeair Traffic Index and the Citeair Background Index for
each city and pollutant type, calculated at each hour of the year.

averageTripDistance , keeps this value, in m, for each zone and transport mode.

speed, flow , are the core tables storing the value of each single measure related to a link. Its
fields consequently are: link , date , instant , value , device_type . The fields date
and instant  jointly indicate the instant of the measure, but they are distinct in order to allow for
each value in instant  having a value like “YYYY-00-00" in date to be implicitly replicated along
the whole year YYYY.

deviceType , just keeps a reference to the different technologic devices the data can came from.
pollutant , just keeps a reference to the different pollutants taken into account by the system.

vehicleClass | just keeps a reference to the different vehicle classes taken into account by the
COPERT model used by the system.

mode_vehicleClass , for each city and transport mode, defines the proportion of each vehicle
class as stated by the COPERT model used by the system. The field weight must not respect any

normalization constraint: the vehicle class composition is re-proportioned to the sum of the weights
of that mode.

modelDefinition , defines for each city the details of the COPERT model: assigns to each
vehicle class and to each pollutant the correct formula and parameters values.

(periodized) The tables in this set store the data read from the tables Speed and flow , aggregated

by hour. It is the basic input for the computation of the indicators, i.e. the hour is the finest granularity for
their computation. Their tables are:

traffic , keeps for each link and hour the values of flow and speed. Its fields are. link ,
proginYear , year , speed, flow . The hour is expressed as a zero-based sequence of
integers in proginYear and the related year is the integer in the field year .

link , see (input).

(output) The tables in this set store the indicators calculated along the available period basing on the
data read from the table traffic . The values of indicators can be referred to different kinds of time
aggregations: typically by hour, daily time slot, day, week, month and year. The tables are:
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indicators , for each mode, zone, aggregation unit and aggregation type, stores the values of

all indicators. Each periodization type implicitly defines an aggregation unit (for instance a day, or a
month ecc...). The indicator values are computed for each aggregation unit and expressed in this
table as a progressive number along the year in the field proginTheYear and year .

periodization , just enumerates the different kinds of aggregation for the indicators
computation.

mode, see (input).
zone , see (input).
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A.3 Computation of the Indicators

A link al A represents a trip segment relative to a specific transport mode m,l M (e.g. road, transit) that is
monitored by a specific type of device d,l D (loop, camera, avm). In our context a link corresponds typically
to a sequence of network arcs, but does not necessarily contain a graph topological meaning. Its definition is
more related to the portion of infrastructure or service where a traffic measure is valid or refers to. From a
spatial view point, a link is represented by an isolated polyline p, , in the sense that the set of links does not
make-up a network, which has a length L, and belongs to a given zone zI Z. In theory, more links could refer
to the same physical elements of the network and in this case the indicators would be affected by a
systematic distortion due to double counting information, which is clearly to be avoided; in other words no
issue regarding data fusion is explicitly addressed here.

Each traffic measure is associated to a specific link and to a specific date (time stamp) that jointly constitute
a univocal key, and can be of two kinds: speed and flow. For each link al A we then have four vectors:

t,) j-th instant of measure for speed, withj=1, ..., T
Sa j-th value of measure for speed, withj=1, ..., T
qaj j-th instant of measure for flow, withj=1, ..., Q
N j-th value of measure for flow, withj=1, ... , Q

Each measure is referred by definition to a point in time. However, several traffic measures refer in practice
to time intervals. In this case we assume that only the initial instant of the interval is memorized in the
database. Under this consideration, we assume that each measure is valid from the instant it refers to until
the next measure of the same kind for the same link; in this logic, the first and the last measure have a
particular meaning:

sat)=sd [t t™),j=1,...,T-1

Sa(t) =sa , 11 (¥, 1.Y), sa(t) =sa' 1l [ta', +¥)
(@) =nd, qf [ad, ™) ,j=1, ..., T-1

Na(0) = na', ol (¥, 4a") , Na(@) = e, gl [0a%, +¥)

The first task to address is fitting the measure periodization (taj and qaj) with the indicator basic periodization

t,,fori=0, ..., T, which is common to all links. To this end it is useful to introduce two additional instants

Ga " =ta = +¥ and two additional value s’ =s,",n.=n,".

To this aim the following algorithm is provided, separately replicated for both speed and flow measures.

Let:

Vv, the vector of the link a with the values of speed for each i

f, the vector of the link a with the values of flow for each i

srv, the vector of the link a with the sampling rate of the speed measures for each i

srf, the vector of the link a with the sampling rate of the flow measures for each i

foreach al A

Va=0
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i =0
j=1
do until i >T
if i>0then x= vy
y=min{ tJ, t;}
if i >0 then
Va = vad +( Y- x) sd-l

SIV = srv +(y- x) A/( td-tdh)

end if
if tJftjthen j = j +lelse = i+1
loop
fa=0
i =0
j =1
do until i >T

if i>0then x=y
y=min{ q, ti}
if i >0 then

fa= fad+(y- %) nd-l

sif o = srif J +( y- x) x1/( g)- git)

end if
if JEt then | = j +lelse i= i +1
loop
for i =1to T
Vi = vid /( ty- ti-1)
StV = srvg /(0 ti - ti-1)

fai: fai/( ti - ti':l-)
srf o = srf J/( ti- t;-1)
next i

next a

After the main basic periodization has been accomplished, the indicators can be calculated as follow

Let

each vector XA, XB, XC, XD,XE,XF, XG, XH, XI, XL, XM be initialized with value =0

J be the desired interval of aggregation, m the desired mode and z the desired zone
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foreach al A

Z= Z,
m= m
for i =1to T

XAmZ: XAmZ+ Vai )La

XB mz — Xa mz 4 La

XG™= XGM+ v)'/ Vat,
XD mz — XD mz 4 Vai f 6‘i )La

XE.mZ: XEmZ+ fai >La
XE ™= XE™+ v/ Vofik,
XG™= XG™+ L./ vk

XH™ = XH™+ L,/ Vof,
Xlimz

XM+ sv,ist,
XLMm = XL™+ sf 4,
for each pollutant x
XM ™= XM ™+ calbal Vi kL = XM ™ g/ VA
next i

next a

foreach( J, m z)
for i1J
ZA™ = ZA XA ™
ZB™= 7B+ XB™
ZGMm = ZGM+ XG™
ZD,m = ZD™+ XD™
ZE,m = ZE,™+ XE™
ZF,™ = ZF™+ XF™
2G™= ZG™+ XG™
ZH"™ = ZH™+ XH™
ZI "= ZI ™ X1 ™
ZL,m = ZL™+ XL™
for each pollutant x
ZM; ™= ZM; ™+ XM™
next i
NAS.) = ZA™/ ZB,™
NSl = zZC™/ zB,™
VAS,) = zD,™/ ZE,™
VIS, = ZF,™/ ZE,™
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NTl ) = zZG™/ ZH,™
NDI ' = NTl, -1

ATT,,) = w !/  VAS,
SRS, = ZI,™/ ZB,™
SRF,J = zL,™/ zB,™
for each pollutant x

AEDy = ZM™/ ZG™
next( J, m 2z)
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A4 The web interface

After the indicators have been calculated by the algorithm in chapter A.3 and stored to the database, they
can be queried and plotted by the user via a web interface. There are in place:

(a) a group of controls he selects in order to compose the query. In the details:
the city and the corresponding zones
the mode
the indicator
the aggregation type
the aggregation start and end dates
(b) a static image showing the selected city and the shape of its zones
(c) a linear chart plotting the queried data

(d) a table with the exploded data, so that the user can copy/paste them in a worksheet and operate further
computations
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@)

(b)

(©)

(d)

Picture A2: the web interface. The items on it have

been grouped and highlighted as exposed
in the paragraph.
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A5 Database SQL specifications

CREATE TABLE mode (
id INT,
minSpeedThreshold DOUBLE NOT NULL,
maxSpeedThreshold DOUBLE NOT NULL,
minFlowThreshold DOUBLE NOT NULL,
maxFlowThreshold DOUBLE NOT NULL,
description VARCHAR(25),
PRIMARY KEY (id)

CREATE TABLE city (
id INT,
name VARCHAR(255),
PRIMARY KEY (id)

);

CREATE TABLE zone (
id INT,
city INT,
description VARCHAR(255),
aggregated BOOL NOT NULL DEFAULT 0,
PRIMARY KEY (id, city),
FOREIGN KEY (city) REFERENCES city(id)

CREATE TABLE averageTripDistance (
city INT NOT NULL,
mode INT NOT NULL,
zone INT NOT NULL,
value DOUBLE NOT NULL,
PRIMARY KEY (city, mode, zone),
FOREIGN KEY (mode) REFERENCES mode(id),
FOREIGN KEY (zone, city) REFERENCES zone(id, city)
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CREATE TABLE standardTripTime (

city INT,

mode INT,

zone INT,

hourlnDay INT,

value DOUBLE NOT NULL,

PRIMARY KEY (city, mode, zone, hourinDay),
FOREIGN KEY (mode) REFERENCES mode(id),
FOREIGN KEY (zone, city) REFERENCES zone(id, city)
CHECK (hourinDay>= 0 AND hourlnDay<=23)

CREATE TABLE aggregatedZone (

id INT,

city INT,

zone INT,

PRIMARY KEY (id, city, zone),

FOREIGN KEY (id, city) REFERENCES zone(id, city),
FOREIGN KEY (zone, city) REFERENCES zone(id, city)
CHECK (SELECT z.aggregated FROM zone AS z WHERE z.
CHECK (NOT (SELECT z.aggregated FROM zone AS z WHE

CREATE TABLE device_type (

);

id INT,
description VARCHAR(25),
PRIMARY KEY (id)

CREATE TABLE interpretation (

);

id INT,
description VARCHAR(255),
PRIMARY KEY (id)

CREATE TABLE link (

id INT,

id = id),
RE z.id = zone))
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city INT,
length DOUBLE,
mode INT,
zone INT,
freeflowSpeed DOUBLE,
description VARCHAR(225),
shape_id INT,
PRIMARY KEY (id, city),
FOREIGN KEY (city) REFERENCES city(id),
FOREIGN KEY (mode) REFERENCES mode(id),
FOREIGN KEY (zone, city) REFERENCES zone(id, city)
CHECK (length > 0)

CREATE TABLE flow (
link INT,
city INT,
date DATE,
instant TIME,
value DOUBLE NOT NULL,
device_type INT,

PRIMARY KEY (link, city, date, instant, device_typ e),
FOREIGN KEY (link, city) REFERENCES link(id, city) ,
FOREIGN KEY (device_type) REFERENCES device_type(i d),

CHECK (flow > 0)

CREATE TABLE speed (
link INT,
city INT,
date DATE,
instant TIME,
value DOUBLE NOT NULL,
device_type INT,

PRIMARY KEY (link, city, date, instant, device_typ e),
FOREIGN KEY (link, city) REFERENCES link(id, city) ,
FOREIGN KEY (device_type) REFERENCES device_type(i d),
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);

CHECK (speed > 0)

CREATE TABLE original (

link INT AUTO_INCREMENT,

city INT,

infol VARCHAR(25),

info2 VARCHAR(25),

info3 VARCHAR(25),

info4 VARCHAR(25),

info5 VARCHAR(25),

interpretation INT,

PRIMARY KEY (link, city),

FOREIGN KEY (city) REFERENCES city(id),
FOREIGN KEY (interpretation) REFERENCES interpreta

CREATE TABLE traffic (

link INT,
city INT,
hourlnYear INT,
year INT,
speed DOUBLE,
flow DOUBLE,
PRIMARY KEY (link, city, hourInYear, year),
FOREIGN KEY (link, city) REFERENCES link(id, city)

CREATE TABLE intermediate (

mode INT,
zone INT,

city INT,
hourlnYear INT,
year INT,

XA DOUBLE,
XB DOUBLE,

tion(id)

Transport and mobility indicators based on traffic measures. Good Practices Guidebook

189



www.citeair.eu

XC DOUBLE,

XD DOUBLE,

XE DOUBLE,

XF DOUBLE,

XG DOUBLE,

XH DOUBLE,

X1 DOUBLE,

XL DOUBLE,

XM_CO DOUBLE,

XM_NOx DOUBLE,

XM_PM DOUBLE,

PRIMARY KEY (mode, zone, city, hourinYear, year),
FOREIGN KEY (mode) REFERENCES mode(id),
FOREIGN KEY (zone) REFERENCES zone(id),
FOREIGN KEY (city) REFERENCES city(id)

);

CREATE TABLE periodization (
id INT,
description VARCHAR(255),
PRIMARY KEY (id)

);

CREATE TABLE indicators (
mode INT,
zone INT,
city INT,
periodization_type INT,
proginYear INT,
year INT,
ZA DOUBLE,
ZB DOUBLE,
ZC DOUBLE,
ZD DOUBLE,
ZE DOUBLE,
ZF DOUBLE,
ZG DOUBLE,
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year),

FOREIGN KEY (mode) REFERENCES mode(id),

ZH DOUBLE,

ZI DOUBLE,

ZL DOUBLE,
ZM_CO DOUBLE,
ZM_NOx DOUBLE,
ZM_PM DOUBLE,
NAS DOUBLE,

NSI DOUBLE,

VAS DOUBLE,

VSI DOUBLE,

NTI DOUBLE,

NDI DOUBLE,

ATT DOUBLE,

SRS DOUBLE,

SRF DOUBLE,
AED_CO DOUBLE,
AED_NOx DOUBLE,
AED_PM DOUBLE,
ATPS_CO DOUBLE,
ATPS_NOx DOUBLE,
ATPS_PM DOUBLE,
ADE_CO DOUBLE,
ADE_NOx DOUBLE,
ADE_PM DOUBLE,
ATE_CO DOUBLE,
ATE_NOx DOUBLE,
ATE_PM DOUBLE,
TOT_CO DOUBLE,
TOT_NOx DOUBLE,
TOT_PM DOUBLE,

ATTminusSTT DOUBLE,

CTI_CO DOUBLE,
CTI_NOx DOUBLE,
CTI_PM DOUBLE,

PRIMARY KEY (mode,

zone, city, periodization_type, proginYear,
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FOREIGN KEY (zone, city) REFERENCES zone(id, city)
FOREIGN KEY (periodization_type) REFERENCES period

);

CREATE TABLE dailyTimeSilot (
endTime TIME,
PRIMARY KEY (endTime)

);

CREATE TABLE vehicleClass (
id INT,
description VARCHAR(255),
PRIMARY KEY (id)

);

CREATE TABLE mode_vehicleClass (
city INT,
vehicleClass INT,
mode INT,
weight DOUBLE,
PRIMARY KEY (city, vehicleClass, mode),
FOREIGN KEY (city) REFERENCES city(id),
FOREIGN KEY (vehicleClass) REFERENCES vehicleClass
FOREIGN KEY (mode) REFERENCES mode(id)

CREATE TABLE pollutant (
id INT,
description VARCHAR(25),
PRIMARY KEY (id)

);

CREATE TABLE modelDefinition (
city INT,
vehicleClass INT,
pollutant INT,
formula INT NOT NULL,

ization(id)

(id),
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alpha DOUBLE,

a DOUBLE,

b DOUBLE,

c DOUBLE,

d DOUBLE,

e DOUBLE,

PRIMARY KEY (city, vehicleClass, pollutant),

FOREIGN KEY (city) REFERENCES city(id),

FOREIGN KEY (vehicleClass) REFERENCES vehicleClass
FOREIGN KEY (pollutant) REFERENCES pollutant(id)

CREATE TABLE cti (

city INT,

date DATE,

hourlnDay INT,

pollutant INT,

value DOUBLE NOT NULL,

PRIMARY KEY (city, date, hourinDay, pollutant),
FOREIGN KEY (city) REFERENCES city(id),
FOREIGN KEY (pollutant) REFERENCES pollutant(id),
CHECK (hourinDay>= 0 AND hourlnDay<=23)

CREATE TABLE cbi (

city INT,

date DATE,

hourlnDay INT,

pollutant INT,

value DOUBLE NOT NULL,

PRIMARY KEY (city, date, hourinDay, pollutant),
FOREIGN KEY (city) REFERENCES city(id),
FOREIGN KEY (pollutant) REFERENCES pollutant(id),
CHECK (hourinDay>= 0 AND hourlnDay<=23)

(id),
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CREATE TABLE language (
id INT,
text TEXT,
PRIMARY KEY (id)

);

CREATE TABLE langMode (
mode INT,
lang INT,
text TEXT,
PRIMARY KEY (mode, lang),
FOREIGN KEY (mode) REFERENCES mode(id),
FOREIGN KEY (lang) REFERENCES language(id)

CREATE TABLE langCity (
city INT,
lang INT,
text TEXT,
PRIMARY KEY (city, lang),
FOREIGN KEY (city) REFERENCES city(id),
FOREIGN KEY (lang) REFERENCES language(id)

CREATE TABLE langZone (
zone INT,
city INT,
lang INT,
text TEXT,
PRIMARY KEY (zone, city, lang),
FOREIGN KEY (zone, city) REFERENCES zone(id, city)
FOREIGN KEY (city) REFERENCES city(id),
FOREIGN KEY (lang) REFERENCES language(id)

CREATE TABLE langPeriodization (
periodization INT,
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