FIWARE APIs

FIWARE Platform for Smart Cities

FIWARE is born as the result of a public-private collaboration between the European Commission and the private sector. This open platform, which
provides a set of tools for different functionalities, is an innovation ecosystem for the creation of new applications and Internet services. It is especially
useful in terms of Smart Cities, as it ensures the interoperability and the creation of standard data models.

In this context, being "Smart" requires first being "Aware", that is, implementing a Smart City requires gathering and managing context information
describing the current and historic state of the cities. This context information refers to the values of attributes charterizing relevant entities of city services,
governance, and third party apps. In this regard, Smart applications and services for cities do need information about everything happening at every
moment, and thus have access to this context information. FIWARE provides a mechanism to generate, collect, publish or query massive context
information and use it for applications to react to their context. This is a complex process, as this information may come from different sources: systems,
mobile apps’ users, sensor networks, etc. It is our Context Broker, through a REST implementation of API OMA NGSI, which allows to shape and access
it, whatever the source is.

The use and management from data coming from “Things” (i.e. sensors, actuators and other devices) is also a complex process, as there are many
different protocols in the 10T sphere, but FIWARE provides a set of GEs allowing to access the relevant information through only one APl (NGSI). It not
only allows to read this sensor information, but also to act on some elements. Therefore, Context Broker is an essential part of the architecture to collect

data, analyse them on real time, consult archives and their analysis, as well as to publish them as open data from a city. On the other hand, other
functionalities such as business intelligence, web interfaces and advanced interfaces allow the creation of very powerful applications and solutions.

FIWARE loT Stack

The FIWARE loT Stack Documentation describes how to connect devices and receive data, integrating all device protocols and connectivity methods,
understanding and interpreting relevant information. It isolates data processing and application service layers from the device and network complexity, in
terms of access, security and network protocols.

FIWARE « ORION » Context Broker

Orion Context Broker allows you to manage all the whole lifecycle of NGSI context information including updates, queries, registrations and subscriptions.
Using the Orion Context Broker, you are able to register context elements and manage them through updates and queries. In addition, you can subscribe
to context information so when some condition occurs (e.g. an interval of time has passed or the context elements have changed) you receive a
notification.

The Orion Context Broker Documentation describes in detail how to interact with the Context Broker, and thus, how to use the NGSI API for managing
context information. On the other hand, this documentation describes how to deploy a dedicated instance of the Orion Context broker.

You can find the source code of Orion in the FIWARE Context Broker Github repository

FIWARE Device Backend Gateway (IDAS)

The FIWARE Device Backend Gateway supports several l0T protocols with a modular architecture where modules are called “loT Agents”. This
compontents allow to simplify the management and integration of devices. It collects data from devices using heterogeneous protocols and translates them
into standard platform language: NGSI entities.

The Device Backend Gateway Documentation describes what are the different IoT Agents available and how to develop new agents for non-supported
protocols

FIWARE Application Mashup (WireCloud)

WireCloud builds on cutting-edge end-user (software) development, RIA and semantic technologies to offer a next-generation end-user centred web
application mashup platform aimed at allowing end users without programming skills to easily create web applications and dashboards/cockpits (e.g. to
visualize their data of interest or to control their domotized home or environment). Web application mashups integrate heterogeneous data, application
logic, and Ul components (widgets) sourced from the Web to create new coherent and value-adding composite applications.

The WireCloud Documentation describes in detail how to interact with the Wirecloud platform, how to develop WireCloud components, and hoy to deploy a
dedicated instance.

You can find a running instance in the Mashup portal of the FIWARE Lab

You can find the source code in the WireCloud Github repository

Available Smart City Real Time Data Endpoints

FIWARE offers a huge amount of Open Data that is available for you for free at https://data.lab.fiware.org. This section covers the most important real-time
information that you will be able to find in all the cities that participates in the FIWARE initiative.

Santander (Spain)

The city of Santander in Spain, relies on FIWARE for publishing its smart city real time data. For this purpose, the city has different NGSI endpoints.
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There is one NGSI v1 service is deployed on http://mu.timat.unican.es:8099/ and can be queried sending NGSI queries to the queyContext

service using HTTP POST requests. This service responses with a CONtEXtRESPONSES node containing a list of CONteXtElement, each represe
nting a entitity or sensor. For these entities, it is included the type, the id, and a list of attributes, which is different depending on the type of the entities.

In this endpoint it is published the following information:

® Indoor parkings: Real time information of existing indoor parkings and the number of available spots. In the following screenshot you can find an
example of the information returned for an indoor parking:

“isPattern”: "false”,
"id": "wrn:x-iot:smartsantander:parking:indoor:APARL",
B "attributes": [
"name": "created”,

"contextResponses": [

- "contextElement": {
“type": "ParkingLot”,

"type": "ISOB6OL",
"value": "2016-082-09T08:46:48.000Z"

i
- {
"name": "extraSpothumber”,
"type”: "int"
"value": "25"
i
- {
"name Llocation”,
"type": "coords”,
"value": "43.4628890000,-3.7949180000" ,
"metadatas”: [
"name": "location”,
“type": "string”,
"value": "WGS84"
28 }
29 1
30 1.
t
3z “name”: "name”,
i3 "type": "string”,
34 "walue": "Parking de Puertochice”
37 "name": "parkingDisposition”,
"type": "string”,
33 "walue": "parallel”
48
41~
42 "name totalSpotNumber™,
43 "type": "int",
a4 "value": "475"
45 1
46 1

47 1.

O As can be seen in the screeshot, ParkingLot entities contain the following attributes:
created: The creation date in 1ISO8601 format
extraSpotNumber: An integer with the number of available spots for parking
location: Coordinates of the parking in WGS84 format
name: Name of the parking
parkingDisposition: Disposition of the cars in the parking, e.g parallel
totalSpotNumber: An integer with the total number of parking spots

® Ambient data: Real time information of ambient data, retrieved from sensors deployed in city buses. The following screenshot shows the
information available for these sensors:
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1-

2 "contextResponses": [

31-

4= "contextElement"”: {

5 "type": "AmbientObserved”,

6 "isPattern”: "false”,

7 "1d": "wrn:x-iot:smartsantander:environmental:mobile:3858",
a- "attributes": [

9~

18 "name": "created”,

11 "type": "ISOBEEL",

2 "value": "2013-12-82T11:11:82.080Z"
13 1.

14 - [

15 "name": "direction:heading”,
16 "type": "string”,

T "walue": "@"

18 1.

19 - [

26 "name": "location”,

21 "type": "coords”,

22 "value": "43.455680,-3.834180",
23~ "metadatas”": [

24 -

25 "name": "location”,

26 "type": "string”,

27 "value": "WGS84"

28 1

29 1

38 1.

- [

32 "name": "mileage:total”,

33 "type": "float",

34 "value": "17242"

35 1.

36~ {

37 "name”: "pollutants”,

38 "type": "object”,

39 "value": {

48 - "co": {

41 "concentration”: "@.1",
2 "descripton”: "Carbon Monoxide”
43 1.

a4 ~ "NO2": {

45 "concentration”: "58.7",
46 "descripton”: "Nitrogen Dioxide”
7 1

48 ~ "03": {

49 "concentration™: "2",
50 "descripton”: "Ozone"
52 1

53 L

54+ {

55 "name”: "position:altitude”,
56 "type": "float",

57 "value": "14.8"

58 5L

59~ I

1] "name”: "sensorType”,

61 "type": "string”,

2 "walue": "Mobile"

63 1.

64 v I

65 "name": "speed:instantaneous”,
66 "type": "float",

67 "value": "B"

68

69 1

TR 1

o As can be seen in the screenshot, AmbientObserved entities contain the following attributes:
created: The creation date in ISO8601 format

direction:heading: Direction of the bus (in degrees) where the sensor is deployed
location: Coordinates of the sensor in WGS84 format

mileage:total: Total distance covered by the bus where the sensor is deployed
pollutants: Current values of CO, NO2 and O3

position:altitude: Current altitude (meters) of the bus where the sensor is deployed
sensorType: Type of the sensor

speed:instantaneous: Current speed (km/h) of the bus where the sensor is deployed

o Additionally, some of the sensors include two extra attributes:
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747 "name”: "relativeHumidity",
748 "type "float”,
749 "value": "B9"

762 "name”: "temperature”
763 "type": "float",

764 "walue": "11.7"

765 1

" relativeHumidity: % of relative humidity
" temperature: Temperature in °C

. Amb|ent Areas: It includes a Geopolygon describing the different ambient areas, as can be seen in the following screenshot:

"contextResponses”: [

ords”
S sasist, a3.a703"
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“metadatas”
€

: "created”

508601"
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el
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©  As can be seen in the screenshot, AmbientArea entities contain the following attributes:
® created: The creation date in ISO8601 format
= centroid: Coordinates of the geo poligon centroid in WGS84 format
® |ocation: Coordinates of the different points that build up the geo poligon in in WGS84

There is also another NGSI v1 deployed on http://130.206.85.12:1026 that offers information about the different buses on service in Santander:

® Buses: Real time information about the different buses on service in the city of Santander. The following screenshot shows the data returned

from these sensors:

-
2+ "contextResponses”: [

4~ “contextElement": {

“type 8601,
“value": "2016-05-03T13:52:50.9672"

¢ N me!nstantMmﬂfleﬂ
. C1.05.03713:52:53.9052
3
<
“name": "speed”,
“typer: "string",
64 “value": "2.6640000343322754"
5 3
6 1

© Ascan be seen, the following attributes are returned:
® position: The current position of the bus
" line: The bus line covered by the given bus
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= Timelnstant: Relates to the time when the information was extracted
= vehicle: The number that identifies the bus
= speed: The current speed of the bus

Additionally, the NGSI v1 Global Instance deployed on the FIWARE Lab (http://orion.lab.fiware.org:1026) offers some real time information of Santander.
Please, take note that to access these data, you have to have a FIWARE Lab account. You can create a new one at: https://account.lab.fiware.org/sign_up/
. The information provided by this endpoint covers:

® Mobile Sensors: Real time information of ambient data, retrieved from sensors deployed in mobile vehicles (public transport, taxis, police cars,...)
in Santander. The following screenshot shows the data returned from these sensors:

I
“contextResponses": [

-

alse”,
-iot:smartsantander:u7jcfa:mobile: fa3028",
“attributes": [

€

0AS:1 ration”,

“name”: "Latitud”,
n:x-0gc:def:phenomenon: IDAS:1.0: latitude”,
3.4573",

0AS:1 ration,

ToAS:1 ration”,

“name: "TimeInstant”,
1 "type": "urn:x-ogc:def:trs:IDAS:1.0:1S08601",
7 “value": "2016-04-11T13:18:16.000000Z"

titude”,
:x-0ge:def :phenomenon: IDAS:1.0:altitude”,

se",
X-0gc:def:phenonenon:Smarts:1.0:course",

dometer”,
x-ogc:def: phenonenon:Smarts:1.0:odometer",
90",

" "relativeHumidity”,
x-ogc:def: phenomenon: IDAS:1.0: relativeHumidity”,

i
© The attributes returned for each entity are:
® COConcentration: Concentration of CO registered by the sensor
" Latitud: The latitude where the measure were taken
® Longitud: The longitude where the measure were taken
® NO2Concentration: Concentration of NO, registered by the sensor
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O3Concentration: Concentration of O, registered by the sensor

Timelnstant: Relates to the time when the information was extracted
airParticles: The number of particles in the air registered by the sensor
altitude: The altitude where the measure were taken

odometer: The number of kms that the sensor has covered until now
relativeHumidity: % of relative humidity

temperature: Temperature in °C

* sound Sensors: Sound monitoring entities that show information about the sound level, time instant, battery
charge and geolocation. The sound level measured is provided by the sound field. The following
screenshot shows the data returned from these sensors:

"contextResponses”:

"307; "urnismarcsantander testoed: 237",
“attributes": (|
«

titug,
nix-0gc:def:phenomenon: IDAS:1.0: latitude”,
46217

“name": "Longitud”,
": "urn:x-ogc:def:phenomenon:IDAS:1.0: longitude",

"value": "-3.80704",
“metadatas”: [

melInstant",
n:x-ogc:def:trs:IDAS:1.0:1508601",
016-04-11T13:21:55.0000002"

tteryCharge”,
-0ge:def :phenomenon: IDAS:1.0:bat teryCharge”,

© The attributes returned for each entity are:
= Latitud: The latitude where the measure were taken
" Longitud: The longitude where the measure were taken
= Timelnstant: Relates to the time when the information was extracted

® batteryCharge: The level of battery of the given sensor
" altitude: The altitude where the measure were taken.
® sound: The current level of sound (given in dB) registered by the sensor

Last but not least, there is a NGSI v2 endpoint deployed on http://130.206.83.68:1026 and can be queried with simple HTTP GET requests. This service
responses with a list of entities containing an id, a type and a set of attributes. This endpoint contains the following information:

® Street Parking Lots: Real time information of street parking lots retrieved from some sensors deployed on the street. The following screenshot
shows the data returned from these sensors:

: "santander:daoiz_velarde_1 5",
"type": "StreetParking”,
"allowedvehicles™: [

"Car”

"availableSpothumber”: 3",

"centroid”: "43.462923, -3.803335",

"location”: "43.462975627835796,-3.80356167695194,43.46301091892682, - 3.803128198976552,43 .462879859445884 , - 3. 803097956327106,43 . 462829455030146 ,
"totalSpothumber”: "6",

"updated”: "2016-83-17T86:12:14.585Z"

el

santander:daoiz_velarde_9",
"type": "StreetParking”,
"allowedVehicles™: [

icarn

1.

"availableSpothumber”: "1,

"centroid": "43.462982, -3.802707",

"43.46304115357626, -3.B02845934248392,43. 463061315342564, - 3, BO258383128653,43. 4629252234206, - 3. 802563669520233,43. 462900021212185, -

"location”
"totals; mber™: "4",
"updated”: "2016-83-16T13:41:25.6212"

5
{
"id": "santander:daoiz_velarde_11",
"type”: "StreetParking”,
"allowedVehicles": [
"Car”

ailableSpothunber”: "1",

ntroid”: "43.463021, -3.802273",

"location" 43.46306881965456, -3.802459790566277,43.463126658430156, -3.882891725630656,43.462963658244384,-3.802102241771673,43.46292159368031,
"totalSpothumber”: "6",

"updated”: "2016-03-16T13:63:28.613Z"

© As can be seen in the screenshot, StreetParking entities contain the following attributes:
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allowedVehicles: Type of vehicles that can park in the available spots

availableSpotNumber: Number of available spots for parking

location: Coordinates of the different points that build up the geo poligon which demarcate the parking area in WGS84 format
centroid: Coordinates of the geo poligon centroid in WGS84 format

totalSpotNumber: Total number of spots for parking

updated: The last update date in 1ISO8601 format

You can find the endpoints and examples on how to query Santander Sensors in the Santander Sensors Postman

Porto (Portugal)

The city of Portugal makes use of FIWARE technology to provide citizens real time information. This information is provided through three different NGSI
instances.

There is one NGSI v2 instance deployed on http://130.206.83.68:1026 that provides information of the different Ambient Areas in which the city of Porto is
divided:

® Ambient Zones: The different ambient zones in which the city of Porto is divided. The following screenshot shows the data returned:
4|1

o€
"1d": "Porto-AmbientArea-Boavista”,

e0: polygon*,
41.163854282188204, - 8. 633620706628234, 41, 1652302941328, -8.630357419242978, 41.164981131496575, -8.627010741427831, 41.16463453133077, -8. 624898630516782, 41.16308595014499, -8. 623541
“metadata”: (}

© Each entity contains one of the different ambient zones of Porto. For each entity, the following attributes are returned:
= centroid: The center of the polygon
® |ocation: Coordinates of the different points that build up the geo poligon in in WGS84

There is NGSI v1 instance deployed on http://fiware-porto.citibrain.com:1026 that provides the following entities:
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® Environmental Events: Environmental measures across the city of Porto. The following screenshot shows the data returned from those sensors:

1-]K
2= "contextResponses": [
3~ {
4 - "contextElement™: {
5 "type": "EnvironmentEwvent",
[ "isPattern": "false",
? "id“: rl8|l{
8- "attributes": [
9- {
18 "name"™: "carbon_monoxide"™,
11 "type": "float",
12 "value": "1.21389"
13 h
14 - {
15 "name": "coordinates",
16 "type": "coords",
17 "value™: "41.1629371643, -8.58449554443",
18 - "metadatas™: [
19 - {
20 "name": "location",
21 "type": "string",
22 "walue": "WGSB4"
23 1
24 1
25 e
26 ~ {
27 "name": "humidity",
28 "type": "float"™,
29 "wvalue": "77.1"
30 iy
31~ {
32 "name": "nitrogen_dioxide",
33 "type": "float",
34 "value": "1.59365"
35 Y
36~ {
37 "name": "noise_lewel",
38 "type": "float",
39 "value": "184.7"
40 h
41 - {
42 "name": "ozone",
43 "type": "float"™,
44 "value™: "1.12238"
45 Y
46 - {
a7 "name": "processed nitrogen dioxide",
48 "type": "float",
49 "value": "4,685"
58 e
51 - {
b2 "name": "processed_ozone",
53 "type": "float",
54 "value": "4,605"
55 .
56 - {
57 "name": "temperature",
58 "type": "float",
59 "value™: "14. 2"
60 i
61 ~ {
62 "name": "timestamp",
63 "type": "string",
64 "value": "2015-12-05T15:19:17Z2"
65 }
66 1
T .
68 -~ "statusCode™: {
69 "code": "Z@a@",
i) "reasonPhrase": "OK"
71 }
72 }

© Each entity contains the information provided by one sensor deployed on the city of Porto. The following attributes are returned:
® carbon_monoxide: The amount of CO registered by the sensor
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" coordinates: The position of the sensor
" humidity: % of relative humidity
® nitrogen_dioxide: The amount of NO, registered by the sensor

" noise_level: The amount of noise registered by the sensor

® ozone: The amount of O, registered by the sensor

® processed_nitrogen_dioxide: The amount of processed NO, registered by the sensor
® processed_ozone: The amount of processed O, registered by the sensor

® temperature: The temperature in °C registered by the sensor
® timestamp: The time when the measures were taken

® Traffic Events: Traffic information about the city of Porto extracted from mobile sensors. The following screenshot shows the data returned by
these sensors:

1-i(
-|" "contextResponses”: [
{

4703020 aeB4eseccT

“name": "speed”,
“type": "integer”,

“name": "vehicle",
“fypet: "strings,
“value": “a: a8 o

)
1

3
“statusCode”: {

© Each entity contains information about one traffic sensor that contains the following attributes:
= coordinates: The current position of the sensor

date: The date when the information of the sensor was updated

distance: The distance covered by the sensor

hdop: The precision of the geographical information returned by the sensor GPS

latitude: The current latitude where the sensor is located

longitude: The current longitude where the sensor is located

movement: 1 if the sensor is in movement

speed: The current speed of the sensor

vehicle: The ID of the vehicle

Finally, there is another NGSI v1 endpoint deployed on https://api.ost.pt/ngsil0/contextEntity Types that provides information about garages (category 9), g
as stations (category 417) and parking lots (category 418). The following screenshot shows the data returned from these sensors:
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Wwwww
GROBRE

39

AR

288386

"contextResponses": [

"contextElement"
"attributes": [

{

“type": "string",
"name” ame",

"value": "Pascoal & Salgado - Reparacdo de Automéveis Lda."
i

"type": "coords",

"name": "geom_feature”,

"value": "40.279146, -8.571103",
"metadatas": [
{
"type": "string",
"name": "location",
"value": "WGS84"
¥
1

"type": "datetime",
"name": "last_modified",
"value": "2814-12-17 21:38:58.861327"

i

{
"type": "datetime",
"name": "publication_date",
"value": null

i

{
"type": "datetime",
"name": "start_time",
"value": null

i

{
"type": "datetime",

"name": "end_time",
"value": null

I

{
"type": "boolean",
"name": "is_crowdseurce",
"value": "false"

.

{

"type": “"string",
"name": “"parent_poi",
"value": null

i
{
"type": "string",
"name": "location",
"value": "Rua Principal 25"
h
{

type': “string",
"name": “"street",

"walue": "Rua Principal 25"
i
{
"type": "string",
"name": "parish",
"value": "Uniao das Freguesias de Sao Martinho de Arvore e Lamarosa"
X
{

"type': “string",
"name": "municipality",

"value": "Coimbra”
3
{
"type": "string",
"name": "district”,
"value": "Coimbra”
g
{

"type': “string",
"name": “"country",

"value": "Portugal"
3
{
"type": “"string",
"name": "user",
"value”: null
X
{

"type': "object",
"name": “"metadata",
"value": null

i
{
"type": “"array",
"name": "categories",
mvalue": [
"Manutengao e Reparagao”
1
I
{
"type": "array",
"name": "tags",
"value": []
"type": "poi",
"id": "224"

reasonPhrase": "OK"

As can be seen in the screenshot, POIs entities contain the following attributes:

name: The name of the POI

geom_feature: The coordinates where the POl is located

last_modified: The last time when the information of the POI was updated
start_time: The first time when the system retrieved information from that POI
end_time: The expected time when the POl is not going to be updated any more
parent_poi: The ID of the parent POI

location: Textual information about the POI position

street: The name of the street where the POl is located

parish: The name of the parish where the POl is located
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municipality: The name of the city where the POl is located

district: The name of the district where the POl is located
country: The name of the country where the POl is located
metadata: Extra information about the POI

categories: The categories the POI belongs to

tags: A set of tags to categorize the POI

You can find the endpoints and examples on how to query Oporto Sensors in the Oporto Sensors Postman

Valencia (Spain)

The city of Valencia does not provide its data in NGSI format yet. However, it relies on FIWARE technology to offer real time information in other formats

such as GeoJSON. Concretely, you can access to the following real-time information about:

® ValenBisi: The system of bike renting provided by the city. The following screenshot shows the data returned from these sensors:

1kl -

11 "type": "Feature",

12 ~ "properties": {

13 "mame": "115_C/ DR. VICENTE ZARAGOZA",
14 "number"; "115",

15 "address"™: "Catalufia - Doctor Vicente Zaragoza",
L«.' "DFJE."I'I" : IlTlr'

17 "available™: "i",

18 "Tree”: "15"

18 "total": "16",

20 "ticket": "F",

2 "updated_at": "@3/05/2016 16:45:58"
22 iE

23 - "geometry": {

24 "type": "Point",
25~ "coordinates": [
26 T27735.506,

27 4373565.502

28 1

29 }

30 T

© As can be seen in the screenshot, each feature relates to one bike rental station and the following properties are attached:

name: The name of the station

number: The number of the street where the station is located
address: The name of the street where the station is located
open: "T" if the station is open, "F" otherwise

available: The number of bikes available

free: The number of free bike terminals

total: The total number of bike terminals

ticket: "T" if payment with credit card is allowed, "F" otherwise
updated_at: the time when the information was updated
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® Traffic: Traffic information if real time in segments. The following screenshot shows the data returned from these sensors:

36
a7 -
38
39

=
4

oy h O O O D
N o= pa

-~ o

on

O As can be seen, each segment contains a "estado" field that represents the state of the segment:

You can find the endpoints and examples on how to query Valencia Sensors in the Valencia Sensors Postman

"type": "Feature",
"properties™: {

"denominacion™: "SAN VICENTE (DE GIORGETA A TOMAS SALA)",

"estado": "@",
"idtramo": "8"

}!

"geometry": {
"type": "LineString",
"coordinates": [

724892 .833,
4369607.29

1

[
724900.229,
4369637.225

1
[
724900, 3886,
4369637.818
1
[
724900.564,
4369638.404

1.

[
724900.76,
4369638.985

1

[
724900.977,
4360R30_55R

0: Fluid

1: Heavy

2: Congested
3: Closed

Slides used in the OpenHack

FIWARE Training Sesion
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