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1 User Requirements Analysis 

This chapter provides a detailed analysis of user needs and requirements pertaining to Consumer 
Solutions, Tourism & Health applications introduced before, describing the different roles and needs 
covered by GNSS and EO and, ultimately, identifying the corresponding requirements from a user 
perspective. 

In this segment, EO performs several interesting functions. By monitoring air quality and UV 
radiation it promotes special attention to some important aspects of human health, which are 
contemporary issues of rising interest in the consumer domain. The information about 
meteorological conditions of locations used for sports or tourist facilities, make these services 
usable not only by the individuals, but more and more even by business activities that want to fully 
exploit their potential. Finally, some data are useful to policy creation and decision-making public 
actors, in charge of providing public services and ensure environmental health. 

GNSS technology is adapted to a great number of subsegments in the Consumer Solutions, Tourism 
& Health segment, position and navigation data are the central feature for the existence of many 
applications. The essential functions that are fulfilled are the increasing accuracy with which it is 
possible to link activities, points of interest, useful and interactive information, services, etc. to a 
specific location. Also, the capacity to monitor objects and people and the consequences that can 
result from this, is gaining in importance for businesses and for personal health services. 

In general, it is important to emphasize, that data from the GNSS system and data from the EO, can 
be strategically combined and integrated, to achieve better results in terms of the service offered 
through the application. 

Table 2 below depicts the main applications making use of GNSS and/or EO technologies in 
Consumer Solutions, Tourism & Health. The list of applications is non-exhaustive and is expected to 
potentially grow and adapt according to the expected adoption of space technologies in the coming 
years and the innovations that should come with it. The current report being the first version of the 
Consumer Solutions, Tourism & Health report on User Needs and Requirements relevant to EO in 
addition to GNSS, it is a living and evolving document that will periodically be updated and expanded 
by EUSPA in its next releases. 

Therefore, even if the applications considered in this analysis are consistent with EUSPA EO and 
GNSS Market Report [RD1], a significant number of new applications have been added to 
complement the picture. These come from a comprehensive desk research of the segment’s state-
of-the-art together with the ideas and innovations generated in R&D projects. 

While each one of the applications addressed in this document can benefit from GNSS and/or EO, 
the current issue of this report does not cover in detail the needs and requirements for all of these 
applications. A categorisation was performed prioritising some applications based on their maturity 
level and relevance to the market trends and drivers. Other applications are foreseen to be covered 
in more detail in future versions of this RUR. 

The following applications categorisation reflects the depth of information available in section 5: 
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Application Type A: these applications correspond to those for which an in-depth 
investigation is presented and for which needs and requirements relevant to GNSS and 
EO have been identified and validated with Consumer Solutions, Tourism & Health user 
community at the UCP.  

 

Application Type B: these applications correspond to those not selected for in-depth 
investigation in the current version of the RUR, for which a partial specification of 
needs and requirements is provided, limited at this stage to the ones relevant to GNSS. 

 

Application Type C: these applications correspond to EO-based applications, not 
selected for in-depth investigation in the current version of the document. A high-level 
description of the application is included considering that they will be further analysed 
and developed in next versions of the RURs. 

The table below maps the 19 Consumer Solutions, Tourism & Health-related applications to the three 
above-mentioned types. The following list of applications and their categorisation are expected to 
evolve in the next versions of the document. 

Legend 

EO only application   
GNSS only application   
Hybrid/synergetic application (combined use of EO and GNSS)  

 
 

Table 1 - Consumer Solutions, Tourism & Health Applications 

Sub-segments Applications 
Types of Application/ 
Level of Investigation 

Health & Lifestyle Air quality monitoring A  

Games B  

Geo-tagging B  

mHealth B  

Safety and emergency B  

Social networks B  

Sport, fitness and wellness A  

UV monitoring A  
Corporate Billing B  

Geo-advertising A   

Mapping & GIS A  
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Sub-segments Applications 
Types of Application/ 
Level of Investigation 

Satcom users C   

Workforce management B  

Navigation & Tracking Navigation B  

Personal & asset tracking B  

Visually impaired support B  

Robotics Consumer robotics B  

Enhanced human C   

Tourism Points of interest B  

 

The next section 5.1 addresses first “type A” applications, then “type B” applications and finally 
“type C” applications, for which the level of provided information is currently the less developed. 

Each Type A application will cover the user needs and requirements for potentially several 
operational scenarios. For each scenario, a table summarises the needs and requirements relevant 
to EO. The table template is illustrated below in Table 3 and explains the various inputs. 

Table 2 - Description of User Requirements Table1 

ID  Identifier 

Application Application covered 

Users Common users of the product/service 

User Needs 

Operational scenario 
Describes the operational scenario faced by the user, which requires a 
solution 

Size of area of interest Describes the area of interest 

Scale Describes the scale of interest 

Frequency of information How often the user requires the information 

Other (if applicable) 
Other user needs such as contextual information (weather data) or file 
formatting requirements 

Service Provider Offer 

What the service does Description of the service that satisfies the user’s needs 

How does the service work (Technical) description of how the service works  

Service Provider Satellite EO Requirements 

                                                           

1 See key EO performance parameters (detailed) definition in Annex 1.2. 
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Spatial resolution 
The satellite image ground sampling distance (GSD) required by the service 
provider to realise the service 

Temporal resolution Frequency of satellite data (revisit time) over the area of interest 

Data type / Spectral range Type of data (e.g. RGB, SAR) and spectral range (if relevant) 

Other (if applicable)  Other data requirements 

Service Inputs 

Satellite data sources 
Type of required data and examples of operational satellites that can provide 
these data 

Other data sources Other sources of data that the service provider uses to realise the service 

Disclaimer: The EO-related requirements presented in the next section should be considered as 
“work-in-progress”. They must be seen as a first attempt to specify requirements relevant to EO 
and are likely to evolve throughout the UCP process. 

 

1.1 Current GNSS/EO use and requirements per application 

The Consumer Solutions, Tourism & Health applications that are considered in this analysis are 
consistent with GSA Market Report 7 [RD1]. They have been completed with additional applications 
and applications categories found in other sources (in italics in the following table). 

1.1.1 Air quality monitoring  

EO enables air quality applications which measure the presence of harmful substances and 
particulate matter in the air (e.g., sulphur dioxide and PM 2.5). Measurements of air quality are 
used to inform analytics, such as air quality indexes, and to provide recommendations to users 
(e.g., to stay indoors and keep windows closed if air quality is very poor). 

Air pollution causes about 300.000 premature deaths in Europe each year [RD42]. It is recognized 
as one of the biggest environmental health risks. The effects of air pollution affect the respiratory & 
cardiovascular system. Air quality is a complex issue, as there are many different pollutants, and it 
varies a lot in time and space.  
For persons (e.g. pedestrian, bicyclist) in general but especially for those suffering from air pollution 
and allergies, it is of relevance to have information on air quality for outside activities (like walking, 
sporting, cycling, etc.), at the right location (where I am) and real-time (now). This is true especially 
in locations with lots of traffic or air polluting industry (e.g. Breezometer API). Based on the location 
of the individual person (delivered via smartphone position), easy to understand information needs 
to be provided (e.g. in form of textual recommendations or coloured maps) 

In addition, there are many other types of scenarios in which air quality information can be useful 
and relevant.  

Information on air quality is useful for governments / local authorities / city planners / traffic 
planners: since cities become more polluted (more cars, more buildings blocking natural air 
ventilation), there is significant negative impact on human health. High quality modelled air quality 
data are vital to inform policy creation and decision making, e.g. on new buildings, traffic flow, 
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congestion control, revegetation with trees and plants, differentiating e.g. in high emission zones, 
low emission zones, clean air zones). 

In the real estate market, a clear indication on the air quality status can be a sales argument. Air 
quality can be one of the parameters that impacts the real estate price in the urban areas (e.g. 
certain parts of the city with the better air quality can achieve higher prices, for buying, but also for 
renting). 

In ventilation applications for buildings, air quality information can be integrated as an additional 
parameter in the automation of ventilation systems (ventilation is on when the air is of good quality) 
(e.g. project Aircheckr). 

Medical care providers require air quality data for providing services and recommendations to their 
patients, informing policies for employee health and workplace sustainability (e.g. projects SAQM, 
Air-Portal, Urban Green Quality Tracker, SAIUDMA, FreeBreeth, etc.). 

Information on the air quality, especially pollutants like PM2.5 that poses a great risk to human 
health, can be included in the models of medical insurance companies (e.g. people living in the 
areas with low air pollution will be less prone to the lung and respiratory diseases). 

The monitoring of air pollution caused by maritime shipping is of high and growing interest (e.g. 
project SAMBA). Maritime fuels traditionally used are a residual of petroleum distillation, and 
therefore contain a lot of pollutants, like Sulphur. The consequence is a high amount of sulphur 
oxide emissions and particulate matter components along maritime routes and within port areas, 
often close to urban areas, leading to environmental and public health problems like acid rains, 
asthma, and cardiopulmonary cancers. 

Air quality is impacted by events like fires or volcanic eruptions. Effects of such large-scale events 
can only be properly assessed by using satellite data. 

In tourism air quality is becoming one of relevant elements for visitors when selecting the 
destination of visit and on the other side tourism is also one of the causes of pollution. Touristic 
destination with excellent air quality can increase their marketing potential (market themselves as 
respiratory-friendly). At the same time, it is often that during the touristic periods (e.g. in summer 
in Mediterranean region) there could be a ten-fold or higher influx of people and vehicles which 
could on a local level increase the air pollution. Local administrative units, as well as destination, 
regional and national management organisations are tasked with preparing tourism development 
plans and strategy: they would need to understand what kind of impact would e.g. 1 million more 
overnight stays, or a new tourist attraction or the additional traffic have on their air quality.  
Examples of this application are Tourism Impact Model (TIM) and SD4TIM project (founded by ESA) 
in which the goal is to automatically integrate satellite air quality data in the solution and connect 
with other tourism indicators. 

Common users of Air Quality Monitoring application can be: individual people, medical 
care/services, medical insurance companies, stakeholders in real estate market, city/traffic 
planners, governments/local authorities – LAUs (Local administrative units), maritime authorities / 
shipping companies, DMOs (destination management organisations), national tourist boards, tourist 
service providers, urban mobility planning in sustainable coastal tourism. 
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The EO requirements are summarised in the table below. 

Table 3 - Air Quality Monitoring EO user requirements  

ID TBC 

Application Air Quality Monitoring 

Users 

Enthusiasts, citizens and public users 
Pragmatists, citizens and public users 
Traditional, public users 
Users with special needs 

User Needs 

Operational 
scenario 

a. Advice for people living in locations and environments prone to air pollution 

b. Information for policy creation and decision making (especially in urban environment) 

c. Marketing element for real estate market 

d. Parameter in the automation of ventilation systems 

e. Medical care providing services and recommendations to their patients (including 

employee health and workplace sustainability)                                             

f. Information to be included in the models of medical insurance companies  

g. Detection of matter components coming from maritime fuels, along maritime routes 

and within port areas 

h. Assess large-scale events impact 

i. Air quality level as potential marketing feature for tourist destinations  

j. Detection of increasing air pollution during the touristic periods in touristic area  

Size of area 
of interest 

- From few km2 - up to 1000 km² for Megacities - range from specific locations within 

such cities up to the size of the whole city (to plan the overall traffic and occupation 

strategy) 

- Air quality information in cities is usually required on street level (there can be 

significant differences already from one street to the next, parallel street) 

- Maps of the entire regions, or even countries can be valuable 

Scale From few meters (street level) up to 1:5000 meters 

Frequency 
of 
information 

- Instantaneously or few minutes range (scenarios a, e) 

- Hourly (scenarios d, g, h, j) 

- weekly/monthly (scenarios b, c, f, i) 

Other (if 
applicable) 

- Challenge in this environment is the coverage: Air Quality Indicators need accurate and 

consistent data while covering large areas 

- Air quality also needs to be correlated with weather data and topography data since 

they both have a significant effect on it  
Service Provider Offer 

What the 
service 
does 

The service collects data from different data sources (Meteo, Copernicus CAMS, air and 
ground-based data) and integrates them into information in a spatial resolution that is 
adequate for the application. In cities, the information usually needs to be provided on 
street level (at least 100m). In outdoor/rural environments lower resolutions are sufficient, 
as they are not so much influenced by local traffic. The information (data, reports, 
information on pollutants, actionable recommendations) is then provided via web 
(dashboard) and mobile applications to the users. Depending on the type of application, it 
is then further used for steering / controlling actions (e.g. ventilation of buildings, traffic / 
congestion control). 
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e.g. Murmuration platform Flockeo utilizes Murmuration Aggregated Air Quality Indicator 
(MAQI) allows the aggregation of the main air pollutants (NO2, SO2, CO, PM2.5, PM10) to 
calculate the concentration of pollutants in the atmosphere. The Murmuration Air Quality 
Indicator – Super Resolution (MIQASR) improves the resolution of air quality 
measurements from 10km to 1km.  
In case of tourism, these data are processed within TIM (Tourism Impact Model) to 
measure the impact of tourism and compare it with other indicators in a specific 
destination. 

How does 
the service 
work 

The service collects the air quality data in a form of maps. These data is resampled, if 
necessary, and put into the mathematical model, which can include various other inputs. 
The results are visualised in a form of maps that show the index of higher or lower property 
value based on the all parameters.   

Service Provider Satellite EO Requirements 

Spatial 
resolution 

- the spatial resolution of relevant services has to be at least on 100m level                                

- Earth Observation derived information usually cover large areas with limits in 

acquisition time and accuracy (several km resolution)  

 
▪ Murmuration services through Flockeo:      

Low-resolution by CAMS: 
– Global: 2015 – Today / daily frequency 
– European: 2019 – Today / daily frequency 
– Global, 10 km 
– European, 40 km 
High resolution: 
– Europe: 2019 – Today / daily frequency 
– Europe, 1km     

Temporal 
resolution 

- 1 minute 

- 15 minutes 

- 1 h 

- day 

- month (CAMS data)  

Data type / 
Spectral 
range 

- UV (250-310 nm) 

- VIS (310 - 500 nm) 

- NIR (675 - 775 nm) 

- SWIR (2305-2385 nm)  

Other (if 
applicable)  

- Availability of relevant data (EO, ground) with sufficient spatial and temporal 

resolution is usually the critical aspect                  

- Currently, there are many companies trying to include small air quality stations into 

their smart city products (e.g. smart benches etc.), or even downscale the sensors to a 

human wearable items. The data gathered in this way could be shared and used to 

refine the satellite models to achieve higher-resolution products 

- Historical data would help AI solutions to discover patterns and allow development of 

forecasts  

- In situ stations could provide real-time air quality monitoring status, but satellites can 

pride the info, ideally, on hourly level (Sentinel-4, which is expected to launch in 2023) 

  
Service Inputs 
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Satellite 
data 
sources 

- Sentinel-1 (e.g. city structure, buildings, roads) 

- Sentinel-2 (e.g. vegetation in urban areas) 

- Sentinel-5P (e.g. air pollutants, ozone, sulfur dioxide, nitrogen dioxide, carbon 

monoxide, formaldehyde and methane) 

- Sentinel-3 (Fire detection) 

- GNSS/Galileo (e.g. geolocalisation of local sensor networks, determination of user 

position) 

- Future satellite missions: Sentinel-4 (2023), Sentinel-5.  

Other data 
sources 

- Meteo data (MSG, METOP, etc.) provide low resolution information on air pollutants 

as well as on the local meteorological situation (e.g. Air quality after rainfall improves 

significantly, as the pollutants are washed out). 

- The Copernicus Atmosphere Monitoring Service (CAMS) is delivering valuable air 

quality data at European scale for several relevant pollutants. 

- Integration of alternative air quality data from ground-based sensor networks provides 

the most accurate and high spatial resolution data. 

- VDC (ESA Atmospheric Validation Data Centre). 

- Sensors for measuring black carbon (e.g. Aerosol.si) which allow a very accurate 

correlation between sources of pollution (traffic, heating) and the level of pollution. 

- Advanced IT technologies (e.g. AI) these sensors can be used in a short time period for 

acceptable cost (renting) to provide very detailed snapshot of the situation (e.g.  

Measuring air quality at an event). 

- Land cover maps produced from EO imagery, such as the Copernicus 'Urban Atlas'. It 

provides pan-European comparable land use and land cover data for Large Urban 

Zones with more than 100.000 inhabitants. 

- Geolocalised, locally collected data from air (e.g. drones) or ground (e.g. sensor 

networks) 

 

1.1.2 Sport, fitness and wellness   

Fitness monitoring applications are collecting records data such as real-time distance, speed/pace, 
location, vertical oscillation, vertical drop (for skiing), travelled distance, number of steps and 
calories burned for outdoor activities.  
These kinds of applications can use both GNSS and EO data to produce their outcome and to 
provide services. 
 
The use of GNSS in these applications depends on the environment the type of sport is practiced in. 
For the outdoor activities, such as jogging, biking, hiking, swimming, skiing, GNSS is the basic 
enabling location technology in these devices (smartphones, smart watches, activity trackers, biking 
computers, GNSS handhelds and other wearables) together with altimeter, barometer and compass 
(ABC) sensors. 
For the indoor fitness monitoring the applications that perform activity tracking, (counting the steps, 
distance, sleep, heart rate, calories burn) rely on other sensors than GNSS. The data and information 
provided by these devices is intended to be a close estimation of a user activity and metrics tracked, 
but may not be completely accurate. In short, fitness trackers measure motion: most of today’s 
wearables come with a 3-axis accelerometer to track movement in every direction, and some come 
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with a gyroscope too to measure orientation and rotation. This data allows to estimate steps and 
activity of a user; and from that into calories and sleep quality. Altimeters can measure a user’s 
altitude and barometer the atmospheric pressure. The more sensors are used in a fitness tracker 
application, the more data can be generated. 
The average battery life in GNSS mode in current smartwatch models is about 10-50 hours [RD6]. In 
case of a smartphone in a run tracking mode, the battery would last much shorter, for about 4-10 
hours. So, in any case, e.g. for longer hiking (1 or 2 days), spare batteries might be needed. 
It is possible to set the watch to longer GNSS intervals, so the battery life may be enhanced, but the 
accuracy may be then worsened [RD7]. In general, battery life is a crucial factor when choosing an 
altimeter watch. 
Common devices enabling this application are smartphones and dedicated wearable devices.  
 
The GNSS requirements are contained in the table below. 
 

Table 4 - Sport, fitness and wellness applications GNSS user requirements 
Criterion Performance Characterisation 

Accuracy 
Horizontal Medium: 1 to 5 m 

Vertical Medium: around 5 m 

Service area Geographical coverage Global 

Availability/timeliness 

Urban canyon  
Canopy  
Indoors  

Yes 

TTFF (hot start) High 

Fix update type 
Continuous 
Update rate from 1 to 2 Hz 

Resilience (Robustness / Trust) 
Susceptibility to interference Yes 

Susceptibility to spoofing N/A 

Power consumption  Low 

Proportion of GNSS  High 

Main user groups  
Enthusiasts, citizens 
Pragmatists, citizens 
Users with special needs 

 
As already mentioned, sports applications also rely on EO data in various applications. Let’s look at 
the main characteristics and market needs involved. 
In the ‘participant sports’ segment, services related to information on local effects for specific 
sports are of interest for planning, preparation, execution of sports activities. Many operational 
scenarios can be listed, and the following are the most popular services available: 
- On MetOcean conditions and weather, information for surfers on ocean conditions such as 

wave characteristics and occurrence influenced by underwater terrain and local weather 

conditions (e.g. project SeaUrchin); 

- Information for outdoor swimmers (on MetOcean) like sea conditions, waves, local weather 

(e.g. project Swimtraxx); 

- information for mountaineers, mountain bikers, winter sport athletes on terrain information, 

route characteristics, snow conditions (e.g.ski conditions monitoring for the availability of 
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snow on tracks), avalanche risk, and local weather conditions (e.g. projects MiLoW-RRS, SIS-

SREM, Fatmap live, AAF Avalanche Forecast Service); 

- information for canoeists on river bed, water level, streams/current and local weather 

conditions, information for runners, hikers on air quality, local weather phenomena.  

 
Sports medicine is a branch of medicine that deals with physical fitness and the treatment and 
prevention of injuries related to sports and exercise. The assistance of sports medicine is also 
recommended either when being untrained and starting completely new with a sport as well as 
following rehabilitation after sustained injuries in order not to overload the body. Data collection 
(including information on surrounding conditions and environment), transmission and analysis will 
allow the medical personnel to provide tailored advice regarding the sport program to be followed. 
Nowadays, for any sport activity the utilisation of wearables is taken for granted, providing 
individual information on location, routing, tracking, medical data, etc. As such, any application in 
the sport domain will be in combination with such wearables. 
 
Also in wellness tourism, overlaps with sports medicine regarding information required which are 
part of tourist products attracting persons after the medical treatment/support (e.g. 
iWellness/Parsek) with local and international potential (e.g. Arabic countries). Information services 
for sports tourism on local geographical conditions combined with local weather phenomena and 
air quality, such as information for leisure sailors, divers, etc. are very useful.                 

Common users for Sport, fitness and wellness applications are: sports tourists (athletes, tourist 
organisations, logistics organisations, tourist accommodations, sport event organisers), wellness 
tourists (tourists, wellness 10accommodations, wellness experiences providers), sports facilities 
(sport clubs, local authorities, land owners, construction organisations, facility management), 
individual sporters (athletes, sport coaches, technology providers, medical care takers), sports 
medicine (athletes, coaches, sport clubs, medical care, sport insurances), emergency/rescue service 
providers. 

The EO requirements are contained in the table below. 

Table 5 - Sport fitness and wellness EO user requirements 

ID   

Application Sport, fitness and wellness 

Users 
Enthusiasts citizens 
Pragmatists citizens 
Users with special needs 

User Needs 

Operational 
scenario 

a. Information services on local geographical conditions combined with local weather 

phenomena and air quality, related to specific outdoors sports 

b. Sports medicine 

c. Wellness tourism  

d. Sport tourism 

Size of area 
of interest 

The area of interest is the area where the sport or outdoor activity takes place.                                                                                                              
- it can be either linear routes of few kilometres (e.g. jogging route) up to 100s of 

kilometres (e.g. long distance trails, recreational cycling or canoeing routes along rivers) 

- some square kilometres for oceans, mountains, touristic territories conditions     
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Scale 

1:1000 - 1:25000 range 
- usual outdoor map apps are scaled 1:1000           

- for paper trail maps best resolution is 1:25000  

Frequency 
of 
information 

- weather related information (forecasts) is usually provided every 6 hours with a forecast 

range up to 10 days (up to 3 days with hourly resolution, 4-10 day with 3 hourly 

resolution) 

- weather induced effects (e.g. snow presence/absence, tree wind breaks, flooding,) 

should be communicated upon appearance 

- time of the sports activity (minutes, hours) for processing information after an outdoor 

activity    
Other (if 
applicable) 

The most common tool used are smartphones and therefore mobile applications. For post-
processing data have to be integrated with analytic tools 

Service Provider Offer 

What the 
service 
does 

The service collects data from different data sources (Meteo, Copernicus, ground based data) 
and integrates them into maps with actionable recommendations (e.g. maps on terrain 
information and routes, potential threats from weather events ahead / warnings). The 
information can be either stored locally (e.g. terrain information) or called up via web services 
(e.g. regular updates on weather), information in a spatial resolution that is adequate for the 
application. The information can be downloaded for integration into analyses tools and post-
processing. 

How does 
the service 
work 

 

Service Provider Satellite EO Requirements 

Spatial 
resolution 

- Site selection of sport facilities, a spatial resolution of 10m is considered sufficient 

(building such facilities such as a new sport stadium, a golf course, a lake resort for water 

sport, a ski area, hiking paths, etc.) 

- Terrain characteristics for outdoor sports (e.g. mountaineering, mountain biking, winter 

sports) information with a spatial resolution of 10m is considered sufficient 

- MetOcean conditions for sailors resolutions in the km range are sufficient  

- Sports bound to specific locations, e.g. surfers, divers, spatial resolution of 100m would 

be required 

- Weather information is usually available with a spatial resolution in km range 

- However, for specific activities, e.g. mountaineering, this is often insufficient, as 

mountains can act as meteorological divide. Information would be required with higher 

resolution (e.g. valley by valley) in the 100 meters range                         

Temporal 
resolution 

- Temporal resolution for characterisation of site selection or terrain is not considered 

critical, as information is needed only a few times a year (especially when changes occur) 

- For local phenomena, e.g. MetOcean, Weather, NRT information on the current status is 

of interest, as well as on Forecasts for the near future 

- For processing information after an outdoor activity, e.g. analyses by athletes, coaches, 

medical providers, information should be available for the time of the sports activity 

Data type / 
Spectral 
range 

 

Other (if 
applicable)  

 
 
 

Service Inputs 
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Satellite 
data 
sources 

- Sentinel-1 

- Sentinel-2 

- Sentinel-3 

- Sentinel-5P 

- Meteo (MSG/METOP) for local weather information, nowcasting and forecasting 

- GNSS/Galileo  

- Copernicus Atmosphere Monitoring Service (CAMS) is delivering valuable air quality data 

at European scale for several relevant pollutants. Urban heat maps for sport activities in 

cities 

Other data 
sources 

- Urban heat maps 

- Optical data on land cover, vegetation information, terrain information, ground 

pollution, etc. 

 

1.1.3 UV monitoring  

Earth observation (EO)-based system is capable of operationally estimating and continuously 
monitoring the ultraviolet index (UVI) in Europe. Those EO data are used in consumer UV 
monitoring applications to provide UV exposure measurements for particular geolocations, to 
inform analytics about safe levels of UV exposure and to make recommendations for user 
behaviour (e.g., recommendations to remain indoors when the UV index is very high). 
UV radiation can provoke health disorders and diseases, such as sunburn, skin cancer, or cataracts, 
and alter the immune response of the human body. The incidence of skin cancers has been markedly 
increased in fair-skinned populations since the 1970s, which is strongly associated with personal 
habits in relation to UV radiation exposure, and the societal view that a tan is desirable and healthy. 
The UVI is highly variable in time and space, mainly influenced by sun elevation, ozone, cloud cover, 
aerosols, ground reflection and altitude. Though there are about 160 stations in 25 European 
countries monitoring UVI, those sites are not equally distributed, and a proportion of the European 
population is still uninformed about UV radiation and the involved health risks. In addition, it is 
complicated for people/tourists getting information about their holiday destination, to find UVI for 
a specific region or country. For a further promotion of UVI, satellite and ground-based 
measurements can be combined, to provide easily accessible information of UVI not only as a 
forecast, but also as a UV index climatology. 
 
For end-users a decision support system as a “Sunlight Healthcare Assistant“ (UVI classes low-
moderate-high-very high-extreme) needs to be provided, delivering delocalised, personalized and 
actionable information on a daily basis about solar radiation exposure and allowing for personal 
dosimetry control. Such a system can be integrated as an app in smartphones or in wearable devices 
which themselves are capable of measuring other relevant parameters (e.g. ajuma UV Bodyguard).  
 
Receiving relevant UVI information on local, regional level allows local, regional organisations and 
businesses to provide tailored recommendations and products (e.g. sunscreen, sunglasses, 
clothes). The feedback of collection of individually collected data (under observation of data privacy 
regulations) from wearable devices and smartphone apps allows concerned organisations and 
businesses the further evolution and improvements of such products (e.g. sun cream, protective 
clothing). 
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Tourists can be a higher risk group since they often do not have the same innate knowledge on how 
to correctly deal with the UV radiation of the visiting destinations and are spending a lot of the 
time outside. It is important that they have the correct knowledge on the current dangers of the UV 
radiation and how to protect themselves from it. 
 
UV radiation also has an effect on the heritage sites since it can increase the deterioration rate of 
certain materials (wood, textile, colours…). It is important that we know the actual impact of UV 
radiation so the custodians can make the correct steps in heritage conservation. (e.g. Murmuration 
company is exploring those effects). 
 
Individual people, tourism organisations, medical care/services, equipment providers, 
pharmaceutical industry, are common users of this type of application. 
 
The EO requirements are contained in the table below. 

Table 6 - UV monitoring applications EO user requirements 

ID  Identifier 

Application UV monitoring 

Users 

Enthusiasts, citizens and public users 
Pragmatists, citizens and public users 
Traditional, public users 
Users with special needs 

User Needs 

Operational 
scenario 

a. delocalised, personalized and actionable information on a daily basis about solar 

radiation exposure  

b. UVI information on local, regional level for local, regional organisations and businesses to 

provide tailored recommendations and products  

c. UV radiation of the visiting destinations for tourists 

d. UV radiation effect on the heritage sites increasing the deterioration 

Size of area 
of interest 

- Area of interest is the whole globe, with information to be broken down on individual 

locations 

- Minimum: single spots  foroutdoor activities, individual beaches, hotel resorts and entire 

city regions 

- Elevated interest are areas with increased uv radiation like desert ares, water areas, 

mountain areas, areas in the range of reduced ozone layers (e.g. Australia) 

Scale 

- For the regions with highly variable albedo a higher resolution is desirable (< 100 meters 

resolution) 

- For non-urban areas higher resolution of up to several kilometers can be enough 

Frequency 
of 
information 

- At least hourly level or better for applications relying on the near-real time information 

- Low temporal resolution uvi data (daily, weekly, monthly, ...) Can be analysed and used in 

assessment and planning with information about the expected uvi over different regions 

- Hourly - imporant for detailed studies and correlations (this is the main goal) 
daily (weekly) -  results for the overall evaluation, however the most important are the 

peaks not just the average value 

 

Other (if 
applicable) 

The estimation of UVI derived from satellite measurements has the advantage of spatial 
comprehensive coverage, although it must be considered that the lack of detailed knowledge 
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of influencing parameters at specific locations limits accuracy. Therefore, other observations 
(from space, air, ground) are required to complement a UVI forecast model.  

Service Provider Offer 

What the 
service 
does 

For forecasting, the service should collect all relevant input parameters for a precise 
determination of the UV radiation at the place of the user. Such information would then be 
provided in maps including information on the radiation class. As the effect of UV is also 
dependent on the sensitivity of the user (e.g. pale skin vs. dark skin), the possibility for 
individual settings should be able to be included into any personal device / wearable (e.g. 
wristbands, skin patches, clip-ons). App uses satellite data together with the user input (daily 
hours exposure, possibly obtained from GPS locations, skin type etc.) and provides the user 
with the risk of skin cancer and the optimal time exposure needed for the synthesis of vitamin 
D.  

How does 
the service 
work 

Application downloads the satellite data on a cloud and performs calculations to obtain UVI. 
Together with the user input it calculates from the mathematical model the risk for 
developing skin cancer and the daily vitamin D synthesis.   

Service Provider Satellite EO Requirements 

Spatial 
resolution  

Temporal 
resolution  

Data type / 
Spectral 
range 

280 - 400 nm for the detection for the surface UV (this covers UV-A (400 - 315 nm) and UV-B 
(315 - 280 nm)) 
*UV-C is absorbed by the atmospheric ozone and does not reach the Earth's surface* 

Other (if 
applicable)  

Any UV related information or warning service has to be reliable (especially avoiding false 
negatives)  

Service Inputs 

Satellite 
data 
sources 

- Copernicus Land Monitoring Service - EU-DEM 

- Sentinel-2 (e.g. land cover, vegetation) 

- Sentinel-3 (e.g. cloud cover, aerosols and water vapour, other atmospheric parameters) 

- Sentinel-5P (e.g. solar irradiance) 

Other data 
sources 

- MetServices (e.g. ECMWF) and Satellite Application Facility on Ozone Monitoring 

(EUMETSAT O3M SAF) (for global UV index forecasts for clear sky and clouded weather 

forecasts updated daily) 

- UMETSAT CM-SAF (Satellite Application Facility for Climate Monitoring) (provides 

continuous climate data records containing the Surface Incoming Solar radiation (SIS), 

- the Surface incoming Direct Irradiation (SDI), spectrally resolved irradiation (SRI) and the 

effective cloud albedo (CAL)) 

- Tropospheric Emission Monitoring Internet Service (TEMIS; temis.nl) for initial clear-sky 

UVIs (hosted by the Royal Netherlands Meteorological Institute (KNMI)) 

- UV index forecast by the Copernicus CAMS service  

- Other air quality parameters (aerosols, clouds, total ozone, etc.) 

- Digital elevation models, as well as vegetation and surface maps  

- Geoposition of the heritage sites 
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1.1.4 Geo-advertising  

Consumer preferences are combined with positioning data to provide personalised offers to 
potential customers and create market opportunities for retailers. Geo-advertising has become 
an essential marketing strategy for businesses. 
 
At first geo-fencing emerged that uses only geographical location for advertisement. However, in 
marketing strategies, geo-targeting now also incorporates other data from mobile devices, such as 
the user’s demographics, behaviour and purchase history. Geo-targeting allows to create detailed 
consumer profiles and businesses can better segment their audience [RD8]. Messages can be sent 
to customers who are likely to be interested, enabling them to get greater engagement. Geo-
targeting can also incorporate the user’s language, ensuring that the message is sent to the right 
one. The offers can be sent to Consumer Solutions, Tourism & Health users in real-time (push 
messages), when they are in the certain physical space, e.g. in form of discounts coupons to certain 
shops or recommendations for best food in restaurants in the area.  
Common devices enabling this application are smartphones and tablets. 

The GNSS requirements are contained in the table below. 

Table 7 - Geo-advertising application GNSS user requirements 
Criterion Performance Characterisation 

Accuracy 
Horizontal Low 

Vertical Medium 

Service area Geographical coverage Global 

Availability/timeliness 

Urban canyon  
Canopy  
Indoors  

Yes 

TTFF (hot start) N/A 

Fix update type On Request 

Resilience (Robustness / Trust) 
Susceptibility to interference Yes 

Susceptibility to spoofing Yes 

Power consumption  Very Low 

Proportion of GNSS   Low 

Main user groups  

Enthusiasts 
Pragmatists 
Traditional, commercial users 
Users with special needs 

 
EO represents an additional layer of geospatial information contributing to better audience 
targeting.  
 
The most widespread means of using information obtained from satellite imagery is traffic analysis 
for big retailers (e.g. car density counting). This involves analysing the utilization of car parks around 
shopping centres. To expand this type of analysis, additional characteristics are used such as 
infrastructure, remoteness from highways, availability of public transport, nearby nonindustrial 
buildings.  
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Another application is the generation of an economic index of trading areas to provide an in-depth 
understanding of marketing processes in a city or region, e.g. by estimating mall sizes (e.g. EOS 
services). The combination of land use information obtained from satellites (object classification) 
with population and demographic data allows the provision of location-based information on the 
current and future distribution of the population by age groups, education level, and other socio-
economic parameters relevant for marketing (e.g. presence of ageing population in relation to 
available pharmacies, hospitals, doctors in a city district or region, presence of younger people in 
relation to electronic stores or perfumeries ). This allows private and public organizations to 
determine where to offer certain services and how to adapt their supply chain to the local demands 
depending on the demographic structures (e.g. project 'AgeSpot').  
Another example is the service 'EO4Belmap' which combines information from satellites with local, 
cadastral, road information and classifies areas and buildings in cities according to various 
characteristics such as greenfield, gardens, rooftops, swimming pools, building age. Accordingly, 
such information can be taken up by various organisations such as insurance and finance, utilities 
and telecommunications, renewable energy organisations, etc. 

Tourism related activities (e.g. local recreational areas, cultural events or buildings) can be 
complemented with local information about the surroundings (e.g. parking situation, public 
transport, air/water quality). For example H-Benchmark allows an objective measurement of past 
and future tourist flows for a territory. Helps identify the best times of the year in which to create 
new opportunities and events to attract tourist flows. It also provides targeted information to plan 
communication and marketing strategies more effectively. 

Combination of satellite data showing the changes in landscape (constructions), data from platforms 
such as Airbnb and paid tourist taxes help identify the illegal overnight stays. This phenomenon can 
lead to uncontrolled over tourism. First attempts in this direction were done in Tourism 4.0 for the 
Black Sea project (with TIM and satellite images).  

Additionally green Infrastructure is based on the principle that protecting and enhancing nature and 
natural processes should be consciously integrated into spatial planning and territorial 
development. Satellite data can help us measure the presence and characteristics of different green 
infrastructure such as public parks, flood retention areas e.g. water meadows, green walls or roofs 
on buildings, swimming pools, building age, the "quality"/ development rate of the area etc. This is 
also an indicator in TIM. The positive impact of these data is when not only measured, but used in 
the smart way to influence the behaviour of people to become more sustainable, this can be done 
for visitors (tourists) as well as local inhabitants (e.g. Collaboration Impact token solution). 

The main users for such services are: advertising/marketing companies, retail businesses, tourism, 
culture, consumers, DMOs, local municipalities (overlap with urban mobility applications). 

The EO requirements are contained in the following table. 
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Table 8 - Geo-advertising application EO user requirements 

ID  TBC 

Application Geo-advertising 

Users 

Enthusiasts 
Pragmatists 
Traditional, commercial users 
Users with special needs 

User Needs 

Operational 
scenario 

a. traffic analysis for big retailers 

b. generation of an economic index of trading areas to provide an in-depth understanding 

of marketing processes in a city or region 

c. to create new opportunities and events to attract tourist flows 

d. help identify the illegal overnight stays 

Size of area 
of interest 

- The size of the area of interested is in the range of few km ² (for shopping and touristic 

activities, the focus is usually on city districts where the number of shops as well as of 

passing buyers/shoppers is relatively high, touristic outdoor activities may be considered 

for geo-advertising, pointing) 

- City level which can reach a size in the range of 1000 km² for megacities (for other public 

and business organisations, e.g. Planning of education facilities, hospitals, pharmacies, 

telecommunication infrastructure, infrastructure services)                                                                                                                          

Scale 

- The requirements for spatial resolution are usually quite high going up to meter level 

(e.g. car counting, classification of small buildings) 

- For larger buildings like malls, a resolution of 10 meters might be sufficient 

- For dynamic aspects like environmental parameters, the requirement on spatial 

resolution varies 

- For shopping advertising, the scale has to allow to identify individual shops, in 

combination with usual map features, i.e. scale 1:1,000  

- For other applications lower resolutions are sufficient, i.e. 1:10,000 to 1:50,000  
Frequency 
of 
information 

- The temporal resolution is not critical for the classification of buildings 

- More dynamic information requires ideally high temporal resolutions (e.g. continuous 

observation, on hourly basis, daily frequency)  
Other (if 
applicable) 

Space data and imagery usually has to be combined with contextual data, e.g. use of 
buildings, cadastral information, road layers, in order to provide a proper classification.                

Service Provider Offer 

What the 
service 
does 

The service collects data from archives and/or from satellites. Automated land change and 
object classification algorithms are applied involving AI/ML processes. The process usually 
starts with collection of imagery covering large areas. Then potential hotspots or interesting 
zones are identified. For these hotspots or zones, additional imagery is collected with high 
spatial resolution. The produced maps/reports including the classification information are 
then provided to the users.  

How does 
the service 
work 
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Service Provider Satellite EO Requirements 

Spatial 
resolution 

- Usually quite high going up to meter level (e.g. Car counting, classification of small 

buildings) 

- For larger buildings like malls, a resolution of 10 meters might be sufficient                                                 

for dynamic aspects like environmental parameters, the requirement on spatial 

resolution varies 

▪ Murmuration Flockeo - Spatial resolution : Global: 30 m 

▪ H-benchamark - High spatial resolution 10m and less per pixel 

Temporal 
resolution 

- The temporal resolution is not critical for the classification of buildings; this information 

can be collected over a period of time, or taken from archives 

- For more dynamic information collection such as car counting over certain periods, actual 

environmental parameters, this requires ideally high temporal resolutions (e.g. continuous 

observation, on hourly basis) 

- Alternatively for car counting, data can be  collected also with lower temporal resolution 

over a longer period of time to establish traffic patterns over a day, a week, a season      

 
▪ Murmuration Flockeo - Global: 2013 – Today / daily frequency 

▪ H-benchmark - 6 months frequenc 

Data type / 
Spectral 
range 

 

Other (if 
applicable)  

As the information is used for management or investment decisions, the provided 
information has to be as precise as possible. 

Service Inputs 

Satellite 
data 
sources 

- A mix of radar and optical satellites generating images with various spatial and temporal 

resolutions (up to very high spatial and very high temporal resolution) 

- Sentinel-1 (e.g. land cover, land use) 

- Sentinel-2 (e.g. land cover, land use) 

- Sentinel-3 

- Sentinel-5P (e.g. air quality) 

- NASA / USGS 

Other data 
sources 

- Local information about the utilisation of buildings and cadastral information 

- Demographic information and models 

 

1.1.1 Mapping & GIS  

Smartphones enable users to become map creators as a result of the democratisation of digital 
mapping. Mapping services comprise all consumer applications that draw on GNSS and EO 
information for map features, which includes location or navigational services, including 
navigation, tracking and local search & discovery applications. 

Geographic information system (GIS) captures, stores, analyses, manages and presents all types of 
geographically referenced data. GIS technology combines database, mapping and statistical 
methods to integrate georeferenced data into visual displays such as maps where the relationships, 
patterns and trends in the data can be more easily identified [RD9], [RD10]. The position associated 
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with the data can be provided by a GNSS receiver. Common devices enabling this application are 
smartphones and tablets.  

The main GNSS user requirements are: 

Table 9 - Mapping & GIS application GNSS user requirements 
Criterion Performance Characterisation 

Accuracy 
Horizontal Low: between 10 cm and 50 cm 

Vertical Low: between 10 cm and 50 cm 

Service area Geographical coverage Global 

Availability/timeliness 

Urban canyon  
Canopy  
Indoors 

Yes/No 

TTFF (hot start) Low: a few minutes 

Fix update type Continuous 

Resilience (Robustness / Trust) 
Susceptibility to interference Yes 

Susceptibility to spoofing No 

Power consumption  Low 

Proportion of GNSS   High 

Main user groups  

Enthusiasts  
Pragmatists 
Traditionalists 
Users with special needs 

 
The simplest way of utilisation of EO data is the provision of maps by specific organisations (e.g. for 
outdoor activities) offering to their user community the possibility to provide an individual 
feedback loop reporting about actual observations during their activity (e.g. Apps from  Fatmap 
and Outdooractive). E.g. during an outdoor activity like hiking on a given trail, reporting about a 
hiking route blocked by a landslide or tree, or reporting about a beautiful spot at a specific location 
(GNSS position) and evidenced by pictures taken with the smartphone. Such information is then 
taken up in the related app and made available to other users. 
 
More advanced users can create their own maps with existing tools (e.g. ArcGIS) where basic maps 
are available for further input generation depending on the individual aspects. Many application 
examples can be listed, as following.  
An organisation that carries out inspections in a city can provide to their employees maps including 
the information on the buildings to be inspected, the travel modes, the travel route by foot, bicycles 
or cars.  
A forester can to geolocalize trees which are infested with bark beetle. After a check of tailored 
maps including potential hotspot areas (e.g. taken from satellite imagery), he/she walks through the 
forest and marks the infested trees with their location in the map. This map is then made available 
to the forest workers for extraction of the trees (e.g. project 'Waldcursor').  
GIS service delivers plans for expansion or reduction of green areas to foster the visibility of 
particular touristic region as 'eco-friendly', or 'sustainable'. Apps for end users (tourists) provided 
either by local municipality (B2G and B2C – Business to Government and to Consumers) or directly 
from private companies (B2C).  
Infrastructure evaluation for urban cycling, vegetation and terrain evaluation are requirements to 
complement cycling and (in latter) hiking apps so that end users have a tool which can serve as basis 
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to prevent collisions and other injuries relate to objects present on/near tracks. 
Additional users are for example also from up--down like hiking associations (or those reponsible 
for management of flows in the mountains), where the above-mentioned information can be 
combined with person counters (and weather, holiday, ...) in order to redirect the hiker flows (an 
emerging issue in Covid time), e.g. Hiking 4.0 project. Similar use is the combination of road/ parking 
slot counters showing the available capacity of the destination to prevent road congestions in 
valleys, e.g. Tourism 4.0 TRL 3-6 project was studying amonh others the patterns for smaller villages 
organizing big events once per year. 
 

Common users for this application are: consumers, businesses, outdoor and travel tourism, 
transport/logistics users, , local municipalities in charge of planning and maintaining green areas and 
forestry (overlap with urban mobility), creating accurate cycling and hiking maps, monitoring the 
average occupancy or the beaches by tourists needed for spatial planning for B2B (Business to 
Business) and B2G (Business to Government) sectors, cyanobacteria monitoring for public and 
private beaches.   

Table 10 - Mapping & GIS application GNSS user requirements 

ID   

Application Mapping & GIS 

Users 

Enthusiasts  
Pragmatists 
Traditionalists 
Users with special needs 

User Needs 

Operational 
scenario 

a. provide an individual feedback loop reporting about actual observations during 

activity 

b. create their own maps with existing tools (e.g. ArcGIS) where basic maps are available 

for further input generation depending on the needed aspects 

Size of area 
of interest 

It depends on the specific applications  
(Without such specifications, the area of interest can be characterised in general as global) 

Scale 
The scale depends on the specific application 
- range from usual online maps down to 1:1,000 (highest resolution level) 

Frequency 
of 
information 

The update rate depends on the specific application 

Other (if 
applicable) 

Remote sensing and digital image processing research is focused mainly on information 
extraction from images (thematic maps) but orthoimage usage for cartographical purposes 
is rarely investigated.                                                                        

Service Provider Offer 

What the 
service 
does 

The generator of the maps takes either pre-existing maps (e.g. ArcGIS, GoogleMaps) or 
uses processed satellite topographic image maps with the most recent information. 
He/she then creates an own thematic layer for the intended operational use (e.g. routes, 
points of interest, additional relevant information). The map is made available to the user 
in the field on his/her smartphone. Depending on the type of usage, the user in the field 
can provide feedback information (including some evidence for verification) refining the 
map content and information for other users. 
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How does 
the service 
work 

 

Service Provider Satellite EO Requirements 

Spatial 
resolution 

Usually in the meter range 

Temporal 
resolution 

- Not critical (as change in land use is not happening fast) 

- In case of changes (e.g. tree breaks in forests, landslides on hiking routes) relevant for 

the operational use, updates of the maps should be available as soon as possible  
Data type / 
Spectral 
range 

For NDVI in most cases NIR and IR spectral bands are used  

Other (if 
applicable)  

Reliability should be guaranteed, and false information especially on reporting of recent 
changes should be avoided. 

Service Inputs 

Satellite 
data 
sources 

- Sentinel-2 (e.g. optical images)  

- Maxar 

- Airbus 

- Planet Lab 

Other data 
sources 

- Existing official or self-made maps 

- Imagery from optical satellites 

- Combination with local data, such as person, road, parking slot counters, mobile user 

data (reliable only areas with good coverage)  

 
 

1.1.2 Games  

Mobile Location Based Gaming (MLBG) is a growing trend among Consumer Solutions, Tourism & 
Health market segment. MLBG integrates elements of traditional open-air field games (e.g. Hide-
and-seek, Paper Chase) with new technologies available on mobile devices including positioning 
technologies (such as GNSS receivers), wireless fast speed internet/permanent internet connection, 
image recognition, maps and augmented reality among others.  
Currently, the most frequently used methods to determine the location of a mobile device are: 
GNSS, Wi-Fi, cell tower triangulation and single cell tower. Determining the location using a GNSS 
sensor is still one of the most popular approaches due to its high accuracy and availability in areas 
with no phone coverage or Internet. However, GNSS suffers a few drawbacks: the poor performance 
of GNSS user equipment in indoors, in urban canyons both in terms of accuracy and availability 
[RD11], high TTFF and power consumption. In order to determine the location of players at all times, 
some solutions could include using triangulation from mobile phone masts (GSM) or wireless 
networks (WPS), radio-frequency identification (RFID) or Bluetooth 
or a combination thereof [RD11]. To decrease the required time to adjust to the satellites, A-GNSS 
can be used. 
Location based games will use a large amount of power as they use many features including GNSS 
and sometimes highly complicated graphics. There are several ways to increase battery longevity: 

• Some games choose to trade accuracy off for battery longevity by performing fewer 

calculations. 
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• Another way to improve power consumption is to turn off power hungry sensors when the user 

is standing still. 

• Cloud processing reduces power consumption at device level. Instead of using the host device’s 

processing capabilities, cloud GNSS receivers utilise cloud-based processing services, thus 

offloading most of the processing and energy-consuming tasks to the cloud – where such 

resources are virtually unlimited. UBISCALE’s ‘UBIGNSS Solutions empowered by GNSS’ is an 

example of the use of cloud-processing significantly reducing power consumption [RD12]. 

Common devices enabling this application are smartphones and tablets. 
 
The main GNSS user requirements are: 

Table 11 - Games application GNSS user requirements 
Criterion Performance Characterisation 

Accuracy 
Horizontal High 

Vertical Low: around 10 m 

Service area Geographical coverage Global 

Availability/timeliness 

Urban canyon  
Canopy  
Indoors  

Yes 

TTFF (hot start) High 

Fix update type Continuous 

Resilience (Robustness / Trust) 
Susceptibility to interference Yes 

Susceptibility to spoofing Yes 

Power consumption  Low 

Proportion of GNSS   High 

Main user groups  
Enthusiasts, commercial users 
and citizens 

 

 

1.1.3 Geo-tagging  

Geo-tagging means adding geographical metadata to online content with the purpose of identifying 
the physical location of where the content was posted from.  
Common geospatial metadata are photographs, videos, messages, blogs, web pages and GeoRSS (a 
specification for encoding location as part of a Web feed). Significant amount of the social media 
content is created by users through location-aware mobiles devices. Common devices enabling this 
application are smartphones and digital cameras. 
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The main GNSS user requirements are: 

Table 12 - Geo-tagging application GNSS user requirements 
Criterion Performance Characterisation 

Accuracy 
Horizontal Low 

Vertical N/A 

Service area Geographical coverage Global 

Availability/timeliness 

Urban canyon  
Canopy  
Indoors  

Yes 

TTFF (hot start) Medium: 10 s 

Fix update type On Request 

Resilience (Robustness / Trust) 
Susceptibility to interference Yes 

Susceptibility to spoofing No 

Power consumption  Low 

Proportion of GNSS   High 

Main user groups  

Enthusiasts, commercial users, 
citizens and public users 
Pragmatists, commercial users 
and public users 

 

1.1.4 mHealth  

In combination with other technologies, GNSS enables a vast array of applications from patient 
monitoring to guidance systems for vulnerable groups (people with reduced mobility, visual 
impairment and seniors). 

Some sub-applications are described in detail below. They have distinct purposes and users but are 
all examples of how GNSS technology is used for personal health needs. 

• Guidance for visually impaired 

Portable devices with their associated mobility services dedicated to visually impaired people 

have appeared on the market. However, GNSS standalone solutions cannot provide the level of 

positioning accuracy and integrity needed by visually impaired people for assisting them 

efficiently in their mobility. The acquisition time appears to take too long and people are not 

confident enough in the reliability of the information they receive [RD13]. Common devices 

enabling this application are dedicated portable devices. 

• Vulnerable people tracking 

Vulnerable people tracking can be very useful for people with dementia but also for old people 

to prevent troubles and to improve speed of response in case of troubles. A related functionality 

is geofencing – the defining of virtual geographical boundaries that will generate an automatic 

alert when crossed by someone under supervision. There are projects to connect wheelchairs 

with embedded GNSS for example [RD7]. According to Satsafe Limited’s Stuart Millward, 

location-aware, multi-sensing devices could provide a radically lower cost monitoring solution 

for senior citizens and other vulnerable groups and has the potential to significantly reduce 
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avoidable hospital admissions [RD3]. Common devices enabling this application are personal 

tracking devices. 

• Fall detection 

Having the capability to monitor human activity and detect a fall can save a life. For that purpose 

there are now fall detection apps that can be used with mobile devices . Fall detection devices 

or applications usually combine fall sensor and GNSS. The fall sensor automatically contacts a 

monitoring centre after a sudden change in motion (indicating a fall). If there is no movement 

or change in tilt within 10 seconds, it is assumed that the patient is unconscious. GNSS provides 

the patient’s location, thus enabling family, friends, or emergency personnel to intervene 

[RD14]. Common devices enabling this application are dedicated wearable devices. 

Averaging the requirements for each sub-app, the general user requirements for mHealth 
application are the following: 

Table 13 - mHealth application GNSS user requirements 
Criterion Performance Characterisation 

Accuracy 
Horizontal High 

Vertical Medium 

Service area Geographical coverage Global 

Availability/timeliness 

Urban canyon  
Canopy  
Indoors  

Yes 

TTFF (hot start) High 

Fix update type Continuous 

Resilience (Robustness / Trust) 
Susceptibility to interference Yes 

Susceptibility to spoofing Yes 

Integrity 
Risk Yes 

Time to alert In seconds 

Power consumption  Low 

Proportion of GNSS   Medium 

Main user groups  

Enthusiasts, commercial users 
and citizens  
Pragmatists, citizens 
Traditional, citizens 
Users with special needs 
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1.1.5 Safety and emergency  

GNSS, in combination with network-based methods, provides accurate emergency caller location. 
Under this type of application stand two different sub-applications, specific for particular demands 
and users: search and rescue, E112. 
 

• Search and rescue: such applications alert search and rescue services and allow them to quickly 

locate people in the event of an emergency [RD3]. Under this category no mobile coverage is 

assumed. Modern beacons contain three crucial elements: a five-watt radio transmitter 

working at a frequency of 406 megahertz, a 0.25-watt radio transmitter working at 121.5 MHz 

and a GNSS receiver. Beacons can be triggered manually or automatically – such as when they 

become submersed in water or experience a strong impact. When the beacon is activated, it 

sends out a radio signal (depending on the specific model, it may also emit an audio and/or 

visual signal). Upon activation, both of the radio transmitters in the beacon turn on. Above the 

Earth, a weather satellite detects the 406-MHz signal. Part of the information conveyed in the 

signal is the device’s serial number, which can tell marine patrols back on Earth who owns the 

beacon. If the beacon has on-board GNSS, the satellite can also determine the device’s exact 

geographic location. The information is shared by COSPAS-SARSAT, the international satellite-

based search-and-rescue detection and distribution system. Common devices enabling this 

application are personal locator beacons (PLBs). 

• E112: the EU Directive E112 (2003) requires mobile phone networks to provide emergency 

services with whatever information they have about the location a mobile call was made 

[RD15]. This application places stringent requirements on position accuracy, availability and 

response time [RD16]. Yet for the time being there is no regulation requirement for a minimum 

accuracy within the European Union. Such clear requirement (E911) has been in place for a long 

time in the US. There is also a gap between citizens’ expectations of location accuracy (5-10 m) 

and the current emergency location solutions available in EU Member States using mobile cell 

or sector ID (100m- 40 km). To close this gap the European Commission approved on 12 

December 2018 a Regulation making GNSS and Wi-Fi location mandatory in all new 

smartphones. The GNSS chip must be compatible and interoperable with at least the Galileo 

system, thus being able to automatically send more accurate location data as part of any 

emergency call to 112. The Regulation however does not apply to other portable devices such 

as tablets [RD17]. It is of interest to note that it is widely acknowledged that the E911 

requirement in the US was the initial main driver for the rapid and widespread adoption of GPS 

(actually A-GPS) technology in mobile phones, without this driver the uptake would certainly 

have been slower. Furthermore, other governmental pressure (whether by regulation or simply 

by unofficial encouragement) has meant that the additional adoption of other GNSSs, GLONASS 

and Beidou, has been initially prioritised by chipset providers over that of Galileo for which no 

such pressure existed. Common devices enabling this application are smartphones and tablets.  
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Table 14 - Safety and emergency application GNSS user requirements 
Criterion Performance Characterisation 

Accuracy 
Horizontal Medium 

Vertical Medium 

Service area Geographical coverage Global / Regional 

Availability/timeliness 

Urban canyon  
Canopy  
Indoors  

Yes 

TTFF (hot start) Medium 

Fix update type On Request 

Resilience (Robustness / Trust) 
Susceptibility to interference Yes 

Susceptibility to spoofing Yes 

Power consumption  Low 

Proportion of GNSS   High 

Main user groups  

Enthusiasts 
Pragmatists 
Traditional 
Users with special needs 

 

1.1.6 Social networks  

GNSS technology is also used in some specific functions of social networks, to facilitate keeping in 
touch, for sharing travel information and providing new networking services to users. The most 
popular applications are described below:  

• Friend locator: friend locator applications and services inform a user about their friend’s 
location when they are nearby. This feature can be also used to track a user’s friend’s location 
in real time. The most popular service used for these features is Facebook Nearby Friends, which 
is a built-in option to enable by Facebook users. The Facebook Nearby Friends also has an option 
to set the time of a user’s traceability via this feature. The proximity can be shared with all 
friends, or a specific friend list or group. There are also timestamps of when someone’s location 
was last queried. A similar popular app is Apple Find my Friends, which allows to locate friends 
and family from the Apple devices. Common devices enabling this application are smartphones 
and tablets. 

• Dating: dating applications use GNSS user’s current location to connect people in their area, 
allowing them to chat and possibly meet up. Currently, the most popular dating app in the world 
is Tinder, with over 6.5 million monthly downloads in May 2021 (Statista). What is interesting, 
one of the paid functions of Tinder is to ‘fake your location’ to increase the matching options or 
mislead the potential matching partners. Other popular dating apps include Grindr, Bumble or 
Happn. For privacy reasons, the location of a user in an app is often shared as a proximity and 
not the most accurate. GNSS is a key enabler for these kinds of apps. Common devices enabling 
this application are smartphones. 

• Chat and instant messaging services: location information used in chat and instant messaging 
services allows the user to estimate how far they are from each other at the time of 
communication. As the most general, a user can pre-define manually their location in a software 

https://www.statista.com/statistics/1200234/most-popular-dating-apps-worldwide-by-number-of-downloads/#:~:text=With%20over%206.5%20million%20monthly,who%20they%20are%20interested%20in.
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menu. For more accurate location information, the apps use cellular triangulation, Wi-Fi and 
then GNSS for the most accurate calculation (but with a higher cost of energy). The GNSS user 
requirements for these applications can be defined as high accuracy and availability, low power 
consumption and real-time response. Common devices enabling this application are 
smartphones. 

Table 15 - Social networks application GNSS user requirements 
Criterion Performance Characterisation 

Accuracy 
Horizontal Medium 

Vertical N/A 

Service area Geographical coverage Global 

Availability/timeliness 

Urban canyon  
Canopy  
Indoors  

Yes 

TTFF (hot start) High 

Fix update type On Request 

Resilience (Robustness / Trust) 
Susceptibility to interference Yes 

Susceptibility to spoofing Yes 

Power consumption  Low 

Proportion of GNSS   Medium 

Main user groups  
Enthusiasts, commercial users 
and citizens 
Pragmatists, citizens 

 

1.1.7 Billing  

This application use GNSS to process payments based on location or activity duration for public 
transport, gyms, theme parks, parking. 

Location Based Billing (LBB) also called Location Based Charging (LBC) refers to the ability to 
dynamically charge users of a particular service depending on their location when using or accessing 
the service. Payment processing based on location or activity duration can include e.g. public 
transport, gyms, theme parks, parking [RD18], [RD7]. This application can be also combined with 
location-based advertisements or coupons [RD16].  
So far, the primary industry that uses this Consumer Solutions, Tourism & Health application are 
cellular network companies. A mobile operator can charge different rates to mobile subscribers 
based on their physical location, e.g. abroad charging roaming rates or recognize whether their 
clients are at home or at work with rates comparable to wire line and with standard rate when they 
leave (home zone billing). However, Consumer Solutions, Tourism & Health based billing is not the 
standard method used by network operators for this but instead the mobile phone service provider 
networks are used. 
According to ETSI, the key requirement for Consumer Solutions, Tourism & Health billing 
applications are the reliability of check point detection and the service availability. The reliability 
of check point detection is the risk that a user’s reported position triggers a charging event when it 
is actually in a position free of charge. This risk is generally very low. The service availability is the 
percentage of cases when a user’s actual position is able to trigger a charging event, but the system 
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is not properly informed. In this application service unavailability is generally low [RD18]. The service 
availability is the percentage of cases when a user’s actual position is able to trigger a charging event, 
but the system is not properly informed. In this application service unavailability is generally low 
[RD18]. 
Inside GNSS reports that these applications demand above all high quality of service (QoS), including 
short time to first fix and indoor availability. High accuracy and robustness are also important to the 
service providers so that customers are charged the correct tariffs [RD16]. Common devices 
enabling this application are smartphones. 

Table 16 - Billing application GNSS user requirements 
Criterion Performance Characterisation 

Accuracy 
Horizontal High 

Vertical Medium: 3 m 

Service area Geographical coverage Global 

Availability/timeliness 

Urban canyon  
Canopy  
Indoors 

Yes 

TTFF (hot start) A few seconds 

Fix update type On Request 

Resilience (Robustness / Trust) 
Susceptibility to interference Yes 

Susceptibility to spoofing Yes 

Integrity 
Risk High 

Time to alert 10 s 

Power consumption  High 

Main user groups  

Enthusiasts, commercial users 
and public users 
Pragmatists, commercial users, 
citizens and public users 

1.1.8 Navigation  

Navigation app is a route planning and turn-by-turn instructions enabled by GNSS for both 
pedestrian and road users through a smartphone. The following are some specific sub-applications 
of this technology. 

• Route planning and turn-by-turn navigation 

Turn-by-turn navigation is an application that provides drivers, riders and pedestrians with 

directions for a selected route on a continuous basis in the form of spoken and/or visual 

instructions. Thanks to data collected from mobile GNSS devices on traffic flows, crashes and 

travel time, the system keeps the user up-to-date about the best route to the destination [RD8]. 

This application usually combines precision location technologies with geographical maps that 

are shown on the handset display along with instructions. GNSS is the main source of outdoor 

positioning for such applications. Pedestrian navigation is more challenging than road 

navigation. Indeed, the slower movement speed is an issue for the map-matching algorithms, 

which results in higher likelihood of drifts in the position [RD18]. Moreover, in contrast to 

motorised vehicles, a large part of pedestrian movement takes place indoors or in light indoor 
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environment. Therefore, complementary navigation methods need to be sought to assist in 

these environments. The use of Assisted GNSS (A-GNSS), network positioning and inertial/ 

motion sensors can be considered as three of these additional methods. Common devices 

enabling this application are smartphones, portable navigation devices (PNDs) and in-vehicle 

navigation systems. 

• Real-time public transport 

The use of GNSS technology in public transportation such as buses and taxis is increasing rapidly. 

By equipping public transport vehicles with GNSS receivers and cellular or other modems, their 

location and speed can be constantly tracked and this information is in turn used to display 

estimated time of arrivals at street-side bus stops or tracking taxi cabs [RD19]. Common devices 

enabling this application are on-board units. 

• Eco-driving and carbon emission footprint 

Eco-driving applications allow drivers to improve their driving techniques and reduce their 

emissions while saving money on fuel. The use of GNSS systems is a key enabler for this 

application. Position, Velocity and Time (PVT) are used in the calculations related to the eco-

driving module in order to implement measures that will have an impact in the fuel and CO2 

production in the road domain. Common devices enabling this application are smartphones and 

portable navigation devices (PNDs). 

• Smart parking 

Smart parking applications provide real-time parking availability to the drivers. GNSS is then 

used to guide the driver to the best available space with turn-by-turn instructions. The GNSS 

user requirements in this application are the same as those of route planning and turn-by-turn 

navigation applications, except for the horizontal accuracy which should be higher in order to 

enable the parking assistance feature. Common devices enabling this application are 

smartphones, portable navigation devices (PNDs) and in-vehicle navigation systems. 

 

For Navigation applications, the main overall GNSS user requirements are: 

Table 17 - Navigation application GNSS user requirements 
Criterion Performance Characterisation 

Accuracy 
Horizontal High 

Vertical Medium 

Service area Geographical coverage Global 

Availability/timeliness 

Urban canyon  
Canopy  
Indoors 

Yes 

TTFF (hot start) Medium 

Fix update type Continuous 

Resilience (Robustness / Trust) 
Susceptibility to interference Yes 

Susceptibility to spoofing Yes 

Power consumption  Low 

Proportion of GNSS   High 

Main user groups  
Enthusiasts  
Pragmatists 
Traditionalists 
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1.1.9 Personal & asset tracking  

In personal & asset tracking applications, GNSS facilitates innovative tracking solutions, including 
the deployment of local geofences that trigger an alarm when users and/or goods leave a specific 
perimeter. 

• Children locators 

Satellite navigation is particularly useful to allow parents to locate their children at any time. Most 

child-trackers rely on GNSS and some of them are also provided with mobile communication 

technologies. Safety wearables come in a wide variety of designs and formats (disposable plastic 

band, rechargeable watch that doubles a cell phone, watches/wristband, necklaces, mobile phones, 

devices that can be clipped onto a belt, shoes, etc.). The ones that use RF technology provide for 

short distance monitoring. Others are more sophisticated and use a GNSS system to pinpoint exactly 

on parents’ smartphone map the position of their child. Some devices use a blend of GNSS, GSM, 

and Wi-Fi to help parents locate their children both indoors and outdoors [RD20]. Most of the 

devices are now lightweight. Crucial performance requirements include a positioning accuracy in 

the order of a few meters or less [RD7] and high availability of the service indoors [RD16]. Continuity 

of the coverage throughout the service area is also indispensable [RD16]. Devices must also be 

robust to survive rough handling [RD16]. Common devices enabling this application are dedicated 

wearable devices. 

• Parolees monitoring 

Electronic monitoring (EM) of parolees is gradually being adopted globally. They use two types of 

monitoring: RF monitoring and GNSS monitoring. The most common forms of EM equipment in use 

today are RF systems that comprise a transmitter worn by the person being monitored, often in the 

form of an ankle bracelet. The RF transmitter sends out a signal to a receiver unit that communicates 

with a monitoring centre to report signal interruptions during curfews or any attempts to tamper 

with the equipment. Systems using GNSS location allow near real-time location of the parolee and 

the creation of geographic inclusion and exclusion zones are being used [RD21]. The following 

requirements are US national standards. No specific requirement has been found for the European 

Union. The US National Standard for Offender Tracking System calls for OTS to provide a location 

that is accurate within 10 meters 90 percent of the time in an open-air environment with no 

obstructions. The draft standard calls for OTS to be able to provide an on-demand location within 3 

minutes of a request. Two out of five US agencies that were interviewed specified that they require 

the ability to instantly receive a parolee’s location and status. Yet OTS manufacturers have stated 

that their OTSs cannot provide “instant” location updates because of limitations including GNSS and 

cellular technology, and that while quicker response times are possible, the 3-minute time frame is 

a reasonable requirement for the minimum performance standard [RD22]. GNSS integrity is another 

important user requirement [RD23]. Common devices enabling this application are dedicated 

tracking devices. 

• Pets locators  

An increasing number of companies are crafting wearables devices using GNSS to keep track of 

animals. Some of these wearables even combine GNSS tracking and pet fitness monitoring in one 

band. They can be clipped to the pets’ collar. Most of them connect to a smartphone app and can 

get real-time location, set a geo-fenced area and receive an alert if a pet moves out of the zone. 
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Continuous (active tracking) and on-demand (roam) positioning are possible with some pet trackers. 

Active tracking allows owners to monitor their pet’s activity in real-time. In this mode the collar 

transmitter constantly monitors the pet’s movements and automatically refreshes location data 

every few seconds. By using the roam mode owners can receive their pet’s location only when they 

request it. In this case the collar transmitter is in a low power state and not tracking until it receives 

a ‘wake-up’ notification to begin sending its location data [RD24]. Common devices enabling this 

application are wearable tracking devices. 

• Tracking of valuable and stolen goods  

There are numerous systems available to monitor asset location based on GNSS or mobile network 

location. Vehicle-tracking solution companies are introducing new products that provide multiple 

functions including location, security etc. Another popular function is geo-fencing. Companies are 

implementing some or all of the above solutions, which all have one thing in common – they all need 

wide area mobile connectivity to link the information generated by these devices to head office. 

Indoor coverage is also useful. Tracking services are also marketed towards consumers, for instance 

for tracking of stolen vehicles [RD25]. For tracking of stolen cars, their systems are usually separate 

from the car navigation systems, as these ones tend to be disconnected in such situations. GNSS is 

also used in suitcases, jewellery pieces, such as rings, necklaces, bracelets, hair clips etc. GNSS has 

mostly a tracking functionality, which can be used as a detection tool in case of losing jewellery or 

tracking a life partner or other close people. “Wearable jewellery” is still a niche market segment 

and GNSS is not a standard technology in these pieces [RD26]. Particular case of containers carrying 

dangerous/hazardous/sensitive cargoes: If containers carry dangerous, precious and/or sensitive 

cargoes, the requirements are more stringent. The objective is to obtain a reliable position estimate 

for this application where position is a key driver for security or safety. The main driver here is the 

confidence level associated to the application figure of merit, which can be the reported position. 

For such applications it becomes paramount to be informed of the probability that reported 

information is inaccurate. Reliable geo-localisation therefore covers all sources of positioning 

uncertainty in order to bring confidence not only in the position authenticity, but also in position 

accuracy. Reported position accuracy and service availability remain important drivers. Common 

devices enabling this application are dedicated tracking devices. 

General GNSS user requirements for personal & asset tracking are: 

Table 18 - Personal & asset tracking application GNSS user requirements 
Criterion Performance Characterisation 

Accuracy 
Horizontal Medium 

Vertical Medium 

Service area Geographical coverage Global 

Availability/timeliness 

Urban canyon  
Canopy  
Indoors  

Yes 

TTFF (hot start) High 

Fix update type 
Continuous  
Update rate of 4s 
On-request 

Resilience (Robustness / Trust) 
Susceptibility to interference Yes 

Susceptibility to spoofing Yes 
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Criterion Performance Characterisation 

Power consumption  Low 

Proportion of GNSS   High 

Main user groups  

Enthusiasts  
Pragmatists 
Traditionalists, commercial users 
and citizens  

 

1.1.10 Visually impaired support  

GNSS can be used for solutions providing turn-by-turn instructions based on positioning that help 
visually-impaired people get around more easily. 

Portable devices with their associated mobility services dedicated to visually impaired people have 
appeared on the market. However, GNSS standalone solutions cannot provide the level of 
positioning accuracy and integrity needed by visually impaired people for assisting them efficiently 
in their mobility. The acquisition time appears to take too long and people are not confident enough 
in the reliability of the information they receive. Common devices enabling this application are 
dedicated portable devices. 

Table 19 - Visually impaired support application GNSS user requirements 
Criterion Performance Characterisation 

Accuracy 
Horizontal High 

Vertical Medium: 3-4 m 

Service area Geographical coverage Global 

Availability/timeliness 

Urban canyon  
Canopy  
Indoors  
Light Indoor  
(Below 5 meters from window) 
Deep indoor 

Yes 

TTFF (hot start) Medium: <15 s 

Fix update type Continuous 

Resilience (Robustness / Trust) 
Susceptibility to interference Yes 

Susceptibility to spoofing Yes 

Integrity 
Risk Yes 

Time to alert In seconds 

Power consumption  Low 

Proportion of GNSS   High 

Main user groups  
Enthusiasts 
Pragmatists, public users 
Users with special needs 
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1.1.11 Consumer robotics  

GNSS signals are used along with other sensors integrated in consumer electronics for localisation 
and navigation purposes. e.g., gardening robots, delivery robots, security and surveillance robots, 
personal assistant robots, painting robots, automated guided vehicle/logistics. 

• Personal assistant robot 

Personal assistant robots help individuals with their dayto-day household tasks. They can be 

particularly useful for elderly or disable people. They are programable and can be parametrized 

according to the user needs. Their action can be either to vacuum the floor, to carry objects, to turn 

light, music or heating on or to remind you of an appointment as they are able to interact with 

humans. Assistant robots are mainly used indoor and use cameras, lidars or various sensors for 

navigation. GNSS is used for navigation in light indoor environment and outdoor and ensures a 

smooth functioning of these robots when used outdoor [RD27]. 

• Painting assistant robot 

Painting robots are meant to paint autonomously a defined surface. They are for instance used by 

manufacturers to do detailing work on their products in a consistent and systematic way. Their use 

allows to improve safety in hazardous painting work environments, to significantly reduce waste by 

performing consistent painting and to higher speed and productivity [RD28]. More specifically 

robots are being used to mark or maintain the lines of sports fields, such as American football, soccer 

or lacrosse. These robots use RTKGNSS system to record coordinates [RD29]. 

• Automated guided vehicle/logistics 

Automated guided vehicles deal with logistics tasks indoors and outdoors. They can facilitate 

maintenance operations that require a high level of precision and access in hazardous or hard-to-

access areas like undergrounds for instance. The precision of interventions allows to reduce the 

overall maintenance costs and the use of autonomous robots minimizes economic and social 

impacts of vast surface work. GNSS receivers allow self-driving vehicles to navigate without human 

input. When integrated into other techniques, such as laser light, radar, odometry, and computer 

vision, robotic cars can automatically sense, store, and retrieve data about the surrounding 

environment. Automated guided vehicles may also be used for transportation in the future, reducing 

human resources needs [RD30]. 

 

Table 20 - Consumer robotics application GNSS user requirements 
Criterion Performance Characterisation 

Accuracy 
Horizontal Centimetre 

Vertical N/A 

Service area Geographical coverage Local 

Availability/timeliness 

Urban canyon  
Canopy  
Indoors 

Yes 

TTFF (hot start) Medium: less than 10 sec 

Fix update type Continuous 

Resilience (Robustness / Trust) 
Susceptibility to interference Yes 

Susceptibility to spoofing Yes 
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Criterion Performance Characterisation 

Power consumption  Low(TBD) 

Proportion of GNSS   Low 

Main user groups  
Enthusiasts, commercial users 
and citizens Pragmatists, 
commercial users and citizens 

 

1.1.12 Points of interest  

Thanks to GNSS data is possible to create online points of interest, this means to provide content 
relative to the user’s location. Such location may include location-based landmarks, restaurants, 
petrol stations, banks, ATMs, hospitals, etc. 

GNSS is a key enabler of Point-of-Interest (POI) applications. Such applications allow a user to find 
places, such as restaurants, shops, banks, petrol stations and specific services based on his location 
or searched location. As a standard, these apps are built into applications using maps (e.g. Google 
Maps) or include also maps as their built-in function. Also, car navigation services are offering now 
more and more built-in apps with POIs. For instance, Google Local Search, Yelp and Expedia are in-
built apps for TomTom services [RD31]. The applications are free to download and developers are 
making money cooperating with local points of interest that pay for adding them to the database. A 
big advantage for the users is the possibility to download the maps and database for a specific city 
in advance and to use it offline with location function enabled in a phone, which is working with 
GNSS. The data about users and their searchers is also used for consumer insights and for building 
companies’ marketing strategies. Common devices enabling this application are smartphones, 
portable navigation devices (PNDs) and in-vehicle infotainment systems. 

The main GNSS user requirements are: 

Table 21 - Point of interest application GNSS user requirements 
Criterion Performance Characterisation 

Accuracy 
Horizontal Low 

Vertical N/A 

Service area Geographical coverage Global 

Availability/timeliness 

Urban canyon  
Canopy  
Indoors 

Yes/No 

TTFF (hot start) Medium: a few seconds 

Fix update type On request 

Resilience (Robustness / Trust) 
Susceptibility to interference Yes 

Susceptibility to spoofing No 

Power consumption  Low 

Proportion of GNSS   High 

Main user groups  
Enthusiasts, commercial users 
and citizens 
Pragmatists, citizens 



 

Page 35 

 

 
Report on Consumer Solutions, Tourism & Health 

User Needs and Requirements  

EUSPA-MKD-XX-UREQ-CSTH 

Issue/version:  1.0 
 

1.1.13 Enhanced human  

Human enhancement application refers to methods for altering the human body to enhance mental 
or physical performance. The most developed examples are untethered mixed reality devices: in the 
future, GNSS position could be combined with optical feedback and 3D mapping to give users full 
situational awareness and the most accurate navigation. 

 

1.1.14 Satcom users  

GNSS is typically used in Satellite Control Stations and Telecommunications Gateways, mostly for 
frequency control. When focusing on the user segment, we look into the end user markets that use 
handheld SATCOMs. 

 

1.2 Limitations of GNSS and EO 

In spite of all possibilities, GNSS use in Consumer Solutions, Tourism & Health applications has some 
limitations, which are typically overcome by employing the complementary technologies described 
in the previous sections or by following best practices regarding the type of GNSS equipment used. 
As per last RUR for Consumer Solutions, Tourism & Health, these are the main limitations: power 
consumption, indoor/outdoor availability, availability in challenging environments, Susceptibility to 
Multipath, Jamming and Spoofing of GNSS signals. 

Power consumption - GNSS can lead to a battery life issue: when running in background on a 
permanent basis it requires a considerable amount of energy. Therefore, it is preferable to use it 
only when relatively high precision positioning is required [RD32], [RD33]. Several techniques exist 
to optimise power consumption, such as setting the receiver in idle or sleep mode and cloud 
processing. 

Indoor/outdoor availability - Although GNSS remains the main source of outdoor positioning 
information, GNSS signals can be partially or totally blocked by solid walls and ceilings. It thus 
complicates the positioning of users indoors. Ubiquitous indoor/outdoor positioning is one of the 
critical limits of current Consumer Solutions, Tourism & Health applications. It is difficult (if not 
impossible) to find a positioning technology which can provide real-time position of users at low 
cost, seamlessly indoors and outdoors, with a very high level of accuracy, with very low power 
consumption [RD34]. The current trend is to adopt sensor and systems fusion techniques to respond 
to the ubiquity requirement. 

Availability in challenging environments - One of the factors affecting the performance of 
positioning systems depends on line-of-sight to satellites. The poor performance of GNSS user 
equipment in urban canyons in terms of both accuracy and solution availability is a well-known 
problem that arises where there are tall buildings or narrow streets [RD35]. 
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Susceptibility to multipath - Multipath occurs when a GNSS signal is reflected off an object, such as 
the wall of a building, to the GNSS antenna. Because the reflected signal travels further to reach the 
antenna, the reflected signal arrives at the receiver slightly delayed. This delayed signal can cause 
the receiver to calculate an incorrect position [RD10]. 

Jamming and spoofing of GNSS signals - The impacts of intentional jamming and spoofing are 
numerous but of different consequences to different Consumer Solutions, Tourism & Health users. 
One consequence of jamming is the inconvenience that results from the service unavailability, which 
can lower the overall satisfaction of Consumer Solutions, Tourism & Health users with the 
application or the service. The impact can be more consequential for professionals using location-
based services for productivity purposes, since it may lead to mismanagement of resources and loss 
of revenues. The impacts can be also important for users of applications such as navigation of the 
visually-impaired, lone workers protection, search and rescue, etc. Spoofing can have disastrous 
effects for users of applications such as children tracking, parolees monitoring, etc. 

 

The main limitations in the use of EO data concern the accuracy of the images that satellites are able 
to provide, in relation to scale, area of interest and update time. 
For example, for air quality information, it is important to have very frequent data updates, but this 
is difficult to have at a high level of scale accuracy. However, air quality indicators need accurate 
and consistent data while covering large areas. Information on air quality in cities is usually required 
at street level (there can already be significant differences from one street to another, a parallel 
street) and can change within minutes as a result of traffic, congestion, pollen and other pollutants 
moving and changing rapidly. Therefore, it can generally be said that information derived from Earth 
observation usually covers large areas but has limitations in acquisition time and accuracy. Accurate 
and continuous information could be provided by ground stations, but their spatial coverage is 
limited and implementation and operation are usually quite expensive. 

Another problem concerns the need to integrate spatial data and images with contextual data, e.g. 
use of buildings, cadastral information, street layers, in order to provide an adequate classification. 
This type of coverage required is usually limited to a neighbourhood or a city, otherwise too 
demanding in terms of resources and costs for larger areas. This is a case that especially affects the 
estimation of UVI derived from satellite measurements has the advantage of complete spatial 
coverage, but it must be considered that the lack of detailed knowledge of influential parameters at 
specific locations limits the accuracy of the final service. 
Furthermore, especially since UV poses a threat to people's health, any UV-related information or 
warning service must be reliable and avoid false negatives. 

Finally, in applications related to maps, movement tracking around economic activities, and geo-
advertising analysis, some conflicts could arise concerning personal privacy regulations [RD37]. 
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1.3 Prospective use of GNSS and EO 

1.3.1 Prospective use of GNSS 

There is an emerging premium mass market, driven by a growing number of premium smartphones 
with multi- constellation GNSS chipsets [RD3]. It is a category which can evolve over time, being very 
much exposed to market and technology trends and development. Premium mass market 
technology needs to satisfy high-end consumers having more demanding requirements than those 
satisfied by mass market products but, in turn, less stringent than the demands of the professional 
market. Such needs encompass both technical performance – i.e. high-level performance, 
availability in critical environments and more robustness to interference and qualitative aspects 
such as ease of use, interoperability, after-sales services and assistance. 

The case for increased security and anti-spoof function is therefore expected to be made even in 
the Consumer Solutions, Tourism & Health segment, and the Galileo OS-NMA service could provide 
significant benefits. The extension of IoT concept to numerous objects such as connected helmets, 
bikes, mowers, etc. could provide a significant knock-on demand boost for GNSS capabilities in the 
Consumer Solutions, Tourism & Health segment. It is expected that IoT will rely on GNSS now and in 
the future except for the lowest (cost, size) segments. 

It is possible to design and implement very low-CPU and low-memory single-frequency GNSS (GPS) 
receivers that are affordable and practical for low-cost IoT devices and the industry is already 
working on that. 

• GNSS technological trends 

GNSS modules can be integrated in: 
- Smartphones and tablets 

- Wearables (including watches) 

- Portable Navigation Devices 

- Cameras 

- Personal tracking devices 

- Personal Locator Beacons 

- Drones 

- Robots 

 
The current GNSS modules used in Consumer Solutions, Tourism & Health (except for tracking and 
wearables which are smaller but have a reduced number of channels) typically have the following 
characteristics: 

- Weight: between 1 and 2 g 

- Temperature range: -40° to +85° 

- Frequency: L1/E1 

- Number of channels: 80 

- TTFF (cold start): 25-30 s 

- TTFF (hot start): 1s 

- Maximum navigation update rate: 5 Hz 
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- Horizontal accuracy (autonomous, which means using GNSS only for positioning): 2.5 m 

- Number of GNSS constellations: up to 4 

- Dimensions: 15 x 15 x 3 mm 

 
The Consumer Solutions, Tourism & Health market is driven by the shortest lifecycle in the GNSS 
industry which favours innovation but also brings important constraints on cost. In addition, GNSS 
techno trends respond to the current and future expectations of the domain which are to provide 
increasingly accurate and available position with faster fix but also constrained by low power 
consumption, as most of Consumer Solutions, Tourism & Health devices are battery powered (which 
implies that they must remain small and lightweight). The most important technology trends target 
the following areas: 

• Multi-constellation processing: specific architectures are now available to favour the 

adoption of multi constellation in Consumer Solutions, Tourism & Health while limiting the 

impact on cost, processing and power consumption. These new architectures allow a 

specific channel to process signals originating from different constellations, the choice of 

which constellation is used can ultimately be made at firmware level by the final product 

manufacturer (e.g. smartphone). The latest GNSS chipsets already have this multi-

constellation capability and soon will become standard used on the market. 

• Multi-frequency processing: new generation of Consumer Solutions, Tourism & Health 

GNSS receivers are dual frequency which provides improved accuracy by removing 

ionospheric errors and also supports the development of PPP solutions. 

• Sensor fusion / hybridisation (with Wi-Fi, Bluetooth, Cellular network positioning, MEMS 

sensors, etc.): this area is continuously progressing with new techniques and inclusion of 

new sensors (e.g. signals of opportunities). 

• Availability of raw measurements: new versions of the Android operating system enable 

users to have access to raw pseudoranges, dopplers and carrier phase measurements. 

Phone makers can make use of this data for performance testing while developers have 

more resources to create innovative applications, under condition of compliant APIs. 

• Chip-based indoor location techniques: location algorithms are running inside the chipset 

(e.g. Wi-Fi called 802 or motion sensors). This allows new generations of smartphones to be 

factory-ready for indoor positioning anywhere. 

• Innovative algorithms: they include machine learning e.g. SLAM, satellite shadow matching, 

multipath mitigation, interference rejection etc. An important development happened 

recently to allow the development of new algorithms with Google opening access to raw 

GNSS measurements: Nougat (Android Version 7.0 and later releases) is being developed 

and the API allows app developer and smartphone manufacturers to compute 

pseudoranges Dopplers and Carrier Phase – potentially implementing PPP algorithms in 

smartphones. 

• Miniaturisation and integration of GNSS and communications into a single chip. 

• Cloud processing techniques for computing PVT outside of the host devices, putting some 

of the power consumption and processing constraints onto the server side. This type of 

solution responds to applications requiring ‘on demand’ rather than continuous location 

information. 
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1.3.2 Prospective use of EO 

The principal trends that will characterize the EO technology can be summarized as the following. 
The list does not focus on the technical trends that are going to be developed, but many of the 
following considerations are useful in understanding the market changes and user needs examined 
in the previous chapters. 

• Exponential growth in number of satellites, which will be mainly driven by the increase in 

number of satellites. Among all, the smaller satellites, which are cheaper and easier to 

launch, will increase exponentially and will make a direct impact in the EO data available as 

a result. 

• Cost optimization: satellites and the materials to manufacture them will become 

progressively cheaper. It is a virtuous circle in which, decreasing costs promote an increase 

in satellite launches which increases the sources of data available. In turn, more data, the 

greater the spread, the greater the demand and the greater the possibility of lowering 

production and maintenance costs. 

• Reduction in data update time: the availability of data at higher time intervals has also 

become a key trend for EO technology. As we have seen, in many applications, the need for 

data updated at short intervals, or even in real time, is crucial for operation and service 

provision. 

• Rise of artificial intelligence: machine learning algorithms have proven to be a powerful tool 

to analyse satellite imagery of any resolution and demonstrate better, more nuanced 

information [RD38]. 

• Changes in business model: traditionally EO service providers relied on government-

supported business models with large lucrative contracts and supplied mostly very high-

resolution data. In recent years, the business model is more industry-focused, providing 

low-resolution data but with a high level of review and analysis, leveraging the added value 

that can be provided to services. 

• Move up the service chain: demand is changing toward the demand for usable information 

and solution-based products instead of just image. Here is where EO platform developers 

fit into the value chain, reshaping data and making them more accessible for final purposes. 

This process has already been on-going for a while, but it will keep growing and becoming 

more and more customised to meet the needs of the services demanded. 

• Multisource solutions: now the unidimensional approach based on data from a single 

source is losing relevance. When end users require contextual solutions, a single data source 

is not enough and it is necessary to integrate information with other sources, 

heterogeneous and able to contextualize the data, creating a multidimensional solution of 

information that is integrated with each other proficiently [RD39]. 
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1.4 Summary of drivers for user requirements 

In the following table we present a summary of drivers common to the entire segment and sub-
segments/groups of applications. Many drivers and needs for the future have been analyzed in 
previous chapters, within the specific applications of the Consumer Solutions, Tourism & Health 
segment. The following are the most important GNSS and EO drivers allocated per specific sub-
segment of the market: 

• Resilience and reliability: data are needed with the ability to reprocess information by 

contextualizing it to the surrounding environment and with a high degree of reliability. 

• High resolution and availability: the need for high-resolution and frequently updated data 

and the need to have a large amount of data, to develop useful and accurate information 

for end users (https://business.esa.int/newcomers-earth-observation-guide). 

• Miniaturization and integration: the ability to process data and provide alerts to end-users 

requires the integration of specific technologies even in very small devices (e.g. wearable 

devices for sports activities or monitoring UV levels)  

• Multi-source solutions: the need to integrate data from different types of sources (space, 

air, ground, sensors, etc.) in order to contextualize the data and provide timely 

information. 

• Data processing: the increasing capacity and demand to add value to the information that 

can be obtained by reprocessing raw data coming from satellites. 

• Chip-based indoor localization techniques: especially for GNSS technology, also require the 

availability of data in enclosed spaces. 

• Improved robustness to Interference: the need for GNSS technologies to withstand signal 

interference. 

• GNSS continuity of service and traceability: continuity in the receiving and delivering GNSS 

signals, also to ensure traceability purposes. 

Table 22 - Future main drivers in the Consumer Solutions, Tourism & Health segment 

Consumer solutions Healthcare Tourism 

• Resilience and reliability 

• High resolution and 

availability  

• Miniaturisation and 

integration 

• Multisource solutions 

• Data processing 

• Improved robustness to 

interference 

• Chip-based indoor 

location techniques 

• Resilience and reliability 

• Miniaturisation and 

integration 

• Multisource solutions 

•  Data processing 

• Chip-based indoor location 

techniques 

• GNSS continuity of service 

and traceability 

• High resolution and 

availability 

• Multisource solutions 

• Data processing 

• GNSS continuity of 

service and traceability 
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2 Annexes 

A1.1 Definition of key GNSS performance parameters 

This annex provides a definition of the most commonly used GNSS performance parameters, taken 
from Error! Bookmark not defined.Error! Reference source not found.Error! Reference source not 
found. and includes additional details which are relevant for Consumer Solutions, Tourism & Health 
community. 

Availability: the percentage of time the position, navigation or timing solution can be computed by 
the user. Values vary greatly according to the specific application and services used, but typically 
range from 95-99.9%. There are two classes of availability: 

• System availability: the percentage of time the system allows the user to compute a 

position - this is what GNSS Interface Control Documents (ICDs) refer to. 

• Overall availability: takes into account the receiver performance and the user’s 

environment. Values vary greatly according to the specific use cases and services used. 

Accuracy is the difference between true and computed solution (position or time). This is expressed 
as the value within which a specified proportion – usually 95% – of samples would fall if measured. 
This report refers to positioning accuracy using the following convention: centimetre-level: 0-10cm; 
decimetre level: 10-100cm; metre-level: 1-10 metres. 

Continuity is the ability of a system to perform its function (deliver PNT services with the required 
performance levels) without interruption once the operation has started. It is usually expressed as 
the risk of discontinuity and depends entirely on the timeframe of the application. A typical value is 
around 1*10-4 over the course of the procedure where the system is in use. 

Indoor penetration is the ability of a signal to penetrate inside buildings (e.g. through windows). 
Indoor penetration does not have an agreed or typical means for expression. In GNSS this parameter 
is dictated by the sensitivity of the receiver, whereas for other positioning technologies there are 
vastly different factors that determine performance (for example, availability of WiFi base stations 
for WiFi-based positioning). 

Integrity is a term used to express the ability of the system to provide warnings to users when it 
should not be used. It is the probability of a user being exposed to an error larger than the alert 
limits without timely warning. The way integrity is ensured and assessed, and the means of 
delivering integrity-related information to users are highly application dependent. Throughout this 
report, the “integrity concept” is to be understood at large, i.e. not restricted to safety-critical or 
civil aviation definitions but also encompassing concepts of quality assurance/quality control as used 
in other applications and sectors. 

Latency is the difference between the reference time of the solution and the time this solution is 
made available to the end user or application (i.e. including all delays). Latency is typically accounted 
for in a receiver, but presents a potential problem for integration (fusion) of multiple positioning 
solutions, or for high dynamics mobile devices. 
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Robustness relates to spoofing and jamming and how the system can cope with these issues. It is a 
more qualitative than quantitative parameter and depends on the type of attack or interference the 
receiver is capable of mitigating. Robustness can be improved by authentication information and 
services. 

Authentication gives a level of assurance that the data provided by a positioning system has been 
derived from real signals. Radio frequency spoofing may affect the positioning system, resulting in 
false data as output of the system itself. 

Power consumption is the amount of power a device uses to provide a position. It will vary 
depending on the available signals and data. For example, GNSS chips will use more power when 
scanning to identify signals (cold start) than when computing a position. Typical values are in the 
order of tens of milliwatts (for smartphone chipsets). 

Time To First Fix (TTFF) is a measure of time between activation of a receiver and the availability of 
a solution, including any power on self-test, acquisition of satellite signals and navigation data and 
computation of the solution. It mainly depends on data that the receiver has access to before 
activation: cold start (the receiver has no knowledge of the current situation and must thus 
systematically search for and identify signals before processing them – a process that can take up to 
several minutes.); warm start (the receiver has estimates of the current situation – typically taking 
tens of seconds) or hot start (the receiver understands the current situation – typically taking a few 
seconds). 
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A1.2 Definition of key EO performance parameters 

This annex provides a definition of the most commonly used EO performance parameters and 
includes additional details which are relevant for Consumer Solutions, Tourism & Health community. 

Spatial resolution relates to the level of detail that can be retrieved from a scene. In the case of a 
satellite image, which consists of an array of pixels, it corresponds to the smallest feature that can 
be detected on the image. A common way of characterising the spatial resolution is to use the 
Ground Sample Distance (GSD) which corresponds to the distance measured on the ground between 
the centres of two adjacent pixels. Thus, a spatial resolution of 1 meter means that each pixel 
corresponds to a 1 by 1 meter area on the ground. 

Temporal resolution relates to the time elapsed between two consecutive observations of the same 
area on the ground. The higher the temporal resolution, the shorter the time between the 
acquisitions of two consecutive observations of the same area. In absolute terms, the temporal 
resolution of a remote sensing system corresponds to the time elapsed between two consecutive 
passes of the satellite over the exact same point on the ground (generally referred to as “revisit 
time” or “orbit cycle”). However, several parameters like the overlap between the swaths of 
adjacent passes, the agility of the satellites and in case of a constellation, the number of satellites 
mean that some areas of the Earth can be reimaged more frequently. For a given system, the 
temporal resolution can therefore be better than the revisit time of the satellite(s). 

Spectral range refers to the wavelength range of a particular channel or band over in which remote 
sensing data must be collected.  

Latency is the difference between the reference time of the satellite measurement and the time the 
final product is made available to the user (here the service provider). 

Radiometric resolution expresses the sensitivity of the sensor, that is to say its ability to 
differentiate between different magnitudes of the electromagnetic energy. The finer 
the radiometric resolution, the more sensitive it is to small differences in the energy emitted or 
reflected by an object. The radiometric resolution is generally expressed in bit, a resolution of 8 bit 
meaning that the “brightness” of the image is measured with a scale of 28=256 nuances. 

Temporal resolution relates to the time elapsed between two consecutive observations of the same 
area on the ground. The higher the temporal resolution, the shorter the time between the 
acquisitions of two consecutive observations of the same area. In absolute terms, the temporal 
resolution of a remote sensing system corresponds to the time elapsed between two consecutive 
passes of the satellite over the exact same point on the ground (generally referred to as “revisit 
time” or “orbit cycle”). However, several parameters like the overlap between the swaths of 
adjacent passes, the agility of the satellites and in case of a constellation, the number of satellites 
mean that some areas of the Earth can be reimaged more frequently. For a given system, the 
temporal resolution can therefore be better than the revisit time of the satellite(s).  

Geolocation accuracy refers to the ability of an EO remote sensing platform to assign an accurate 
geographic position on the ground to the features captured in a scene. An accurate geolocation 
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makes easier the combination of several images (e.g. combination of a Synthetic Aperture Radar 
image with a cadastral map and a map on fishing grounds or aquafarming). 

Other performance parameters 

Agility corresponds to the ability of a satellite to modify its attitude and to point rapidly in any 
direction in order to observe areas of interest outside its ground trace. High agility can improve 
the temporal resolution compared with the revisit time of the satellite. 

Swath corresponds to width of the portion of the ground that the satellite “sees” at each pass. 
The larger the swath, the bigger the observed area at each pass. 

Off-nadir angle corresponds to the angle at which images are acquired compared with the “nadir”, 
i.e. looking straight down at the target. In practice, objects located directly below the sensor only 
have their tops visible, thus making it impossible to represent the three-dimensional surface 
of the Earth. High resolution images are therefore generally not collected at nadir but at an angle. 
A large off-nadir angle enables a wider ground coverage at each pass and the identification 
of features not visible at nadir, but it reduces the spatial resolution. For optical imagery, typical off-
nadir angles are in the range of 25-30 degrees. 

Sun-elevation angle corresponds to the angle of the sun above the horizon at the time an image is 
collected. High elevation angles can lead to bright spots on the imagery while low elevation angles 
lead to darker images and longer shadows. The most appropriate angle depends on the type 
of application: a high sun elevation is appropriate for spectral analysis since the objects to be 
observed are well illuminated while a lower elevation angle is better suited to interpretation 
of surface morphology (e.g. the projected shadows can enable a better image interpretation) 
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A1.3 List of Acronyms 

Acronym Definition 

B2B Business to Business 

B2C Business to Consumers 

B2G Business to Government 

EC  European Commission 

EGNOS  European Geostationary Navigation Overlay Service 

EGNSS  European Global Navigation Satellite System 

EO  Earth Observation 

ESA  European Space Agency 

EU  European Union 

EUSPA  European Agency for the Space Programme 

GNSS Global Navigation Satellite System 

HAS High Accuracy Service 

MR Market Report 

EUSPA  European Agency for the Space Programme 

OSNMA  Open Service Navigation Message Authentication 

PNT  Positioning, Navigation and Timing 

R&D  Research and development 

RUR Report on User needs and Requirements 

R&I  Research and Innovation 

SATCOM  Satellite communications 

SME  Small and Medium-sized Enterprise 

SoL  Safety of Life Service 

UCP User Consultation Platform 
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A1.4 Reference Documents 
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[RD1]  EUSPA Market Report EUSPA EO and GNSS Market Report (Issue 1) Jan. 2022 

[RD2]  GNSS Technology Report GSA GNSS Technology Report (Issue 3) Sept. 2020 

[RD3]  GNSS Market Report GSA GNSS Market Report (Issue 6) Oct. 2019 

[RD4]  GNS UCP Report 
Report on Location-Based Services User Needs and 
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Aug. 2021 

[RD5]  Market Report 5 GSA GNSS Market Report Issue 5 March 2017 

[RD6]  
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2010 
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