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OVERVIEW OF THE OSIRIS CONCEPT
INTRODUCTION

OSIRIS addresses the monitoring, preparation and
Many emergency situations involve personnetesponse phases of environmental risk and crisis
operating in challenging environments such asanagement. Its main challenge is to demonstrate
within  buildings or forest fires, and as athe relevance of an open and smart information
consequence, knowledge of their exact location isystem, based on a Service Orientated Architecture
often not available. This leads to poor situationafSOA) capable of supporting and configuring
awareness and hampers the co-ordination &fifferent types of in-situ observation systems
operations, increasing the risk to the emergencyovering various environmental domains.
personnel. Whilst the emergency services already
make use of satellite positioning or Global OSIRIS covers the Global Monitoring for
Navigation Satellite System (GNSS) to aid theilEnvironment and Security (GMES) three stage
operations, once personnel enter a more challengipgocess:
environment, the resulting degradation or totaklos.  |n-situ observation.
of the GNSS signals prohibits sole reliance on such  |nformation management through modelling
a location service. and processing of the data generated by the

observation systems.
The technology developed for OSIRIS and,  gepyice production and delivery.

presented in this paper fills this capability gap,



The goal of OSIRIS is to enhance the overall fighters engaged in tackling the forest fire and
efficiency of the in-situ data processing chain by to send alarms in case of emergency.
connecting the in-situ sensors via an intelligemd a -  Airborne remote sensor for aerial imagery
versatile network infrastructure that will enabie t providing a general view of the situation;
end-users to access multi-domain sensor images of the fire front; images of areas of
information. Fundamental to achieving this are four interest.

live demonstrations in key areas of major. Wireless cameras for surveillance of remote

environmental risk: areas, such as evacuated zones, urban areas or
Forest fires. strategic traffic points.
Industrial risks: fire in industrial buildings. - Mobile weather station for up to date
Fresh water pollution. metrological conditions.
Air pollution in urban areas. A schematic of the deployment of these sensors is

illustrated in Figure 1. The remainder of the paper
The positioning system features only in the forestoncentrates on the OSIRIS positioning sensor
fire demonstration and so the paper concentrates sgistem used to locate the forest fire-fighters.
this application alone. Further details about OSIRI
and the other demonstrations can be obtained froftHE  OSIRIS  POSITIONING  SENSOR
the OSIRIS website [1]. SYSTEM

The forest fire demonstration consists of a realAs previously mentioned, the OSIRIS positioning
small scale forest fire, ignited and controlledfing- ~ System is based on an approach using combined
fighters. Situation awareness for command anf/WB and GPS technology. UWB refers to systems
control decision making is improved by dep|0y|ngthat Spread over far more of the RF SpeCtrum than
and integrating various sensor systems to providerevious radio technology; the OSIRIS system has a
added value information. Sensors deployed in theandwidth of 1250 MHz and is implemented using
forest fire demonstration include: frequency-hopping UWB  (FH-UWB).  The

Positioning Sensor System to locate firefundamental principle of this system relies on the
assumptions that the distance between the

Figure 1. Deployment of Sensors for OSIRIS Forestife Demonstration



Figure 2 OSIRIS Positioning Sensor System Network

positioning units can be measured precisely by theange and position from them, extending the

round trip time delay of the signal between them. | positioning network. However, as the depth of the

such a ranging system, the accuracy and resolutioretwork deepens, so does the positioning error

are determined by the RF bandwidth, so the vergssociated with the computed position. Fire-fighter

wide band gives better range measurementsarry additional DUs, which are similar to the MUs,

particularly in the presence of multipathand place them in locations where there is poor

propagation. The implications of using UWB for UWB coverage to add extra nodes to the positioning

positioning are discussed in more detail in [2]. network. This may be to provide additional range
observations or to fill communication gaps in the

Figure 2 shows the OSIRIS Position Sensoad-hoc UWB network.

System Network Concept and Figure 3 shows a

close up of the combined UWB and GPS The MUs use the ad-hoc UWB communications

positioning sensor or unit. The unit is generic buhetwork to send their position information to the

can be configured to operate in one of three modes

as a Base Unit (BU); as a Mobile Unit (MU) or as a HSN Data Port

Dropped Unit (DU). BUs are located around the FHUWB Unit 12V Input

perimeter of the operation area and typically, are

mounted on either tripods or the responding

emergency vehicles on arrival at the scene. Onci

deployed they locate themselves using the onboar

GPS receiver and then start transmissions thawallo

any enabled MU to synchronise to them and star

communicating. J

The MUs are strapped to the fire-fighters and once
enabled, measure the length of the radio paths &

they communicate with the BUs and compute their
position by triangulation using the BUs’ reference
positions. Where positioning is based solely on
UWB ranging, this requires a minimum of two

ranges for 2D-positioning and three ranges for 3-D  5pg Receiver USB Port GPS Antenna Port
positioning. As more MUs become located, they

themselves act as reference units to allow otlwers t Figure 3 OSIRIS Positioning Sensor Unit



BUs, where they in turn use a high speed networkelect either one or the other based on some yualit

(HSN), such as a 2.5 GHz wireless LAN (WiFi) toor cost criteria. However, the propagation tricdsdn

route the data to a local Control Unit (CU)shown that in the forest scenario neither the UWB

connected to the HSN. The CU collates the positiosystem nor GPS will receive sufficient signals to

data, stores it locally and displays it for missiornproduce accurate independent solutions. Therefore,

control, using a man-machine interface (MMI)the OSIRIS positioning sensors use techniques for

based on Google Eafth For OSIRIS, the CU also combining signals from both systems to form a

provides an interface to allow Sensor Welsingle hybrid position solution.

Enablement (SWE) services to access the

positioning sensor data using standard web-bas&@DSITIONING ALGORITHM

technology. More on these services can be found on

the OSIRIS website [1] and the Open GeospatialThe GPS receiver, on board of each MU, generates

Consortium Inc. (OGC) website [3]. a number of binary messages containing all the
necessary information needed to compute a

REVIEW OF PROPAGATION EFFECTS navigation solution, including raw pseudorange

WITHIN FORESTS measurements, GPS times of transmission, and
satellites positions, velocities and biases. These

The key features of the OSIRIS positioning systengquantities are then updated every second. At the

are related to the application and the environritent same time the UWB interface maintains a list of

which it will be required to operate. Therefore,neighbours units with their positions, if knowndan

OSIRIS investigated the propagation of UWB andissociated range measurements. These quantities are

GPS signals through trees in both young and matuedso updated every second.

forests [2] in order to understand better the issue

associated with positioning in a forest environment At any given time, a MU can then use the available

Unsurprisingly, it confirmed that attenuation andranges/pseudoranges to solve for its Least Mean

blocking effects caused by trunks and foliage coul&quare (LMS) position as shown below.

significantly reduce the maximum measurable range =- (H™WH) *H WA

and accuracy. In fact, in young forests charactdris

by small densely packed trees, the foliage hae litt

effect on UWB ranging accuracy but the high leve

of attenuation it introduced, significantly reduced

the maximum range. Conversely, GPS faired better

in the young forests where there is less overhead Uy do

cover. In mature forests there is very little

where the geometry matrtis built with an
stimate of the line of sight unit vectors from the
U to either satellites or other UWB units, as

undergrowth between the more substantial tree H= u d u = (psn - x)T
trunks, but the overhead canopy is more dense. Here n n oo |pS . x|
UWB range performance is comparable to the line- "
of-sight (LOS) case provided the units are not Uy, oy

located immediately in front of or behind a tree
trunk. However, attenuation of low elevation B
satellites reduces the GPS position accuracylThe positions ps, =lp@n,psyn,p%nj are

considerably. Therefore, significant gains can b@ypressed in ECEF Cartesian coordinate as well as
achieved by integrating a GPS receiver with thene injtial MU position guess. The last entry of

UWB transceiver in order to cover a large enougl&ach row is either set td. = Ofor UWB units. or
area for the fire-fighting application, while " '

maintaining a UWB signal chain from every UwB d, =1for satellites. The colurthis deleted (and

unit. This ensures that an ad-hoc communicatiothe satellite row deleted) if less thard2s are set to

network using the UWB ranging signals is1, n this case the position solution would be eepu
maintained in order to return the position

information to the BUs and in turn to the local CU. UWB solution. y, =

X;

., at the 1 iteration,

Consequently, the main area of study examinegrovides for the next iteratior . The clock biasch
how to exploit GNSS measurements to best assigf relative to true GPS time, is common to all
UWB positioning. First, GPS is used to fix thepseudoranges and present if the coluchris not
stationary BUS, which act as pseudolites for othegeleted.

MUs. Second, MUs can, in principle, treat the UWB
and GPS positioning solutions independently and



The N’ Ndiagonal matri¥V contains the
weights assigned to each (pseudo)range

Finally the measurement mats obtained from
the difference between the measured and predicte
(pseudo)ranges, as below.

A] =Z,-U,ps,

Pseudoranges contain corrections for ionospheri
and tropospheric delays and satellites clock bias
This method of solution relies on an initial valoe
position, which in OSIRIS is known to a few km,
which is easily good enough. The position solved
for y is then relative to this start value, and can be

further approximated by iteration if needed be
(though two steps are normally enough).

:

The algorithm described above provides what is
call the Hybrid solution. If less than two GPS
pseudoranges are available or no UWB ranges ar
available, then the solution reverts to either eepu

UWB solution or GPS solution, respectively. Figure 4 Deployment of the OSIRIS Positioning

System during the forest trials.
Yellow Flag- origin of the Local Tangential Plane

e ) . (LTP); Yellow pinpoints true BUs positionsGreen
Positioning trials have been conducted in acjrle - surveyed point within the foresed circles
Mediterranean type of forest near TRT in Reading.gps positions of BUs.

This is a commercial forest composed mainly of _ _
mature pine trees with age of about 30 yearQVer & period of about 25 minutes. The BU on the

relatively large trunks and 8 metres canopy. Th&lorth-East cormner had the clearest view of the sky
experiment was designed to collect data in order tg°Mpared to the others, resulting in a maximum
test the proposed positioning algorithm and evaluafOSition error under 5 m. On the other hand, the
the positioning system performance. The OSIRIgEMaining BUs were located in between walls of
positioning system was deployed as illustrated iif€€S, somehow, representing the forest equivalent
Figure 4 and consisted of five BUs set up to caver Of an urban canyon, therefore, unsurprisingly they
triangular area with edges about 180m long. reported position errors up to 8m (the two on the
Eastern edge) and up to 10m (the two on the
A local tangential plane (LTP) was defined with anfNorthern edge), respectively.
arbitrary origin located nearby the area of interes . ,
(yellow flag in Figure 4) and Cartesian East-North- 1€ position of a reference point was also
Up (ENU) coordinates. All positions were recordeo@"b't_ra”ly chosen deep into the forest (greenleirc
relative to the LTP and then converted to geodeti? Figure 4) and surveyed. A MU rover then used

Earth-Centred-Earth-Fixed (ECEF-g) only forthis reference point to cover a known trajectory as
display purpose. again illustrated in Figure 4. Obviously the target

trajectory could not be followed exactly due to the
The first step of the experiment consisted irpresence of the trees and of obstacles on thetfores

measuring the true position of all BUs (yellowfloor, however it will be used as “true” trajectay
pinpoints in Figure 4). The true positions wereobtain a.l.qualltatlve |_nd|cat|on of the performarmte
measured using an optical survey station (bludecirc € Positioning algorithm.

in Figure 4) and stored as “ground truth” against

which to estimate the system performance, as-erformance is measured in terms of position
explained later in this section. absolute error and availability. The position efior

measured as the Euclidean distance between the
Figure 4 finally shows the BUs positions (redestimated po§ition and its orthqgonal projgt_:tiqtoon
circles) as recorded by their onboard GPS receivéi® target trajectory. The position availabilitytiee

POSITIONING TRIALS



ratio between the number of expected positiomvailability when the MU is deep into the forest. A
updates, which in fact is one per second, and tHarge number of GPS position estimates are clouded
actual number of position updates the MU was ablaround the central reference point only because thi

to produce. was visited several times throughout the test. @hes
position fixes are in fact spread in time (see Fedl
MOSAIC Integration top) and affected by a larger error. Overall the

availability of GPS positions set to 56%. UWB
MOSAIC, as mentioned above, is the simplesprovided 100% availability and a better position
approach to combine GPS and UWB measuremenigccuracy. Evidently the number of BUs was
A MOSAIC position exists only if either a full GPS sufficient to provide the MU with enough UWB
solution or a full UWB solution is available. Insea  range measurements at all times.
both solutions are available, the best one is t=lec
based on the estimated position confidence. In mostn these conditions the MOSAIC integration is
cases the UWB solution is chosen. Despite itgyfficient to cover the entire area.
simplicity, the MOSAIC approach requires high
density of UWB terminals and/or high availability Hybrid Integration
of GPS pseudoranges; generally more than the
required minimum 4, in order to obtain a good GPSThe deployment of the BUs was then reduced to a
fix. In real fire scenario, where the number oftotal of three units, to cover the same forest asea
deployed UWB terminals is limited by practical before. In this case the availability of UWB
reasons, the MOSAIC approach does not providgositions reduced to only 42%, that is less than th
the required high availability. The results of theavailability of GPS positions. Looking at Figuret7
positioning trials confirmed these observations. is clear that when the rover MU was close to any of
the positions of the removed BUs, it had only two
Figure 5 and Figure 6 show the positions a&/WB ranges available for fixing its position. This
estimated by the rover MU when using either GP@&xplains the large errors due to the particulady b
measurements only, or UWB measurements onlgeometry and mirror-type ambiguity.
respectively. GPS provides better performance near
the edges of the forest whilst an unacceptable

Figure 5 — GPS positions (blue icons) as Figure 6 — UWB positions (red icons) as
reported by the rover MU while following the reported by the rover MU while following the
target trajectory. The red circles represent the target trajectory. The red circles represent the

average BUs positions. average BUs positions.



Figure 7 — UWB positions (red icons) as reported by Figure 8 — Hybrid positions (green icons) as
the rover MU while following the target trajectory. reported by the rover MU while following the target
The number of deployed BUs was reduced to 3. trajectory. The number of deployed BUs was

reduced to 3.

We can cope with the reduced number of deployedFigure 8 shows the hybrid positions reported by the
BUs by combining UWB and GPS measurements inover MU. Position availability is restored to 80%,
the same navigation solution. The hybrid integratio which is twice the availability of UWB positions in
hence allows to get fixes where neither positioninghe same conditions. Ambiguities and large errors
systems would work alone, or would work verydue to a bad geometry are also resolved. Partigular
badly due to poor geometry, as in the example jushere is one small area just North of the reference
mentioned. point, which is not covered.

Mean Error: 2.60  Availability: 56%
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Figure 9 — Position Error and position availability of (Top) GPS positioning solution, (Middle) UWB
positioning solution and (Bottom) Hybrid positioning solution in the case of reduced BUs deployment.
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THE FOREST FIRE DEMONSTRATION
Positioning System Deployment

The OSIRIS programme culminated in a
demonstration of positioning system during a live-
fire exercise in the French “département du GARD”,
near le Vigan in the south of France. The
demonstration site is shown in Figure 10 and is ar
area approximately 170 m by 250 m in size. Six
BUs were placed around the perimeter of the aree
which positioned themselves using the code-phas
GPS receivers integrated within each BU. The
positions of the BUs are displayed in Figure 11hwit
an overlay taken from the demonstration airborne
imaging system.

Figure 11 CU display showing BU deployment an
contained area for fire demonstration

act as fire-breaks in the event of a real fora#t fi
For the demonstration, only MOSAIC mode was
used since the absence of trees provided good GPS
coverage over the entire site. Also visible in Fegu

10 is the hill in the centre of the site which
obstructed UWB propagation and limited the

The UWB ad-hoc network was used to pass th mount of the region within line-of-sight of at $¢a
position data from the MUs and DUs back to thé ree BUs. Further BUs_,_or_DUs, would have been
BUs. A High Speed Network (HSN) consisting Ofrequwed for UWB positioning to work over the
COTS WiFi routers, forwarded the position data/N0le demonstration area.

from the BUs to the Local Control Unit (CU) The BU Id v be | don fi .
situated in the vicinity of BU10. The HSN was e BUs would normally be located on fire-service

configured to provide an ad-hoc point-to-pointvehICIeS fqr ease of deployment but, fo'r the
emonstration, the BUs were fixed on tripods,

network, which had the advantage that Iine-of-sigrji.

o ; 12. The UWB unit can be seen at the top of
communications need only be provided between a gure
two neighbouring routers, and allowed the BUs tc{%e tripod and the UWB and'GPS antennas were
be positioned around the majority of the ixed to the top of the UWB unit. The WiFi antenna

demonstration site. The CU in this context was a Pt or th?/:SNz ca(r; be seen ab(t)u(; ?a[[fha \r/nvc_eér_e b(?[low
that collated all the positions and displayed tleem e unit and was connectea to the VViFi router,

Google Eartl". These positions were then passe%;b”ng and ba’Ftery supply in the box located &t th
using the SWE services over a long range secu ttom of the tripod.

wireless (S-WiFi) link, to a SWE client appllcatlonoI Eight Mobile Units (MUs) were used during the

for integration with the other sensor data provide s . L
9 P demonstration, each fixed to one of the fire-fighte

by the aerial imaging platform, the wireless carsera”~.
and the weather station to assist with remotdSing a small harness so that the UWB antenna was

situation awareness and command and control. visible above the shoulder. The GPS antenna was

attached to the top of the fire-fighter's helmet, t
the give the best GPS coverage possible. The battery
was placed in a pocket, with a lead connected to
power the unit.

Figure 10 Forest fire demonstration site

As is clearly evident from Figure 10,
demonstration site is not in a forested area. ®his
because the demonstration took place during a liv
fire exercise, where fire-fighters burn-off areas t



spread out along the path. Note: the timing is not
exact, so the positions will not correspond exactly

One of the requirements of the positioning system
is to provide an indication of the degree of
confidence in the positioning solutions being
reported. This is implemented by using different
colours for the icons on the CU display. In Figure
13, the positions of all of the MUs with the
exception of MU27 are shown using green icons,
where green indicates the highest degree of
confidence in the reported position. The blue colou
used for the icon of MU27 is used to indicate a
moderate confidence in the reported position. A
pink icon as shown in Figure 18 for MU30 indicates
the least confidence in the reported position.

Having created a mini-firebreak, the next stage was
to set fire to the straw. The fire-fighters wereesl
around the fire to ensure it did not get out oftonin
hosing down the areas that had finished burning.
The positions were reported as shown in Figure 15,
and a representative picture from the time is shown
in Figure 16. The fire-fighter wearing MU25 also

Figure 12 Base Unit on tripod
Positioning System Demonstration

The demonstration of the positioning system was
split into two phases as a result of the adverse
weather conditions on the day of the demonstration
Strong winds prevented the burning of the entire
demonstration site, so a smaller contained site wa
selected. The first phase provided positions of the
fire-fighters as they ignited and maintained cantro
of the fire in the contained area of the demonisinat
site. In the second phase of the demonstrationm, tw
teams walked around the circumference of the large
demonstration site.

The fire-fighters started by igniting a small atea
be burned at the leeward edge of the area planne
for burning. This would act as a mini-firebrealthié
fire got out of hand on the windward side. The
second part of the burn took place where straw hai
been laid out (yellow area in the top middle of
Figure 13). Figure 13 is a screenshot from the
Google Earth" display on the CU showing all eight
mobiles. Six of these fire-fighters were positioned
along the path, one in the undergrowth (MU28) and
one at the fire engine. Figure 14 shows a picture
taken at about the same time, showing the personni

Figure 13 CU display showing fire-fighter podions
during preparation of the mini-firebreak

Figure 14 Preparation of the mini-firebreak



The final screenshot in Figure 18 shows the
completed walk for unit MU30. It should be noted
that the coverage on the north eastern side diithe
was poor, due to the loss of HSN communication
with the BU in this region. Therefore, any positgon
reported to that unit were not returned to the CU.

Straight lines between the correctly reported

Figure 15 CU display showing firefighter positions
during the straw burn

Figure 16 Burning the straw

pressed the unit’'s alarm button during this phdse o
the demonstration, and the icon has turned brigh
red to indicate the alert.

The second phase of the demonstration involvec
two teams of fire-fighters who walked around the
whole demonstration site in opposite directions,
Figure 17, representing a search activity. In poor
visibility this tracking would add to the safety thie
operation. One team walked in a clockwise direction
(showed by MU25 and partner in Figure 17) and the
opposite route was taken by the second team, show
by MU30. The display of tracks has been switched
on, to show the route that was taken. The position:
do not precisely line up with the path on the image
and this could be due to GPS position errors, of ge
referencing errors of the overlay with Google
Earth™, or both.

Figure 17 CU display showing fire-fighter tracks
during the search activity

Figure 18 CU display showing fire-fighter tracks
and positions on completion of the search activity



positions illustrate the gaps in the tracks. Howeve ACKNOWLEDGEMENTS
the overall route taken by the units can be clearly
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Even though hybrid positioning wasn’t requiredFire Station of le Vigan, and part of the SDIS 30
during the demonstration, the results of thgService départemental d'incendie et de secours du
positioning trials show that, in real fire forestGard).
scenarios, neither pure UWB positioning nor GPS

positioning would provide the degree of coveraglREFERENCES

required by the emergency services. Switching to a

Hybrid positioning approach is proven to be[l] http://www.osiris-fp6.eu

effectively the solution to this problem. In faeten 2] s. |ngram, G. Burden, “ Locating Emergency
though hybrid positioning doesn’t always improve' * personnel in a Forest fire environment using
positions accuracy, over UWB, it does improve  combined UWB and GNSS Observations,”
position availability. European Navigation ConferencBoulouse

April 2008.

[3] http://www.opengeospatial.org/projects/groups/
sensorweb




