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Beyond Visual Line of Sight (BVLOS) flights take plannimmpordination,and
assessments prior take off Approvals for BVLOS flights can be complicated
and involve Operational Ri sk Assessments (ORA)
of Operations (CONO®). Analytical tools exist today that can assess impacts to
navigation,communication,and other metrics of interest to an operator. By
combining these analytical tools and the ORA process, we can begin to see how
we can automate ORAs for BVLOS approvalhisl paper covers the ASTM
BVLOS approval process and how specific analytics can be used to aid in creating
the required ORA. Additionally, we look at how we can convert analytical results
into operational risk likelihood assessments and propose sevestawagualize

risk. We end with some recommendations for future thoughaetion, on items

that should be addressed before any automated BVLOS approval process can be
employed.

INTRODUCTION

Performing an operational risk assessment (ORA) foeyeond visual line of site (BVLOS)
flight requires several complex steps. In ASTM F3186 the BVLOS approval process is laid
out, and as part of that approval, in section 7, an ORA is required to be performed. The ORA
process is defined in ASTM F31-48% and includes assessments of risk for a variety of criteria.
Examples of practices for performing this ORA are given in Table X2.1 in FB&78hese
examples include recommendations for the pilot to assess communications and to assess GPS
performance por to the flight. In this paper, we show how to quantitatively assess navigation
performance, communications performance and a variety of metrics usindefvedd analytics
that can be used as a Hssed approval mechanism for flights.

Specifically, we discuss position assurance wilobal Navigation Satellite Systen&RNSS
and communications assurance for the communication system between the vehicle and the ground
control station. Inherent in these assessments are questions atzigotilems and ata usedthe
Concept of Operations for the ORA request and the ease with which the assessment can be made.
In this paper, we recommend strategies for each of these topics, and provide example assessments.

Looking beyond the initial ORA assessment, we plewide guidance on how to make use of
additional analytical results for situational awareness in real time, and ways to visualize hazardous
situations during planning or operations. For example, understanding your navigation accuracy
along a route for given time period can help define the width of the flight corrideor flight
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planning, this can help reserve the correct volumenidnmanned Aerial Vehicle (UAV) Traffic
Management (UTM) systenthat others can then plan their flights around.

To moveforward with BVLOS, ORAs must be made easily and reliably. Using automated
ORA assessments is a necessary step towards automating BVLOS approvals and moving toward a
more autonomous futureln this paper we will describe one method for performing these
assessments which, we expect, will lead to a broader discussion of quantitative, automated ORA
assessments in general.

ASTM APPROVAL PROCESS

The first consideration is that the civil aviation authority (CAA) ultimately determines what
operations will be pproved, and how they will be approved. ASTM developed and published
F3196, F3178, and other standards as recommenda
BVLOS operations are executed safely. A CAA may require additional procedures beyond the
smope of the ASTM standardshich arebeyond the scope of thpgaper.

Safe operations depend not only on airworthiness of an aircraft and robustness of its
infrastructure, but also the environmentwhich the technology is deployed. The CONSP
documents te BVLOS mission to provide a higavel overview of the operations purpose,
environment, staffing, and constraindie CONOPS must be detailed enough to sufficiently
identify hazards relevant to the CAA, BVLOS applicant, and other key stakeholdersathbem
affected by the operation. These hazards, and respective mitigations, must be analyzed in
accordance wittthe operational risk assessmetandard While mitigations reduce the risk of
hazards, the remaining residual risks must be quantified anchatated to determine if the overall
risk is acceptable.

The final ORA is one that makes clear that the residual risks of the BVLOS operation are
acceptable to the approval authority. Thus, the ORA is a key document for operational approval
from the CAA.

CONOPS-ORA Discussion

CONOPS provide a thorough description of the mission and operating environment, including
thepurpose of the mission, the vehicle(s) used, staffing, training, geographic boundaries, equipment
location, weather, and limitations defthby stakeholders.

Stakeholders include representatives for parties impacted (or potentially impacted) by the
operations Not only does this include the applicant, customers, business partners and regulators,
but also the local community due to potehimapact of noise, safety, and other costs/benefits
defined in the CONOPS.

The CONOPS does not specify the requirements but is a product of khemover, although
a CONOPS documents how an operation will comply with mission requirerhatit&ranalysis
ensurs the risks encountered aracceptabldo stakeholders This analysis is provided in the
Operational Risk Assessment report.

The ORA provides the risks associated with the CONOPS, along with the risk mitigation
strategies andjuantification of the risksto determine if the risk profildor the CONOPs is
acceptable to the applicant, CAA, and other stakeholders. The ORA is coterminous with the
CONOPs, and if the ORA determines that risks are unacceptable, the CONOPS is,aaljaisted
ORA reanalyzed until risks are acceptable to stakeholders.



F-317816 87.1 declares that the ORA is specific to the CONOPS. Further, the Operational
Approval from a CAA only applies to operations that comply with the CONOPS. Therefore, if the
operaing environment changes during a mission, such that the COM®@B3$onger valid for that
mission, the ORA no longer applies, and the operation must immediately be adjusted or safely
cancelled.

For example, let us presuppose a CONOPS does not includénchfer space weather effects
such as ionospheric storms, and that the ORA neglects this hazard in its analysis. During the
operation, if a high intensity ionospheric scintillation causes loss of GNSS signals during an
operation, the CONOPS and ORA, atierefore the CAA approval, no longer apply to that
operation. In this scenario, the risk levels due to navigation errors have increased to unknown
levels, maybe to the point that the risk of continuing the mission is unacceptable to stakeholders.
Dependhg on the mission, additional analysis may be required to reapprove the CONOPS and
ORA. The ASTM ORA standard assumes nwlicious interference with UAS operatichs
However, unintentional interference does occur from both natural and artificial soGle&s
repeaters are meant to assist navigation (and testing) in areas ofrevepkion butcan
unintentionally cause navigation problems for nearbgrs

The details otheCONOPS and ORA are proportional to the complexity of the mission ORA 6 s
for anoperation located in an urban canyon of a densely populated city are expected to be more
rigorous than operations in remote, unpopulated areas.

Hazard Identification

Hazards are identified through direct experience, engineering judgement, panels of experts,
stakeholder surveys, and other methods. One approach is top downfisshadnsiders the most
generic hazardous event, and breaking this down into a vari¢tgizafds that lead to it. This

(

approach is depicted in the notional hazarditdégure 3 wher e A Control |l ed f 1 i ¢
is ahighlevelh az ar d. Even better would be AUnintended
down into Aédoanctopoktlrettbedwdsubcategori es.

The completedORA will identify the hazards that can be encountered, a mitigation for those
hazards, along with the residual risk of each hazhikklihood scores are then provided for each
hazard, preferably achieved through quantitative analysis. Quantitative analysis can be executed
by developing fault trees and assessing the likelihood of various conditions that contribute to a
hazard.

For example, Figurel showsa fault tree for conditions that contribute to tisk of a collision
Typically, catastrophic aircraft accidents are not caused by a single faibine, butratherby a
multitude of coincidental conditions that lead to a failure.

New hazards may be identified and reported after the ORA is developed, and its
likelihood/impact should be reviewed with the CAA to determine if existing conditions still satisfy
the CONOPS.

The following list enumerates some example hazards to evaiuateORA:

Position assurance

Radio frequency coverage
Noise generation
Population density

4ASTM F317816, 8§1.3
5ASTM F317816 §7.1.2



Weather
ADSB traffic

VLOS coverage

Vehicle / Obstacle detection ability

Controlled flight into static

object

Hazardous Navigation
Errors (actual flight path I=
intended flight plan)

GNSS Error
exceeds allowable

Flight plan routes
through object

Other navigation

erraor

SENsor errors

Poor Constellation
Geometry

Constellation
Geometry (High
PDOP)

RFI/Jammer
presence

lonaspheric
Scintillation

Ranging Errors

Differential
Correction Errors

Ephemeris Ermrors [—j

Other Errors —

1 Multipath errors

Signal
Deformation

— GPS Repeaters

Figure 1. ExampleGNSS NavigationFault Tree



Hazards VersusExpectations

The GNSS navigation hazard exampieFigure 1lpresents theutcomeof colliding with an
object due to GNSS navigations errorélthough high navigation errordmply an increased
likelihood of collision the expected navigation performance is agportant to consider since
high navigation errors may be acceptable to your mission.

If your mission depends cBNSSbeing accurate within kilometer and flight are designed
to ensurggroundbasedobjectsare beyond kilometer, then there i®nly a snall risk that GNSS
navigation will caus@ collision with a building or terrain. This is becaadieghe expected GNSS
errors will remain well within this predefined, ovengineered, boundar

On the other hand, if you design a flight path in such athatyGNSS erramustbeless than
10 centimetersevery type of GNSS error phenomenon must be carefully accountbdcause
typical GNSS errors are on the order of meters.

Differential correction systems for commercial aircraft such as the GiBagd
Augmentation Systen(GBAS) and Spac@&ased Augmentation SysterfSBAS) consider
expected navigation performance, the required performance, and residual risks of exceeding these
limits through the use d®rotection Levels, Alarm Limits, and Hazarddvsleading Information
(HMI). Protection Levels define the best estimation of the position to a strong degree of
confidencé See Appendix A for more on Protection levels and alarms.

Summary of Hazards

To determine the risk of the tdajer hazard in the fatitree, the risks of each of the lowewel
hazards must be quantified. Using the example from the fault tree, let us calculate the
probability ofencountering ®0P >"Y  during a hakhourperiod, wheréY  is the maximum
allowable DOP threshold. High DOP can occur wbenditions in Table 1 are encountered.

Table 1. Methods to Quantify Probability of Errors

Term: | Probability Of:
0 Radio Frequency Interference
0 lonospheric scintillation
0 Object(s) or terrain blocking the lira-sight vector
0 Poor GNSS constellation orientation

Using Boolean analysis, the probability of the higlesel termis a summation of the lower
levels:

0 0 0 0 0 Eq.1
Do be aware that this is a simplification which presumes that only one of these situations could
occur at the same time. However, in this case, the simplification will provide a conservative result.

Another assumption is that these H@wvel hazards are independent of each other.

8 http://www.egnospro.esa.int/Publications/GNSS%202001/SBAS _integrity.pdf
7 SAE ARP4761 §D.10.1



When hazards become dependent on each other, or contribute to multigieviidhilures, or
involve time dependency, these probability calculations become corBpIEXARP461describes
how to apply such Boolean analysis in additional detail.

To quantify the probabilities, various methods can be used, but must be agreed upon with the
CAA. Table2 outlines some methods that may be used for these cases.

Table 2. Methods toQuantify Probability of Errors

Term How to define

0 On-site analysis can provide an empirical estimate of how oft
receiver encounters RFI in each area.

0 SBAS systems such as WAAS provide wiiale status of ionospheri
activity, though in the CONUS, ionospheric scintillation is gener,
negligible. Empirical analysis esite or using public data of nearl
receivers can determine the likelihood of encountering fu
scintillation.

0 LOS vectors can be pralculted using a simulated mission a
accurate 3D surface and building models.

0 DOP based on nominal satellite constellations can beagloalated,
as demonstrated in the following sections.

QUANTIFYING RISK LIKELIHOOD FROM ANALYTICS

Operational Risk Assessment Automation What can be done?

In the ASTM standardF317816, Operational Risk is assessed. Risk is defined in a specific
way, in Tables 1, 2 and 3, of that standard. For reference, those tabpeeducedn Appendix
C.

Risk is separated into two categorieseverityandlikelihood Risk severity is necessarily
defined by the CONOPS. Severity can only be understood and quantified by looking at the flight
plan and the conditions under which that flight will take place.ddmdnsideration are the areas
over which that flight will take place, the population, infrastructure, and other factors that may raise
the severity score should something unforeseen happen. Given this, severity is something that may
be able to bautomated but beyond the scope of this paper.

Risk likelihood represents the general probability that given outcome may occur. This category
is better suited to automation because analytics exist to assess various metrics of concern for
operators. So, howaa one convert an analytical result to a likelihood result quantitatively? First,
we will need some analytics of interest, and then, something to assess those analyticI lagainst.
next section describes our approach to this method.



A View into the Analytics

Some Analytical Result

0 Uooo

Metric Value

4 s e e s e ———

Figure 2. Typical Analytical Result

Figure 2 shows a typical analytical result for a metric value of int@riestgray line represents
the value of the metric over time, which may or may not occur at the lsaat®n In general,
analytics are generated as

QWY Eq 2

where'Yis the positiondis time and¥represents an optional vector of parameters required for the
calculation of the metric.

To begin understanding how this varying metric value can affect a flight, we need a condition
to compare against. Operators typically have a threshold below wigigicdmsider the metric
value goodln the graph, a constant threshold of 4 meters has been idrigint blue with thinner
lines above and below the threshold representing a small percentage away from the threshold (say,
10%). This represents the cadeere an operator may have a threshold of 4 meters of positioning
error, + 10% before takeoff approval can be granfedexample

Intuitively, the areas below the lower threshold bound hold less risk for the flight, just as the
areas above the upper thineld bound hold the most risk; with more risk being associated with a
highermetric valueor a longer time over the threshold. Intermediate areas of concern occur where
themetric valuds located between threshold boun@kese specific areas are highited in Figure
2, with yellow, orange, and red ellipses, representing some concern, madeicen.and high
concern areas under the analyticve,respectively.

To quantify this intuition, we have created a method whereby we can use any analytic
asessment and map the analytic values to risk likelihood $tateS able C2 Equation 3 defines



the inputs for the algorithm, with the output being the resultant risk likelifmotthat analytical
metric. The algorithmdefined by Eqg. 3akes boththe metricvalue and duratioim the threshold
regionsfrom Eq. 2into accountand t is useful for understanding how risky a flight may be based
on specific analyticsEq. 3 takes the andic functionf (Eq. 2) as an input as wels the user
specified Threshold to assetgt metric against. Thehreshold functiofY "#o is specific for
thatmetric andcan bedifferent for any position and timé&n example of thisvould belocation
determination errors beforeuilach having a small threshold and the threshold for that same metric
while in flight being much larger.

To produce correct operational resulEs) 3. must be tuned to specific operatand CAA
requiremats ard rules for flight approvalsThese tuning parameters gm@vided in thevector

parametei® "W .

0 "QWRITY Y WD {0 W Eq.3

Being able to quantitatively determine risk for ayyye of metrichas many benefits. In the next
section, we show how to build up a risk likelihood case for a proposed flight, by layering risks from
various systems into a single metric.

QUANTIFYING RISK LIKELIHOOD , AN EXAMPLE

For ananalytic example, we will use pasihing error analyticfor GPS and communication
analysis between the ground control station (GCS) and the vehidter specifying a planned
flight route, we calculate navigation performance for the vehicle along the route. For the same
flight, we al® use aGCS communications analysis to show two different indicators of
communications health; the number dars) representing the signal strengihthe received
transmission from the GCS to the vehj@dad a Quality of Signal (QOS) metric that représ the
amount of intended signal strength at the vehicle, compared to unintended signal stitaigyth
the same frequency bandnintended signal strength comes from interference sources in the same
frequency band that is unfiltered by the recei®ee Figure 3The Instantaneous Risk Likelihood
valuesare calculated from Equation 3 and are represented as thoablend2. The operator
thresholds in these cases are in Table 3.

Table 3. Analytical Metric Thresholds

Analytical Metric Example Operator Threshold Value
Position Accuracy 6 meters
Communications Signal Strength Mi ni mum of 2 out of
Communications Quality of Service 0.75
(1.00 represents no interference, O
represents complete interferefce

Evaluating these metrics along the route will provide numbers we can analyze. Looking at
metric plots does not provide insight into risk however, especially as many metrics begin to stack,
as will be the case in an ORA. Evaluating these metrics throgghrditative risk methodology,
allows risk to be determined in aggregate for the specified route. These risks carcthrabibed
in aggregatéo represent a composite risk score for the entire planned flight.



In the next section, we explore ways tsualize both instantaneous risk likelihood and
aggregate risk likelihood, leading to fast interpretation of various risk categories and a framework
upon which automated decisions can be made.

Position Error and Risk Likelihood Communication Signal Bars and Risk Likelihood

= Navigation Positioning Error Navigation Instantaneous Risk Likelihood = Number of Signal Bars Signal Bar Instantaneous Risk Likelihood

2

Instataneous Risk Likelihood
Number of Signal Bars
Instataneous Risk Likelihood

1 0 1
8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 1 2 3 45 6 7 8 910111213 141516 17 18 19 20 21 22

Time steps Time steps

Signal Quality of Service and Risk Likelihood

——Quality of Service Quality of Service Instantaneous Risk Likelihood

2

nstantaneous Risk Likelihood

Communication Signal QoS

1] 1
1 2 3 4 5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22

Time steps

Figure 3. Analytical and Instantaneous Risk Results

REPORTING AND VISUALIZING RISK LIKELIHOOD

In this section, we examine visualizing risk likelihood in 3D space, over time. An example web
application has been developed to demonstrate some possible mechanisms for understanding and
sharing risk likelihood with stakelfiders.We areusingCesiumJS, an opesource time dynamic
3D globe, for geospatial visualizations.

We believe these are the fundamental questions to be answered for flight operations, both
overall and at a given instant: What is the likelihoodsi? What are the components contributing
to that likelihood? When and where is that likelihood encountered within the opelatian?
How can this information be used in a way that aids automatios®ers to these questions enable
stakeholderso mitigate or avoid conditions contributing to riskxamples from oumweb
application demonstrate how those guestions might be answered.

In the applicationa Path flightis a fixed 3D volume where an aircraft travels from one point to
another within a predetmined flight corridor volume. It is anticipated that, witlsimme tolerance
the aircraftodéds exact intended position is known
interval. Waypoints, and loiter stations may be planned as part of a path flight

Example Web Application Layout and Components

The web application is primarily composed of an interactive 3D globe where relevant entities
are displayed: a map layer, the flight geometry, the location of the GCS, and the locations of any
GCS communicatios interference points. Users can zoom and pan the camera or lock onto any
entity to track it throughout the operation. A timeline, clock, and animation speed controls are laid



out along the bottom of the windoWwhe clock can banimatel forward and backardas desired.
Figures4 and5 show theoverall route and theoutenear the vehicles currepbsition,respectively.
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The Overall Risk Likelihood panel in the top left corner of the application (Figueesl 5)
shows the overall likelihood of risk for the operation. This panesentshe risk likelihood that a
stakeholder may need to make a fly flyodecision basedn the output from Equation 3This
panel, enlarged in Figu containstie components of risk likelihoddr the entire flight. These
components ar&cCommunication Signal Strength (Cell Bars), Communication Quality of Service,
and GPS Position ErroiEach component includes a timestamp stating when the maximum
likelihood level for the risk component is predicted to begin. The values in this panel are static,
they do not change unless the flight plan changdéss panel represents a look at the erftigit
with respect to each individual metric of interest.

Overall

® Comm Cell Bars

Comm Quality of Service  Frequent

&® GPS Position Error Remote

Figure 6. Components of Risk Likelihood

A likelihood indicatorin the form of a colored circles placed in the panel heagderhere the
color of the circle represents the aggregate likelinmodhe entire route, for all metrics in that
panel Each component of risk likelihood includes a likelihood indicator as well, showing the
maximum likelihood level for that metric during the entire operatiom better understand the
likelihood colors, d.ikelihood Key panel iedded foreferencesee Figurd. This information is
taken from Table C2.

Likelihood Key

@ Extremely Improbable
@ Improbable

@ Remote

@ Occasional

Frequent
Figure 7. Risk Likelihood Color Mappings

The Instantaneous Risk Likelihogaanel, Figure8, is situated beneath the Overall Risk
Likelihood panel. Tkpanel 6s header di splays the current s
clock ticks. It includes m aggregatéikelinood indicatorfor all metricsfor that instant in time.

Inside the panel bodgachme t r i ¢ 6 s a i lestedy alohgavahlitsisklikelihooe indicator
signal strengtlin dBm, communication quality of serviae percentandposition errolin meters.
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Figure 8. Instantaneous Risk Likelihood

The panels answer the fundart@nquestions of whathe likelihood of risk is what its
componentare and when that likelihoodill be encountered; both overall and at any instant. The
information in the panels alomgvaluable and whercombined with interactive 3D visualizations,
stakeholders gain an even greater understanding of risk within the airspace. The next sections
examine the visualizations for each component of risk.

Visualizing Risk Likelihood Along a Path Flight

A path flight is depicted by a colored line as shown in Figuréhe line color indicates the
aggregated metridsk likelihood level for the flight at each timestep along the flight. In Figure
the flight from Detroit to Ann Arbor has an overall likedod level of Frequent. The likelihood key
shows that Frequent is depicted by the color red. Comm Quiality of Service is the offending metric,
as shown in the Overall Likelihood panel in Figére

Figure 9. Flight Path Colored Line

In Figure9, the aircraft departs Detroit, on the right side of the image, travelling east to west.
Initially, the risk likelihood level is Remote as indicated by the yellow path segment. The level
drops to Improbableight green as the aircraft approaches the GCS.tle aircraft passes the
GCS, and moves toward a source of interference, the path turns yellow and ttématgd .after
leaving the area of interference, it returns to yellow

This view shows the geometry afigregatedisk likelihood along the flightoute. It gives
stakeholders the opportunity to change the time, geometry, comms equipment, emergency
procedures or other flight attributes.

Aggregate metric visualizations show the effect of all metrics on the risk likelihood for the
flight. Atanypoit al ong the rout e, any metric can be af
and thus causing the color indicator to reflect that state.

Visualizing Individual Metrics

Navigation Position Errorin a path flight, the anticipated position of the airgrat a given
instant, is marked with a green dot. As the tpnegresseshe green dot is animated to show the

12



currentposition, giving the effect of the dot traveling along the path. The dot represents the ideal
aircraftposition ifno GPS position errg were to exist.

Figure 10, Navigation Error Ellipsoid

A translucent green ellipsoid surrounds therent vehicle positianThe ellipsoid shows the
volume of théd5% confidenc&PS position error along the major and semajor axes of the flight
path see Figurd 0. The axes are represented by the Hamth-Up coordinate system but can be
rotated to any frame desirdBlecause of the positioning errdngtaircraft can be anywhere inside
the bounding error ellipsoid. Outside of the ellipsoid, eefsame sphere is included to show the
operatords chosen t hr es ho thatthreshald ispsimetdrstandthe er r or .
wireframe sphere is drawn with a sixeter radiusAs the timeline clock ticks, the error ellipsoid
shrinks and grws, showing the instantaneous position error volume.

Theinstantaneouskelihood of GPS Position Error risk is shown in thetantaneouskelihood
panel along with the current GPS position ersare Figure 1L

® GPS Position Error

Improbable

Figure 11, InstantaneousNavigation Risk Likelihood

ComnunicationsQuality of Service In a path flight, as the aircraft travels along the route, a
white translucentine appears when the communications Qualitgervice(QoS)likelihood level
is high, specifically Occasional or Frequeree Figure 2. The line connects the aircraft and the
transmitter, in this case the GCS. The line directly illustrates the entities involved as the scene is
animated. Thewhite line disappears when th@oS instantaneoudikelihood drops below
Occasional When an interference source is present, a line connects the vehicle and that interferer,
showing that geometry. The G&8hicle line is colored to show the instantaneous risk likelihood
associated with thianterference.
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Figure 13, InstantaneousCommunications QoS Risk Likelihood

ComnunicationsSignal Strength at the Receiv€lommunications signal strength from the
GCStransmitteiis measuredsadecibelmilliwatts received at the aircraft. The raw value is shown
in the instantaneoukkelihood panel see Figure4. It is also translated to a "cell bars" signal
strength graphic, common to malgvices Five empty cell bars are shown. As the reegipower
increases, the cell bars fill to indicate signal strengghwith the other metricsheinstantaneous
likelihood of signal strength risk is shown using the likelihood color indicator.

® Comm Cell Bars

Improbable -96.0 dBm

Figure 14, InstantaneousCommunications Signal Strength Rsk Likelihood

Visualizing Risk over an Area

Sometimes, it is valuable to assess risk likelihood over large areas. For example, fleet operators
may benefit from large scale risk analysis versus generattigidual flight risk assessments.
Airspace supervisors and those concerned with asset pootéaim air operations may benefit
from understanding the likelihood of successful air operations over a given area.

Area risk analysis may also offer tirevings. If likelihood is lowenough (in combination with
severity determinations as part of theatdDRA) across the entire operatartimeline, further
analysis may not be required. When likelihood is not low, subdivisions of the area may be
scrutinized to determine which operations are at risk.

The following series of figureshows how risk likelihod may change for a given area of
operations of timein Figure B, the area has been divided into small gels. Each cell is colored
based orthe aggregateask likelihoodat that time, evaluated at the center of the é¢lthe given
time, a small prtion of the eastern section of the area shows high likelihood of risk. In this case,
GPS navigation accuracy is diminished.
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Figure 15, Large Area Intantaneos Risk Likelihood

Over timehowever the areaof risk likelihood will changeFigures $ and17 show the
progression of risk likelihood over3®-minuteperiod.

Figure 16, Large Area Instantaneous Risk Likelihoodi Time Advancing 1

Figure 17, Large Area Instantaneous Risk Likelihoodi Time Advancing 2
Communicating Riskto Stakeholders

Stakeholders may need to collaborate to determine steps to take once risk likelihood is
identified. Decisions to accept, mitigate or avoid risk can be madsh easiewhen interested
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