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Abstract

Mid-air collisions still are a regular cause of accidentparts of the aviation community. Yet advances in the
miniaturization and the declining cost of electronics anidroprocessors over the past decade have spawned
several collision alerting systems specifically tailoredite needs and constraints of sports aviation. In this paper
the current state of technology in low-cost collision ategtsystems in this branch of aviation is briefly reviewed.
The FLARM system is one of several systems in widespread ag&yt Due to its low cost and widespread
proliferation within the gliding community, this systemdsscussed in more detail. Here it is identified that most
developments associated with the FLARM system are eithreiee-related or pertaining to the development of
flight-phase identification and traffic-conflict detectidgaithms. According to available literature the human-
machine interfaces (HMIs) of FLARM and other low-cost csibin alerting systems are designed pragmatically.
No insight into the requirements and the design of HMIs of-tmwgt collision alerting systems is found in literature.
Based on this fact, several questions pertaining to HMIgeare formulated. As a result, a study of commercially
available HMI devices was performed, revealing several lddtegories and potential problems on HMI usability.
The paper concludes in stating that experimental analysexquired to properly gauge HMI efficacy for different
piloting tasks in sport aviation.

Abbreviations

Airborne Collision Avoidance System
Automatic Dependent Surveillance —
Broadcast

Air Traffic Control

German Federal Bureau of Aircraft Accidents
Investigation

Electronic Flight Information System
Institute of Flight Systems and Automatic
Control

Global Positioning System
Human-Machine-Interface

Instrument Flight Rules

Light Emitting Diode

Personal Data Assistant

Situation Awareness

Secondary Surveillance Radar
Traffic Awareness

Traffic Information Service — Broadcast
Visual Flight Rules

Introduction

such as providing commercial air services, personal ti@ap
tion, national defense or police duties. Yet sport aviatien
which can be defined as “flight for fun, or interest’'s sake” [1]
— lacks such rational driving forces by its very definifioifhe
categories of aircraft operated for sport aviation are fiamsg),
ranging from single and multi-engine airplanes to glidgssp-
copters, ultralight airplanes, hot air balloons, paraebpgtc.

Much of sport aviation is performed by pilots who have re-
ceived less rigorous training than is demanded of othetsilo
particularly in systems management. In some countriesetye r
ulatory environment for such sport flying operations alsess
restrictive. Many regulations, such as the US sport pilajHtl
sport aircraft rules or European ultralight / ecolight / might
rules, only allow for sport flights to be conducted in compli-
ance with visual flight rules (VFR). Also, sport aircraft arften
owned by individuals or small groups of individuals (suclilas
ing clubs, etc.). The financial means available by theseiddi
uals or groups for aircraft operation in sport aviation isalky
much more limited than in other branches of aviation.

A regular (but not the major) cause of accidents in sport-avia
tion are mid-air collisions. The German Federal Bureau of Ai

aSport aviation is a subset of general aviation. Generaltianiain turn,

.A !arge share of aViation' activities ?-nd CorreSpqnding fligh is defined by the International Civil Aviation Organizatias all civil aviation
missions are concerned with the fulfillment of rational gpal which is not operated for commercial air transport or aemiatk [2]
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craft Accidents Investigation (BFU) alone released 22a@mti  tic process [6,7] implies that adequate separation carengtiar-
investigation reports between the years of 1999 and 2011 peanteed deterministically for those flight operations mgyon
taining to accidents resulting from mid-air collisions amelr  the “see-and-avoid” principle as their sole means of enguri
misse8 involving sport aircraft. The list of involved sport air-  airborne separation. Some factors influencing the stoichast
craft classes includes single engine airplanes, helicopgdid-  get acquisition rates are target size and visibility, dis&to the
ers, touring motorgliders and ultralight airplanes. Albgpair-  target, atmospheric visibility, pilot alertness as welpést ex-

craft are operated under VFR. perience [6, 7].
. . . . . Also, the setup of the human visual system and its reaction
Collision avoidance in sport aviation to different stimuli directly influence the identificatiorf po-

Several operational means of ensuring airborne sepa@tion tentially conflicting traffic. Targets exhibiting a relagimotion
collision avoidance in aviation have evolved over time. $§fmrt o the observer tend to attract visual attention and aretber
aviation operations operating under VFR, these means can bgore likely to be identified by the pilot [8]. Yet most oftenlco
broken down into three categories: the “see-and avoid™-prinjision geometries cause aircraft to maintain a stationagring
ciple, traffic information and separation provided by a&ffic  from one another [9], making target acquisition less likely
control (ATC) and collision alerting systems. Traffic awareness (TA) can be considered as a subset of sit-

By far the oldest means of providing collision avoidance inyation awareness (SA). This allows SA models to be used in
aviation is the “see-and-avoid” principle. Here, pilot® @8- describing pilot behavior in situations with conflictingafic.
sponsible for visually detecting conflicting traffic and ensg  Endsley provides a comprehensive theory of SA [10]. SA is de-
self-separation. Nevertheless, factors which are phygicdl  scribed as a multi-layered process. At the first layer is éfvell
and psychological in nature hamper “see-and-avoid” inrdete of perception. Applied to TA, a pilot must perceive othecft
ministically preventing mid-air collisions [3]. in order to be aware of their presence. Second comes the level

ATC is a further source of traffic information for sport p#ot  of comprehension. In the case of TA, the pilot must comprehen
Even in airspaces where radio communication with ATC is nothat an acquired aircraft may be a potential threat from tvtoc
required for VFR flights (airspaces classes E, F and G),ilotremain separated. The highest level in the process of SAeis th
can often request traffic information. This service is usual-  |evel of projection. In order to successfully deconflictrfrpo-
fered on a workload-permitting basis by ATC and is supposed ttential mid-air collisions, the pilot must adequately poedhe
assist in self-separation from other traffic operating und€R  conflicting aircraft's trajectory.
orinstrumentflight rules (IFR). In higher airspace claggess, Also directly related to the concept of SA is the concept of
C, and D), ATC provides different levels of separation S&#vi  {he mental model. In human factors research it is supposed th

Collision alerting systems are perhaps the youngest méans @ach human has some form of model of how a given (techni-
aiding sport pilots in collision avoidance. The past deda@® 5| or non-technical) system works. According to Endsleig t
seen a surge in low-cost, non-certified, airborne systemehwh ental model directly influences the levels of comprehensio
aid sport pilots in t_he detection and avoidgnce of othe_ﬁdxaf and projection of the SA theory [11]. Relating to the reskarfc
Every system consists of some form of traffic sensor, praegss Ta this means that each pilot has an expectation of how the ai
unit with conflict detection algorithms, and a human-maehin {affic system works. In practice, this mental model assrsts
interface (HMI) for relaying information to the pilot. In der pilotin comprehending that a visual target aircraft flyiragallel
for collision alerting systems to be viable for sport aoatbp- {5 3 runway at an altitude of 1000ft above ground level with a
erations, several demands must be fulfilled. These demaads & rizontal offset of 1nm is most likely flying in an airporatfic
discussed in more detail in the proceeding sections. pattern. Atthe level of prediction, the same model of thérair
fic system will allow the pilot to predict that aircraft’s tufrom
downwind to base leg in the traffic pattern and plan accotging

An illustration of Endsley’s SA and mental model theories
applied to the case of TA is given in Fig. 1.

While the SA/TA concept presented above has so far been dis-
cussed as a stand-alone concept, it shall be pointed odit that
closely intertwined with the concepts of workload and pjlet-
formance. Durso and Alexander [12] note that a change in SA,
workload or pilot performance will lead to changes in theeoth
two. Furthermore, Casner [13] voices concerns about theipos
bOne ultralight airplane suffered structural failure of timg in the wake  ble detrimental effects of advanced cockpit systems — ssch a

vortices of an F-4 Phantom fighter after a near miss with the je collision alerting systems — in general aviation enviromise
“German Federal Bureau of Aircraft Accident Investigatidnvestigation

Human factors considerations

For most mid-air collisions it is often impossible to blame a
single cause, event or person for the accident. The chaisacte
tic model of the failure of a complex system is often callee th
“Swiss cheese model” [4, 5] in which holes in multiple layefs
defense have to line up for a failure to occur. Nevertheltss,
theoretical understanding of the mechanisms leading upde m
air collisions and the conditions favoring such events @-th
ough. The simple fact that visual target acquisition is alshs-

Reports (website). URL: http:/www.bfu-web. de/@30/ on SA and workload. Casner also mentions that these systems
nn_223648/DE/Publikationen/Untersuchungsberichte/ not necessarily reduce error rates and that alarms and afegh
untersuchungsberichteode.html2nnn=true [cited 23 January 2012]. provided by advanced cockpit systems may lead to unintended
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Figure 1 Concept of TA applied to Endsley’s SA and Mental Model Thes(iderived from Ref. 9).

pilot behavior, such as startle. Demands of collision alerting systems for sport aviation

Any collision alerting system intended for use in sportft
has to be designed to comply with the typical restrictionspairt
aviation operations. The following restrictions have bémmd
by the authors to have significant influence on the design-of ex

A technological approach to aiding the pilot with the per-iSting systems:
ception of other traffic is the introduction of collision giag
systems. These augment the human visual sensors (the ey&&e and Mass The low payload capacity of many sport air-
with additional technical sensors. Ideally, this leadsadier ~ craft may not be further burdened by the installation of lyezv
perception of other air traffic — or even perception of trafficcumbersome equipment. Instrument panel space for adalition
that would otherwise have been missed visually by the pilot —displays is also severely limited in many aircraft.
and therefore increases pilot TA. This happens on the perce% . . )
tion level. Furthermore, if the system offers differentdsvof ~ POWer Consumption Particularly gliders have to rely on bat-
conflict alerts it directly influences comprehension levisTa.  (eries as their sole source of electrical power. Power qopsu
Depending on the design of such collision alerting systemes, tion need; _to be onv enough to allow uninterrupted _o_perat|on
dictions of other traffic locations also might be made, alding ~ ©f the collision alerting system for several hours of fligine
on the prediction level. Additionally, collision alertirgystems ~ While relying mostly on battery power.
are intended to act as an additional layer of defense witien t
“Swiss cheese model.”

Contemporary collision alerting systems

Ease of Operation Time available for training on a collision

alerting system is severely restricted for sport pilotspwliten
A central technical question during the design of a colisio zre flying only tens of hours per year. Hence, interactioh tie

alerting system is the selection of adequate sensors fatiide system must be very intuitive to the pilot. Also, it may noawir

fying, locating and tracking of potentially conflicting ereft.  t90 much attention away from other tasks, yet shall improve T
Here, a wide range of sensor technologies exist. Thesedaclu

primary air search radars, infrared and visual sensorestin-  Financial Burden Considering that at the lower end of the fi-
dard Airborne Collision Avoidance System (ACAS). Neverthe nancial spectrum, used aircraft might have a value of sévera
less, the technologies mentioned above are either too heawy  thousand Euros, it seems unlikely that an aircraft will vaéu-
sume too much power, are too complex to operate and intefty be equipped with a collision alerting system if the uniice
pret or are too expensive to be of current interest for spoft a of such a system is within the proximity of the remaining eaft
ation collision alerting purposes and will not be discusked value.

ther. However, research at the Lincoln Laboratory of the-Mas

sachusetts Institute of Technology aims to expand ACAS-funcPrecision of Relative Traffic Position Indicated traffic posi-
tionality to some general aviation applications [14]. Relfgss  tions must be precise enough to allow for swift and distidenk
of this, advances in modern electronics and microprocgssirtification of potentially conflicting traffic. Large discrapcies
have spawned a whole series of low-cost collision alertieg d between indicated and actual position might cause the flot
vices specifically designed for sport aviation use withia dst  initially search the wrong “patch of the sky,” thereby wasgti
decade. valuable time for deconfliction.
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Reliability/False Alarms If the rate of false alarms rises target aircraft transponder only replies in Mode A, no atté
above a critical threshold, pilots tend see the system as-a nunformation is available.
sance [15]. Pilots ignoring the warnings provided or evesa di  Previous research at the Institute of Flight Systems and
abling such systems may be the consequence. At the other haditomatic Control (FSR) [17] quote error magnitudes for
if the system does not identify conflict situations propeity transponder-based signal analysis. Inherent uncegaiofiup
does not reach its design motivation. to 27 in determining relative bearing, slant distance errors of
up to 250ft for reply time measurements and errors in redativ
Availability  Availability only limited to a certain geographic altitude of 270ft are provided. Furthermore, systems ngjyan
region or phase of flight significantly lowers the usabilifyao  signal strength measurements for determining the slatzrdie
given collision alerting system. Ideally the system’s gg¥g are  to a target are occasionally prone to errors in the order gfitaa
available during all phases of flight and in all geograph&aar tude of 1nm [18]. These errors only allow for transpondeseua
where a given flight takes place. collision alerting systems to be used in situations whene aiit

are sufficiently spaced.
Legal Implications If the system is to issue compulsory com-

mands to the aircrew involved, this raises questions ofoesip
bility and ultimately liability. The same is true for any autated
intervention into the flight controls. As aresult, certifica bur-
dens are extremely high for compulsory directives or autama
intervention.

GPS-based position broadcasting

Position and velocity measurements based on the Global Posi
tioning System (GPS) have become commonplace within many
technological applications over the past decade. It idyepes-
sible to transmit the measured position through predefiaed r
dio protocols and therefore make a receiving party awarbef t
Sensing technologies sender’s position.

Before discussion of the sensing technologies commertces
shall be noted that all presented technologies are “cotipeta
Hence, potential threat aircraft only can be identified byh c
lision alerting system if the threat aircraft is specialgugped
and the equipment is operational. All ensuing sensing t@chn
gies more or less fulfill the demands of the previous sectida:“
mands of Collision Alerting Systems for Sport Aviation” foer-
tain applications in sport aviation.

'ADS-B/ TIS-B  Automatic Dependent Surveillance — Broad-
cast (ADS-B) is a new airspace surveillance technologydase
on automatic position and velocity reports being broadbgst
the participating aircraft. The broadcast position datars-
vided by an external navigation source, such as a GPS receive
or inertial navigation system. Though originally intendesdan

air traffic monitoring tool to assist ATC, by now several com-
mercially available collision alerting devices are ablel&iect
conflicting traffic on an ADS-B basis.

SSR-transponder signal analysis The ADS-B standard is internationally certified and stadear

Secondary surveillance radar (SSR) transponders formethe bized between ATC organizations. Accordingly, the protocol
sis for most ground-based ATC services and flight tracki®g.[1 documentation for ADS-B transmitted is freely availabl®][1
When interrogated by a ground-based radar, the transpondegt certification costs are reflected in the pricing of ADS-B-
replies with its 4-digit Ident-code (“Squawk,” Mode A). Indde  conformal equipment.

C, the transponder will provide further its pressure aliitu ADS-B receivers also may receive traffic information from

Mode S transponders also are uniquely identifiable through g,.,,nq nased transceiver units operated by ATC. This allows
24-bit aircraft address transmitted with each interragateply. e traffic information available in ADS-B-equipped airftra
Utilization of transponders also is a prerequisite for fligh- o enhanced with traffic data about non-ADS-B aircraft, gen-

erations in some parts of the airspace system, ensuringlthat erated through ATC's SSR. Such enhanced ADS-B service is
aircraft operating in the airspace elements are cooperatd  ynown as Traffic Information Service — Broadcast (TIS-B). In

can be detected by transponder-based collision alertstgs)s. o der for TIS-B to be available, the receiving aircraft mbet

I—!igh-end AQAS systems — mandated fpr most commerci?\lzvithin range of a ground based transceiver unit [20].
flight operations — determine the slant distance to a patenti

target by interrogating nearby transponders and measthiing FLARM  The FLARM system also relies on the transmis-
reply times. On the other hand, most low-cost, non-certifidel ~ sion of GPS-based position information. Additionally, eamit
lision alerting systems relying on transponder signalgsiade-  identifies its current phase of flight (straight and leveining
termine distance on the basis of transponder signal sti¢hg}. ~ flight, gradual turn, etc.) and calculates a forecast pmsitic-
The relative direction to a potential target can be deteeahipy ~ cordingly. This predicted position also is transmitted lagle
automated direction finding equipment. Yet some low-collitco FLARM unit. However, in contrast to ADS-B the signal stremgt

sion alerting systems solely provide non-directional eadgta. SFLARM is manufactured by FLARM Technology GmbH of Baar, Sieit

Rela_tive altitude to the pOtemi{i”y conflicting traffic che de-  |and. To avoid confusion between the FLARM system and FLARddARology
termined from the pressure altitude of the Mode C reply. éf th GmbH, the company is referred to as the “FLARM manufactuiethis paper.
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of the message transmitted is much lower and it is transadnitte

a concession-free radio frequency. Also, FLARM'’s radio-pro
tocol is proprietary, allowing messages to be received bygly
equipment endorsed by the manufacturer [21]. Due to the low
signal strength, typical detection ranges for the FLARMeys
vary between 3km and 5km [22], which is significantly lower
than the detection ranges of the other systems.

FLARM has been originally developed for application within
the soaring community, as a non-certified collision alersgs-
tem. Due to its low costs and simplicity in operation FLARM
has become a quasi-standard within the world gliding commu-
nity, with installed units also spreading to light airplanéra-
light, helicopter and aerial sports applications. Its #hetec-
tion algorithms are specifically designed to the requireieh
sport aviation.

Coordinate systems

All collision alerting systems evaluate geometric coroit
in order to assess the threat presented by a sensed aifdrast.
implies that coordinate systems are attributed to the ga@mne
analysis. The orientation of these coordinate systemspsrde
dent strongly upon the sensors utilized and influences fioe-in
mation which can be passed to the pilot.

Transponder direction finding equipment, due to its aiteraf
fixed installation, will provide parameters in body axes.t Ye
Mode C relative-altitude information is given in earth axes
Slant distance measurements, by definition, are non-edent
GPS-based signal analysis also can take place in a variety of
ordinate systems. Yet many GPS-based low cost collisiat-ale
ing systems lack access to the ownship’s attitude infolonati
and therefore cannot provide alerts in body axes. Insteath e
axes, flight path axes or related coordinate systems are used

Literature review

Due to the popularity and the rapidity with which FLARM
has proliferated in parts of the aviation community, a remid
literature on the system was performed. The system was de-
veloped in 2003 in Switzerland in response to a series of fa-
tal glider mid-air collisions [23]. Development appearstwve
been driven by a pragmatic “trial-and-error” approachidspof
a young startup company. A detailed review of scientifiadite
ture on the system reveals that only few publications detd wi
the FLARM system or collision alerting systems for sporiavi
tion in general. The most comprehensive set of documentatio
is that provided by the FLARM manufacturer. Part of this lit-
erature is aimed at the pilots and operators confronted thvéh
installation, operation and maintenance of the FLARM uimts
each aircraft [22, 24]. Another part of manufacturer litara is
intended as a description of the design philosophy [21] axed d
umentation of the serial data port, allowing the FLARM syste
to be interfaced with other devices and systems [25].

e A research project initiated by the German Federal Min-
istry of Transport, Building and Urban Development ana-
lyzed the state of collision avoidance in German sport avi-
ation between 2003 and 2004. At the time of publication
in the spring of 2004, FLARM was just being introduced
into the market. The research project’s final report quotes
FLARM as being the most promising and advanced of four
low-cost collision alerting systems discussed. The other
three systems did not reach market maturity. Also, the
authors recommend that future research into the FLARM
system should be considered once more widespread opera-
tional experience with the system is available and a higher
number of aircraft is equipped with the system [8].

e In their 2007 report to the Fédération Aéronautiquerinte
nationale, Hearne and Strachan [26] discuss the potential
of GPS-based position broadcasting technologies for sport
aircraft. They see ADS-B and FLARM as being able to
significantly and cost-efficiently enhance safety for sport
aircraft by providing surveillance functionality to ATC as

well as being usable for onboard collision alerting.

e The FLARM manufacturer, together with the Swiss Federal
Institute of Technology, Zurich, developed new algorithms
for estimating the wind influence from GPS data. This wind
influence is then used in refining flight phase identification

and trajectory prediction [27].

A company specializing in simulating complex dynamic
systems was tasked by the FLARM manufacturer with ana-
lyzing the operational characteristics and limitation$hef
FLARM system. Particularly, cases of high traffic densi-
ties and their influence on the proprietary radio communi-
cations protocol were studied [28, 29].

A German-registered patent not associated with the
FLARM manufacturer concerns itself with an optimized
FLARM antenna, which can be remotely mounted on the
aircraft canopy [30].

e A plethora of pilot reports for collision alerting devices-e
ist in online forums. These reports are of variable scientifi
quality and usability. Yet also popular aviation print meedi

routinely discuss the subject [18, 31].

e FLARM compatible avionics devices will often also docu-
ment some technical aspect of the interfaced FLARM sys-
tem [32].

e Several patents and publications propose a FLARM re-
ceiver as a traffic sensor and further process the data pro-
vided by the FLARM receiver for manned and unmanned

operations [33-35].

Two other documents of interest on the topic of low-cost col-

Other scientific and technical literature found on the sctbje lision alerting, though not directly related to FLARM, weakso

is noted as follows.

TECHNICAL SOARING 35

found.

VOL. 36, NO. 2 April-June 2012



e In 2000, a German-registered patent proposes a collisiobelow, also serve to offer a first insight into the design of IdM
alerting system also intended for glider operations. How{or low-cost collision alerting systems in sport aviation.
ever, the relative location of a threat is not identified via The purpose of the HMIs is to present data on sensed traffic
GPS, but much rather on the principles of radio directionand potential collisions in a form that is understandabléhto
finding. The receiver’'s proposed HMI already features apilot. During the analysis of these HMls it was found thatythe
circular array of light emitting diodes (LEDs), similar to could be divided into two primary categories; auditory HMIs
the HMI integrated current FLARM units [36]. and visual HMIs. Each of these two categories can be further

divided into clearly defined sub-categories.

* Proposed changes in the structure of aviation in the Repub- other available human sensory channels, such as haptics and
lic of China and the opening of lower airspace for light air- i cility appear to remain unused for the use of relayin§itra
craft have spurred concerns about mid-air collisions thergnformation to the pilot. However, most commercially aadile
Hence development of an ADS-B-based collision alertingjeyices utilize the visual and auditory channels simultaisty.
system has also commenced there [37]. In most real-world HMI designs, one can differentiate betwe

a primary and secondary channel; the primary channel beang t

From the list of available publications on the subject, 1b& 6 through which the majority of the traffic and conflict info
seen that the introduction of FLARM has mostly been accompas ation is relayed to the pilot. Often, a primarily visual tev

nied by practical considerations and little theoreticalesch. | o utilize some sort of auditory message to attract attent

The few scientific documents that do exist primarily CONCeMy the visual data depicted. Primarily auditory devices often

themselves with the improvement of prediction algorithnas, ;56 \isyal elements to confirm the operating status of thieelev
dio protocol limitations and improved hardware.

Auditory traffic HMIs

Literature on HMI devglopment . Many devices utilize a simple audio speaker (“beeper”) or
Even though a multitude of external displays and other HML.gong signal” to attract attention to a visual display. Henihe

concepts exist and are available on the market for use Wit is informed of the existence of priority informatioayen
F.LARI}/I unl';]s, no single publlcc:jgtlonhconcgrns |tselzlf with tihe- » when currently not scanning the instrument panel.

sign of such an HMI. Expanding the review to low-cost colli-  nother means of conveying auditory traffic information is
sion alerting systems for sport aviation in general did mot r plain voice output. Prerecorded messages or message inégme

veal_adqmonal I|teratu(rje. I_Dlsc_:ussmn W'tr} aV|att|10nBa';th 'né are triggered to inform the pilot of the position of otherffia
vestigation experts and avionics experts from the apd re oo conflict situations.

resentatives of avionics manufacturer Garrecht AvionikbBim
and HMI manufacturer Butterfly Avionics Lt&ifurther support o
the suspicion that comprehensive scientific literaturenersub-  1raffic displays

ject of HMI development for low-cost collision alerting $gms ~ Traffic information also can be displayed visually on digsla
does not exist. From this lack of scientific understandieg; s in the cockpit. Here one can differentiate between displays
eral questions arise: which are solely dedicated to displaying traffic informatend

information on the operating state of the collision aleytgys-
¢ How do existing and commercially available HMIs differ? tem or non-dedicated displays, where further non-traéflated
How are these interfaces designed? information is displayed.

e How effective are the available HMIs for increasing pilot
TA? How do they affect SA in general? Do they detract
attention from other piloting tasks?

Dedicated traffic displays
Dedicated displays are often directly integrated into the r

ceiver units of low-cost collision alerting systems. Yekeigra-

e Can recommendations be made on how to improve the déion is no prerequisite. Displays and receivers can be nealint
sign of HMIs? Is it possible to optimize the HMI design With spatial separation. Dedicated traffic displays aretraften
process, which currently relies heavily on “trial-andegtr ~ installed in the pilot’s primary field of view. Example skees
methodology? of dedicated displays are given in Fig. 2 and are discusded/be

HMIs for low-cost collision alerting systems Low-Complexity (Fig. 2(a)) Such displays arbitrarily can be

In order to answer the first of the questions posed above 0%efined as having a maximum of 30 individually controllakle v

“How do existing and commercially available HMIs differ?” a su_al elements to rela_y _informa;ion on sensed traﬁ‘_ic andpee-o
market analysis of currently available devices and theipee- ating state of the collision alerting system to the pilotpital of

tive HMIs was performed. The results of this study, pres@nteth's_ category Is the_ current HMI integrated into FLARM units
which features a circular array of twelve LEDs to indicate th

eBoth companies cooperate closely with the FLARM manufaetur relative horizontal location of traffic and a column of fouEDs
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(a) Low-complexity dedicated traffic display
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(b) High-complexity dedicated traffic display
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(c) Alphanumeric dedicated traffic display

Figure 2 Example sketches of dedicated traffic displays

for indicating relative vertical traffic position. Furtheore, four

through the use of letters and digits. Nevertheless, aduhnit
number of low level symbols (such as arrows) might also be
utilized.

Alphanumeric dedicated traffic displays are often made up of
a monochromatic display that allows only the depiction of a
strictly limited number of potential targets. Usually no mo
than four lines of alphanumeric symbols are displayed. d8ipi
representatives of these HMIs are the PCAS MRX and PCAS
XRX displays manufactured by Zaon Flight Systems.

Non-dedicated traffic displays

Due to the flexibility of modern integrated electronics,st i
also possible to display traffic information on systems otely
dedicated to the task. The list of non-dedicated displays be
low by no means shall be intended to be fully comprehensive
in terms of non-dedicated traffic displays in sport aviatidh
much rather offers an insight into the possible fusion offita
information with other data.

Integrated glide computer or EFIS displays Many modern

high performance gliders are equipped with integratedeglid
computers which combine data streams from air data and GPS
sensors to allow for final glide calculations and assist atita

cal decisions. Analogous systems tailored to the needswef po
ered light aircraft are often available as electronic fligtibr-
mation systems (EFIS). Both systems’ displays usually tgke
significant amounts of available panel space and featuferdif
ent “pages” for depicting data. The possibility of displayi

LEDs indicate the operating status of the FLARM unit. Legacytraffic ranges from dedicated traffic pages to integratefficra

FLARM units still in operation today feature a horizontalrof
eight LEDs to indicate the relative horizontal traffic ldoatin-
stead of the circular array. Range information is usuallyexe
plicitly provided by low-complexity displays. Due to therited
number of individually controllable visual elements, itaien
only possible to present one threat aircraft to the pilotkimg
an automated prioritization of threats necessary.

High-Complexity (Fig. 2(b)) In contrast to low-complexity
displays, high-complexity dedicated traffic displays dsnef

a significantly higher number of individually controllable-
sual elements. This is usually realized through a polyclatam
liquid crystal display matrix. One typical representatdfethe
high-complexity dedicated traffic displays is the Butteidlis-
play, manufactured by Butterfly Avionics Ltd. Due to the matu
of the devices, it is possible to display multiple sensedrait
and adjust the presented screens dynamically, dependitigeon
current traffic situation and threat level. Threat inforimatcan

information on moving map pages. The LX 9000 FLARM of
LXNAV is representative of such a modern glide computer with
the mentioned capabilities while the MT Vision Air of Moving
Terrain Air Navigation Systems represents an example ght
plane EFIS allowing for the display of traffic information.

PDA software solutions and PDA displays As a low-cost al-
ternative to the integrated glide computers, personal alsges-
tants (PDAs) often take up analogous tasks of assistingcin ta
tical decision processes for glider pilots. However, theABD
require external GPS data as input. Due to the fact that many o
the aircraft in which PDAs are utilized are also equippedwit
FLARMSs, the enriched GPS data stream — including traffic in-
formation — can be fed by the FLARM unit to the PDA. Several
software products display this information in dedicateaffic
pages or on integrated pages. PocketStrePla by 8F Computer i
a software product which can be run on a plethora of different
PDA devices and also has the capability of displaying sensed

be provided through symbolical or through alphanumerie eletraffic to the pilot.

ments. Furthermore, it is easy to provide relative distarioe
each of a multitude of threats.

Alphanumeric  (Fig. 2(c)) While high-complexity displays

Moving map GPS displays The idea of overlaying traffic in-
formation onto maps of the surroundings of the aircrafthsuc
as terrain, airspace, etc. is apparently well accepted loyspi

tend to depend heavily on symbolical concepts for relayingrherefore numerous moving map GPS units allow traffic infor-

traffic data to the pilot, alphanumeric displays do so pritpar
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mation to be fed onto their displays and be overlaid onto the
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map. Systems capable of this are, for example, the GPSmagan, “see-and-avoid” cannot provide absolute protedtiom

39x/49x/69x Series produced by Garmin. mid-air collisions. Therefore, a technical necessity fesisting
pilots in helping to spot other air traffic does exist. A human
On HMI usability factors framework is provided by modifying Endsley’s SA and

mental model theories to the case at hand.

All mature collision alerting systems in sport aviation ace
operative and utilize GPS-based position broadcastingsé&t-S
transponder signal analysis to sense other traffic. Thesthar
only technologies that can comply with the specific demarids o
collision alerting systems in sport aviation and are vidbtehe

While studying the marketed HMIs for low-cost collision
alerting systems, it became obvious that no HMI explicitlgp
vides information on the coordinate system that its infdiame
is presented in. Instead, information on the coordinateegys
is often only provided in operating manuals and system dggscr

tions. e .
Considering that time available for training and systems faPUrPOSE of CO“'S'O.n a\_/0|d_ance. . .
Particular attention is given to available literature orAIRM,

miliarization is often limited for sport pilots, and thatlision ified collisi lert ; Scientif bii
alerting systems are usually not covered by ground schdol sya non-certified collision alerting system. Scientific poations

labi, it must be assumed that many sport pilots only have a limdccompanying Its development have focused on Fhe gdvgnce-
ited understanding of the internal workings and coordisste ment of hargjware anq algorithms, as V\./e" as apalyzmg thisiim
tems of collision warning devices. Furthermore, the aitera of the proprietary radlo_protocol. Afte_r |d_ent|fy|ng ‘ha“‘_* de-

fixed mounting of HMI devices might lead sport pilots to as- velopment for FLARM is not treated in literature, the litene

sume that traffic information is presented in a body coottgina revi.e\'/v Is expgnded to inc!ude HMI Qeyelopment for low-cost
system. Yet, as discussed previously, only systems retying- cplhsmn alerting systems |n.sport 'aV|_at|or.1. The EXpaT“E‘d
dio direction finding or being fed with attitude informatican view does not provide meqnmgful insight '|nto HMI design apd
provide information in body coordinates. This gives risete devel_opment. Instea_d it aids in formulating several qoest
hypothesis that many sport pilots have incorrect mentaletsod pertaining to HMI deS|g_n. . .

of collision alerting systems. If this hypothesis provebédrue, Nevertheless, a multitude of different HMI devices for low-

detrimental effects on traffic awareness can be expectqukras gfist CO"'Z'OD alelrtlr?g sysltetms do %X'Sttﬁ Thes? O.lnl}[/ umme
Endsley’s SA theory. itory and visual channels to provide the sport pilot withffic

Contrary, if a pilot understands that information is not-pro information and warnings. Furthermore, each device carabe c

vided in body coordinates, the information must be mentallyegorlzecj into a specific category, depending on its design an

transformed relative to the pilot’s fixed position in thecaatft. the primary human sensory channel it excites.

Current research at the Institute of Psychology of Teclgisc ¢ ,tA\hiner?d fgr ﬁ]mmntc;]alrstu?y OfrHer:tleﬁi'g?ﬁy e>r<|sts. In re;po_nse
Universitat Darmstadt studies the mental load of testexuibj 0 this need, the authors are currently € process ojuetg

required for transforming traffic information presentedadow- an expegrggntal S;EJK' 4@?2?) ?Iprﬁ tOf. th'? ?etup is FSR's ynew
complexity dedicated traffic display to their surroundif@g] procured Liamon i 'ght simutator.
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