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Abstract. To increase situation awareness for helicopter pilots in poor visibility
symbology for a helmet-mounted display was developed. The symbology com-
prises the conformal presentation of obstacles, route information and threat
areas. In an online survey 48 helicopter pilots evaluated the designs from a us-
er-centered perspective and provided comments and suggestions of improve-
ment. The paper presents selected results of the survey and discusses general
aspects associated with the use of conformal symbology and helmet-mounted
displays.
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1 Introduction

Degraded visual environment (DVE) is still one of the most challenging and danger-
ous situations for helicopter pilots. When operating in adverse weather with very poor
or no out-the-cockpit visibility spatial disorientation is likely to occur, severely com-
promising flight safety. Especially in low altitude obstacles like power lines, wind
mills and masts quickly become very dangerous to the pilot. This often results in se-
vere accidents, e.g. the recently occurred helicopter collision with a power line in
southern Germany [1] and a tower crane in London [2] killing the pilot in both cases.

However, not only poor weather conditions but also surface properties can contrib-
ute to a loss of orientation. When operating in desert environment impaired visibility
is caused by sand or dust being stirred up by the helicopter’s rotor downwash during
landing or take-off. This situation is referred to as brownout. Especially in the military
field brownout is responsible for multiple incidents and accidents during desert opera-
tions. According to the NATO report on Rotary-Wing Brownout Mitigation it is re-
sponsible for about 75% of helicopter mishaps within NATO member countries and
the largest cause of rotary-wing airframe loss in the US services alone [3].

Given the high accident rate there is an urgent need to provide the pilot with addi-
tional information in DVE to reduce spatial disorientation and workload and increase
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situation awareness. The current paper introduces design solutions on conformal
symbology sets for helmet-mounted displays (HMD) and their evaluation from a
user-centred perspective. Therefore helicopter pilots assessed the designs in an
online-survey.

The aim of the development is to provide an intuitive and well-arranged synthetic
presentation of relevant flight information within the pilots’ forward field of view that
allows for fast and accurate perception of the environment.

2 Theoretical Background

Within the national project ALLFlight the DLR Institute of Flight Guidance is work-
ing on diminishing the problem of piloting helicopters in DVE conditions [4]. In
contrast to currently existing 2D-symbology sets, DLR is developing 3D conformal
symbology for a state-of-the-art wide field-of-view binocular HMD. In general a
HMD presents information in a monochrome green colour on a semi-transparent visor
in front of the pilot’s eye. Binocular refers to the presentation of information to both
eyes in contrast to monocular displays where information is only presented in front of
the dominant eye [5].

The importance of HMD research for rotary-wing aircraft is crucial inasmuch as
pilots are usually trained to keep constant visual contact with the outside world even
though visibility is poor. Hence staying eyes-out is essential given that pilots fre-
quently operate in very low altitudes or — in the military context — need to perform
nap-of-the-earth missions. Thus information should be presented in a way that it does
not keep attention on the head-down instruments overly long and does not require
frequent attention switching.

However HMD allow for an increased freedom in movements [5], present symbol-
ogy superimposed and therefore provide the ability to view instrument information
and outside scene simultaneously. As a result scanning times as well as eye accom-
modation when switching between the instrument information and the external scene
are reduced [6]. Nevertheless a detriment that is often discussed regarding superim-
posed symbology is the cost of clutter. It may obscure information in the outside
world [7] and impose difficulties in information processing [8]. Combined with a
head-tracker the display content can be changed with respect to the line of sight of the
pilot. Therefore it allows a conformal presentation of symbology which was found to
mitigate the cost of clutter [9]. Conformal —also called scene-linked [10] - refers to
“an object that spatially overlies its far domain counterpart” [11]. For example, if an
obstacle is presented on the visor it is positioned in the exact line of sight where the
actual obstacle in the outside scene is situated. Hence symbols move, appear and dis-
appear on the HMD according to the orientation and movement of both the head and
the helicopter. Conformal symbology supports tasks that require divided attention
[12] and facilitates the mental integration of the instrument information and the out-
side scene [13]. In addition conformal symbology was also found to reduce attentional
tunneling [9].
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3 Display Concepts

The symbology presented on the HMD is based on information from databases. The
concept of ALLFlight foresees the use of sensors as well, but due to the low image
quality the sensors are only used to update the database and not to present their im-
agery directly to the pilot. The symbology designs comprise the conformal depiction
of obstacles, route information and threat areas.

3.1 Obstacle Presentation

One display objective is the highlighting of obstacles in the outside scene that would
normally be difficult to detect. Since the actual appearance of such obstacles is usual-
ly very complex it is indispensable to present the synthetic obstacles in a very simpli-
fied yet unambiguous way. Obstacles need to be identified easily and fast with little
attention required while display clutter has to be kept to a minimum. Each obstacle
category is presented as a standardized icon. At first power line masts and wind mills
were implemented.

Different designs for power line masts are proposed. Figure 1 depicts a power line
mast as an icon with two cross beams (left image) which illustrates the most realistic
presentation. Nevertheless it is currently not possible to accurately present the course
of the wires that are connected to the masts according to the database information. It
is supposed that the horizontal cross beams might lead to confusion by falsely indicat-
ing wire direction information that is actually not true. Thus two alternative designs
have been developed, a mast with 4 cross beams pointing in each direction (centered
image) and one with a circular design (right image).

Fig. 1. Power line mast with two cross beams (left), four cross beams (centered) and circular
design (right)

In addition three different designs for windmills were developed (Fig. 2). First, the
most lifelike presentation depicts a windmill with three rotor blades (left image).
Again, since the exact position and orientation of the rotor blades cannot be deter-
mined, two alternative designs were implemented. One adds a circle around the
blades (centered image) and one adds a globe around the blades (right image).
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Fig. 2. Windmill with three rotor blades (left), circle (centered) and globe (right)

Moreover it is of interest if pilots need additional information about height and dis-
tance relative to the obstacle and if so in what way this information has to be deli-
vered, numerically or graphically. Furthermore information for minimum crossing
altitude, vertical range of obstacle depiction and the presentation of visual or auditory
alarms are of concern.

3.2 Route Presentation

In general route information is intended to assist the pilot in terms of being a naviga-
tional aid but not a precise guidance symbology, e.g. a tunnel-in-the-sky [14].

A route is defined by a sequence of pre-determined waypoints. The waypoints are
presented as 3-dimensional circles on the ground (Fig. 3). To make them more appar-
ent they also feature a vertical light beam. This is especially important if the next
waypoint is hidden due to a terrain elevation. In addition numerous route points are
presented between the waypoints. Route points serve as directional cues to the next
waypoint, they are depicted as a 3-dimensional triangle placed on the terrain, are
equally spaced, follow the elevation and their size is perspective for better distance
estimation. Furthermore the top always points in the direction of the next route- and
waypoint.

Fig. 3. Waypoint and route point presentation

3.3 Threat Area Presentation

The threat area symbology is designed to depict prohibited airspace that must not be
entered. Three different threat zone presentations were developed (Fig. 4). First, a
threat zone is presented by equidistant crosses on the terrain (left image). The crosses
are perspective and follow the terrain elevation. In addition the second threat area
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depiction contains vertical lines arising from these crosses (centered image). When
flying alongside the threat zone only the crosses are presented, however if the heading
of the helicopter is directed towards the threat zone vertical lines start to arise from
the ground and grow taller with decreased distance to the threat zone. Thus the lines
rise and fall relative to the flight direction of the helicopter and the resulting severity
of the threat. Alternatively a threat zone can be presented as a surface shell, covering
the restricted area under a cupola (right image).

Fig. 4. Threat zone with terrain crosses (left), vertical lines (centered) and surface shell (right)

4 Method

An online survey was developed using the open source application LimeSurvey Ver-
sion 1.91. The survey addressed the target group of helicopter pilots. The link to
the survey was distributed to several governmental facilities and private helicopter
companies.

First pilots were given a short briefing summarizing the aim and content of the sur-
vey. In addition they were informed that their statements are handled confidentially.
The survey was anonymous, names or email-addresses did not have to be provided.
The questionnaire then contained a section on demographic information as well as
sections on the presentation of obstacle information, route information and threat area
information. The demographic data section for example contained questions about
age, sex, nationality, flying experience and prior experience with HMD and confor-
mal symbology. Within the following sections pilots were shown pictures and simu-
lated in-flight videos of the symbology sets. They were then asked to rate the designs
with regard to different aspects and provide open comments or suggestions of im-
provement. After completing the survey they were thanked for their participation and
contact information in case of questions and interest in the results was provided. It
took approximately 30 minutes to complete the survey. All questions except for open
comments were obligatory to proceed in the survey. Only complete data sets were
evaluated, hence every question was answered by each pilot.

The data output was exported into SPSS 20.0. Variables were re-coded in a way
that high scores denote a high level of agreement. With regard to the on-going discus-
sion about whether rating scales have to be considered as an ordinal or interval scale
of measurement it was decided to pursue the more pragmatic approach and follow
the rather common practice by interpreting the rating scales on an interval level of
measurement [15].
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5 Results

5.1 Participants

48 male pilots participated in the survey. The age of participants ranged from 23 to 62
years (M=43.9, SD=8.2). Nationalities included pilots from Germany, Switzerland,
Austria, Israel, USA, Canada, UK and South Africa. 38 were civil, 10 were military
pilots. They averaged 1966.4 (SD=1104.1) flight hours on their helicopter most fre-
quently operated and 4769.6 (SD=3273.5) flight hours in total. 24 pilots were IFR-
rated. 21 pilots reported having experienced severe spatial disorientation in flight due
to DVE once and 10 of them even repeatedly. Furthermore 11 pilots reported having
encountered a brownout or whiteout situation in flight once and 23 repeatedly. 13
participants had prior experience with HMD either in real flight or in the simulator
averaging 209.3 (SD=315.5) flight hours. In addition 38 pilots had on average 299.2
(SD=352.3) flight hours experience with night vision goggles. Finally 13 participants
reported to have already flown with 3D-conformal symbology averaging 221.3
(SD=416.0) flight hours.

5.2  Obstacle Presentation

Repeated Measures ANOV As and Bonferroni post-hoc tests were conducted to assess
differences in ratings between the designs each on a scale from one (strongly disag-
ree) to four (strongly agree).

Power Line Masts

In general there is an overall advantage stated in favor for the mast with two cross-
beams. 38 (79.2%) pilots ranked the mast icon with two cross beams as their first
preference while six pilots (12.5%) favored the circular design and four pilots (8.3%)
the icon with four cross beams. As their second choice, 25 pilots (52.1%) preferred
the four-cross-beam icon, 18 (37.5%) the circular design and 5 (10.4%) the mast with
two cross beams. In line with the results of the ranking pilots state that they would
like to use the design with two beams preferably (M=3.2, SD=0.7) rather than the
mast with four beams (M=2.2, SD=0.8) or the circular mast (M=2.2, SD=0.9),
F(2,94)=22.2, p=.00. Besides participants rated the two-cross-beam design (M=3.6,
SD=0.5) to be easier to identify than the four-cross-beam (M=2.9, SD=0.7) and the
circular (M=2.8, SD=0.9) design, F(2,94)=23.2, p=.00. Furthermore it is rated to be
more intuitively understandable (M=3.4, SD=0.6) and less complex (M=1.7, SD=0.6)
compared to the four-cross-beam (M=2.7, SD=0.7; M=2.5, SD=0.8) and the circular
(M=2.6, SD=0.8; M=2.4, SD=0.8) mast presentation, F(2,94)=20,8, p=.00;
F(2,94)=23.5, p=.00. In addition pilots also indicated that the mast with two cross
beams produced the least amount of clutter (M=2.0, SD=0.6) compared to the four-
cross-beam (M=2.6, SD=0.8) and circular design (M=2.4, SD=0.8), F(2,94)=10.2,
p=-00.
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Windmills

The three-rotor-blade windmill was ranked first by 29 pilots (60.4%) while 16
(33.3%) preferred the windmill with the circle and three pilots (6.3%) favored the
windmill with the globe around the blades. Secondly 30 pilots (62.5%) opted for the
windmill with the circle, 15 (31.3%) preferred the regular windmill and three (6.3%)
the windmill with the globe. Results on windmill ratings revealed a clear overall ad-
vantage for the de-cluttered conventional windmill with the three rotor blades. Hence
pilots would like to use the conventional windmill design (M=3.2, SD=0.7) preferably
over the windmill with the circle (M=2.8, SD= 0.9) and the windmill with the globe
M= 1.8, SD=0.7), F(1.7, 83.2)=44.9 p=.00. Participants indicated that the conven-
tional windmill icon (M= 3.5, SD=0.7) was significantly easier to identify than the
icon with the circle (M=3.3, SD=0.7). However there was also a significant advantage
in favor for the circle-design compared to the globe (M=2.6, SD=0.8), F(2,94)=31.2;
p=.00. In addition the de-cluttered windmill was rated to be less complex (M=1.7,
SD=0.6) and more intuitively understandable (M=3.5, SD=0.7) compared to the circle
design (M=2.4, SD=0.8; M=3.3, SD=0.6) and the globe. Here again the circle design
is favored over the globe (M=3.3, SD=0.8; M=2.5, SD=0.7), F(2,94)=81.1, p=.00;
F(2,94)= 44.3. Ratings also indicated the lowest level of clutter for the conventional
windmill (M=1.8, SD=0.6) compared to the circle (M=2.3, SD=0.7) and the globe
(M=3.1, SD=0.8), F(1.7, 81.0)=56.8 p=.00.

Presentation of Obstacle-Related Information

Results on the presentation of altitude information revealed that according to 27 pilots
(56.3%) altitude should be indicated by a graphical presentation. 17 pilots (35.4%)
favored a numerical presentation and only four pilots (8.3%) do not need additional
altitude information at all. With regard to the graphical presentation results indicated
an overall advantage for presenting an additional altitude marker symbol stated by 42
pilots (87.5%) compared to a brightness coding of the obstacle which was preferred
by only 6 pilots (12.5%).

In contrast distance should preferably be indicated by numerical information next
to the obstacle stated by 30 pilots (62.5%). Only eleven participants (22.9%) favored
a graphical representation while seven (14.6%) do not need to see distance informa-
tion at all. The numerical information should most preferably be presented below the
obstacle (31.3%) or on the upper left side of the obstacle (31.3%).

19 pilots (39.6%) reported that they need information on minimum crossing alti-
tude. The majority of 27 participants (56.3%) stated that obstacles should always be
presented independent from vertical range (altitude).

With regard to the presentation of an alarm if the distance to an obstacle is be-
low a certain limit, 26 (54.2%) pilots stated that both a visual and an auditory
alarm should be given. 16 (33.3%) participants favored solely a visual alarm,
five (10.4%) an auditory alarm and only one pilot (2.1%) stated that no alarm
should be given.
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5.3 Route Presentation

Waypoints

In general waypoints are rated rather well since 33 pilots (68.8%) indicated that they
would like to use the design. Furthermore waypoints were rated to increase situation
awareness (85.5%), be easy to identify (83.3%), intuitively understandable (77.1%)
and not produce too much clutter (79.2%). In addition 40 pilots (83.3%) reported that
the light beam is useful. Only five pilots (10.4%) do not want to see waypoints at all.
Nevertheless at least 22 (45.9) pilots agreed to some extent that the presentation is
lacking information while on the other hand five pilots (10.4%) do not want to see
waypoints at all.

Route Points

The majority of 40 (83.3%) pilots agreed that route points would increase situation
awareness and are useful (37, 77.1%). With regard to the design 41 (85.5%) rated
them to be easy to identify and 36 (75.0%) to be intuitively understandable. 15
(31.3%) stated that route points produce too much clutter and 9 (18.8%) do not want
to see them at all. In the end 32 (66.7%) wanted to use the design

5.4  Threat Zone Presentation

20 (41.7%) pilots ranked the surface shell as their first choice, however 16 (33.3%)
pilots preferred the representation with the vertical lines and 12 (25%) pilots the re-
presentation with the crosses alone. Secondly 19 (39.6%) pilots favored vertical lines,
15 (31.3%) pilots the crosses and 14 (29.2%) the surface shell.

Participants rated the surface shell to be more intuitively understandable (M=3.2,
SD=2.6) than the crosses (M=2.8, SD=0.8), F(2,94)= 6.9, p=.02. However the surface
shell was also rated highest for producing too much clutter (M=2.7, SD=0.7) compared
to the cross-design (M=2.4, SD=0.6), F(2,94)= 4.5, p=.01. 32 pilots (66.7%) stated that
the surface shell might capture too much attention while 17 (35.4%) do not want to see
it at all. In contrast 16 pilots (33.4%) agreed that the crosses alone are not noticeable
enough. However also 33 participants (68.7%) suspected that the vertical lines might
capture too much attention and 19 (39.6%) do not need to see the vertical lines at all.
Finally 27 (56.3%) helicopter pilots would like to use the surface shell design, 26
(54.1%) the design with the crosses and 23 (47.9%) the design with the vertical lines.

6 Discussion

In summary the survey dealt with the evaluation of symbology designs that have been
developed to increase helicopter pilot situation awareness in poor visibility. The de-
mographic statements endorse the relevance of such a development as the majority of
pilots reported about having experienced severe spatial disorientation in flight due to
DVE or due to brownout and whiteout. These findings are in accordance with the high
incident rates stated in the NATO report [3].
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Altogether the survey revealed some very interesting and useful results. First it be-
comes clear that there is a common interest in the use of such technology not only in
the military field but also for civil applications.

This legitimates further research not only to be looking into expensive high-end
applications that are primarily designed for the military context but also into the de-
velopment of feasible low-cost alternatives for civil implementation.

With regard to the design of icons and symbols it becomes apparent that clutter is
still the most crucial concern for pilots. This is reflected especially in the results for
obstacle ratings where the de-cluttered designs — the mast with two cross beams and
the conventional windmill - were rated best. Furthermore the cost of clutter and sym-
bology overload was also the highest concern reflected in the comments. This con-
firms the fact that staying eyes-out and being able to see the outside scene is essential
for helicopter pilots in any circumstances. On the other hand results were less clear
for the threat zone designs. In fact the de-cluttered cross-design scored insignificantly
lowest. The result can probably be explained by the fact that the cross-design is also
the less salient one.

Nevertheless the need for information about altitude and distance as well as the
presentation of an alarm becomes very clear in the results. Here a slightly preference
to present altitude in a graphical and distance in a numerical way is shown.

In addition it should be briefly discussed that pilot comments repeatedly concerned
the change of colour especially for alerts and threat indications. Nevertheless, as men-
tioned in chapter 2, symbology can only be depicted in monochrome green. Therefore
only the coding of brightness is currently an option, otherwise different alternatives
such as blinking or highlighting with a frame have to be tested. However the requests
for changing color will be taken into consideration for a possible implementation on a
head-down display.

Moreover it became clear in the comments that the presentation of power line wires
is crucial. However as mentioned in chapter 3.1 wire directions cannot be precisely
depicted from database information. Thus as a next step DLR is also investigating the
use of helicopter-mounted sensors to provide real-time information updates in the data-
base, for instance by using a modified laser radar (Hellas) developed by Cassidian.

Finally the outcomes of the survey will now be integrated into the symbology de-
sign, implemented into the HMD and furthermore tested in part-task simulations and
flight trials.
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