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Technology advancements in unmanned aerial systems have provided greater levels of autonomy to the 
extent that it has fundamentally changed the operator’s task and information requirements. This research 
has applied a task analysis driven approach to identify these information requirements and generated new 
information visualizations to more effectively present mission critical information to the operators. 
Experimental results will show the performance benefits across both accuracy and response time to retrieve 
information and lessons learned related to task driven design and information visualizations. 
 

 
Introduction 
 Unmanned aerial vehicles (UAVs) serve a critical role 
across the U.S. military services for reconnaissance and 
surveillance purposes. These systems have seen considerable 
changes over the years based on new technology and new 
levels of automation. This paper will describe our attempt to 
assess the current needs and requirements of UAV operators 
and illustrate the design process for new information 
visualizations and the interface as a whole. The information 
visualizations will show how information was crafted to 
display relationships and patterns within the data and how they 
ultimately are constructed together to support the UAV 
supervisory control task. This paper will conclude with 
experimental results that illustrate the performance advantages 
of these information visualizations and lessons learned from 
the design process. 

The Army UAV systems have a level of autonomy now 
that no longer requires manual control of the aircraft with stick 
and rudder controls. These systems are controlled with what is 
called point-and-click navigation. The UAV flies itself to the 
points identified in the interface by the operator. This change 
in UAV automation has fundamentally changed the nature of 
the task of controlling the UAV. What was once a manual 
flight task is now a supervisory control task. Sheridan (1992) 
defines a supervisory control system where the operator 
receives and monitors information from a computer system 
and takes action as needed. Training requirements have 
adapted to this change by no longer training and requiring 
piloting skills to operate the UAV systems. The control 
hardware has also been adapted to these automation changes 
by removing stick and rudder controls in preference for more 
traditional computer system input devices such as keyboards 
and cursor control devices. Unfortunately, the one element 
that has not been well adapted to these changes is how the 
information is presented to the UAV operator within the user 
interface (UI).  

The current UAV UI (Figure 1) is a legacy interface that 
has been continuously updated and added to over the years. 
The current design violates many common UI and information 
visualization principles and still has a significant amount of 
aviation symbology and concepts from its days as an aviation 
task. This fundamental switch from an aviation related task to 
a supervisory control task dramatically alters the type of 
information needed by the UAV operators. This paper will 

identify the current information requirements and describe 
how research in human factors and information visualization 
have been applied to significantly increase the UAV 
operator’s ability to extract needed information from the 
interface. 

 

 
Figure 1. Example of current UAV interface. 
 
Practice innovation 
 The redesign effort for the UAV UI included two 
primary elements. The first involved a task analysis to identify 
“what” information to include for the UAV operator. The 
second effort involved “how” to design and visualize the 
information to match the information requirements identified 
in the task analysis. This section of the paper will describe 
both of these elements beginning with the task analysis efforts.  
 UAV Task Analysis. A cognitive work analysis (Lintern, 
2009) was conducted to assess the task and information 
requirements for UAV operators. Our findings supported the 
prior research in identifying 3 fundamental sub-tasks for the 
UAV operators. The 3 sub-tasks that UAV operators are 
involved in across most mission types are 1) navigation, 2) 
visual search for targets, and 3) monitoring the state of the 
UAV system for any abnormalities (Wickens & Dixon, 2002). 
After identifying these basic components, we then turned to 
the type of information needed across these sub-tasks. 
 Drury, Riek, & Rackliffe (2006) identified several types 
of information needed for UAV operators to maintain 
adequate situation awareness. Combining this information 
with our task analysis results, we identified 6 key areas of 
information that needed to be represented in the UI. The 6 
information categories are: 
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1. 3-dimensional (3D) spatial relationships 
2. Weather near the UAV 
3. Health of the UAV 
4. Status of the UAV 
5. Operational threats 
6. Mission-related information 

 
It is important for UAV operators to understand the 3D 

spatial relationships between the UAV and terrain, past and 
future waypoints, and targets. The weather near the UAV is 
important to the degree it may affect flight performance. The 
health of the UAV helps indicate a current or near future 
malfunction in one or more of the UAV systems. The status of 
the UAV relates to operating parameters other than health 
related items such as the status of the landing gear or the type 
of camera being used. Operational threats are any information 
on known enemy positions and capabilities. Mission related 
information includes objectives to include any new updates. 
These information categories when combined with the 3 sub-
tasks identified earlier provide most of the road map needed to 
design the information visualizations. The last element is to 
identify the fundamental nature of the UAV task itself. 

Based on the current automation levels of the U.S. Army 
UAV systems, the operator’s task is now more of a 
supervisory control task rather than a piloting task. This 
fundamental task shift has significant design implications and 
changes the type of interactions and information needed by the 
operator. There is, however, considerable research on how to 
design information and interfaces based on visual attention 
and the nature of supervisory control tasks (e.g., Wickens, et 
al. 2001; Wickens et al., 2003; Ware, 2012). How these 
principles and guidelines apply to the UAV operator’s task 
will be discussed in the next section. 

 
Practice application 
 Using what we know from prior research on the critical 
system elements for supervisory control systems (e.g., 
Wickens et al., 2000), there are 3 primary areas that guided 
our design process. The first was an emphasis on visualizing 
the relationships between the 6 critical information elements. 
The second supervisory control area was the use of salience to 
help control and direct the attention of the operator. The final 
area was the consideration of how information was structured 
and organized to minimize cognitive effort by the operator.  
 Data relationships. The 6 information categories guided 
what needed to be visualized and the general organization of 
that information. Each visualization went through several 
iterations to produce a dashboard interface design. A 
dashboard is a visual display that consolidates the most 
important information on a single screen so the system can be 
monitored at a glance (Few, 2006). These visualizations 
address the 6 information areas mentioned above and were 
constructed to take advantage of preattentive processing, 
which is the early stage of visual perception that rapidly 
occurs below the level of consciousness. These preattentive 
visual attributes include organization, color, position, form 
(e.g., orientation, enclosures, proximity), and motion for rapid 
perception (Ware 2013).  

Several data visualization inventions from the leading 
researchers in the field were used, along with new visual 
concepts that we invented. Bullet (Few 2006) and sparkline 
(Tufte, 2006) graphs were used to show the status of several 
aircraft parameters (Fig. 2), primarily across the health of the 
UAV information elements (#3). Both of these graph types 
allow considerable information to be summarized in a small 
amount of space and at a glance by the operator.  

The sparkline graphs are line graphs that show the value 
of a parameter in relation to time. These sparkline graphs 
provide not only the current parameter values but also a brief 
history and context to the current value. This history and 
context can be used to help the operator see patterns and 
trends across time and potentially be able to predict future 
abnormal states of the system. 

The bullet graphs (Few, 2006) are a variation of 
traditional bar graphs, with additional context provided by 
shading different thresholds within the graph. This provides 
not only the current value but the relation of that value to 
important thresholds for that specific parameter. This allows 
the operator to see the relationship of the current value to 
threshold values as a simple perception task of position and 
proximity instead of recalling threshold values from memory 
and then comparing the current values to those.  

 

 
Figure 2. Sparkline (line graphs on the left) and bullet graphs (bar 
graphs on the right). 
  
 Among one of the new graphs that were created is the 
flight path graph (FPG). The FPG is a cone-shaped graph of a 
moving map with relevant information overlays from the 
immediate path of the UAV (Fig. 3). This integrates 4 of the 6 
critical information categories into one graph that includes 
spatial, weather, threats, and mission information (#1, 2, 5 & 
6). The intent for this graph is to show any items of interest 
(e.g., targets, terrain, weather, and operational threats) that are 
in the current flight path and within a reasonable distance 
away from the UAV. The orange rectangle shows the active 
waypoint while the orange line along the top of the cone 
indicates the orientation of the next programmed waypoint.  

The FPG also contains information regarding wind speed 
and direction; it has transformed the UAV operator’s task of 
computing a head or tail wind from an information-seeking 
task (gathering wind speed, direction, and current UAV 
heading from 3 different displays) and mental-computation 
task (placing all that information in short-term memory and 
comparing the wind direction to heading information) to a 
simple perceptual task of viewing the arrow in relation to the 
UAV icon on the FPG.  
 



 
Figure 3. Flight path graph (FPG) to display relevant objects and 

terrain in the current UAV flight path. 
 

 Another newly invented graph, the flight path profile 
graph (FPPG), complements the FPG by displaying much of 
the same information but from a profile perspective. By 
displaying a moving map from a side perspective with the 
centerline as the current UAV altitude, we find that the 
relationship between the UAV and hazardous terrain or 
obstacles is clear and obtainable at a glance (Fig. 4). 
 

 
Figure 4. Flight path profile graph (FPPG) to display potential terrain 
threats. 
 

The final graph is a modified bullet graph to illustrate the 
spatial relationships between the UAV and 1) takeoff location, 
2) multiple planned targets/destinations, and 3) landing site, 
along with showing the estimated time of arrival to target, 
distance to empty, fuel status, fuel warning, and where along 
the planned flight path fuel may reach empty (Figure 5). This 
covers the spatial, status, and mission information categories 
(#1, 4, & 6). The flight path is shown along a linear distance 
path where the bottom of the graph represents the origin point 
where the UAV took off. The bar itself represents the distance 
flown, and the various bars represent planned targets or 
destinations to show the relative distance between each other 
and to the UAV itself. The triangle represents the landing site, 
which may or may not be the same as the takeoff site. If fuel is 
calculated to run out at any point within the flight plan, a red 
fuel icon is displayed and moves into the position along the 
flight plan where fuel would expire (Figure 6). Any changes in 
the flight plan will trigger the fuel alert to be recalculated and 
displayed.   
 

     
Figure 5. Visualization showing Figure 6. Distance graph 
the relationship of distance.  with out-of-fuel indicator. 
 

Salience. Another attribute that mediates visual attention 
and has direct influence on supervisory control tasks is the 
salience of the information that should be attended to 
(Wickens & Hollands, 2000). Visual salience is based on the 
perceptual features of an object that make it noticeable. 
Examples include movement, blinking, or highly contrasting 
colors. Effective use of saliency within the interface can 
instantly divert attention to alerts or information that needs 
immediate attention, especially if this information lies within 
the periphery of the user’s current focus (Jonides, 1981; 
Remington, Johnston, & Yantis, 1992; Yantis & Hillstrom, 
1994). Saliency is also a preattentive attribute, which is visual 
processing that occurs prior to conscious attention (Findlay & 
Gilchrist, 1998).  
 To design effective supervisory control interfaces, it 
must be clear to the user when and where they should direct 
their attention. The current UAV interface (Figure 1) is an 
example of over a dozen highly saturated colors competing for 
the operator’s attention at the same time. When an alert is 
visually presented in such a cacophony of color, it can quickly 
and easily get lost. We have chosen a general color palette of 
muted colors and shades as our standard color scheme and 
then use saturated colors such as red (without the use of green 
to avoid color blindness issues) to highlight information and 
draw the user’s attention to it (Figure 6 & 7).  
 

 
Figure 7. Use of a high contrast color like red to draw the user’s 
attention to critical information. 
 



 Organization. Supervisory control tasks rely heavily on 
being able to continuously monitor the state of the system. It is 
therefore important to have the information organized and 
structured in such a way that reinforces the overall task and 
sub-tasks. Our task analysis efforts identified three primary 
sub-tasks, 1) navigation, 2) target search, and 3) monitoring 
the system. The UI components were structured in a way that 
creates a scanning pattern that encourages monitoring for 
alerts while conducting the navigation and target search sub-
tasks.  
 Figure 8 shows the UI as a whole. The map in the top left 
supports the point-and-click navigation sub-task while the 
video camera feed in the top right supports the target search 
sub-task. Placing the alert panel and the UAV health graphs in 
the center forces the user to maintain awareness of these as 
part of their interactions with the other sub-tasks. The strategic 
placement along with the use of saliency for alert indicators is 
meant to direct the operator’s attention to these critical areas 
when needed. The position of the FPG and the FPPG are also 
clustered together since the information in these graphs are 
complimentary.  
 

 
Figure 8. Overall layout of the UI. Arrows indicate the scanning 
pattern over the Warning and UAV health information. 
 

Many systems like the current UAV interface adopt a 
customizable windowed approach where each system function 
is represented in a separate window (Figure 1). This allows the 
user to arrange these windows in any configuration they 
choose. This provides flexibility in the interface that many 
users appreciate but it also places additional burdens on the 
user that they may not fully understand. It also can create an 
occlusion issue where information in one window is not 
observable due to another window laying on top of it. 

The windowed interface approach requires the user to 
not only have the required expertise and knowledge to operate 
the UAV system but also have expertise in information 
architecture, user interface layout, and effectively map their 
fundamental information requirements to the system displays. 
That is a lot of expertise to expect of UAV operators in 
addition to the requirement to recreate that information layout 
every time they engage in their task due to different 
configurations from other shifts and operators. A fixed layout, 
like the one designed in Figure 8, can greatly reduce the 
burden of the operator.  

 
 

Experimentation 
 A study was conducted to examine the performance 
differences between the current and the revised UI. A set of 
still images from each UI was presented to participants where 
they were asked to answer questions by retrieving information 
from the UI. Measures of accuracy and speed were collected. 

Participants. Twenty-three students from the University 
of Alabama in Huntsville (UAH) participated in the study. The 
participants did not have any UAV training and had an 
average age of 22.6 years.  

Procedure. Participants were randomly presented 20 still 
images of each interface for a total of 40 images. Each image 
depicted different states of the system. Participants were asked 
a question for each image that required them to retrieve 
information from the image to answer. The questions were 
counter-balanced across the 2 conditions. The accuracy and 
response times were recorded as the dependent variables. 

Results. Accuracy was examined by the number of 
questions answered correctly. A paired samples t-test 
indicated a significant difference between the 2 UI conditions 
(t(22) = 5.93, p < .05). The mean accuracy score for the 
current UI was 91.5% while the revised UI had a mean score 
of 98.7% (Figure 9). A second paired samples t-test was 
conducted on the response time data and also indicated a 
significant difference (t(22) = -11.36, p < .05). The mean 
response time for the current UI was 26.9 seconds per question 
while the revised UI had a mean score of 12.9 seconds (Figure 
10). From an information retrieval perspective, the task 
analysis informed UI with redesigned information 
visualizations improved accuracy by 7.2% and reduced the 
time to acquire the information by 52%. 
 

 
Figure 9. Mean accuracy scores across both UI conditions. 
 

 
Figure 10. Mean response time in seconds across both UI conditions. 
 



Discussion 
 The experimental results indicated significant 
improvements in both accuracy and response time for users to 
extract the relevant information from the interface. This was 
particularly evident in the response time improvement. 
Overall, it took participants using the revised interface less 
than half the time to retrieve the same type of information. 
The improvements in accuracy were not as large but the 
revised interface did allow the users to approach 100% 
accuracy overall.  
 The participants in this study were not trained UAV 
operators so part of the way forward is to examine 
performance using the revised interface with trained UAV 
operators. We are also interested in examining the effects on 
other mission related performance metrics like target 
detection, navigation errors, and situation awareness. A UAV 
simulation that can be used with various versions of interfaces 
is currently being prototyped to explore these issues and to 
support research in individually tailored UI visualizations.  
 The revised information visualizations and UAV UI 
began with the task analysis and an attempt to understand both 
the critical sub-tasks and information that UAV operators 
dealt with during their missions. By crafting the information to 
support the fundamental 3 sub-tasks of navigation, target 
search, and monitoring the system, we could structure the UI 
to support all 3. The identification of the critical information 
categories allowed us to understand the type of questions and 
how they were using that information in their missions. This 
allowed us to integrate the information across these categories 
to express meaningful relationships in concise but meaningful 
visualizations.  

One of the most important driving forces in the design 
was the acknowledgement that the task had evolved over time 
from an aviation task to what is now more of a supervisory 
control task. This realization allowed us the freedom to think 
of the UI space beyond the limits of the aviation domain and 
to explore other information visualization options. It also 
allowed us to leverage the extensive research done in the area 
of supervisory control UI designs and guidelines mentioned 
throughout this paper. Future UI efforts with this revised 
design will continue validation of the performance 
enhancements as well as explore additional design 
improvements. 
  
Practitioner Take-aways 

• Identify fundamental elements of the task - UAV 
sub-tasks:  

1. Navigation 
2. Target search 
3. System monitoring 

• Identify critical information - UAV information 
categories: 1) 3D spatial relationships, 2) weather, 3) 
health, 4) status, 5) threats, 6) mission information 

• Integrate across information categories to visualize 
more complex relationships and information 

• Utilize best practices from information visualization 
and graphic design fields to visualize the information 
in concise and simple ways (e.g., information-at-a-
glance) 

• Place more effort in the design of information 
visualizations so the user spends less time retrieving 
and interpreting information and more time using the 
information to accomplish their task   
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