
 

 

 

   

revealed mean detection range to the much smaller manned Piper Warrior aircraft 

was 1.275 SM.  

 

This initial finding was not necessarily unexpected, as the Anaconda’s 

visible wing surface area was a relatively large visible target of 5.27 ft2, vs. the Iris’ 

small 3.24 ft2 visible surface dimension. It is possible, however, that this visibility 

finding could be confounded by the intercept type and aspect angle relative to the 

manned aircraft.  

 

 
Figure 3. Bubble Chart of Detection Distances by Intercept Type for Side Hover Iris, 

Transitioning Iris, and Head-on Anaconda UAS profiles. Pilot detection distance for the side 

hovering Iris is depicted on the x-axis; distance for transitioning Iris on the y-axis; and detection 

distance for head-on Anaconda depicted by the relative size of plotted bubble point. All distances 

presented in statute miles (SM). 

 

A comparison was made in Figure 3 of the three types of intercepts by 

aspect: side hovering Iris, transitioning Iris, and head-on orbiting Anaconda. 

Participants showed generally poor success in detecting all three platforms.  

Participants seemed to experience the most difficulty detecting the transitioning Iris 

UAS. Participants who best detected the Anaconda UAS generally did not detect 

the transitioning Iris until the UAS was in proximity to the aircraft. 

 

This was a rather unexpected finding. Since peripheral vision is highly 

sensitive to motion, a pilot who used the same scanning approach to detect the head-

on Anaconda UAS should have noticed the transitioning Iris in their peripheral 

vision. Moreover, it also seems unlikely that a pilot would have better success 

detecting the stationary, hovering Iris vs. the transitioning Iris; however, the data 

suggest this counterintuitive result. 
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Figure 4. Google Earth depiction of Flight 6, Intercept 5. Aircraft silhouette shows relative lateral 

and vertical position of manned aircraft at time of visual encounter. Gray plots indicate relative 

lateral and vertical telemetry of UAS. Red plots indicate path of aircraft pre-sighting: Green plots 

show path of aircraft post-sighting. Plot length varies between 1-3 second intervals. 

 

A Google Earth map showing the telemetry of the aircraft relative to the 

UAS is presented to show the relative visual aspect for the two most extreme 

elements of the data. Figure 4 shows the closest encounter in which participants 

were able to spot the Iris UAS, which occurred during Flight 6, Intercept 5. 

Collected telemetry indicated the distance between the UAS and aircraft to be 0.06 

SM. 

 

Similarly, Figure 5 shows the furthest sighting of the Anaconda UAS, which 

occurred during Flight 19, Intercept 6. Telemetry indicated the distance between 

the UAS and aircraft to be 1.36 SM. 
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Figure 5. Google Earth depiction of Flight 19, Intercept 6.  Aircraft silhouette and gray UAS plot 

shows relative lateral and vertical position of manned aircraft at time of visual encounter. Green 

plots indicate path of aircraft post-sighting. 
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Table 4 

 

UAS Detection Range by Flight & Intercept 

 
Intercept 2 3 4 5 6 
UAS Maneuver 

Aspect 
Hover  

Port 

Hover  

Port 

Transition 

Port>Starboard 

Transition 

Port>Starboard 

Orbit  

Head-on 

UAS Type Iris Iris Iris Iris Anaconda 
Flight 

#1 

 

  

0.39 

   

0.22 

#2 

 

0.17    0.72 

#3 

 

    0.98 

#4 

 

0.08 0.15   0.49 

#5 

 

0.31 0.07   0.16 

#6 

 

 0.08  0.06  

#7 

 

   0.10 0.79 

#8 

 

0.34* 0.08* 0.19* 0.21* 0.07 

#9 

 

 0.07 0.05  No Data** 

#10 

 

0.09 0.14    

#11 

 

 0.13  0.07 0.19 

#12 

 

0.11 0.19 0.09  0.26 

#13 

 

0.13 0.12 0.11  0.26 

#14 

 

    0.61 

#15 

 

 0.13 0.09  0.45 

#16 

 

0.13 0.28  0.18  

#17 

 

  0.15  0.86 

#18 

 

   0.13 0.78 

#19 

 

    1.36 

#20 

 

    1.17 

*Flown with Anaconda fixed-wing UAS, rather than Iris Quadcopter; data excluded from certain 

calculations; **Crew sighted UAS, however, no telemetry data was collected (excluded from data 

calculations); [Note: All ranges in statute miles (SM). Blank fields indicate UAS was not spotted 

during intercept] 
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Pilot Distance Estimation 

 

Immediately following each intercept, participants estimated the distance 

between the aircraft and UAS platform. Researchers collected 47 pilot distance 

estimates and compared the estimates to the tracked GPS distances to determine 

estimation error. Pilot estimates varied from 0 ft [imminent collision/collision] to 

1.59 SM. This data is reflected in Table 5. 
 

Table 5 

 

UAS Detection Range Pilot Estimate Differentials by Intercept & Flight 

 

 2 3 4 5 6 

Flt Act Est ∆ Act Est ∆ Act Est ∆ Act Est ∆ Act Est ∆ 

1    .39 .50 -.11       .22 0 .22 

2 .17 .25 -.08          .72 .50 .22 

3             .98 1.50 -.52 

4 .08 .04 .04 .15 .095 .06       .49 .095 .40 

5 .31 .25 .06 .07 .25 -.18       .16 .25 -.09 

6    .08 1.0 -.92    .06 1.0 -.94    

7          .10 .125 -.03 .79 .25 .54 

8 .34 .25 .09 .08 .125 -.05 .19 1.4 -1.21 .21 1.8 -1.59 .07 .095 -.03 

9    .07 .057 .01 .05 .047 0    N/A .152 N/A 

10 .09 .09 0 .14 .076 .06          

11    .13 .057 .07    .07 .019 .05 .19 0 .19 

12 .11 .25 -.14 .19 .75 -.56 .09 .25 -.16    .26 .25 .01 

13 .13 .08 .05 .12 .19 -.07 .11 .057 .05    .26 .114 .15 

14             .61 .379 .23 

15    .13 .057 .07 .09 .028 .06    .45 .076 .37 

16 .13 N/A N/A .28 .75 -.47    .18 .5 -.32    

17       .15 .19 -.04    .86 .095 .77 

18          .13 .038 .09 .78 N/A N/A 

19             1.36 1.0 .36 

20             1.17 .25 .92 

Note: (Act = Actual UAS Distance; Est = Pilot Estimated UAS Distance; ∆ = Difference between 

Act & Est distance/pilot estimation error).  Lack of data available to perform calculation or no 

pilot distance estimate indicated by “N/A” in dataset. All distances presented in statute miles 

(SM). Positive numbers in the delta column indicate the pilot underestimated the actual distance 

between the UAS and aircraft; Negative numbers in the delta column indicate the pilot 

overestimated the actual distance.  
 

Table 5 shows each flight, organized by intercept passes 2-6. The table 

contains the manned aircraft’s GPS-measured distance from the UAS at the time of 

sighting, followed by the pilot’s distance estimate, and the overall difference. 

Distance estimates for the Anaconda deviated by an average of 0.25 statute miles 

from the actual UAS distance: distance estimates for the Iis deviated by 0.20 statute 
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mile. Generally, pilots tended to overestimate their distance to the smaller Iris UAS 

and underestimate distances to the larger Anaconda UAS.     

 

Visual Data 

 

The externally mounted GoPro electro-optical camera provided several 

video and still images of the intercepts. Researchers selected a representative 

sample of the images to include in this report for illustrative purposes.   

  

During the experiment, the experimental aircraft encountered a large-

winged bird, believed to be a turkey vulture. Presented in Figure 6, this image 

provides a convenient comparison between a pilot’s visual depictions of a bird 

encounter vs. an encounter with a similarly sized Anaconda UAS platform, such as 

the one presented in Figure 7. Figure 8 shows another encounter with the Anaconda 

UAS, estimated at 0.5 SM. At further distances, it appears that the only visible 

discernable portion of the UAS is the large wingspan. Figure 9 depicts the small 

Iris platform operating at relatively low-level transition to landing. The platform 

shows up as an almost indiscernible white speck in the photograph.  

  

Visual contrast between the UAS and surface vegetation clearly has an 

impact on visibility. It is fairly easy to discern both the flying bird and Anaconda 

UAS in both Figures 6 and 7, as they are both presented against a reasonably 

homogeneous surface background. Conversely, the UAS craft presented in Figures 

8 and 9 show how difficult it can be to detect and discern a UAS against a complex, 

heterogeneous background.  

 

Qualitative Data 

 

The observations of the safety observer and recorded participant comments 

were collected and analyzed for common themes. Five common themes emerged 

from the qualitative data: 

 

 Size estimation error.  Many participants were surprised to learn the actual 

size of the fixed wing Anaconda platform. Most participants underestimated the 

size as a 2-3 foot wingspan craft [actual wingspan was 6.75 feet]. As previously 

mentioned, participants also underestimated the distance to the Anaconda platform. 

Since participants were not shown the platforms in advance of the experiment, this 

finding may help to explain the distance estimation error. Personal assumptions of 

the UAS size may influence the distance perception.   
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Figure 6. Visible bird encounter (Turkey Vulture). 

 

Parallax error. Parallax error describes how an object, when perceived 

from the observer’s position demonstrates an apparent displacement from its actual 

location. Despite the experimental pilots being aware of the positive vertical 

separation engineered into the experiment, several participants reported still 

perceiving the UAS to be in such proximity that they felt a collision was imminent. 

One participant even performed an evasive climbing maneuver to avoid the UAS. 

This finding seems to indicate that pilots experienced a form of parallax illusion in 

the vertical plane.  

 

 Reaction time estimation error. Contrary to the telemetry data, most 

participants reported they could avoid a UAS collision. This observation was 

reflected in the comment of Participant 18 who stated, “passes where UAVs were 

spotted [we] had ample time to avoid a collision.” 

 

Limited scanning width. The safety observer noted that Participants 19 

and 20 were not scanning the full range of visibility. Participants primarily scanned 

between the 11:00-2:00 positions. The safety observer also noted that a tendency 

of the participants was to look almost straight down rather than just below the 
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window level to observe the UAS craft. The safety observer noted that in these 

cases the UAS was actually flying higher than the angle the pilots were scanning  

 

 Fixed-wing platform readily identifiable. Participants indicated the fixed-

wing Anaconda platform was much easier to spot than the Iris quadcopter. 

Participant 14 remarked, “was able to see fixed wing aircraft straight 

away…vehicle was coming at the manned aircraft and initiating a turn 

underneath…the size and movement of the UAV made a difference.” Additional 

comments recorded by the safety observer reflected this sentiment. Participants 1 

and 3 both indicated the Anaconda became visible after the platform maneuvered, 

producing a visible “wing-flash.” 

 

 Color scheme matters. While not specifically studied during the 

experiment, 16 participants indicated that the white color of the UAS platforms 

aided in their detection. Conversely, Participants 3 and 5 thought the white color 

made the UAS more difficult to spot. Participant 2 commented that the “white color 

made it [UAS] a little easier to spot.” Participant 8 echoed the observation stating, 

“the white color helped make it [UAS] stand out.”  

 

 Comparable or more difficult to detect than birds. Ten participants 

reported that the UAS craft was more difficult to detect than birds. Seven 

participants reported detecting the UAS craft was comparable to spotting birds. 

Participant 5 commented, “The white color blended with the background and was 

harder to see, very similar to seeing birds…at first I thought the UAV could have 

been a bird.” 

 

Conclusions 

 

Research Question 1 

What is the mean distance in which an aware pilot can reliably visually detect a 

converging sUAS platform under visual meteorological conditions? 

 

The results do not support clear conclusions to this research question. 

Seemingly, UAS platforms with a small visual surface area are extremely difficult 

to detect. Quadcopter platforms like the Iris and comparable, popular DJI Phantom 

series are not likely to be seen by pilots until within 0.10 SM. Even inside this 

range, detection varies considerably between 26.3% and 57.9%. Larger platforms 

such as the Anaconda are much easier to detect, with detection rates reaching 84.2% 

and a mean detection distance of 0.493 SM. It is likely that this higher detectability 

and longer detection range is partially due to the larger UAS platform visual surface 
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area, and in part due to the head-on intercept type. Further research is required to 

determine the exact reason for this substantial difference in detection range. 

 

Research Question 2 

Is there a substantial difference in detectability of fixed-wing vs. quadcopter UAS 

platforms? 

 

The data did not conform to normality requirements to perform a valid 

correlated t-test to parametrically determine significant differences between 

detection of fixed-wing and quadcopter platforms. Moreover, several data points 

would need to be excluded from the data such as Flight 8 in which all passes were 

flown with the Anaconda and Flight 9 in which no telemetry data was recorded for 

the fixed-wing platform. Additionally, long-distance sightings of the Anaconda in 

intercept 6 would have to be removed as outliers to preserve test integrity. As a 

result, the researchers did not elect to perform data transformation or conduct non-

parametric testing. The authors recommend statistical analysis of the data after 

conducting further iterations of the experiment to collect additional data points. 

 

 
Figure 7. Visible overhead encounter of fixed-wing Anaconda UAS. 
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Figure 8. Visible encounter of fixed-wing Anaconda UAS  

 

 

 

 
Figure 9. Visible encounter of Iris quadcopter UAS. 
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In this instance, however, the descriptive statistics clearly indicates a 

notable difference in detectability between the Iris quadcopter and fixed-wing 

Anaconda platforms. The Anaconda’s mean detection distance of 0.493 SM far 

exceeded that of the Iris platform, by more than 500%. As discussed in the previous 

research question, it is likely that this variability is in part due to the difference in 

platform surface area, and partially due to the differences in intercept aspect. 

Additionally, fixed-wing UAS platforms seem to become more visible when 

maneuvering, since the large surface area of the wing becomes exposed producing 

a recognizable wing flash to searching pilots.          

 

Research Question 3 

Is there variability between a pilot’s perceived visual distance from a UAS and 

their actual distance?  

 

The data shows that pilots generally underestimated their distance to the 

large Anaconda UAS by 0.25 SM. Pilots overestimated their distances to the small 

Iris UAS by a mean distance of 0.20 SM. This finding is significant. Small 

platforms make up the vast majority of hobby platforms and many commercial 

operations, as well. If the finding is broadly true, pilots that visually spot such small 

UAS platforms in flight are likely to assume they have more distance and 

subsequent reaction time to respond before a potential collision. This problem may 

be further complicated by the fact that small UAS platforms like the Iris are already 

difficult to detect.  

 

 

Research Question 4 

Based on the FAA’s model for Aircraft Identification & Reaction Time, would 

pilots have adequate time to evade a UAS collision?  

 

According to the FAA’s Aircraft Identification and Reaction Time model 

presented in Table 1, pilots require at least 12.5 seconds to detect, process, and 

perform required evasive maneuvers to avoid an airborne collision threat. Based on 

the mean detectability distances demonstrated by the participants in this study, 

0.493 SM for the Anaconda and less than 0.10 SM for the Iris, the researchers 

reverse-applied a conservative general aviation cruise speed of 100 knots to 

estimate available reaction times to each platform.  
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The simple equation of Time = Distance / Speed, yielded the following results: 

 
Table 6 

 

Available Reaction Time to a sUAS Collision Threat Based on Visibility Distance 

 

Platform Detection 

Distance 

Speed Available Reaction 

Time 

Anaconda  0.493 SM 115.08mph (100 kts) 15.42 seconds 

Iris   0.10 SM 115.08mph (100 kts)   3.12 seconds 

Note: This estimation assumes the UAS platform is stationary and the convergence speed is 

limited to the cruise speed of the aircraft. 

 

Based on this estimate, a pilot would likely have adequate time to recognize 

and respond to a larger fixed-wing platform like the Anaconda, but would be 

unlikely to have adequate time to recognize and respond to a smaller platform like 

the Iris. 

 

Researcher Comments 

 

It is important to note that the results of this experiment are based on the 

most ideal of conditions. First, each pilot was made acutely aware of the presence 

of UAS operations. These results may not represent realistic distributions of a 

pilot’s divided attention between external scanning and internal flight deck 

workload. Alert pilots are likely to divert increased attention to see-and-avoid 

scanning than during normal flight operations. Additionally, this experiment was 

conducted under clear, daytime, visual meteorological conditions. UAS 

detectability and visual range are not likely to be valid when a pilot encounters 

visually-hindering conditions such fog, mist, haze, snow, or other similar 

phenomenon. Succinctly, the researchers believe the results presented in this study 

represent the most optimistic visibility conditions that may not necessarily be 

reflective of normal operations in the National Airspace System. 

 

Recommendations 

 

 The researchers recommend the following operational considerations when 

flying in proximity to unmanned aircraft: 

 

Full-range scanning. Full-range scanning is critical to ensuring safety in 

the visual environment. The authors recommend employing the scanning 

procedures and concepts outlined by the FAA in Advisory Circular, AC 90-48D, 

Pilots’ Role in Collision Avoidance. 
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 Enlist others to assist in UAS detection. Enlist the aid of other 

crewmembers or passengers to assist in UAS visual detection by putting more eyes 

on more sky, particularly in areas proximate to UAS operations. 

 

 Realize the limitations of vision. It is important to understand the physical 

limitations of vision as a mechanism of collision detection. Visual illusions such as 

the aforementioned parallax error and size estimation error can lead to poor 

aeronautical decision-making regarding UAS avoidance and evasion. Pilots should 

check NOTAMs for UAS flight activity, monitor ATC frequencies for traffic alerts, 

and exercise a vigilant visual scanning pattern to ensure early awareness to a 

potential UAS encounter or collision threat. 

 

 Do not delay evasion. The study results indicate pilots are consistently poor 

at estimating UAS distance. The authors recommend pilots actively maneuver to 

avoid or evade close encounters with UAS platforms, provided the maneuver can 

be performed without compromising flight safety.  

 

Suggestions for Further Research 

 

The authors recommend repeating this study to gather additional data points 

for statistical analysis. Furthermore, the authors recommend the creation of spin-

off research projects to include analysis on the visibility of UAS lighting and night 

operations, UAS markings, and color contrast. Finally, the authors recommend 

additional testing of the proprietary uAvionix ADS-B system to determine the 

viability, effectiveness, and reliability of large-scale use.   
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