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The development of standardized electronic altitude and position reporting technologies will play 
a large, foundational role regarding the ability, accurately and fairly, to enforce UAS altitude 
demarcations. 

Background:  The creation of altitude demarcations as a part of aviation rulemaking naturally 
introduces questions about efficacy and amenability to enforcement schemes.  Aviation-related 
rules and regulations have included altitude demarcations for decades, beginning with the 
concept of “minimum safe altitudes” as early as 1930 (and earlier).  For example, 
controlled/uncontrolled airspace is defined by specific altitude boundaries.  Although some 
altitude measurement technology has always existed, such as barometric altimeter technologies 
that existed from the beginning, there has always been a problem with precise altitude 
measurement and estimation (even modern low-cost GPS-based technologies have errors1).   

In spite of the challenges of precisely measuring and estimating altitudes manned aviation, for 
the most part, has been restricted by “minimum safe altitudes”, and with the exception of take-
off and landing, manned aircraft operate at a reasonable altitude, and thus a safe separation 
from the ground level.   For the first century of flight, manned aviation has mostly operated under 
the “big sky theory”2, and a basic principle of aviation safety involved the physical separation of 
aircraft in both lateral and vertical dimensions.   For manned aviation this separation (during 
flight) can be thousands of feet or sometimes even miles. 

However, the emergence of small unmanned aircraft and Part 107 rules have focused attention 
on “ultra-low altitude” operations, which are basically those small UAS operations below 400 feet 
above the surface or above ground level (AGL).   Although helicopters have long operated at 
lower altitudes for some types of operations, constrained operations of small UAS below 400 feet 
AGL is a relatively new issue from the regulatory perspective.  With the lower altitude 
demarcations of Part 107 type operations, the issue of precise altitude estimation/measurement 
will likely be an important part of enforcement. 

Altitude limitations for drones operating below 400’ are being developed within the FAA’s UAS 
Facility Map Data Directory, which often coincide with UAS Flight Restriction Areas and airports.3 
Altitude restrictions are listed in 100’ increments, and are established following a risk assessment 
conducted by the owning proponent.4 Compliance verification processes, along with 
enforcement mechanisms of these precise altitudes below 400’ AGL should be considered. 

                                                           
1 http://www.gps.gov/systems/gps/performance/accuracy/ 
2 Knecht, William R., “Modeling the Big Sky Theory”, Proceedings of the Human Factors and Ergonomics Society 
Annual Meeting, Vol. 45, No. 2, pp 87-71, 2001. 
3 https://www.faa.gov/uas/where_to_fly/airspace_restrictions/faq/ 
4 https://faa.maps.arcgis.com/apps/webappviewer/index.html?id=9c2e4406710048e19806ebf6a06754ad 
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Low Altitude Estimation for Manned Aviation:  Manned aviation is subject to requirements to 
maintain a “minimum safe altitude” when operating, with exception of take-off and landing.  
Minimum safe altitudes are defined in 14 CFR § 91.1195 as follows: 

§ 91.119 Minimum safe altitudes: General. 
 
Except when necessary for takeoff or landing, no person may operate an aircraft below 
the following altitudes:  
 

(a)Anywhere. An altitude allowing, if a power unit fails, an emergency landing 
without undue hazard to persons or property on the surface.  
 
(b)Over congested areas. Over any congested area of a city, town, or settlement, 
or over any open air assembly of persons, an altitude of 1,000 feet above the 
highest obstacle within a horizontal radius of 2,000 feet of the aircraft.  
 
(c)Over other than congested areas. An altitude of 500 feet above the surface, 
except over open water or sparsely populated areas. In those cases, the aircraft 
may not be operated closer than 500 feet to any person, vessel, vehicle, or 
structure.  
 
(d)Helicopters, powered parachutes, and weight-shift-control aircraft. If the 
operation is conducted without hazard to persons or property on the surface -  

 
(1) A helicopter may be operated at less than the minimums prescribed in paragraph (b) 
or (c) of this section, provided each person operating the helicopter complies with any 
routes or altitudes specifically prescribed for helicopters by the FAA; and  
 
(2) A powered parachute or weight-shift-control aircraft may be operated at less than the 
minimums prescribed in paragraph (c) of this section. 

 

For fixed wing aircraft, the minimum safe altitude ranges from 500 feet above the surface to up to “1,000 
feet above the highest obstacle”.   Nuisance type situations from low-flying manned aircraft are seemingly 
rare in recent times, however the FAA does provide guidance for members of the general public to submit 
complaints against low-flying manned aircraft6.  In particular the FAA provides the following guidance to 
members of the public in regard to altitude estimation: 

“Altitude - How high (low) was the aircraft flying? On what do you base your estimate? Was the 
aircraft level with or below the elevation of a prominent object such as a tower or building? Did 

                                                           
5 https://www.law.cornell.edu/cfr/text/14/91.119 
6 https://www.faa.gov/about/office_org/field_offices/fsdo/atl/local_more/media/nlowfly.pdf 
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you obtain photographs? Are there any witnesses who could confirm your estimate - do you have 
their names, addresses, telephone numbers?” 

The inability of the average person to accurately estimate the height/altitude of low-flying aircraft is 
obvious and apparent in the FAA’s guidance, since the use of reference points such as the “the elevation 
of a prominent object such as a tower or building” is used to assess accuracy of the altitude estimation.  
Naturally this leads to an assumption that the regulations for aircraft operating above known nearby 
prominent objects would be more difficult and less likely to lead to enforcement actions than those clearly 
operating below the known height.  It is important to note that the altitudes referenced in § 91.119 (for 
fixed wing aircraft) are fixed, even though it is highly likely that enforcement might be difficult (of 
impossible) for many operations that occur below these altitudes.   

For a normal neighborhood with flat terrain, the objects listed in Table 1 are likely to be the most 
encountered surface reference objects available for visual altitude estimation.   If monopole cell towers 
and standard water towers are ignored, then in general it would be difficult to develop credible altitude 
estimates over about 100 feet.   However, the height of available nearby objects could be as low as 22-25 
feet assuming no trees or other objects are available.  Therefore, the reliability of estimates of altitudes 
for low-flying UAS would be somewhat location/site specific. 

Table 1:  Average heights of common ground objects available for estimating height 

Object Average Height (feet) 

Mature Oak Tree 50 to 70 

Parking Lot Lamp Pole 20 to 40 

Mature Pine Tree 50 to 100 

Two Story House 22 

Standard utility pole 40 

Monopole Cell Tower 100 to 200 

Standard Water Tower 130 

Challenge with Estimating Altitudes/Heights:   In general it is difficult to estimate the height/altitude of 
small objects without an in-frame reference.  This is especially true for smaller objects such as small UAS. 
In reality, there are two difference scenarios each with distinct problems of inaccuracy:  1) estimation of 
height/altitude of an object when viewed from below; and 2) estimation of height/altitude of an object 
when viewed from above.  These two scenarios might occur when a person on the ground attempts to 
estimate the altitude of a small UAS (scenario #1) or when a pilot or passenger onboard an aircraft 
attempts to estimate the altitude of a small UAS operating below them (scenario #2). 

In a recent paper by Stefannucci and Proffitt7, the researchers noted that although both groups (those 
that observe objects from below and those that observe objects from above) tend to “overestimate” the 
heights, there is greater overestimation when the heights are estimated/observed from above (the 
authors discuss the potential role of fear in this bias and the impact that fear of heights might have in the 
trend of overestimation).    Based on this research, it would seem more likely that a human aboard an 

                                                           
7 Stefanucci, J.K., and Proffitt, D.R., “The Roles of Altitude and Fear in the Perception of Height”, J Exp Psychol Hum 
Percept Perform., 2009 April ; 35(2): 424–438. 



National Drone Altitude Estimation  

September 14, 2017 

 
aircraft would be more likely to overestimate (i.e. – “misjudge”) the altitude of a small UAS flying below, 
which could cast doubts on sighting and observations where separation distance is of critical importance. 

Impact of Human Altitude Estimation Inaccuracy on Enforcement:   The inability of human observers 
(especially untrained observers) to accurately estimate the altitude of small UAS operating at lower 
altitudes may create challenges when strictly enforcing altitude limits when the small UAS is operated 
above nearby landmarks or known reference objects.  However, the ability of an observer (even an 
untrained observer) to note that “the small UAS was operated below object ‘X’” would create a logical 
and reasonable threshold for enforcement (and potential prosecution).  Therefore, as is the case with 
manned aviation, enforcement over the full range of an altitude demarcation would be impractical and 
unrealistic, but enforcement at the lowest levels of that demarcation range would be realistic - even for 
untrained observers - when the small  UAS is operated below nearby known reference objects and 
structures such as utility poles, roof lines, or trees. 

The most common reference point in many locations would be nearby trees.  There are known maximum 
tree heights depending on location and the type of trees. For example, the maximum tree height 
measured in 2012 was approximately 380 feet tall8.  However, in most locations in North America,  
maximum tree heights are well below 200 feet (and in many locations less than 100 feet), which means 
that accurate height/altitude estimation in most locations would be difficult when the small UAS is above 
200 feet (which would lead to an enforcement and prosecution challenge), but easier at lower heights 
and altitudes.    

The Role of Technology in Altitude Enforcement:  Local police have no standardized, electronic means to 
measure drone altitudes, which makes ordinance enforcement particularly challenging. When responding 
to a violation of an enacted law or ordinance, officers may hesitate to write a ticket or charge anyone due 
to the expected court disputes of visual accuracy. This concept may be compared to an officer writing a 
motorist a speeding ticket without the use of a radar gun or laser. 

Currently, all technology solutions for onboard altitude measurement have some degree of error.   For 
example, GPS vertical errors can be several meters as shown in Figure 1.   Although they can be accurate, 
barometric altimeters require frequent calibration as a result of meteorological condition changes 
throughout a typical day.   It is possible that useful recommendations will emerge from the current 
ongoing Remote Identification ARC that will assist in “self-reporting” and monitoring of low-altitude UAS 
location information. 

                                                           
8 https://en.wikipedia.org/wiki/Tree_height_measurement#Maximum_heights 
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Figure 1.   Range of GPS vertical position errors recorded as part of a study by the FAA in 20169 

Technology developed to assist UAS altitude enforcement may follow an implementation logic similar to 
the application of legacy Mode C transponders, or ADS-B systems, which automatically report altitude for 
manned aviation.10 These technologies provide electronic traffic separation both vertically and 
horizontally, and can identify specific users. Remote altitude technology such as ADS-B tracking has also 
been available to the public through smart-device applications. 11 Two possible enforcement tools might 
involve laser rangefinders (which can be inexpensive) and basic photographs.  Both options may already 
be available to law enforcement personnel. 

Conclusions:   As with manned aircraft operating at low altitudes, altitude estimation of low-flying UAS by 
both trained and untrained visual observers will likely remain challenging for the foreseeable future due 
to the limitations of human visual perception.   However, as with manned aircraft, the inability to precisely 
estimate altitudes should not be seen as a deterrent to establishing altitude-based demarcations and 
thresholds.   Although the lack of reliability of precise altitude estimations over the upper range of a 
specific demarcation may result in a lack of ability to enforce infractions, lower-altitude altitude 
infractions will still be relatively straightforward in assessment with the use of nearby ground objects.   In 
the case of low-altitude nuisance type situations, the most egregious infractions may therefore be 
relatively straightforward in assessment with the use of nearby ground objects. It should be noted that 
the development of standardized electronic altitude and position reporting technologies will play a large, 
foundational role regarding UAS enforcement procedures. 

                                                           
9 http://www.nstb.tc.faa.gov/reports/PAN96_0117.pdf#page=22 
10 https://www.faa.gov/nextgen/equipadsb/capabilities/ 
11 https://planefinder.net/about/ads-b-how-planefinder-works/ 


