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Figure 6. Distribution of two -dimensional flight distances of operation plans from the Manually Processed 
Dataset classified as actual flights with acceptable data quality. 

 
E. Number of Nonconformance Operations 

The Number of Nonconformance Operations MOP provides partial indications of 1) the ability of UTM users to 
effectively plan UTM operations and 2) aircraft ability to conform to those plans. A nonconformance event is an 
instance in which a UAS fails to comply with its approved and activated UTM operation plan. Types of 
nonconformance events include lateral and vertical violations (i.e., violations of lateral or vertical boundaries of the 
�S�O�D�Q�¶�V���F�R�Q�I�R�U�P�D�Q�F�H���J�H�R�J�U�D�S�K�L�H�V�������W�H�P�S�R�U�D�O���Y�L�R�O�D�W�L�R�Q�V�����X�V�H���R�I���D�Q���D�S�S�U�R�Yed volume, but at an unapproved time), and 
informational violations (failure to provide routine position reports). During most operations, the UAS operators put 
significant effort towards avoiding nonconformance events (except for a few cases where an operation objective 
called for intentional nonconformance events) because such events often conflicted with the objectives of the 
operations. Thus, this measure can be examined from test to test to help track changes in the effectiveness of 
operation planning and vehicle performance (provided that the desire to avoid nonconformance events does not 
change significantly from test to test). Moreover, looking forward to operational UTM systems, it is envisioned that 
this or a similar measure could be applied to operating fleets, aircraft models, operating environments, or even 
individual operators to monitor the burden that they place on the UTM system (because nonconformance events may 
require manual interventions by the aircraft operators, neighboring operations, and USS operators). 

During the TCL 2 National Campaign, the methods for monitoring nonconformance varied from USS to USS. 
�7�Z�R�� �R�I�� �W�K�H�� �8�6�6�V�� ���L�Q�F�O�X�G�L�Q�J�� �W�K�H�� �1�$�6�$�� �8�6�6���� �X�W�L�O�L�]�H�G�� �V�L�P�L�O�D�U�� �V�W�D�W�H�� �P�D�F�K�L�Q�H�� �O�R�J�L�F�� �W�K�D�W�� �L�Q�F�O�X�G�H�G�� �³�1�R�Q�F�R�Q�I�R�U�P�L�Q�J�´��
�D�Q�G�� �³�5�R�J�X�H�´�� �V�W�D�W�H�V�� �W�R�� �P�R�Q�Ltor and react to nonconformance events. These two USSs handled 100% of the UTM 
operations at four of the six test sites and were, therefore, the focus of calculation for this MOP (calculating 
nonconformance events for operations submitted to the other USSs will be performed in future work.) 

Database queries for the messages that the two USSs mentioned above sent to nonconforming and rogue 
operations in the User-Filtered Dataset identified a total of 309 operations submitted to these 2 USSs that had a 
nonconformance event. Among these operations, 253 are included in the Manually Processed Dataset and 92 of 
those were classified as actual aircraft flights with acceptable data quality.  
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Figure 1.  UTM Architecture  

For the TCL 2 National Campaign, the Test Site facilities and their partners could either connect to the NASA 
USS research prototype or develop their own USS to connect to the FIMS research prototype and develop custom 
clients to connect UAS operators to their USS. The FIMS research prototype was developed by NASA and was 
available to the Test Site facilities.  

B. Test Site Operating Authority and Operational Areas 
The Test Sites operated under the authority given to them through various certificates of authorization (COAs) 

from the FAA in the ranges specified in those COAs. The Test Sites are located in six states and provide a diverse 
set of test environments. These Test Sites are Griffiss International Airport in New York, Northern Plains 
Unmanned Aircraft Systems Test Site (NP UAS TS) in North Dakota, the Nevada Institute for Autonomous Systems 
(NIAS), Lone Star UAS Center (LSUASC) in Texas, University of Alaska at Fairbanks (UAF), and Virginia Tech 
Mid-Atlantic Aviation Partnership (MAAP). The range locations are described in Table 1.  
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Table 3. Aircraft and USSs participating in National Campaign 
Test Site Vehicle Type  Operator USS 
AK  1 single rotor helicopter, 3 quadcopter, 2 

octocopter 
ACUASI 
 

Simulyze 
 

ND 1 hybrid delta-wing, 4 fixed wing, 2 
hexacopter, 1 simulated 

Botlink, Isight RPV Services, SkySkopes, 
University of North Dakota, Unmanned 
Applications Institute International (UAI) 

Simulyze 
 

NV 4 fixed wing, 2 quadcopters, 1 
hexacopter, 1 octocopter  

Amazon, Carbon Autonomous, Drone 
America, Amazon 

AirMap,  
Amazon 

NY 1 quadcopter, 1 hexacopter, 1 
octocopter, 1 fixed wing hybrid 

NUAIR NASA 

TX 2 quadcopter, 2 fixed wing LSUASC NASA 
VA  1 fixed wing, 2 quadcopter 

 
Google (Project Wing), Intel, Virginia 
Tech 

Google, 
ANRA 

 
B. Flight Scenarios  

Each of the six Test Sites was located in a different location, providing a diversity of environments in which to 
operate and a realistic backdrop for the use cases that each site developed. With the addition of partnerships that the 
Test Sites established in accordance with the testing objectives, a variety of flight scenarios were flown during the 
National Campaign testing window that tested different aspects of the UTM architecture and addressed a number of 
research areas relevant to the RTTs established by the FAA, NASA, and industry. Figure 2 presents displays of live 
operations as they occurred at each of the Test Sites.  

 
Figure 2.  Sample Test Site scenarios (top left to right: Alaska, Nevada, New York; bottom left to right: North 
Dakota, Texas, Virginia). 

 
The flight scenarios conducted during the demonstration were developed to address test objectives through the 

performance of operations that mirrored real world use cases. The use cases that were incorporated into scenarios 
highlighted aspects and challenges unique to each test site and its operators. The objectives presented in Section IV 
were met through scenarios that included the following use cases: mapping; search and rescue; pipeline 
survey/inspection; videography; package deliveries to stranded hikers, miners, and flood victims; law enforcement 
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actions, took notes on pertinent situations, administered questionnaires, and conducted debrief discussions with 
operators. A remote human factors team was also situated at NASA Ames observing operations on remote displays, 
recording data on system interactions for follow up, and supporting the deployed team.  

 
2. Digital Data Collection 

During test activities UAS operators utilizing the NASA USS submitted various digital UAS flight data directly to 
NASA via the NASA USS prototype. Such data flows among UAS operators and USS operators are a key element 
of the overall UTM ConOps. Similarly, non-NASA USS operators submitted various digital UAS flight data and 
USS operation data directly to NASA via the NASA FIMS prototype which mimics a typical USS-to- FIMS data 
flow as envisioned in the UTM ConOps. Additionally, in a minor departure from the data flows envisioned in the 
UTM ConOps, the non-NASA USSs relayed UAS operator data to NASA through a NASA data analytics 
�D �J�J�U�H�J�D �W �R�U�� �D �Q�G�� �S�U �R�Y�L�G �H�U�� �U�H �I�H �U�U �H�G�� �W �R�� �D �V �� �W�K�H�� �³ �' �D �S�S�H �U�´ ��  �7�K �H�� �' �D �S�S�H�U�¶�V �� �U �R�O �H�� �L�Q�� �W�K �H�� �8 �5 �3�� �Z �D �V �� �W�R�� �I�D �F�L�O �L�W�D �W�H�� �G�D �W�D �� �I�O �R�Z �V �� �I�U �R�P ��
the non-NASA USSs to NASA that would not otherwise be present in a typical USS-to-FIMS dataflow in the UTM 
ConOps; it was an artif�D �F�W�� �R�I�� �1 �$ �6�$ �¶�V �� �I�O�L�J�K�W�� �W �H�V �W�� �U�H�V �H�D �U �F�K�� �H �I�I�R�U �W�V �� �D �Q�G�� �W�K�H�U�H �I�R�U �H�� �P�L�J�K�W�� �Q �R�W�� �H �[�L�V �W�� �L�Q�� �I�X�W�X�U �H�� �R�S �H�U�D �W�L �R�Q�D �O ��
UTM systems. 

In addition to the digital data flows among the UAS Operators, non-NASA USS Operators, and NASA via the 
NASA USS, FIMS, and Dapper, the UAS Operators collected specific digital flight data, processed them into digital 
files per a format specified by a NASA data management plan, and sent them to NASA after the completion of the 
test activities.  

 
3. UAS Operator Self-Reported Experiential Data 

UAS operators at the Test Sites provided contextual information about off-nominal situations that they 
encountered during testing through a website-based form provided by NASA. This form was derived from basic 
concepts implemented in the Aviation Safety Reporting System (ASRS).5  

D. Data Processing 
Over the timeframe of the TCL 2 National Campaign, a total of 1,762 operation plans were submitted in real-time 

through the digital data flows (described above) between the USSs, FIMS, and Dapper. This total set of operation 
�S�O�D �Q�� �V �X�E�P�L�V �V �L�R�Q�V �� �L�Q�F�O�X�G �H�G �� �J�U �R�X�Q�G�� �W�H�V �W�V ���� �V �L�P�X�O�D �W �H�G�� �R�S �H�U�D �W�L �R�Q�V ���� �V �K�D �N�H�G�R�Z �Q�� �R�U�� �³ �S�U�D �F�W�L �F �H�´ �� �R�S �H�U�D �W�L �R�Q�V ���� �D �Q�G�� �V �X�E�P�L�V �V �L�R�Q�V ��
from USS users that were not directly involved in flight test activities in addition to operation plans directly 
associated with actual aircraft flight test activities. Therefore, it was necessary to downselect the number of 
operations that would receive further processing and be included in the calculations of the MOPs. Overall, five 
levels of data processing were applied to the overall dataset. The subsets of operations corresponding to each level 
of processing are described in the next subsection.  

E. Data Subsets 
As mentioned above, the data were categorized into subsets that received different levels of processing. These 

data subsets are described below and used throughout this section to identify which set was used when calculating 
the statistics presented in this section. 
 
1. The Full Dataset 

The Full Dataset includes all 1,762 operation plans submitted to the USSs connected to the FIMs over the 
timeframe of the TCL 2 National Campaign plus six non-cooperative or intruder flights (i.e., flights intentionally 
flown without UTM submitted operations plans) included in the data the Test Sites provided to NASA per the data 
management plan. 
 
2. The User-Filtered Dataset 

The User-Filtered Dataset is a subset of the Full Dataset that excludes the six intruder flights and the operation 
plans submitted from USS users that were not directly involved in flight test activities. The total number of 
operation plans in this data subset is 1,488. 
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3. The Manually Processed Dataset 
The Manually Processed Dataset is a subset of the User-Filtered Dataset that excludes operation plans that 

submitted invalid aircraft identification data, operations that did not submit position reports, and operations that 
submitted position reports at locations other than the Test Sites. Operations excluded from the Manually Processed 
Dataset set due to a lack of position reports include operations that were rejected or aborted before activation as well 
as operations where an aircraft flew but were unable to submit a position report due to navigation or communication 
issues.  

Each operation from this subset was manually validated and categorized (by data quality and operation type) by 
examining submission inputs from the USS user, visualizations of the position data, information in the final test 
reports submitted to NASA by the Test Sites, and notes from the human factors researchers deployed to the Test 
Sites. The total number of operation plans in this data subset is 611.  

 
4. The Data Management Plan (DMP) Dataset 

This dataset includes operations with detailed vehicle data that the Test Sites processed and submitted to NASA in 
the form of data files that met the DMP specification. The DMP Dataset includes 135 operations (including the six 
intruder flights) and was run through automated validation checks and ingested into a common database with the 
data submitted directly to the FIMS and Dapper. All of the 129 non-intruder operations in this dataset are in the 
User-Filtered Dataset. 

 
5. The Filtered DMP Dataset 
 The Filtered DMP Dataset includes the six intruder flights and the intersection of operations from the Manually 

Processed Dataset and the DMP Dataset. The total number of operations in this data subset is 133 including the six 
intruder flights. Because the Test Sites provided detailed data for these operations and they were manually 
processed, the operations in this data subset are currently considered to be the best suited for further study. Of these 
133 operations, 127 were classified as actual aircraft flights with acceptable data quality.  

VI.  Results 
UTM TCL 2 National Campaign data collection and analysis were focused on producing an array of measures of 

performance (MOP) that characterize how the overall UTM system behaved as implemented in the overall test 
environment. Some of these measures�² such as number of submitted operation plans; number of accepted operation 
plans; number of rejected operation plans; number of rogue operations; number of nonconformance operations; time 
and distance flown with UTM System; number of off-nominal operational-situation contextual reports; and time 
spent in activated, nonconforming, and rogue states�² primarily provide meta-data about the test campaign that can 
be used to compare it to forthcoming test campaigns.  

 
A. Number of Submitted Operation Plans 

The Number of Submitted Operation Plans MOP provides a partial indication of the scale of the testing conducted 
throughout the TCL 2 National Campaign (both in terms of the number of operations planned and executed and the 
loading on system-level UTM components such as the FIMS). As mentioned above, 1,762 operation plans were 
submitted to the USSs connected to the FIMS over the 26-day time frame of the TCL 2 National Campaign. 
However, the Full Dataset of submissions included submissions from USS users that were not directly involved in 
flight test activities, and therefore the 1,762 operation plan figure is only a useful indicator of loading of system-
level UTM components.  

Alternatively, the User-Filtered Dataset indicates that 1,488 operations were submitted by users participating 
directly in the TCL 2 National Campaign, and the Manually Processed Dataset provides a more accurate indication 
of the number of operations that were executed with some degree of success as an actual flight, simulated flight, or 
ground test. Figure 4 depicts the number of operation plans (per vehicle type) from the Manually Processed Dataset 
that were submitted by each test site. 


	Nomenclature
	

