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Overview

This document is a flight test report from the operational perspective for the No Chase Certificate of
Waiver or Authorization (COA) flights, or NCC flights, a major milestone of the Unmanned Aircraft Systems
(UAS) Integration in the National Airspace System (NAS) project. Discussions of a demonstration event
began as early as 2014 and the actual flight of the Ikhana UAS into the NAS without a safety chase vehicle
in Class A, E, and D airspace was accomplished on 12 June, 2018.

The major goal of this flight was to demonstrate an alternate means of compliance to the see and avoid
regulations for a UAS using Detect and Avoid (DAA) technology.

Participants in this flight activity and planning included the National Aeronautics and Space Administration
(NASA) Ames Research Center, NASA Armstrong Flight Research Center, General Atomics Aeronautical
Systems, Inc. (GA-ASI), Honeywell International, Inc., and the Federal Aviation Administration (FAA).

During system checkout (SCO), stakeholders analyzed their DAA system in flight test scenarios known as
Scripted Encounters. The Ikhana ownship flew encounters against intruders of various equipage and
performance. Once the system was tested with stressing cases that could be encountered in the NAS, a
photo chase flight was performed for operational rehearsal and execution, and finally, the flight without
chase was achieved.

Table 1 is a summary of events for NCC, with major milestones highlighted in green.

Ultimately, all NCC phase 1 project milestones were fully achieved. The minimum success criteria of
receiving the COA to fly without chase was obtained in March 2018. Full success criteria was achieved
once the flight without chase was completed in June 2018. This positive outcome is largely attributed to
the experience acquired from the Airborne Collision Avoidance System (ACAS) Xu Self Separation (SS)
Initial flight test flown in December 2014, Flight Test Series 3 (FT3) flown in the summer of 2015, Flight
Test Series 4 (FT4) flown in the summer of 2016, and ACAS Xu Flight Test 2 (FT2) flown in the summer of
2017.

Thanks to the training, member participation, systems integration/testing, in-depth analysis of the test
points, safety discussions, route feedback, and support from the FAA, the UAS-NAS team was able to
achieve a successful, safe, and aviation-history making flight into the NAS with a UAS employing DAA
technology.
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Table 1. No Chase COA Summary.

No Chase COA Summary
Date Event Description
NAC Aeronautics Committee, UAS Sub NAC recommendation to do more than just conduct research and
2/25/2013 Committee recommendation to conduct a bold collect data but to employ its unique capabilities to conduct a
demonstration in the NAS “Bold Flight Demonstration”.
6/2/2014 Demonstration Kick-Off Meeting Initial planning activities; develop goals and objectives
Dec. 2014 ACAS Xu SS ACAS Xu Flight Testing
Summer 2015 Flight Test Series 3 FT3 Flight Testing
Summer 2016 Flight Test Series 4 FT4 Flight Testing
12/15/2016 NCC Strategy Meeting Meeting at GA-ASI to discuss planning for NCC
2/2/2017 NCC Coordination WG Earliest meeting on record with NCC name
5/31/2017 Phase | MOPS Released DAA and ATAR Phase | MOPS
Summer 2017 ACAS Xu FT2 ACAS Xu FT2 Flight Testing
10/27/2017 AFRC COA Brief to Management Brief to AFRC upper management
10/30/2017 COA Submission Old system for COAs
12/20/2017 COA Re-submission into CAPS Added "CONOPS" section, route modified
2/1/2018 NCC SCO Tabletop Team training
2/8/2018 NCC SCO Tech Brief Brief to AFRC upper management
2/14/2018 NCC SCO Flight 1 Ikhana only
2/15/2018 NCC SCO Flight 2 With intruder
2/21/2018 FAA SRMP Day 1 AFRC hosted FAA event, day 1
2/22/2018 FAA SRMP Day 2 AFRC hosted FAA event, day 2
2/28/2018 NCC SCO Flight 3 With intruder, attempt 1
3/30/2018 COA Approved FAA FORM 7711-1 UAS COA Attachment, 2017-WSA-148-COA
3/21/2018 NCC Flight 3 Follow-up Tech Brief Brief to AFRC upper management
3/28/2018 NCC SCO Flight 3 With intruder, attempt 2
STA to approve use of C-Band LOS C2 outside of SUA was denied
5o | camdcasanospprons ot AR e Offce e coletn o e e
UAS Integration Office coordination meetings followed.
5/10/2018 NCC Demo Tech Brief Brief to AFRC upper management
5/10/2018 NCC Demo Tabletop Team training
5/23/2018 STAs for Operations with Chase Approved ;Igsvi:;l:izciioc-Band C2, DPX-7 Transponder, TPA-100 TCAS, ARC-
5/24/2018 NCC Demo With Chase Mission execution (photo chase)
6/6/2018 STAs for Operations without Chase Approved ;ISSJEEIE(;ZTOCA‘?:S €2, DPX-7 Transponder, TPA-100 TCAS, ARC-
6/12/2018 NCC Demo Without Chase Mission execution (no chase)
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1 Introduction

The desire and ability to fly UAS in the NAS is of increasing urgency. The application of unmanned aircraft
(UA) to perform national security, defense, scientific, and emergency management are driving the critical
need for less restrictive access by UAS to the NAS. UAS represent a new capability which will provide a
variety of services in the government (public) and commercial (civil) aviation sectors. The growth of this
potential industry has not yet been realized due to the lack of a common understanding of what is
required to safely operate UAS in the NAS.

NASA’s UAS Integration in the NAS (UAS-NAS) Project is conducting research in the areas of Separation
Assurance/Sense and Avoid Interoperability, Human Systems Integration (HSI), and Communications to
support reducing the barriers to routine UAS access to the NAS. This research is broken into two research
themes namely, UAS Integration and Test Infrastructure.

UAS Integration focuses on airspace integration procedures and performance standards to enable UAS
integration in the air transportation system, covering Sense and Avoid (SAA) performance standards,
command and control performance standards, and human systems integration. With the help of the UAS-
NAS Integrated Test & Evaluation (IT&E) team, the Phase | Minimum Operational Performance Standards
(MOPS) for DAA and Air-to-Air Radar (ATAR) systems was released in May 2017.

The focus of Test Infrastructure was to enable development and validation of airspace integration
procedures and performance standards, including integrated test and evaluation. In support of integrated
test and evaluation efforts, the Project developed an adaptable and scalable relevant test environment
capable of evaluating concepts and technologies for UAS to safely operate in the NAS.

To accomplish this task of establishing relevant test environments, the Project conducted a series of
Human-in-the-Loop and Flight Test activities that integrated key concepts, technologies, and procedures
in a relevant air traffic environment, leading up to the NCC demonstration. Each of the integrated events
was built on the technical achievements, fidelity and complexity of the previous tests and technical
simulations, and resulted in research findings that supported the development of regulations governing
the access of UAS into the NAS.

To demonstrate the achievements of phase 1 of the NASA UAS Integration in the NAS Project, the team
elected to pursue a flight activity with NASA 870 (“lkhana”) UAS operating in the NAS without a safety
chase vehicle. This report details the events that led up to this NCC flight.

1.1 Scope

Detailed NCC flight activity and design coordination began in early 2017, although high-level discussions
of executing a demonstration flight without chase began much earlier than this date, in 2014. The COA
application for approval to fly without chase was submitted into the older COA Online system on 30
October, 2017, and re-submitted with additional information on 20 December, 2017. System checkout
flights with the DAA system within Edwards Air Force Base (EAFB) R-2515 airspace occurred February-
March 2018. Finally, a flight with photo chase was executed on 24 May, 2018, and the flight into the NAS
without chase was executed on 12 June, 2018.
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This report addresses the genesis of the design of the COA route and safety case, submission, design
iterations, system checkouts, NAS flights, deficiencies with the DAA system or methods, preliminary tests
results and analysis, and lessons learned. Further details about this configuration are described in the
main body of this test report. This report also serves as a general progress report for the IT&E sub-project.

1.2 Purpose

The purpose of the NCC flight demonstrations was to obtain FAA operational approval of a UAS, equipped
with DAA capabilities as an alternate means of compliance to see and avoid regulations, to execute a
specific route of flight in the NAS without a safety chase aircraft. This effort engaged the FAA certification,
safety, and operational approval organizations and in the process, informed policy development and the
processing of similar COAs to enable less restrictive UAS access to the NAS. During the flight
demonstrations which transited several airspace classes, the UAS pilot employed the DAA system to
coordinate with Air Traffic Control (ATC) and maintain safe separation from other aircraft.

Testing facilities were Government owned, managed, leased, or under agreement and fall into two
categories:

1. Development Facilities:
e Research Aircraft Integration Facility (RAIF) at NASA Armstrong
e GA-ASI Grey Butte Flight Test Facility
e GA-ASI Poway System Integration Lab
¢ Honeywell International Inc., Redmond, WA
2. Test Facilities:
e RAIF at NASA Armstrong
e Dryden Aeronautical Test Range (DATR) at NASA Armstrong
e Mission Control Center 3 (MCC3) Mission Control Room at NASA Armstrong
e The Radio Frequency (RF) Communications facility at NASA Armstrong
*  Edwards R-2508 Complex

1.3 Stakeholders, Participants, and Responsibilities

The NASA Integrated Aviation Systems Program (IASP) provided direction for the UAS-NAS project. The
project office had the overall responsibility for NCC flight test activity. NASA Ames, NASA Armstrong, GA-
ASI, Honeywell, and the FAA supported the project or were participants. The following is a brief
description of responsibilities:

e NASA Ames Research Center (ARC): NASA Ames provided ATC expertise on development of the
NCC route through the NAS. They were also present at Oakland Air Route Traffic Control Center
(ARTCC) during the demonstration flights.

¢ NASA Armstrong Flight Research Center (AFRC): NASA Armstrong was the responsible test
organization for all test missions flown from AFRC. AFRC hosted the Live Virtual Constructive (LVC)
infrastructure for data collection and distribution. AFRC also provided some live manned aircraft
used as intruders during system checkout. NASA 870 (“lkhana”) was the unmanned aircraft
ownship platform for Scripted Encounters within the R-2515 airspace (part of R-2508), as well as
the flight into the NAS. The Ground Control Station (GCS) housing part of the DAA system and
Ikhana pilots was also located at AFRC.
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e General Atomics Aeronautical Systems, Inc. (GA-ASI): Provided hardware, software and
integration support on the Ikhana UAS, in particular the GA-ASI designed DAA system. GA-ASI
provided the ATAR and other DAA system related avionics. GA-ASI also provided the DAA
algorithm, the Conflict Prediction and Display System (CPDS), which was used to fly scripted
encounters and operate in the NAS.

¢ Honeywell International, Inc.: Honeywell provided the hardware, software and integration
support for the Surveillance and Tracking Module (STM)/ACAS prototype processor that
contained the Honeywell Fusion Tracker and TCAS II.

e Federal Aviation Administration (FAA): The FAA provided guidance through the development of
the COA application and ensured the pertinent information was provided for COA approval. The
FAA provided critical feedback throughout the route design. They also held a Safety Risk
Management Panel (SRMP), hosted at AFRC, to review the hazards associated with the proposed
mission of flying a DAA equipped UAS in the NAS without chase and their corresponding
mitigations. Finally, the FAA provided coordination to ensure resolution of spectrum management
issues associated with the equipment and airspace needed for the demonstration.

1.4 Working Groups

Throughout the flight test activity, communication was critical in order to achieve proper coordination,
deadlines, and milestones. For this reason, several working groups (WG) were held to facilitate planning
activities.

1.4.1 NCC Coordination

The NCC Coordination WG, which met weekly, involved software and hardware integration leads,
operations, and project engineers and managers. This WG was the main platform to discuss changes or
updates to the aircraft, lkhana GCS, system safety gap analysis, and overall timeline planning. The
operational planning perspective of this WG fed into the Operations Working Group (OWG) as the team
came closer to the actual flights.

1.4.2 Operations Working Group

The NCC OWG was a collaborative effort between all stakeholders and participants for the NCC flights.
The OWG, which met weekly and fortnightly prior to testing, discussed all NCC ground and flight
operations topics. This WG was responsible for flight planning and coordination, assigning actions items,
safety concerns which would feed into the System Safety Working Group (SSWG), hardware integration
and testing discussion, training, and readiness. The OWG was a pre-established meeting for success, its
pedigree being built upon since the ACAS Xu 2014 flight tests.

1.4.3 System Safety Working Group

The SSWG included project engineers and Subject Matter Experts (SMEs) to review, discuss, and track
existing hazards, identify new hazards, and to decide what mitigations to put in place for each. The NCC
project team conducted a Hazard Analysis for SCO and the Demo. A Safety Engineer was present for all
operations planning and chaired the SSWG. The SSWG performed a hazard analysis by identifying
potential hazards, mitigation methods, evaluating the final probability and severity of the mitigated
hazards, and documenting the hazard analysis on a formal Hazard Report. This WG was available as a
forum to discuss and refine concerns through the lifecycle of the NCC project.
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2 Development

Although the main goal of the project was to receive a COA and to conduct a single safe and successful
flight in the NAS using a DAA system without a chase, great benefits were obtained from the development
and test process, which spanned several years prior to the 12 June, 2018 flight.

The UAS-NAS project involvement in the flight test activity began with its support and participation in the
2014 flight test of ACAS Xu and SS Initial Flight Test. This was followed in 2015 with FT3, FT4 in 2016, and
ACAS Xu FT2 in 2017. Each of these flight test series significantly contributed to building up infrastructure,
developing procedures, and reducing risk for the NCC flight activity. These flight events greatly supported
the tasks of performing checkout flights of the system, as well as increasing team readiness for flying into
the NAS. Much of the same team members whom supported the initial flights were part of the NCC flight
campaign and their knowledge, experience, and lessons learned aided with this activity. Over 1000 air-to-
air encounters were accomplished safely and successfully during the span of these flight tests.

2.1 Objectives

The NCC activity was divided into two separate and distinct flight activities. The first activity, SCO, served
to provide a final checkout of the system before flying into the NAS. The second, called Demonstration
“Demo” flights, sought to employ the DAA technology while flying in the NAS: once with chase (as an
operational rehearsal) and once without.

2.1.1 System Checkout

The DAA system (Figure 1) being employed as an alternate means of compliance to 14 Code of Federal
Regulations (CFR) §91.111(a) and §91.113(b) “see and avoid/remain well clear” rules was comprised of
airborne sensors and track processors to detect, track, and generate DAA alerts and maneuver guidance
information against proximate aircraft if their trajectories were predicted to lead to loss of well clear.
Additional information on the system can be found in Section 2.3.

The NCC SCO primary technical goal, described as Scripted Encounters, was to conduct regression testing
on the NCC system release 1108.1.0 Rev-, conduct air-to-air encounters representative of NAS operations
(including Collision Avoidance (CA) with a Traffic Alert and Collision Avoidance System (TCAS) and stressing
Special Committee (SC)-228 operational cases), and ensure DAA remain well clear maneuver operations
while in full Ku SATCOM C2 (uplink and downlink).
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Figure 1. NCC System Architecture.

2.1.1.1 IT&E Objectives

The test objectives were developed by the IT&E team and informed the flight test matrix and objectives
matrix. Similar to the test objectives template used in FT4, which tested multiple geometric encounters
with diverse types of intruders, the NCC objectives included the geometry of the encounter,
hardware/software configuration for the ownship and intruders, and overall objective of the encounter.
Table 2 shows the objectives matrix for each type of encounter. In order to ensure DAA system
functionality and performance before flights into the NAS, regression testing was required to stress the
system. It was determined select modified encounters from FT4 would suffice to meet the overall purpose
of the NCC SCO. Use case Concept of Operations (CONOPS) encounters, such as a Ku-band C2 link only
encounter, were also required to replicate scenarios which would occur when in the NAS.
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Table 2. No Chase COA System Checkout Objectives Matrix.

Alt
Encounter Objective Name Regime | Intruder | Vert Offset Maneuver |Coop/Non-Coop | Priority Notes
(ft MSL)
1. Test Modes (lkhana) Test Mode set to 253, fused
Mode 253 TCAS Only T™-1 >10k | G-llI/KA 300 ft Unmitigated Cooperative 1 targets will drop and only
Mode C targets will remain.
2. CONOPS Use Cases (4)
a. ATC coordinates
maneuver (VFR Traffic)
b.Int. maneuvers after .
DWC maneuver has a.UC-2 | a.>10k a.200 ft Erllfoc:r:/t:zrroftr'\siisijse
begun, causes change b.UC-3 | b.<10k b.300 ft . .
in DWC maneuver c. UC-4 | c.<10k KA/T-34 c. 200 ft Mitigated Cooperative 1 5?_sce.
c. Ikhana encounters VFR | d.UC-5 d.>10k d. 200 ft ECt,,S as ATC = Inform
) SPORT".
traffic and maneuvers
prior to ATC approval
d.lkhana PIC maneuvers
toa TCAS Il RA
3. Radar only (squawk SQK -6 .
off) sak7 | <tk | T3MTE | 300 Mitigated Non-Coop. 1 |Non-Coop <10k ft MSL. Pin
14 wheel (0, 45, 90 deg.).
SQK-8
4. TCASIIReversal LLOOBB-_190 >10k G-l 200 ft Advisory/Auto | Cooperative 3 &;T:;;fgiion.
5. High Speed under 10k - High speed aircraft landing
ft ~250 KGS AL ok | G soofe | Mitigated/un- | ative 3 |atairport transitioning
HS-12 mitigated .
through airspace.
6. Nuisance Demonstrate system will
NUIS-13 provide preventative, but
>=10k | T-34/KA | 1000/500 ft | Unmitigated Cooperative 2 not corrective, alerting.
NUIS-14 )
System ready to fly in the
NAS.
7. Double Blunder Demonstrate
DB-15 >=10k | T-34/KA 500 ft Mitigated Cooperative 2 representative NAS
encounter.
8. High Descent Rate Demonstrate
HDR-16 >=10k | G-IlI/KA 500 ft Mitigated Cooperative 2 representative NAS
encounter.
9. Intruder Overtake 10T-17 " Coop/Non- System ready to fly in the
10T-18 >=10k | T-34/KA 300 ft Unmitigated Coop. 2 NAS.
10. Ikhana Overtake 00T-19 >=10k | T-34/KA 300 ft Mitigated Cooperative 2 ;\E;em ready to fly in the
11. Blunder Maneuver, L7-20 Demonstrate
Left 45/90 deg. T-21 >=10k | T-34/KA 300 ft Mitigated Cooperative 2 representative NAS
encounter.
12. TCAS auto at 20k ft Demonstrate ownship
MSL ATCAS-22 ) . performance with
ATCAS-23 >=10k 300 ft Advisory/Auto Cooperative 3 increased alerts and TCAS
alerts at a higher altitude.
13. Low Altitude at 3000 ft Intruder below at 2,800 ft
AGL taT-24 | 390 raaka | 2001 Advisory Coop/Non- 1 |MSL. Flyin Ku, C-Band
AGL Coop. .
VCV operations.
14. lkhana Turn & Descend Top of demo route, Ikhana
OTD-25 >=10k | T-34/KA 500 ft Mitigated Cooperative 2 turn & descend from left &
right.
6
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2.1.1.2 SC-228 Stressing Cases

In addition to the IT&E objectives, it was determined to be prudent to flight test certain stressing
operational use cases delineated in the DAA MOPS. The primary objectives of these cases were to have
the Ikhana pilot employ the DAA and ATAR systems and interacts with ATC to fulfill the see and avoid
responsibilities for safe flight operations. Since these encounters were conducted in R-2515, the IT&E Test
Conductor (TC) acted as “ATC".

There are four use cases described in the No Chase COA CONOPS:

1. lkhana pilot in command (PIC) calls out Visual Flight Rules (VFR) traffic to ATC and
coordinates maneuver.

2. Intruder maneuvers after DAA Well Clear (DWC) maneuver has begun; causes change in
DWC maneuver.

3. lkhana encounters VFR traffic and maneuvers prior to ATC approval.

4. lkhana PIC maneuvers to a TCAS Il RA.

For the NCC SCO, it was determined that only one of these stress cases needed to be conducted. The
second use case required the most coordination with ATC while still heavily relying on the DAA displays.
The CONOPS for this use case is as follows: Ikhana is transiting Class E airspace and descending at 1,000
fom from a cruise altitude of 15,000 ft MSL to 7,000 ft MSL as depicted in Figure 2. While descending
through 9,000 ft MSL, the lkhana PIC receives a corrective (yellow) alert on the heads-up display (HUD)
from its DAA system for an aircraft on a converging course level at 7,500 ft. The PIC observes the intruder
is to the front and left converging at a 30° to 45° angle. Even though lkhana has the right of way per 14
CFR §91.113, the PIC cannot assume that the other aircraft will see Ikhana and maneuver to avoid, so the
Ikhana PIC decides to maneuver. Since the projected encounter is still 55 seconds out, the PIC calls ATC
and requests a left turn to pass beside the intruder, e.g.: “Joshua Approach, NASA 870 requests deviation
left for traffic below.” After permission, the Ikhana PIC acknowledges and, while continuing the descent,
maneuvers the aircraft left so that the intruder will pass to the right.

After the maneuver, the lkhana PIC observes the intruder turning right and converging again; the
corrective alert has not cleared. Due to the more urgent situation, the PIC levels off the UA at 8,300 ft to
allow the intruder to pass underneath. After the level-off is complete, the Ikhana PIC notifies ATC of the
level-off due to traffic, e.g.: “Joshua Approach, NASA 870 just leveled off due to traffic, will continue
descent to seven thousand when clear of traffic.” ATC then acknowledges: “NASA 870, acknowledge
advisory for traffic.” When clear of traffic, the Ikhana PIC informs ATC of their intent to continue: “Joshua
Approach, NASA 870 continuing descent to seven thousand.”
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Notional scenario example.
Not to scale.

i ATC: Proceed as ATC: Descend
requested Acknowledge
UAS: Request left UAS: Just leveled UAS: Continuing
deviation for traffic. off due to traffic. descent to 5,000

7.000 ft "
6,000 ft
b errrsrrrrrr s s rr s m s e T T T eSS T T T RS RS .. ~ ---------------- Wy e s s - e
5,000 ft
4,000 ft
Intruder Current Path = « = =« Intruder Projected Path UAS Current Path UAS Projected Path UAS Modified Path

Figure 2. Maneuvers after DWC Maneuver has Begun.

2.1.2 Demonstration

The NCC flight sought to demonstrate that a UAS equipped with a DAA system could safely perform a
mission with other aircraft in the NAS. The DAA capabilities delineated in the NCC effort were
commensurate with the Phase 1 DAA and ATAR systems MOPS. The operational environment (Figure 3)
is a UAS transitioning from Class A or Special Use Airspace (SUA) to/from Class E and D (not including the
airport traffic pattern) using its DAA systems to detect, track, and remain well clear of other aircraft, as
well as transition through two ARTCCs. The planned duration was about two hours, with a duration of
about one hour outside of SUA.
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Objective: Execute a flight demonstration of a UAS transitioning to/from Class A or SUA to Class E and Class D
employing the Phase 1 Detect and Avoid and Air-to-Air Radar MOPS Systems as alternate means of
compliance to 14 CFR §91.111(a) and 14 CFR §91.113(b) “see and avoid/remain well clear” regulations

I
24000 Edwards AFB

22000 {surface to unlimited) | Transit at 20k ft MSL

I ARTCC Handoff
e s -
20000 i — &\*

18000 £ | ‘

16000 ‘= || EitR-2515
at 20k ft MSL

14000 | |

§
|

~ )
| 1 Detect and Avoid (as required)
! Coop and Non-Coop VFR Traffic
Enroute toffrom KVCV

12000

10000

ALTITUDE (FT MSL)

8000

6000

4000 Transit KVCV Class D

2000

Armstrong Flight Research Center

Figure 3. NCC Concept of Operations (Demo).

The goal of this flight profile was to demonstrate operational capability of a DAA system by remaining well
clear of other cooperative or non-cooperative traffic while transitioning through Class A, E and D airspace.
Ultimately, the ground-breaking event would be to transition into class E airspace without a chase
(previously, other UAS as well as Ikhana have flown above 18,000 ft MSL without a safety chase).

2.2 Flight Schedule and Roadmap

In order to efficiently achieve the flights into the NAS, several activities needed to occur to satisfy
gateways for the final demo flights. Figure 4 shows these operational gateways. First, the team used its
experience from previous flight tests to create the documentation and safety case required to submit the
COA. Additionally, the route of the flight into the NAS needed to be created, with feedback from the FAA,
and satisfy project requirements. Once this information was submitted, the track split off into NASA
performing its briefings to management and performing system checkout flights. Meanwhile, the FAA
assessed the COA and asked additional questions to NASA, with COA approval received in March of 2018.
Finally, the paths converged and NASA performed its briefing to management (Tech Brief — the briefing
to AFRC Senior Management where approval and conditions to proceed with flight missions is provided)
to obtain authorization to perform the mission with the particular aircraft configuration briefed. After this
briefing NASA management approved the proposed mission and the project proceeded with the
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demonstration flights. The first demonstration flight included chase. After this flight the project provided
its findings to NASA management before proceeding to the final flight into the NAS without chase.

Lessons
Learned from
all Previous
UAS-NAS Flight
Test

System
Checkout (SCO)
Tech Brief

Route of Flight

FAA Assessment
of COA

Demo Tech
Gap Analysis / Brief
Safety Case

COA Approval
Milestones
Briefs Demo Flights
(Chase)

Flights

Other

Test Team Path
Demo Mini

Demo Flights
(No Chase)

Tech Brief (No
Chase)

I

FAA Path

Figure 4. NCC Operational Roadmap.

2.3 Aircraft and System Configuration

The team elected to use the configuration of Ikhana that was used during ACAS Xu FT2. Below is a
description of the Ikhana Ownship that was used for the SCO and Demo flights, as well as a description of
the intruders used in the SCO.

2.3.1 Ikhana Predator B (NASA 870) and DAA System
The NASA AFRC Predator B (lkhana) is a turbo-prop single engine MQ-9 unmanned aircraft built by GA-
ASI, shown in Figure 5. Its general performance characteristics are shown in Table 3.
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Figure 5. NASA870 “lkhana” UAS.

Table 3. NASA 870 General Performance Characteristics.

NASA 870 General Performance Characteristics

Weight 10,500 Ib

Speed 200 kts

Ceiling 40,000 ft
Endurance 24 hr

Ikhana was configured with the GA-ASI prototype DAA system that included integrated hardware and
software components enabling the aircraft to perform pilot initiated maneuvers to remain well clear and
respond to collision avoidance resolution advisories, either manually or automatically. The system was
dependent upon DAA sensors. The DAA cooperative sensors in the aircraft included an Automatic
Dependent Surveillance-Broadcast (ADS-B) In/Out compatible Identification Friend-or-Foe (IFF), and a
TCAS 1l system. An Active Electronically Scanned Array (AESA) ATAR was installed to detect all airborne
targets.

2.3.1.1 Active Surveillance / TCAS II

Ikhana was equipped with TCAS Il v7.1 hosted in the Honeywell TPA-100 ACAS Processor. TCAS determines
the relative range, altitude, and bearing of other aircraft equipped with Mode S and Air Traffic Control
Radar Beacon System (ATCRBS) Mode A/C transponders. TCAS calculates the trajectory of the other
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aircraft to determine if a potential conflict exists. TCAS operates by sending interrogations to other aircraft
and monitoring their replies. When the TCAS Il logic determines an intruder to be a collision threat, a
vertical resolution advisory (RA) is issued. If enabled, TCAS Il RAs are sent to the flight control system to
automatically respond to vertical commands. The pilot can override these commands. During the NCC
flight demonstrations, lkhana was configured to respond automatically to TCAS Il RAs. TCAS Il RAs are
displayed to the pilot on a head-down traffic display and the HUD in the GCS. This system is used to detect
and track cooperative aircraft.

2.3.1.2 Air-to-Air Radar

The ATAR detected and tracked aircraft within its field of regard (+15° elevation and 110° azimuth)
regardless of whether that aircraft had other electronic means of identification. The X-Band ATAR,
manufactured by GA-ASI, enabled detection and track of non-cooperative aircraft.

2.3.1.3 ADS-B In

ADS-B surveillance was provided by the Honeywell TPA-100 ACAS Processor. It receives 1090ES signals
and provides track data to the fusion tracker for correlation with other sensor data. Once the ADS-B track
data is validated by active interrogations from the ACAS processor, ADS-B track data is employed in an
extended hybrid surveillance mode to reduce 1030/1090 MHz band transmissions. This system was used
to detect and track cooperative aircraft.

2.3.1.4 Fusion Tracker

The Fusion Tracker, hosted in the Honeywell TPA-100 ACAS Processor, correlated intruder tracks from
multiple surveillance sensors (i.e., Active Surveillance/TCAS II, ADS-B In and ATAR) into a fused track. A
cross-check algorithm validates the fusion tracker outputs with TCAS active surveillance or ADS-B In data
(extended hybrid surveillance) to ensure fusion track accuracy.

2.3.1.5 Sense and Avoid Processer
The Sense and Avoid Processor (SAAP) served to interface DAA systems, condition track data for downlink
to the GCS, and archive data for post-flight processing.

2.3.1.6 Conflict Prediction and Display System

Figure 6 depicts the CPDS traffic display. The traffic display and the algorithm that predicts DAA loss of
well clear was hosted in the GA-ASI laptop within the Ikhana GCS. The CPDS parsed the track data received
from the Ikhana downlink and probed estimated trajectories for possible losses of well clear as DAA alerts
and maneuver guidance information. This information was presented to the pilots as colored conflict
areas or probes and “no-go” heading bands. Information was also presented on the HUD as text
information (Figure 7) to direct the pilot to look at the traffic display for more detailed information. Loss
of well clear occurs when the predicted closest point of approach (CPA) penetrates the well clear volume
around the ownship defined with a 4,000 ft horizontal radius and +450 ft altitude separation (Figure 8).
When the loss of well clear is predicted to occur within 75 secs, a corrective (displayed as yellow) alerting
and maneuver guidance is provided. When the loss of well clear is predicted to occur within 25 secs, a
warning (displayed as red) alerting and maneuver guidance is provided.
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Figure 7. DAA “Corrective” Alerting on HUD.
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Figure 8. DAA Well Clear Volume.

2.3.1.7 Datalinks

Sensor tracks and TCAS RAs were downlinked to the GCS via the Ku-Band SATCOM beyond radio line of
sight (BRLOS) system or the digital line of sight (DLOS) system. DAA track updates were provided at a
nominal 1 Hz rate.

2.3.2 System Checkout Intruders
In order to fully test the system for flights into the NAS, a variety of intruders and equipage were flown
against Ikhana in the R-2515 airspace during SCO. A summary of these intruders is shown in Table 4.

Table 4. Ownship and System Checkout Aircraft Summary and Equipage.

Aircraft Role ATAR ADS-B DGPS TCAS-II TCAS-I Mode S | Mode C
Ownship
Ilkhana UAS

Intruder
T-34C
(Backup)

Intruder
King Air

Intruder
G-Il
(Backup)

Intruder
1G-14

SISTSTS

NAYAYA
<

NNIRNIANIANIAN
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2.3.2.1 T-34 C Mentor (NASA 865)

The NASA AFRC T-34C Mentor is a turbo-prop single engine aircraft that seats two pilots in tandem. The
T-34C supported the test mission as an ADS-B and TCAS | equipped intruder aircraft, and could function
as a low-speed intruder. NASA 865 is also equipped with an Ashtech Z-12 Differential Global Positioning
Systems (DGPS) system.

e Weight: 4,300 Ib
e Speed: 214 kts

e Ceiling: 25,000 ft
e Endurance: 4 hrs

2.3.2.2 Beechcraft B200 (NASA 7)

The NASA AFRC Beechcraft B200 is a twin engine turbo-prop aircraft. NASA 7 supported the test mission
as an ADS-B and TCAS | equipped intruder aircraft. NASA 7 is also equipped with a Novatel ProPaké DGPS
system.

e Weight: 12,500 Ib
e Speed: 292 kts

e Ceiling: 35,000 ft
e Endurance: 4.5 hrs

2.3.2.3 Gulfstream G-Il (NASA 808)

The NASA AFRC Gulfstream IlI (G-IIl) is a twin engine turbojet aircraft. NASA 808 supported the test mission
as a high speed, ADS-B and TCAS Il equipped intruder aircraft. NASA 808 is also equipped with a Novatel
ProPak6 DGPS system.

e Weight: 69,700 Ib
e Speed: 340 kts

e Ceiling: 45,000 ft
e Endurance: 5.5 hrs

2.3.2.4 Ximango TG-14 (NASA 856)

The NASA AFRC Ximango AMT 200S (TG-14) is a single engine motorglider aircraft. NASA 856 supported
the test mission as a low-speed, ADS-B equipped intruder aircraft. NASA 856 is also equipped with an
Ashtech Zextreme DGPS system.

e Weight: 1,874 1b

e Speed: 132 kts

e Ceiling: 10,000 ft
e Endurance: 3.5 hrs

2.4 Airspace
Because of the experience and success gained during previous flight tests, the team used the R-2508
Complex and specifically R-2515 to perform its system checkout flights. For the demonstration flight, an
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analysis was performed for a route that would satisfy all the requirements of traversing controlled
airspace and ARTCCs.

2.4.1 System Checkout

The operating area for SCO Scripted Encounters occurred in the Restricted Airspace, R-2515, located at
EAFB, along with the Buckhorn Military Operating Area (MOA), with operations scheduled and
coordinated through the Air Force Test Center (AFTC). Specific airspace scheduled each day during these
flight tests included the Four Corners Area, Mercury Spin Area, overflight of the Precision Impact Range
Area (PIRA) East/West, and the Buckhorn MOA. These areas within R-2515 are depicted within the yellow
shaded area shown in Figure 9.

This operating area was adequate for the majority of the encounters. However, there were some
encounters that required either or both the intruder and ownship to extend north or west, remaining
within R-2515, of the airspace. The extensions were required to either start or complete these encounters.
For those encounters where an extension was required to accomplish the test encounter, approval from
the controlling agency, Space Positioning Optical Radar Tracking (SPORT), was required. The Buckhorn
MOA was used by the manned intruder aircraft, only.

Additionally, during these flights, the NASA operations remained a lower priority within the complex.
Because of this, occasional changes to the flight cards needed to occur. If the change was minute enough
that the test point would still gather the required data, a redline was announced, recorded, and the card
executed. However, if the change was too extensive, the test point was moved to another flight date.

Figure 9. R-2515 Flight Test Area.

2.4.2 Demonstration

The purpose of the demonstration flights was to choose a flight plan for NASA 870 to fly outside of
restricted airspace, into the NAS, and without a chase vehicle into Class A (above 18,000 ft Mean Sea Level
(MSL)), Class E (at or above/below 10,000 ft MSL), and Class D (above 2,500 ft Above Ground Level (AGL)
at an airport with an operational control tower) airspaces, as well as flying through multiple ARTCCs. Due
to the launch location of NASA 870 (EAFB), the team chose to keep the demonstration flights within
California, flying into Los Angeles ARTCC (ZLA) and then Oakland ARTCC (ZOA) and back. These ARTCCs are
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highlighted in yellow in Figure 10. The flight also transited E10 Joshua Control Facility (JCF) enroute to
Victorville airport, shown in the center of Figure 11.

Figure 10. ZLA and ZOA ARTCCs. Snippet from faa.gov.

Figure 11. ZLA ARTCC Low Sectors. Snippet from faa.gov.
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2.5 COA Process

Prior to submitting the actual application to the FAA for the COA, the team conducted numerous
discussions on the safety case, route itself, and other hardware/software configuration specifications for
the flight. However, before the discussions were finalized, the FAA notified the UAS-NAS team that the
older “COA Online” system would no longer be accepting new applications as of 30 October, 2017. For
this reason, and with agreement with the FAA, the team elected to submit a “draft” application through
the old system with the intent of it being reviewed and re-submitted at a later date.

Since the lkhana team already had experience with submitting, using, and receiving COAs from the COA
Online system, most of the required sections within the COA could be created quickly based on the current
aircraft configuration. The sections that required additional modifications included the Operational and
System descriptions, Lost Link procedures, Electronic Surveillance and Detection Capability, Visual
Surveillance and Detection Capability (due to the waiver asking for a flight without chase), Flight
Operations Area/Plan, and Special Circumstances, which included the safety case. The required sections
were created, briefed to Armstrong upper management, and submitted to the COA Online system on 30
October, 2017. The COA was then reviewed by the FAA and released back to Armstrong. The release back
asked for a CONOPS document to summarize the flights. This release also allowed the team to make minor
modifications to the route of flight (based on comments from the FAA) and add additional information to
the safety case. On 20 December, 2017, the COA was re-submitted into the new online COA Application
Processing System (CAPS).

The next phase in the process required a thorough review from the FAA, which included conducting a
SRMP in February 2018, described in further detail in Section 2.12.2. Once this review was conducted,
some additional questions were brought up on the route of flight. The FAA provided modifications, and
the COA document was officially released on 30 March, 2018.

Upon release of the COA, additional questions arose from the FAA pertaining to the back-up command
and control (C2) of Ikhana. A Special Temporary Authorization (STA) to approve use of C-Band Line of Sight
(LOS) C2 outside of SUA was initially declined by the FAA Spectrum Office. In clarifying the purpose for
this particular item, the project engaged in valuable discussions with the spectrum management
community. These discussions led to further clarifications, for all parties, regarding research equipment
onboard the aircraft that meet the intent of the MOPS/Technical Standard Orders (TSOs) but are not
certified to those standards and how the project intended to use them only for the particular mission
proposed. Eventually all parties understood the operational limitations for the equipment and the
commensurate mitigations for the mission, and STAs for the DAA equipment were approved first for flight
with chase; this flight occurred on 24 May 2018. Once the results from this flight were reviewed, STAs for
operations without chase were approved, and the flight without chase was finally conducted on 12 June
2018. The details for which equipment was authorized for each flight can be found in Table 1.

2.6 Route Development

The NCC mission plan was developed from early objectives dating back to 2014. Of the original objectives,
one led to the development of the demonstration flight plan: “Demonstrate DAA and C2 MOPS
technologies within the NAS on specific flights to/from Class A airspace, through Class E, D and possibly G
airspaces.”
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In order to meet minimum requirements of that objective, a local “SoCal Demo” mission was created. The
SoCal routing would start within R-2515 where lIkhana would exit the SUA at flight level (FL)200 to the
southeast and transit Class E airspace at 6,000 ft MSL to Southern California Logistics Airport, Victorville
(VCV) Class D. The aircraft would fly a low approach to the VCV active runway, go missed approach and
continue on its mission through Class E heading west. During the western leg of the mission, a “chance”
encounter with a non-cooperative intruder aircraft would occur. Lastly Ikhana would either re-enter
restricted airspace in Class E or climb to Class A and re-enter restricted airspace.

Over time this original plan evolved through iteration and peer review to the mission flown in June of
2018. Considerations for meeting the baselined objectives included such things as entering Class G
airspace at Gray Butte shooting an approach to the active runway, flying Ikhana in Class A airspace to
Grand Forks, North Dakota, and flying an approach at the regional airport, flying a western mission off the
California coast transiting through the warning areas located there, to flying the established UAS corridor
created for the Riverside Air National Guard (ANG). Ultimately a route of flight that remained overland
and within 3 hours of EAFB was chosen.

Several mission planning tools were used to design the route of flight including FalconView, SkyVector,
Google Earth, Sectional Aeronautical charts and DoD Flight Information Publications. The route of flight
was evaluated for Maximum Elevation Figure (MEF), Minimum Enroute Altitude (MEA), Minimum
Obstacle Clearance Altitude (MOCA), Off-route Obstruction Clearance Altitude (OROCA), and Minimum
Vectoring Altitude (MVA). MVA for the VCV radar sectors was provided by the FAA Western Service
Center.

The NCC mission plan was carefully developed to remain off of published airways and away from known
flight activity associated with gliders and other small aircraft that NASA did not fully test the ATAR system
against. Flight tests were utilized to validate ATAR performance predictions using radar cross section (RCS)
modeling and simulations for medium and large aircraft. Modeling and simulation results show sufficient
detection and track performance against small RCS aircraft such as gliders; however, to further reduce
risk, the flight demonstration was planned to remain clear of areas with known glider activity.

Development of the flight demonstration mission was a collaborative effort that included contributions
from NASA, GA-ASI, Honeywell, and the FAA.

2.6.1 Final Route

In order to meet the objectives established for the flight demonstration, the mission needed to depart
restricted airspace, transit Class A, to include communication with at least two ARTCC facilities, transition
to Class E airspace above and below 10,000 ft MSL and transition through Class D airspace before returning
to restricted airspace. The NAS portion of the mission was flown entirely under Instrument Flight Rules
(IFR).

The final route, shown in Figure 12, was a culmination of the inputs from the UAS-NAS, the Ikhana team,
FAA, and industry partners, and ensured all objectives previously outlined would be met. The final route
was comprised of 18 waypoints. The route began and finished within R-2515 at EAFB, traveling
counterclockwise from waypoints 1-10, and then entering the VCV Area to a minimum altitude of 5,000
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ft MSL. The NAS portion of the route was originally intended to be about 2.5 hours, but with modifications
on speeds, altitudes, and changes to routing, the actual flights were around 2.0 hours.

Figure 12. Final Demonstration Route.

The route began within EAFB R-2515, where the team powered up the DAA system to fly into the NAS.
NASA 870 would begin its journey into the NAS at waypoint 1, at 20,000 ft (Class A airspace), under ZLA
control. Ikhana would then transition through waypoints 2, 3, and, 4, with a handoff to ZOA between
waypoints 4 and 5. After taking a sharp left turn to waypoint 6, the lkhana pilot would request a descent
to 15k ft MSL (Class E) and be handed back to ZLA between 6 and 7. The pilot would transition the aircraft
through waypoint 8, request a descent to 9,000 ft MSL, and begin a descent after waypoint 9, waypoint
10, and then the VCV area, shown in Figure 13.
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Figure 13. Zoom-in of Demo VCV Area.

Once within the VCV area, the pilot would maintain the aircraft at 9,000 ft MSL through waypoints 11, 12,
13, 14, and once westbound to 15, request a descent to 6,000 ft MSL through waypoint 15. At waypoint
15, the pilot would request a descent to 5,000 ft MSL and officially dip into the Class D airspace between
15 and 16. At the next turn between 16 and 17, the pilot would request a to climb to 6,000 ft MSL and
coordinate the climb up to 9,000 ft MSL and back into R-2515 at waypoint 18.

2.6.2 Coordinates

Due to the way Notices to Airmen (NOTAMs) were required to be submitted, each waypoint required a
Very High Frequency (VHF) omnidirectional range (VOR)/distance measuring equipment (DME) associated
with it. Details on the waypoint, name, coordinates (latitude/longitude), VOR/DME, fix, altitude of the
route of flight are shown in Table 5.
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Table 5. Demo Route of Flight Coordinates, Fixes, and Altitudes.

1 34° 49' 40.00" | 118° 05' 48.00" Edwards EDW 233/12 | FL200 Exit R2515
‘ 2 34° 47' 00.00" | 118° 37' 00.00" | Lake Hughes LHS 330/06 FL200
|3 (CROWY) | 34°54'54.00" | 119° 28' 34.00" CROWY CROWY FL200 Turn North
' 4 35°07'41.38" | 119° 38' 09.42" Fellows FLW 067/12 | FL200 5 min to OAK
5 36°09' 00.00" | 120°25'0.00" Priest ROM 075/12 | FL200 | Turnaround/Overfly
6 36° 03' 35.73" | 120° 23' 25.22" Priest ROM 098/14 | FL200 | Begin Descend to 17
7 35°36'31.31" | 120° 01' 36.78" Avenal AVE 214/3 17,000 | Begin Descend to 15
i (CROWY) | 34°54'54.00" | 119° 28' 34.00" CROWY CROWY 15,000 Turn East
‘ 9 34° 47' 00.00" | 118° 37' 00.00" | Lake Hughes LHS 330/06 | 15,000 | Begin Descend to 9
10 (GWF) 34°44'19.00" 118° 13' 0.00" [ Wm J Fox NDB GWF 9,000 (PMD 299/10)
11 34° 40' 00.00" | 117° 36' 00.00" Victorville VCV 282/11 9,000
12 (vcv) | 34°35'39.00" | 117° 23' 24.00" | Victorville VOR V(o) 9,000
| 13 (APLES) | 34°32'54.48" | 117° 08' 58.14" APLES APLES 9,000 Turn North
ﬁ 14 34° 42' 20.35" | 117° 05' 34.95" | Victorville VCV 054/16 | 9,000 | Turn W, Descend
|15 (HELDE) | 34° 42' 16.29" | 117°22' 57.18" HELDE HELDE 6,000 Turn S, Descend
16 34° 33'43.03" | 117°23' 00.88" Victorville VCV 159/2 5,000 | Turn W, Climb to 6
4 17, 34°33'47.96" | 117° 25'43.42" Victorville VCV 215/3 6,000 | Turn N, Climbto 9
18 PEGAS)| 34°51' 19.00" | 117° 26' 03.00" Victorville VCV 341/16 9,000 Enter R2515

2.6.3 Mission Profile
Figure 14 shows the mission profile, which includes the transition points of altitudes, classes of airspace,
and ARTCCs.

R2515 In the NAS R2515

North Point
Turnaround

FL200

LA OAK LA

Center Center Center Joshua vev )

Takeoff Land
EDW CLASS A CLASS E CLASS D EDW

Figure 14. Demo Mission Profile.

2.6.4 LostLink

Although the mission routing changed through the lifetime of the project, the concept behind the lost link
mission stayed the same. If lkhana lost link, the lost link mission profile would follow a very similar,
predictable path to the mission profile, and fly back into R-2508 and R-2515. Once back in R-2515, the
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aircraft would fly a “hexagon” pattern around a set of waypoints until the team could determine the
appropriate course of action. The original plan by the IT&E team was to follow the mission route back as
the lost link mission; about 3 lost link routes — however, the FAA deemed it better to break up the lost link
routes into smaller sections, with a shorter route back into R-2508. Once the new and additional lost link
missions from the FAA were provided, NASA reviewed and updated these routes to ensure the stricter
AFRC agency range safety “keep out” over-fly zones were incorporated into these routes (red/yellow areas
in Figure 15).

The lost link mission was divided into five separate lost link missions, based on flight segment. The lost
link missions was continually updated by the pilot during flight with the entry waypoint, altitude, and
correct mission number. Additionally, each of the lost link missions’ entry waypoints was kept greater
than 5 minutes of the current position. Figure 15 shows the five segments laid out on top of one another,
following the mission route. All lost link missions were entered with the current assigned altitude,
excluding the last six “hexagon” waypoints, which were programmed at 7,500 ft MSL.

Figure 15. Full Lost Link Missions Route.

The first lost link mission, shown in Figure 16, would cause the aircraft to enter at CHADS R-2508 point
(labeled and shown as the kink at the top of the lost link route), and then to the last six waypoints (labeled
and depicted in cyan in Figure 15). This lost link would be used prior to and including waypoint 4.

The second lost link mission, in Figure 17, would be loaded by the Ikhana pilot slightly prior to waypoint
4. This lost link mission would cause the aircraft to circle around to the north, following the mission
routing, back to waypoint 2, and finally re-enter R-2515 and to the last six waypoints.
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Figure 18 shows the third lost link mission, which would be loaded prior to waypoint 9. The mission would
be followed to waypoint 10, and then waypoint 1, re-entering R-2515 to the last six waypoints.

The fourth lost link mission, in Figure 19, would be executed slightly prior to reaching waypoint 9. The
mission would reach waypoint 12 and then re-enter R-2515 at waypoint 18 to the last six waypoints.

Finally, Figure 20 shows the fifth lost link mission. This mission would be loaded slightly prior to waypoint
11, follow the VCV box pattern, and re-enter R-2515 at waypoint 18 and then to the last six waypoints.

Figure 16. Lost Link Route 1.
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Figure 18. Lost Link Route 3.
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Figure 20. Lost Link Route 5.
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2.7 Methodology

To perform all phases of flight successfully, the team put together a methodology for each flight segment
prior to commencing. The system checkout methodology was unique and developed through the years of
flight testing with the UAS-NAS project. The methodology prior to demonstration flights included
requirements from the FAA for flights into the NAS.

2.7.1 System Checkout

The SCO methodology was unique for this portion of flights. Encounters from previous flight tests were
slightly modified to encompass a variety of scenarios, while also incorporating unique operational
encounters which had not been previously performed. The overall objective was to demonstrate
situations which could be expected while flying in the NAS in any class of airspace.

2.7.1.1 Encounter Nomenclature / Geometries
In order to meet the SCO objectives, encounters were designed to stress the system. A unique
nomenclature shown in Table 6 below was also created to easily identify each encounter.

Table 6. No Chase COA System Checkout Nomenclature.

Name Definition
™ Test Mode
ucC Use Case
SQK Squawk Off
LOB Level-Off Blunder
HS High Speed
NUIS Nuisance
DB Double Blunder
HDR High Descent Rate
10T Intruder Overtake
ooT Ownship Overtake
LT Left Turn
ATCAS Auto TCAS
LALT Low Altitude
OTD Ownship Turn and Descend

Figure 21 through Figure 33 show the encounters that were performed during the SCO.
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Figure 21. Test Mode Encounter. The DAA system test mode would be set to 253, which forced the
system to drop fused targets.
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Figure 22. Radar Only Encounter. In order to simulate non-cooperative targets, the radar would be the
only active sensor feeding the DAA algorithms. The intruder aircraft would turn their transponder off in
this encounter.
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Figure 23. Testing Ikhana while only having Ku as the C2 Link.
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Encounter Steps
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2. Once the turn is noted by the Test Conductor,
the TC instructs the intruder to turn right
(into path of ownship, simulating a blunder).

3. This causes an subsequent level-off maneuver
by the ownship to remain clear of the
intruder. Ownship notifies “ATC” (TC) of level-
off due to traffic.

e | 12500
e ————— m—t
12000 &~ 12500

Safety Mitigations

* VISUAL REQUIRED (even though 500 ft vertical
separation — typically not required)

* Ownship has floor altitude

* Intruder abort away from encounter (left turn)

Figure 24. CONOPS for Use Case 2. The lkhana pilot would employ the DAA system and interact with ATC

to fulfill the “See and Avoid” responsibilities.
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Figure 25. Intruder Level-Off Blunder.
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Figure 26. Overtaking Intruder. This encounter would be used to represent an encounter that may occur
in the NAS due to the slower speed of Ikhana.
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Figure 27. Intruder High Descent Rate.
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Figure 28. Ownship Overtake. This encounter represented Ikhana overtaking a slower general aviation
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Figure 29. Left Turn Blunder Maneuver.
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Figure 30. Double Blunder Maneuver.
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Figure 31

. Increased TCAS Alerts Triggering an Auto Maneuver.
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Figure 32. Low Altitude. This encounter was used to simulate flying into Class D airspace to demonstrate

TCAS/radar performance at a low altitude.

33

UAS-NAS NASA 870 Ikhana No Chase COA (NCC) Flights: Flight Test Report, August 2018 — Rev. A




OTD

* Mitigated — cooperative

1

Ownship

90° Relative

—
-1000 fpm
A

Initial Point (IP)
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Figure 33. Ilkhana Turn and Descend.

2.7.1.2 Flight Test Matrix
A detailed flight test matrix was built for the NCC SCO encounters based on the objectives and
requirements described in Section 2.7.1.1. The encounters were grouped into sections based on their

type.

Because the use of this matrix was highly successful in previous flight campaigns, it was used again for
SCO. The purpose of the matrix was to input all required test geometries, planned coordinates, and
populate the flight cards with information and requirements/objectives for each encounter.

The matrix was built in Microsoft Excel® and used Visual Basic for Applications (VBA) for calculated
pertinent values, such as Global Position System (GPS) Coordinates in multiple formats. Additionally, Excel
was useful for calculated Initial Point (IP) to Maneuver Point (MP) and CPA using dead-reckoning
equations.

e Scenario (Encounter) Number (S/N): The Scenario Number was the most critical number for each
encounter. This number served as an identification number for the unique geometry.

e Type: The type of encounter is based off the geometry and specific objective.

e Name: Names were based from the type of the encounter. The Name was a quick reference to
gain Situational Awareness (SA) on what type of encounter was being performed.

e OWN True Course: True Course of the ownship. This value was used to calculate GPS coordinates
(magnetic course was later calculated in a separate table).
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Leg Time: This is a partial time of the encounter. It could be between a Commence Exercise
(COMEX) and first CPA.

Total Encounter Length: Time for the encounter from COMEX to finish. Most encounters were 2
or 3 minutes.

Ownship Angle: Angle of ownship turn for ownship maneuvering encounters.

Angle Into: Relative angle of the intruder into the ownship for that geometry. This value was used
to calculate GPS coordinates.

Vertical Offset: Smallest vertical separation between ownship and the intruder at CPA. If the
vertical separation necessary for an encounter was <500 ft, a lateral offset was required for safety.
Lateral Offset: A lateral offset of 0.4 nmi (~2,400 ft) was calculated into the geometry for
encounters with a vertical separation of <500 ft. This was to ensure that if visual was not acquired
according to mission rule, there would still be a safety buffer.

GS OWN: Groundspeed of the ownship. Groundspeed was preferred for calculations since aircraft
were required to be at a certain set of coordinates at a certain time.

GS INT1: Most encounters required the intruder to fly at 150 or 180 KGS. For high-speed
encounters, intruders were required to fly 2300 KGS. For low-speed encounters, usually 100 KGS
was used.

Altitude Regime: At various altitude regimes, a different vertical separation between aircraft is
required for TCAS to trigger. Since some encounters were testing for TCAS interoperability, it was
critical to note and design the encounter at the proper altitude.

Ownship Initial Altitude: Altitudes chosen for each encounter took lkhana and intruder flight
performance into consideration, as well as airspace. Encounters began 10k-20k ft MSL or under
10k ft MSL. Low-altitude radar encounters took the highest point on the terrain (3,200 ft MSL)
and added 1,000 ft for the flight level (thus 4,200 ft MSL).

Ownship Vertical Velocity: For some encounters, a climb or descent was required by the ownship.
Most common rates required were either 1,000 fpm (climb) or -1,000 fpm (descent).

Ownship Final Altitude: Once more, the final altitude was within the block of 10k-20k ft MSL,
under 10k ft MSL, or 1,000 ft above the highest terrain point.

Intruder 1 Initial Altitude: Identical to ownship.

Intruder 1 Vertical Velocity: Identical to ownship, although in some cases a high climb/descent
rate up to 3,000 fpm was required.

Intruder 1 Final Altitude: Identical to ownship.

CPA OWN: The CPA of the ownship was one of its most important parameters. The CPA was the
point where the ownship and intruder would be nearest in space for each encounter. CPAs were
chosen to accommodate for the legs in the airspace, planned for sun angles for manned intruders,
and were used to build the Ikhana Lost Link mission. Additionally, the CPAs made it easier to group
encounters based on matching CPA when building these geometries in Zeus SA display in the
MCC3. Finally, the CPAs were used in a lookup table to build GPS coordinates for all geometries.
CPA OWN Lat/Lon: Chosen latitude and longitude for each CPA in Decimal Degrees (DD) format.
The CPA latitude/longitude was found using FalconView.
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IP OWN: The IP of the ownship was chosen to fit within the airspace and to accommodate for the
encounter lengths. The IP served as the point where the encounter would start and where the
aircraft needed to be at the COMEX. Each IP had an identification number based on its
coordinates, and for encounters that used the same IP, an identical IP ID was used. The IP was
also used on the flight cards for reference on the top view.

IP OWN Lat/Lon: Calculated latitude and longitude of the ownship IP from the CPA using dead
reckoning equations, in DD format.

IP OWN DME: Calculated distance in nmi from the CPA to the IP for ownship.

IP INT: The same procedure was used for intruder IP as for ownship.

IP INT Lat/Lon: Calculated latitude and longitude of the initial point for intruder from the CPA in
DD format.

IP INT DME: Calculated distance in nmi from the CPA to the IP for intruder.

CPA INT: Similar to the ownship, the CPAs for the intruder were also grouped based on GPS
coordinates. However, since the geometries for the intruders were built around those for the
ownship, there were many more CPAs for intruders than for the ownship (due to various angles
into, groundspeeds, etc.).

CPA INT Lat/Lon: Calculated latitude and longitude of the intruder CPA in DD. The CPA for the
intruder was either the same as the ownship (>500 ft vertical separation) or calculated to be 2,400
ft away (<500 ft vertical separation) from ownship CPA using the relative angle into.

MP INT: For some encounters, a maneuver was required in the middle of the encounter for the
ownship or intruder to create a “blunder” type scenario. Maneuver points once again held the
same ID if they had the same GPS coordinates.

MP INT Lat/Lon: Calculated latitude and longitude in DD that the intruder was expected to begin
their standard rate turn to the CPA.

On Condition: Each encounter required that the aircraft be on condition a certain number of
seconds from CPA. This was to ensure that the algorithm would have enough time to pick up the
aircraft in the encounter for their required conditions (speeds, altitudes, vertical speed, etc.).
Tolerance: This value was determined from simulation by the researchers or from previous
experience. As time went on, it became apparent that tolerance was not as critical for SCO
(especially for non-maneuvering encounters) as much as maintaining stable conditions.

Ikhana Lost Link: In the case that Ikhana would lose link, a Lost Link mission was programmed into
its flight computer. The Lost Link mission was based on the CPA the ownship would be heading to
for that encounter. For this reason, it was critical for the Ikhana team to have all CPAs prior to
flight testing so they could build this mission. The Lost Link mission was input in the flight matrix
using a lookup table based on CPA.
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Table 7. Summarized No Chase COA System Checkout Matrix.

2 3 4 7 9 1 13 15 16 21 2 23 2% 25 27 28 29 30 031
Priority (1- Vertical | Lateral " Ownship | Ownship | Ownship "
PE Name/Type high, 2- Name "E;:::;e In’::f:: , [offsetint| offset |GSOWN . ﬁ::i'::: Initial | Vertical | Final _
medium, 3- 1(ft) [ INT1(ft) Altitude | Velocity | Altitude

—— - HS-11 20 0 500 0 180 300 [<10KMSL| 9000 0 9000 | 9000 | 8500 0 8500 | 8000 | 123
Hs-12 20 0 500 0 180 | 300 |<10KwmsL| 9000 0 5000 | 9000 | 8500 0 8500 | 8000 | 123
SQK-6 20 0 300 0 120 | 150 |<1okwmsL| 5000 0 9000 | 9000 | 8700 0 8700 | 8000 | 348
Squawk Off 1 SQK-7 20 5 300 0 120 | 150 |<1okwmsL| 5000 0 5000 | 9000 | 8700 0 8700 | 8000 | 258
1 SQK-8 20 %0 300 0 120 | 150 |<1okwmsL| 5000 0 5000 | 9000 | 8700 0 8700 | 8000 | 213
At TORS - ATCAS-22 10 0 300 | 2430 | 150 210 |>10K MSL| 21000 0 21000 | 21000 | 20700 0 20700 | 20000 | 123
ATCAS-23 10 0 300 | 2430 | 150 | 210 [>1okmsL| 21000 | 0 | 21000 | 21000 | 20700 | o0 | 20700 | 20000 | 123
Test Mode 1 T™L 20 0 300 0 160 180 [>10kmsL| 12000 | 0 | 12000 | 12000 | 11700 | 0 11700 | 11000 | 348
1 UC-I-NOTUSED | 2.0 0 200 0 150 180 |>10kmsL| 12000 | 0 | 12000 | 12000 | 11800 | o© 11800 | 11000 | 348
Ve Case 1 Uc2 20 0 800 0 150 180 |<10kMsL| 9000 0 5000 | 9000 | 8200 0 8200 | 8000 | 348
1 UC-4NOTUSED | 2.0 50 200 0 150 180 |<10kMsL| 9000 0 5000 | 9000 | 8300 0 8800 | 8000 | 348
1 UC5-NOTUSED | 2.0 0 200 0 150 180 |>1okmsL| 12000 | 0 | 12000 | 12000 | 11800 | o0 11800 | 11000 | 348
trader Overtake 2 10T-17 3.0 180 300 | 2430 | 160 180 [>10KMsL| 12000 | 0 | 12000 | 12000 | 11700 | o0 11700 | 11000 | 033
2 10T-18 30 180 300 | 2430 | 160 180 |>10KMsL| 12000 | 0 | 12000 | 12000 | 11700 | 0 11700 | 11000 | 033
\eftam 2 1120 3.0 5 300 | 2430 | 160 180 |>l0kmsL| 12000 | 0 | 12000 | 12000 | 12300 | o© 12300 | 13000 | 123
2 IT-21 3.0 50 300 | 2430 | 160 180 |>1okmsL| 12000 | 0 | 12000 | 12000 | 12300 | o0 12300 | 13000 | 123
Ownship Overtake 2 00T-19 30 300 | 2430 | 180 160 [>10kmsL| 12000 | 0 | 12000 | 12000 | 11700 | 0 11700 | 11000 | 123
High Descent Rate 2 HDR-16 3.0 0 500 | 2430 | 160 180 [>10KMsL| 10500 | 0 | 10500 | 10500 | 18000 | -3000 | 11000 | 11500 | 123
Low AL AGL 1 IALT-24 3.0 0 200 | 2430 | 150 180 |3000AGL| 6200 0 6200 | 6200 | 6000 0 5000 | 5200 | 348
1 IALT-25 30 0 200 | 2430 | 150 180 |3000AGL| 6200 0 6200 | 6200 | 6000 0 5000 | 5200 | 348
Double Blunder 2 DB-15 20 0 500 0 150 180 |<iokMsL| 7000 | 1000 | 9000 | 9000 | 12500 | -1500 | 9500 | 10000 | 123
\evel OFf Blunder 10B-9 20 0 200 0 150 180 |>10kMsL| 10000 | 0 | 10000 | 10000 | 12200 | -2000 | 10200 | 11000 | 303
10B-10 20 0 500 0 150 180 |>10kMsL| 10000 | 0 | 10000 | 10000 | 12200 | -2000 | 10200 | 11000 | 303
Ownship Turn & Descend 2 0TD-25 20 0 500 | 2430 | 150 180 |<10kMsL| 15000 | -1000 | 13000 | 13000 | 12500 | 0 12500 | 12000 | 213
Nureance 2 NUIS-13 20 0 1000 0 150 180__|<10k MSL| 9000 0 9000 | 9000 | 12000 | -1500 | 10000 | 10000 | 123
2 NUIS-14 20 0 500 0 150 180 | <10k MSL| 9000 0 9000 | 9000 | 12000 | -1500 | 9500 | 10000 | 123

2.7.1.3 Flight Cards

Flight cards were developed based on cards created during FT3, FT4, and ACAS Xu FT2, which in turn were
based on cards for ACAS Xu SS flight program by personnel from Massachusetts Institute of Technology
(MIT) Lincoln Laboratory. These flight cards were used for similar types of encounters during that flight
test.

Due to the successful use of these flight cards through various flight campaigns, a similar format was used
for the NCC SCO. With the collaborative effort of NCC Ikhana Operations, Armstrong IT&E Operations, and
researcher input, the product was designed to provide a simple, easy-to-use, and easily modifiable card
that met the requirements for mission success. The cards also presented a familiar format to that of an
instrument approach plate which enabled the aircrew to quickly determine test parameters and critical
flight information.

Flight cards were built in Excel and were directly linked to the flight test matrix. The matrix had the
capability of auto-populating much of the information for the card based on look-up tables from the
scenario number: IP/CPA names and coordinates, altitudes, headings, distances, groundspeeds, lost link
mission for lkhana, on-condition timing, CPA tolerances, sensor selection, deconfliction altitudes, notes,
and abort procedures. Manual input was required for the images, although this was simplified to a single
button to input all views.

The cards were designed to fit on an 8.5” x 11” sheet of paper, with one half dedicated to ownship and
the other to intruder. This allowed users to either cut the deck in half or fold their card to the one of
interest.

There were over 26 flight cards for the NCC SCO, each with unique properties and characteristics from
each encounter. Pictured below in Figure 34 is an example ownship flight card that was used. Figure 35
show an intruder flight card for the same encounter. Each flight card had its own spreadsheet and the
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Card Number

cards were later converted into PDF, packaged into a document for that particular flight day, and
distributed in soft- and hard-copy form to all NCC SCO participants.

Encounter Type
/
NCC SCO | A/C: NASAS70 | Nuisance
CARD# * NUIS-13 v OWNSHIPY| ™10 Notice ifReq,
INITIALALT INITIAL SPEED INITIAL WPT RESPONSE- VvID
b 9000 150 IP6 CPDS NO <«
Initial Conditions gt e r————
—p 1 |: Scenario Name
F-F- - — — A o
- ‘\ CPAS ire
Encounter ' .
Instructions TOP VIEW \ Ikhana Lost Link |
\ LOST LINK WAYPOINT 4
|pemonstrate System will provide preventative, but LL WPT 10
not corrective alerting. Deconfliction Alt.
DECONFLICTION AI.T:‘_J
Sensor Selected 9000
S : ACTIVE| aAD5-8 | ATAR ABORT PROCEDURE
| Maneuver fbnwmsuvm: OFF |Advizory] AUTO —
9000 NAV TO LLWPT
¥ ¥
12000
el = Abort Heading
12000
10000 M --------- » 10000
1000
{ o000 Wind ot 1P
9000 Ar==—r==== A )7/
/{ Start Allt.
COMEX TIME: IP WIND: 4
wpT | tanTupe | tonermupe AT LOIST] s | e me Leg Time
W T e i
N34° 57.09 W117° 21.52" 9000 SOe—— |
s . "
w =
N34°57'05.4" | wW117° 21" 31.2" 0 w] 2584
-
N34° 57.09' W117° 27.62' | 9000 \o
CPAS ; %0 Magnetic Course
/ N34°57'05.4" [ W117°27°37.2"( o0 258 -
NOTES: Follow guidance if triggered. A o S Groundspeed
Closest Point of e m TCAS
Approach T Dirgction:| Down or lateral AN
TOLE N/A smit:|NO CLIM! ¥
Instructions Final Alt.

Cuidance
Move Restrictions

Vertical Velocity
Figure 34. NUIS-13 Flight Card for Ownship.
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|ncc sco | aA/c:  Nasasos | Nuisance
CARD# NUIS-13 INTRUDER 1
INITIALALT | INITIAL SPEED | INITIAL WPT RESPONSE VID
12000 180 P19 None NO
N E -
// : \
% \
\
Fem S, :
ire ~ xm CPAS +
\
\
-2000 fpm descent rate at MP3
DECONFLICTION ALT:
10000
ABORT PROCEDURE
10000 RIGHT
- - 12000
12000
10000 WA --------- #» 10000
1000
9000
9000 A========- A |-
COMEX TIME: IP WIND:
wpT | LaTITUDE | LONGITUDE C}\T/ OST! xes | LEGTIME
N34 57.09° W117°3494 | 12000 | 6.0
W19 I Brsrosa [ wWiirsasea | o o | % e
N34° 57.09° W117°3128' | 12000 | 3.0
MP3A B 57 054~ | Wii7 31 168 | 2000 | 078 ] 10 .
N34°57.09° | W117°27.62° | 10000 | 0.0
C'”\ B4 5T 054 | Wiirar 31 | o os | %
|NOTES: | Expect Ownship maneuver. Intruder begin descent at MP. Level at target
altitude.
Instructions
TOLERANCE: __ N/A

Figure 35. NUIS-13 Flight Card for Intruder.

2.7.1.4 Altimeter Calibration

An altimeter calibration was required for all SCO encounters where the vertical separation between
intruders and ownship was less than 500 ft (SCO Mission Rule MRNCC-02, Section 2.10.1.1). The mission
rule was enforced for all flights.

The altimeter calibration was designed to take out the standard errors found within the pitot-static
systems in order to ensure the planned vertical separation was as close to planned as possible. According
to Federal Aviation Regulation (FAR) 91.411 and Appendix E of Part 43 aircraft pitot-static systems must
be within 75 ft of field elevation when dialed into the local altimeter setting. Additional errors come with
changes in altitude and airspeed. Since some of the planned encounters were with a 200 ft vertical
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separation, it was possible to be much closer with the errors identified above if they were not mitigated

with the calibration.

The calibration was conducted at a flight condition that closely approximated all the planned encounters.
In order to accomplish the calibration, Ikhana acted as the lead aircraft with intruder aircraft joining on
Ikhana’s wing in close formation. The lkhana platform set standard 29.92 inHg and the other aircraft
adjusted their altimeter settings to indicate the same altitude readout. At those conditions each

participating aircraft observed the difference from lkhana.

The altimeter calibration was performed prior to each flight that required it using the flight card shown in

Figure 36.
NCC SCO ALTIMETER CALIBRATION (MEDIUM SPEED)
—_— raveh (e TN U R e VT DN | P
I
S ~ N\
: RN Ei
e \\kf\'- rEACH11 EDW fs o) h\\
o - "
({8 i S e )\ W % (6%
27 EDWARDSAEBIEDW) /)
i CT - 120710% ATIST269:9 7 ) i<
i 17 L 150 RT % i
/AN ! Se0 NOTAMS/ Directory T,
¢ b ! ™ for Class D eff s e A
L0 y II o wk
Vumizos / BUCKHORN 2T (3]
R R / MOA == al
™ / 2 R = s
| 111411 \ W
(T e
L M (Rvt) o
e e o ) m %Hﬂ.gﬁ ‘w\/é‘r//
[ - 83=.. 7
- P (RIN™ . NS 72
R e 15,000
__________ it
14,500 j 500ft Until Visual
Heading as required
REJOIN AND ALTITUDE CALIBRATION:
Start conditions ALL AIRCRAFT
- Joined, straight and level, 140 KIAS, heading as required
-29.92
1. HOLD - left hand turns, at altitude
2. JOIN & SET - INTRUDER
- Maintain 500 ft alt/sep until visual
- INTRUDER "Joined, rollout heading AS/REQ"
3. REPORT - "29.92 set showing 15,###" - OWNSHIP / INTRUDER
4. ADJUST - altimeter to 15,000 - INTRUDER
-Call "29.## showing 15,000"
-maintain new altimeter setting for encounters
5. COMPLETE - "Complete, [callsign] cleared off <dir> <alt>"
OWNSHIP CHASE
PT LATITUDE LONGITUDE A/S
ALTITUDE ALTITUDE /
N34°54.14' W117° 30.29' 140
CPA1 15000 KIAS
N34°54'08.2" W117°30'17.4"

2.7.1.5 Encounter Flow

Lessons learned from previous flight tests were utilized during the execution of the encounters above. A
schedule listed below in Table 8 was determined which covered two flight test days. In order to keep the
aircrew safe, a buildup philosophy was used: e.g., conducting “simpler” geometries first, higher vertical
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separation to smaller, grouping encounters with the same intruder aircraft, unmitigated to mitigated, and
advisory to AUTO maneuvers.

Table 8. Flight Test Buildup Schedule.

Day 1 Day 2
uc-3 SQK-7
HS-11 SQK-8

ATCAS-22

LOB-9 LOB-10

ATCAS-23

Priority 1

2.7.2 Demonstration

The flights into the NAS were unique in that they were the first time a UAS would fly without a chase
vehicle into lower altitude Class E and D airspace. In addition to the normal operations with NASA 870
within R-2508, additional notifications and reports needed to be created.

Operations within R-2508 required filing local NOTAMs, weather checks, frequency allocations (which
included Line of Sight (LOS) and Satellite Communications (SATCOM) Ku-band), receiving ops numbers,
airspace reports, and airspace coordination. In addition to that, when flying into the NAS, the team was
required to file an IFR form 175. Per the COA, an additional requirement was satisfied by notifying local
ATC such as ZLA, ZOA, Joshua, and filing a separate notification with Victorville operations, with
information relating to: filed flight plan, waypoints with fixes, altitudes, lost link procedures, and flight
route. In short, two types of NOTAMS were filed: distant NOTAMS for operations within ZLA and ZOA (filed
with the Flight Service Stations (FSS) per the COA) and local NOTAMS for operations at Edwards and VCV.
Finally, a requirement of the COA was to submit an operational report through the CAPS system, even if
a flight did not occur.

2.8 Mission Planning and Information

As mentioned previously, the NASA UAS-NAS and Ikhana teams had a history of performing the type of
flight testing required to check out the system before flights into the NAS, as well as experience in flying
with a COA.
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2.8.1 System Checkout

Executing SCO flights required significant coordination. Flights were planned at a rate of two flights per
week due to the duration of each sortie and the amount of test cards executed per sortie. Flying the
encounters was user work load intensive, with about 10 minutes allocated to each encounter, and setup
required in between runs.

As a pre-requisite to executing flight test, a T-1 crew briefing was accomplished the day prior to the event.
The T-1 briefing covered, in detail, the following aspects related to the upcoming flight:

Roll Call

Mission Summary
Mission Timeline
Weather / NOTAMs
e  UAS Status

e Mission Information
GCS Status
Airspace / Airfield
Support Assets
Contingencies

e Miscellaneous

e Flight Card Review
e Lessons Learned

A flight could be delayed or postponed based on information discussed during the T-1 briefing. All team
members were required to participate in the briefing either in-person or remotely.

All SCO flights started at 0600 (local) Pacific Time. Subsequently, the morning brief was held at 0415L. The
morning briefings covered at a higher level the same information with emphasis on any changes from the
previous T-1 briefing. The intent was for this briefing to be about 15 minutes in length. A final go/no-go
decision was made at this briefing. After the brief, the team was dismissed to prepare for the flight and in
some cases additional crew familiarity training was conducted for the DAA system. The MCC3 was staffed
at approximately 0530L to support any systems troubleshooting or coordination efforts required by the
supporting aircraft teams.

In general, flights were planned for approximately 5 hours. Part of that flight time was allocated to transit,
altimeter calibration, and DAA system startup procedures. The limiting factor for Ikhana was frequency
coordination and typically required an off time of 1200L for both SATCOM and LOS frequencies. For the
intruders, fuel available was the limiting factor.

A flight debrief was mandatory in order to discuss the day’s flight events, identify any aircraft
discrepancies, and discuss test inefficiencies which may have decreased the number of encounters and
test objectives achieved. Action items were assigned for issues and lessons learned which needed to be
closed out prior to the next flight. A post-flight test card review and high level data analysis was conducted
as well. If the next flight occurred on the following day, a T-1 was then conducted to review test objectives
for that next flight, otherwise the T-1, as appropriate, was conducted prior to the next test opportunity.
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Figure 37 shows the basic timeline previously discussed. Start of test day was typically 0415L and
completed around 1415L.

NASAS870 NASA7
4332-1 4332-2
0415 Mass Brief
0435 Individual Aircrew Brief
0500 Step
0600 Take Off
0615 Take off (EDW)
(Call MCC3 prior)

0630 ALT CAL / NCC SCO Encounters
1100 RTB (EDW)
. RTB EDW
(5+00) (Freqs until 1200)
1130 Chock Time
~1200 Debrief
1415 End of Test Day

Figure 37. Typical SCO Timeline.

2.8.2 Demonstration

Since the demonstration flights consisted of only two flights, one with chase and one without chase, the
operations tempo was low in comparison to previous flight test series. The team was only required to
schedule frequencies and perform the tasks outlined in Section 2.7.2 prior to conducting flights.

The demonstration flights had a similar timeline as the SCO, with the team conducting T-1 briefing the day
before flight, and the morning brief T-O once again beginning at 0415L. Figure 38 shows the typical
timeline for one of the demonstration flights. Instead of a flight card review, the team would review the
mission route and discuss the criteria for success for the flights into the NAS. Additionally, the review
provided contact information of the air control facilities which NASA 870 would utilize.
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Time of Day Relative time KEDW
NASA870

1200-1400 N/A T-1 (In-Person if possible)

0415 -2+15 T-0 Prebrief (In person forall on-site
participants. Off-site call in WEBEX)

0500 -1+30 Step

0530 -1+00 MCC3 Staffed

0600 0+00 Takeoff

0630 0+30 Demonstration (2+30
hours on station)

0900 3+00 End of Demo - RTB (Frequency
Limited 1230)

0945 3+15 Recover

1200 6+00 Debrief

1400 End of Test Day

Figure 38. Typical Demo Timeline.

2.9 Roles and Responsibilities

During SCO flights, the focus was within the MCC3. The coordination summary can be found in Figure 39.
For the demonstration flights, the focus left the MCC3, and instead was centralized on the Ikhana GCS.
The communication structure for this phase is shown in Figure 40.

2.9.1 System Checkout

For scripted encounters, the main point of contact was the TC. The TC would be responsible for managing
the mission execution over voice communication on the mission net (VHF radio) with the lkhana pilot,
intruder pilots, and SPORT, the local EAFB air traffic control agency. The TC was responsible for managing
the tempo of encounters, watching air safety, and relaying real-time changes or adjustments to the
aircrew. The Test Director (TD), who sat next to the TC, was the primary liaison with the TC. The TD would
listen to the back channels, such as the engineering channels, and communicate whether flight cards
needed to be repeated or adjusted, as well as other issues that may arise. Additionally, the TD would also
maintain the air picture SA and support the TC, and communicate with the SOR, local agencies, and non-
local agencies as required. The third role in the MCC3 was the Test Coordinator (TCOR), whose main duties
were to be a scribe for the flights, keeping track of when encounters were executed, the quality of the
results, the quality of the encounter itself, redlines, airspace changes, and other pertinent information
that could be used during the debrief and improve later flights operations.

During all flights a Senior Operations Representative (SOR) was required to be present in the MCC3 (SCO)
or the GCS (Demo). The SOR acted as a spokesperson for the NASA AFRC Director of Flight Operations and
their responsibility was to monitor general conduct of the flight test operations, monitor the team’s real-
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time decisions, and initiate the Aircraft Incident Response Procedure (DCP-S-001) in the case of an aircraft
mishap.

The pilots, along with managing their aircraft and aviating safely, were responsible for being at the set
location on the card on time and on condition, adhering to all mission rules.

Within the GCS, the Mission Director (MD) communicated directly with co-located pilots within GCS, TD,
and other agencies (as required). The MD was responsible for overall health of the aircraft, ensuring the
aircraft was in the correct configuration for the current flight card, and also maintaining SA for conducting
flight of Ikhana within the airspace.

The LVC team communicated directly with the TD on the test team net and provide real-time discussions
on the DAA display performance. The LVC lab was also where the data was being recorded.

Finally, the Range Control Officer (RCO) was responsible for monitoring and making coordination calls
with AFRC communication and the AFRC test range mission systems operations representatives.

VHF Comm
s
Local Comm Ikhana UAS

<«—> Primary '
< --+ Secondary _— ))) SPORT
—
—_ (Cuw))

Intruder

4o --:.".T -

Ikhana GCS

Y

Test Conductor
Mission Net 1
Test Coordinator » Test Director AFRC SOR
Mol A % *_
Test Team Net X Py A S
-------------------------------------------------- . x m--...----:4...------un\:-----.u-}g---...------u..------.u--------...------uu-.
P ” \ S
- , \‘ ‘\A
I’ A
Non-local Agencies: » L] Local Agencies:
+ GA LvC RCO . 412 TW
* Honeywell + SPORT/Joshua
* Weather

Figure 39. Coordination Summary for SCO.

2.9.2 Demonstration

Since the demonstration flights’ goal was to show how a UAS can file and fly like any piloted vehicle, the
operation was focused on the Ikhana pilot conducting a flight with the team in the GCS to support. All
primary VHF communication occurred between the Ikhana pilot and ATC, with chase (when required for
the first flight) checking in on the same net as “two”. For this reason, too, the SOR was located in the GCS
for the demonstration flights.
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The MCC3 acted as a backup to these flights and received a VHF relay, or “mirror”, of the communications
that the Ikhana pilot was receiving. The TC and TD provided backup support and could communicate with
industry partners, the LVC, RCO, or other local agencies for support.

*
VHF Comm Chise

G—

\
Local Comm - L "J
<«— Primary
<« --+ Secondary Ikhana UAS ATC

*NOTE: Standard chase comm procedures.

* Chase periodically checks in w/870 on ATC (~every 30 min) /

Ikhana GCS

Mission
....................... Y S
MCC3
----------------------------------------------- 3, .,---u..-,-.u-u.u-n\.\--u..--ub\-:uu-u.---..u-uu--u-u..--..u-uu-u.u-uu
’ 1] Y i
. ] Y 2%
‘ ) “A
1 .
Non-local Agencies: ¥ LY Local Agencies:
* GA LvC RCO s 412TW Support
+ Honeywell * SPORT/Joshua
* Weather

Figure 40. Coordination Summary for Demo Flight.

2.10 Safety, Mission Rules, and Contingencies
All operations were conducted in accordance with NASA AFRC safety policies AFOP-8715.3-005, Hazard
Management Procedure, and AFOP-8715.3-007, System Safety Support.

For NCC hazard analysis, the SSWGs took into consideration:

e Encounter geometries (SCO)

e The different equipped aircraft that may be encountered (SCO, Demo)
e The results from the FAA SRMP (Demo)

e The different classes airspace (Demo)

In order to maintain approved levels of safety, which are paramount to flight test operations, mission
rules were developed and were associated with the project specific Hazard Reports. All encounters and
configurations were concurred with by the safety representative. All Hazard Reports were presented to
the NASA AFRC Tech Brief board for each phase of the project (SCO, Demo, etc.). The signed Hazard
Reports were kept by the Systems Safety Engineer and copies were stored electronically in the Project’s
files.
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Additionally, a range safety analysis was conducted by the NASA range safety team. For both the system
checkout and demonstration (after route modifications) the range safety analysis was within acceptable
limits for NASA Armstrong.

2.10.1 System Checkout

Due to the unique nature of some of the encounters planned for SCO, the hazards and mission rules were
vetted through an SSWG with the entire team, which included the IT&E, the Ikhana team, GA-ASI, and
Honeywell. These Mission Rules, Go/No-Go’s, Contingencies, and Mitigations were based off previous
flight tests and had a pedigree, from all previous missions.

21011 Mission Rules

The Mission Rules for SCO can be found in Table 9. These Mission Rules were based on previous flight
tests and held a pedigree, from all previous flights. During a Mission Rules WG (a part of the OWG),
MRNCC-08 was evaluated and was able to be removed for the SCO flights as it is covered under MRNCC-
07. IT&E Operations Engineering ensured that each of the Mitigations referenced in each Rule had been
satisfied.

Table 9. SCO Mission Rules.

Rationale / H R ibl
Rule Description ationale / Hazard eSP?nSIb e
Report Position

The test conductor shall control the setup,
MRNCC- timing and progression of the planned

01A encounters at all times, including between NCC-21 Mitigation 3 =

encounters.

MRNCC- Systems under test shall not be used as the
primary method to maintain safe NCC-16 Basic Hazard All
separation of aircraft.
Test runs will be aborted if intruder aircraft Airspeed,
do not have visual on all aircraft within1 ~ NCC-01 Mitigation 8  heading,

MRNCC- nmi (2 nmi for high speed) lateral and less NCC-06A Mitigation 3  altitude
than 500’ vertical separation, except when NCC-06A Mitigation 17 divergence, TC, PICs
aircraft are diverging. During altimeter NCC-03 Mitigation 7  etc.
calibration, the intruder aircraft has visual NCC-16 Mitigation 4 Ikhana
responsibility for both aircraft. Overtaking
Intruder aircraft will only follow TCAS RA

. . . S e TCAS Il

MRNCC- guidance if following test card direction or NCC-06A Mitigation 3 e
they have reason to believe the alert is NCC-06A Mitigation5 . Intruder PIC
caused by non-participating aircraft AND  NCC-06A Mitigation 19 MHTLGE
have SA on all participating aircraft. il
Update of the appropriate Ikhana Lost Link .

. . . o L Lost link
MRNCC- Mission variables will be verified, by NCC-03 Mitigation 3 entry point  MD/PIC
04  aircrew and the Mission Director priorto ~ NCC-03 Mitigation 8 identified on

commencing each test run.
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MRNCC-
05

MRNCC-
06

MRNCC-
07

o8

MRNCC-
09

MRNCC-
10

MRNCC-
11

MRNCC-
12

MRNCC-
13

MRNCC-
14

Flight operations outside of the approved

mission flight envelope for Ikhana are NCC-14 Mitigation 8
prohibited.

Abort the encounter for the following

reasons (but not limited to): loss of NCC-01 Mitigation 3
situational awareness, task saturation, NCC-01 Mitigation 4
Ikhana lost link, DAA system failure, NCC-17 Mitigation 1
emergency condition, or mission rule NCC-17 Mitigation 3
violation.

When not on a test run, lkhana crew will

ensure "Maneuver Mode" is selected to MUY/ il 2

NCC-21 Mitigation 08

ADVISORY or OFF.
. , Pessrarmendremeving
Duringtestrunsbeley 70000 ML . .
" " thisrule {reference Reviewfor
MR-Z)orchangingteo SCOAGL
ADVISOPY o OEE by dhana-crovs ;
5000~ MSL2

During auto TCAS runs, the test run will be
aborted if Ikhana begins an automatic
maneuver contrary to the test card
instructions.
All participants will ensure their navigation NCC-01 Mitigation 6
quality error does not exceed 0.1 nmifor  NCC-06A Mitigation 2
runs with less than 500’ vertical separation. NCC-01 Basic HR
Standard Practice

From ACAS Xu Results
NCC-01 Derived
NCC-06A Mitigation 20

Confirm each participant's time NCC-01 Mitigation 1
management tools match the time hack NCC-01 Mitigation 6
made prior to starting encounters. NCC-01 Mitigation 9
NCC-01 Mitigation 10
During encounters when within 1 nmi, Standard Practice
maintain at least 150' vertical separation of Mission Success
other aircraft's planned altitude. NCC-01 Derived

Test runs will be conducted with the
following environmental criteria:

- 3 or greater statute miles visibility

- Clear of clouds 1000' above and below the
planned test block including abort
maneuvers

Between test runs, all participating aircraft NCC-21 Mitigation 6

Ikhana Standard
Mission Rules
NCC-21 Mitigation 5

shall establish and maintain deconfliction NCC-17 Mitigation 4
altitude from previous encounter until Standard practice /
directed by the TC. Test Plan
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each test
card.

MD/PIC

TC, PICs, MD

MD, SO

TC, PIC, MD

MDY/ Intruder
PIC

TC, PICs

Intruder PIC

MD/TC, PICs

TC, PICs



All participating aircraft will conduct an

altimeter calibration using Ikhana as the

baseline prior to executing encounters with

less than 500' planned vertical separation. NCC-01 Mitigation 5 Per flight day TC, PICs
Aircraft will maintain altitude and/or lateral

separation until visual acquisition is

confirmed.

MRNCC-

2.101.2 Go / No-Go
In addition to the mission rules, prior to executing a mission, a set of “Go/No-Go” criteria were required
to be met in order to begin flights. For SCO, these can be found in Table 10.

Table 10. SCO Go / No-Go.

Strobe/anti-collision lights — FUNCTIONAL lkhana Standard Go/No-Go Criteria In accordance

Position/Nav lights — FUNCTIONAL Ikhana Standard Go/No-Go Criteria With MEL or
1 applicable Flight
Planned transponder equipment — . . M [
Mission Requirement (DAA System) 'Vianua
OPERATIONAL requirements
In accordance
with MEL or
All redundant flight control systems — o . .
2 EUNCTIONAL Ikhana Standard Go/No-Go Criteria a'\\/lpaprl]llcj:zlble Flight

requirements
Required for ATC

and TC
3 Two VHE radios — EUNCTIONAL MlSSlon Reqmrement (Test and coordination
Airspace Requirements) TG-14 capable of
monitoring 2 VHF
freqgs

If the GCS/SMURF configuration is single

A GDT or PGDT di |
string fiber optics (no redundant fiber S EIH S I I CRTEEE

the GCS is the emergency procedure lkhana Standard

4 optics) then a GCS/PGDT or GCS/GDT LOS . . . Go/No-Go
. in the event of fiber optic system L
lakebed runway must be available for an . Criteria
. failure.
emergency landing.
Mission Requirement (Test
Zeus display — FUNCTIONAL Command & Control)
5 Ikhana encounters are limited to 500 ft NCC-01 Mitigation 7 MCC3 onl
vertical separation with visual required NCC-06A Mitigation 4 v
when MCC3 Zeus is not available NCC-07 Mitigation 2

NCC-17 Mitigation 8
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Mission Requirement (Primary link
6 Ku SATCOM or DLOS link — Available/READY for DAA System)
NCC-03 Basic HR

Required for
Ikhana

Mission Requirement

8 Situation awareness display — FUNCTIONAL NCC-01 Mitigation 7

As equipped
Mission Requirement (DAA System)

NCC-01 Mitigation 6 As equipped
NCC-01 Mitigation 7

Navigation system and time management
tools — FUNCTIONAL

Barometric Altimeter — FUNCTIONAL and NCC-01 Mitigation 5

10 Meets Maintenance Standards NCC-06A Mitigation 2

11 Intruder TSPI truth source — FUNCTIONAL  Test plan

2.10.2 Demonstration

Because the flights into the NAS were new to the test team as a whole, a new set of Mission Rules were
created. These Mission Rules, like the SCO set, were vetted by the entire test team and through the SSWG
to ensure that all hazards were being covered, as a part of the AFRC safety process. Since this was to be
treated as a “routine” flight into the NAS, the Ikhana team followed its own project specific set of Go/No-
GoO's criteria, established for their normal flight operations.

2.10.2.1 Mission Rules

The Mission Rules for the demonstration flights into the NAS can be found in Table 11. Since the team
would be relying on the DAA system, command and control, and SA to operate safely with other vehicles
in the NAS, the rules focused mainly on these areas. Rules 1, 3, 6 focused on the DAA system and SA, and
rules 2, 4, and 7 focused on the command and control of the airplane.

Table 11. Demo Mission Rules.

.. Rationale / Hazard Responsible
Rule Description ' e Notes p I
Report Position

Mission Requirement

(Test Command & GCS on!y
If Zeus is lost
Control) outside R-2515 it
MRNCC- Zeus display will be functional before NCC-06 Mitigation 2 B MD/PIC
01 leaving R-2515. NCC-07 Mitigation 2

constitute a RTB.
Zeus provides
additional SA.

NCC-06 Mitigation 13
NCC-07 Mitigation 13
NCC-17 Mitigation 8
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Mission Requirement

(Primary link for DAA  This mission rule

System) applies prior to PIC/MD
NCC-38 Basic HR leaving R-2515

NCC-39 Basic HR

MRNCC- Ku SATCOM and DLOS link will be
02 available and ready.

At pilot’s discretion, any DAA system

MRNCC- anomaly that results in degraded Mission Requirement

Not applicable

03  situational awareness will be cause for NCC-06 Bas!c with chase A
NCC-17 Basic
RTB.
Update of the appropriate Ikhana Lost NCC-38 Mitigation #4
MRNCC- Link Mission variables will be verified, by NCC-38 Mitigation #4 PIC/MD
04 aircrew and the Mission Director prior to NCC-38 Mitigation #2
each flight segment. NCC-39 Mitigation #2
Flight operations outside of the approved
MRINCC mission flight envelope for Ikhana are NCC-14 Mitigation 8 DAA.OML . MD/PIC
05 L configuration
prohibited.
Ikhana Standard
MRNCC- . Mission Rules
06 Operate in Day, VMC. NCC-06 Mitigation 18 14 CFR 91.155 MD, PICs
NCC-07 Mitigation 18
MRNCC- . NCC-38 Basic S .
07 In the case of a degraded C2 link, RTB. NCC-39 Basic Pilot’s discretion  PIC
MRNCC- Except when in Class D, the minimum DAA radar fidelity PIC
08  altitude is 3000 ft AGL. limitation
2.10.2.2 Demonstration Mission Contingencies

For all phases of flight, with chase and without chase, the team put together contingencies in case of
losing voice communication and general mission contingencies. These procedures were separate from the
aircraft emergency procedures, which all aircraft are required to adhere to, since they were unique to the
operational environment. The procedures were easy to read, use, and were placed in the GCS and MCC3.

2.10.2.2.1 Demo Contingency Voice Comm (With Chase)

First, the team created communication contingencies when flying with chase. These procedures, shown
in Table 12, show a variety of contingency scenarios which include: NASA 870 losing radio, the DAA system
not functioning, a combination of the DAA system not functioning and NASA 870 losing radio, NASA 870
going lost link (which assumes no radio), chase aircraft losing radio, both NASA 870 and the chase vehicle
losing radio, and finally, NASA 870 going lost link and chase losing radio concurrently.

The assumptions for this set of contingencies were that NASA 870 would act as the lead aircraft, chase
would check in periodically (approximately every 30 minutes) on ATC frequency, the lost link routing was
specific and defined by the COA, and the SOR as well as a Project Manager (PM) resided in the GCS.
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Table 12. Demo Contingency Voice Comm (With Chase).

Scenario
w/ A B C D E F G
CHASE
Al 870 NORDO DAA Sys Down DAA Sys Down + 870 Lost Link Chase NORDO 870 NORDO + 870 Lost Link
Classes 870 NORDO (NORDO) Chase NORDO (NORDO) &
Chase NORDO
* B70RTB atlast * 870RTB atlast +« 870RTB atlast + 870RTB atlast + Chase squawk + 870RTB + 870RTB at last
assigned alt assigned alt assigned alt assigned alt 7600 «* Squawk 7600 assigned alt
<+ Squawk 7600 * Follow LL < Squawk 7600  #* Squawk 7400 * ATC informs 870 + Chase squawk %+ Squawk 7400
* Follow LL Mission + Follow LL %+ LL Mission + 870RTB LL 7600 + Chase squawk
Mission routing Mission routing routing Mission routing  * 870informs ATC 7600
routing * 870informs * 870informs * 870informs w/ NORDO (phone) * 870informs
* 870informs chase and ATC ATC (phone) ATC (phone) chase * 870RTB LL ATC (phone)
ATC (phone) * ATC informs * ATC informs * 870lead chase Mission routing  « 870 follow LL
* ATC informs chase chase to EDW straight- w/ NORDO Mission w/
chase in final & chase NORDO chase
coordinate + 870lead chase  + Chase break
clearance to to EDW straight-  off at pilot’s
land for NORDO in final & discretion
chase coordinate

clearance
(Tower phone)
for NORDO
chase to land
1%, then 870

2.10.2.2.2 Demo Contingency Voice Comm (Without Chase)

The second set of contingency scenarios were designed for the flight without chase and are displayed in
Table 13. This table was simpler than the procedures for flight with chase since the activity only included
NASA 870. Contingency scenarios included: NASA 870 losing radio, DAA system not functioning, the
combination of DAA system being down and NASA 870 losing radio, and NASA 870 going into its lost link.

The assumptions for this flight were that the COA defines the lost link procedures and that the SOR and
PM are in the GCS.

Table 13. Demo Contingency Voice Comm (Without Chase).

Scenario

NO A B C D

CHASE

All DAA Sys Down + 870 .
Classes 870 NORDO DAA Sys Down NORDO 870 Lost Link (NORDO)
* 870 RTB at last assigned + 870 RTB at last assigned + 870RTB at last * 870RTB at last assigned
alt alt assigned alt alt
<+ Squawk 7600 * Follow LL Mission routing ¥ Squawk 7600 <+ Squawk 7400
* Follow LL Mission routing  * 870informs ATC + Follow LL Mission * Follow LL Mission routing
* 870informs ATC (phone) routing * 870informs ATC (phone)
* 870informs ATC
(phone)
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2.10.2.2.3  Mission Contingencies

In addition to the lost communication and normal emergency procedures, the team created a set of
contingency procedures unique to the mission. These procedures, shown in Table 14, were once more
vetted with the entire team through OWGs and SSWGs, and a copy was placed within each of the control
rooms.

The procedures in this table included the chase vehicle going blind (losing visual on NASA 870), the chase
vehicle having an in-flight emergency (IFE), NASA 870 experiencing an IFE, NASA 870 not being able to
return to base (RTB) and no longer being in control, NASA 870 not being able to RTB but with control,
Edwards runways closed, GCS becoming inoperable, and a serious atmospheric event affecting the flight.

Assumptions for this table were similar to the voice communication table: NASA 870 would act as the lead
aircraft, chase would check in periodically (approximately every 30 minutes) on ATC frequency, the lost
link routing was specific and defined by the COA, and the SOR as well as a PM would reside in the GCS.
When flying without chase, chase steps or columns would simply be omitted from this table.

Table 14. Demo Mission Contingencies.

Scenario
Chase* BLIND Chase* IFE No longerin atmospheric
Classes IS in control are closed INOP
control weather
* Chase informs * Chaseensuresafe  + 870 Declare IFE * Chase* will « 870 will + 870 will decide * 870willdisable + 870will make a
870/ATC, BLIND separation from < Squawk 7700 declare an evaluate best course of uplink causing decision on best
« ATC gives chase 870 + RTBonlLL emergency for options for action based on the ACFTto contingency
vector forrejoin ¢ 870 Declare IFE routing 870 potential situation: squawk 7400 plan
“» Squawk 7700 + Search map for + 870 will landing sites <+ 870 can loiter + 870 will fly lost <+ 870RTB
NOTE: Ifrejoinnot  *+ Vector away (split unpopulated manually + Chase* will talk in a specific link plan <+ 870 can loiter
possible, RTB LL up) ditch location disable uplink to 870and location until ¢ Return to PIRA + MD/PICwill
Mission routing + 870RTB LL Mission + Ku off-field causing the assistin runway is re- * MD/PIC will notify ATC/
routing landing; Kill ACFT to squawk potential opened notify ATC on SPORT on
engine prior to 7400 landing sites <+ 870canland at contingency contingency
impact; mark *« MDwill call ATC + MD/PICwill lake bed situation and situation and
location (phone) notify ATC <+ 870can action plan action plan
¢ SORwill be + SORwill initiate contact Gray ¢ MCC3 will assist  » SORwill contact
prepared to MISHAP Butte for in notifying ATC management on
initiate the procedures potential of if needed contingency
mishap landing at their situation and
procedures NOTE: Chase location. action plan
assists ATC with * MD/PICwill
eyes on 870. notify ATC/
SPORTon
NOTE: This contingency
scenario results in situation and
a high potential action plan
for 870 crashin a ¢+ SORwill notify
selected location management

where there will on contingency
be minimum risk situation and
to public. action plan

NOTE: Gray Butte
is ~ 4 hour delay

for proper request
to land

2.11 Training and Qualifications

Due to the unique nature of both Scripted Encounters and the demonstration flights, a training plan was
required to be put into place, as it related to specific portions of each mission. Any personnel in training
had a qualified individual providing the training. All flight crew team members, including for SCO and the
demonstration, were qualified for their position in accordance with AFRC requirements.
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Aircrew were required to be current and qualified per organization requirements (AFRC Pilot’s Office),
attend or be represented on tabletop training days (described below), and receive test specific training
(DAA) prior to performing encounters.

A training event, or tabletop, was conducted prior to both the SCO and the demonstration flights.
Representatives from all aircraft, DAA stakeholders, and IT&E operations were present. At the completion
of this training event all stakeholders and aircrew were considered prepared and ready to support the
SCO and demonstration events in the planned airspace, by all oversight organizations.

Additionally, DAA specific training was conducted by the CPDS SME prior to flights.

2.11.1 System Checkout Tabletop

The system checkout training was based off the training plans that were put in place for previous UAS-
NAS flight test campaigns. Given the experience of the test team, the tabletop was conducted as a
refresher of flying encounters within R-2515. This training included:

Admin / Motherhood

e Introductions (Roll Call)

e International Traffic in Arms Regulations (ITAR)
e Required Training

e NCCSCO CONOPS

e Staffing

e Required Aircraft

e Schedule

e Ops Planning

Test Admin / Specifics

e Roles and Responsibilities

o Safety

e Mission Rules / Go / No-Go

e Airspace Brief

e Comm Plan

e Motherhood / Contingencies / Aborts / Lost Link
e Timeline (Test Day / Test Encounter)
e Project Pilot Comments

e Altimeter Calibration

e Crew Resource Management (CRM)
e Objectives / Success Criteria

e Brief / Debrief Plan

e Weather
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Test Execution

e Test Card / Geometries Review
e CPDS User Interface Briefing

2.11.2 Demonstration Tabletop

Since the demonstration was unique, the training had to be tailored to the route outside of the NAS and
studying the COA. Elements were similar to SCO but included these new talking points, especially in the
test admin and review sections. The pilots had a greater role in conducting the training, since the mission
was to simulate a file-and-fly scenario with a UAS.

Admin / Motherhood

e Introductions (Roll Call)
e |TAR

e Required Training

e NCC Demo CONOPS

e Staffing

e Required Aircraft

e Schedule

e Ops Planning

Test Admin / Specifics

e Roles and Responsibilities

e R-2508 Complex Brief

e NCC Route Overview

e Lost Link Planning

e Comm Plan

e Mission Rules / Go / No-Go
e Motherhood / Contingencies / Aborts / Lost Link
o Safety

e Project Pilot Comments

e Objectives / Success Criteria
e COA Talking Points

e Brief / Debrief Plan

e Day of Timeline

e Weather

NCC Review

e Lessons Learned from SCO#3 Review
e CPDS User Interface Briefing
e Contacts
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2.11.3 Detect and Avoid Display Training

The aircrew team assigned to conduct the SCO and demonstration flights had used the CPDS DAA
technology for many previous flight tests, including FT3, FT4, and ACAS Xu FT2. Because of this, they were
very experienced with the system and its characteristics, providing continuity for these flights.

A DAA refresher display training was conducted closer to the actual flight dates. Although most DAA
training was conducted at the tabletop, due to aircrew availability and SME availability, some training was
conducted as a supplement meeting. This training was used to inform the aircrew who would be executing
the flights what the SME was expecting from them. The following questions were addressed during these
exchanges:

e Test configuration. What does the SME/Researcher want; ON, OFF or de-energized?

e Maneuver type. Maneuvering (mitigated) or non-maneuvering (unmitigated).

e Guidance type. Will the DAA system provide directive or descriptive guidance?

e Display under test familiarity. What display will the aircrew be using to gain SA and make a
maneuver decision?

e Miscellaneous expectations. Is there anything specific to CPDS (updates, etc.) that the aircrew
need to know?

Representations of the CPDS screen in both picture format as well as a replay of previous simulated events
were presented to the crew. Using the lessons learned from previous flight test campaigns, more
efficiencies were gained by the test team and better data collected during the SCO. The flight crew better
understood the DAA system and expectations on its use during flight. Additionally, playback from the SCO
flights was provided to the aircrew.

With the years of experience, DAA system training, and SME involvement, the crew was ready and capable
of flying into the NAS using this system.

2.11.4 Control Room Training
Personnel in all control rooms were required to have formal training in their position or workstation.

For the MCC3 control room, the TC and TD were required to obtain a formal approval from the NASA
Armstrong Director of Flight Operations in order to serve in that capacity. The requirements for the test
conductor were derived from NASA Armstrong AFPL-7900.3-001, Mission Control Qualification & Training
Plan. The requirements were tailored from the mission controller section. For these flights, two test
conductors and three test directors were qualified.

Within the Ikhana GCS, a MD was also qualified, per the Mission Control Qualification & Training Plan, to
serve that role. These flights included two qualified MDs. The Ikhana GCS also had one Systems Operator
qualified.

Within the LVC, all personnel required were trained for their respective work station.
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2.11.5 ATC Training

Outside entities also conducted training pertaining to the NCC flights. Worth mentioning, the FAA
requested that their ATC controllers received their own specific training prior to the flights of Ikhana into
the NAS. The training was conducted by and within their own organization.

2.12 Safety Analysis

The flight into the NAS with NASA 870 required a special safety case approach that would be addressed
in the COA by NASA. Along with this, the FAA conducted its own safety analysis for the flights into the
NAS.

2.12.1 Safety Case Approach

In order to safely operate UAS in the NAS, it was shown that the Phase 1 DAA and ATAR Systems can
provide alternate means of compliance to 14 CFR §91.111(a) and 14 CFR §91.113(b) “see and
avoid/remain well clear” regulations. The approach taken for this safety case entailed the following:

1. Performed gap/compliance analysis of the DAA and ATAR systems “as installed” on the lkhana
UAS against published Phase 1 MOPS and TSOs for the DAA and ATAR systems.

e DO0-365 MOPS (dated 31 May, 2017) and TSO-C211 (dated 25 Sep 2017) for DAA Systems.

e DO-366 MOPS (dated 31 May, 2017) and TSO-C212 (dated 22 Sep 2017) for ATAR for
Traffic Surveillance.

e The majority of the gaps were related to the display of DAA and ATAR system health and
status information to the UAS pilot. It was determined that updates to the system
software to display this information were not required for this demonstration due to
Ikhana’s architecture and flight test operations concept. For Ikhana operations, system
health and status telemetry data is downlinked to the Ikhana GCS and displayed to
Ikhana’s pilots, who are experienced with the DAA system, and to test engineers with
subject matter expertise to accurately assess system status.

2. Performed gap/compliance analysis of the DAA and ATAR systems “as installed” on the lkhana
UAS against DO-178C software certification guidance (dated 13 Dec 2011).

e Determined that Design Assurance Level (DAL) for all DAA related software was Level D
for overall process/documentation, plus Level C for software testing per DO-178C (full
code statement coverage). Table 15 DAA and ATAR Systems DALs depicts that the critical
DAA functionality was tested to DAL C rigor requiring full code structural coverage.

e Asdenoted in Table 15, the only software component of the DAA System not being tested
to DAL C full code statement coverage was the Honeywell sensor fusion tracker hosted in
the TPA-100 ACAS processor. To address this gap, Honeywell implemented an 1/O
crosscheck algorithm, to DAL C standards, that validated the fusion tracker’s output with
TCAS/Extended Hybrid Surveillance. This feature ensured that the tracker’s output is
accurate.
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Table 15. DAA and ATAR Systems DALs.

Software Function Manufacturer DO-178 Artifacts DO-178 DAL C
Component DAL Level Statement
Coverage

Flight Code Available for review

at GA-ASI
Ground Code GA-ASI D Available for review X
at GA-ASI
DAA System GA-ASI D Available for review X
Interface Formats at GA-ASI
DAA Data
TPA-100 Collision Avoidance Honeywell D Summary Report X 1/0 Cross Check TCAS
(TCAS 1) Track RA Mapping
Correlation/Fusion
ADS-B In
Cockpit Display of ISD D Summary Report X Fault Detection
Traffic DAA Alerting
and Maneuver
Guidance
Non-Cooperative GA-ASI D Available for X Fault Detection
Traffic Detection Review at GA-ASI

3. Leveraged the FAA Safety Risk Management Document (SRMD) for UAS DAA System Safety
Assessment (SSA). Its fault tree influenced NASA’s hazard report development and risk mitigation
strategy.

4. Developed operational mitigations to reduce risk and address performance gaps.

e Air Traffic Management (ATM) Services:

0 The NCC route of flight ensures its mission stays above MVA to leverage the

legacy ATM safety systems (primary and secondary surveillance radar coverage).
e Datalink Management:

0 Although the Ku SATCOM BRLOS link has been very reliable on the NASA lkhana
UAS, the NCC route of flight was tailored to minimize operations in Class E <10k
ft MSL until the UAS was within C-Band DLOS range. This was expected to occur
prior to waypoint 7 (Figure 12) before initiating the descent from 15k ft MSL to
9,000 ft MSL.

e Route of Flight:

0 The NCC mission plan was carefully developed to remain off of published airways
and away from known flight activity associated with gliders and other small
aircraft that NASA had not fully tested the ATAR system against. Flight tests were
utilized to validate ATAR performance predictions using RCS modeling and
simulations for medium and large aircraft. Modeling and simulation results
showed sufficient detection and track performance against small RCS aircraft
such as gliders; however, to further reduce risk, this flight demonstration was
planned to remain clear of areas with known glider activity.

5. Pedigree of DAA Flight Tests.

e lkhana UAS DAA flight test campaigns completed:
O (Nov - Dec 2014): ACAS Xu: 9 flights, 170 mission encounters flown (1 intruder)
O (June - July 2015): FT3: 11 flights, 212 encounters flown (up to 2 intruders)
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O (April - June 2016): FT4: 19 flights, 321 mission encounters flown (up to 4
intruders)

O (June - July 2017): ACAS Xu FT2: 12 flights, 241 mission encounters flown (up to 2
intruders)

e Qver 4 flight test campaigns, completed over 1,000 encounters inclusive of mission
encounters and system checkout activities.

0 A majority of these encounters were setup with horizontal and vertical separation
that penetrated the DAA well clear definition of 4,000 ft lateral distance and 450
ft vertical offset. Many encounters were conducted with vertical separation as
low as 200 ft (with lateral separation of 2,400 ft). Beak-to-beak encounters with
no lateral separation were conducted with 500 ft vertical separation.

e No major DAA nor ATAR systems failures have occurred

0 An intermittent Ethernet communications link between the Honeywell TPA-100
processor and the SAAP was corrected with an interface redesign that does not
utilize this Ethernet link and is more production representative.

0 No link loss of the C-Band LOS nor the Ku SATCOM BRLOS links has occurred.

0 During these scripted encounters, the intruder aircraft, ranging from a TG-14
motorized glider to a G-Il business jet, were detected and tracked by the ATAR
typically at the start of the encounter at approximately 10 — 15 nmi. This
performance is well in excess of the 6 nmi radar declaration range minimum
standard delineated in the DO-366 ATAR MOPS and TSOC212.

2.12.2 Safety Risk Management Panel

The FAA chose to hold a SRMP in order to help review and construct the SRMD. This panel was conducted
at NASA AFRC and included experts from the FAA that addressed the hazards and safety case of flying into
the NAS without chase. It was beneficial both to the FAA and to the UAS-NAS team for the panel to be
held at AFRC: this way, any questions that the FAA had were quickly be addressed by the team and action
items could be distributed rapidly.

The FAA created three main hazards to address: loss of DAA, lost link, and DAA failing to detect low RCS
non-cooperative equipped aircraft. These hazards were discussed in depth and mitigations were captured.
Limitations to each of the hazards were also captured during this panel (e.g., what would constitute a
RTB). The action items brought up from discussions of these hazards included providing maintenance
procedures and technical orders for lkhana, checklists, pilot training, proof of mishap plans, lost link
occurrence rates, and DAA equipment failure rates.

In addition, discussions from this panel helped to modify the route further. Changes were made to the
Victorville routing and the lost link was updated to procedures that the FAA found more suitable than the
original proposition.

With the cooperation of the FAA, UAS-NAS, and lkhana teams, a SRMD was written and eventually
approved to supplement the COA, providing a waiver to finally fly into the NAS without a chase vehicle.
The mitigations identified in the SRMD were called out in the COA as requirements to comply with in order
to operate.
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3 Results and Analysis

The culmination of all efforts lead to the team performing the SCO and demonstration flights. The SCO
flights served their purpose, as problems were identified during these flights, allowing the team time to
resolve them prior to the demo flights. A description of the results and team’s analysis of the flights is
below.

3.1 System Checkout Flights

Once the team had conducted the No Chase COA System Checkout Tech Brief, an approved flight request
was given. The aircrew conducted a tabletop training session to prepare for the upcoming encounters.
Specific details were given on the DAA display and what to expect during the avoidance maneuvers.

3.1.1 Flight 1 — 14 February 2018

There were three main purposes for flight 1 of the system checkout. The first was to ensure that the pilots
and aircrew were proficient and current in order to complete the upcoming SCO flights safely and
efficiently. The second purpose was to power up the DAA system to verify that all the components were
working appropriately and that no errors were experienced. The final purpose was to complete the
remainder of the Ikhana envelope expansion test points. Envelope expansion was necessary because AFRC
management had not yet approved the entire MQ-9 envelope for Ikhana with the modified nose. Opening
up the envelope ensured greater flexibility that could be needed in the NAS. For this flight, no encounters
were planned.

The flight was completed on 14 February 2018 within R-2515 airspace. Ikhana took off from EAFB runway
22 Left at 0610L and proceeded to climb to test altitude. The first checkout was powering the DAA system
at 0640L. Once powered, the Ikhana team searched for valid data telemetered to the ground and that no
anomalies were found. All checks looked good and the team powered the DAA systems down and
concluded the DAA system checkout at 0708L.

The next objective for this flight was the envelope expansion. This series of test points were to verify the
aircraft’s ability to fly at 30,000 ft MSL at various airspeeds with the modified nose. The test began at
0722L and was concluded at 0903L. The team completed test points required to expand the envelope and
made an uneventful landing at EAFB on runway 22L at 0942L.

3.1.2 Flight 2 - 15 February 2018

This was the first No Chase COA System checkout flight where the DAA system was being tested. Eighteen
flight test cards were planned for this test day and the team successfully completed 16 encounters. Two
intruder aircraft were used for this flight: NASA 856 (TG-14) and NASA 808 (G-Ill). See the flight details
and MCC3 recorded data below in Table 16.

Notes: The Ikhana UAS took off at 0706L, NASA 856 took off at 0658L. Ku SATCOM hits were noted at the
encounter with COMEX 0801. Due to the momentary loss of the DAA system, the encounter was aborted
and was repeated. At 0815L NASA 808 took off and NASA 856 landed at 0833L. It was noticed that there
were no increased TCAS alerts with the encounter at COMEX 0915. However, TCAS alerts were received
when executing ATCAS-23 at 0928L. At the encounter with COMEX 1020, an alert for a bad SAAP was
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received in the GCS. The team reset the SAAP and radar with no further issues. The encounter with COMEX
1041 was aborted due to the intruder not acquiring visual identification of Ikhana within 1.0 nmi.

Airspace: After the encounter at 0928L, SPORT required that Ikhana stay between 16,000 ft and FL220.
Due to this restriction it was determined that card 11 would be conducted next with redlines to the
altitudes, fitting the altitude restriction. This restriction was lifted for the rest of the test day at 0956L.

Table 16. No Chase COA System Checkout Flight 2 Data and Observation Notes.

Flight 2
Run# Encounter COMEX | Intruder VID |Wind O/S| Term. Maneuver TA RA Redlines
1 SQK-6- No VID 0726 856 1.1 325/11 0728 Fly Through Yes Yes
SQK-6 0738 856 4.5 0739 Left Turn
3 SQK-7 0748 856 Yes 0749 Right Turn Yes
4 SQK-8 - Abort 0801 856 abort Mode C/ Latitude N34° 57.47"
5 SQK-8 0809 856 2.6 0810 Right Turn Mode C/ Latitude N34° 57.47'
6 LALT-24 0820 856 1 0823 Fly Through Yes Yes
7 LALT-25 0830 856 0832 Right Turn Yes
8 ATCAS-22 No VID| 0859 808 0.5 0900 Fly Through Yes Yes |0O/S Nodescent
9 ATCAS-22 0915 808 0.5 244/46 0916 Yes Yes 0/S No descent
10 ATCAS-23 0928 808 2.5 0929 Yes Yes
11 NUIS-13 0945 808 0947 Left Turn; Heading 190 Yes Altitudes +7000ft
12 NUIS-14 0956 808 2 0958 Yes
13 DB-15 1020 808 1022 | Left Turn; Leveling at 8000 Yes Yes
14 HS-11 1033 808 1.7 1035 Fly Through Yes Yes
15 T™-1 1041 808 0.7 1042 Fly Through Yes Yes
16 HDR-16 1051 808 1053 Fly Through

3.1.3 Flight 3 Attempt 1 — 28 February 2018

For the third SCO flight, Ikhana experienced a degraded C-Band datalink which caused the team to call a
“knock it off”, return to base, and conduct an investigation. More information on this event can be
found in the Flight Systems Comments Section 3.3.1.

3.1.4 Flight 3 Attempt 2 — 28 March 2018
Once the investigation was completed and the team had gone back to tech brief, the Ikhana UAS was
approved to fly again. Flight details and MCC3 recorded data is below in Table 17.

Notes: The test day started with Ikhana taking off at 0605L and NASA 7 (B200 King Air) taking off at 0630L.
The Unique Ku only and Use Case test cards were completed successfully. The encounter with a COMEX
of 0751 encountered multiple resets and an abort call due to the sensors turning off but was completed
successfully with a COMEX of 0850. Each test card was completed including two cards that were unable
to be accomplished during the second SCO flight.

Airspace: During the same encounter mentioned above, SPORT had placed an FL180 restriction in the area
that was being tested. Due to this, 10,000 ft was added to the test point altitudes, including abort and
deconfliction altitudes, in order to complete these test cards.
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Table 17. No Chase COA System Checkout Flight 3 Attempt 2 Data and Observation Notes.

Flight 3

Run# Encounter COMEX | Intruder VID |Wind O/S| Term. Maneuver TA RA Redlines
1 KU-1 0655 NASA 7 1 0657 Fly Through Yes Yes

KU-2 0705 NASA 7 5.5 0707 Left Turn Yes

3 OTD-25 0716 NASA 7 2.5 0718 Right Turn Yes
4 uc-2 0731 NASA 7 1.4 0733 Climb / Left Turn Yes Yes
5 107-17 0741 NASA 7 4.5 0745 Fly Through Yes Yes |Altitudes +10000ft
6 10T-18 0850 NASA 7 2.4 0852 Right Turn Yes Altitudes +10000ft
7 00T-19 0906 NASA 7 2 0908 Left Turn Yes Yes |Altitudes +10000ft
8 LT-20 0915 NASA 7 2.5 0917 Right Turn Yes Yes |Altitudes +10000ft
9 LT-21 0925 NASA 7 2 0928 Descent Yes Yes |Altitudes +10000ft
10 LT-21 - Repeat 0935 NASA 7 1.1 0931 Descent Yes Yes Altitudes +10000ft
11 KU-01 - Repeat 0946 NASA 7 2.1 0948 Fly Through Yes Yes |Altitudes +6000ft
12 LOB-9 0956 NASA 7 1.5 0958 Descent Yes Yes |Altitudes +11000ft
13 LOB-10 1006 NASA 7 2.8 1008 Descent Yes Yes |Altitudes +11000ft

3.2 Demonstration Flights

Previously thought to take 2.5 hours, the flights into the NAS went smoothly. Due to the early takeoff
time, the traffic in the NAS was not as high as other times during the day. Because of this, fewer
interactions with ATC and route diversions occurred, but the DAA system properly provided awareness.
All scenarios encountered in the NAS had been previously tested during the many flight test and system
checkouts performed by the team.

3.2.1 With Chase

The first flight into the NAS, with chase, was flow on Thursday, 24 May 2018. Ikhana took off at 0624L and
landed at 0900L at EAFB. The route into the NAS had a duration of 1 hr, 51 min. The chase vehicle for this
flight was NASA 801, the B200 King Air. On board were a photographer and videographer in order to
record the historic event. The flight began with NASA 801 taking off slightly before NASA 870 and
performing an airborne pickup while in R-2508.

Inside R-2508, lkhana climbed to FL200, departed this airspace as the lead of the formation, and began its
flight into the NAS. At approximately 0735L, after waypoint 6, it descended to 17,000 ft MSL. At 0742L,
after waypoint 7, it descended to 15,000 ft MSL. At 0809L, after waypoint 9, it descended to 9,000 ft MSL.
At 0832L, after waypoint 14, it descended to 6,000 ft MSL. At 0836L, NASA 870 descended to 5,000 ft MSL
after waypoint 15. And finally, Ikhana climbed back to 9,000 ft MSL after waypoint 17, then flew back into
R-2515.

Table 18 below is a summary of the time to each waypoint. All times are in local Pacific Time.
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Table 18. Summary of Time at Waypoints for Flight into NAS with Chase, 24 May 2018.

Waypoint Time (local) Waypoint Time (local)
1 0654 10 0814
2 0701 11 0823
3 0712 12 0826
4 0715 13 0830
5 0731 14 0832
6 0734 15 0836
7 0743 16 0839
8 0757 17 0839
9 0808 18 0845

This flight had a few significant firsts, such as an encounter executed safely in the NAS, a DAA system used
to fly into Class E and D airspace, and a transition into two ARTCCs by a UAS in the NAS.

At approximately 0707L, NASA 870 received a corrective alert on SWA462, the team’s first “encounter” in
the NAS. Additionally, all objectives for this flight were met, including being handed off to several ARTCCs:
checking in with ZOA at 0721L and back with ZLA at 0736L. NASA 870 also started its descent and transit
of Class D airspace at 0836L.

Generally, all DAA systems worked as expected. The team saw extended hybrid surveillance on ADS-B
equipped traffic, witnessed sensor fusion working on the DAA system, and received DAA alerting and
guidance from aircraft (specifically, the brief corrective alert on the descending SWA462 737 until it
leveled off at ATC-assigned altitude 2,000 ft above lkhana). Additionally, a TCAS TA was seen on the DAA
system on SWA462 as it descended to 1,000 ft above Ikhana and passed safely 1.3 nmi away. Surveillance
on VFR traffic was also observed at low altitudes. Finally, there were some ATAR split tracks observed but
nothing outside the range of the mission rules and the agreements with the FAA. The flight operations
around Victorville also went successfully, with a smooth transition to tower. During all phases of flight,
ATC was providing guidance.

Overall, the flight was a tremendous success and gave the team great experience and confidence of what
to expect of the flight without chase.

3.2.2 Without Chase

The demonstration flight of NASA 870 Ikhana without chase into the NAS occurred on a clear day, on
Tuesday, 12 June 2018. NASA 870 took off at 0604L and landed at 0846L. The duration of the flight into
the NAS was 1 hr, 50 min. The approximate length of the route of flight outside R-2515 was 415 nmi.

For this flight NASA 870 performed the same route as the flight with chase. The aircraft took off and
climbed to FL200 within R-2515. After transiting at this flight level, it descended to 17,000 ft MSL at 0711L,
after waypoint 6. At 0718L, slightly prior to waypoint 7, NASA 870 descended to 15,000 ft MSL. At 0743L,
after waypoint 9, the aircraft descended to 9,000 ft MSL. At 0806L, after waypoint 14, Ikhana descended
to 6,000 ft MSL, followed by a descent to 5,000 ft MSL at 0810L after waypoint 16. Finally after this
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waypoint, at waypoint 17, Ikhana climbed back to 9,000 ft MSL and into R-2515 which was the conclusion
of the mission.

Check in with ZOA was at 0659L (prior to waypoint 5), check in with ZLA at 0715L (prior to waypoint 7),
and the final descent into Class D occurred at 0810L (after waypoint 15).

Table 19 below is a summary of the time to each waypoint. All times are in local Pacific Time.

Table 19. Summary of Time at Waypoints for Flight into NAS without Chase, 12 June 2018.

Waypoint Time (local) Waypoint Time (local)
1 0628 10 0748
2 0635 11 0756
3 0646 12 0800
4 0650 13 0803
5 0708 14 0805
6 0710 15 0809
7 0719 16 0812
8 0731 17 0813
9 0742 18 0818

Once more, this flight experienced milestone events for UAS in the NAS. At approximately 0747L, a first-
of-its-kind ATC interaction occurred, where ATC provided a traffic advisory on an opposite direction VFR
traffic with an intermittent transponder and unverified altitude. Ikhana responded with “Traffic Detected”
and ATC acknowledged. No further traffic advisories were provided on that VFR traffic since lIkhana had
the traffic detected. Additionally, at approximately 0801L, an ATC/pilot interaction occurred where a C-
172 was provided an advisory of a UAS overtaking it to the right and 1,500 ft above. The C-172 pilot
reported “Traffic in Sight”, affirming the information that was also already available on the NASA 870 DAA
system display.

Once more, a successful flight was flown into the NAS, but this time without a chase. All DAA systems
worked as expected, which included the extended hybrid surveillance on ADS-B equipped aircraft, sensor
fusion, and ATAR track on a VFR traffic with an intermittent transponder. The DAA alerting and guidance
was successful, and although there were some Ku hits (momentary signal degradation), these hits were
minor and did not significantly affect the mission, pilot SA, or break any Mission Rules, or guidelines from
the FAA.

This flight successfully proved that a UAS can fly into the NAS, without chase, and use a DAA system to
safely navigate its way on a route of flight, traversing several ARTCCs and transiting through Class A, E,
and D airspace.

3.2.3 Data Collection and Analysis

During both flights into the NAS, the LVC was collecting data on the performance of the DAA system.
Specifically, the data was recorded in a “quad” format, which included for every instance of flight,
information from the Ikhana HUD, CPDS displays, and a snapshot of the Solipsys Zeus SA display tool.
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3.2.3.1 NASA 870 No Chase COA Mission with Chase Aircraft (lkhana Flight #250)
The NASA 870 mission in the NAS with chase aircraft (Ikhana Flight #250) was flown as a rehearsal for the
flight demo mission (to be flown without chase). Mission objectives were to:

e Validate route of flight and mission planning

e Validate Ku SATCOM C2 link capability throughout the route of flight

e Validate ATC voice communications and evaluate interactions

e Ensure adequate C-Band LOS C2 signal levels during mission segments within Class E airspace

The majority of the time that Ikhana was operating in the NAS was uneventful; however, screenshots of
the CPDS and Zeus displays during the mission were captured in order to highlight notable traffic events.

Early during the mission while in Class A airspace, NASA 870 encountered descending commercial airline
traffic (SWA462) that triggered a DAA corrective (yellow) alert due to predicted loss of well clear within
75 sec if the current flight trajectories remained unchanged (Figure 41). Lateral separation between NASA
870 and SWA462 was approximately 12 nmi. ZLA ARTCC controller was actively managing the situation,
clearing SWA462 to descend and maintain FL220. The controller further cleared SWA462 to descend and
maintain FL210. The subsequent descent and level-off at FL210 triggered a TCAS TA and “Traffic, Traffic”
alert (audio and head-up display) to the pilot. At the closest point of approach, SWA462 was 1,000 ft
vertical and 1.3 nmi lateral from NASA 870. Figure 42 depicts the track at CPA showing at clear of traffic
condition.

» lkhana NASA870 cruising at FL200

* 0707L, DAA corrective alert on SWA462 B737
descending out of FL310 to FL220 headed to
Burbank. SW462 was 14.7 nm away at time of alert.

* SWA462 surveilled by ATAR and ADS-B with sensor
fused target report. TCAS was using extended
hybrid surveillance mode and was not actively
interrogating.

» DAA corrective alert cleared as SWA462 leveled off
at FL220 11.7 nm away

CPDs Traffic Display

Zeus Situation Awareness Display

Figure 41. Class A DAA Corrective Alert with SWA462.
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Figure 42. Clear of Traffic with SWA462.

During the transit through Class E airspace while descending from 15,000 ft MSL at 9,000 ft MSL, NASA
870 detected VFR traffic operating in the vicinity of Gen William J. Fox Airfield (KWJF). TCAS surveillance
tracks were depicted on the CPDS display for the pilot (Figure 43). Later these tracks were fused with ATAR
sensor data.
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* TCAS surveillance on VFR aircraft landing at Fox
Field (8.7 nm, 75 KGS, 2,300 ft MSL)

* TCAS surveillance on VFR aircraft at 12.3 nm,
5,500 ft MSL later becoming sensor fused (TCAS
and ATAR) surveillance (6.1 nm, 5,500 ft MSL)
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Conflict space depicted on Vertical Profile Display of VFR
traffic

Zeus Situation Awareness Display

Figure 43. TCAS Traffic near KWJF.

While at 9,000 ft MSL approaching Apple Valley Airport, NASA 870 detected VFR traffic operating in the
VFR pattern (Figure 44). While at 5,000 ft MSL transiting Class D airspace at VCV, NASA 870 detected VFR
traffic operating in the VFR pattern (Figure 45).

* TCAS surveillance on VFR aircraft in the traffic
pattern (3.2 - 4.8 nm, 57- 60 KGS, 2,800 - 3,800 ft
MSL)
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Zeus Situation Awareness Display

Figure 44. TCAS Traffic near Apple Valley Airport.
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« lkhana level at 5,000 ft MSL, inside the KVCV
Class D

* TCAS surveillance on VFR aircraft in the traffic
pattern (3.2 nm, 59 KGS, 3,400 ft MSL and
climbing at ~500 fpm)
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Figure 45. TCAS Traffic near VCV.

During the transition from VCV Class D airspace to return to restricted airspace (R-2515), NASA 870
detected TCAS traffic within 10 nmi of its location (Figure 46). Both TCAS and ATAR surveillance tracks
were developed. One track depicted a “fast mover” exiting R-2515 at 12,400 ft MSL, while the second
track depicted a sensor fused track in an orbit at 11,000 ft MSL. This track was later determined to be an
MQ-9. Notable on the CPDS display that the Vertical Profile Display depicted conflict space between
Ikhana and the two detected intruder aircraft.
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* TCAS and ATAR surveillance on fast mover leaving
R2515 (5.1 nm, 361 KGS, 12,400 ft MSL)

= Sensor Fused surveillance on MQ-9 orbiting south
of R2515 (6.5 nm, 11,000 ft MSL)

CPDs Traffic Display

Conflict space depicted on Vertical Profile Display of VFR
traffic

Zeus Situation Awareness Display

Figure 46. TCAS / ATAR Traffic near R-2515.

3.2.3.2 NASA 870 No Chase COA Mission without Chase Aircraft (Ikhana Flight
#251)

The NASA 870 mission in the NAS without chase aircraft (Ikhana Flight #251) flew the same flight profile
as on Flight #250. The mission was uneventful throughout the transit through Class A and “high” Class E
(above 10,000 ft MSL). Once NASA 870 was eastbound and level at 9,000 ft MSL, a chance encounter with
a general aviation aircraft flying on a reciprocal path but 1-2 nmi to the north of Ikhana led to a first of its
kind interaction with ATC (Figure 47). The Joshua controller reported opposite direction VFR traffic with
an intermittent transponder and unverified altitude. The NASA 870 pilot replied back “Traffic Detected”,
signaling the fact that the aircrew had detected the aircraft through its on-board DAA equipment. With
the controller's acknowledgment (“NASA 870 roger”) this exchange established a first-ever
communication of a large UAS operating alone in low Class E airspace using onboard traffic to effect an
equivalent level of safety and compliance with 14 CFR §91.111(a) and 113(b) “see and avoid/remain well
clear” regulations.
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In a first of its kind ATC interchange, NASA870 is advised of an opposite direction
VFR traffic (not talking to ATC) with an intermittent transponder resulting in an
unverified altitude. This traffic was surveilled by the ATAR at 7.7 nm during
Ikhana's descent to 9000 ft MSL. NASA870 responds with “Traffic Detected”. ATC
acknowledges the traffic detected call and does not provide any further advisories
since Ikhana has now assumed separation responsibilities with its DAA capabilities.

Figure 47. “NASA 870, Traffic Detected”.

Fourteen minutes after the first VFR traffic advisory, Joshua provided another advisory to a C-172 flying a
parallel flight path but in the same direction with NASA 870 (Figure 48). In this case, ATC notified N469MB
that he had a UAS overtaking him to the right at 9,000 ft (1,500 ft above). N469MB pilot reported “Traffic
in Sight”. During the encounter, NASA 870 surveilled the Cessna using TCAS and ATAR sensor sources.
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Figure 48. TCAS / ATAR Traffic near VCV.
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Outside of the two previously described events, two other noteworthy situations occurred during the
flight. The first situation occurred when NASA 870 was in Class E airspace having departed 15,000 ft MSL,
descending to 9,000 ft MSL and approximately 5 nmi west of KWJF. Joshua directed a Mooney (N6084Q)
at 10,500 ft MSL to adjust their current heading (Figure 49). The Mooney was on an intercept heading
with NASA 870 prior to the call from the controller. Joshua identified “opposite direction descending
unmanned aerial vehicle traffic, fly heading 270 and expect to resume own navigation in 10 miles”.
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UAS traffic (Ikhana). Ikhana is descending to 9000 ft MSL with the Mooney level at
10500 ft MSL. The Mooney was surveilled by ATAR and ADS-B. TCAS was using
extended hybrid surveillance mode and was not actively interrogating the Mooney.

It would be interesting to see ATC’s perspective of this event as the onboard DAA
perceived no conflict.

Figure 49. ATC Alters N6084Q Course from NASA 870.

From the NASA 870 pilot perspective, no adjustment to his current flight path was necessary based on the
SA display perspective. The project has speculated that the Joshua controller had information available
from their perspective that identified a potential conflict between NASA 870 and the Mooney aircraft
considering the larger enroute separation criteria employed by ATC. Figure 50 and Figure 51 show the
sequential progression of the aforementioned scenario.
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Figure 51. N6084Q Passes Abeam NASA 870.

The final scenario observed during Flight #251 was an interaction between ATC (ZLA) and UPS938. NASA
870 was in Class A airspace flying at FL200 headed west along the early portion of the mission plan when
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LA Center controller contacted UPS938 who was in a climb 25 nmi southeast of NASA 870 position. LA
Center directed USP938 to “maintain 1500 fpm or greater through FL210 for traffic” (Figure 52).
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ATC directs a UPS B757 to climb at or above 1500 fpm through FL210 for traffic
(Ikhana). Ikhana is level at FL200. The UPS B757 was surveilled by ADS-B. Traffic
was outside ATAR FOR and TCAS was using extended hybrid surveillance mode and
was not actively interrogating the B757.

It would be interesting to see ATC’s perspective of this event as the onboard DAA
perceived no conflict.

Figure 52. LA Center Contacts UPS938.

Figure 53 and Figure 54 sequentially depict the progression of the scenario with UPS938. From the NASA
870 pilot perspective, the SA display did not identify a conflict and the Vertical Profile Display (part of
CPDS) did not show a conflict probe with UPS938. It can also be noted that as the situation progressed
(Figure 54), UPS938 “lagged” NASA 870 which reinforces the lack of conflict display information. As in the
previous scenario with the Mooney, the direction to the UPS B757 was most likely the result of ATC
employing larger separation criteria for enroute traffic.
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Figure 54. UPS938 “Lagging” NASA 870.

3.3 Detect and Avoid Display Performance
Throughout all flights, it was important to have the DAA system performing smoothly. The feedback from
flight systems and the pilots gave the team information on how to improve for each subsequent flight.
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3.3.1 Flight Systems Comments and Discrepancies

Prior to the two NCC demonstration flights, a set of verification and validation ground and flight tests were
executed to check basic functionality of the system, electromagnetic compatibility (EMC) between
components, no electromagnetic interference (EMI) between systems, verification of guidance and
alerting system in nominal and off-nominal conditions, and validation of mission systems that would be
used to support the demonstration flights. Although the results of the ground tests were nominal, the
NCC SCO flights several revealed anomalies in the system that required a satisfactory resolution prior to
the NCC demonstration flights. The solutions, lessons learned, and workarounds developed for the issues
observed during the SCO flights proved extremely effective since they enabled the flight crew and test
team to maintain excellent SA of proximal traffic during the entirety of the two NCC flights with only minor
anomalies previously experienced and briefed to the FAA and NASA AFRC review boards.

3.3.1.1 System Checkout Flights

Three SCO flights were conducted to perform regression testing of the modified Ikhana flight software,
basic DAA payload power up checks, verification of the payload safety nets, performance of DAA remain
well clear maneuver while in Ku-band SATCOM command & control, and validation of DAA system for air-
to-air encounters representative of NAS operations.

3.3.1.1.1 SCO Flight 1
The first SCO flight (SCO-1: Ikhana Flight 245) was executed without issues, but it did not exercise the DAA
system since it only included a quick power up and shutdown of the DAA system.

3.3.1.1.2 SCO Flight 2

In the second SCO flight (SCO-2: Ikhana Flight 246), data to the traffic display was lost and an unexpected
system state was observed on the Variable Information Table (VIT-78: SAA Sensor Status) health and
status (H&S) display. Based on the VIT information, a real-time assessment of the issue pointed to a
problem between the SAAP and ATAR interface link. However, the lack of data to the traffic display could
not be traced to the state of the H&S displays. The H&S states displayed to the flight systems engineer
should have allowed, at a minimum, Ikhana ownship data to be displayed on the traffic display. The system
operated nominally after a power cycle of all the DAA systems was performed by the sensor operator.
Post-flight analysis of the issue traced the problem to a design flaw in the Ballard Technology (PMCO05)
Ethernet board that provided the data interface between the SAAP (Ballard Technology AB3000
computer) and ATAR. This intermittent board failure caused the SAAP to fail leading to lack of data to the
traffic display. The manufacturer refurbished the AB3000 computer with a new PMCO5 board since they
suspected the issue was caused by degradation of the board due to aging. This issue was captured as a
discrepancy report (DR), Flight 246 DAA SAAP Health Bad.

3.3.1.1.3 SCO Flight 3 Attempt 1

For the third SCO flight (SCO-3: Flight 247), the lkhana UAS encountered an intermittent issue with the
fiber optic multiplexers (FOM) that provides the command & control interface between the lkhana ground
control station (GCS) and the Semi Mobile UAS Remote Facility (SMURF) antenna station. This caused
severe degradation of the C-Band datalink that triggered a “Knock-it-Off” condition and a RTB. This event
was reported as a “close-call” using the AFRC safety process. The Ikhana team developed a thorough “Go-
Forward” plan that included new checklist procedures, system monitoring procedures, ground tests, and
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flight test. After a Tech Brief on the findings and corrective actions proposed by the Ikhana team for this
particular DR, AFRC Senior Management approved the team to execute the “Go-Forward” plan without
any issues.

3.3.1.1.4 SCO Flight 3 Attempt 2

Since the required SCO-3 test points could not be completed during Ikhana Flight 247, the SCO flight was
repeated a month later during Ikhana Flight 248. In this flight, two anomalies were observed by the
engineering team. During a scripted encounter, the expected ADS-B symbology for the intruder dropped
from the traffic display. On one of the engineering displays, the ADS-B and fused target reports for local
traffic disappeared from the traffic list. Only active surveillance/TCAS tracks were observed on the traffic
and engineering displays. A visual scan of the VIT-78: SAA SENSOR STATUS and VIT-77: SAA Processor H&S
displays showed a mostly healthy system with unexpected states for a few sensor parameters. After
approximately 40 seconds, the traffic symbology and system status returned to a nominal state on all DAA
payload displays. Post flight analysis performed by Honeywell determined that the Honeywell Fusion
Tracker software restarted automatically after an unexpected failure. During the software restart, the
Honeywell TPA-100B Processor failed automatically to the certified TCAS Il v7.1 Collision Avoidance
System (CAS) path. In the implementation of the NCC architecture, the team decided to design a feature
in the Honeywell system that would perform validation cross-checks between the tracks reported by the
Fusion Tracker and TCAS logic. This design consideration was implemented since the Fusion Tracker could
not be tested to the required DAL C requirements. The DAL C requirements were instead placed on the
validation cross-checker to ensure that the system would revert to a TCAS option if the tracker failed.
Although the restart was unexpected, the system behavior reacted in accordance with the expected
design. This failure would not be observed again, but it was captured in the following DR: Honeywell
Sensor Fusion/Tracker Software Restart

A second minor anomaly was observed when the ADS-B sensor contribution to the Honeywell Fusion
Tracker was deselected. The expected behavior was a single fused track with DAA guidance on the single
track. However, the tracker reported the single intruder as two tracks (radar-only and TCAS-only) on the
traffic display, shown in Figure 55. The DAA algorithm provided alerting and maneuvering guidance for
each track separately. Post flight analysis confirmed that a software error in the Fusion Tracker software
prevented the fusion of TCAS Mode S and Radar targets. This observation, reported to the FAA, was
treated as a nuisance anomaly with additional training as the disposition.
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Figure 55. A transition from nominal state, dropping the track, dropped ADS-B and radar tracks, and
finally, tracks return.

3.3.1.2 Demonstration Flights
In both flights with and without chase, the DAA system behaved well and without unexpected problems.
Below are some additional comments for each phase.
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3.3.1.2.1 With Chase
The NCC Demonstration Flight with a chase aircraft (Flight 250) was mostly uneventful with only a brief
encounter with a Southwest Airlines (SWA462) aircraft that caused a DAA corrective alert to trigger; see
Figure 56. The SWA462 encounter was tracked by the engineering team and test pilots as it descended
from FL310 to FL220. The target was acquired by all three sensors (ATAR, ADS-B, and TCAS) and was
successfully fused by the Honeywell Fusion Tracker throughout the encounter. The DAA system’s alerting
and guidance logic behaved exactly as expected and observed in previous flight tests with similarly
scripted geometry encounters. Throughout the flight, targets observed on the DAA traffic display were
visually validated against the Zeus traffic display, which uses a network of ground sensors (radars and
ADS-B) for its traffic feed. The DAA system behaved well during this flight without any unexpected issues.
The DAA traffic and H&S displays provided sufficient SA of the system’s status and airspace picture to the
engineering team and test pilots in the GCS.
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Figure 56. DAA Traffic Displaying during SWA462 Encounter.

3.3.1.2.2 Without Chase

In the NCC demonstration flight, the DAA system functioned as expected without any issues. As shown in
Figure 57, the ATAR sensor detected and reported a target with an intermittent transponder to the DAA
traffic display. The Ikhana pilots responded to ATC with “Traffic Detected” once the VFR traffic was
detected on the DAA system. The DAA system provided a clear airspace picture to the engineering team
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and pilots. Traffic reported by ATC was easily acquired on the DAA display. The only system problems
encountered during this flight were the intermittent Ku-band downlink hits that stopped data flow to the
DAA traffic display. Although the issue was close to turning into a nuisance, the engineering team
maintained sufficient SA on the traffic trends from the intermittent data that a decision to switch to the
backup DLOS datalink was not called. Unexpected “pop-up” radar targets that triggered brief warning
alerts were also observed as the aircraft entered EAFB. This behavior has been observed in previous flight
test campaigns where the same ATAR system was used. Due to the targets reported characteristics
(airspeed, altitude, vertical velocity), they were reported as “false tracks.” Further analysis into the raw
radar data needs to be performed to verify the cause of these “pop-up” targets.
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Figure 57. DAA System Tracking VFR Traffic.

3.3.2 lkhana Aircrew Comments

For NASA 870's pilots, the scripted encounters and DAA system had evolved over the years and were
smooth and understandable. The team had developed guidelines and training, keeping the same crew
throughout the flights, in order to achieve the high rate of success. Within the DAA system, the pilots
suggested that although the range rings on the traffic display were useful for estimating airspace range,
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the option to enable/disable a geo-referenced background of aeronautical charts or terrain would have
provide better SA on the distance between targets. Workload was also still high for both the NASA 870
and manned intruder aircraft, but due to the years of training and flight tests, the aircrew gathered data
successfully.

Because of this, doing the flights into the NAS was simpler, and it was an easy transition to an operational
mission. With the countless hours, more than 1,000 encounters within R-2515, and operational structure,
the demonstration flights held no surprises for the pilots when it came to flying the DAA system in the
NAS. Coupled with ATC audio, the pilots watched encounters develop in the NAS, just as they had trained
for within R-2515 with scripted encounters. The team had excellent SA with the DAA system.

3.4 Route Assessment
The route was assessed and feedback was provided by the Ikhana pilots, ATC, and Air Traffic Services (AIT).
Their comments are below.

3.4.1 lkhana Pilot Comments

In terms of the submission of the COA, the pilot workload was minimal. They were tasked with getting
maps and providing some routing. Most of the interactions for the COA and the FAA were through the
Operations Engineers and the UAS-NAS team.

The planning meetings were also extremely successful when it came to safety and contingency planning.
Topics that the team had not initially considered were vetted through the SSWGs and the OWGs, creating
a sound plan for the route.

In terms of the flights into the NAS, the lkhana pilots felt they were worked slightly differently than other
aircraft. For example, one controller mentioned to the NASA 870 pilot about changing altitude “before
waypoint 9”. To other traffic on that frequency, this callout could have been seen as confusing, as this was
specific to the NCC route of flight. The route of flight could also have been expanded by varying the routing
and altitudes to record additional data. Other than this, the pilots felt it was a normal file-and-fly mission
and felt comfortable flying in the NAS.

3.4.2 ATC Comments

The team asked to receive feedback from ATC from the perspective of operations during flight, in the
hopes to improve future flights. Below is a brief summary of comments received from a NASA Ames Senior
Air Traffic Control Associate, who was at ZOA at the time of both missions.

3.4.2.1 With Chase

The ZOA-11 radar controller indicated that NASA 870 did not impact the overall workload of the sector
any more than any other aircraft. They did not handle the aircraft any differently than any other
aircraft under their control. Aside from the request from NASA 870 for descent to 17,000 ft, the
controller issued any clearance to NASA 870.

The Area South supervisor reported that the NASA 870 did not impact area operations and did not require
any special actions on their part.
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The controller had an information sheet for NASA 870 and the sector which provided flight plan
information and the visual depiction of the route. The controller had also received a verbal briefing on
the flight, which reviewed this materiel. The controller felt the information provided was more than
adequate for the flight.

The assessment from the NASA Ames Senior Air Traffic Control Associate was that NASA 870 was a routine
flight that proceeded without issue. Traffic in ZOA-11 was very light and the complexity was not difficult.
The track on NASA 870 was excellent with the secondary target and primary target displayed.

Table 20 was provided as a summary of events from the perspective of ZOA ARTCC from the flight with

chase.

Table 20. Event Log Summary from ZOA for Flight with Chase.

Time (UTC) Event

1350 Plugged into ZOA Sector 11. NASA 870 orbiting in R-2515. Sector configuration:
Sector 11 combined at the R-side. NCT and SCT operating on the West Plan. Sector
MAP: 12. Forecast ETMS traffic: 3 to 8 aircraft every 15 minutes.

1415 Controller displayed the Full Data Block for NASA 870.

1420 Handoff initiated by ZLA-15 and accepted by ZOA-11. ZLA-15 initiated coordination
with ZOA-11 to advise that NASA 870 had a chase aircraft with him and asked if ZOA-
11 was briefed on the flight. ZOA-11 advised that they were aware of the NASA 870
flight. ZOA Traffic: 6 aircraft displayed, 2 on Frequency.

1421 NASA 870 checked in with ZOA-11. NASA 801 checked in immediately following
(“two”). ZOA acknowledged NASA 870. Controller commented on NASA 870’s ground
speed of 261 knots. He checked wind aloft and noted a 30 knot following wind. No
aircraft noted on the display within 40 nmi of NASA 870.

1425 NASA 870 enters ZOA-11 airspace.

1426 ZOA-11 Traffic: 2 aircraft displayed, 1 aircraft on frequency.

1429 Radar controller relieved at 1429. D-side controller added with arrival of additional
area staffing. Standard position debrief completed including information on NASA
870.

1431 NASA 870 initiated left turn at waypoint 5 in accordance with the flight plan. ZOA-11
Traffic: 3 aircraft displayed, two aircraft on frequency.

1433 NASA 870 requested descent to one-seven-thousand. ZOA-11 radar controller
advised NASA 870 to stand by and the D-side controller initiated a point out to ZOA-
10 for 17,000 ft. ZOA-10 approved the request.

1434 Z0A-11 cleared NASA 870 to one-seven-thousand, altimeter three-zero-zero-one.
NASA 870 read-back the clearance and began to descend.

1435 Hand-off initiated by ZOA-11 to ZLA-15. ZLA-15 accepted the hand-off.

1436 ZOA-11 advised NASA 870 to contact ZLA-15. Acknowledged by NASA 870.

1440 NASA 870 departed ZOA airspace and the Full Data Block was removed from the
display.
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3.4.2.2 Without Chase

The ZOA-16 radar controller indicated that NASA 870 did not impact the overall workload of the sector
any more than any other aircraft. They did not handle the aircraft any differently than any other aircraft
under their control. The controller issued a clearance to 17,000 ft to NASA 870 at the request of the pilot.
No other clearances or traffic advisories were issued.

The Area South supervisor reported that the NASA 870 did not impact area operations and did not
require any special actions on their part.

The Sector 11 controller had an information sheet for NASA 870, which provided flight plan information
and the visual depiction of the route. Identical information was delivered to the Sector 16 controller prior
to the aircraft being handed-off. The Sector 16 controller recalled that they had received a verbal briefing
on the flight, but indicated that they did not recall the complete contents of the briefing. The controller
felt the information provided adequate information on the route of flight. However, the controller
expressed concern on the lack of information provided for contingencies, such as lost link or No Radio
(NORDO) procedures. This controller also indicated that more information on how the UAS operated and
information on aircraft characteristics would have been helpful.

The area supervisor indicated that the information provided in the graphic lacked specific locations for
the waypoints flown by NASA 870. They expressed the opinion that this information would have been
beneficial to the controllers working the aircraft. The area supervisor suggested that the graphic would
have been more effective if the background had depicted the Low Altitude Chart rather than the sectional
chart.

The assessment from the NASA Ames Senior Air Traffic Control Associate was that NASA 870 was a routine
flight that proceeded without issue. Unlike the original flight with the chase aircraft, the controller at
Sector 11 opted to hand NASA 870 off to the low altitude sector, ZOA-16, rather than initiate a Point Out.
Traffic in Sector 11 began at a moderate level and decreased to light traffic while Ikhana was on the
frequency. Traffic in Sector 16 was very light. The complexity in both sectors was not difficult. The track
on NASA 870 was excellent with the secondary target displayed.

Table 21 was provided as a summary of events from the perspective of ZOA ARTCC from the flight without
chase.
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Table 21. Event Log Summary from ZOA for Flight without Chase.

Time (UTC) Event
1350 Plugged into ZOA Sector 11. NASA 870 observed in ZLA-15 airspace progressing

waypoint 3 as an enhanced limited data block. Sector configuration: Sector 11
combined at the R-side. NCT and SCT operating on the West Plan. Sector MAP: 12.
Forecast ETMS traffic: 3 to 8 aircraft every 15 minutes.

1354 Handoff initiated by ZLA-15 and accepted by ZOA-11. Full Data Block for NASA 870
displayed. ZOA-11 traffic: 11 aircraft displayed, 9 aircraft on frequency, light to
moderate traffic density, complexity not difficult.

1355 Z0OA-11 accepted the handoff from ZLA-15.

1358 ZOA-11 initiated coordination with ZOA-16 to ensure that the controller had the
briefing material for NASA 870. The supervisor provided the material to the ZOA-
16 controller. ZOA-11 advised ZOA-16 of his intention to hand-off NASA 870.

1359 NASA 870 checked in with ZOA-11, level FL200. NASA 870 ground speed: 242
knots. ZOA-11 traffic: 6 aircraft displayed, 4 aircraft on frequency, light traffic
density, complexity not difficult.

1401 NASA 870 enters ZOA-11 airspace. ZOA-11 initiated a handoff to ZOA-16. ZOA-16
accepted the hand off. ZOA-11 directed NASA 870 to contact ZOA-16.

1402 Plugged in to ZOA-16. Sector 16 combined with sector 22. Sector 16 staffed with a
radar controller only. NASA 870 checked in with ZOA-16, level FL200. ZOA-16
traffic: 3 aircraft displayed, 3 aircraft on frequency, very light traffic density,
complexity not difficult.

1409 Z0A-16 traffic: 4 aircraft displayed, 4 aircraft on frequency, very light traffic
density, complexity not difficult.
1410 NASA 870 requested descent to one-seven-thousand. ZOA-16 radar controller

cleared NASA 870 to one-seven-thousand, Lemoore altimeter two-niner-eight-
three. NASA 870 read-back the clearance and began to descend.

1413 Hand-off initiated by ZOA-16 to ZLA-15. ZLA-15 accepted the hand-off. NASA 870
level at 17,000 ft.

1415 ZOA-16 advised NASA 870 to contact ZLA-15 on 119.05. Acknowledged by NASA
870.

1416 NASA 870 departed ZOA airspace and the Full Data Block was removed from the
display.

3.4.3 AJT Comments

AJT began their involvement in advance of the final mission design. All air traffic facilities proposed for
involvement had representation at the SRMP, as well as bargaining unit members from those facilities
represented by the National Air Traffic Controllers Association (NATCA). These personnel provided input
for use in the flight planning and the mitigations to any hazards presented at the panel through their
respective AJT Headquarters (HQ) panel member or NATCA panel member as appropriate.
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Review of the proposed flight plan route by personnel from ZLA, ZOA, and E10 JCF at the SRMP presented
an initial challenge to the desired goal of the NASA team to complete flight through Class A airspace, Class
E airspace above 10,000 ft, Class E airspace below 10,000 ft where non-cooperative traffic (primary only,
no transponder) equipped aircraft would be located, and through Class D airspace. The portion of flight
from the original proposal by NASA did not allow the access to the Class D airspace at VCV because of
MVAs west of the airport. The JCF personnel were asked to review the proposed route and develop a
solution to allow access to the Class D airspace, a challenge they accepted, embraced, and completed in
a short amount of consultation time at the facility, and upon return, provided the full mission opportunity
sought by NASA.

The completion of the no chase flight ended with no incidents. There was positive interaction with ATC
and the PIC of lIkhana during the flight. Some non-cooperative traffic was not detected by the onboard
DAA system. This is likely due to the fact that the DAA system is only designed to return primary returns
in altitudes which are in proximity to the Ikhana, not all the way to the ground.

Coordination, planning, and the time of day in which this operation occurred contributed significantly to
the success of this project. Route planning and coordination were executed seamlessly within air traffic
and between NASA pilots.

Overall, it was a successful event from the ATC and UAS advancement perspectives. In nominal state and
following normal ATC/PIC protocols, this was no different than a manned flight under the same conditions.

The following are more detailed comments in regards to the flights with and without chase from the
several centers.

3.4.3.1 With Chase

AJT personnel, in conjunction with NATCA, prepared briefing materials for the facility personnel involved
and conducted preparation telecon coordination and expectation set. Planning continued in the
background. Technical issues concerning spectrum availability and clearance of this issue delayed the
original proposed flights for several weeks. After the technical issue resolution, the initial flight as
originally proposed with a chase aircraft was conducted on 24 May 2018.

NASA 870 and accompanying chase departed the Edwards Restricted Area Complex. They were handled
by ZLA then ZOA, back to ZLA, then JCF. NASA 870 was in the NAS for 1 hour and 51 minutes, completing
all proposed airspace access before returning to the Edwards Complex. Below are the operational
assessments from the first flight with a chase.

3.43.1.17LA
e Operational Assessment:
ZLA did not experience any problems with the “chase operation”.
e Impact to the operation:
Low impact due to the time of day.

3.4.3.1.2 Z0A
ZOA reported no operational issues with Ikhana NASA 870 chase flight.
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3.4.3.1.3 ICF

e Operational Assessment:
After completing low approach at VCV, NASA checked on Joshua’s frequency climbing to 9,000 ft.
NASA’s assigned altitude was 5,000 ft.

e Impact to the operation:
NASA started a climb to 9,000 ft without an ATC clearance. The incident with the errant climb by
the NASA PIC off the “low approach” at VCV, was reported and proper investigation proceeded.

e Feedback to improve future operations:
NASA should comply with all ATC clearances.

3.4.3.2 Without Chase

After the flight with the chase aircraft, NASA was granted further monetary and operational extension for
the Ikhana program to complete the no chase flight. Again, parties involved were given much shorter flight
scheduling notice than would have been ideal, so AJT and NATCA along with ZLA/ZOA and JCF personnel
again provided briefings to personnel on the mission.

The no chase mission was flown on 12 June 2018. The route was the same as the previous mission with
the chase aircraft. The following reports were received by AJT.

3.4.3.2.1 7ZLA
ZLA had no issues with the operation, just as planned.

3.4.3.2.2 70A
ZOA provided the following collaborative feedback on the NASA NCC operations:

On its current route of flight, the NASA no chase flight had minimal impact to the operation. There was
one other aircraft who was impacted by the flight. The aircraft was held high to keep away from the traffic,
but that flight usually remained high. On a different route there could be significant impact to operations,
depending on the specific routing.

With regard to the training, because controllers had full training (for the delayed mission) and then full
refresher training, the refresher could have been condensed. If this mission happened on a regular or
routine basis, a briefing sheet in the area would be all that was needed for employees who received the
initial training. If the mission happened only rarely, refresher training would be offered to employees who
were scheduled to work during the mission. This would ensure that employees were familiar with the Lost
Link procedure. In either case, new employees in the area would need to receive the initial training prior
to working a mission.

As with all missions, changes to route, altitude, or timing might require additional training and have a
bigger impact on operations.

3.4.3.2.3 ICF

NASA 870 performed very well, without a chase aircraft, while under the jurisdiction of JCF.
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The methods by which the flight was performed were slightly different, departing on a local beacon,
picking up an IFR clearance for exit of R-2515 at FL200 only when ready to receive it after climbing up
within that protected airspace; the handoff to ZLA occurred without incident.

Upon the return of NASA 870 to the Antelope Sector, the aircraft seemed to have no issues. The controller
vectored one VFR aircraft to remain south, while intending to fly westbound, climbing with VFR flight
following from an altitude below 9,000 ft to VFR/10,500 ft and eventually crisscrossed the flightpath of
NASA 870 once they passed.

Abeam Palmdale Regional Airport (PMD), NASA 870 was given traffic on an aircraft off to the left of it
which was indicating 8,600 ft while squawking 1200, and NASA 870 responded with “Traffic detected”.
Another aircraft VFR/7,500 ft was overtaken from PMD toward VCV just after VCV and prior to APLES fix;
a descent was only provided once requested, when north of that aircraft.

The pilot requested lower — requesting 6,000 ft when MVAs prevented the controller from providing it
immediately; NASA 870 was provided 7,000 ft and told to expect lower in one minute. Upon passing
HELDE fix, NASA 870 requested 5,000 ft and the controller had already coordinated with VCV to get
approval for a point out — descending NASA 870 into VCV’s Class D but remaining on Joshua Approach
frequency (which seemed acceptable to the pilot, as well). On departure, NASA 870 remained at 5,000
ft, requesting 6,000 ft now but also 9,000 ft for re-entry of R-2515: since there was no traffic, the
controller provided a climb to 9,000 ft, and advised to expect handoff to SPORT shortly (they opened
after NASA 870 had departed an hour prior from Edwards). NASA 870 was terminated prior to the
restricted area boundary to SPORT for entry, and frequency change was accomplished matter-of-factly.
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4 Lessons Learned

Through all phases of flight to receive the NCC approval, many lessons learned were gathered and
recommendations have been made. Some of the main lessons learned are described below.

4.1 Spectrum Authorization

e Description: IT&E and the AFRC Range Frequency Spectrum Management Office (RFSMO) did not
have a good understanding of the Frequency Spectrum allocation/assignment/approval process
for operations outside of SUA when developmental equipment interfaces with the operational
NAS. Although the COA was approved in March 2018, addressing the spectrum issues caused an
additional delay that pushed the flights into the NAS to May and June with chase and without
chase, respectively.

e Recommendation: Involve the RFSMO early in project to initiate National Telecommunications
and Information Administration (NTIA) certification process (Fed Agency) or FAA licensing (non-
Federal)

4.2 FAA Operational Approval
e Description: FAA operational approval is independent of spectrum approval. The spectrum
approval was an additional process to the COA being approved.
e Recommendation: Involve FAA Spectrum Office early in formulation and Safety Risk Management
(SRM) process. This task was missed during initial discussions due to lack of understanding of the
process.

4.3 Mission Design

e Description: The final route of flight for NCC was iterative and protracted. IT&E initiated the
development of the mission. Initial consideration focused on meeting the minimum objectives
but also there were several options for executing the demonstration dating back to early 2015.
As the mission plan got more refined (2017) the project tried to coordinate with the FAA for
feedback. Routing was requested in August 2017, however, actual FAA review and
recommendations came much later (March 2018) and some recommendations were to abandon
early planning and go with a route where traffic was light or were existing COAs permitted
operations (i.e. Riverside ANG route). The final mission plan was a variation of the San Joaquin
Valley route. FAA leadership helped ensure that this flight plan was the best to demonstrate DAA.

e Recommendation: Early involvement by the FAA to consider the route of flight and make
recommendations is highly desired.

4.4 Operational Rehearsal Mission

e Description: Flight into the NAS with photo chase prior to executing full demonstration was
beneficial to pilots and all flight crew. Practicing the route provided the crew with expectations
for the second flight and allowed them to execute more smoothly. Additionally, the rehearsal
mission provided the FAA confidence in the UAS system, as well as showing ATC what the flight
without chase would look like in terms of control.

e Recommendation: Operational "rehearsal missions" are beneficial to the team. Any time a similar
mission will be executed, a rehearsal is recommended.
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4.5 Popup Radar Tracks

Description: During the flight into the NAS without chase, a near range popup track was displayed
on CPDS 15 seconds prior to CPA. Although noted, the crew did not respond, since the track was
assumed to be a nuisance anomaly.

Recommendation: Support engineers should acknowledge the track and note it if it is not "real"
traffic (e.g. birds). The crew, however, should call out "Check Display" to the pilots in order to
increase their SA in case of an actual conflict. Additionally, the DAA system range circle can be
reduced to below 10,000 ft to reduce tracks within range of conflict.

4.6 DAA Phraseology

Description: During cruise at FL200 in the NAS (with photo chase), NASA 870 received a corrective
alert on SWA462, B737 descending out of FL310 to FL220. ATC reported the traffic to NASA 870
and pilot replied "looking".

Recommendation: The correct terminology in the MOPS for a UAS flying a DAA system is "traffic
detected". It's important to use correct terminology in order to educate others on the difference
between UAS and piloted aircraft wording. During the flight with chase, the correct phrasing was
used in another encounter.

4.7 Adherence to IFR Altitude

Description: During flight out of VCV (out of class D airspace), the NASA 870 pilot began climb
before receiving clearance from Joshua control.

Recommendation: Altitude changes, even planned and approved waypoint altitudes in this case,
need to be cleared with ATC prior to commencing maneuver due to IFR flight plan.

4.8 Radar Coverage

Description: Flights both with/without chase into the NAS experienced degraded ground radar
coverage in ZOA around waypoints 5-6 (about 100 nmi away).

Recommendation: Consider receiving additional radar information (if available) for backup SA
displays such as Zeus.

4.9 DAA System Terminology

Description: In system checkout flights, pilots and some crew members were using
corrective/warning and Traffic Advisory (TA)/RA terms interchangeably. These terms are not the
same and caused some confusion between engineers.

Recommendation: Additional training/continuous review of terminology. Terminology "currency"
is a must.

4.10 Degraded C2 Link

Description: During the third SCO, NASA 870 experienced a degraded C2 link event. The aircraft
which would have been used as an intruder (NASA 7, B200) was directed to turn into a safety
chase. During this event, all crews practiced good CRM to land both NASA 870 and NASA 7 safely.
Recommendation: Continue assessing situations in real-time (remain vigilant) and follow CRM
procedures.
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4.11 Close Call Reporting

Description: Although the team was initially unsure of whether the degraded C2 event was
considered a close call, they elected to self-report it as one. This led to an investigation by the
NASA 870 team, which although delayed the next flight by a month, did provide insight into the
system and how to mitigate in case of another event as this. The updated procedures did assist
and were used on the next SCO flight. The crew followed their checklist and the flight continued
as normal.

Recommendation: Report what may be considered a close call, even if unsure.

4.12 High Speed Intruder Mission Rule

Description: During SCO, a G-Il was employed as a "medium speed" TCAS Il type intruder. The
nature of medium speed would be to call a visual on NASA 870 1 nmi prior to CPA. Due to the
more challenging maneuverability of the G-Ill within R-2515, 1 nmi for an abort may not provide
adequate time/airspace for this aircraft to execute abort procedures safely.

Recommendation: All encounters using a G-lll, regardless of card airspeed, should be considered
"high-speed" and employ the 2 nmi visual required mission rule.
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5 Conclusion

The collaborative efforts between NASA, industry partners, and the FAA made it possible to perform the
No Chase COA flights into the NAS: the entire process was an extremely successful demonstration of the
DAA technology available and an exercise in securing a COA to fly a large UAS into the NAS without a chase
vehicle.

Although with delays, the demonstration flight into the NAS satisfied all phase 1 project milestones, using
standards from the MOPS not previously executed operationally. The lessons learned gathered from all
previous NASA UAS-NAS flights significantly reduced the amount of time to complete such an activity.

With this flight, the hope is that the routine access of UAS into the NAS will increase, and that UAS
operators will be able to file-and-fly easily and safely, without a COA into the NAS, just like any piloted
aircraft.

As a whole, the demonstration flight was an excellent conclusion of the flights with the NASA 870 lkhana
MQ-9. The milestone flight, traversing Class A, E, and D airspace and two ARTCCs, using DAA technology
and without a chase vehicle, was truly a history making event and a milestone, for not just UAS
development, but the future of all aviation.
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6 Appendix

6.1 Acronyms

A/C
A/S
ACAS
ACFT
ADS-B
AESA
AFRC
AFTC
AGL
AJT
ALT
ALTCAL
ANG
AOA
ARC
ARTCC
ATAR
ATC
ATCRBS
ATM
AUTO
BRLOS
C2

CA
CAPS
CAS
CDTI
CFR
COA
COMEX
CONOPS
CPA
CPDS
CRM
DAA
DAL
DATR
DD

Aircraft

Airspeed

Airborne Collision Avoidance System
Aircraft

Automatic Dependent Surveillance-Broadcast
Active Electronically Scanned Array
Armstrong Flight Research Center

Air Force Test Center

Above Ground Level

Air Traffic Services

Altitude

Altimeter Calibration

Air National Guard

Angle of Attack

Ames Research Center

Air Route Traffic Control Center
Air-to-Air Radar

Air Traffic Control

Air Traffic Control Radar Beacon System
Air Traffic Management

Automatic

Beyond Radio Line of Sight

Command and Control

Collision Avoidance

COA Application Processing System
Collision Avoidance System

Cockpit Display of Traffic Information
Code of Federal Regulations
Certificates of Waiver or Authorization
Commence Exercise

Concept of Operations

Closest Point of Approach

Conflict Prediction and Display System
Crew Resource Management

Detect and Avoid

Design Assurance Level

Dryden Aeronautical Test Range
Decimal Degrees
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DFCS
DGCS
DGPS
DIST
DLOS
DME
DR
DWC
EAFB
EMC
EMI
ETMS
FAA
FAR
FL
FOM
FSS
FT2
FT3
FT4
GA-ASI
GCS
GDT
GPS
GS
H&S
HDG
HQ
HSI
HUD
IASP

IFE
IFF
IFR

IT&E
ITAR
KA
KEDW
KVCV

Digital Flight Control System

Digital Ground Control System/Software
Differential Global Positioning Systems
Distance

Digital Line of Sight

Distance Measuring Equipment
Discrepancy Report

DAA Well Clear

Edwards Air Force Base
Electromagnetic Compatibility
Electromagnetic Interference
Enhanced Traffic Management System
Federal Aviation Administration
Federal Aviation Regulation

Flight Level

Fiber Optic Multiplexers

Flight Service Stations

Flight Test 2

Flight Test Series 3

Flight Test Series 4

General Atomics Aeronautical Systems Inc.
Ground Control Station

Ground Data Terminal

Global Positioning System
Groundspeed

Health and Status

Heading

Headquarters

Human Systems Integration

Heads-Up Display

Integrated Aviation Systems Program
Identification

In-flight Emergency

Identification Friend-or-Foe
Instrument Flight Rules

Initial Point

Integrated Test & Evaluation
International Traffic in Arms Regulations
King Air

Airport Code for Edwards AFB

Airport Code for Victorville
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KWIF
JCF

LL
LOS
LOWC
LvC

MC
MCC3
MD
MEA
MEF
MEL
MIT
MOA
MOCA
MOPS
MP
MSL
MVA
NAC
NACP
NACV
NAS
NASA
NATCA
NAV
NCC
NCT
NMAC
NORDO
NOTAM
NTIA
0/s
oML
OROCA
OoWG
PE
PGDT
PIC
PIRA

Airport Code for Gen William J. Fox Airfield
Joshua Control Facility

Lost Link

Line of Sight

Loss of Well Clear

Live Virtual Constructive

Magnetic Course

Magnetic Course

Mission Control Center 3

Mission Director

Minimum Enroute Altitude

Maximum Elevation Figure

Minimum Equipment List

Massachusetts Institute of Technology
Military Operating Area

Minimum Obstacle Clearance Altitude
Minimum Operational Performance Standards
Maneuver Point

Mean Sea Level

Minimum Vectoring Altitude

NASA Advisory Council

Navigational Accuracy Category for Position
Navigational Accuracy Category for Velocity
National Airspace System

National Aeronautics and Space Administration
National Air Traffic Controllers Association
Navigation

No Chase COA

Northern California TRACON

Near Mid Air Collision

No Radio

Notices to Airmen

National Telecommunications and Information Administration
Ownship

Outer Mold Line

Off-route Obstruction Clearance Altitude
Operations Working Group

Project Engineer

Portable Ground Data Terminal

Pilot in Command

Precision Impact Range Area
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PM Project Manager

PMD Palmdale Regional Airport

PT Point

RA Resolution Advisory

RAIF Research Aircraft Integration Facility
RCO Range Control Officer

RCS Radar Cross Section

REQ Required

RF Radio Frequency

RFSMO Range Frequency Spectrum Management Office
RNG Range

RTB Return to Base

SA Situational Awareness

SAA Sense and Avoid

SAAP Sense and Avoid Processor

SATCOM Satellite Communications

SC Special Committee

SCO System Checkout

SCT Southern California TRACON

SME Subject Matter Expert

SMURF Semi Mobile UAS Remote Facility

SOR Senior Operations Representative

SPD Speed

SPORT Space Positioning Optical Radar Tracking
SRC Source

SRM Safety Risk Management

SRMD Safety Risk Management Document
SRMP Safety Risk Management Panel

SS Self Separation

SSA System Safety Assessment

SSWG System Safety Working Group

STA Special Temporary Authorization

STM Surveillance and Tracking Module

SUA Special Use Airspace

TA Traffic Advisory

TC Test Conductor

TCAS Traffic Alert and Collision Avoidance System
TCOR Test Coordinator

TCPA Time to Closest Point of Approach

TD Test Director

TRACON Terminal Radar Approach Control Facilities
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TRK
TS0
TSPI
UA
UAS
UAS-NAS
V/V
VBA
VCVv
VFR
VHF
VID
VIT
VMC
VOR
VS|
WG
WP
WPT
ZAB
DV
ZLA
ZLC
ZOA
ZSE

Track

Technical Standard Order

Time, Space, Position Information
Unmanned Aircraft

Unmanned Aircraft System

Unmanned Aircraft Systems Integration in the National Airspace System

Vertical Velocity

Visual Basic for Applications
Victorville Airport

Visual Flight Rules

Very High Frequency

Visual Identification
Variable Information Table
Visual Meteorological Conditions
VHF Omnidirectional Range
Vertical Speed Indicator
Working Group

Waypoint

Waypoint

Albuquerque ARTCC
Denver ARTCC

Los Angeles ARTCC

Salt Lake ARTCC

Oakland ARTCC

Seattle ARTCC
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6.2 References
Document Number
NASA NCC FTP 20180417
NASA AFRC AFOP-7900.3-006
NASA AFRC AFPL-7900.3-001
NASA AFRC DCP-5-001
NASA AFRC AFOP-8715.3-005
NASA AFRC AFOP-8715.3-007
EDWARDSAFBI 13-100
R-2508 1 Jan 2017

FAA FORM 7711-1 UAS COA Attachment,

2017-WSA-148-COA
NASA DAA SRMD v1.2
RTCA DO-365

RTCA DO-366
FAATSO-C211
FAA TSO-C212

DO-178C
Title 14 CFR Part 91
14 CFR Appendix E to Part 43

Document Title

No Chase COA Flight Test Plan 17 April 2018

Aircrew Flight Operations Manual

Mission Control Qualification & Training Plan

Aircraft Mishap Response Procedure

Hazard Management Procedure

System Safety Support

Edwards Air Force Base Instruction 13-100

R-2508 Complex User’s Handbook

Department of Transportation: FAA Certificate of Waiver
or Authorization

SRMD for UAS Operations in the NAS with Onboard DAA
Technology with No Chase/Observer

Minimum Operational Performance Standards (MOPS) for
Detect and Avoid (DAA) Systems

Minimum Operational Performance Standards (MOPS) for
Air-to-Air Radar for Traffic Surveillance

Detect and Avoid (DAA) Systems

Air-to-Air Radar (ATAR) for Traffic Surveillance

Software Considerations in Airborne Systems and
Equipment Certification

General Operating and Flight Rules

Altimeter System Test and Inspection
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6.3 Definition of Terms

Scripted Encounters

Ownship

Intruder

Blunder

Mitigated

Unmitigated

Class A

Class E

Class D

Class G

This test configuration investigates the advisories generated by the DAA and
Collision Avoidance Algorithm display provided by GA-ASI and fed by data from
live aircraft during flight.

Ownship aircraft provides the DAA algorithm host solution for testing airborne
geospatial encounters with target (intruder) aircraft. The ownship was the
Ikhana NASA 870 UAS. DAA alerting solutions are presented to the ground
control station pilot who determines the best course of action based on display
alerting evaluation and ATC coordination.

Intruder aircraft (when properly equipped) provided a target solution for the
DAA algorithm. Various encounter geometries were planned using intruder
aircraft.

A planned vertical or horizontal maneuver performed by the intruder, ownship
or both aircraft that occurs at some point during the flight test encounter.

Flight test encounters that are designed for the controlling UAS pilot to either
manually respond to a DAA or RA alert or monitor the aircraft response during
an automatic RA alert. Mitigated test encounters are typically planned with
vertical, lateral, and timing flight safety margins designed into the flight test
encounters to help minimize the potential for an inflight collision.

Flight test encounters that due to adequate vertical offsets do not require an
associated lateral offset for flight safety. Unmitigated encounters are non-
maneuvering.

Class A airspace is from 18,000 ft MSL up to and including FL600. This airspace
is conducted under IFR.

Class E airspace is up to but not including 18,000 ft MSL (Class A lower limit),
with most of the United States being within Class E. Without a base, Class E
begins at 14,500 ft MSL. Most areas depict this airspace base as 1,200 ft AGL,
700 ft AGL, or surface.

Class E airspace refers to airspace around airports with an operational control
tower. This airspace is from surface to 2,500 ft AGL of the airport elevation.
Class G airspace, or uncontrolled airspace, extends from surface to the base of
the overlying Class E airspace.
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6.4 Approved COA
The following is the No Chase COA approved by the FAA dated 30 March 2018.
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FAA FORM 7711-1 UAS COA Attachment Page 1 of 18

2017-WSA-148-COA

DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION

CERTIFICATE OF WAIVER OR AUTHORIZATION
Public Agency — NASA Part 91

ADDRESS

INASA — AFRC Operations

Attn. of: Dana Purifoy, Director of Operations
P.O. Box 273, Mail Code 2802

Edwards, CA 93523-0273

This certificate is issued for the operations specifically described hereinafter. No person shall conduct any
operation
pursuant to the authority of this certificate except in accordance with the standard and special provisions

contained in this certificate, and such other requirements of the Federal Aviation Regulations not
OPERATIONS AUTHORIZED

Operation of the NASA lkhana Unmanned Aircraft System (UAS) in Class A, Class D,
Class E airspace at or below Flight Level 200 in the vicinity of R-2508/R-2515 Complex
under the jurisdiction of Edwards AFB (EDW), Los Angeles ARTCC (ZLA), Oakland
ARTCC (ZOA), and Joshua Control Facility (JCF), and Victorville Airport Traffic Control
Tower (ATCT). Operation will use Detect and Avoid (DAA) and Air-to-Air (A/A) radar
sensor technology.

LIST OF WAIVED REGULATIONS BY SECTION AND TITLE

14 CFR 91.113(b)

STANDARD PROVISIONS
1. A copy of the application made for this certificate shall be attached and become a part hereof.
2. This certificate shall be presented for inspection upon the request of any authorized representative of
the Federal Aviation Administration, or of any State or municipal official charged with the duty of enforcing
local laws or regulations.
3. The holder of this certificate shall be responsible for the strict observance of the terms and provisions
contained herein.
4. This certificate is nontransferable.

Note-This certificate constitutes a waiver of those Federal rules or regulations specifically referred to

above. It does not constitute a waiver of any State law or local ordinance.

SPECIAL PROVISIONS

Special Provisions A thru E, inclusive, are set forth on the reverse side hereof.

The certificate 2017-WSA-148 is effective from April 2, 2018, to May 31, 2018, and is
subject to cancellation at any time upon notice by the Administrator or his/her
authorized representative.

BY DIRECTION OF THE ADMINISTRATOR

FAA Headquarters, AJV-115 Scott J. Gardner
(Region) (Signature)
March 30, 2018 Acting Manager, UAS Tactical Operations Section
(Date) (Title)

FAA Form 7711-1 (7-74)

Version Date: November 1, 2017



FAA FORM 7711-1 UAS COA Attachment Page 2 of 18
2017-WSA-148-COA
Purpose: To prescribe UAS operating requirements in the National Airspace System (NAS) for
the purpose of Public Aircraft Operations. The holder of this COA will be referred herein as the
“Proponent.”
Public Aircraft

1. A public aircraft operation is determined by statute, 49 USC §40102(a)(41) and §840125.

2. All public aircraft flights conducted under a COA must comply with the terms of
the statute.

3. All flights must be conducted per the declarations submitted in the application, and
as specified in the following Standard/Special Provisions.

4. This COA provides an alternate means of complying with 14 CFR §91.113(b) for
unmanned aircraft operations.

5. All operations will be conducted in compliance with Title 14 CFR 891 and the conditions
of the authorization issued herein. If the operator cannot adhere to any of these
requirements a separate FAA Form 7711-2 Waiver application may be required.

STANDARD PROVISIONS

A. General.

1. The review of this activity is based upon current understanding of UAS operations and
their impact in the NAS. This COA will not be considered a precedent for future
operations. As changes occur to policy, procedures, and regulatory requirements,
limitation and conditions for UAS operations will be adjusted.

2. All personnel connected with the UAS operation must read and comply with the contents
of this authorization and its provisions.

3. A copy of the COA including the special limitations must be immediately available to all
operational personnel at each operating location whenever UAS operations are conducted.

4. This authorization may be canceled at any time by the Administrator, the person
authorized to grant the authorization, or the representative designated to monitor a
specific operation. As a general rule, this authorization may be canceled when it is no
longer required, there is an abuse of its provisions, or when unforeseen safety factors
develop. Failure to comply with the authorization is cause for cancellation. The proponent
will receive a written notice of cancellation.

5. During the time this COA is approved and active, a site safety evaluation/visit may be
accomplished to ensure COA compliance, assess any adverse impact on ATC or airspace,
and ensure this COA is not burdensome or ineffective. Deviations,
accidents/incidents/mishaps, complaints, etc., will prompt a COA review or site visit to
address the issue. Refusal to allow a site safety evaluation/visit may result in cancellation
of the COA. Note: This section does not pertain to agencies that have other existing
agreements in place with the FAA.

6. Frequency spectrum approval is independent of the COA process and requires the
proponent to obtain certification and frequency assignments (licenses) from the National
Telecommunications and Information Administration (NTIA) (47 CFR Part 300) or
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Federal Communications Commission (47 CFR Part 2, Subpart J and 47 CFR Part 87,
Subpart D) and frequency licenses (47 CFR Part 87) when applicable for the control link,
ATC radios, transponders, detect and avoid systems, and navigation systems used to
support this COA. Equipment licensed under 47 CFR Part 5 (Experimental) or 47 CFR
Part 15 (Radio Frequency Devices) does not provide the protection necessary for NAS
operations.

B. Airworthiness Certification.

The Unmanned Aircraft System will be maintained in a condition for safe operation while
conducting operations in the NAS. The proponent has made its own determination that the
unmanned aircraft is airworthy. The unmanned aircraft system must be operated in strict
compliance with all provisions and conditions contained in the Airworthiness Safety
Release, including all documents and provisions referenced in the COA application.

C. Operations.

1. Unless otherwise authorized as a special provision, a maximum of one unmanned aircraft
will be controlled:

a. From a single control station, and
b. By one pilot at a time.

2. A Pilot-in-Command (PIC) is the person who has final authority and responsibility for
the operation and safety of flight, has been designated as PIC before or during the flight,
and holds the appropriate category, class, and type rating, if appropriate, for the conduct
of the flight. The responsibility and authority of the PIC as described by 14 CFR 8§91.3,
Responsibility and Authority of the Pilot-in-Command, apply to the unmanned aircraft
PIC. The PIC position may rotate duties as necessary with equally qualified pilots. The
individual designated as PIC may change during flight.

Note: Flight Crew Member (UAS). In addition to the flight crew members identified in 14 CFR
Part 1, Definitions and Abbreviations, an Unmanned Aircraft System flight crew members
include pilots, sensor/payload operators, and visual observers and may include other persons as
appropriate or required to ensure safe operation of the aircraft.

3. Operations (including lost link procedures) should not be conducted over populated areas,
heavily trafficked roads, or an open-air assembly of people, unless the Airworthiness
Certification does not restrict these operations.

4. When necessary, transit of airways and routes must be conducted as expeditiously as
possible. The unmanned aircraft should not plan to loiter on Victor airways, jet routes, Q
and T routes, IR routes, or VR routes.

5. For flights operating on an IFR clearance, the PIC must ensure positional information in
reference to established National Airspace System (NAS) fixes, NAVAIDs, and/or
waypoints are provided to ATC. The use of latitude/longitude positions is not authorized,
except oceanic flight operations.

6. UAS operations at night, unmanned aircraft must operate with:

a. Unless stipulated in the special provisions, an operational mode 3/A transponder
with altitude encoding, or mode S transponder (preferred) set to an ATC assigned
squawk
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b. Position/navigation and anti-collision lights on at all times during flight unless
stipulated in the special provisions or the proponent has a specific exemption from
14 CFR §91.2009.

7. Unless installed as part of a Detect and Avoid (DAA) system, the use of a Traffic
Collision Avoidance System (TCAS) in Traffic Advisory (TA) or Traffic
Advisory/Resolution Advisory (TA/RA) modes while operating an unmanned aircraft is
prohibited.

D. Safety of Flight.

1. The operator or delegated representative is responsible for halting or canceling activity in
the COA area if, at any time, the safety of persons or property on the ground or in the air
is in jeopardy, or if there is a failure to comply with the terms or conditions of this
authorization.

2. See-and-Avoid.

Unmanned aircraft have no on-board pilot to perform see-and-avoid responsibilities;
therefore, when operating in the National Airspace System provisions must be made to
provide an alternate means of compliance to 14 CFR §91.113.

a. The operator and/or delegated representatives are responsible at all times for collision
avoidance with all aviation activities and the safety of persons or property on the
surface with respect to the UAS.

b. UAS pilots will ensure there is a safe operating distance between other aviation
activities and the unmanned aircraft at all times.

c. Any crew member responsible for performing see-and-avoid requirements for the UA
must have and maintain instantaneous communication with the PIC.

d. Except when using an on-board detect and avoid system for 14 CFR 91.113(b)
compliance, visual observers must be used at all times except in Class A airspace,
active restricted areas, and warning areas designated for aviation activities or as
authorized in the Special Provisions. Observers may either be ground-based or
airborne in a chase plane.

(1) Visual Observers:

(a) Must be able to communicate clearly to the pilot any instructions required to
remain clear of conflicting traffic, using standard phraseology as listed in the
Aeronautical Information Manual when practical.

(b) The PIC is responsible to ensure visual observers are able to see the aircraft
and the surrounding airspace throughout the entire flight, and

(c) The PIC is responsible to ensure visual observers are able to provide the PIC
with the UA’s flight path, and proximity to all aviation activities and other
hazards (e.g., terrain, weather, structures) sufficiently to exercise effective
control of the UA to:

e Comply with 14 CFR §91.111, 891.113 and § 91.115, and
e Prevent the UA from creating a collision hazard, and

e Comply with all conditions of this COA.
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(2) Chase Aircraft

(a) If the chase aircraft is operating more than 100 feet above/below and/or more
than %2 NM laterally of the unmanned aircraft, the chase aircraft PIC will
advise the controlling ATC facility.

(b) Must remain at a safe distance from the UA to ensure collision avoidance if a
malfunction occurs.

(c) Must remain close enough to the UA to provide visual detection of any
conflicting aircraft and advise the PIC of the situation.

(d) Must remain within radio control range of the UA to maintain appropriate
signal coverage for flight control or activation of the Flight Termination
System, for all operations when the UA is being flown by a pilot in the chase
aircraft.

(e) May be required to have communication with appropriate ATC facilities
based on the operator’s application or mission profile.

(F) Must maintain 5 sm in-flight visibility restrictions.
(9) Pilot/observer:

e Will not concurrently perform either observer or UAS pilot duties along
with chase pilot duties unless otherwise authorized.

e Must maintain direct voice communication with the UAS pilot.

(h) Pilots operating as a formation flight will immediately notify ATC if they are
using a nonstandard formation. Nonstandard formations must be preapproved
by ATC. Operators will adhere to the current edition of FAA Order JO
7610.4, Special Operations, as applicable. See Volume 16, Chapter 1, Section
2, for definitions of standard and nonstandard formations.

(i) Operations will not be conducted in instrument meteorological conditions
(IMC).

(J) Operations will be thoroughly planned and briefed.

(K) During a lost link situation, the pilot must be notified immediately along with
ATC. The chase pilot will report to ATC that the UA is performing lost link
procedures as planned or if deviations are occurring.

(I) Pilot will ensure safe separation with the UA, and immediately notify ATC
and the UA PIC during loss of visual contact with the UA by both the chase
pilot and observer, when such contact cannot be promptly reestablished. The
UA PIC will either execute lost link procedures to facilitate a rejoin, recover
the UA, or terminate the flight as appropriate.
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E. Notice to Airmen (NOTAM).

1. A Distant (D) NOTAM must be issued prior to conducting UAS operations not more than
72 hours in advance, but not less than 24 hours for UAS operations prior to the operation
for routine operations unless operations are contained within Class A airspace, active
restricted or warning areas that are designated on the appropriate aeronautical chart or
airport directory. This requirement may be accomplished:

a. Through the operator’s local base operations or (D) NOTAM issuing authority, or

b. By contacting the NOTAM Flight Service Station at 1-877-4-US-NTMS (1-877-
487- 6867). The issuing agency will require:

(1) Name and contact information of the pilot filing the NOTAM request
(2) Location, altitude, or operating area
(3) Time and nature of the activity.

2. The area of operation defined in the (D) NOTAM must only be for the actual area to be
flown for each day defined by a point and the minimum radius required to conduct the
operation.

3. Operator must cancel (D) NOTAMSs when UAS operations are completed or will not be
conducted.

4. For first responders only. Due to the immediacy of some emergency management
operations, the (D) NOTAM notification requirement may be issued as soon as practical
before flight and if the issuance of a (D) NOTAM may endanger the safety of persons on
the ground, it may be excluded. If the (D) NOTAM is not issued, the proponent must be
prepared to provide justification to the FAA upon request.

F. Reporting Requirements

1. Documentation of all operations associated with UAS activities is required regardless of
the airspace in which the UAS operates. NOTE: Negative (zero flights) reports are
required.

2. The Proponent must submit the following information on a monthly basis through the
COA Application Processing System (CAPS):

a. Name of Proponent, and aircraft registration number,
UAS type and model,
. All operating locations, to include city name and latitude/longitude,

b
C
d. Number of flights (per location, per aircraft),
e. Total aircraft operation hours,

f. Takeoff or landing damage, and

g

Equipment malfunction. Required reports include, but are not limited to, failures or
malfunctions to the:

(1) Control station
(2) Electrical system
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(3) Fuel system

(4) Navigation system
(5) On-board flight control system
(6) Powerplant

h. The number and duration of lost link events (control, performance and health
monitoring, or communications) per UAS, per flight.

3. Incident/Accident/Mishap Reporting

a. The proponent must provide initial notification to the FAA via email at mail at 9-
AJV-115-UASOrganization@faa.gov and via the CAPS forms (Incident/Accident)
within 24 hours of an incident or accident that meets the following criteria:

(1) All accidents/mishaps involving UAS operations where any of the following
occurs:

(a) Fatal injury, where the operation of a UAS results in a death occurring within
30 days of the accident/mishap

(b) Serious injury, where the operation of a UAS results in:

e Hospitalization for more than 48 hours, commencing within 7 days from
the date of the injury was received;

e A fracture of any bone (except simple fractures of fingers, toes, or nose);
e Severe hemorrhages, nerve, muscle, or tendon damage;
e Involving any internal organ; or

¢ Involves second- or third-degree burns, or any burns affecting more than 5
percent of the body surface.

(c) Total unmanned aircraft loss

(d) Substantial damage to the unmanned aircraft system where there is damage to
the airframe, power plant, or onboard systems that must be repaired prior to
further flight

(e) Damage to property, other than the unmanned aircraft.

(2) Any incident/mishap that results in an unsafe/abnormal operation including but
not limited to

(a) A malfunction or failure of the unmanned aircraft’s on-board flight control
system (including navigation)

(b) A malfunction or failure of ground control station flight control hardware or
software (other than loss of control link)

(c) A power plant failure or malfunction

(d) An in-flight fire

(e) An aircraft collision involving another aircraft.

(F) Any in-flight failure of the unmanned aircraft’s electrical system requiring use
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of alternate or emergency power to complete the flight

(9) A deviation from any provision contained in the COA
(h) A deviation from an ATC clearance and/or Letter(s) of Agreement/Procedures
(i) A lost control link event resulting in

e Fly-away, or

e Execution of a pre-planned/unplanned lost link procedure.

b. [Initial reports must contain the information identified in the CAPS Accident/Incident
Report.

c. Follow-on reports describing the accident/incident/mishap(s) must be submitted by
providing copies of proponent aviation accident/incident reports upon completion of
safety investigations.

d. The above procedures are not a substitute for separate accident/incident reporting
required by the National Transportation Safety Board under 49 CFR 8830.5.

e. For other than Department of Defense operations, this COA is issued with the
provision that the FAA be permitted involvement in the proponent’s
incident/accident/mishap investigation as prescribed by FAA Order 8020.11, Aircraft
Accident and Incident Notification, Investigation, and Reporting.

G. Registration

The proponent must comply with the aircraft registration and marking requirements set forth

in 14 CFR Parts 47 and 45, or Part 48, prior to conducting flight operations authorized by this
COA. Title 49 United States Code (49 USC) sections 44101 through 44104 contain the laws

requiring aircraft registration in the United States.

H. Special Use Airspace

1. Coordination and de-confliction between Military Training Routes (MTR) and Special
Use Airspace (SUA) is the operator’s responsibility. When identifying an operational
area the operator must evaluate whether an MTR or SUA will be affected. In the event
the UAS operational area overlaps an MTR or SUA, the operator will contact the
scheduling agency as soon as practicable in advance to coordinate and de-conflict.
Approval from the scheduling agency is required for regulatory SUA, but not for MTR’s
and non-regulatory SUA. If no response to coordination efforts, the operator must
exercise extreme caution and remain vigilant of all MTRs and/ or non-regulatory SUAs.

2. Scheduling agencies for MTRs are listed in the Area Planning AP/1B Military Planning
Routes North and South America. If unable to gain access to AP/1B contact the FAA at
email address mailto:9-AJV-115-UASOrganization@faa.gov with the IR/VR routes
affected and the FAA will provide the scheduling agency information. Scheduling
agencies for SUAs are listed in the FAA JO 7400.10.
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AIR TRAFFIC CONTROL SPECIAL PROVISIONS

A. Coordination Requirements.

1. UAS Operations outside of the R-2508 complex will be conducted during daylight hours
in Visual Meteorological Conditions (VMC). Each flight will be coordinated in advance
with Los Angeles ARTCC, Oakland ARTCC, Joshua Control Facility, and Victorville
ATCT.

2. Proponent must ensure that multiple UAS in the operations area (i.e. lost link emergency
profiles, spectrum, etc.) are deconflicted and separated from other UA operators that use
the same operations area.

3. Proponent must ensure the completed FAA coordination checklist (see attachment 2)
with route of flight depiction is emailed to air traffic facilities NLT one business day
prior to UAS operations.

4. For IFR flights outside of restricted airspace that will enter Los Angeles Air Route
Traffic Control Center (ZLA) airspace, coordination shall be accomplished a minimum of
one business day prior , 9-awp-zla-mos@faa.gov with Military Operations Specialist
(MOS) at (661) 265-8249.

5. For IFR flights outside of restricted airspace that will enter Oakland Air Route Traffic
Control Center (ZOA) airspace, coordination shall be accomplished a minimum of one
business day prior with ZOA Military Operations Specialist (MOS) at 9-awp-zoa-
mos@faa.gov or 510-745-3334.

6. For IFR flights outside of restricted airspace that will enter Joshua Control Facility (JCF)
airspace, coordination shall be accomplished a minimum of one business day prior with
JCF, 9-awp-e10-tmu@faa.gov 661-277-3843.

7. For IFR flights within Victorville (VCV) Class D airspace, coordinate with VCV Tower
at 760-246-0817, wtaylor@serco-na.com one business day prior to flight.

8. For IFR flights in the vicinity of Hunter, Roberts and Lemoore MOASs, proponent must
coordinate deconfliction with Hunter, Roberts and Lemoore MOA respective scheduling
agencies.

9. Proponent must coordinate and deconflict all SUA with appropriate scheduling agencies,
ATC will not coordinate SUA.

B. Communication Requirements.

The UA PIC will maintain direct two-way communications with ATC, and comply with all
ATC instructions and procedures.

C. Flight Planning Requirements.
1. All UAS operations conducted under this COA be on an IFR flight plan.

2. Unless otherwise authorized by ATC, pilots shall maintain FL200 from route Way Point
(WP) 1 until within 5 minutes of WP4.

3. UA Pilot shall not request descent in ZOA airspace until after established on the
southbound leg after WP6.
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4. Unless otherwise authorized by ATC, UAS must maintain at or above 17,000 ft MSL
while in Oakland ARTCC (ZOA) airspace.

5. The UA must operate an altitude encoding transponder with Mode C capability below
10,000 feet MSL..In the event of transponder failure on either the UA or the chase aircraft
(if used), the UA must conclude all flight operations and expeditiously return to its base
of operations within the prescribed limitations of this authorization.

6. If achase aircraft is used, the chase aircraft transponders must be on standby while
performing chase operations flight with the UA unless otherwise directed by ATC.

7. Inthe event of UA transponder failure, a chase aircraft (if used) will operate its
transponder in Mode C.

8. When chase aircraft is utilized, the chase aircraft pilot shall maintain two-way radio
communication with the UA PIC and an active listening watch on the assigned ATC
frequency. Should the UAS experience communication difficulty or failure, the chase
aircraft will assume responsibility for two-way radio communication with ATC.

9. The UA shall be level at the ATC assigned altitude for transit of Class A airspace prior to
exiting Restricted Airspace.

D. Procedural Requirements.
1. UAS must maintain at or above 17,000 ft MSL while in ZOA airspace.
2. UAS DAA maneuvers must not enter active Hunter, Roberts or Lemoore MOAs.

3. For Victorville Class D operations, VCV ATCT must be open and providing Class D
Services.

4. All operations in Victorville Class D airspace must be under daytime, VMC conditions.

Minimum Vectoring Altitude for IFR aircraft over Victorville (Eastbound) is 7000 feet
MSL.

E. Emergency/Contingency Procedures.
1. Lost Link Procedures:

a. Inthe event of a lost link, the UAS pilot will immediately notify the controlling air
traffic facility via telephone numbers below, state pilot intentions, squawk 7400, and
comply with the following provisions:

ZLA: (661) 265-8205

ZOA: 510-745-3438

JCF: 661-277-3843

VCV ATCT: 760-246-0817
b. Specific Lost Link Procedure for No Chase COA Route:
(1) UAS will maintain last altitude assigned by ATC.

(2) In the event of a lost link, after exiting R-2515 and 5 minutes prior to waypoint 4 the
UA will continue to waypoint 4, then execute a right turn direct CHADS to return to
R2508/R2515.
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(3) If lost link within (inside) 5 minutes of WP4, the aircraft will continue the route to
WPQ9, then return to R2515 via WPOL1.

(4) If link is lost between WP09 and WP10, the UAS will continue to WP10 then return
to R2515 via Direct WPOL.

(5) If link is lost after WP10, the UAS will continue the route to WP12, then execute a
left turn Direct VEGAS (WP18) to return to R2515.

(6) If link is lost after WP12, the UAS will continue the route to WP18 (VEGAS) then
return to R2515.

(7) If lost link occurs within a restricted or warning area, or the lost link procedure above
takes the UA into the restricted or warning area — the aircraft will not exit the
restricted or warning areas until the link is re-established or coordination via
procedures above with ATC has occurred.

c. The unmanned aircraft lost link mission should minimize transit or orbit over
populated areas.

d. Lost link programmed procedures will avoid unexpected turn-around and/or altitude
changes and will provide sufficient time to communicate and coordinate with ATC.

e. Lost link orbit points shall not coincide with the centerline of Victor airways.
2. Emergency/Fly-Away Procedure:

a. In the event of an emergency, the PIC will immediately contact the ATC facility
having jurisdiction of the airspace, state the nature of the emergency and pilot
intentions, and squawk 7700.

b. In the event of a UA fly-away, advise ATC of the following:
(1) Direction of flight
(2) Last known altitude
(3) Maximum remaining flight time

3. Loss of Detect And Avoid (DAA) system will constitute an emergency. The PIC must
immediately contact ATC, state pilot intentions, and comply with all ATC instructions.

4. Loss of communications: Squawk 7600, the PIC must contact ATC facility by phone, and
advise of intentions.

AUTHORIZATION

This Certificate of Waiver or Authorization does not, in itself, waive any Title 14 Code of
Federal Regulations not specifically stated, nor any state law or local ordinance. Should the
proposed operation conflict with any state law or local ordinance, or require permission of local
authorities or property owners, it is the responsibility of the proponent to resolve the matter. This
COA does not authorize flight within Temporary Flight Restrictions, Special Flight Rule Areas,
regulatory Special Use Airspace or the Washington DC Federal Restricted Zone (FRZ) without
pre-approval. The proponent is hereby authorized to operate the Ikhana Unmanned Aircraft
System in the NAS within the areas defined in the Operations Authorized section of the cover

page.
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Attachment 1

NASA No Chase COA Route Graphic

Note: Altitudes for Planning Purposes Only
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Detail of Victorville Overflight Box Route

Note: Altitudes for Planning Purposes Only
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Page 14 of 18

2017-WSA-148 No Chase Route Coordinates

1 34° 49' 40.00" 118° 05'48.00" | FL200
2 34° 47' 00.00" 118°37'00.00" | FL200
3 34° 54' 54.00" 119° 28'34.00" | FL200
4 35°07'41.38" 119°38'09.42" | FL200
5 36° 09' 00.00" 120° 25' 0.00" FL200
6 36°03'35.73" 120° 23'25.22" | FL200
7 35°36'31.31" 120°01'36.78" | 17,000
8 34° 54' 54.00" 119° 28'34.00" | 15,000
9 34° 47' 00.00" 118°37'00.00" | 15,000
10 34°44'19.00" 118°13' 0.00" 9,000
11 34° 40' 00.00" 117° 36' 00.00" | 9,000
12 34° 35'39.00" 117° 23'24.00" | 9,000
13 (APLES) | 34°32'54.48" 117°08'58.14" | 9,000
14 34°42'20.35" 117°05'34.95" | 9,000
15 (HELDE) | 34°42'16.29" 117°22'57.18" | 6,000
16 34° 33'43.03" 117°23' 00.88" 5,000
17 34° 33'47.96" 117° 25'43.42" | 6,000
18 (VEGAS) | 34°51' 19.00" 117° 26'03.00" | 9,000

Note: Altitudes for Planning Purposes Only
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NASA No Chase Route with Lost Link Overview

£
BG
Cepe
QzA

sBALSBA

Lost Link routes shown in Magenta
Note: Altitudes for Planning Purposes Only
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NASA No Chase Route Lost Link VCV Detail

Lost Link routes shown in Magenta
Note: Altitudes for Planning Purposes Only
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Attachment 2
UAS Flight Coordination Checklist

NOTES:

a. Coordination to Air Traffic facilities shall be completed NLT one business day prior to
mission departure/TO time.

b. Facilities must be notified within two hours of the proposed departure time if there is a
weather or maintenance delay and what the new planned departure time will be.

c. Iftwo hours is exceeded, of proposed departure time, the facilities may require
resubmitting mission plan with one business day notice requirement.

d. When mission is cancelled email all facilities, within two hours.

Mission Number - use also in email coordination subject line

Call Sign and Type:

Departure: Airport, Local time and date/ Zulu and date

Land : Airport, Local and date/ Zulu and date

Filed Flight plan: 34° 49' 40.00"N, 118° 05' 48.00"W; 34° 47' 00.00"N, 118° 37' 00.00"W;

34°54'54.00"N, 119° 28' 34.00"W; 35° 07" 41.38"N, 119° 38' 09.42"W; 36° 09' 00.00"N,

120° 25' 0.00"W; 36° 03' 35.73", 120° 23' 25.22"W; 35° 36' 31.31", 120° 01' 36.78"W,; 34°

54'54.00"N, 119° 28' 34.00"W; 34° 47' 00.00"N, 118° 37' 00.00"W; 34°44'19.00"N, 118°

13'0.00"W; 34° 40' 00.00"N, 117° 36' 00.00"W; 34° 35' 39.00"N, 117° 23' 24.00"W; 34° 32'

54.48"N, 117° 08' 58.14"W; 34° 42' 20.35"N, 117° 05' 34.95"W; 34° 42' 16.29"N, 117° 22'

57.18"W; 34° 33' 43.03"N, 117°23' 00.88"W; 34° 33' 47.96"N, 117° 25' 43.42"W; 34°51'

19.00"N, 117° 26' 03.00"

6. Altitude information :

7. Duration of flight:

8. Pilot Contact information: POC telephone numbers, provide Ground Station phone numbers
for this mission. Alternate contact numbers as appropriate.

9. WX alternate/Mission Slippage - Date and time of flight. If none state none.

10. Restricted/ Warning Areas/ ATCAA'’s - List all SUA including ATCAA’s that the mission
will transit or delay in. NOTE: ATC will not obtain permission for transit or delays in SUA
for missions. Mission planning, filing into or through an SUA or ATCAA indicates to ATC
that prior permission has been obtained from the using agency.

11. List all delays for flight — Restricted, Warning Areas, ATCAA, in FRD - Format:

(Departure + ETE (hrs and minutes)

12. Lost link Procedures:

a. Pilot will contact air traffic facility/ center via land line immediately upon losing link
and coordinate expected actions/routing/altitude of the aircraft.

b. State lost link procedures.

13. Email these attachments to all FAA facilities:

(see Air Traffic Special Provisions, A. coordination Requirements).

a. lkhana coordination checklist.

b. Route of flight power point/s — flight overview and sectional scale (2-3 per ARTCC),
FRD’s along route.

14. FAA Air Traffic facility contact numbers that the pilot will call are:

1. JCF 661-277-3843

2. ZLA OMIC (661) 265-8205

3. ZOA MOS 510-745-3334

4. VCV ATCT 760-246-0817

agrwdE

Version Date: November 1, 2017



6.5 SCO Test Cards

The following are the redlined flight cards from the SCO flights performed with encounters.

e Flight 2 - 15 February 2018
o Flight 3 Attempt 2 — 28 March 2018
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2018-03-27 No Chase COA (NCC) System Checkout Version 3
SCO #3
Ikhana Crew Comm: Ops # Intruder(s} Intruder Crew
Telly 173,226 hhata ~4332-1 | NkskT| Fran o Batieas
Wt ho\ (2145 disp? -4332-2 manpy Ankim:stutic
c?ur:t Encounter prierity Configuration Ownship Maneuver Intruder(s) Notes
X ARimeter Calibration/Time Hack: NASA7
1 |KU-1 1 |Advisory / KU Only None NASA7  |Build-down encounter
2 |KU-2 1 |Advisory / KU Only CPDS NASA7
3 |0TD-25 2 |Advisory CPDS NASA7
4 |UC-2 1 |advisory CPDS NASA7
5 |10T-17 2 |Advisory None NASA7?
6 |lOT-18 2 [Advisory CPDS NASA7
7 |00T-19 2  |Advisory CPDS NASA7 H?&M’ i H, SV& ,9
8 |LT-20 2 |Advisory CPDS NASA7
9 |LT-21 2 |Advisory CPDS NASA7
10 |LOB-9 3 |advisory Advisory NASA7
11 |LOB-10 3 |auto TCAS - AUTO NASA7

oLS-1 010 B I(S posSibly funvlddY fanking
mo



LT 0L LTTM €80 .S .,VEN
mq—v— (1] 1 [1] ] a
000ST Tvdd
ort 620E LTTM PIVS FEN
3anLity Ianiy
|
s/v — AIHSNAO JANLIDNOT 3anLiv 1d

hios S PN Jre) 4oy ab

Puqwy) uoyey Mody7 MM D

DN%R._«_
7 Quoi4 Ve W ko YW
0005) 25°b% |
oS05) %472 0005 135 2bb 72

wL's  Sip

n<HE> <Iip> }jo paiea|d [usis|ies] B1a|dwio), - I TTdINDD S
SI2UNoduBd Jog Buillas 191auWe mau ulejuiew-
«0007ST FUIMOYS 762, [1ED-
HIANYULNI - 000'ST 01 J83aWilie - ISNray b
YIANHLNI / dIHSNMO - ##4'ST SUIMOYS o5 €6'6Z., - LHOd43Y '€
«0JY/SY dutpeayIno|(ol 'paulor, H¥IQNYLNI -
{ensia jaun das/ife 34 00OS Lrejuey -
HIANYLINI - 1358 NIOT 'Z
apn3e Je ‘suin) puey P3| - gIOH T
Z6'6C -
palinbal se Suipeay ‘Sy|y ovT ‘1ans| pue 1ySieays ‘pauior -
14VHOHIV 1TV Suoltpuod pels
‘NOLLYHEITYD 3aN1ILTY ONY NIOM3IY

paJinbai se Suipeay

IENSIA [AUN HOOS 0051

000'ST

1125 .E ____ __.n

7 _ZIOIV-Uﬁ.m_\
~ = ..m.E%omusué 7

LASIF | ol

G Zsowesa svron oos fons  /
g LR = (R o S
1 6.80Z.SLLY £UZZ) - 30 =

aEadYMaa &
LUUW@Mx =,

= Ny
FR L ? T e

(a3ads S_D_n_ms__ NOLLYHEIVYD ¥313INILTY 0JS JON

moU 250402049



535 017 ‘3ONVU3IOL] IN3J530 ONJ-wiIT
ruonang
t8auRpINg
y3noayidy diysumg  S3ION JOANDUEWY SO0 ON "Aup n) U] aq pm diysumo  :SIION
85z 0 |uL'85.0E.LTTM | .£05 .95 FEN 8/0 0 |.6'2S .0E.21IM | 092 95 .bEN
08T &6vd) 0ST IYdD
00 |000ST | 86'0£.LTTM | .pB9S.bEN 00 | 00SST | L6'DE.LTIM | .£b'95.vEN
00+2 00+2
85z 0 |u9'8E .ET.LITM | 605 95 FEN 820 0 |.Tv0.LE.LTIM | 092 95 .pEN
081 £LdI 0ST Tdl
0'9 | 000ST | WYO'EZ.LTIM | ,5895.vEN 0'S | 00SST | LOLE.ZTTM | .£b'95.bEN
W | AA IN [ A/A
INILOT SO MEg T Tiv—] 39NLISNOT 0NLLYT | 1dMm IWIL 9T SO Meg Ty 9NLONOT IANULYT | 1dMm
:ANIM dI ) EATREITE § PFR Gosgy ONMd T5499-9540- :INIL XaWad
I ¢ Q
ﬁanmh e ) o4 My MO0 ooost M.T.Wiﬁoomﬁ
{ g | < A | | 2 A
~ 000ST
i 00s J_\l. eeSIT 005 L_H
%00 —00S5E B 00SST
k1 T R —— V- - pr—y 00SST A--------- < W a——
WSz eessT- 00SST
RASTL
IHOMM 005t T 1dM TTOLAVYN | 00SST
Em_>=m_z<j
3YNA3II0Yd LHOSY 3¥NA3I0Yd LHOSY :105uag
Ugght- B0SHE~ 00SST
11 NOLLDITANOD3a . N 17 NOLLDITINOD3I] 20 ujl sanuale| Ajuap)
Wy —_— $01d ON
, ‘ v LdM M Yutes9qg Auo ny
Stpowiy Y :ANIOdAVYM NI 1SO1 (4
L, (fous
= . = ade v - .T
£1dl . 6wdD V r = 7 - U o
ON JUON €1dl 081 000ST ON SUON Tdl 0sT 00SST
aiA ISNOdJS3Y LdMIVLLINI | 033dS TVILINL | LIV TVILINI ain ISNOdS3Y 1dM TVILINI_| G33dS IVILINI | L3V TWILINI
T Y3QNYLNI -l T #QUYD] | dIHSNMO T-N T #auvd)
AuQ ny |  ZvsvN | 02 JIN Ajug ny | 0L8VYSYN /v | 09S JON




~ 9es O0TF | 3ONVHIIOL] IN32530 ONJIWn 295 01F . IINVUIIOl]
|eJaye| HILTELEYTR |
[TSVol [rsadon| :aueping
“Jannauew diysumg padxg  :s3tonl ON_[™"53A0 ]:ueanaue S010 ON "AuQ n)} Ll 3g M diysumo  'SILON
857 0 |.L'85.0E.LTTM | €05 ,95 .VEN 840 0 |.6°LS .0E.LTTM | ,.0°9Z .95 bEN
08T 6Vdd 0ST Tvdd
0'0 | 000ST | ,86°0E .LTTM V895 VEN 0C | 00EST | .L6'0F€ .LTTM EV'9S ,VEN
00+Z 00+Z
852 0 |.98€.£Z.LTTM | 605,95 .bEN 80 0 |.T'P0.LE.LTTIM | ..0'0Z 95 .vEN
081 £1dI 0ST Tdl
09 | 000ST | #9°€ET.LTTM .58'95 .VEN 0's | oosst | .£0'ZE.ZTTM 995 PEN
QAN | A/A IN | A/A
JWIL BT SO Teig T 30NLIONO 3aNLILV Ldm INILOTT SO HSg T Tw—] 3anLI9Not 3aNLILYT Ldm
'ANIM dI ANIL XINOD ‘ONIM d) S0l0 :3mILXawod
ooost HO0EYT L00G nﬁ_qace_ UMt 3% st 00EvT
e — > 4 11111 i > ‘ -
000ST 00¢ Aﬁ 000ST 00€ J_H
0OEST 00EST
O0EST 4--------- \ A R O0EST 4--------3 \ W~
00EST 00£ST
IHON 00€PT 1dM TIOLAVN | 00EST e
HOI £ olny e:...._.m_ﬂmﬁ 440 WIANINVIAY
3WNAII0Nd LHOaY IHNQID0Nd L1408V Laviy I ssavi TRt oe) :Josuag
o 2
00EYT 00€ST $I WL v IsoV 330} <510
~11¢ NOLLOITANOJ3Q L1 NOLLDITINOI3d 3 vé N 72 Ul s3udle| AJnuapl
_ s01a on
Saws e v 1dMTI Aug ny
:ANIOJAYM INIT LSO
|
WNT NIHLIM OZ¥IADI al TWNSIA WNT NIHLIM nuzr__douu al TYNSIA
mlf - | mﬂmu Tdi
£1di — 6vdD > Ly - U -
-
-~
I ﬁWIT 9UON ETdi 081 000ST Sadd Tdl 0s1 00€ST
aiA ISNOJSIY LdM WVILINI | a33dSIVILINI | 17V IVILIN aiA ISNOJSIH 1dM IVILINI_[~G33dS VILINI_| 17V VIDINI
T ¥3QNYLNI rad ) Z #QYVD| | dIHSNMO <Ml 1 #QUvd
Aug ny |  Zwswn ai | 025 2ON Auo ny | 0L8YSYN /v | 025 JON




§3© ~ v-Say

3958 + '3INVHEITOL ¥OO14 1SVd LN3D53d ONJHW 3558 ¥ -JONVHITOL
‘uonzang
:2Jueping
Jaanauew diysump padxg  :$310N IaAnauepy
- 85t 0 WV'LT OE LTTM | TP ,ES PEN v puadsaq pue win} diysumg :SILON
. . . 8£0 0 ul”’ LT 0 LTTM n&'80.%S .FEN
. 00 | 00927 | 6T0E.LTIM WL'ES JVEN 0SsT 00| 000ET ST'0E LTIM PI'0S PEN Zvdd
- : 891 | 000T" | .87TZ.2€.LTIM | ,LED.55.VEN
081 84¢ 0 nS 85 LT LTIM | L T'PP ,ES PEN szl 00+1 0stT Tz 000VT SETELTIM | £055.pEN Tdiy
. . . 89T 0 w8 TZ TELTIM u€ £0,85 .FEN
o w OOMNH _wm NN nhﬂ.ﬂg ..qh mm cqmz QO.—-N Om._..H 4% .WM.NM oE .N.H.wm nvmz ZTdl
JN AA JN AA
JNIL DT SOX Sa v IANLIONOT IdNLILYT 1dM JNIL 5T SO g | v JANLISNOT 3ANLILYT 1dM
“ANIM dI ANWIL XIWO02 ANIM dI 9:..0 SANIL XIW0D
00seT - » 00021 00SZT  ___.» 000ZT
p— N pre—e W g
00szt - 00s 00sZ1 — 00S
000ET 4--T====== = 000ET 000ET «-- =g 000ET
000€T 000bT O00EE 000¥T
000vT - * 00ovT = '
1471 000ZT 1dM T1 OLAVN | 000€ET
- HIANINVYIA
JUNAII0HUd LH0aY JHNAIIONd LHOaV :JOSURS
0oozT 000€T
11V NOILLDITINOD3IA . 1Tv NOILIITINODIQ
w2
puassaqg pue win] diysumg 8 ldM T puadsag pue uiny diysump
i ‘LNIOJAYM JININ 1507 7~ N
£2dl = _ﬁh.n.qmwu i '____1 k
- ; ¢ = -.,r
ﬁ %Eu
TdN
| ZTdl
ON 9UON Ladl 081 00S¢1 ON Sddo Zidl 0s1 000PT
din ISNOJSIY L1dM TVLLINI Q33dS TVILINI 11V TVILINI aia ASNOJS3IH _LdM TVILINI Q33dS IVILINI | 11V TVILINI
T 4IANYLINI S¢-dlo S #QUVYD| | diHSNMO S¢-dlo T #Qyvd
pua2sa(] pue uing diysumg _ L YSYN /v _ 025 20N puaisaqg pue uin] diysumo _ 0L8YSYN /v _ 02SDIN



298 T JONVYIIOL

paiinbay 10N -FINVHITIOL
Iaanauew 3ma diysumo
JaAnaueLy SY2L Juscdd ] 3INON iaJuepIing Arepuoias m a8ueyd $asne) “JaAnduewl
diysumo |euoiippe 1adxa ‘3] Wy UoPIAIP Mojj04 Jaanauey diysumQ 199dx3  :S3LON ON | S3Afeansuey MG diysuMO Jaye sisansuew Jopniu;  (SILON
80¢ 0 WP'8T TE LTTM | ,,Z'80.1S EN 8/0 0 «F°LT 0F LTTAL | ,.2'80 ,bS .VEN
081 8IvdD 0sT TvdD
00 0oset JETELTTM SFTVS PEN 00 000ET ST OELITM PLPS PEN
00+Z oo+
891 0 ol'02 .6C LTTM | .L'0F .00 .SEN 840 00ZT- |.T'PZ 9€.LTTM | ,2°80.¥5 .FEN
081 TEdI 0sT 8zdi
St 00sZT FE6L LTTM 89°00 .SEN 0's 000sT OV 9L LTIM FT70S PEN
JN AA 2N AA
JWILOT SON TS | v JANLISNDT ianlilvi ldm JNIL 931 SO wia v IANLISNOT IANLILYT ldM
:ANIM di :ANLL XINOD ‘aNmdl|  GEES 459 3wl xanod
wlU 53 ~
0052t __.y 000ZT 00SZT _\\v ooo&
- ] W7 -~ e iﬂ_\
00521 L 005 00sz1 - 005
_ e
e e = O00ET 4-----~ - -
000ET < 000%T A 0COET
000ET 000ST 000ST
1dM 11 01 AVYN | O00ET
SEE | 000Z1 L TaIANINYIY
TR L) M :
JUNA3ID0Ud 1409y J4NAII0OH LHOTY :Josuag
81z 1Yo 1 by g 55!
00021 IR fye (o 00OET (o
{17¥ NOLLDIMINODIa 12A9] diysumo 153dx3) Jaanauew diysumg ul aSueys sasne) 1V NOILNEANOD3Ia [2A3]) JaAnauew Japnijuy Jaye Jaje yyQ Atepuodas moj|o4
Jannauew diysumg Sumojjoy (3ap ov-0€ wai) 22ueping mojjoy Jiaje DA113.1402 354 Suning
{80z m:_nmu_.: 3ap o Y3 19AndUBW J3pNIY) [jed M L L1ldmT di Je puadsap diysump
& JLV sespe )y :INIOdAYM NI 1501 21y se spe uL
.1 \8TVdD B
v (Mr,wim_ ¥
T
i
1edi [l - _ —_— ‘
lu—w.. INT NIHLIM g3¥IND3Y aI <:.mk\. iﬁl INNT NIHLIM a3dInD3Iy ai <:m¥
TS 3UON TEdI 08T 00SZT S sadd 8zd| 0ST 000ST
aia ISNOJSIH LdM T¥LLINI a33ds TVLLINI 11V TVILINI QiA ISNOdSIH LdM TVLLINI a33dS TVILINI L1V TIVILINI
T 43ANYLNI <IN 1 #auvd| | dinsnmo ¢- N L #Qdvd
ase) asn | zvswn R | 035 JON aseJ asn { 0L8VSVN /v | 025 2N




T 0958 ¥

IINVHI 0L

Bucn W] D958 ¥ -JONVHI
SUON|:uoiang
SYJL 1 €a4d |-@oueping
ydnoayz A diysumo  :s3Lon| tJaAnaue yEnosyy Ajd diysumo  :s310N
840 0 wC8S ETLTTM | 1750 .45 FEN 840 0 WET0 ECLTITM | 7T 95 .PEN
08T 0Zvdd 09T £vdd
00 | O0LTT | L6'ETLTTM 60°LS FEN 00 | 000ZT | ,ZO'EZ LITAA ,69°95 .PEN
00+€ O0+E
8L0 0 wl'CS VELTTM | ,0°S0O .LS FEN 80 0 n6'9F ZE LTTM | . b'IF .95 .PEN
o4y OS] o8t 0Ed! 091 8di
S+ Yy o2 M 6 oowﬁ JA8VE LTTM 60748 FEN M 8 OOWNH BLTELITM 6995 .PEN
) A AA N AA
JNIL 9N SON 151 | 11 JANLIDNOT AaNLILV1 1dm JNIL 53 SON 6a T v IdNLIDSNOT AANLILY] ldm
ANIM dI JNIL XIINOD ‘ANIM dI T FQ JNIL XJWO0D
000TT(C, 0001T¢,
llll' lllll
Sue L00ZTT Nen, 00T
00E UZAL YT 174 4
oooNﬂA.:.u-!.....i.mo Z1 ~—SCo T =t ooouﬂA!.!:.!:...imoﬂWﬂ SooIT <+
141 000TT 1dMT1OLAVYN | 0D0ZT :
wi g ‘h HIANINYIN
3NA3l0Hd Lyo8Y 39NA3J04d Lyoav BTt :105UdS
000TT QQ .m~ _ 000Z1
<11V NOILIIN4NOD3a -11¢ NOLLJITANOD3A
lensia [3un uoneladas [enBA YOOS WBWDY
"YEMSAQ JopnIIY| I1dM T '‘a)qeyanQ Japnijug
*LINIOdAYM XNIT 1SO1

Tl 0F G

-..‘...ﬂm*.»_—., At

[ ——

™~

,?
\

) 11 TYNSIA

&
-JINT NIHLIM oug_ﬁﬂw

i rlelrue ps ARG | e

" EaF AL

AINT NIHLIM a3¥

W
i

Fi

_ﬂ me.,,ﬁ_ WNSIA

___./ ;

[ oo T “l.ll.\.. 2% - - . e x... s S T
qm&?w, N ¢
ll.{.ru.w.ru( i J!J-P
L, i g . f[lh?mﬁ“nm,l —
R Tyl T or T DT N hkr.. I % - T
" s | euon 0£dl 081 00LTT auoN
ain ASNOdS3H LdM TYILINI a33dS TVILINI LTV TVILINI ISNOdS3y LdM TYLLINI Q33dS TVILINI L1V TvILINI
T ¥3QNYLNI LT-10I 9 #quvd| | aimsNmo L1-10I S #auvd|
L JIAQ Japnaiu| _ L YSYN /Y _ 0JS JON )EL J3AQ Japnaiu| _ 0L8YSYN :2/v _ 035 JON




5958+ IINVHITOL 1431 ON/ IN3J530 ONJIWn 3REF  IINVUIIOL]
Iydiy 10/pue dnj:uondeug
SYOL JE5a430 ] 3ANON  |-soueping oueping
diysumo Buaanauey  :sajonl ON [ 5340 0 ):4eanauepy $AdJ Mojjo] ‘Jeanaueiy diysumo 53 ON|
8.0 0 |uT'8S .EZ.LTTM | .1°SO LS PEN 810 0 |uETO.£2.LIIM | .b'TY 95 FEN
08T 0Zvdd 09T £¥dd
00 | 00LTT | L6'EZ.LTTM | .60°LS.VEN 00 | 00021 | 20°€Z.LTTM | .69'9S.vEN
00+¢ 00+€
8L0 0 |uTTS VELTTM | .50 LS VEN 8.0 0 [.690 . ZELTIM | ¥' I .9S .PEN
08T 0EdI 09T 8d|
06 | 00L1T | LSPELITM | 60°LS VEN 08 | 000ZT | BL'ZE.LTITM | ,69'95.vEN
N | A/A N | A/A
INIL DT SO Heg T ] JANLONOT 3ANLILYT | Ldm JIAIL D37 SO Mg T v JaNLIoNO 3IANLILYT Ldm
‘ONIM dI :INIL XIN0D ‘ONIMdl| g L8- | SE8  :InLxanod
OOUTL 00k )2 2435 2500
0061 o eetet  Smm ool TS
seorTC ., 000TTE: . wolbt  Spa®  -egeT
....!.... opL|Z aal1? = &. 9 :__O O%P:
Sean ZOOLLL feal, 00zt Q6L
¥ e~y - W —_oozTTS ™
7 00E 00g 00211
el - —~o55ei g SoN"A..i:.!.......modWﬁ T[4 Aumane
a0t 00022 P90l -eoadp-
1471 SOOLT 900 ™" 1dm 101 AvN | GeeeE
/ e MIANINVIA
IMNQIO0Ud 1HOBY QA wwL'Z QA WL ! SIAwkZ  Sia s UNAII0Nd LioaY _pez? J0suas
:11¥ NOLLDITINOD3a r5% Q05 17 21TV NOLLDIMANOD3a
[ensiA flaun uonesadas |eNSA LS Uleway
'3elDAQ JBpNJIu| T 1dM T "EMDAD Japniju|
:LNIOdAYA NI 1SOT
| -INT NIHLIM a3y Jw g1vnsiA IR . INNT NIHLIM nm_z_,j.uﬁ_,n_ vnsiA
— L 11 III_.H.! ” . i e ,d :
™~ 1,_, //,,; LA /,, N
! m“ b ‘_h<ﬁu J-”/».J Y "., .
= b SR GRS S ,
.......#Eﬁ il Ab.,m,f ™
bt e 5= N
\ T .
O e L 0
JUON Sadd 8di
amm_ 3SNOdS3Y 1dM IVILINI | Q33dS IVILINI | L1V LLINI ain ISNOdSTH LldM TVILINI__| @33dSTIVILNI | L7V IVILINI
T ¥3GNYLNI 8T-10I 9 #auvd| | diHsNmoO 81-10I 9 #auvd
ajeL Janp JapnJuj |  zvswn PN | 035 DN a)eL JanQ JopNnIIu) | 0L8VSYN /v { 025 20N

L

-



5e58TF  IONVHTIOL 1HOTY ON / LN353Q ONJIwr 39587 IINVIIIOL
HITeTs L ETTTy
:20uepIng "sauepind
“sanneuew diysumo Padxa  :saton| : JaANaUBIy $Qd) Mojjog “1annauew diysumo  :s310N]|
8.0 0 |LETO EZLITM | F'TD 95 FEN 8.0 0 [uZ'8T PTLITM | .U'S0.LS .bEN
091 Lvdd 08T 6Tvd)
00 | 0041T | ZO'EZ.LTIM | 6995 .FEN 00 | 000ZT | OEVZ.LTTM | .60°ZS.pEN
00+€ - O0+E
80 0 |u6'9P 2E.LTTM | b'TF 95 HEN 8.0 0 |.9PT.SE.LTIM | .b'50.L5 .bEN
091 8dl 08T 62dl
08 |00LIT | BLTELIIM | .69'95 .bEN S'6 | 00021 | WT'SELLTIM | ,60°LS VEN
N | A/A IW | A/A
JNIL 93] SH Hag T hy—] 3anLoNoT anliiyl | Ldm JNIL O S9N Ea T Iv| 20NL9NOT anuivy | 1am
‘ONIM dI ANIL XINOD ‘ANIM dI ~2649 26¥®  3WIL XIWOD
9000 @sbo
eo0lZ Fdong ap~fl fp 4779 ,5 wo!
000TI, _ ! . : 00T ogrLIZ 7
L, ....r..r % —IN J.I.r.._ F _
Stel 00T oal1Z See . 00ZTE QL
:1& 00E At T ~GOZTF '
oqqu.MA-.!.!.....i.- a— —SOTT -t i.u:un...n.&.&w TSI ——t
eoa? 0002 00027 geeZ % 00ozZZ ggoz T
_0o0tF 1dM T1 01 AVN | 000&S-
o i on-h_ MIANINVIN
IMNQ3II0Nd LYY - wewZ INA3I0Yd LUOaY 405U
osa_.m|
‘000TT lsap 4w 065 T 00071 00OZE )V
:1TV NOLL{14NOI3a : :17V NOILIITANODEa AN |
JENs|A [IUN uonesadas [eIRIAA LWOOS UleWaY oo Ve ‘*m@:\s& 4 U\l
aenaap diysump ZldM T ayenaa0 diysumo
:ANIOJAVM JNI 1SO1
\\\\\1\\\\. INNT NIHLIM a3¥1ND3Y a1 TvnSIA \\\\\u\\\. WNT NIHLIM a3¥If03Y Q1 TYNSIA
\MSN_U . ) m P )
' y . —eIvdd 6zdi !
\4 \
| . e
A 3uonN 8dl 091 004TT _ 5AA | sadd 6¢dl 081 0002t
ain 3SNOdS3Y LdMIVILINI_| Q33dSIVILINT | 1V IViLINI aiA 3SNOdS3Y 1dMIVILINI | Q33dS IVILINI | 17V TVILINI
T ¥IONYLNI 6I-L00 L #0Q4vI| | diHsNmO 6T-100 L #auvd
24eL JAAQ diysumo |  Zvswn N | 035 1N e 43AQ diysumgQ | 0LBVSYN /v | 025 2N




-

535 m * "mmz<¢w._0h AT ONJ- U Jas m ¥ "uUﬂﬂzm._O._.
[eJa1e) Jo/pue umogl:uoidaang
SYOL Fsadin] 3INON |:eoueping asuepind
ON B S3Aa00 [aaanauepy $04dD Mmo[|o4 “1sanauew diysump  :SILON
“seAnsuew diysumo wadxy .o 852 0 |WTLE LT LITM | 'S0 LS VEN
091 5vdd
£E0 0 uS'9T LT LTTM «"8% 06 FEN . . .
08t b0 [ ooeE [ aziz 2w 1835 pen ] STV o 00 | 00021 | 29°LZ.LTIM | ,60'LS .VEN
), vS40 il e e A s LSS PEN | vaw 85 | 0 |[.9'TS.T.L1IM| .0'50.5.0EN
o e e 091 otdl
820 0 | .1'92 L€ .Z1TM | .b'S0.55 .VEN : : .
90+2 08t 6T ooEr T e e ot £zd 0'8 | 000ZT | 98'LT.LITM | .60°LS .bEN
DN | A/A SW_|_A/A
JNIL D31 S9N Hea T T J9NLIONOT anLyr | Ldm INIL DA S9N Heg T v aNLIONOT IANLILYT | LdMm
‘ONIM dI FANILL XINOD ANIM dI +QhO Wil xawoo
(LA
I coazZ 0goT 1 eeoZZ S oo ewor T
e aa Ll il EEL ¥ 0 P Begm— —u = ====m===) 00035
AL =" e ezte
_-=""008T%F 00E2T 4 ==~ 00EZT- U0EZY w
R TR i T ast? erost
Qe 20o0st” 9 7 -oooer kT
a0l opeT T
1dM 11 OLAVN | 00BZT~
LHIM E_ Sty Vg olnv [Aosiipy] J10 "WIANINVIN
3¥NAII0Ud 1YO8V 3¥NA3I0Yd LHOFY Sy jrasavi Bl :Josuag
)
(00657 080SL 0092Z 000ZT ﬁ,
111V NOLLONINOD3Q ag M i1V NOIL)ITINOI3a ¥ : \ ,_
hiw pro Flg
‘uiny Sap sp Yo Japnaiuy 0T LdM T ‘win} 3ap Sy a7 Lophauy
:LNIOJAVM 3NIT 1501
WNT NIHLIM a2¥In03d Al ._(.ﬁms WNT NIHLIM a38ind3d ai ._<,}m_>
bdiN = £2dl =
— = « 4
i - o} - ~
,/.. m.nqmw 01dl SvdD
I s3A | auoN €2dl 08T 00€ZT 3 sadd 0Tdl 09T 000ZT
qaiA 3SNOdsSTd LdMIVILINI_| G33dS IVILINI |1V TVILINI aiA ISNOdS3d 1dMIVILINI | _Q33dS IVILINI |11V IViLINI
T HIANYLNI 0c-11 L #auvdl | diusnmo 0Z-11 9 #Quvd
St Y31 Japnaju) |  zwvswun NV 005 20N St 131 Japn.yu| | OLBVSVN :2/v _ 025 JON




SWITI ONFHWN

39S 8 ¥ -3DONVHII0L
JeJale] aa/pue umogj:uondaig
2w 050d2] INON _ |:a3ueping aouepingd
— ON L SIAT Fueanauepy $0dD mojjod ‘Jeanauew diysumo  :SILON
“1aAnauew diysumQ 1adxg :s310N| 89¢C 0 wCLE LT LTTM | 'S0 .LS VEN
- 091 SVdd
8VE 0 w620 L2 LITM | ..U'S0 .15 .vEN . . .
081 00 00821 SUiZ LT LLTIM 6025 .bEN 9Tvdd oore 00 000¢1 LILT LTI 60°LS PEN
820 0 8L BT LTTM | bS50 .56 PEN . .
05+0 08T m..N SMNN -OH-NN mdﬂg -mc-mm. n.sz MEE Q@H me O ..w ._“m _N.H uh.ﬂ.ﬂg -.1 mo .Nm quz O.Hﬂ_
80 0 L1'0T 9E LTIM | ,'S0.55 .bEN . . .
0I+Z 081 $9 D0SZT | LIT'9% .ZLTM "60°S5 .VEN redi 08 000¢T I8°LT LITM 60°LS PEN
JNIL D37 SO JN A AQNLIDNOT 3ANLILY] ldm JWILL 931 SO N AA JANLIDNOT ANty 1dM\
151Q 1Y 181a | 1y
:ANIM dI :INIL XINOD animd| -S¢bo  51h0 awixawoo
Quwz L 7A
ekl ooger  O20BL Pi3w tersy O 0warl
R 3 lm.w.mmuul...::v*oﬁ = Brrr— To """ oozt
= : gozT Fooez -
_-="_D0g2L ooEZTE == e _.-=""Q0Z] “OUEZT v
-...._.,..._1 POy e o6 NN..\N 1\....._,- bQﬂD\N\N n_n_ﬂ..HMn
au&.m..ﬁ.ooomﬁk. oooeTds
1dM 11 OL AVYN P
LHOM S Siawyy - 7 oLnv jssapgd 440 HIANINVIN
34NAID08d L1408V ! h 3NAII0YUd L1808V yav § Ssavifaaioy 105U3g
XL 7-000ET OogZZ 0062T
-17¢ NOLLIIN4ANOJ3Q +17v NOILLDINANGD3d
— winy 3ap 06 yai hmu_._b..._r 0T 1dm T uin} Sap 06 Ya1 sopnauyg
:LNIOdAVAM MNIT 1501
WNT NIHLIM G2INDT al TVNSIA WNT NIHLIM G34IN03Y a1 WASIA
SdN N H__- + s = %&
| — | |
+ i .m.xmmﬁu 014l m<._w
e———— , - = :
! E@ = JUON edl 081 00gE¢CT ____1 J “wmr| Sadd 0tdi 091 000¢Z1
. alA ISNOdS3H LdM TVLLINI Q33dS 1VILINI 11V TYLLINI ISNOdSIH L1dM TYLLINI d33dS TVILINI LIV TYILINI
T ¥3ANYLINI TZ-11 b #Quvd| | diHSNMO TZ-11 b #auvd|
06 W31 Jepnaiu) |  “zvswN /v 035 JIN 06 131 J3pnau] | 0L8VSYN /v | 025 DON




285 01+ "FINVHITOL SNID ONJInN 295 OLF TTONVHITOL
. Fpu-umog|:uonaadg
INON |:asueping
LS3A Di]aannauey d2punig 30O [eAa7  SILON|
1aanauew diysumg Padxa  g310uml BLO 0 o7"LT J0E LTTM | ,5'8E ,SS VEN
= - - 0sT EVdD
85¢ 0 WPLT OF JLTTM 93¢0 95 .FEN . . .
081 50 T 00207 T 6208 1M e ) o 0’0 | 0000T | 6TOE.LITM | ,p9°'SS .bEN
85¢ Qo0z- wl EP ST LTTM »5°20 .95 .,FEN . .
00+T 08t I S TR HSs Lt TdW ost 8.0 0 |uT'ZZ.9€.LITM | ,.b'8E S5 VEN v
852 0 uwl"6S 2T LTTM «JF'20 95 PEN . . .
00+Z 081 oo [ ooce | o0er Z1Im 00 e £1d1 0'S | 0000T | LE'9E.LTTM | ,b9°SS.bEN
ANIL DFT son AL NA T 5qn119n07 3ANLILYI Lldm AWIL D31 soy 2L AR T San)19N00 3aNLILY1 Ldm
151 | 1V 1510 | LY
:ONIM df ‘INIL XINOD anmdl]l  9.9b0 == awi xawod
po0lZ
eeaIT BOOOE
0000T4- - - .----_w@.. [l ~———t 0000T = W =t
00z ~ oo007 0000T
[+]-]
otz eottioozor QM:: : °l
N oy = - 00221
= @® ey ANA ~—686%% =)
¥ ﬁ QasZZ v
LHOIY 000TT 1dM 11 0L AYN | 00001
annInvw|
3¥NA3I0Yd 1808V 3¥NQ3ID0Ud LHO8Y :105U3S
0001T 0000T
. : !
:11¥ NOLLDIANOD3Ia wy | | L1V NOILIIN4NODId o409 2y ew 7] 20!
L ZdIN 1 Juadsaq widag U3|Y SYDL Mmojio4
Japun|g HO |aAa7 J3pnay| S ldM T Japunig JO |2A37 Japni|
:ANIOJAVM NI 1SO1
WNT NIFLLIA .W.__:@mz prp— WNT NIHLIM n_ux_:w.#_ Al wnsiA
4Tdl ZdA «».J‘._.‘. - @u ,. bl
¢+. T T ++- ——— \u . ?
P d -
- 2y
— . _ = ,uvd\\\
. S3A | ?duonN LTdI 08T 00221 e SYOL tdl 0ST 0000T
ain ISNOdS3Y LdMIVILINI | Q33ds IVILINI |11V TVILINI aiA ISNOJSIH | LdM TVILINI | Q33dSTVILINT | 11V WViLINI
T HIANULN] 6-901 0! gauvd| | diHsNMmO 6-901 0! gauvo|
Japunig y40 19431 | twsyn v | 03S JIN 13punig HO [9A3] | OLBYSYN :D/v | 025 20N

L4



9501+ JONVHITOL % Gy 395017 3ONvVHIT0L
umogj:uonzang
Es¥DaN Y sad) INON [:eoueping
CN [P sTAas | aaanauey 42pumg JO [9A37  :S3ILON|
"Jannauew diysumg 18dx3  g310n - 840 0] oV’ LT 0E LTTM | ,,S°8E .55 FPEN
: - EVdD
852 0 | .b'ZI.0E.ZTIM | .920,95.vEN ) . :
08t 00 T o0t | 6r0e titm | p0se e —] EVYH oo 00 | 0000T | .62°0E.LTTM 19'SS PEN
8S¢_| O00Z- | .L'EV SZ.LLIM | 520,95 ,PEN . -
00+T 08T 5 T o022t | 053 2TIm 5095 VEN TdN - 80 0 |.T'TT.9ELITM | .b'BE S5 .bEN v
85C ] L'65 ¢ LTIM | .b'20 .95 .VEN : ; -
00+Z o8t o | 0ozaT | o0tz LTim 3095 ten tdi 0'S | 0000T | .LE'9E.LTTM 9°SS .PEN
N | A/A DN T A/A
JNIL 931 S Hoa T v 3NLIONOT aaniiivi 1dm JNIL 9T S Mg T v 0NLONOT 3anLiLvl Ldm
ONIM d! INIL XIINOD ONIM dI 9001 AL xawod
Qa0tT 0001 % goe0r
~0000T-¢- - - " [ — 00001
L-@ B 00007 «- - g ] -t
002 -
\ooow;? 00Z 00001
257  -opZor >y —
e 4 ~00Z07. - 00201 AL
el oozl 3 0020T e
& poz) ~OUUTT 00ZZT 0001
" BOERE 00e77 - B 00zzT
w2e?
1HON 000TT 1dM T1 OLAVN | 0000T
MIANINYIN
34NAID0NUd 1¥08Y I¥NQII0Yd LHO8Y :10SUdg
000TT 0000T
-117 NOLLIITINODICT 1TV NOILITINDDAa n?sST r
wu ZJIN 38 Juaosaq uiSag OLNY Ul L3IV SYIL Mojjo4
m 43puUn|g JO |9AST Japnau S 1dM T Japunig JJ0 |aaa] s3pnayu)
:INIOJAVM )ND 1SO1
IINT NIHLIM a3¥IND3Y ai TYNSIA WNT NIHLIM G3¥iND3Y g1 TYNSIA
141 AW £1ydn’ s ﬂ.m«wuu bt
TT — 5 f, T TT- e v =] .A.
-~ U >
-~ v
.. L 4 f\\ﬁ\
S3A | BuoN L1dl 081 0ozzt % } bdi 0sT 0000T
ain 3ISNOJSIY_ 1dM IVILINI | Q33dS IVILINI | 1TV 1ViLINI aiA 3SNOJSIY | LdMIVILINI | d33dSTVILINI | 10V IVILINI
T 43ANYLNI 0T-901 Il #qQuvd| | diHsNmo 01-901 Il #auvd
apunig PO (9137 | LVYSUN v | 025 20N 1apunig §0 |37 | OLBYSYN :3/v | 095 JON

-



6.6 TCOR Notes

Below are the raw TCOR notes from SCO 2 and 3 where data was collected.

Table 22. No Chase COA System Checkout Flight 2 Data and Observation Notes.
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Checkout Flight 3 Attempt 2 Data and Observation Notes.
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