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Abstract:

This position paper is intended to recommend the minimum certificate and rating requirements for a pilot
to operate an Unmanned Aircraft System (UAS) in the National Airspace System. The paper will
recommend the minimum requirements based on the Knowledge, Skills, and Abilities (KSA) required of a
UAS pilot and show how those compare to the KSAs required by regulation for manned-aircraft pilots.
The paper will provide substantiation based on studies conducted using analyses, simulation and flight
experience. The paper is not yet complete; only initial working material is included. The material
provided describes the body of work completed thus far and the plan for remaining tasks to complete the
recommendation.

The HSI Pilot KSA document provides an analysis of the knowledge, skills, and abilities required for UAS
operation in the NAS. It is the source document used for the position paper.

Status:

WP - Work in
Progress
Draft

Limitations on use:

The position paper consists of internal working memoranda of Access 5 and has not been subjected to a
formal review process. Access 5 makes no claims for the validity of this information. The HSI Pilot KSA
document has been reviewed, and represents a substantially complete analysis. Updates may be needed
depending on the results of additional analyses, simulations, and flight tests. These documents lay the
groundwork for the process that should follow to substantiate a pilot rating recommendation for UAS.
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Subject: Pilot Ratings and Authorization Requirements for UAS

Statement of Question/Issue:

The qualifications required for pilots operating Unmanned Aircraft System(s) (UAS) have not been
defined. Establishment of pilot qualification is required before pilots will be allowed to operate UAS
routinely in the National Airspace System (NAS).

Discussion:

Background

Pilots who act as pilot-in-command of an aircraft in the NAS must meet qualification standards described in 14 CFR

§ 61. Practical Test Standards, issued as Advisory Circulars which support 14 CFR § 61, further detail the
knowledge, skills, and abilities that pilot applicants must demonstrate in written and practical tests prior to

receiving the required ratings. These rating criteria are well established for manned-aircraft categories and classes,

but similar ratings for UAS have not been defined.
Access 5 has been following a process to establish a UAS pilot rating recommendation, as described below.

Access 5 Plan to Validate the Pilot Rating Recommendation

The Access 5 Policy IPT believes that a multi-step process will be required in order to validate
the requirements for UAS pilot qualifications. The seven-step process that Access 5 is planning
to follow is detailed below. Steps 1. and 2. were completed in CY 2005. The follow-on plan

was to complete the remaining steps within one year and then issue a proposal for UAS pilot
qualifications.

1. KSA Analysis
Access 5 studied and documented the pilot Knowledge, Skills and Abilities (KSA) typically

expected during operation of a low-autonomy UAS (reference HS1004_Pilot KSA v2). It drew on
the experience of several UAS pilots and referenced a number of military and FAA documents,
identifying specific required KSAs by phase of operation, from preflight, through all phases of a
ferry scenario, through postflight after landing and shutdown. The complete study provides a
fairly detailed basis for analysis of UAS pilot skills and comparison of those skills with existing
manned requirements. After review and discussion about the document, we decided to add to the
study the specific operational phase representing mission operations — the long-term “loiter” at
high altitude inherent in UAS applications — at a high level of autonomy anticipated for equipment
operating at high altitudes for long durations. The complete study provided a fairly detailed basis
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for analysis of UAS pilot skills and comparison of those skills with existing manned requirements,
item 2 below.

After reviewing the required KSAs for UAS, Access 5 concluded that a reasonable starting point

for a minimum manned-aircraft rating for a HALE UAS pilot would be a Private Pilot License with
an Instrument Rating. One of the reasons for this conclusion was that this license and rating can
provide an entry level for UAS pilots under the current regulatory structure.

2. Comparison of KSA Analysis with Manned Aircraft Regulations
The UAS KSA document was developed for the purpose of identifying all knowledge, skills, and
abilities essential to a UAS pilot in performance of a typical mission. By comparing the KSAs of
the UAS pilot with the KSAs required of certificated FAA pilots, any excess or deficient training
and proficiency of a manned aircraft pilot relative to a UAS pilot should be readily identifiable.

In order to accomplish this comparison, Access 5 broke out the manned aircraft pilot
requirements for a Private Pilot with Instrument Rating, since this was a logical starting point for
HALE UAS IFR operations, as described above. The manned aircraft regulation that specifies
pilot qualifications is 14 CFR 61. Greater detail of expected KSAs is provided in the Practical
Test Standards (PTS) that are issued to describe the minimum standards for obtaining a
certificate or rating in a practical test. The KSAs derived from the HSI document were compared
against the requirements contained within 14 CFR 61 and the associated PTS, starting with
requirements for Private Pilot and Instrument Rating.

Access 5 considered whether a separate UA rating should be required for UA pilots.
The benefits of a separate UA rating would be as follows:
e UA pilots wouldn’t have to meet manned-aircraft currency requirements.
e Manned aircraft training which has no direct correlation to UA pilot skills could be
eliminated (such as Ground Reference Maneuvers).
e The stick-and-rudder skills required for manned-aircraft training may not be directly
transferable to most UAS anyway.
The impacts of a separate UA rating would be as follows:
e 14 CFR 61 would have to be rewritten.
e Standards for UA pilot rating would have to be developed.
e Manufacturers and operators may have more difficulty hiring or training qualified UA
pilots.
As a result of the comparison of the KSA study with 14 CFR 61, Access 5 believes that there are
not sufficient gaps that would require a separate pilot rating for Unmanned Aircraft. However, it
may be necessary to develop some documentation of the extra training required of a
manned-aircraft pilot transitioning to UA such as a UAS CFl sign-off.

Another conclusion that Access 5 drew from the comparison of the KSA study to 14 CFR 61 is
that, although there is some training that does not transfer from the manned-aircraft realm to UA,
there is not a huge excess of such training in the requirements for a Private Pilot with an
Instrument Rating.

Therefore, one conclusion drawn by Access 5 from this study is that a Private/Instrument rated
pilot, given sufficient training on the differences in operation between manned aircraft and the
UAS which the pilot wants to operate, should equate to a qualified UAS pilot. No conclusions
were drawn about what the training would consist of (whether academics, simulation, flight
experience, or all three). This training would have to be designed based on an examination of the
gaps in training identified by comparing the KSA study to the knowledge and skills achieved
through 14 CFR 61 training.
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The question may arise as to how safe the UAS pilot is to operate in the Class A environment
with only the limited experience provided by the Private Pilot with Instrument rating coupled with
UAS-specific training. While the question of competence due to lack of experience is legitimate,
the fact is that the same pilot is qualified to operate a manned aircraft in Class A airspace with the
same lack of experience. As such, this becomes a standards issue rather than a manned-aircraft
versus UA issue.

The analysis completed so far by Access 5 has not addressed the issue of whether UAS should
be in a separate class of aircraft. In order to perform that analysis, Access 5 would need to
develop a list of differences between manned aircraft and UAS and compare those differences
with the differences in classes of manned aircraft and determine whether the differences in UAS
were sufficient to justify a new class. For instance, it might make sense to have a Private Pilot,
Single-Engine Land UAS certificate. Access 5 would have to develop substantiation for this new
class before recommending it. The same process would apply to whether UAS should require a
type rating to account for individual UAS differences.

As a result of the work completed thus far, Access 5 believes that a Private Pilot certificate with
an Instrument rating, coupled with UAS-specific training, provides sufficient qualification for a pilot
to operate a HALE UAS in the NAS. Further evaluation needs to be accomplished to determine
the training required to qualify a UAS pilot independent of existing pilot qualifications, in particular
for non-HALE UAS. Access 5 also believes that the Private Pilot/Instrument with additional UAS
training recommendation must be validated before a final recommendation on pilot rating can be
made. The Access 5 plan for completing this testing is presented in the next section.

3. Survey of UAS Pilot Qualification Current Practice
The Access 5 will conduct a survey of pilot qualifications in current UAS to gain further insight into
the training and proficiency required for operating UAS. The survey will include the HALE UAS
manufacturers that are part of UNITE and other foreign and governmental entities with
experience in HALE operations. The survey will gather data on the hiring, training, and currency
requirements for each operation. The survey will also examine accident and mishap reports in an
effort to determine if training or experience was a factor. This survey will capture present practice
in UAS operations. This survey will be done with a recognition that current HALE UAS
experience is limited to military and research operations.

The information to be gleaned from this survey would include the following:
e What are the minimum flying experience requirements, and how were those developed?
o What data was used for substantiation of the requirements?
e What additional training is required of pilots immediately after hiring/assignment.
e What are the requirements for the pilots to maintain proficiency?
e Mishap analysis as relates to training and experience.

Some of the information required may already be available and should be identified concurrently
with step 7.

4. Simulation
Access 5 will perform UAS pilot KSA simulations that will focus on validating UAS unique
skills/abilities identified in the KSA analysis. In addition, the task synergy and more realistic task
execution timing provided in simulation will assist in identifying any additional, UAS unique, KSA
requirements.

The simulations will consist of both scripted, partial flight scenarios designed to isolate selected
KSA(s), and multi-flight phase IFR scenarios to look for task synergy issues and some indications
of workload-related issues. The scripted scenarios could be accomplished on partial or full-
capability control station simulators using a mix of minimally-qualified to highly-experienced UAS
pilots, and prerecorded and/or staged external inputs (ATC interaction, aircraft
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performance/response, etc.). The control station simulations will not necessarily be representative
of an existing UAS, since the focus is on the pilot KSAs, and not on a specific man-machine
interface. The multi-flight phase scenarios will be conducted using full-capability control station
simulators using a similar mix of minimally-qualified to highly-experienced UAS pilots, and real-
time or near-real time external inputs, including realistic ATC interactions and a selected set of
normal and abnormal/emergency UA performance/response. The multi-flight phase simulations
should be minimally scripted to expose the dynamics of real-world operations.

The results of the simulations will provide data to validate UAS pilot KSAs and the minimum UAS
pilot certificate/rating recommendation. The simulations will also assist in identifying specific
KSAs and flight scenarios for flight demonstrations.

The simulations may also be used to validate the unique aspects of class or type difference
requirements. In order for this validation to occur, a list will need to be developed that identifies
the expected unique characteristics of UAS. The extent of the simulations will depend on the
number and type of unique characteristics identified in order to establish a statistically valid
sample.

2. Flight Demonstrations
The actual flight environment provides unique situation/aircraft dynamics that can be difficult to
accurately capture/portray with simulations. Data from actual flights of UAS, or optionally-piloted
vehicles (OPV) in their UAS mode, will be used to demonstrate specific UAS pilot KSAs that
could not be adequately addressed in the simulations and to provide a limited validation of the
simulations.

The flight data will be obtained from UAS or OPYV flights dedicated to obtaining KSA/scenario data
or from other non-dedicated UAS flights such as operational missions. Some of the flight data
could be historical and not from current operations. At a minimum, flight data should be obtained
for each flight phase where UAS-unique pilot KSAs have been identified, with a special emphasis
in flight phases where the UAS pilot KSAs differ significantly from manned aircraft pilot KSAs.
Identification of significant differences in this case could justify a different UAS pilot
certificate/rating than manned aircraft.

The flight environment is more complex than can be practically simulated. Therefore, it is critical
prior to flight to establish specific points of interest that can be used as “spot checks” to validate
simulation that has been or will be performed.

3. Operational Analysis
In the aviation sector, the Operational Analysis (OA) is a safety risk assessment technique that
focuses on operations carried out by the pilot (operator) during established phases of flight. Each
phase of flight becomes an operation to be decomposed into a hierarchy of expected pilot
behavior. For Access 5, this hierarchy of expected pilot behavior is to be provided through the
development of the HALE UAS pilot Knowledge, Skill and Ability (KSA) requirements applicable
to a pilot located in a pseudo-cockpit, i.e.; a Ground Control Station (GCS). This effort will identify
the major tasks and subtasks the pilot is expected to perform during a given phase of flight.

Given this set of behavior for each flight operation, the OA risk assessment process can identify
the level of risk based on the set of hazards the pilot may encounter, as well as the
accompanying set of potential events the pilot may have to respond to during a given phase of
flight. While it is the intent for the UAS to avoid hazards while operating in the NAS, the reality is
that an encounter may occur that places additional behavioral demands on the pilot. For higher
level risks, the behavior may need to be reassessed, potentially leading to a behavior that has to
be supplemented with additional training, a technology solution, and/or perhaps an automated
hardware / software solution that takes the pilot out of the loop for a given response. As such, it
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provides a reliable cross-check on the skills and abilities deduced by other analyses (particularly
the HSI KSA analysis).

4. Survey of UAS Pilot Qualification Studies

A survey will be conducted to identify research that has already been conducted on the

question of what qualifications a UAS pilot will be required to have. For instance, the

Air Force Research Laboratory has conducted three studies since 1998 specifically

addressing this topic:

o USAF Air Vehicle Operator Training Requirement Study (AFRL-HE-BR-SR-1998-
0001): A survey of RQ-1 Predator pilots which concluded initial qualification
training for Predator should approximate Air Force undergraduate pilot training
(UPT). The surveyed subjects felt prior manned flight experience was important.

o Unmanned Aerial Vehicle Operator Qualifications (AFRL-HE-AZ-TR-2000-0002):
A survey of the military services’ qualification and training requirements for UAS
pilots. The author concluded differences in qualification and training resulted from
differing UAS vehicle performance capabilities which resulted in utilization of
different airspaces and thus different regulatory requirements.

e [mpact of Prior Flight Experience on Learning Predator UAV Operator Skills
(AFRL-HE-AZ-TR-2002-0026): Prospective laboratory study which found 150-200
hours of prior flight training was required to learn the necessary stick and rudder
skills to fly Predator. The type of prior flight training had some impact on
performance on the laboratory tasks.

The particular studies listed were all performed with manned pilots. Other studies may
give different results from those shown. These and similar studies will be identified and
evaluated to help form an overall picture of UAS pilot qualifications as viewed by
military, government, and private industry. The results will be compared with the other
six methods of validation and factored into the overall pilot qualification
recommendation that Access 5 will make.

While this document makes an initial recommendation involving qualification of pilots using
manned-aircraft certificates/ratings as a basis, it is not the purpose of this paper to limit the
training and qualification of UAS pilots to manned-aircraft only. The qualifications can be met
with any training program that results in an acceptable level of pilot qualification.

Attachments:

Matrix of KSA to 14 CFR 61 and PTS Comparison

High Altitude Long Endurance (HALE) Unmanned Aircraft System (UAS) Pilot Knowledge, Skills and
Abilities

Project Coordination:

SEIT Stratcom ID PM
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Appendix B — HALE UAS KSAs

Access 5 Project Office
NASA

P.O.Box 273

Edwards, CA 93523 USA
661-276-2440
661-276-3880 FAX
www.access5.aero

-\

© GONOG AWN

10

11
12
13
14

15
16

17

18
19
20
21
22
23
24

25
26

27
28

29

HALE UAS Pilot KSA

Phase of Operation and Knowledge, Skill, or Ability

PREFLIGHT

UA pilot privileges/ limitations and recent flight

experience requirements
Medical certificate class and duration

Procedures for completing Pilot logbook/Flight Records
Operating Limitations, placards, instrument markings

and POH/AFM
Knowledge of FARs/ACs

Reading, writing, interpreting FAR’s,
Math skills to Support Mission Planning

Required instruments and systems for day/night/IFR

conditions and icing

Procedures and limitations for determining UA
airworthiness with inoperative instruments and

equipment with and without a MEL

Determine mission accomplishment vs. Minimum time

airborne vs. minimum fuel consumed

Ability to speak, write and understand English
Capabilities at selected destination to support the UA
Operations at selected airport to support UA
Location of control stations at destination airport and

proposed alternate sites

LOS and BLOS data link coverage capabilities
Determine if the UA can operate within the confines of

the destination airport.
Ability to plan, analyze and decide on the

appropriateness of selected destination or alternates
UA Navigation Equipment capabilities and limitations

Aeronautical Charts

Flight Information files, NOTAMs, etc.
IFR rules/requirements

Enroute Navigation Aids

Pilotage and Dead Reckoning techniques

Minimum Safe Altitudes for crossing various types of

terrain

LOS and BLOS Data Link Capabilities/Coverage

Select and correctly interpret applicable en-route charts,
instrument departure procedures, RNAV, STAR, and

Standard Instrument Approach procedures
Correctly interpret NOTAM information

Determine if the calculated performance is within the

UAs capability and operating limitations
Ability to Plan

Corresponding Part 61 section or PTS
knowledge/skill

89
33, 90

91, covered under FAR 61.23
94, covered under FAR 61.51
10, 40, 94

4,5,7,34,36
4,34,36

15,43,51, 119, 122
6,36, 97, 98

6,36, 98, 119 (?)

15,47,51, 114, 119

32,114 (?)

47, 53, 121, 185 (?), 186 (?)

47 (similar to KSA #12), 53, 121, 185, 18¢
not directly covered, 53, 121, 185, 186

179 (?) not directly covered, 94, 126, 137
47,113 (?), 53, 121, 185, 186

47 (similar to KSA #16), 114-122, 126-12!

7,19,115, 94, 126, 137

8,37, 125, 522

5,36, 121, 523

4,10, 120

6,7,19

6, 37,57,59, 116, 117 (?) , 297
8,10, 522, 524

not directly covered, 94, 126, 137
7,8,20, 121, 522

5,15,36,46, 121, 523
10,40,41,47,126-129

12, 15,46



30

31

32
33

34

35

36

37
38
39

40

41

42

43
44

45
46

47

48
49

50

51
52
53

54

55
56
57

Understand and Plan for appropriate LOS and BLOS
data link coverage
Weather information sources and the impact of weather

on aircraft, and system performance (e.g., METAR, TAF,

Surface Analysis Charts, and Radar Summary Charts,
Winds and Temperature Aloft, Convective, Weather
Outlook Charts, etc.).

Weather Avoidance Criteria

Wind Directions and Speeds at Different
Altitudes/Locations along the proposed flight route
Freezing levels, and Frost and Ice Removal/Avoidance
Procedures

Make competent go/no-go decision based on available
information

Plan flight taking into consideration where and when
weather may occur

Proceed to alternate and reassess destination weather

Interpret special weather conditions for FL 430

Reschedule mission based on long duration weather
obstacles

Ability to put together a comprehensive picture of the
Weather and to forecast the impact of weather along the
planned flight route and to determine whether a flight
plan change is necessary

UA flight performance capabilities (e.g., Climb, speed,
aircraft endurance, fuel burn rates, etc.)

Mission requirements (desired arrival time at destination,

etc.)
Inflight Maneuver Limitations

Select altitude as determined by mission requirement, or

minimum terrain avoidance, or max performance cruise
(max range, max endurance, etc.) for minimum fuel
used.

Capabilities at alternate destination to support the UA.

Factors to consider when selecting an alternate landing
site

Runway length/width & other factors that impact UA
operations

Lost Link procedures

Ability to plan, analyze & decide on an appropriateness
of alternate destinations

International arena consider political climate in selecting
destinations and alternates.

Elements related to cross-country flight planning

Use of appropriate and current aeronautical charts

Application of pertinent information from NOTAMs, A/FD
and other flight publications

IFR minimums for all classes of airspace, and operating
rules

Special Use & other Airspace areas

Procedures for Filing an IFR Flight Plan

Limitations in Communication Links and impact on
signal transmission/reception
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105, 106, 107, 108, 15 (not clear and may
applicable), 126, 128,129, 137

105-114, 118, 9,11,39 (lots of variations ¢
weather issues KSAs), 126, 128, 129

9,11, 12,39, 109, 114
9,11,39, 109, 140 (?)

9,10,11,16,39,40, 85
105, 113, 114 (?), 129 (?), 12,45 (KSA ite
thru 40 all similar)

9,11,12,15, 105

9,10,11,12,40,45,48, 105
9,11, 39,105
12,45, 105-113, 85

9,15, 105-113, 126, 128 (?)

10,40, 126, 128, 129
15, 126, 128, 129

10,40, 126, 128, 129
10,40, 118, 119

10,40,47, 48, 185, 186
10,40,47, 48, 57, 60,185,186

10,40,47, 126-129

not directly covered, 60, 136, 137
12,45, 40, 45, 47, 48, 185, 186

15,51 (political/international issues? This
stretch), 1D, 48,114-122
15,51, 114-122

8,15,37
15,47, 121,124

4,124,125

4,34, 125

15, 525
not directly covered, 545, 546



58

59
60

61
62

63

64
65

66
67

68
69

70
71

72

73
74
75

76

77
78
79

80
81

82
83
84
85

86
87

Strong and weak areas for LOS & BLOS comms (e.g.,
Satellite footprint/availability, etc.)

Skill in using flight planning tools

Ability to read, interpret, and use various maps, charts,
forms, etc

Skill in map reading

Ability to complete proper form for flight plan to gain
access to controlled airspace

Capability to analyze enroute, arrival and alternative
landing site weather conditions & forecasts

Use mission, navigation & weather data to plan mission

Application of ALL mission abilities added to analysis of
developing weather phenomenon. Systems knowledge
in development of aircraft sub systems loss/damage as
it applies to risk analysis for mission accomplishment
Knowledge of criteria for making a GO/NO-GO Decision
Extensive sensor systems and aircraft systems
knowledge. Understand rationale for development of
GO/NO-GO criteria.

Crew duty requirements

Alcohol and drug prohibitions and limitations

Rest requirements

Ability to self analyze current and future physiological
and psychological state to ensure safe operation of the
UA

GROUND OPERATIONS

Elements related to performance and limitations of
aircraft systems and the impact of exceeding specified
limitations

Knowledge of Flight Manual

Required instruments and equipment for day/night IFR
Procedures for determining airworthiness of the airplane
with inoperative instruments & equipment with and
without a MEL

Procedures for determining the Health & Status of the
UA and AVCS

Failure Modes and System Limitations

Procedures for Fault Isolation & correction

Procedures for establishing LOS & BLOS
Communication Links and Frequency Management
Data Link limitations

Functioning of the AVCS and the UA for performing the
required mission
Ability to judge whether safe flight can be conducted

Skill in operating aircraft and avionics systems
Ability to take corrective actions

Ability to establish & verify a command and control link
to the UA
Engine start procedures & limitations

Indications of normal operations, and procedures for
applying power, verifying the status of applicable aircraft

41

not directly covered, 533, 546

15,51, 127, 516
8,37, 522

8,37, 522
15, 516, 522

9,15,39,47, 515

9,15,39,47, 515, 94

too broad, don't really know what this is a
515, 94

12,45, 105, 113
12,45, 105, 113

34, 148 not directly covered

34, 150 (?) covered under FAR 61.15, 61
61.53, FAR 91.17,91.19
34, 1J (?) not directly covered

45, covered under FAR 61.53

nebulous (not supposed to exceed any lin
126 - 129

15,51,94
4,34,61, 97,124
4,34, 98

10,40, 130-140,159, 161, 168

(not clear, very different topics) 10,40, 12¢
60 not directly covered
136, 137, 168 not directly covered

126, 128, 137 not directly covered, maybe
43 (what??) 10,40

12,45, 154, 45

10,40, 137 (?) 1D (?), 130, 136, 137
10,40, 130-140, 168

137, 172 (what??) 10,40

10,40, 159, 159, 160, 161
10,40, 130-140,159, 161, 168



88
89
90

91
92

93
94
95
96
97
98
99
100

101

102

103
104

105
106
107

108

109
110
111

112
113
114

115
116

117
118

119

120
121

systems. Flight Information, etc.

Use of Appropriate checklist(s) 161, 172 not directly covered
Procedures for applying power to required systems 10,40, 136, 159

Skill in accomplishing start procedures and use of 10,40, 159-161

engine start controls.

Communication procedures with ATC 175, 38, 17 (KSA 91 thru 96 all similar)

Procedures for using AVCS equipment to communicate 17, 176, 38
with ATC (e.g., selection of radio, appropriate frequency,

etc.

Con)qmunication equipment and procedures 17, 38

Appropriate ATC phraseology 17,177, 38

Ability to judge appropriateness of ATC instructions 17, 38, 178 (?), 45

Ensure credible, clear instructions 17,32,38

Understand English language (ICAO standard) 32

Elements related to safe taxi procedures 10, 40, 162 - 167

Brake test procedures 10,40,52,53, 163, 77, 130, 134,162

Procedures for manipulating flight controls properly for 53,54, 77, 130, 164
current wind conditions

Procedures for complying with airport/taxiway markings, 38, 53, 398
signals, ATC clearances and instructions

Procedures for accomplishing ground operations at non- 36, 52, 53

towered airports

Skill in taxiing aircraft 53, 162-167
Skill in monitoring aircraft systems to assess system 53, 130-140,162
performance during taxi operations

Skill in identifying & avoiding obstacles 53, 167

Ability to read and follow airport taxi diagrams 53, 166

Knowledge of operating procedures at controlled and 36, 53, 179, 180

uncontrolled airports

Elements related to before takeoff check, including pre- 16,52, 168-174

flighting instruments, avionics, and navigation equipment

Procedures for detecting and rectifying malfunctions 126, 128-140, 168, (??) 10,40 maybe

Procedures for performing the before takeoff checklist 52, 168

Takeoff performance airspeeds, takeoff distances, 47,54,60, 173
departure and emergency procedures
Procedures for avoiding runway incursions 53,174

Ability to read, understand and perform checklistitems. 32,52, 86

Skill in locating and using specified controls to obtain the 10,40,77
desired outcome
Elements related to ATC communications 175-178, 6,38 (KSA 115 thru 118 all simil

Procedures for selecting the appropriate communication 6,38, 175-178

frequencies

ATC communication phraseology/protocols 6,38, 175-178

Procedures for acknowledging ATC communications 6,17,38,175-178

and complying with instructions

Base, runway, and taxiway operations with emphasis on 53, 174 (?)

incursion avoidance

Ability to comply with tower instructions 17,38,53, 175-178

Skill to adapt to back up plan during emergency airfield 85, 371,373,375, 376, 378, ?? 10,40
operations.
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122 Knowledge of sensor limits to environmental conditions 126, 129, ?? This could be payload or int

details
123 Knowledge of environmental conditions (hot day) 10,11,40,41,47,129
124 Power and time limitations 126, 128, ?7?
125 Read and accomplish checklist items 10,40, 86, 153 (?), 161
126 Ability to configure sensor equipment, if required 137, maybe 10,40 see 122
127 Ability to understand sensor displays and malfunction 137, 10,40 again
indications
ALL FLIGHT PHASES
128 Aircraft performance requirements and limitations and 39, 40, 41, 42, 43, 44, 517, 521, 524, 689
the impact of exceeding specified limitations
129 Required instruments and equipment for day/night IFR 34, 36, 533
130 Procedures for determining airworthiness of the airplane 34, 36, 533, 711, 712
with and without inoperative instruments & equipment,
and with and without a MEL
131 Data Link limitations 40, 675
132 Spatial disorientation, fatigue & countermeasures to 36, 40, 84
these threats
133 Elements related to attitude instrument flying during 601, 684
straight-and-level, climbs  turns, and descents while
conducting various instrument flight procedures
134 Unsafe flight attitudes and recovery procedures 44,604, 605
135 Stall characteristics and stall recovery procedures 44,79, 604, 605
136 Causes and prevention of Pilot induced Oscillations 40, 604, 605
137 Communication requirements and procedures with ATC 38, 313, 322, 576-582, 588, 596, 618, 64(
708
138 Operations at controlled and uncontrolled airports 36, 38, 40
139 UA and AVCS operations and Emergency Procedures 40, 675, 679, 694
140 Normal and Abnormal Checklist Procedures 40, 586, 623, 643, 661, 673, 679, 683, 69
141 Demonstrate good Aeronautical Decision-Making 45, 85
142 Maintain Situational Awareness 675
143 Ability to visualize - Demonstrate Tactical Planning Skills
144 Maintain control of the aircraft at all times 53, 54, 55, 56, 58, 59, 60, 61, 77,78, 79,
145 Instrument scan, crosscheck and interpretation 59, 603
procedures
146 Integration of instrument scan with scan of other 59, 603
displays
147 Ability to stay ahead of the airplane to enable arapid 60, 679
response to unplanned mission events & contingencies
148 Ability to recognize Spatial Disorientation and causes of 597 364, 365
PI1O
149 Ability to compensate for response lags from pilot 54, 55, 56, 58, 59, 77, 271
control input to display feedback
150 Ability to apply knowledge of aircraft system operations 60, 604, 605
and emergency procedures to safely & effectively
avoid/mitigate against unplanned mission events,
contingencies and emergency events
TAKEOFF/CLIMBOUT
151 Procedures for configuring the aircraft for take-off 10,40,54, 130, 131, 172
152 Knowledge of communication procedures for towered 6,17,36,38,53, 175, 176,177, 178

and un-towered airports
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153
154

155

156

157
158
159

160
161

162
163
164

165

166
167
168

169
170
171
172
173
174
175
176

177

178
179
180
181
182

183

184

Knowledge of Wake Turbulence effects and restrictions

Procedures for accomplishing normal and crosswind
takeoffs

Aircraft takeoff performance characteristics, airspeeds,
and adjustments due to atmospheric conditions,
emergency procedures, and abnormal performance
indications

Right of Way rules, Sense and Avoid system operations,
local terrain

Checklist and system use, including aircraft sensors

Recognize radio instructions

Ability to recognize Wake Turbulence conditions and to
accomplish avoidance procedures

Ability to monitor/control the UA during takeoff
Recognize poor performance/ abnormal indications and
perform abort/emergency procedures as dictated by the
situation

System operation

ATC clearances and pilot/controller responsibilities
Limitations of aircraft in terms of the ability of the UA to
comply with ATC messages

Procedures for requesting clarification, verification and
changes

Frequency Management

Standard Phraseology for reading back clearances
Appropriate communications and navigation system
transponder codes in compliance with the ATC
clearance

Copy and correctly interpret ATC messages

Ability to operate radio and navigation equipment
Standard Instrument Departure procedures

Aircraft best climb profile

Wake Turbulence Avoidance Procedures

IFR and VFR flight procedures

Basic UA instrument monitor control

Skill in using AVCS interfaces to access required
information

ENROUTE

Aircraft and avionic system performance monitoring
requirements

Procedures for identifying & resolving system problems
Unsafe flight attitudes and recovery procedures

Stall characteristics and stall recovery procedures
Instrument crosscheck and interpretation procedures
Procedures for obtaining weather related data and using
this data to decide whether a flight plan change is
necessary

Control UA

Ability to interpret instruments for UA attitude, flight path
and energy state
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36,40, 81, 179
54, 187, 188, 189, 190, 192

47,54,173, 192, 193

some under FAR 91, 10,34,37,40, 1797

10,40, 1687, 1727
17,38, 178
40, 179, 81

54, 196
45,54, 1717?

10,40, 130, 131, 133, 134, 135, 136, 137,
6,17,38, 1787
6,10,40, 5787

6,38,579

176, 582, ?7?
6,17,38
6,17,38, 588

6,17,38, 577

10,19,40, 137

10,20,40

10,40,54,1957

40, 81,179

1237, 5767, ?? Very broad and nebulous
18, 3487, 349?

10,40

34, 36, 407, 437, 348, 351, 356, 361, 366
686, 710
40, 379, 589, 604, 614, 621, 679, 685, 69

44,347, 364, 604, 656

44,79, 345, 346, 347, 604

40, 348, 351, 356, 361, 366, 603, 605, 62
39, 503, 515, 516, 520, 677

53, 54, 55, 56, 58, 59, 60, 61, 77, 78, 271
674, 676, 684, 688, 695, 706

55, 59, 60, 349, 350, 352-355, 357-360, 2
604, 605, 608, 630, 679



185
186

187
188

189

190

191
192
193

194
195
196
197
198

199

200

201
202

203

204
205

206

207
208

251
252

253

254

255
256
257

258

Ability to interpret weather related information
Ability to change navigation log, if required

Procedures for maintaining contact with ATC

Procedures for changing frequencies to comply with
ATC instructions
Procedures for communicating with ATC

Ability to speak clearly and concisely with proper
terminology
Ability to interpret radio communications

Ability to operate radio and transponder

Procedures for acquiring weather and traffic information
and for making decisions of whether these conditions
will impact current flight plan

Weather Avoidance Criteria

Windshear detection and avoidance procedures
See and avoid concept
Access required weather information

Assess impact of weather on aircraft performance and
navigation/flight plan

Perform required avoidance maneuvers within the
capabilities of the UA

Procedures for determining whether a flight plan change
is required

Procedures for changing the UASs flight plan
Procedures for communicating flight plan changes to
ATC

Ability to respond to unplanned changes in a safe and
efficient manner

Procedures for accomplishing handoff

Procedures for transitioning between LOS and BLOS
communications

Knowledge of Crew Resource Management (CRM)
procedures

Ability to perform handoff

Skill in applying CRM principles

MISSION OPERATIONS

reserved

DESCENT

Procedures for acquiring weather information

Impact of weather on aircraft performance and landing
operations

Using available resources to obtain required weather
information

Skill in assessing impact of weather on aircraft
performance

Determine appropriate top of descent point

Ability to select and use the appropriate approach charts
Holding Pattern Procedures, and preferred method for
entering holding patterns

Procedures for monitoring/controlling the flight of the UA
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47,503, 515
57, What is Nav LOG?

38, 576, 587

38, 576, 577, 582, 588, 620, 702

38, 322, 576, 577, 580, 581, 585, 587, 59
640, 658, 660, 672, 698, 707, 708

32, 580, 581, 587, 618, 622, 640, 658

32, 675
40, 53, 582, 675, 702
39, 41, 43, 47, 503, 515, 583, 599, 666

39, 515

39, 509, 623, 642

40

47,503, 515

48, 503, 515, 623, 642, 665, 670

55, 60
39, 40, 44, 313, 318, 590, 612, 677

47, 48, 305, 313, 656, 657
38, 47, 305, 322, 583, 656, 657, 658

40, 60

40,77,78
40,77,78

78

55, 57, 60, 78
53, 54, 55, 56, 57, 58, 59, 60, 61, 85

9,11,39,105
9,11

9,11,39,105
9,11,39,113?

10,40
8,20,57
7,593 - 600

18, 601 - 603



259
260
261

262

263

264

265

266

267
268

269

270

271

272
273

274

275

276

277
278

279

280

281
282

283
284
285

286

287

Instrument or Visual Approach procedures
Skill in monitoring/ controlling the flight of the UA

Ability to use navigation equipment to follow designated
flight plan

Holding pattern procedures, and preferred methods for
entering holding patterns

Procedures for controlling the UA in support of Holding
Operations

Control UA while accomplishing standard, non-standard,
published, or non-published holding patterns

Use proper wind correction procedures to maintain
desired pattern & to arrive over the fix as close as
possible to a specified time

Recognize arrival at the holding fix and to initiate prompt
entry into the holding pattern

Comply with ATC reporting requirements

Procedures for monitoring/controlling UA heading,
speed and altitude

Procedures for maintaining awareness of traffic and
procedures for minimizing the potential for traffic
conflicts (for both IMC and VMC conditions)
Monitor/control UA to accomplish the appropriate
approach procedure within given criteria

Skill in traffic awareness and conflict resolution
procedures

ARRIVAL/APPROACH

Elements related to an instrument approach

Procedures to establish communications with ATC and
the use of proper phraseology and technique
Procedures for appropriate aircraft configuration and
airspeed considering turbulence and windshear, if
applicable

Procedures for using navigation equipment to support
the approach

Necessary adjustments to published DH, MDA and
visibility criteria

Missed approach procedures

UAS cross wind limitations, and procedures for landing
in a Cross Wind

Monitor/control UAS to accomplish the appropriate
approach procedure within given criteria

Recognize arrival at the holding fix and to initiate prompt
entry into the holding pattern

Comply with ATC reporting requirements

Recognize if any flight instrumentation is inaccurate or
inoperative, and to take the required remedial action
Perform a Go-Around Procedure if conditions warrant

Ability to land in Cross Wind

Procedures for acquiring weather & traffic information &
for making decisions of whether these conditions will
impact current flight plan

Procedures for changing flight plan to avoid
weather/traffic

Weather Avoidance Criteria

46

20,54
18, 601 - 603
7,19, 305, 306, 307, 308

7,593 - 600
7,18
7,10,18,40

7,10,18,40

7,10,18,40

6,17,38,311
18,57,59, 312, 370

10,40,807?

10,18,20,40

10,40,807?

7,8,10,20, 576, 616, 638
17,38, 311, 587, 618, 640, 702

10,18,40, 202

8,10,19,20, 619, 645, 702
8,20

8,20,54,653
10,18,40,54,208

18
7,18

17,38,588
12,45 (also FAR 91), 621

10,18,20,40,54,661
10,40,54,208
9,39,47,48,105?
6,39,48

10,40



288

289
290
291
292
293

294

295
296
297
298
299

300

301
302
303

304
305
306
307
308
309
310
311

312
313

314
315

316
317

318
319
320

321
322

323
324

Wake turbulence separation minimums and avoidance

procedures
Windshear detection and avoidance procedures

See and avoid concept
Minimum IFR/VFR weather visibilities and distances
Access required weather information

Assess impact of weather on aircraft performance and

landing operations

Perform required avoidance maneuvers within the
capabilities of the UA

Skill in conflict/collision avoidance

Identify adequate visual reference to fly below minimum

Aircraft CG limits

Approach speed for fuel/aircraft weight

Landing configuration for weather (wind, ceiling,
visibility)

Unusual configuration for emergency approach and
landing.

Crosswind landing procedures and aircraft limitations
Configuration management

Ability/skill to land with crosswinds up to the maximum

allowable for the air vehicle
Missed Approach Procedure

Required Aircraft Configuration and Performance
Contingency Plan

Recognize inadequate visual references

Comply with ATC-directed missed approach
Configure Aircraft for Missed Approach & Climb
Perform Missed Approach Procedure

Proper go-around decisions & techniques
LANDING

Landing gear operation

Minimum safe altitudes for crossing various types of
terrain/airport obstructions
Skill in monitoring/controlling the flight of the UA

Ability to use navigation equipment to follow designated

flight plan
Same as taxiing before takeoff

Exercise additional caution at unfamiliar destination
airport.
Cross wind operations

Taxi procedures

Ground operation of aircraft subsystems (engine,
brakes, etc.).
Perform ground operations of aircraft to final parking.

POSTFLIGHT GROUND OPERATIONS
Taxi procedures.

Aircraft ground operations.

Perform checklist actions

47

40, 81

40

40 and FAR 91, 80
4,8,20,34,39,123?
9,39,105
10,11,12,40,41,47,113?

18,40, 55

18,40,55,80

20

10,40,127

10,40
10,39,40,54,129?

21,60

10,40,54,208
10,40
10,40,54,208

18,20,54,633, 652, 653, 656, 657
?? Too broad maybe 10,40

?? Too broad

12,45

17,18,54, 633, 659

10,40,54, 264, 265, 266, 633, 657
10,20,40, 633, 657

10,40,54, 262, 263, 661

10,40,54,134
8,10,40,669

18, 203, 204, 206, 207, 674
10,19,40

?? Should this be removed?? Maybe 53
53

53,54, 208, 672
53, 162, 1637, 1647, 1657, 166, 167
10,40,53

53
53, 403, 404, 405

53, 403, 404, 405, 406
10,22,40, 408



325
326

327
328
329

330
331
332
333
334
335
336

Maneuver aircraft on the ground

Operate aircraft and sensor systems as necessary in
preparation for engine shutdown.
Radio procedures

Communicate via voice in English.

Identify types and potential locations of known and
suspected hazards
Knowledge of airfield operations

Knowledge of local hazards as published in NOTAMS
Ability to detect potential Hazards

Skill in Hazard Avoidance

Position aircraft for future servicing and maintenance
Perform shutdown procedures

Park aircraft

48

53, 403, 404, 405, 406
10,22,40, 403, 407, 710?

38
32
10,22,40,403

53, 403, 405, 406

15,51,53, 116, 121

10,40,406

406, 10,40 similar

403, 409, 53 (really a ground crew respol
10,22,40, 403, 407

53, 403, 406, 409





