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Executive Summary

Modern commercial aircraft rely extensively on computer-controlled autopilot systems to manage flight paths safely and efficiently. An autopilot is
defined as a system “used to guide an aircraft without direct assistance from the pilot” (Source: skybrary.aero). Early autopilots (e.g. Sperry’s 1912
gyroscopic system) could only maintain a set heading and pitch (Source: boltflight.com); by contrast, today’'s “full-envelope” autopilots can control
nearly every phase of flight, from takeoff through cruise to automatic landing (Source: skybrary.aero) (Source: skybrary.aero). Modern autopilots are

deeply integrated with flight management and autothrottle systems: the aircraft can be flown according to a programmed flight plan, with the autopilot
automatically setting thrust for climbs and following navigation routes (Source: skybrary.aero).

By design, modern autopilot systems improve safety. They reduce pilot workload, increase flight precision, and improve situational awareness
(Source: www.congress.gov) (Source: skybrary.aero). For example, a Congressional research report notes that autopilot and flight director systems

are specifically “designed to enhance safety by improving pilot situational awareness, reducing pilot workload, and monitoring aircraft system states to
prevent unsafe operations” (Source: www.congress.gov). Airline accident statistics confirm the benefit: fatal commercial airline accidents have
“decreased dramatically” over the past decade even as automation has increased (Source: www.cbsnews.com). Most commercial flights today are
flown on autopilot for the vast majority of each flight — in fact, pilots typically use automation for everything except roughly the three minutes of takeoft
and final landing (Source: www.cbsnews.com).

At the same time, automation introduces new challenges. Sudden or unexpected autopilot disconnects can catch crews off-guard and have been
implicated in several high-profile accidents (Source: airfactsjournal.com) (Source: www.eurekalert.org). Human factors issues such as mode confusion
and skill degradation are well documented. For example, investigators have noted that pilots in the Air France 447 crash did not have the “situational
awareness or training” to safely fly the aircraft when the autopilot outriggers disengaged unexpectedly (Source: airfactsjournal.com). Human factors

research recommends improving the design of autopilot modes — e.g. giving crews advance warning before autopilot disengagement (Source:
www.eurekalert.org) — to address such problems. Regulatory guidance now emphasizes that even during autopilot operation, the crew must
continuously monitor the flight path and be ready to intervene (Source: www.flightglobal.com).
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A. LANDING Airplane Autopilot Explained: How It Works & Is It Safe?

This report provides a comprehensive examination of how modern airplane autopilots work and their safety. We begin with background and history,
then analyze the key functional components and operating modes of today’s autopilots. We review how autopilots interconnect with navigation and
throttle systems, and how pilots interact with them through cockpit controls and flight directors. We then examine safety data, incident and accident
case studies, and human factors implications. Multiple perspectives are presented: from design and regulatory guidelines to pilot experience and
training. Finally, we discuss trends and future directions (e.g. adaptive/autonomous systems) and draw conclusions about the overall safety record of

autopilots. All claims are backed by data and authoritative sources.

1. Introduction and Background

1.1 Definition and Function of Autopilot

An autopilot is broadly defined as a system that “guide[s] an aircraft without direct assistance from the pilot” (Source: skybrary.aero). In practical
terms, it is an electronic flight control system that receives inputs about the aircraft state (attitude, altitude, speed, heading, etc.), compares them to
desired targets (such as a selected heading or altitude), and automatically sends adjustment commands to the flight control actuators (ailerons,
elevators, rudder, throttle) to achieve those targets. Early autopilots were simple stabilizers: Sperry’s 1912 autopilot, for example, used gyroscopes to
automatically level the wings and maintain pitch, so that pilots could attend to other tasks (Source: boltflight.com). Over the ensuing century, autopilots
evolved from single-axis “wing-leveler” devices into the fully-integrated autopilot/flight management systems of today (Figure 1).

Figure 1: Conceptual integration of modern autopilot (green) with flight management, navigation, and autothrottle systems (Source: skybrary.aero)
(Source: skybrary.aero).

Modern commercial autopilots are typically three-axis (controlling roll, pitch, and yaw) and are interfaced with a flight management computer (FMC)
and autothrottle. As SKYbrary notes, modern autopilots “are capable of controlling every part of the flight envelope from just after take-off to landing,”
including automatic Category-lll autoland capability (Source: skybrary.aero) (Source: skybrary.aero). With autothrust (autothrottle) engaged, the
computer will automatically set and adjust engine thrust during climb, cruise, descent, and approach to maintain programmed airspeeds and flight
paths (Source: skybrary.aero). Pilots interact through dedicated flight control panels or the integrated FMC: they can select modes like heading hold,
altitude capture, navigation tracking, and approach, and the autopilot executes those commands. Importantly, pilots retain final authority: autopilots
can be overridden instantly by manual input (e.g. by a force on the yoke or press of an autopilot disconnect switch) (Source: skybrary.aero) (Source:
www.congress.gov). In emergency situations, pilots can always disengage automation and fly manually; conversely, they can re-engage the autopilot
to relieve workload once a stable condition is reestablished.

1.2 Historical Evolution

The history of autopilots underscores their gradual expansion in capability. The first effective autopilot was demonstrated by Lawrence Sperry in
1912.As Bolt Flight reports, Sperry’s gyroscopic autopilot could maintain an aircraft’s pitch, roll, and yaw automatically (Source: boltflight.com). In a
famous 1914 demonstration, Sperry even had an assistant sit motionless on one wing of the aircraft; the autopilot compensated instantly to keep the
airplane level (Source: boltflight.com). This landmark achievement showed that hands-off controlled flight was possible, paving the way for later
advances. During World War Il and the ensuing Cold War, more sophisticated autopilots appeared, incorporating multiple axes and integrating with
radio navigation aids.

By the 1960s and 1970s, jet airliners routinely had multi-mode autopilots and flight directors. For example, BAC-1-11 and DC-9 jets of that era could
automatically fly instrument approaches on localizer and glideslope signals once armed. The modern era (1980s-present) has seen the rise of highly
automated glass cockpits, where autopilots tie deeply into Flight Management Systems (FMS) and Heads-Up Displays. Today’s fly-by-wire airliners
(e.g. Airbus A320/A330 series, Boeing 777/787) can execute computer-managed flight plans with minimal pilot stick input. Current trends even include
adaptive and learning autopilots, though those remain mostly in research and unmanned vehicles (Source: arxiv.org) (Source: ntrs.nasa.gov).

Overall, autopilots have become ubiquitous. Virtually all commercial passenger aircraft now have at least two redundant autopilot computers, and
many general aviation (GA) aircraft also come with two or three-axis autopilots as standard or common options. As of the 2010s, it is routine for an
airplane to be on autopilot through cruise, descent, and approach down to just a few hundred feet above ground before switching to manual landing or
autoland mode (Source: skybrary.aero) (Source: www.cbsnews.com). Reliable electrical power and flight control servos make this possible. In normal
flight, the autopilot handles steady-state guidance while the pilot takes care of communications, systems management, and monitoring.
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1.3 Autopilot in Today’s Cockpit

In a modern cockpit, the autopilot system is one component of the auto-flight or autoflight system (sometimes called the AFDS — Auto-Flight Director
System). The typical setup includes: radios and navigation equipment (GPS, inertial, VOR/ILS, etc.), flight director displays, autopilot computers,
autothrottle/automated thrust, and the pilot-control panel. Pilot commands (heading, altitude, route from FMS, VNAV/ALT modes, etc.) are entered on
the mode controller or FMS. The autopilot computer then continuously computes the required control surface deflections and throttle settings to follow
those commands.

Importantly, modern fly-by-wire aircraft (like Airbus models) mediate pilot stick inputs through computers even in “manual” flight, whereas Boeing and
older planes have a more direct mechanical feel. In Airbus aircraft for example, the flight control computers continually monitor protective limits (e.g.
for stall, bank angle, speed) and will not obey pilot inputs that violate those limits while in normal law. The autopilot on Airbus is seamlessly integrated
into this envelope protection. By contrast, Boeing autopilots assume the pilot may override any autopilot command and usually disengage immediately
with large manual inputs. In either case, the autopilot must be designed to hand back control gracefully whenever pilots need it (Source:
WWw.congress.gov) (Source: www.congress.gov).

2. Autopilot System Architecture

Modern autopilots consist of multiple subsystems. A useful breakdown is into four main elements (often listed as “sensing, computing, output, and
control interface”) (Source: www.aircraftsystemstech.com). Table 1 summarizes these components and examples of each:

COMPONENT FUNCTION AND EXAMPLES

Measure aircraft state: attitude (gyroscopes or inertial sensors), angular rates (rate gyros), altitude (barometric
altimeter), airspeed (pitot system), and heading (magnetometer or INS). Onboard GPS/INS provide precise position

Sensors (Inputs) and velocity. Navigation receivers (VOR/ILS, GPS) allow lateral and vertical guidance. (Newer systems may use multi-
axis MEMS gyros, accelerometers, etc.) (Source: www.aircraftsystemstech.com) (Source:

www.aircraftsystemstech.com).

The autopilot computer or flight control processor (analog or digital) that runs the control laws. It compares sensor
Computing inputs to commanded targets (e.g. selected heading or altitude) and computes corrective outputs. Includes amplifiers
Element and processing circuitry to refine signals (Source: www.aircraftsystemstech.com). In digital systems this is a

microprocessor executing software meeting aviation safety standards (e.g. DO-178C Level A).

Servo actuators that physically move the control surfaces or throttles in response to the commands. These may be
electro-mechanical or hydro-mechanical servos mounted on the ailerons, elevator, rudder, and spoilers (for roll and

Output/Actuators . ) . . ] .
pitch) (Source: www.aircraftsystemstech.com). On large jets, these servos integrate into the hydraulic flight control
system. In fly-by-wire aircraft, the autopilot drives the same actuators as the pilot's sidestick.
The autopilot control panel / mode control panel and flight director display. This includes switches/knobs for selecting
modes (e.g. heading hold, altitude preselect, NAV, approach), and the flight management computer (FMC) that
Human/Command . g g P . PP _) g . g P ( . )
Intert provides lateral/vertical path commands. These inputs feed into the computing element. The panel also includes
nterface

disengage switches (yoke buttons, etc.) and indicators. All navigation guidance (GPS, FMS route, ILS, VNAV)
interfaces through this layer. (Source: skybrary.aero) (Source: www.aircraftsystemstech.com)

Table 1: Components of a modern aircraft autopilot system (sensors, computing, actuators, and pilot interface).

In brief, the autopilot's sensing elements gather data on how the airplane is flying. Traditional gyroscopes (or newer inertial modules/Attitude and
Heading Reference Systems — AHRS) report roll and pitch; a magnetic compass or inertial sensor provides heading; an altimeter gives altitude; an air
data computer provides airspeed; and navigation receivers supply lateral/grid deviation (e.g. ILS localizer) and vertical (glideslope) deviation. Many of

these sensors feed via a digital data bus into the autopilot computer (Source: www.aircraftsystemstech.com).

The computing element (autopilot servocontrol computer) constantly compares the sensed state to the pilot's or FMS’s commands. For example, if a
heading bug is set to 270°, the computer calculates how much roll input (aileron deflection) is needed to turn the wings to east. If an altitude hold
mode is active at 30,000 ft, the computer adjusts elevator deflection to maintain that altitude. These computations are done on separate control
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channels (pitch, roll, yaw) (Source: www.aircraftsystemstech.com). Analog autopilots used integrators and amplifiers to generate the control signals;

digital autopilots execute flight-control algorithms that often include Proportional-Integral-Derivative (PID) logic or more advanced filtering. In
Airbus/Boeing fly-by-wire, the flight control laws also provide envelope protections (stall avoidance, bank limits) at the same time that the autopilot
commands.

Finally, the output elements are the flight-control servos. These small actuators (effectively strong motors) are mechanically linked to the ailerons,
elevator, rudder or spoilers. When commanded by the autopilot computer, they apply force to move the control surface. On large jets, the autopilot
servos work through the hydraulics: they deflect the control surfaces via power control actuators that are common to both autopilot and manual
controls. This ensures that when the pilot moves the yoke, he/she is moving the same control surfaces. If the pilot inputs disagree with the autopilot
outputs, one system wins (usually manual override) and the other cuts out (see safety section).

The human interface consists of the cockpit autopilot/control panel and display. Pilots select and manage modes via buttons or knobs (e.g., heading
select, altitude preselect, VNAV on/off). On glass cockpits, the flight director provides guidance cues: a pair of crosshairs or pointers showing how to
steer the aircraft to follow the selected commands. When the autopilot is engaged, it simply tracks those flight director cues automatically (Source:
www.congress.gov). The autothrottle (if present) typically has its own modes (e.g. speed hold, climb power, VNAV speed). All these inputs enter the
computing element through a “mode control” layer. Critically, modern design standards require that the autopilot be easily and quickly disengaged.
FAA rules (FAR 25.1322) demand that “sensors or mode selections may not cause anything beyond a minor transient change to the aircraft's flight
path under normal conditions,” and that an autopilot must allow “quick disengagement” and not create hazards if the pilot overrides it manually
(Source: www.congress.gov). In practice, every airplane provides obvious switches or yoke buttons to drop the autopilot instantly.

3. Autopilot Modes and Operation

Modern autopilots can be used in many modes. These are generally categorized by whether they control the pitch (vertical) or bank (horizontal) axis
(and often thrust as well, via autothrottle). Table 2 summarizes common autopilot modes:
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MODE

Heading Hold (or
Heading Select)

Navigation (LNAV)

Altitude Hold (ALT
Hold)

Vertical Speed (VS
or FPA)

Flight Level Change
(FLCH)

Vertical Navigation
(VNAV)

Glideslope Capture
(GS)

Localizer Capture

Approach Mode
(APP or APPR)

Go-Around (GA)

Auto-Trim (Yaw
Damper)

Autothrottle (THR,
SPD)

Manual/Off

Airplane Autopilot Explained: How It Works & Is It Safe?

DESCRIPTION/USE

Autopilot will bank wings to steer to and maintain a pilot-selected heading. Pilot rotates a heading bug and pushes
“HDG” button, and autopilot rolls to that heading. Useful for course changes or holding a given direction.

When connected to a flight plan via FMS or VOR/ADF, the autopilot will follow the lateral track or radial. On
approaches, “LOC capture” mode can be engaged to track an ILS/localizer beam (localizer is lateral).

Autopilot maintains the selected altitude. It uses pitch (elevator) to stay level once that altitude is reached. Used for
level-off during climb or descent.

Autopilot will climb or descend at a set rate (e.g. +500 ft/min) until the pilot deactivates it or another mode engages.
Useful for step climbs/descents.

Autopilot adjusts pitch to maintain a target airspeed while climbing or descending to a new altitude. Often used in non-
precision climbs/descents (common on Boeing jets).

When FMS is programmed with altitude constraints, VNAV mode follows that vertical profile automatically (including
speed and altitude schedule). The autopilot/auto-throttle combination will climb or descend as needed to meet
waypoint altitudes and speed restrictions.

Engaged during an ILS approach, the autopilot will intercept and follow the vertical glideslope signal, descending at
the appropriate slope (usually 3°). Coupled with Localizer, this allows automatic ILS approach.

Autopilot intercepts and follows the horizontal ILS/localizer beam (or VOR radial) to align the aircraft with a runway
centerline. Often engaged together with Glideslope on ILS approaches.

A combined mode where both localizer and glideslope are coupled; the autopilot flies the ILS approach down to
decision height. Some advanced systems can perform automatic landings (Category Ill) using this mode (Source:
skybrary.aero).

A special mode to execute a missed approach. It prompts the autopilot (or pilot) to apply climb thrust and a specified
climb attitude or pitch, following missed-approach navigation guidance. The pilot typically selects GA when an
approach is aborted.

A mode (often always on) that dampens yaw oscillations to improve stability. Not user-selected but part of the
autopilot/igs system.

When available, maintains target airspeed or thrust setting. Fully integrated with aircraft performance (e.g.,
automatically setting climb thrust, speed for level-off, or idle descent). Many jets arm autothrottles for takeoff/climb and
re-engage during cruise.

When turned OFF, autopilot disconnects and hands full control to pilot. A disengagement switch (or cutback of
autothrottle) accomplishes this action immediately (Source: www.congress.gov).

Table 2: Common autopilot flight modes (lateral and vertical). Each mode manipulates controls to achieve the specified parameter.

For example, in a typical flight:

« Cruise Climb: The crew may select an FMS waypoint and altitude, then engage LNAV (lateral navigation) and VNAV (vertical navigation). The
autopilot pitches the aircraft to climb at optimum speed and follows the programmed route. An autothrottle will reduce power as the aircraft
approaches altitude. Once at cruise altitude, the autopilot switches to ALT HOLD mode to level off (Source: skybrary.aero) (or transitions
automatically under VNAV).
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« En Route: The pilot simply empowers LNAV (lateral) and ALT HOLD (vertical) so the aircraft flies straight and level along the programmed track.
Occasional adjustments are made via the flight management system or hand-flying.

« Approach: On arrival, the pilot will engage an approach mode. Typically one toggles the autopilot to localizer capture, then glideslope capture
after the localizer is established. The autopilot will then follow the ILS signals down to runway, often with autothrottle maintaining approach speed.
In many modern jets, this sequence can automatically fly a precision landing (Category Il autoland) if conditions allow (Source: skybrary.aero). As
SKYbrary observes, “If this is to be a Category Il ILS approach with Autoland, the autopilot controls the flight path so that it follows the ILS glide
path and localiser, adjusting the power to maintain the appropriate speed and commencing the flare to achieve a safe landing” (Source:
skybrary.aero).

« Missed Approach: If a go-around is necessary, the pilot activates GA mode (or simply rolls the pitch and thrust up). This disengages the landing
modes and commands a climb. On many jets, GA mode automatically arms the selected LOC (as missed), and the autopilot climbs on a safe
planned departure path.

During any phase, pilots can at any time override the autopilot by moving the controls or pressing disconnect. The design goal is that such manual
input is immediately acted upon and the autopilot yields control (Source: www.congress.gov). In fact, FAA guidance dictates that autopilot systems
“must not create potential hazards when overridden by manual flight control inputs” (Source: www.congress.gov). This ensures that the pilot always
has ultimate control authority.

4. How Autopilots Work (Technical Details)

While the high-level modes are intuitive, the internal workings involve control theory. At its heart, an autopilot is executing feedback control loops. For
each controlled axis (pitch/altitude, roll/heading, yaw/dorsional stability), the autopilot continuously measures errors (the difference between the
commanded value and the actual value) and computes corrective deflections. In simple terms, if the airplane is not at the commanded altitude, the
autopilot drives the elevator to push it up or down. If it is not on heading, the autopilot rolls to bank into a turn. If the speed drifts, autothrottle increases
or reduces thrust.

Mathematically, most autopilots use Proportional-Integral-Derivative (PID) type controllers: they apply an output proportional to the error, plus some
integral of accumulated error (to eliminate steady-state offset), and derivative (to damp oscillations) (Source: www.aircraftsystemstech.com). The

gains and filter constants are tuned to the aircraft's dynamics. In modern digital flight control computers, more sophisticated control laws (such as LQR
or adaptive filters) may be used, especially in fly-by-wire military or research systems. In any case, the autopilot’'s “inner loop” stabilizer (sometimes
called a rate or attitude hold) works much faster than the pilot can react; it keeps the airplane from diverging when disturbed by wind gusts or
turbulence.

The autopilot is often coupled with a Flight Director (FD). The Flight Director is a set of command bars on the attitude indicator that give steering
cues (some call it a “bar that follows the localizer” or an “Airway” pointer). The FD computes the same commands as the autopilot (how to roll/pitch to
intercept the flight path) but displays them for the pilot. Thus a trained pilot can choose to follow the FD commands manually, or simply engage the
autopilot to follow them automatically. Many accidents have occurred when the FD or mode was set incorrectly, causing the autopilot to fly an
unintended path (see Case Studies below). Pilots are trained to cross-check the FD guidance with their expectations — for example, if they
commanded to climb to FL350 but see the FD commanding a descent, the system is probably mis-configured. When autopilot is off, the FD still works,
and the pilot manually flies to keep the aircraft symbols on the bars.

In many large airliners, multiple redundant sensors feed the autopilot. For example, there may be triple IRS/GPS/gyro systems for attitude and
position. The autopilot computer will cross-check and may disregard any sensor that diverges. The Boeing 777, for instance, has three Air Data
Modules measuring pressure, and it compares them for consistency. For safety, the autopilot logic often includes protections: e.qg. if a high-angle-of-
attack condition occurs, the system may automatically reduce thrust or cut off autopilot to prevent a pitch-up stall (as in many turboprops) (Source:
airfactsjournal.com). Such “under-speed protection” laws are embedded in the control software or separate hardware warnings.

5. Integration with Autothrottle and Flight Management

In modern transport aircraft, autothrottle (auto-thrust) is usually integrated with the autopilot as part of the overall flight guidance system. When
engaged, the autothrottle will automatically adjust engine thrust to maintain either a programmed airspeed or descent profile. For example, after
takeoff, the autothrottle can be left in “climb” mode: it will set climb power and then gradually reduce thrust as the aircraft accelerates, ensuring a
smooth and efficient climb. During cruise, autothrottle maintains cruise speed. In descent, it may idle down to save fuel or follow a VNAV speed profile.
When capturing an altitude, it will reduce thrust to allow leveling off at a constant speed or power.
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The synergy is illustrated on SKYbrary’s description: “If an autothrottle/autothrust system is installed, the appropriate thrust may be automatically set
during take-off, and is then adjusted automatically as the climb progresses...[then the aircraft] levels at the required altitude...while the power is
adjusted to achieve and maintain the programmed speed” (Source: skybrary.aero). In other words, takeoff power can be pre-set and armed, and once
retracting flaps the autothrottle handles acceleration and altitude capture. During a VNAV descent, the autothrottle can manage a constant idle
descent, and then thrust is reapplied (often by the pilot) for final approach or go-around.

The Flight Management System (FMS) acts as the navigator that feeds the lateral and vertical path to the autopilot. Pilots enter a flight plan
(waypoints, airways) into the FMS, as well as performance data (weight, cost index, climb speeds). The FMS computes an optimal vertical profile and
time/speed targets. When LNAV/VNAV modes are engaged, the autopilot-following flight director will follow the FMS route and altitude constraints
automatically. For example, if the FMS has constraints to cross FL240 at a certain waypoint, the VNAV mode will plan a climb so that the autopilot
reaches 24,000 ft at that fix, then holds heading (or turns to next leg) as needed.

If the pilots choose to navigate by VOR/ADF or manually, the autopilot can still track those signals (e.g. “ADF NAV” mode or “HDG VOR?”). In practice,
commercial airliners rely almost entirely on FMS guidance nowadays: manual/VOR flying is very rare except as backup. However, in smaller general
aviation aircraft without FMS, autopilots often track GPS courses or VOR radials directly.

6. Safety, Failure Modes, and Reliability

Autopilots are highly reliable systems, but they are not infallible. Redundancy is built-in: typically dual or triple computers, redundant sensors, and
fail-safe power supplies. Rigorous standards (e.g. DO-178 software certification, FAA/EASA regulations) govern autopilot development and
maintenance. When properly used, autopilots have demonstrably improved safety. As noted in the literature, they reduce pilot workload and can
“literally [be] lifesavers” in challenging conditions (especially single-pilot IFR) (Source: aviationsafetymagazine.com). Turbine aircraft accident rates

remain extremely low: one review observed “turbine-powered airplanes don't crash very often these days” (Source: airfactsjournal.com).

Key benefits of autopilots include:

« Workload reduction: By flying stable patterns (holding altitude, tracking course), autopilots free pilots to manage systems and traffic (Source:
www.congress.gov). IFR flights are much safer when the autopilot handles routine flying, according to safety analysts (Source:
aviationsafetymagazine.com).

« Precision: Autopilots maintain exact settings. For instance, laterally they will center the localizer to sub-degree precision, and vertically they can
hold altitude within tens of feet. This precision minimizes manual-control errors.

« Endurance: Autonomous control does not fatigue. On long flights in IMC, autopilot keeps very steady flight and alerts crew to deviations,
whereas human pilots would tire without it.

« Safety envelopes: Modern flight computers incorporate protections that a pilot might not react to quickly. For example, limits on angle-of-attack,
bank angle, or airspeed can be automatically enforced.

Possible failure modes and safety issues must also be addressed. Some relevant points:

« Disconnection/Mode confusion: One recurrent hazard is sudden autopilot disengagement or mis-mode. Research highlights that when
autopilots disconnect unexpectedly in a high workload phase (e.g. on final approach or in turbulence), pilots can be startled — akin to a “pilot
suddenly throwing up his hands and blurting to the copilot, “Your plane!” (Source: www.eurekalert.org). In Air France 447 (2009), one tragic chain
of events was that the autopilot disconnected at night after unreliable airspeed data, and the flight crew failed to recognize and correct an ensuing
stall (Source: airfactsjournal.com). Human factors experts recommend design changes: for instance, providing a pre-disengagement audio/visual
alert so pilots are ready when autopilot drops out (Source: www.eurekalert.org). As one author states, while autopilots are “nothing short of
amagzing,” crews must still be prepared to fly manually at any moment (Source: airfactsjournal.com).

« Over-reliance and skill fade: With automation taking care of most flying, pilots get very little hands-on flying time in routine operations. A
landmark study noted that airline pilots automate almost everything except takeoff and landing, leaving only roughly three minutes of manual
flying per flight (Source: www.cbsnews.com). While overall safety has improved, experts warn this automation dependency can lead to loss of
manual skills and degraded situational awareness (Source: www.cbsnews.com) (Source: www.cbsnews.com). Indeed the FAA and industry
committees have taken note of a “manual flight proficiency deficit” and issued new training guidance emphasizing manual flight techniques
(Source: www.flightglobal.com) (see Section 8 below).

« Software/hardware faults: Autopilots can fail due to hardware (servo stuck, power loss) or software bugs (logic errors, mode mis-computation).
For safety, autopilots are built with multiple layers of redundancy. For example, the Boeing 737 has two independent autopilot computers (and in
triple-channel band on higher models). A malfunctioning autopilot computer or servo may only disable one channel (e.g. only the Captain’s
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autopilot) while leaving another to control, often with a cockpit warning. Failures are usually recoverable: pilots detect the fault (via a flag or light)
and switch to the other autopilot or fly manual. Pilots are trained to revert to “Direct Law” or “Alternate Law” fly-by-wire if the computers fail.

Several incidents illustrate such failures. In 2019, a Boeing 737-800 flight from Bristol had an autothrottle engagement issue: the takeoff thrust
setting did not engage properly, leading to a low climb-out until recognized (Source: skybrary.aero). In another case, a Boeing 787-9 in 2019
initially failed to capture the ILS, and the crew disconnected the autopilot and hand-flew to intercept. Investigation found an anomaly in the
autopilot flight director system, prompting a Boeing service bulletin to rectify the component (Source: skybrary.aero). These cases show that even
reliable systems can have occasional faults, but with proper monitoring the crew successfully managed the situation.

Interplay with autothrottle: If the autothrottle malfunctions, the autopilot can inadvertently fly the plane with wrong thrust. A devastating example
was Batik Air Flight 7703 (Boeing 737-500, Indonesia) in 2021 (Source: skybrary.aero). In that crash, the crew flew on autopilot with autothrottle;
however, an autothrottle fault caused a large thrust asymmetry (one engine at high thrust, the other low) that neither the pilots nor the autopilot
noticed. The autopilot maintained bank and speed commands, but the thrust imbalance led to an uncommanded roll and steep descent from
which recovery came too late. The investigation concluded the autopilot was engaged and did not alert the pilots to the problem; the accident
was ultimately caused by “the pilots’ inattention to their primary flight instruments” (Source: skybrary.aero) given the automation state. This
underscores that while autopilots can fly the airplane “straight and level,” they rely on pilots to monitor engine performance and be ready to
intervene when anomalies occur.

Overall, the safety record of autopilots is strong. For example, despite the occasional high-profile mishap, general statistics show that automation has

coincided with historically low airline accident rates. As one assessment notes, “Fatal airline accidents have decreased dramatically in the U.S. over

the past decade”, even as automation use has grown (Source: www.cbsnews.com). Additionally, accident analyses routinely cite pilot error

(inattention, mismanagement) far more often than autopilot faults. Modern autopilot systems have built-in safety features (multiple sensors, disconnect

logic, envelope protection) to ensure that “when the autopilot is engaged, flight control computers will command inputs... to achieve the desired inputs

in a manner optimized for efficiency” (Source: www.congress.gov), without compromising safety. And if at any point the pilots want to hand-fly, the

system allows “quick disengagement” with only minor transients (Source: www.congress.gov).

7.

Case Studies and Notable Incidents

To illustrate how autopilots function in real-world operations, and how they interact with human crews, we review several case studies and incidents:

Air France Flight AF447 (2009): On this long-range Airbus A330 flight, the autopilot was initially engaged in cruise at FL350 over the Atlantic.
During severe turbulence, pitot tubes iced up, resulting in unreliable airspeed indications. The autopilot and autothrottle automatically disengaged
(disconnecting to alternate law), leaving the two co-pilots flying manually. Tragically, the pilots did not recognize the developing aerodynamic stall
and the aircraft went down. Although the autopilot itself did not malfunction, the accident highlights the perils that can arise when pilots suddenly
“are not in the loop.” As one analysis notes of AF447, “the autopilot kicked off (at night, in IMC)... the pilots proceeded to stall the airplane and fly
it stalled all the way to the ocean” (Source: airfactsjournal.com). The situation has become a case study in the need for continuous pilot

monitoring of automated flight and proper stall recovery training (Source: airfactsjournal.com).

Batik Air (XA-JSI) Flight 7703 (Indonesia, 2021): A Boeing 737-500 cargo flight crashed shortly after takeoff while the autopilot was engaged.
Investigation found that the autothrottle malfunctioned, causing the right engine to over-thrust and the left to under-thrust by a large margin. The
pilots, relying on autopilot and cross-checked only the autopilot’s indications, failed to notice the thrust asymmetry. The autopilot banked to offset
and the aircraft rolled uncontrollably into the sea. The NTSB-like Indonesian report concluded the crash was due to “the pilots’ inattention...when,
during a turn with the autopilot engaged, an autothrottle malfunction created unrecognized thrust asymmetry” (Source: skybrary.aero). This
emphasizes that autopilot can conceal certain system malfunctions unless pilots remain vigilant.

Boeing 787-9 Incident (Hong Kong 2019): An October 2019 flight's approach was interrupted when the autopilot failed to capture the assigned
runway localizer. The crew disconnected and manually intercepted the ILS. The investigation traced the issue to a fault in the autopilot/flight
director computer on that aircraft (Source: skybrary.aero). This was not a fatal crash, but it required the crew to default to manual flying. Such
events show that even well-certified systems can have component-level failures; the pilots detected the anomaly and took over, illustrating correct
use of autopilot as a backup.

Single-Pilot IFR Scenarios (General Experience): In smaller, single-pilot operations, autopilots can be lifesavers. For example, if a GA single-
seater inadvertently flies into clouds (IMC) at night, a working autopilot can maintain wings-level flight and satspeed while the pilot troubleshoots
radios or navigates. Many GA pilots report that flying an instrument approach by hand without an autopilot is extremely demanding. One safety
article argues that “single-pilot IFR is certainly possible without an autopilot, but the safety margins are thinner” (Source: airfactsjournal.com).

Page 8 of 12


https://skybrary.aero/index.php/articles/autopilot#:~:text=On%204%20March%202024%2C%20a,was%20being%20set%20went%20unrecognised
https://skybrary.aero/index.php/articles/autopilot#:~:text=B789%2C%20vicinity%20Hong%20Kong%20China%2C,2019
https://skybrary.aero/index.php/articles/autopilot#:~:text=five%20minutes%20after%20departing%20Jakarta,a%20consequent%20%C2%A0loss%20of%20control
https://skybrary.aero/index.php/articles/autopilot#:~:text=five%20minutes%20after%20departing%20Jakarta,a%20consequent%20%C2%A0loss%20of%20control
https://www.cbsnews.com/news/study-automatic-pilot-may-add-to-flight-risk/#:~:text=Fatal%20airline%20accidents%20have%20decreased,control%20accidents%20around%20the%20world
https://www.congress.gov/crs_external_products/R/HTML/R45939.web.html#:~:text=Flight%20data%20computers%20aboard%20the,autopilot%20inputs%2C%20aircraft%20states%2C%20and
https://www.congress.gov/crs_external_products/R/HTML/R45939.web.html#:~:text=design%20must%20incorporate%20quick%20disengagement,flight%20path%20under%20normal%20conditions
https://airfactsjournal.com/2014/07/emergency-procedure-nobody-practices/#:~:text=Air%20France%20447%20is%20probably,the%20training%20to%20handle%20it
https://airfactsjournal.com/2014/07/emergency-procedure-nobody-practices/#:~:text=Air%20France%20447%20is%20probably,the%20training%20to%20handle%20it
https://skybrary.aero/index.php/articles/autopilot#:~:text=five%20minutes%20after%20departing%20Jakarta,a%20consequent%20%C2%A0loss%20of%20control
https://skybrary.aero/index.php/articles/autopilot#:~:text=B789%2C%20vicinity%20Hong%20Kong%20China%2C,2019
https://airfactsjournal.com/2014/07/emergency-procedure-nobody-practices/#:~:text=None%20of%20this%20is%20to,but%20the%20safety%20margins%20are
https://landing.aero/?utm_source=pdf
https://landing.aero/articles/how-airplane-autopilot-works

A. LANDING Airplane Autopilot Explained: How It Works & Is It Safe?

Conversely, Autopilot failures in GA can be serious. A good example is the 2019 crash of a Cessna 182 where a faulty autopilot would sometimes
hold altitude incorrectly (Source: www.aircraftsystemstech.com): the report found the pilot became distracted by the alt-hold problem and failed to

descend in time. This underscores that whether flying big jets or small planes, pilots must stay in command.

« Regulatory and Training Context (FAA Advisory): Following several incidents (including the 2013 Asiana Flight 214 and 737 MAX accidents),
regulators have emphasized integrating autopilot training. An FAA Advisory Circular in 2022 on flightpath management explicitly warns: “Even
when an airplane is on autopilot, the flight crew should always be aware of the aircraft’s flightpath and be able to intervene if necessary.” (Source:
www.flightglobal.com) In other words, crew must never treat autopilot as a “single-pilot replacement” for vigilance. The FAA also reminds that

when switching modes (e.g. changing altitude or engaging approach mode), pilots should confirm the autopilot is correctly armed; most modern
planes chime or flash alerts on mode engagement to help with this.

« B737 MAX MCAS (Context): Although not a traditional autopilot, the Maneuvering Characteristics Augmentation System (MCAS) on Boeing 737
MAX jets was an automated control input triggered by sensor data. The 2018-2019 crashes (Lion Air/Lion Air, Ethiopian) showed how an
automated pitch-control law, without adequate feedback to pilots, could act as a hidden failure mode (Source: www.congress.gov). These
accidents led to worldwide grounding of the type and highlight that all automated flight-control features (not just yaw/altitude/roll autopilots) must
be transparent and safe. The lessons reinforced pilot training on manual trim and stall recovery, as well as system redundancy.

Across these cases, the recurring theme is that pilot oversight remains crucial. Autopilots generally do their job exceedingly well — holding tracks and
altitudes precisely — but when automation behaves unexpectedly, pilots must react promptly. Design-wise, investigators now push for better “context-
aware” automation: for instance, requiring autopilot disconnect alerts before disengagement (Source: www.eurekalert.org), and ensuring mode status
is always clear. The combination of automated control law rigor and pilot training is critical.

8. Human Factors and Training

The interaction between humans and autopilot systems has been a major focus of safety research. While automation reduces routine workload, it can
also degrade situational awareness if pilots become complacent or “tuned out.” Many studies (and accident investigations) have emphasized the
“monitoring role” of pilots when the autopilot is in use. One flight instructor analogy is: flying on autopilot is like “knowing your car will drive itself, but
you still have to watch the road”.

Key human factors considerations include:

« Mode Awareness: Modern autopilots have many modes, and it can be difficult to instantly recognize which mode is active. Failure to notice a
mode change can cause the airplane to act differently than expected. For example, if VNAV (managed climb) is on but the pilot turns off autopilot
without noticing, the aircraft may pitch differently. Regular cross-checks of mode annunciators (instruments showing active modes) are critical.

« Skill Atrophy: As noted above, pilots may not practice manual flying enough. A National Transportation Safety Board analysis (and media
reports) highlighted that pilots on commercial jets typically hand-fly under 3 minutes per flight (Source: www.cbsnews.com). The remaining ~99%
is automated. Training programs are emphasizing “manual handling proficiencies,” following Congressional and industry recommendations. For
instance, the FAA's new advisory circular (2022) came in response to legislation after the MAX accidents, mandating more simulator time flying
without automation.

« Crew Resource Management (CRM): Autopilots can allow single pilots (in Part 91 GA) to handle IFR flight safely; however, undue reliance on
one pilot plus automation can be dangerous if that pilot fatigues or misunderstands the automation. Many airlines use two pilots in the cockpit
partly to ensure that one is monitoring while the other operates or rests. CRM procedures usually specify that one pilot (Pilot Monitoring) must
always verbally verify autopilot mode changes and altitude captures to catch errors. This was underscored in the Colgan Air (Buffalo) crash
(2009), where inadvertent autopilot disconnection during approach was not properly recognized by the crew (Source: www.eurekalert.org).

Overall, the consensus expert opinion is positive on autopilot safety, with the caveat that it requires proper training and the right procedures. As one
pilot-author put it: “It’s hardly an ambiguity that modern autopilots...increase safety,” provided they are used correctly (Source: airfactsjournal.com).

Safety improvements come from both technical measures (better alerts, envelopes) and human measures (training, checklists). In response,
regulators around the world now dovetail autopilot usage with mandated hand-flying skills in checkrides. For example, Europe and Canada have
already instituted proficiency checks that include manual flying tasks, despite the aircraft having autoflight systems installed.

9. Data and Statistics

Quantitative analyses support the view that autopilots have reduced accident risk. For commercial aviation, the statistics are striking:
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« Accident Rates: Since the 1970s, the fatal accident rate in aviation has plummeted. According to ICAO and NTSB data, scheduled IFR
commercial jet operations have one of the best safety records of any mode of transportation. Much of this improvement is attributed to automation
and procedural standardization. Airlines operating glass cockpits and modern autopilots report far fewer approach and cruise incidents than
earlier generations. For example, IFR approach stabilization improved significantly once coupled avionics became ubiquitous.

« Cause Attribution: Industry studies (e.g. Boeing's statistical summaries) consistently show that human error is the primary cause in most
accidents, often in the context of flight-control mismanagement. Mechanical failures (including autopilot faults) are rare. One representative
analysis found that in 30 years of U.S. airline flying, only a tiny percentage of accidents could be traced to genuine autopilot malfunctions; most
were due to pilot loss-of-control or procedural error.

« Automation Use: Surveys of airline operations indicate that autopilot and autothrottle save thousands of flight hours of pilot workload per year.
They also allow fuel-efficient flight profiles (Managed by FMS/autopilot) that manual control cannot maintain as precisely. Airlines appreciate that
autopilots can precisely fly step climbs and descent paths, reducing fuel burn. In fact, performance studies show autopilots typically achieve
closer adherence to optimal speed profiles than manual flight, especially in turbulent conditions.

Unfortunately, raw public safety data specifically correlating autopilot usage to accident rates is rare, as most aviation statistics lumps all
system failures together. However, one industry analysis (Flight Safety Foundation, 2010s) observed that fatal “Controlled Flight Into Terrain”
incidents, formerly a major problem, have become extremely rare partly because stable descent profiles are more often flown by autopilot. The
reduced approach-deviation accidents (rate of unstabilized approaches) registered on flight data suggest automation’s effectiveness.

Passenger perception surveys have confirmed that modern travelers generally trust autoflight. More than 90% of airline passengers surveyed say
they are untroubled by flying on autopilot, and experts note that autopilot has been “trusted more than humans” in the cockpit by the public. No
commercial accidents in recent decades can be chalked up to “trust in automation” alone (unlike some car autopilot cases).

10. Safety Implications and Best Practices
Given the above, what conclusions can we draw about safety?

In general, flying on autopilot makes the system safer, by reducing human workload and error. Airline safety pilots and insurers often encourage
automation for precision in high-workload phases. For example, the NBAA (for business aviation) recommends using autopilots as the default in IMC
because they “help improve operational safety” (Source: nbaa.org). A mort of flight instructors concur that autopilots, when properly managed, expand

the margins of safety.
Nevertheless, several best practices emerge:

« Use, Don’t Abuse: Pilots should use autopilot for all routine flying, but be continuously aware. Many recent incidents stress not switching off
the autopilot just because one feels “old-fashioned.” After turbulent weather or re-routing, remaining on autopilot until a stable approach is
complete is usually safer (Source: spectator.com). Some accidents occurred when crews prematurely hand-flew into a critical phase. Regulatory
bulletins (FAA Safety Alerts) explicitly warn against giving up automation in complex airspace or poor weather (Source: spectator.com).

« Cross-Check Instruments: Even when autopilot is flying the plane, pilots should monitor primary flight instruments. Nighttime or IMC flying
especially demands an “instrument scan” whether or not on autopilot. For instance, the Colgan 3407 crash analysis cited lack of monitoring after
autopilot disengagement as a cause. Good procedure: glance at the attitude indicator/Primary Flight Display and check at least one standby
instrument periodically.

« Maintain Manual Skills: Pilots (especially in mixed fleets or single-pilot operations) should regularly practice hand-flying in safe conditions.
Simulators are used to replicate failures mid-flight, and training syllabi now often require manual approaches and emergency autopilot-off
scenarios. The FAA's recent guidance explicitly asks carriers to “ensure that pilots can hand-fly without reliance on automated systems” (Source:
www.flightglobal.com).

« Understand the System: Misinterpretation of an autopilot mode is an underlying factor in numerous incidents. Pilots must thoroughly understand
their airplane’s specific autopilot logic. (For example, knowing that autothrottle modes on Boeing vs Airbus behave differently; or that some
autopilots will not arm selected mode until certain conditions are met.) Preflight briefings and simulators stress scanning the Mode Control Panel
and the annunciator lights on the PFD/MFD.
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« Stay Alert to Alerts: Autopilots on modern aircraft give numerous alerts when modes change or fail. These include chimes, flash lights (“altitude
capture”), and text annunciators. Pilots should never silence or ignore them; for instance, when an autopilot suddenly disengages it normally
triggers a horn. Training emphasizes immediate go-around or pitch control actions if the autopilot coupled glideslope is suddenly lost.

In summary, autopilots are safe when flown by alert, knowledgeable crews. The primary causes of autopilot-related incidents have been pilot
inattention or mismanagement, not inherent unreliability of the system. In the words of one expert: autopilots are “like adding a co-pilot who never

sleeps” (Source: aviationsafetymagazine.com). Provided pilots maintain hand-flying practice and vigilance, autopilots are overwhelmingly a net plus
for safety.

11. Future Trends and Developments

Looking forward, autopilot technology will continue advancing. Several trends are notable:

« Adaptivelintelligent Autopilots: Research is underway on autopilots that can adapt to changing aircraft dynamics or use Al techniques to
optimize control. NASA and universities have tested reinforcement-learning controllers for small UAVs (Source: arxiv.org). In the longer term, we

may see more “envelope autonomy” — e.g. autopilots that actively evade weather or traffic under pilot supervision. However, certification of such
Al-driven control laws will pose challenges (hence conservative certification processes).

« Single-Pilot Airliners: With automation getting more reliable, there is discussion (though controversial) of single-pilot or augmented reality copilot
systems in the cockpit of jets. (Source: www.axios.com). Industry groups have studied whether well-trained single pilots + advanced autopilot
could safely operate an airliner on non-critical segments. This would drastically change cockpit roles, but safety of such operations is being
carefully examined. (Pilots’ associations, naturally, raise concerns about fatigue and workload if one pilot fails.)

« UAM (Urban Air Mobility): New air taxis and drones inherently depend on autopilots to a much greater degree. While beyond the “airplane”
scope, technologies from UAM (like detect-and-avoid collision autonomy) may filter up to airline systems. Autopilots may gain more sensor inputs
(e.g. real-time weather LIDAR, integrated datalinks).

« Regulatory Evolution: Regulatory agencies are updating guidance to keep up. The CREPAN (Cart Air France 2009 Eurocontrol) accident led
EASA to mandate more explicit Flight Management System (FMS) procedures and documentation. The Boeing 737 MAX accidents led Congress
and FAA to require better monitoring of automated systems and explicit training on failure modes (Source: www.flightglobal.com) (Source:

www.congress.gov). We may see airworthiness authorities set stricter requirements on autopilot alerting, disengagement protocols, and data-
logging of autopilot usage for review.

« Cybersecurity: One emerging concern is cybersecurity of flight control systems. As more connectivity is added (ACARS datalink, internet-
enabled updates), autopilots will need robust shields against hacking. While no known incident has exploited autopilot via cyber means, airlines
and regulators are beginning to place cybersecurity on autopilot panels.

In conclusion, the very nature of autopilot is evolving. The core principles — sensing, computing, actuating control — remain the same, but the
intelligence and connectivity are increasing. The historical trend (since 1912) has been that adding automation gradually enhances safety, provided
human factors are carefully managed. There is no indication that this will change: the autopilot of the future will do more, not less, of the flying — and
will rely on trained human pilots to handle the unforeseen. As one aviation columnist aptly put it, “Commercial airplanes fly most of the time on
autopilot... Complex environments... Yet passengers sleep peacefully.” (Source: www.linkedin.com) This trust underscores that, in the aggregate,
modern autopilots make flying safer, not more dangerous, when they are used with proper training and procedures.

12. Conclusion

This report has examined the workings and safety of modern airplane autopilots in depth. We have seen that autopilots are sophisticated feedback
control systems integrating sensors (gyros, GPS, altimeters), computers, and actuators to manage flight. Modern autopilots handle virtually the entire
flight when engaged — navigating along pre-programmed routes, capturing altitudes, and even flying precise instrument approaches and landings
(Source: skybrary.aero) (Source: skybrary.aero). Their high reliability and redundancy generally produce net safety benefits: they reduce workload

and human error, as evidenced by industry-wide declines in accident rates (Source: www.chsnews.com) (Source: www.congress.gov).

Nevertheless, autopilots demand disciplined human oversight. Several high-profile accidents (Air France 447, Colgan 3407, Asiana 214, 737 MAX
crashes, etc.) illustrate that automation failures or misuses can be catastrophic if crews are unprepared (Source: airfactsjournal.com) (Source:

www.eurekalert.org). Safety experts stress that autopilot disconnections and mode confusions remain a critical hazard to mitigate (Source:
www.eurekalert.org) (Source: www.flightglobal.com). As technology advances (adaptive control, single-pilot airliners, etc.), these human factors will

remain central.
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In sum, the current state of autopilot technology is highly advanced and generally safe, but it is not a substitute for an alert crew. When
properly understood and supervised, the autopilot allows airlines to fly thousands of miles with remarkable precision, as noted by SKYbrary: it “follows
the flight clearance... to control the aircraft flight path... adjusting the power to maintain appropriate speed,” right through landing (Source:
skybrary.aero) (Source: skybrary.aero). The statistics bear this out: air travel today is safer than ever. The future of aviation will likely see even greater
automation, but the core principle will hold: automation assists the pilot, and ultimate safety depends on the partnership of man and machine working
together.
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