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Improving Bank Angle Representation on the
Primary Flight Display Using Static Monocular
Depth Cues

C. Van Droogenbroeck
Faculty of Aerospace Engineering
Delft University of Technology
Delft, the Netherlands

Abstract—Roll reversal errors, where the pilot tries to steer
the aircraft back to wings-level but unintentionally increases
the bank angle instead, have contributed to several accidents.
Previous studies have shown that these errors can be caused
by misinterpreting the attitude indicator (Al), with the figure-
ground relations cited as contributing to this misinterpretation. A
modified Al was developed, which uses several static monocular
depth cues (color gradient, linear perspective lines, and shadow-
light relationship) to strengthen the figure-ground relationship.
The modified version of the Al was compared to a baseline Al
in a two-part flight simulator experiment where pilot reaction
time and error rate, severity, and duration were measured. The
first part induced the leans illusion making use of physiological
adaptation to roll angle, distraction, and surprise. The second
part simulated the leans illusion by simply rolling the simulator
to the left or right. A group of 25 experienced commercial airline
pilots performed a roll-to-level task in a moving-base simulator,
which also provided spatially disorienting motion cues, using both
the baseline and modified versions of the Al. While the modified
display had a lower error rate in the motion-opposite scenario
when using the novel method (4.91% compared to 6.07%), no
significant difference was found between the error rate of the
two displays. The only significant difference was found in the
reaction time, where the modified Al caused an increase in
reaction time. The error rates and reaction times of the first
part of the experiment did not match previous research. The
novel disorientation method seemed to work best in a surprise
scenario. While no significant differences were found between
the modified Al and the baseline Al, it is still recommended to
continue testing the modified Al with a new experiment setup,
especially analyzing its effect in more extreme attitudes.

I. INTRODUCTION

Loss of Control In-Flight (LOC-I) has for a long time
been identified as the number one fatal accident category in
commercial aviation [1]. During LOC-I, the flight crew cannot
maintain control over the aircraft’s flight path, which results
in an unrecoverable situation.

One of the main causes of LOC-I is spatial disorientation
(SD) [2], an erroneous sense of the aircraft’s attitude and
motion. SD can lead to an incorrect interpretation of the
attitude indicator (Al), the primary source for self-orientation
when the natural horizon is absent. Misinterpretation of the Al
can lead to pilots incorrectly responding when trying to level
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TNO Soesterberg
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the aircraft. This phenomenon is known as a control reversal
error, the most common of which is a roll reversal error (RRE),
where the pilot makes a roll input towards the opposite side
than intended.

Confusion about the bank angle leading to RREs was
implied in several recent accidents. One example is Kenya
Airways flight KQA507 [3]. A combination of a slow roll
to the right, inadequate instrument scanning, and a lack of
external visual references caused pilots to be surprised when
the aural bank angle warning sounded. The pilot flying initially
rolled the aircraft even more to the right, indicating that he
misinterpreted the Al. Multiple control inputs to the left and
right were given but to no avail. The aircraft crashed shortly
after take-off as a result of LOC-I, leaving no survivors.

This example shows that the correct interpretation of the Al
is crucial for safe flying. It has been argued that the moving
horizon (MH) Al is ambiguous and can cause misinterpretation
[4], [5]. The MH Al adheres to the “principle of pictorial
realism” [6], [7]. It is designed to mimic the outside view:
the horizon line moves and the aircraft symbol remains fixed.
In experiments that were intended to evaluate the Al when
the previous bank angle was unknown and without the use of
motion, non-pilots had an RRE rate of 15-20% [6], [8] and
pilots showed a rate of 3.9-8.7% [6], [9]. In-flight, non-pilots
had an RRE rate of 21.9% [10] whereas pilots had a rate of
1.5-3.1% [9], [11]. While this last number might seem low, it
is still very high from a safety perspective. These outcomes
indicate that there is indeed ambiguity in the Al display, even
for pilots.

The first possible issue with the Al display has to do
with the lack of display-control motion compatibility, i.e., it
does not adhere to the “principle of the moving part”. The
motion direction of the moving parts of the display does not
correspond with the inputs the pilot gives with the control
column or side stick. That is, a rotation of the display to
the right is a result of the movement of the control column
or side stick to the left. This is the opposite of what one
would expect [6]. The second possible issue is the figure-
ground relationship. Figure-ground organization, which is part



of the Gestalt principles, is the process of how the human
brain quickly distinguishes between the foreground (figure)
and background (ground) of an image [6], [12], [13]. The
horizon symbol does not optimally satisfy the characteristics of
a background, due to it being the moving part and the display
lacking depth, which makes it harder to perceive the horizon
as something behind the aircraft symbol. Because of this, the
pilot may attempt to move the horizon symbol instead of the
fixed aircraft symbol. This error is known as horizon-control
reversal [14].

Numerous attempts have been made to solve the issue of
RREs caused by the ambiguity of the Al. Solving the display-
control motion compatibility and the moving element issues
would require changing the dynamics of the display which
could induce errors due to pilots having to be retrained.
Some attempts have been made at solving the “background
characteristics” problem. An extended horizon, where the
horizon symbol is extended behind the speed and altitude
tapes has been applied in the Boeing 787 [15]. Increasing the
display size was also attempted with mixed results [16], [17].
Finally, tests with a stereoscopic multi-layer display showed
that this was ineffective when it came to self-orientation [18].
Other means of adapting the Al display to enhance the figure-
ground relationship will thus have to be found. This study
proposes the use of static monocular depth cues to achieve this.
If successful, this could reduce the occurrence of RREs and
as a result decrease the number of accidents caused by LOC-I.
The results of an experiment that consisted of two parts will be
discussed. The main objective of the experiment is to compare
the two displays in their effectiveness in reducing RREs.

To increase the number of RREs made and to simulate
spatial disorientation situations, an expectation of the bank
angle will be instilled by using inertial motion cues. This
will be done in two ways: The first part of the experiment
will provide motion as described in Van den Hoed et. al [19],
which simulates the lean illusion using a method that requires
relatively more time, but which is more representative of actual
leans cues. The second part of the experiment will be a novel
way of simulating the leans, which is more time-effective but
also less ecologically accurate. Both parts will feature two
motion conditions: The motion-matching condition where the
simulator’s motion matches what is shown on the Al and
the motion-opposite condition where the simulator’s motion
will go in the opposite direction of what is shown on the
Al. A secondary objective of the experiment is to test the
effectiveness of the novel method at inducing disorientation.

Il. BACKGROUND

Recent studies have shown that an incorrect expectation of
the bank angle increases the likelihood of making an RRE for
both pilots and non-pilots [19]-[21]. Pilots made 11.2 times
more RREs when the shown bank angle was in the opposite
direction of what they expected and 2.5 times more when the
aircraft was shown as level but was actually in an ongoing
turn. This indicates that RREs were in many cases caused by
expectation-induced misinterpretation of the Al bank angle.

However, experiments evaluating the Al did not take into
consideration the effect an expectation of the bank angle
could have on the occurrence of RREs and even prevented
participants from building up an expectation [6], [10], [11],
[22].

A. Vestibular Perception: the Leans

An incorrect expectation of a bank angle is the most
common form of spatial disorientation, called “the leans” [23],
[24]. This is an illusion that can occur due to the semicircular
canals of the vestibular system, which is located in the inner
ear, being unable to sense low roll accelerations or sustained
roll motions. The human perception thresholds are reported to
be around 0.0349 rad/s? for roll accelerations and 0.002 rad/s
for angular velocity [25], [26]. However, it is hard to put an
exact number on these thresholds as they can be raised due to a
low state of mental arousal, fatigue, or just individual variation
[24]. The threshold can also vary across the different degrees
of freedom and with frequency. A subthreshold roll motion
may cause the pilot to assume that the aircraft is still level,
while it is actually banked. When this unnoticed bank angle
has developed, a superthreshold roll motion back to level may
cause the pilot to incorrectly assume the aircraft is banking to
the opposite side, such as in Figure 1. lllusions like the leans
often occur when the outside visibility is low, forcing pilots
to rely solely on their instruments to determine the aircraft’s
attitude. While this illusion is unwanted in flight, it can be
exploited in simulators. By tilting the simulator at sub- and
superthreshold rates, an expectation of the bank angle can be
instilled. If this expectation does not match the bank angle
shown on the Al, the pilot can become confused and more
prone to making an error. While pilots are taught to ignore
vestibular cues and only rely on the Al, even experienced
pilots are not immune to their expectations influencing their

judgment of their attitude [20], [21].
Slow roll @
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Figure 1: Illustration of the leans illusion showing the pilot’s
internal model compared to the Al display when in a sub-
threshold (slow) roll and superthreshold (fast) roll

Al display



B. Visual Perception

The Al is the primary source of self-orientation when
flying. It is crucial that pilots correctly interpret the Al as
misinterpretation can have fatal consequences. Understanding
human visual perception can significantly improve the quality
of the information being shown on displays. To improve the
Al to decrease RREs, it is thus vital to look into how humans
perceive their surroundings. It should be noted that humans
create a “complete picture” of their surroundings based on the
stimulus world which they process through their senses. This is
known as “bottom-up” processing. They also make this picture
based on their knowledge, experiences, and desires, which is
“top-down” processing. The following three aspects will form
the base of the modifications made to the Al display in the
current study, aiming to improve the figure-ground relation:

1) Depth perception: Depth perception is the ability to

perceive the world in three dimensions and have a sense
of the distance of an object. Depth information cues need
to be present for depth perception to be possible. For this
research, the focus will be on static monocular depth cues,
a subcategory of depth cues that can be perceived with
one eye only and that stay still in the field of view. Static
monocular depth cues are often referred to as “pictorial
depth cues”, such as [24], [27], [28]:
Size constancy: The size of objects that are known and
object sizes compared to each other. The smaller an
object, the further away it will be perceived.
Shape constancy: The shape of an object compared to
the known shape of that object.
Interposition: An object overlapping another object is
perceived as being closer by.
Texture gradient: The apparent loss of detail with
increased distance.
Linear perspective: The distance between parallel lines
decreases the further away the lines are.
Light and shadow relation: This comes from the ten-
dency to perceive the light source to be above an object
and the association that more deeply shaded parts of
an object are further away from the light source.
Height in plane: The more upward an object is placed
in a frame, the further away it is perceived (often
combined with size constancy).
Aerial perspective: Surfaces in the foreground appear
brighter and have more saturated colors whereas distant
objects appear less bright and less saturated. This is
caused by the scattering of light air molecules and by
particles in the air, also known as atmospheric haze.

These cues are often combined to strengthen the idea of
depth.

2) Pre-attentive processing: The brain differentiates between
stimuli, determining which are “interesting” and which
are not. The interesting stimuli have so-called “pre-
attentive properties” which make them stand out and
cause them to be processed before others. Typically, a task
that can be performed in less than 200-250 milliseconds

is considered pre-attentive [29].

3) Figure-ground organization: Figure-ground organization
is a major process in perceptual organization, where once
the brain is done with the pre-attentive processing of
stimuli, it has to decide how to group these stimuli and
form a pattern. Much of what is known about perceptual
organization comes from Gestalt psychology. In the early
days of Gestalt psychology, three key observations stood
at the base of the theory [12]:

The perceptual experience is organized in a particular
way. It consists of objects and a background.
Organization depends on a particular grouping, seem-
ingly going hand in hand with segregation from the
rest.

Perceptual organization appears definite and lawful, not
arbitrary and the lawfulness does not result from an act
of will.

The early founders of Gestalt psychology investigated
the underlying principles of grouping and segmentation,
which have now become known as “Gestalt principles”.
Figure-ground organization is the process of how the
brain distinguishes between a figure and a background, or
“ground” for short. Which feature is the figure, and which
is the ground can sometimes switch, but it can never be
both at the same time. Two main mechanisms work in
the segregation of figure and ground [30]-[32]: boundary
detection, which is the enhancement of the borders of
the figure, and region growing, which groups regions
of the image with similar features together. The Gestalt
principles will be taken into account when modifying the
Al.

I11. IMPROVING BANK ANGLE REPRESENTATION

Figure 2 shows the baseline Al. The modified Al can be seen
in Figure 3 and will from now on be called the Pictorial Depth
Cues Modified (PDCM) Al. The following modifications were
made:

Linear perspective lines: Straight lines on the ground that
coincide at a point in the distance in the center of the
horizon. This is based on the principle that the distance
between parallel lines decreases the farther the lines are.
Color gradient: The color of both the “sky” and “ground”
parts of the display gets less saturated the closer to the
horizon line. This is based on the principle of aerial
perspective. The lightest color in this color gradient is
made the same color as the linear perspective lines to
create an apparent loss of detail with distance.

Shadow image below the aircraft symbol: A shadow
below the aircraft symbol gives the illusion that the
aircraft symbol “stands out” from the background. This
creates the illusion that the aircraft symbol is closer by,
making the display less “flat” and causing the symbol to
be pre-attentively processed.



Figure 2: PFD with baseline Al

Figure 3: PFD with PDCM Al

These depth cues strengthen each other when combined and
make the display adhere to several Gestalt principles:

Principle of “good continuation” which states “Grouping
depends on the relative configuration or arrangement of
elements, specifically elements forming continuous lines
or curves.” [12]: The color gradient and the linear per-
spective lines both continue behind the aircraft symbol.
Principle of “common fate” which states “Elements that
undergo a particular change together are grouped to-

gether.” [12]: The color gradient presents a continuous
change of luminance.

Principle of “uniform connectedness” which states “The
visual system initially subdivides an image into a set of
mutually exclusive connected regions that have uniform
(or smoothly changing) properties such as luminance,
color, texture, motion, and depth.” [12]: The color of
the sky and Earth smoothly changes whereas the aircraft
symbol remains the same color.

These grouping principles strengthen the figure-ground re-
lationship as they group the background, separating it from
the figure (the aircraft symbol).

V. METHOD

A. Participants

A total of 25 (22 male, 3 female) commercial airline pilots
participated in the study with an average age of 48.9 years
(SD = 9.6), and an average total number of 12,436 flight
hours (SD = 5,157). All were familiar with flying medium-
to large-sized aircraft and were in possession of an ATPL.
The experiment was approved by the Human Research Ethics
Committee of Delft University of Technology and informed
consent was obtained from each participant.

B. Apparatus

The experiment was performed in the Simona Research
Simulator (SRS) at the faculty of Aerospace Engineering of
Delft University of Technology [33]. The SRS is a six-degree-
of-freedom full-motion simulator with a hydraulic hexapod
motion system, which can realize accelerations below the
human vestibular threshold [25]. The participant was seated in
the left-hand seat of the cockpit in front of a collimated 180°
horizontal by 40° vertical field of view screen. The outside
visuals were rendered by FlightGear software and projected
using three DLP projectors. Audio simulation featured a
constant engine and wind noise and the autopilot disconnect
alert. Pilots wore noise-canceling headphones to prevent them
from hearing the simulator’s motion system, however, they
could hear the autopilot disconnect alert. A 9” tablet was used
for a secondary distraction task.

The aircraft flight dynamics were simulated using a DLR
A320 model as these flight dynamics correspond most with
the aircraft the participants have experience with. Participants
could only control the roll axis, using a control column with
electric control loading. The control column contains a control
loading model with a breakout torque of 2.0Nm, and a static
and dynamic friction of 0.3Nm. Throttle was controlled by the
autopilot throughout the entire experiment. The only instru-
ment provided was a simplified digital Primary Flight Display
(PFD), showing the aircraft’s attitude, speed, and altitude. A
modified autopilot was used to bank the internal aircraft model
to the required test conditions. In this phase, the motion system
was either kept still or used to provide disorientation cues to
the participant, as described in subsection IV-C.
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WKH PRVW FRPPRQ W\SH LV UROO UHYHUVDO HUURUV ZKHUH WKH SLORW W
EXW XQLQWHQMLIRIPWHMED QN DQJOH $LUFUDIW LQ WKH :HVW XVH D PRYLQ.
WKH DLUFUDIW V\PERO VWD\V VWLOO DQG WKH KRUL]JRQ OLQH PRYHV 7K
5XVVLD ZRUNV WKH RSSRVLWH ZD\ 7KH KRUL]JRQ OLQH VWD\V VWLOO DQ
DQG 0$ GLVSOD\V DUH RIWHQ FRPSDUHG WR GHWHUPLQH ZKLFK RQH LV Wk
IRFXV RI WKLV UHSRUW ZLOO EH RQ WKH 0+ $, DVLW LV WKH PRVW XVHG GL
WKH 0+ $, GLVSOD\ FDQ EH LPSURYHG WR GHFUHDVH WKH RFFXUUHQFH RI V
FRQVHTXHQFH RIPLVLQWHUSUHWDWLRQ

SHVHDUFK 4XHVWLRQ
7KHUHVHDUFK TXHVWLRQ IRU WKLY OLWHUDWXUH VWXG\ LV DV IROORZV

"&DQ WKH PRYLQJ KRULIRQDWWLWXGHLQGLFDWRU GLVSOD\EHLPSURY'H
GLVRULHQWDWLRQDQG ORVVRIFRQWUROLQ IOLJKW"’

7TRDQVZHU WKLV UHVHDUFK TXHVWLRQ WKHFXUUHQWLVVXHV ZLWK WKH 0
/12& , QHHG WR EHLQYHVWLIJDWHG DV ZHOO DV KRZRWKHUV KDYHDWWHPSW
LPSURYLQJWKHO+ $,ZLOO EHLGHQWLILHG ZKLFK ZLOO OHDG WR D PRUH C
SURMHFW ,QDODWHUVWDJHRIWKHWKHVLY SURMHFW DQH[SHULPHQW Z
TXHVWLRQ



5HSRUW 6WUXFWXUH

7R VXFFHVVIXOO\ GHVLJQ DQ DGDSWHG $, GLVSOD\ DQG JLYH DQ DQVZHU V
PXVW EH JDLQHG LQWR YDULRXV D/KSIHFWEAILR OWKWLVW BVYRFUGEK VRPH FRQWI
VHDUFK E\DQDO\]LQJ /2& ,DFFLGHQWY DQG SUHVHQWLQJEDFNJURXQG LQ
UHVHDUFK KHDYLO\IRFXVHV RQ D SLORW TV L Q W&KDFWALBOD ZH VMKER K B MUHHR
WKH SK\VLRORJLFDO DQG SV\FKRORJLFDO SURFHVZKD &WHERINWHGE Z QW SD\
GRQHRQ FXUUHQW OLWHUDWXUHDQG SUHYLRXV UHVHDUFK LQWR UROO U
E\DGDSWLQJ WKH $, 7KLV FKDSWHU ZLOO EH FRQFOXGHG ZLWK WKH UHVH
ZLOO KDYH WR EH DQVZHUHG 3UHYLRXV UHVHDUFK KDV KLJKOLJKWHG W/
WLRQ ZKLFK LQFOXGHY GHSWK SHUFHSWLRQ DQG JURXSLQKBSIWEABLSOHYV
&KDSWHIDO WKHQ SURSRVH VRPHDGDSWDWLRQV WR WKH $, WR GHFUHDVH
7R DQVZHU WKH UHVHDUFK TXHVWLRQ DQ H[SHU EKDEW ELOO® ®ULMFX WAR [E F
SUHOLPLQDU\H[SHULPHQW SODQ



SHVHDUFK &R Q

WLV NQRZQ WKDW UROO UHYHUVDO HUURUV 55(V FDQ RFFXU ZLWK WKH
WKH DWWLWXGH LQGLFDWRU $, L®%QHUKI® FHU P:D O\OIOIH\K W+BRANESRRHR\N
5DVPXVVHQ6LQJHU 'HNNH@WOOHU 6DGRYLWFK O0BQYHOUHD FRQVHTXHQF!
RI'VSDWLDO GLVRULHQWDWLRQ ZKHUH SLORWYV LQ VRPH FOLO\OHFWWBHDRMNVNGH I
WKH EDQNDQJOH HUURU 6SDWLDO GLVRULHQWDWLRQ LV RQH RI WKH PDL
DFFLGHOQMWMVDVWURHWKRIOY FXUUHQW UHVHDUFK ZLOO ORRNLQWRLPSURYL
RFFXUUHQFH RIVSDWLDO GLVRULHQWDWLRQDQG /2& , 7KLV FKDSWHU ZL(
6HFWLRRLOO ILUVW LOOXVWUDWH WKH QHHG IRU WKLY UHVHDUFK E\ ORR
GHFDGHV 2QH RI WKH OHDGLQJ FDXVHV RIIDWDO /2& , DFFLGHQWY VSDW
6HFWLR@QFOXGLQIJD GHVFULSWLRQRIWKHPRVWFRPPRQ YHVWLEXODULOC
RIWHQ JRHV KDQG LQ KDQG ZLWK VWDUWOHDQG VEUHBWLROEZRKWERQLOO EH
EULHIO\GHVFULEHV WKHDPELIJXLW\RIWKHDWWLWXGHLQGLFDWRU $, Zk
IDVWSBIFWLREULHIO\VXPPDUL]J]HV WKLY FKDSWHUDQG GHVFULEHV WKH LVV)
WR DGGUHVV

/IRVV RI &RQWURO ,Q IOLJKW $FFLGHQW $QDO\VL)
/2& , UHIHUV WR DFFLGHQWYV LQ ZKLFK WKH IOLJKW FUHZ ZDV XQDEOH WR |
UHVXOWLQJLQDQ XQUHFRYHUDEOH GHY L DWMRHUIQRW VR DQPW H GBGEQ VYO R
WLRQ :KLOH/2& ,RQO\DFFRXQWV IRU RIDOO FRPPHUFLDO DLUFUDIW L
DQG DV FDQ EH)UBX@QH.OW LV WKH QXPEHU RQH IDWDO DFFLGHQW FD
LOLIXUH DERXW RI/2& ,DFFLGHQWV LQYROYHG IDWDOLWLHY WR SDVVH(

JLIXUH 3BHUFHQWDJH RI FRPPHUFLDO DFFLGHQW FDW H JRWHWQIWJIHR@QDW LR Q W RDMRAS RO D B K



/IRVV RI &RQWURO ,Q IOLJKW $FFLGHQW $QDO\VLV

YLIXUH )DWDOLW\UDWHRIWKH WRS VL[ R| QDWAD@ D WH IRGHDWS ED WHD RYBRYW $VVRFLDW!

7KH FXUUHQW UHVHDUFK FRQFHUQV VSDWLDO GLVRULHQWDWLRQ ZKLFK
/12& , DFFLGHQWY ZKHQ LW FRPHV WR FUHZ DQJRXBW LRWQD BVRPOIMHIRHHQ R
/12& , IDWDOLWLHYV

JLIXUH /2& ,DFFLGHQW RFFXUUHQFH UHOPMOH®WWR FR HX DQ DFWLRQ



6SDWLDO 'LVRULHQWDWLRQ

6SDWLDO 'LVRULHQWDWLRQ

$V PHOWLRQHG LQ WKH SUHYLRXV VHFWLRQ VSDWLDO GLVRULHQWDWLRC
DFFLGHQWYV W FDQXHHHWHIRQHR BY VHQVH RI RQHTV SRVLWLRQ DQG PRWLI
WKH (DUWKTVVROLMRHKDP 3UHYDFH 7TKUHH WA\SHV RI VSDWLDO GLVRUL
FDQ EH GLVWLQOOAIMKIK®P 3UHYLF

¥f7\SH, XQUHFRJQL]JHG 7KH SLORW KDV QR FRQVFLRXVY SHUFHSWLRQ RI
HQWDWLRQ DOVR FDOOHG fPLVRULHQWDWLRQY

f7\SH,, UHFRJQL]HG :KLOH WKLV W\SHLVY ODEHOHG TUHBERDDWHGET LW
WKH\DUH GLVRULHQWHG 7KH\PD\UHDOL]H WKDW WKHUH LV D SUREO
NQRZLQJWKDW WKH VRXUFH RI WKH SUREOHP LV VSDWLDO GLVRULHQW

f7\SH,,, LOQOFDSDFLWDWLQJ 7KHSLORWLVGLVRULHQWHGDQG PRVW OL
DERXW LW

KLOH SHRSOH FRPELQHLQSXWV IURP YDULRXV VA\VWHPV VXFKDV WKH YHV'
WHP ZKLFK ZLOO EH HQRPERWBWRHRGURE QWY WKHPVHOYHYV WKH YLVXDO V\VW
HITHFWLYHDQGRYHUSRZHUV DOO RWKHUV 7KLV SKHQRFHIQIRQG KB N QRIHD D
YLF 6SDWLDO GLVRULHQWDWLRQ RIWHQ RFFXUV GXULQJ WKH WUDQVLYV
JOLIKW5XOHV +XPDQV XVHDPELHQW FXHVWRRULHQW WKHPVHOYHV :KHC(
WKHIDPLOLDUDPELHQW FXHVDUHUDSLGO\FKDQJHG RUZKHQ WKHUH LV D ¢
IO\LQJDFFRUGLQJWR ,QVWUXPHQW )OLJKW5XOHV ZLWKRBIPWIMRRELHQW FXH

$ SHUVRQ FDQ EH SURYLGHG ZLWK D IDOVH SHUFHSWLRQ RI WKHLU RULHQ\
HQWDWLRQDO LOOXVLRQV RUKDYH VSDWLDO GLVRULHQWDWLRQ 3LORWYV
IOXFWXDWH EHWZHHQ FRQWURO LQSXWV DV WKH\ DOWHUQDWH EHWZHHQ
DQG WKHQ WRAMRID RQIKIDP 3UHYOPXVLRQV FDQ EH EHQHILFLDO LQ WKH V.
EHH[SORLWHGLQ VLPXODWRUV KRZHYHU LQ IOLJKW LOOXVLRQV DUH YHU
LOOXVLRQV H[LVW VRPHH[DPSOHV DUH WKH OHDQV WKH &RULROLV HIIHF)
LOOXVLRQ D 7\SH, VSDWLDO GLVRULHQWDWLRQ LV RQ@ RQWKHMPP RB\UM ¥ RFP

3HQQLQJV 2SULQV :LWWHQEHUJ +RWEHQO WKRXWQEH H[SODLQHG LQ PF

7KH OHDQV

7TKHOHDQVLVWKHPRVWFRPPRQ YHVWLEXODULOOXVLRQ ,QWKHOHDQV I
GLVSODFHPHQW DERXW WKH UROOD[LY LH DQLOOXVLRQRIEDQN 7KHU
LWLVNQRZQ WKDW LWLVLQYRNHG GXHWR WKHVKRUWFRPLQJVY RI WKH RW
RWROLWK RUJDQ UHVSRQGV WR JUDYLW\DQG DFFHOHUDWLRQ FRPELQHG
VRXUFH RILQIRUPDWLRQ RQ ZKHWKHU D SHUVRQ LV H[DFWO\ XSULJKW DV 1
WLRQ DQG KHDG WLOW 7KH VHPLFLUFXODU FDQDOV LQ WKHLQQHU HDU R
DFFHOHUDWLRQLVDERYHD FHUWDLQ WKUHVKROG 7KHVHPLFLUFXODU FLC
DVXVWDLQHG UROO PRWLRQ ,Q WKHDEVHQFHRIYLVXDO LQSXW WKHVH V
WKH\DUH IO\LQJ VWUDLJKW ZKHIQOWKQVHKHLINPQ RBWMEBEFBEBEYNSW FRUUHFWLRC
DERYH WKH WKUHVKROG RI WKLY EDQN DQJOH PDNHV WKH SLORW WKLQN
VHHJXUH 7KH SLORW EHOLHYHV WKH\QHHG WR FRUUHFW WKLV E\UROOLQJ
LVVWUDLIJKW IOLJKW +RZHYHU LQ UHDOLW\ WKH\ ZLOO PDNH WKH LQLWL
DVDUROOUHYHUVDO HUURU

,W KDV EHHQ VKRZQ WKDW DQ LQFRUUHFW H[SHFWDWLRQ GXH WR VSDWLD
55(V LQ IODIXGWPDQ *URHQ YDQ 3DDVVHQ %URQNKWWDW DOXREGHHQ GHPF
VWUDWHG WKDW LW LV SRVVLEOH WR SURG XFH WKMNQOGHIDQ VRIO® KWLRQ LQ D
ZKHUH SLORWVY PDNH 55(V GXH WR VSDWLDO GLVRULHQWDWLRQ



6WDUWOH 6XUSULVH

JLIXUH ,OOXVWUDWLRQ RI WKHOHDQV LOOXVLRQ

&RPPRQO\ ZKHQ WDONLQJ DERXW "WKH OHDQV" WKH YHVWLEXODU OHDQ
LOOXVLRQFDQDOVREHLQGXEBGEQIBOYPH XKRHELIRRQWH[DPSOH D VORSLQJF
GHFN ,I LWH[WHQGV IRUD JUHDW GLVWDQFH LQWR WKH SLORWTV YLVXDC
KRUL]IRQWDO 7KLVLVNQRZQDV FORXGOHDQV"™ 3LORWV JHW WKH LPSUH\
OHYHO DQG ZLOO VWDUW I0\LQJ SD U DQ OXHOHWARRW K MV RMOKREKIG D DV FMKIR IVQELDJ
WKH\ SHUFHLYH DV "OHYHO" 6HYHUDO RWKHU SKHQRPHQD FDQ DOVR FUH
WHUUDLQ OLJKWV RIDFLW\EXLOWRQDVORSLQJWHUUDLQ DW QLJKW D (¢
DQG FUHDWLQJ WKHLPSUHVVLRQ RI D KRULIRQDW WKHEDVHRIWKHUDLQI

JLIXUH &ORXG OHDQV LQGXFHG E\ D YoHRESIMUHNDORW@ GHFN

6WDUWOH 6XUSULVH

6SDWLDO GLVRULHQWDWLRQ RIWHQ JRHV KDQG LQ KDQG ZLWK VWDUWOH
WHQWLDOO\ FRQWULEXWLQJ IDFWRUV WR DLUFUDIW LQFLGHQWY GXH WR \
SHUIRUPBIQFHUD 7DORQH %RHVVHU -HQWNMKHURMKVWDUWOH DQG "VXU:
WHQ XVHG LQWHUFKDQJHDEO\EXW WKHLU HIITHFW R(DW&R KQYPDRRYHYD QY F
3DDVVHQ %URQNKRUVW5LYNODBHW DO



$PELIXLWNLQ WKH $WWLWXGH ,QGLFDWRU

BWDUWOH LV D EULHI IDVW DQG KLJKO\SK\VLRORJLFDO UHDFWLRQ WR D \
FDQ EH PHDVXUHG IRUH[DPSOH LQ WHUPV RIH\HEOLQNV FRQWUDFWLRQ
RI RQJRLQJ EHKDYLRU HWF :KLOH WKH XQH[SHFWHGQHVV Rl WKH VWLPX
VWLPXOL DUHVWLOO VWDUWOLQJ 7KH VWDUWOHUHIOH[LV LQFUHDVHG ZlI
LQJERWK ZKHQ DQ LQGLYLGXDO KDV D YHU\ KLJK DURXVDO OHYHO HJ Z
RSHUDWLQJLQWHQVHO\ DQG ZKHQ DQ LQGLYLGXDO KDV D YHU\ ORZ DURX
FORVH WR IDOOLQJ DVOHHS 6WDUWOHPD\LQGXFH EULHI GLVRULHQWDW
ZKLFK OLNHO\ OHDGV WR WDVN LQWHUUXSWLRQV RU EULHI FRQIXVLRQ EXW
5LYHUD HW D®Q H[DPSOH RI D VWDUWOLQJEXW QRW YHU\VXUSULVLQJHYH
ZKHQ IO\LQJ LQ VWRUP\ ZHDWKHU

6XUSULVHLVDQHPRWLRQDO FRJQLWLYH DQGEHKDYLRUDO UHVSRQVH W|
GLIILFXOW WR H[SODLQ DQG IRUFHV D SHUVRQ WR FKDQJH WKHLU XQGHU\
EHWZHHQ WKH PHQWDO H[SHFWDWLRQ DQG WKH SHUFHSWLRQ RI WKH HQY
XQH[SHFWHG VWLPXOXV RUWKH DEVHQFH RI DQ H[SHFWHG VWLPXOXV ,W
UHIOH[DQG FDQ GLVDSSHDU LQ DQWLFLSDWLRQ RI D VWLPXOXV 7KH PDLQ
LQWHUUXSWV DQ RQJRLQJ WDVN ,Q D VWXG\LQYHVWLIDWLQJ WKH HIITHFV
IRXQG WKDW D VXUSULVLQJ VWLPXOXV LQWHUUXSWH G RUMNP@IRQQJ DFWL
6XUSULVH KDV EHHQ FRQVLGHUHG WR EH D IDFWRU LQ /2& , DFFLGHQWYV D!
RQH RI WKH PDMRU FDXVHV RI IOLJKW GHFN VXUSULVHYV $Q H[DPSOH RID V
EDFNWR OHYHO WKXV VHQVLQJD UROO PRWLRQ ZKLOH WKH SLORW WKR X
LQ WKH OHDQV LOOXVLRQ

$PELIXLW\LQ WKH $WWLWXGH ,QGLFDWRU
'XULQJLQVWUXPHQW IO\LQJ SLORWV DUH FRQVLVWHQWO\WDXJKW WR WU
PRVW UHOLDEOH DQG GLVWBXYWHDQIRNWHUI R RXDBPXDOWH WKHLU DWW LW X
IXOO\UHO\LQJ RQ WKHLU DWWLWXGH LQGLFDWRU $, ,W LV WKXVYLWDO \
WR DYRLG DQ\ GDQJHURXV VLWXDWLRQV

&XUUHQWO\ WZR W\SHV RI $, GLVSOD\VDUH EHLQJ XVHGLQ FRPPHUFLDO D

ORYLQJ KRUL]JRQ 0+ ZKHUH WKH DLUFUDIW FRRUGLQDWRKOQIRKY XVHG D
5RVFRH GHSLFWHEWLKY $OVR FDOOHG LQVLGH RXW $,

ORYLQJDLUFUDIW 0$ ZKHUH WKH (DUWK FRRUGLQDWHRKIMWHR QVHG DV
5RVFRH GHSLFWMH&GEULKY $OVR FDOOHG RXWVLGH LQ $,

JLIXUH ORYLQJ KRUL]RQ DWW LW X G+DIOHA) HIBWRIVOBYVL QO D\LUFUDIW DWW LWXGWHQGIW DWRU (
DO DO



SUREOHP 6WDWHPHQW

7KHO+ GLVSOD\LV XVHG WKURXJKRXWWKH :HVW ZKLOH WKHO$ GLVSOD\LV |
EHWZHHQ WKHVH GLVSOD\V OLHV LQ WKHLU G\QDPLFV ,Q WKH 0$ GLVSOD
DLUFUDIW PRYHV FRPSO\LQJ ZLWK WKH SULQFLSOH RI WKH PRYLQJ SDUW
ZKLOH WKH KRULJRQ OLQH PRYHV FRPSO\LQJ ZLWKOWKHKN SIW. D@KSOH Rl SLF
WZR SULQFLSOHV DUH GHILQHG DV IROORZV

F3ULQFLSOH RIPRYLQJ SDUW 7KHPRYLQJHOHPHQWY LQ D GLVSOD\ VKF
FRPSDWLEOH ZLWK WKH XbWRVFRRHQWDO PRGHO

f3ULQFLSOH RI SLFWRULDO UHDOLVP ,PDJHV RQ D YLVXDO GLVSOD\ Vi
SRVFRH

'LVFXVVLRQ RQ ZKLFK RI WKHVH GLVSOD\V LV "WKH EHVW" KDV EHHQ JRLC
WKH \% VKDGDFOHDU SUHIHUHQFH IRU 0$ KRZHYHU WKHVH VWXGLH
5RVFRH :LOOLJANHUHDV VWXGLHV GRQHZLWKPRUH H[SHU IBAWQRFHEHSLORW

*DUGQHU /DFH\ G6HHIHBDW\UHFHQW VWXGLHVY FRPSDULQJO0$DQG 0+ FR
HDUOLHU ILQGLQJV SRVVLEO\ GXH WR XVLQJ RQO\ FRQWLQXRXYV WUDFNL(
ODUJHU WKDQ WKHUHDORQH ,I WKHPRGHUQ $,LVDFFXUDWHO\SUHVHQW!
FRUUHFWGLPHQVLRQVY DQGUHFRYHU\WDVNVDUH XVHG WKHUHVHHPV WF
ZHUH GRQH ZLWK WKH ROG HOHFWURPHFKDQLFDO®OtQV MWW M WHIAOKLYHUV XV
VXIJIHVWY WKDW VSHFLILF GLVSOD\ GHVLJQLQ LWVHOIPLJKW EH D NH\IDF

ORWLRQ FXHVY FDQ DOVR DIITHFW WKH RXWFRPH RAFGMA/RBHODRIBYDOXRDWHWRQ $
RXWFRPHV RIH[SHULPHQWV LQ IL[HG EDVH VLPXODWRUV RURQHV SURYLG
EHWDNHQ ZLWK DJUDLQ RIVDOWLIVSDWLDO RULHQWDWLRQLVDFHQWUD
2Q0H FRXOG DUJXH WKDW SLORWY DUH WDXJKW WR LIQRUH YHVWLEXODU F
KRZHYHU YHVWLEXODU FXHV FDQQRW EH FRPSOHWHO\LJQRUHG DQG WK
WKDW ZRXOG LQFUHDVH WKH OLNHOD®BRGB@ERHW@OES( RFFXUULQJ

$00LQDOO VZLWFKLQJWR WKHO0$ GLVSOD\LVY QRW SRVVLEOH GXH WR HQ
QHZ FHUWLIOFDOMWHRQPW DOW ZRXOG DOVR PHDQ UHWUDLQLQJ SLORWYV ZKLF
LWLY OLNHO\WKDW WKH\UHYHUW WR WKHLU ROG KDELWV ZKHQ LQ D VWUH

SUREOHP 6WDWHPHQW

/12& , LV WKH OHDGLQJ FDXVH RIIDWDO DYLDWLRQ DFFLGHQWY ZKLOH RQO\
RIDYLDWLRQ DFFLGHQWYV 7KH LQGXVWU\ KDV UHFRJQL]HG WKLV DQG LV
WKLV WASH RI DFFLGHQW :KHQ ORRNLQJDW WKH FDXVHV Rl /2& , VSDWLLE
RIIDWDOLWLHYVY ZKHQ LW FRPHV WR FUHZ LQ DFWLRQ 6SDWLDO GLVRULH(
LWRFFXUV LW LV KLIJIKO\LPSRUWDQW WKDW SLORWY FDQ TXLFNO\DQG FR
VHOIl RULHQWDWLRQ OLNH WKHDWWLWXGH LQGLFDWRU OLVLQWHUSUHW
LVLPSRUWDQW WR ILIJXUH RXW ZK\ WKLY PLVLQWHUSUHWDWLRQ KDSSHQV
QXPEHURI/2& ,DFFLGHQWY 7KHIROORZLQJFKDSWHUV ZLOO GLYH GHHSF
WKH $, GLVSOD\FDQ EHLPSURYHG



7KH +XPDQ 2SHUTL

7KH KXPDQ SLORW SOD\VD FHQWUDO UROH LQ WKLV VWXG\ +RZ WKH\ LQWH
VSDWLDOO\RULHQW WKHPVHOYHV LV RI JUHDW LPSRUWDQFH LQ XQGHUVW
DQG GHVLJQLQJ D GLVSOD\ WKDW FROHFGV & BBLYCHA W[ BBV WK K EDVLF ELR
WKHIXQFWLRQ RI WKH R USLHHFQMLIRIRLRD B 5 0IDQPWWKH PXOWLWDVNLQJ HQYLL
SLORW KDV WR ZRUN ZKLOH IO\LQJDQG PRQLWRULQJDQ DLUFUDIW

7KH 2ULHQWDWLRQDO 6HQVHYV

7KHWKUHH PDLQ RULHQWDWLRQDO VHQVHVY DUH WKH YHVWLEXODU V\VWHI
VI\VWHP KHQWZR FRPSRQHQWV RI WKHVHDUHDEVHQW RUKHDYLO\FRPSU
VWURQJO\LPSDLUHG )RU H[DPSOH LQ WKHDEVHQFH RI ERWK YLVLRQ DQ
SULRFHSWLYH VA\VWHP GRHVY QRW VXIILFH WR PDLQWDLQ VSDWLDO RULHQ
(DUWKOOLQJKDP 3UH$VANKH SUHYLRXV H[DPSOH DOUHDG\DOOXGHG WKH
DQG DGDSWHG WR JURXQG EDVHG PRYHPHQW QRW IRU WKUHH GLPHQVLR!
PLVPDWFKHY EHWZHHQ GLITHUHQW VWLPXOL DQG OHDG WR VSDWLDO GLV
WKDW ZKLOH PRWLRQ SHUFHSWLRQ LV SRVVLEOH GXHWR VHQVRU\LQWHJL
LOWHUSUHWDWLRQVDQG DVVXPSWLRQV GXH WR RIWHQ LQFRPSOHWH RU F

6HOI 2ULHQWDWLRQ WKURXJK WKH 9LVXDO 6\VWHP
7KH YLVXDO VIVWHP SURYLGHV WKH VWURQJHVW FXHV IRUVHOI RULHQWD
FXHV D SKHQRPHQRQ FDOOHG*LYAO XQIK®RP BQBYER YLVXDO FRUWH[ VHFW
WKH EUDLQ LV UHVSRQVLEOH IRUSURFHVVLQJ YLVXDO LQIRUPDWLRQ

ODQ\ZD\VRI"GLYLGLQ)  WKHYLVXDO V\VWHPH[LVW 6RPHEDVHLWRQWKH
WLRQ WKH ZKDW’" VIVWHP DQG VSDWLDO RUDIOQ QY DKWDIPR (B WHRRVFKZHKBW H "~ V\
GLITHUHQWLDWHLQ WHUPV RITRUP YHUVXV PRWLRQ ,QWKLVGLVFXVVLRQ
ZLOO EH SUHVHQWHG DV WKH\ZLOO EH XVHG LQ WKHIROORZLQJ FKDSWHU\

JRFDO YLYVRRQO YLVLRQ VXSSRUWYV REMHFW UHFRJQLMANRHONQG KWL JIK DFXI
FRQVLVWY SULPDULO\ EXW QRW VROHO\ RIIRYHDO YLVLRQ ZKLFK LV DY
ZKLFK KXPDQV FDQ VHH VKDUS DQG LQ FRORU )RFDO YLVLRQ DOORZV IRU
,WDOVR VHOHFWYVY FHUWDLQ REMHFWYVY RI WKH SUH DWWHQWLYH DUUD\ IR
KDSSHQV DXWRPDWLFDOO\DQG RUJDQL]HVY WKH YLVXDO ZRUOG LQWR REN
ZLOO EHH[SODLQHG LKXPBWHGHSWK LQ

$PELHQW Y I$WERGI QW YLVLRQ LV SULPDULO\LQYROYHG ZLWK RULHQWLQJ W
LV ODUJHO\LQGHSHQGHQW RI WKH IXQFWLRQ RI IRFDO YLVLRQ $PELHQW
E\ODUJH LPDJHV RU JURXSV RI LPDJHV WKDW DSSHDU WR EH DW D GLVWDZC
FORVH 7KHIXQFWLRQRIDPELHQW YLVLRQ FDQE@®ILWBIXD® XSUWHW.R WZR SU

$f3URYLGLQJVHOI PRWLRQ FXHV 7KHGHWHFWLRQRIPRYLQJFRQWUDVW
UHVXOW LQ YHFWLRQ 7KHYLVXDO VWLPXOXV FDXVLQJ WKLV LV FDOOH
JLYHV WKH REVHUYHU DIHHOLQJ RI KRZIDVW WKH\DUH PRYLQJ ZKHUH
WKH REVHUYHU D IHHOLQJ RI WKH GLUHFWLRQ LQ ZKLFK WKH\ DUH PRY
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