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Abstract

The motion of ships and aircraft is governed by inertia and hydrodynamic or aerodynamic forces, so they do not stop
immediately even when reverse thrust is applied. Consequently, operations such as maneuvering in harbors and landing require
control that can decelerate and stop accurately near a target position, yet full-scale testing can be costly and constrained by
safety. This study uses a small wheeled model equipped with two coaxial propellers forming an independently actuated
double- fan propulsion system and examines stopping control experimentally. Position is estimated from an overhead camera
by detecting a red marker on the vehicle and computing its centroid. Manual control, proportional position control,
fixed- reverse thrust commands, and reference-velocity-based control using velocity feedback were compared. In Experiment
1, fixed- reverse command levels were varied to characterize stopping behavior. In Experiment 2, a single operator controlled
the forward thruster while position-based reverse thrust was applied automatically. In Experiment 3, a reference velocity
profile obtained from successful manual runs was used for velocity-based control. The results show that fixed reverse thrust
can change stopping accuracy and trajectory dispersion depending on the command level, while the reference-velocity-based
controller reduced the average stopping-position overshoot from approximately 9 mm to 3 mm under the tested conditions. The
contribution of this study is not a new derivative-control law, but an experimental characterization of independently actuated
forward/reverse fan control and the application of a reference-velocity-based stopping strategy to this specific double-fan
platform. The results are limited to the tested small-scale model and are not intended as a quantitative prediction of full-scale

aircraft behavior.

Keywords: Double-fan propulsion, reference velocity, reverse thrust, stopping control, velocity feedback.

1. Introduction

Vehicles such as propeller-driven aircraft and ships
include inertial terms in their equations of motion and
are subject to fluid forces (drag, lift, induced flow
around propulsors, etc.) [1, 2]. Therefore, even when
re-verse thrust (reverse operation) is commanded, they
do not stop immediately and tend to overshoot the target
position.

Fig. 1(a) illustrates a thrust-reverser mechanism on
an aircraft engine. During forward thrust the doors are
closed; during reverse thrust they open and turn the
for-ward airflow to exhaust forward, producing a
decelerating effect. Without such devices, aircraft could
not land safely and stop within short distances with high
accuracy, yet operation and control remain largely
manual and automation is challenging [3-7]. Similarly,
berthing maneuvers in harbors require skilled manual
control (Fig. 1(b)) [8-12].

In scenarios such as harbor berthing and aircraft
landing, where deceleration and stopping must be
achieved safely within limited distance, the accuracy and
repeatability of stopping control are critical [13-16].
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Fig. 1. Examples of reverse thrust in aircraft and
berthing operations in ships

The cited literature includes ship-control studies on
berthing, low-speed maneuvering, and automatic
positioning [1, 3-19], aircraft motionand control [2], and
multi-fan or counter-rotating fan systems such as the
ducted counter-rotating axial-flow fan system reported
in [25]. However, the present study focuses specifically
on stopping-position control of a small wheeled platform
with independently commanded forward and reverse
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fans. In this configuration, two actuators act along the
same translational axis, creating a redundant input
structure: if f; and f, denote the forward and reverse
thrust magnitudes, the idealized net longitudinal force
can be represented as fno¢ = ff — f . Different
actuator-command combinations can therefore produce
similar net force, while motor dynamics and airflow
interaction can further complicate the input-output
relationship. The present work addresses this
experimental gap by investigating stopping control with
the independently actuated double-fan propulsion
system. The study has three specific contributions: (1)
experimental characterization of stopping behavior
when the forward and reverse propulsion paths are
operated independently; (2) evaluation of fixed
reverse-thruster commands and their effect on stopping
accuracy and trajectory dispersion; and (3) experimental
evaluation of a reference-velocity-based controller
derived from successful manual stopping trajectories.
The derivative/velocity-feedback  principle itself
is conventional; the contribution is its application and
experimental evaluation for the present double-fan
stopping problem. Because the platform is a small-scale,
ground-constrained model, the results are interpreted as
experimental findings for the tested system rather than
as direct scaling laws for a full-scale aircraft.

2. System Under Study
2.1. Vehicle Overview

We consider a scaled propeller aircraft (180 mm x
150 mm x 50 mm) and restrict attention to straight-line
motion along the x-axis on a flat floor. The vehicle mass
is 85 g. The propulsion system is a double-fan
arrangement with two coaxial propellers—forward and
reverse—so that forward thrust and reverse thrust can be
commanded independently (Fig. 2). The model is used
as a ground-constrained experimental platform; it is not
operated as a free-flying aircraft in the present study.
Consequently, pitch attitude, angle of attack, and
longitudinal flight stability are outside the scope of the
experiments.
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Fig. 2. System under study: scaled model propeller
air-craft and schematic of the double-fan propulsion
system

2.2. Position Estimation

Vehicle position is estimated from overhead camera
imagery (Fig. 3). A red marker on the vehicle is detected
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and its centroid yields the position in image coordinates.
Given the camera resolution, the position estimate was
accurate to approximately 1 mm.
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Fig. 3. Overview of position estimation (red-marker
detection and centroid computation)

3. Control Architecture

Actuation uses a dual-FET motor driver (separate
channels for forward and reverse) and a microcontroller
based on an Arduino Nano. The Arduino Nano is
mounted on top of the airframe; measurements are
logged to an SD card. The two-channel motor driver is
placed on the desk because of its mass; PWM commands
from the microcontroller to the driver, and driver outputs
to the motors, are carried through light 0.01 mm
urethane wires so as not to disturb vehicle motion.

3.1. Manual Control

In manual mode, a 10kQ joystick-style
potentiometer is adjusted by hand; its angle is read by
the microcontroller ADC and mapped to thrust
commands (Fig. 4). Throughout this study, manual
operation serves as the baseline for comparison with
feedback strategies.
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Fig. 4. Manual control (thrust command from the
potentiometer)
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3.2. Challenges of Position Control with Fan Actuators

The plant studied here faces several difficulties
inherent to fan-based actuation. First, thrust cannot be
measured directly; the reaction force produced through
the air from motor voltage must be used indirectly as
thrust. Second, fan dynamics involve intrinsic delay and
a continuously changing medium, making it hard to
identify that delay a priori for controller design. Third,
the air state aroundthefan is not directlyobservable, and
turbulence generated by the fan increases thrust
uncertainty [20, 21]. With two opposing actuators acting
along the same translational axis, the net longitudinal
force depends on the combined effect of the two actuator
commands. In an idealized form, fpe: = ff — f, SO
different forward/reverse command pairs can produce
similar net force. This redundant input structure can
make command allocation and controller tuning more
difficult, while airflow interaction between the two fans
can further complicate the actual input-output
relationship [22-25].

4. Experiments
4.1. Experimental Setup

Fig. 5 shows the test environment. A straight track
marked in blue was prepared for motion along one axis,
with an overhead camera for position estimation. The
vehicle length is approximately 180 mm and mass 85 g.
The track length is 1000 mm; the distance from the
initial position to the target is 500 mm. The floor is flat
with negligible friction.
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Fig. 5. Experimental environment

4.2. Experiment 1: Stopping Behavior under Fixed
Reverse Thrust

In Experiment 1 we compare stopping position and
dispersion after a stop command under (a) forward or
reverse thruster used alone, and (b) forward thruster with
the reverse thruster additionally engaged.

Case (a) evaluates forward motion and stopping
when only the forward thruster or only the reverse
thruster is active. Note that the stern reverse thruster
produces forward-pointing thrust by spinning the
propeller in the opposite direction relative to normal
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forward operation, which degrades thrust performance
relative to the design direction of rotation. Control
follows the laws below.

(1
2)

Here fiorward and freverse are PWM commands to the
forward and reverse thrusters, K,¢ and K, are their
proportional gains, xo is the target position, and x is the
current position. The PWM command values are
dimensionless controller inputs on a 0—255 scale and are
not direct measurements of thrust force. Simple
proportional control was adopted to examine basic
properties of fan-based position tracking [25].

fforward = Kpf(xo - x)

freverse = _Kpr(x() - X)

Under condition (b), the forward thruster follows
proportional control while the reverse thruster applies a
fixed PWM command f,. . With (2) alone, the
reverse-thrust command cannot provide the required
braking action before the target while the vehicle is still
on the approach side; therefore, a constant reverse
command was tested to provide braking before the target
and to assess how the independently actuated reverse
path affects stopping behavior.

frorward = Kpf(xo —x) (3)
freverse = Jr “4)

Several levels of fixed reverse-thrust command were
tested over a broader range. Here, f denotes the PWM
command value applied to the reverse thruster (0-255).
The representative values fr = 75, 125, 250, max

255 = 6.5 V) were used to study trends in stopping
behavior (Fig. 7).
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Fig. 6. Results for Experiment 1(a). Top: approach
control using only the forward thruster. Bottom:
approach control using only the reverse thruster

Fig. 7 shows Experiment 1(b) for three reverse
levels. Final-position accuracy tended to improve over
Experiment 1(a). Notably, accuracy was better for low
(fy = 75) and high (f; = 250) reverse commands,

whereas intermediate reverse ( f, = 125) worsened
accuracy. Trajectory bulging near x = 1.0 m was also
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Fig. 7. Results for Experiment 1(b): proportional control
on the forward thruster and fixed PWM command on the
reverse thruster. Representative  reverse-thruster

commands are fr =175, 125, and 250: the maximum
PWM command is 255

Fig. 8(a) summarizes Experiment 1(b): the curves
show the temporal standard deviation for each

frcondition. The standard deviation peaks near t = 1.0 s
at the mid-track for f,- = 125. Fig. 8(b) reports a finer
sweep of fr to check whether the effect is unique to 125.
A sharp peak at f, = 125 suggests nonlinear, hardware-
specific behavior.

4.3. Experiment 2: Manual Forward Control with
Position-Based Proportional Reverse Thrust

Experiment 2 evaluates a  single-operator
forward-control condition combined with
position-based proportional reverse thrust. Its purpose
was to examine whether an automatically imposed
position-based braking input produces stopping
behavior consistent with the manual forward-thrust
strategy observed in Experiment 1. This experiment was
not designed as a multi-participant human-factors study.

®)
(6)

A single operator (the first author) continuously
commanded the forward thruster while reverse thrust
from (6) was superimposed, and dispersion in the
stopping position and overshoot were assessed (Fig. 9).
More than 100 practice runs were conducted. Because
only one operator participated, demographic
comparisons, inter-subject variability, and standardized
between-subject instructions were not part of the
experimental design. As the sole participant was one of
the authors, no separate written informed consent was
required; the author voluntarily performed the trials with
full knowledge of the experimental procedure, which
involved operating a low-power (<6.5 V) desktop-scale
model and posed no more than negligible physical risk.

frorwara = human control

f;‘everse = _Kpr(xo - x)

63

The trajectories nevertheless exhibited large bulging and
variation in the final positions.

(a)
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Fig. 8. (a) Summary of Experiment 1(b). (b)

Follow-up experiment varying the fixed reverse-thrust
level to reassess dispersion in the final position
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Fig. 9. Results for Experiment 2 (manual forward
thrust + proportional reverse thrust)

4.4. Experiment 3: D Control with a Reference Velocity
Profile from Successful Manual Runs

Motivated by the single-operator results in
Experiment 2, we tested the hypothesis that stopping
performance can be improved when the controller uses
velocity information in addition to position error.
Repeated successful manual runs were used to build a
reference trajectory, and its time derivative yielded a
desired speed profile. We then designed
reference-velocity-based  control  using  velocity
feedback. This approach should not be interpreted as a
new derivative-control principle; rather, it was used to
test whether experimentally derived speed information
could improve stopping performance in the double-fan
configuration.

fforward = fO + Kd (‘U - VO (t)) (7)
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freverse = fO - Kd (17 + VO (t)) (8)

Here f; is a thrust bias, V;(t) the reference speed,
and v the measured speed. Reference speeds were
assigned at 0.1 m waypoints along the path.

The control sequence was: (1) From the start to 0.1
m, command maximum thrust f'= 250 and hold a peak
reference speed of 0.3 m/s. (2) From 0.2 m before the
target, apply reverse (braking) according to (8) while the
forward thrust follows (7), decaying both commands to
suppress inertial overshoot and reduce speed to 0.05 m/s
at the end.
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Fig. 10. Results for experiment 3

Before Experiment 3, the control parameters in
(8) were tuned heuristically to realize the desired speed
profile and accurate stopping. Fig. 10 shows Experiment
3 for N = 10 repeated trials; trajectory spread and
final-position variability are reduced, yielding stable
behavior. The lower panel compares against
forward-thruster-only control from Experiment 1;
except for bulging near t = 1.8 s, Experiment 3 is
superior across the metrics shown.

4.5. Discussion

4.5.1. P Control exhibited oscillatory behavior

The proportional controller generated thrust solely
from the position error. As the vehicle approached the
target position, a considerable amount of kinetic energy
remained because of inertia. Consequently, the
controller could not anticipate future motion and reacted
only after the position error changed. This behavior
resulted in repeated acceleration and deceleration around
the target position, producing the overshoot and
oscillatory trajectories observed in Fig.6.

In addition, the fan propulsion system contains
delays associated with motor dynamics and airflow
generation. Because thrust is not produced
instantaneously, the actual vehicle response lags behind
the control input. Such delays are considered to have
further amplified the oscillatory behavior; however, a
detailed analysis of the propulsion dynamics is beyond
the scope of the present study.
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Comparing Experiment 1(a) and 1(b) also provides
indirect evidence for the advantage of independently
actuated forward/reverse fans over a single-actuator
scheme such as throttle reduction or a single reversible
propeller. In Experiment 1(a), each actuator operated
alone, analogous to relying solely on drag-based
deceleration (throttle reduction) or a single bidirectional
thruster. In Experiment 1(b), applying both actuators
independently and simultaneously improved final-
position accuracy over either single-actuator condition
(Fig. 6 vs. Fig. 7). This suggests that decoupling the
forward and reverse thrust paths — rather than relying
on a single actuator to both propel and brake — is itself
a source of the observed improvement, independent of
the specific control law used.

4.5.2. Fixed reverse thrust produced large dispersion

The fixed reverse-thrust strategy improved stopping
performance under some conditions; however, its
effectiveness strongly depended on the selected thrust
level. Since the reverse command remained constant
regardless of vehicle speed or position, it could not adapt
to variations in vehicle motion.

When the reverse thrust was insufficient, the braking
force was unable to compensate for inertia, leading to
overshoot. Conversely, excessive reverse thrust caused
premature deceleration and unstable approach behavior.
As a result, stopping performance became highly
sensitive to operating conditions and exhibited
significant run-to-run variability, as shown in Fig. 7 and
Fig. 8.

The particularly large dispersion observed near

fr=125, confirmed by the follow-up sweep shown in
Fig. 8(b), suggests a nonlinear or
configuration-dependent response of the propulsion
system. Possible mechanisms include motor efficiency
changes, airflow interaction between the two fans, or
other unmodeled dynamic effects; however, the present
experiment does not contain sufficient diagnostic
measurements to identify the dominant cause.
Additional direct thrust measurements and propulsion-
dynamics analysis would be required to distinguish these
mechanisms.

4.5.3. Human operators appeared to utilize velocity
information

When proportional reverse thrust was automatically
superimposed on the single operator's manual forward
control in Experiment 2, stopping performance became
markedly less consistent than in Experiment 1, with
large trajectory bulging and substantial run-to-run
variation in the final position, as shown in Fig. 9. The
operator was unable to reliably anticipate how the
externallyimposedreverse thrust wouldinteract withthe
operator's own input.

This result suggests that the single operator's
stoppingbehaviorwas not basedsolelyonpositionerror;
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however, the operator's decision-making process was
not measured directly. The observation should therefore
be interpreted as a finding from a single-operator
experiment rather than evidence of a general
human-control strategy. The result motivated the
subsequent experiment using an explicit reference-speed
profile.

4.5.4. Reference-velocity-based D control improved
stopping performance

Based on the observations obtained from the
single-operator experiment, a reference velocity profile
was introduced and incorporated into the control system
through velocity feedback. This approach enabled the
controller to respond to deviations from the desired
velocity profile rather than relying solely on position
error. The contribution is not the derivative-control
principle itself, which is well established, but its
experimental application to the independently actuated
double-fan configuration using a reference profile
obtained from successful manual stopping runs.

Experimental results demonstrated that the proposed
methodreducedthe average stopping-positionovershoot
from approximately 9 mm to 3 mm (a reduction of
roughly 67%) and significantly narrowed the trajectory
dispersion compared with the conventional proportional
control and the fixed reverse-thrust strategy (Fig. 10).
These findings suggest that incorporating velocity
information is effective for stopping control in systems
characterized by significant inertia and actuation delay.

Because only a single operator was involved and the
decision-making process was not directly measured, the
experiment does not establish that human operators in
general use velocity information in the same way. The
reference-velocity controller was therefore evaluated as
an independent control strategy rather than as a direct
model of human decision-making.

4.5.5. Limitations of the present study

The experiments in this study were conducted using
a single small-scale, ground-constrained platform under
controlled laboratory conditions. Reynolds-number
similarity and other dynamic-similarity conditions were
not established, and theresultsare therefore not intended
for quantitative extrapolation to a full-scale aircraft. In
addition, thrust from the two fans was not measured
independently, so the contributions of aerodynamic drag
and active reverse thrust cannot be quantitatively
separated from the present data. Because the vehicle was
constrained to straight-line ground motion, pitching
moment, angle of attack, and longitudinal flight stability
were not measured. The control parameters were tuned
specificallyforthe dynamics ofthisexperimental model,
and external disturbances such as airflow interference
and measurement noise were not explicitly varied.
Finally, the manual experiment used a single operator,
so the observations cannot be generalized to human
operators in general. These limitations should be
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considered when interpreting the generalizability of the
present results.

5. Conclusions and Future Work

Fundamental stopping-control experiments were
conducted on a small ground-constrained model with
independently commanded forward and reverse fans.
The experiments showed that fixed reverse-thrust
commands can change stopping accuracy and trajectory
dispersion depending on the command level. A
reference-velocity-based  controller, derived from
successful manual stopping trajectories  and
implemented using velocity feedback, reduced the
average stopping-position overshoot from
approximately 9 mm to 3 mm under the tested conditions
and reduced trajectory dispersion. The principal
contribution is  therefore = an  experimental
characterization of independently actuated
forward/reverse fan control and the application of
reference-velocity-based stopping control to this
double-fan platform. The derivative-control principle
itself is conventional, and the observed performance
improvement should not be interpreted as a general
result for all aircraft or propulsion systems.

Future directions include (i) direct thrust
measurement to separate aerodynamic drag and active
reverse-thrust effects, (ii) systematic controller tuning
and uncertainty analysis, (iii) investigation of
Reynolds-number and dynamic-similarity requirements
before any full-scale extrapolation, (iv) measurement of
additional vehicle and propulsion states relevant to pitch
and stability, (v) evaluation with multiple operators if
human-control generalization is required, and (vi)
comparison with alternative braking configurations such
as single-propeller or throttle-reduction strategies..
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