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ABSTRACT

This work presents the control strategies devel-
oped for the indoor category of the International
Micro Air Vehicle competition. Two approaches
are considered: an open-loop strategy for pre-
defined maneuvers, and a vision-based closed-
loop controller for autonomous navigation and
task execution. The proposed control algorithms
are implemented on a DJI Mini 4 Pro platform,
with the main processing running on an offboard
PC. The results demonstrate the feasibility of in-
tegrating vision-based feedback with a commer-
cial drone to address complex competition sce-
narios.

1 INTRODUCTION

Mexico is located at the intersection of several tectonic
plates, which makes it one of the most seismically active re-
gions in the world. Since the devastating 1985 earthquake,
the government and society have become more aware of the
risks associated with natural disasters and the importance of
preparedness. These concerns resurfaced strongly after the
major earthquakes of 2017 and 2019, which once again high-
lighted the vulnerability of Mexico City and surrounding ar-
eas. In this context, new technologies, such as aerial vehi-
cles, are increasingly being considered as valuable tools for
improving disaster response and resilience.

In recent years, unmanned aerial vehicles (UAVs) have
demonstrated their feasibility in dangerous and hard-to-
access scenarios, and their potential applications have been
widely studied. In [1], rotary-wing UAVs were employed to
transport first-aid materials, while in [2] they were used for
mapping affected zones and supporting search and rescue op-
erations. Consequently, the use of UAVs in the context of
seismic disasters represents a promising approach. Whether
by employing vision-based algorithms to detect survivors, or
by equipping platforms with microphones to identify distress
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jil1, marco.martinez}@itam.mx

calls, UAVs can accelerate the location of victims and reduce
the risk of fatalities caused by delays in search and rescue.

Given this context, UAV competitions have emerged as
valuable platforms for incorporating natural disaster scenar-
ios into their challenges. These events provide controlled yet
demanding environments where teams can design, test, and
compare innovative aerial solutions that may later be adapted
to real-world disaster response. By reproducing representa-
tive tasks—such as navigating confined spaces, identifying
victims, or performing precise maneuvers—competitions not
only advance the state of aerial robotics but also foster col-
laboration among students and researchers, ensuring a strong
link between academic innovation and practical applications.

For this reason, the IMAV 2025 Competition focuses on
the theme of seismic natural disasters. The indoor competi-
tion is composed of four tasks. The first task requires the UAV
to travel through a tunnel, simulating scenarios where aerial
vehicles must navigate confined spaces to locate injured in-
dividuals. The second task consists of finding a whiteboard
and drawing a line on it, which highlights the precision and
stability that a quadrotor must demonstrate in operation. The
third task involves detecting a cry for help, reflecting real sit-
uations after an earthquake in which rapid victim localiza-
tion is essential for increasing survival chances. Finally, the
fourth task challenges the UAV to land on a moving platform
obscured by smoke, a condition that simulates the reduced
visibility often present in post-disaster environments.

Together, these tasks aim to replicate realistic challenges
encountered in post-seismic scenarios, encouraging the de-
velopment of innovative aerial solutions that combine auton-
omy, perception, and resilience. By solving them, research
teams not only compete but also contribute to advancing UAV
applications in disaster relief operations.

This paper presents the team’s technical approach to solv-
ing the indoor tasks of IMAV 2025. The proposed strate-
gies rely primarily on vision-based control, complemented by
lightweight open-loop controllers, all tested on a laboratory-
built replica of the competition arena. The overall design phi-
losophy emphasizes simple, real-time methods that can be
implemented reliably under resource-constrained UAV plat-
forms.
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The remainder of the paper is organized as follows. In
Section 2 a brief description of the team, as well as the team’s
patch, is presented. Section 3 presents the mathematical
model of the experimental platform developed by the team.
Section 4 describes the proposed approaches to address each
task. Finally, Section 5 provides the conclusions and outlines
future directions for this work.

2 TEAM DESCRIPTION

Team AeroITAM represents the Instituto Tecnológico
Autónomo de México (ITAM) in the IMAV 2025 competi-
tion. The group is composed of undergraduate students from
the Departmen of Electrical Engineering. The team’s re-
search focuses on the development of autonomous aerial sys-
tems with emphasis on perception and control for operation
in challenging environments.

Figure 1 shows the official team patch, which represents
our participation in the competition.

Figure 1: AeroITAM team’s patch.

3 QUADROTOR’S MATHEMATICAL MODEL

Under the standard assumptions, the quadrotor’s kine-
matic and dynamic model can be described by the following
differential equations[3].

χ̇ = RV b, mV̇ b = −mΩ× V b +mgR⊤e3 − TT e3
Ṙ = RS(Ω), JΩ̇ = −Ω× JΩ+M b

(1)

with χ =
[
x y z

]⊤
the quadrotor’s translational position,

R =



cψcθ cψsϕsθ − sψcϕ cψcϕsθ + sψsϕ
sψcθ sψsϕsθ + cψcϕ sψcϕsθ − cψsϕ
−sθ cθsϕ cθcϕ


 ∈ SO(3)

with SO(3) =
{
R ∈ R3×3 | R⊤R = I3, det(R) = 1

}
the

rotation matrix parametrized using the Tait-Bryan angles,
where ϕ is the roll angle (rotation around the longitudinal axis
0xb), θ the pitch angle (rotation around the lateral axis 0yb)
and ψ the yaw angle (rotation around the vertical axis 0zb).
V b =

[
u v w

]⊤
is the quadrotor’s translational velocity

expressed in body coordinates, m is the quadrotor’s mass, g
is the gravitational constant, TT is the total thrust generated
by the four rotors, and e3 =

[
0 0 1

]⊤
. Moreover, J =

diag{Jxx, Jyy, Jzz} is the inertia matrix, Ω =
[
p q r

]⊤
is the quadrotor’s angular velocity expressed in body coor-
dinates and M b are the control moments produced through
the differential thrust generated by the rotors.Given two vec-
tors a, b ∈ R3 the matrix S(a) is defined in such a way that
a× b = S(a)b.

The quadrotor dynamic model (1) is reduced to a fully
actuated kynematic model under the following assumption.

Assumption 1 Consider the quadrotor dynamics (1) in
closed-loop with a quadrotor’s fast dynamics controller that
defines TT and Mb such that

lim
t→T

u = ud, lim
t→T

v = vd, lim
t→T

w = wd, lim
t→T

r = rd,

(2)
for some finite T > 0, with ud, vd, wd the desired transla-
tional speeds and rd the desired rotational speed.

Under Assumption 1, each quadrotor dynamics (1) is re-
duced to the following differential equations

χ̇i = R̄iUi,

Ṙi = RiS(rdi)
(3)

with Ui =
[
udi vdi wdi

]⊤
, R̄i = diag{Ri, 1},

Ri =

[
cψi −sψi
sψi cψi

]
∈ SO(2),

S(rdi) =

[
0 −rdi
rdi 0

]
∈ so(2)

(4)

where

SO(2) =
{
Ri ∈ R2×2 | R⊤

i Ri = I2, det(Ri) = 1
}
,

so(2) =

{
S(·) ∈ R2×2 | S(c) =

[
0 −c
c 0

]
, ∀ c ∈ R

}
.

This reduced model is the one the team will work on, with the
platform DJI Mini 3 pro, see Figure 2.

The team is already familiar with this UAV platform,
which was initially introduced during their participation in
IMAV 2024.
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Figure 2: Experimental platform DJI Mini 3 pro

4 CONTROL APPROACH

In this section is detailed the approach on each task to
solve the problem given.

4.1 Task one - Tunnel
The first task consists of traveling through a tunnel that

appears to be constructed from square-shaped frames of a
specific color. To detect the correct tunnel, the team em-
ployed the OpenCV (CV2) library together with the HSV
color space , see Figure 3.

Figure 3: HSV mapping color.

Color detection in HSV is carried out by defining a mask
that isolates the pixels within a given hue range correspond-
ing to the target color. The saturation component is used to
filter out darker or less vivid colors that may cause ambiguity,
while the value component is adjusted to discard overly bright
regions such as white tones. This process ensures that only
the pixels corresponding to the desired color are retained, pro-
viding a reliable input for tunnel detection and navigation.

After applying the color mask, the result is a binary
(black-and-white) image where the white pixels correspond

to the detected frame.
The proposed approach uses the control inputs v (lateral

velocity) and w (vertical velocity) to align the UAV with the
center of the frame. This is achieved by computing the cen-
troid of the white pixels, which represents the average posi-
tion of the detected frame in the image. The SciPy library
provides a convenient “center of mass” function that calcu-
lates this centroid efficiently. By comparing the centroid po-
sition with the image center, corrective control actions can be
applied to guide the UAV toward proper alignment with the
tunnel, with the following controller

v = −k1(xci − xcom)
w = −k2(yci − ycom)

(5)

where xci, yci is the position of the pixel located on the
center of the image, and xcom, ycom is the position of the cal-
culated center of mass.

However, this approach is effective only when the UAV
is positioned directly in front of the frame. If the vehicle is
offset or misaligned, an additional controller is required to
guide it into the correct position. For this purpose, the re-
maining control inputs, u (longitudinal velocity) and r (yaw
rate), are employed to adjust the UAV’s orientation and lateral
displacement until it is properly aligned with the frame.

This alignment is achieved by applying a horizontal edge
detector and measuring the distances between the detected
borders of the frame in the filtered image. Specifically, the
distances between the first two borders and the last two bor-
ders are computed, denoted as wl and wr , respectively. A
yaw controller is then proposed to minimize the difference
between these two values, according to

r = −k(wl − wr) (6)

where r represents the yaw control input and k is a propor-
tional gain. This control action drives the UAV to maintain
symmetry in the image, effectively aligning it with the frame.
In parallel, the lateral velocity input u is employed to regu-
late the UAV’s position with respect to a fixed distance from
the frame. Once alignment and positioning are achieved, the
quadrotor proceeds with the tunnel traversal task. Figure 4
presents an image of the algorithm’s test.

4.2 Task two - Draw on the whiteboard
To perform this task, the computer vision library cv2 in

Python was used. This library provides functions to identify
ArUco markers and extract important features such as their
corners, which we employed to calculate the drone’s viewing
angle of the marker.

It is crucial to determine whether the drone is correctly
positioned in front of the ArUco marker to ensure stability
when drawing on the whiteboard. The corners obtained from
the marker were expressed by the program in rectangular co-
ordinates, which we used as a reference to calculate the norm
of the marker’s sides.

https://www.imavs.org/pdf/imav.2025.23
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Figure 4: Tunnel task test.

Figure 5: Real-time calculation of norms and positioning.

By using the calculated norms, we were able to determine
the drone’s relative position with respect to the marker and
design a control system to ensure the correct alignment. The
positioning equations were based on maintaining equality be-
tween the two lateral norms (ls and rs), while adjusting the
drone’s altitude by comparing the upper norm (us) with the
desired upper side (ds). We did not use the lower side for
comparison because, due to the drone’s stability systems, it
cannot maintain a tilted vision along the vertical axis. The
implemented equations are as follows:

u = −1

4
(ls− ld) (7)

r = (rs− ls)× 5 (8)

Once the drone was properly positioned, we implemented ba-
sic translation controls based on desired norms, which we
previously determined through experiments, to establish how
much the drone should advance before initiating the planned
drawing routine on the whiteboard, an image of the experien
is shown in Figure 6.

Figure 6: Experiment to test the vision base algorithm to cen-
ter an ArUco.

To maintain optimal stability during the drawing process,
a mechanical system was designed consisting of a support
that mimics a marker, with a tip and an ink reservoir. This
support includes a mechanism that absorbs the impact when

https://www.imavs.org/pdf/imav.2025.23
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NOVEMBER 3-7, 2025, SAN ANDRÉS CHOLULA, PUEBLA, MEXICO NOT PEER REVIEWED TECHNICAL PAPER 203

the tip touches the whiteboard, while still providing suffi-
cient rigidity to allow the drone to produce stable and visible
strokes.

The design of the device has been progressively improved
through several iterations and tests carried out over the past
weeks. Figure 7 illustrates one of the intermediate prototypes,
while Figure 8 presents the most recent iteration.

Figure 7: First approach of the marker holder.

Figure 8: Marker mimic shape for impact absorbing.

Additionally, this system was designed to be extremely
lightweight, since the use of commercial drones imposes re-
strictions on payload capacity. All components were 3D-
printed using TPU plastic filaments to ensure stability, with
a hollow structure to meet the weight requirements observed
during testing.

4.3 Task three - Find the cry for help sound and deliver a
med-kit

Since the only available information about the task was
the noise level in decibels, a sound level meter was developed
to measure it. The sound level meter was built using KY-038
sound sensors, Arduino, and other electronic components.

This device allows us to determine when the sound pres-
sure exceeds a threshold value, which we set to 70 dB in this
case. However, it cannot identify the position of the noise

source, as it captures the overall sound pressure of the sur-
rounding environment. To address this limitation, we modi-
fied the KY-038 sensor’s microphone so that it would change
from an omnidirectional type to a shotgun type.

Figure 9: Omnidirectional and shotgun polar curve.

The microphones in the sensors are usually electret mi-
crophones because they are inexpensive. The only drawback
is that they capture sound omnidirectionally. To modify their
polar pattern to behave like a shotgun microphone, we im-
plemented a structure that isolates sound, allowing the micro-
phone to capture vibrations only from the front.

We modified the microphone to build an environmental
scanning system similar to acoustic localization, but in this
case it was passive rather than active. To achieve this, the
microphone with its isolating structure was mounted on a ser-
vomotor, enabling sound mapping of the environment with
the drone’s front aligned to the north. This way, if a sound
exceeding the threshold is detected anywhere in the room,
we can calculate the angular difference with respect to the
drone’s front and simply rotate it.

Figure 10: Abstraction of an acoustic radar.

Once the sound is localized, the drone will head toward
its direction. To obtain an approximate position of the noise
source, a camera-based identification system was used to rec-
ognize the target—in this case, the speaker—and drop the aid

https://www.imavs.org/pdf/imav.2025.23
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package.
The aid package was built following the competition’s

size requirements. To release it, we implemented a mecha-
nism attached to the bottom of the drone. This mechanism
holds the package with a rubber band, which is kept under
tension by a cord tied to a servomotor. The design is simple:
once the drone identifies the target, a command is sent to the
Arduino (previously integrated into the system), which acti-
vates the servomotor. The servo then pulls the cord, releasing
the rubber band’s tension and allowing the package to drop
onto the target.

4.4 Task four - Landing on a moving platform

The objective is to perform a smooth autonomous landing
on a platform that moves with variable speed and heading
in the horizontal plane. The environment exhibits transient
visual degradation (smoke/partial occlusions), so the solution
must be robust to momentary measurement dropouts and non-
Gaussian visual noise. Quantitative targets are set as follows:

• Touchdown lateral error ≤ 0.10m and yaw error ≤
5 deg.

• Vertical speed at touchdown ≤ 0.3m/s.

• Tolerance to loss of visual measurements up to 0.5 s
without loss of stability.

4.4.1 Functional architecture and data flows

The architecture follows a GNC (Guid-
ance–Navigation–Control) scheme with safety logic
(conceptual figure):

1. Perception: detection/tracking of a planar fiducial
marker on the platform; relative pose estimation via
PnP/homography.

2. Navigation (State estimation): multi-sensor fusion
with an Error-State Extended Kalman Filter (ESEKF)
that integrates inertial/VIO odometry of the Unmanned
Aerial Vehicle (UAV), barometric altitude, and relative
visual measurements.

3. Guidance: generation of velocity references vc and
yaw rate ψ̇c as a function of the relative error, with de-
scent profiles depending on altitude and lateral error.

4. Control: the UAV internal autopilot closes the atti-
tude/altitude loops; the mission provides body/earth-
frame velocity setpoints.

5. Safety: statistical gating (Mahalanobis distance)
for measurement rejection, target-loss detection, and
abort/recovery rules to a safe altitude.

4.4.2 Reference frames and relative kinematics

Frames are defined as follows: inertial I (NED), UAV body
B, camera C, and platform L (z-axis normal to the marker
plane). Rotations are represented by matrices RAB ∈ SO(3)
(from frame B to A) and unit quaternions qAB when conve-
nient.

Let pd, vd be the UAV position and velocity in I, and
pℓ, vℓ those of the platform. The central mission variable is
the relative position expressed in the platform frame L:

r := RLI (pd − pℓ) ∈ R3, ṙ = vr. (9)

Over landing time horizons, a CV/CA (constant veloc-
ity/acceleration) model is adopted for the relative dynamics:

ṙ = vr, v̇r = wa, (10)

ψ̇r = ωψ, ω̇ψ = wω, (11)

with wa ∼ N (0,Qa) and wω ∼ N (0, σ2
ω) modeling unmea-

sured platform accelerations/rotations and perturbations.
Discretization with sampling period Ts yields the state

xk = [r⊤, v⊤
r , ψr, ωψ]

⊤ and the piecewise-linear dynamics

xk+1 = Fxk +Gwk, F =




I3 TsI3 0 0
0 I3 0 0
0 0 1 Ts
0 0 0 1


 ,

Q = blkdiag(Qr, Qv, σ
2
ψ, σ

2
ω)

(12)

4.4.3 Visual measurement model and planar geometry

The platform carries a square planar marker of side L on
the plane zL = 0. With a calibrated camera (intrinsic ma-
trix K), the projection of coplanar points satisfies a homog-
raphy ũ ∼ Hp̃ (homogeneous coordinates). The relative
pose {r, ψr} is estimated via PNP on marker corners or di-
rectly with solvePnP using the known 3D outline. The dis-
crete measurement model used by the fusion is:

z
(vis)
k =

[
x y z ψr

]⊤
+ v

(vis)
k , v

(vis)
k ∼ N (0, Rvis),

(13)
complemented by barometric altitude z and/or a laser altime-
ter when available:

z
(alt)
k = zk + v

(alt)
k , v

(alt)
k ∼ N (0, σ2

alt). (14)

To be robust against smoke/occlusions, the visual pipeline ap-
plies adaptive histogram equalization (CLAHE), glare sup-
pression, and geometric validation (quadrilateral consistency
and corner ordering). Statistical acceptance of a measurement
is decided via Mahalanobis gating.

4.4.4 State estimation via ESEKF

An ESEKF is adopted for its computational efficiency and
ability to handle moderate nonlinearities in the observation
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model 13. The nominal state follows 12; updates correct
the linearized error δx. Given the measurement model zk =
h(xk) + vk with h(x) = [x, y, z, ψr]

⊤, linearization yields
Hk = ∂h

∂x

∣∣
x̂−
k

, which in this case is a selection of identity
columns.

Prediction

x̂−
k = F x̂k−1, (15)

P−
k = FPk−1 F

⊤ +Q. (16)

Update With innovation νk = zk − h(x̂−
k ) and innovation

covariance Sk = HkP
−
kH

⊤
k +R, the filter computes

Kk = P−
kH

⊤
k S

−1
k , (17)

x̂k = x̂−
k +Kk νk, (18)

Pk = (I−KkHk)P
−
k . (19)

Robust gating and outlier rejection The Mahalanobis
metric

d2k = ν⊤
k S−1

k νk (20)

is compared against a threshold γ (a χ2 quantile) to decide
acceptance; if d2k > γ, the measurement is discarded and the
filter continues in hold (prediction-only) mode. Additionally,
a process-noise decay/inflation on Q is used to increase un-
certainty in the absence of measurements and allow smooth
re-coupling when the target reappears.

Notes on alternatives An Unscented Kalman Filter (UKF)
is viable when the observation is strongly nonlinear (e.g.,
poses derived directly from homographies without explicit
decomposition), at a higher computational cost. In our tests,
the local linearity of 13 allows the ESEKF to achieve equiva-
lent performance with lower latency.

4.4.5 Guidance and control for approach–descent

The mission uses a kinematic guidance law that generates
velocity setpoints in the platform frame L, later mapped to
the UAV control frame. Define the error ep = [x y]⊤ and its
derivative ev = [ẋ ẏ]⊤. The desired yaw reference is ψ⋆r = 0
(alignment with the marker).

Lateral control law

vcxy = − satvmax

(
Kp ep

)
, (21)

ψ̇c = −kψ ψr, ψr ∈ (−π, π]. (22)

Gains Kp = diag(kx, ky) and Kd = diag(dx, dy) are tuned
by pole placement or LQR on the constant-velocity lateral
model. Saturation enforces safety limits and prevents windup.

Error-dependent descent profile The vertical component
follows a schedule as a function of altitude z and the normed
lateral error ∥ep∥:

vcz = −min
{
vz,max, az z + bz

}
· σ
(
ε− ∥ep∥

δ

)
, (23)

with σ(·) a smooth sigmoid that disables descent when the
lateral error exceeds ε (hysteresis δ), encouraging lateral sta-
bilization first.

Frame transport and setpoints Setpoints are generated in
L and transformed to the frame required by the UAV velocity
controller (earth/body) using RIL and the global yaw esti-
mate. Rate limits and low-pass filtering are applied to respect
the autopilot bandwidths.

4.4.6 Mode logic and safety

Three modes are used: (i) Search/Lock: flight at a safe height
zsafe until the marker is detected with d2k ≤ γ for Nlock sam-
ples; (ii) Approach: active lateral control with descent inhib-
ited until ∥ep∥ ≤ ε1; (iii) Descent: vertical profile enabled
and tighter limits on ∥ep∥ and |ψr|. Abort rule: if the mea-
surement is lost for > Tlost or d2k > γ repeatedly, switch to
climb to zsafe and loiter.

4.4.7 Handling latencies and multi-rate sensing

Sensors operate at different rates (camera ∼ 30Hz, barom-
eter ∼ 50Hz, VIO/IMU ≥ 100Hz). The ESEKF runs at
the highest available rate; asynchronous measurements are in-
corporated via precise timestamping and interim propagation.
For a fixed visual latency τ , first-order state extrapolation to
the present is used: x̂(t) ≈ x̂(t− τ) + ˙̂x(t− τ) τ prior to the
update.

4.4.8 Specific implementation and command channels

The deployment integrates with the UAV high-level control
interface, sending horizontal/vertical velocity and yaw-rate
setpoints to the inner attitude loop. ESEKF states and covari-
ances are published to the guidance layer; gating and mode
logic reside in the same process to minimize latency.

4.4.9 Robustness considerations under smoke and occlu-
sions

To mitigate smoke and glare artifacts, the visual pipeline in-
cludes: (i) temporal pre-filtering and block-wise CLAHE; (ii)
geometric marker validation (side ratios, convexity, orienta-
tion); (iii) EKF-prediction-driven tracking to bound the ROI;
(iv) Mahalanobis-distance rejection and lost–reacquire track-
ing. Combined with the multi-rate ESEKF, these measures
preserve stability during brief visual dropouts.

https://www.imavs.org/pdf/imav.2025.23

https://www.imavs.org/pdf/imav.2025.23


ht
tp

://
w

w
w

.im
av

s.
or

g/

TECHNICAL PAPER

IMAV2025-23 16th INTERNATIONAL MICRO AIR VEHICLE CONFERENCE AND COMPETITION
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5 CONCLUSION

This Technical Description Paper has presented the
team’s approach to the indoor event of the IMAV 2025 com-
petition. Each of the four tasks posed distinct challenges that
required tailored strategies, ranging from vision-based con-
trollers to open-loop control methods. By combining these
approaches, the team sought to balance robustness, precision,
and adaptability under the diverse conditions represented by
the competition tasks.

All controllers have been extensively tested on a replica
of the competition arena built in the institute’s laboratory.
This testing environment has allowed the team to evaluate
system performance, identify limitations, and progressively
refine the control strategies. Although the replica provides
a valuable preparation tool, the team acknowledges that the
actual competition setting will inevitably present new diffi-
culties, such as lighting variations, communication delays, or
unexpected environmental disturbances.

For this reason, ongoing efforts are dedicated to improv-
ing the controllers and enhancing their resilience to unmod-
eled scenarios. Future work will focus on integrating adaptive
mechanisms, optimizing parameters for increased reliability,
and reinforcing the UAV’s perception capabilities to better
cope with real-world uncertainties. With these continuous
improvements, the team aims not only to perform success-
fully in the competition but also to contribute to the broader
development of UAV technologies applicable to disaster re-
sponse and other critical missions.
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