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ALBERO: Agile Landing on Branches for
Environmental Robotics Operations

Liming Zheng and Salua Hamaza

Abstract—Drones have been increasingly used in various do-
mains, including ecological monitoring in forests. However, the
endurance and noise of drones have limited their deployment to
short flight missions above canopies. To address these limitations,
we introduce ALBERO: a framework comprising a mechanical
solution and an optimal planner to realise agile quadrotor perching
on tree branches of steep incline. The gripper features an ultra-fast
active mechanism inspired by birds’ claws that enables quadrotors
to perch swiftly on randomly-oriented tree branches. By perching,
the drone can preserve energy for extended periods of time, while
silently gathering forest data in the canopy. The intrinsic properties
of the gripper allow for extra flexibility in size, surface roughness
and shape imperfections of natural perches, such as those found in
the wild. The gripper also has good scalability properties and can be
easily matched to different drones’ sizes. The biggest advantage of
this novel design lays in its ability to close reactively and ultra-fast
(67 ms on the large gripper, 42 ms on the small gripper), enabling
the quadrotor to perform agile perching manoeuvres from differ-
ent angles and at different approach speeds. ALBERO’s software
module comprises of a trajectory planning algorithm adapted for
branch perching, ensuring that the drone can perch on inclined
cylindrical targets from any starting location in the proximity of the
branch. These requirements translate in stringent positioning and
orientation accuracy, but they enable the drone to land dynamically
from a variety of positions within the forest.

Index Terms—Agile perching, agile motion planning, UAVs
applications, gripper design, environmental monitoring.

I. INTRODUCTION

THE ongoing degradation of forests and the associated
decline in biodiversity have prompted increased efforts

to devise protective strategies for these ecosystems [1], [2],
[3]. Historically, conservation methodologies relied heavily on
experienced human resources for deploying sensors or establish-
ing observation towers [4]. However, there’s been a progressive
shift towards harnessing robotic technologies to facilitate these
tasks [5], offering enhanced efficiency, scalability, and most
notably, a reduced environmental footprint within pristine forest
habitats. Drones capable of navigating a vast three-dimensional
forest space are particularly apt for tasks such as placing
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Fig. 1. Agile quadrotor perching on tree branches of steep incline during
XPRIZE Rainforest semifinals, Singapore July 2023.

sensors [6], [7], [8] at different heights of the forest strata,
or gathering biological specimens [9]. Yet, drones’ operational
duration (battery life) and noise emissions remain prominent
hurdles to their extensive deployment within forest settings [10]:
the limited endurance directly impacts mission duration, while
the generated noise can interfere with the natural activities of
forest inhabitants [11].

To address the dual challenges of endurance and noise, a
biomimetic approach termed “perching” is investigated. Perch-
ing denotes birds’ ability to land on and latch on tree branches.
Perched drones can exploit this state to extend flight time by
preserving energy: by shutting off their propellers, drones can
remain stationary and silent, efficiently harnessing environmen-
tal, acoustic, and visual forest data. Once the data collection
is complete, the drone can relaunch, transitioning to another
perching location for prolonged and sustained data acquisition.

The growth direction of branches within forests is influ-
enced by a myriad of factors, including species, age, light
exposure, gravity, wind direction, and humidity, etc [12], [13],
[14]. To maximize light absorption, most trees tend to grow
their branches outward and upward, resulting in the majority of
branches being inclined rather than horizontal. Consequently,
if drones are only equipped to land on horizontal branches,
they may expend considerable flight time searching for such
branches. This increased search time can significantly deplete
the drone’s endurance, and in some areas, might even prevent
successful perching altogether. Various mechanisms have been
devised to enable aerial perching with drones [15], [16], [17],
[18], [19], [20], [21]. Examples include an optimized perching
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gripper [15], drone arms designed in a bistable manner [16], [17],
and claw designs specialized for flapping-wing drones [22]. For
drones aiming to perch on horizontal branches, the requirements
for gripper closure time and force aren’t particularly stringent,
thanks to the fact that the drone can hover in proximity of the
target for as long as needed for the gripper to secure the grasp.
The same does not apply for inclined perches, where a quadrotor
cannot maintain any given pose for longer than a few millisec-
onds. This is the reason why all existing methods leveraging a
mechanical solution primarily focused on horizontal targets.

However, perching on inclined branches presents new chal-
lenges since the gripping mechanism must rapidly secure the
hold, given that quadrotors cannot maintain an inclined orienta-
tion whilst airborne. To this end, other studies have focused on
agile motion planning methods for landing on flat surfaces and
overhangs [10], [23], [24], [25], [26]. For instance, the work
of [10] employed electroadhesive materials to perch on over-
hangs made of plywood, glass, and leaves. Another study [23]
used a magnet attached at the drone’s base to perch on slanted
metal surfaces, leveraging MINCO (minimum control) trajec-
tory planning [27]. Additionally, [24] utilized Velcro to perch
on inclined surfaces. While these mechanisms are subject to
strict surface conditions, rendering them unsuitable for forests
and presenting relaunch challenges, the agility they exhibit in
dynamic perching via trajectory planning is exceptional.

This work proposes an approach that integrates ultra-fast me-
chanical grasping with trajectory planning for robust quadrotor
perching on randomly-oriented tree branches. The focus on in-
clined branches is of high relevance for real-world deployment of
drones in forest missions, extending drones’ flexibility for field
operations. We introduce a framework, named ALBERO, that
utilizes bistable materials for energy storage and active grasp-
ing, complemented with trajectory planning for agile perching.
ALBERO’s key features include:
� ultra-fast mechanical grasping upon contact (large gripper

close time is 0.067 s, small gripper is only 0.042 s);
� motion planning for agile landing on branches of steep

incline;
� scalability: the gripper is modular and can be easily inte-

grated on off-the-shelf quadrotors of different sizes;
� energy-efficient, requiring energy only in the instant of

perching, with no energy consumption during flight to hold
a specific configuration;

� extremely high power-to-weight ratio, representing less of
a burden on battery life and mission time;

� higher technology readiness level (TRL): the above fea-
tures enable aerial perching in more realistic scenarios,
advancing drones’ readiness in field operations.

ALBERO’s gripper was further validated during XPRIZE
Rainforest semifinals in Singapore, during manual flight tests
in the tropical rainforest, see Figs. 1 and 6(d)–(f).

II. GRIPPER DESIGN

The design inspiration for ALBERO is derived from the slap
bracelet, a bistable material recognized for its rapid closure,
cost-effectiveness, and high force-to-weight ratio. We use ser-
vomotors to drive the active opening and closing of the gripper.
In this context, passive closing would necessitate the drone to
apply a significant force, in bouncing on the perch upon contact,
leading to failure. One approach to counter this is by designing
a new drone’s body made of soft materials and capable of shock
absorption via means of an air-pump [28]. To address this issue

in our study, we employ two distinct servomotors to control
the opening and closing of the gripper independently., while
still reaching ultra-fast performance. Moreover, ALBERO offer
scalability to drones of different sizes by modifying the quantity
and length of spring bands stacked on each other.

A. Working Principle

The gripper features a symmetrical structure along its lon-
gitudinal plane, integrating the energy storage attributes of de-
formable spring steel with servo actuators. Spring steel bands
offer two stable states: straight and curled. For quick grasping,
we use pre-formed bi-stable spring steel that respond immedi-
ately to orthogonal contact, delivering high energy upon closure.
To re-open, we devise a system with a pulley can gears that
uncurls the spring steel open. Previous methods that used similar
materials relied on pressured air to transition between closed and
open state [28]. In their work, the closing phase was initiated by
drone drop landing on the perching target from a hover position,
reaching a drop speed of approximately 2.4 m/s. This way, a high
enough force would set the gripper to close passively. While drop
landing on the target was well suited for the soft-bodied drone
presented by the authors, this method cannot be effectively inte-
grated on standard rigid-bodied drones because of the bouncing
motion that the drop causes.

To seamlessly integrate the gripper with traditional rigid-
bodied drones, we have designed the gripper to be actively
controlled. Our design ensures a robust curled state and a per-
manent semi-stable state. This semi-stable configuration biases
the spring steel towards closure, even in the opened position.
A trigger mechanism (see Fig. 2(a)) is devised to enforce this
partially stable state. By disengaging the trigger, the gripper
promptly closes from the semi-stable state. A rigid bar pushing
on the middle section of the spring bands (see Fig. 2(e)) exerts a
continuous force that maintains the semi-stable state, favouring
the curling motion. In addition, to re-open the gripper and flatten
the spring bands, we devise a support structure (see Fig. 2(a))
with a tip (see Fig. 2(f)) featuring two protrusions, S1 and S2.
These aid a smooth opening of the tip of the gripper under the
traction force Fo. In the results section, we demonstrate the
opening performance of the gripper at various positions and
heights of the support.

We use two types of servos in our gripper system. The first is a
360◦ servo for tightening and loosening the fishing line attached
to the spring steel. The second is a 180◦ servo that controls the
trigger’s state. Here’s how the gripper works: the 360◦ servo
tightens the line when the spring steel is straight. Then, the 180◦
servo positions the trigger for stability. Reversing the 360◦ servo
relaxes the line. As the drone approaches the branch, the 180◦
servo triggers the gripper to grasp the branch. At take-off, the
propellers rotate, the 360◦ servo tightens the line to open the
gripper, and the drone lifts off. The 180◦ servo resets the trigger’s
position, and the gripper is ready for the next perching operation.

B. Analysis

We use symmetrical gears to allow a single servo to drive both
fingers simultaneously, achieving a balance between grasping
speed and torque with an optimized gear ratio. This setup also
lightens the torque demand on the servo. As shown in Fig. 2, the
360◦ servo gear has ns1 teeth and a diameter of ds1. The driven
gear has ns2 teeth and a diameter of ds2. The string’s unwinding
diameter is dstring . In the top view, the positive rotation of gear

Authorized licensed use limited to: TU Delft Library. Downloaded on March 04,2024 at 13:05:43 UTC from IEEE Xplore.  Restrictions apply. 



ZHENG AND HAMAZA: ALBERO: AGILE LANDING ON BRANCHES FOR ENVIRONMENTAL ROBOTICS OPERATIONS 2847

Fig. 2. ALBERO’s schematic diagram: (a) Gripper cutaway showing the position of the coiling gears and path of the string, (b) Cross-sectional view of string
gear along the blue dashed line, (c) Opening of the gripper, (d) Perching onto a tree branch, (e) Gripper’s bottom view and (f) trigger mechanism stabilising the
finger along the red dashed line.

ns2 is clockwise. The symmetrical gear on the opposite end,
ensuring identical finger movement, has ns3 teeth. Thus, ns2 =
ns3. The required torque Mc for the 360◦ servo is calculated as
follows:

Mc =
Fsdstringds1

ds2
. (1)

The maximum rotation speed of a general 360◦ servo is fixed
and assumed to be ωcmax. Thus, the string’s movement speed
vstring can be calculated as follows:

vstring =
ds1ωcmaxdstring

2ds2
. (2)

The formula shows that the torque required for the 360◦ servo
increases with larger values of ds1 and dstring , and smaller
values of ds2. A larger torque results in a faster movement of
the string. The distance between the 180◦ servo trigger and the
rotation axis is denoted by dtrigger, and when the servo rotates
by an angle of α, the fingers are released. This angle can be used
to calculate the time required for the trigger to move, denoted
by ttrigger:

ttrigger =
αdt2

ωnmaxdt1
. (3)

The maximum rotation speed of the 180◦ servo is denoted by
ωnmax. It can be inferred from the equation that the size of
α is negatively correlated with the size of dtrigger. Hence,
increasing dtrigger will reduce the required time. Conversely,
the larger the value of dt2, the larger the value of α, and the
smaller the value of dt1, the longer the required time. This is not
desirable for perching, as it could compromise the stability and
accuracy of the gripper’s movement. Therefore, it is important to
carefully choose the dimensions of the trigger and the associated
components.

C. Manufacturing

Our gripper design offers significant scalability advantages.
The number of spring steel layers can be customised to fit drones
of different sizes, and the driving force required to grasp robustly
can be achieved by selecting an appropriate servo. To determine
the necessary grasping force, we conducted experiments that are
presented in the Results section. The gripper components are 3D

Fig. 3. Gripper mechanism for agile quadrotor perching.

printed using PLA and PAHT-CF. The ALBERO gripper features
a number of identical spring steel layers stacked onto each other,
each with a thickness of 0.5 mm, see Fig. 3. In the closed state,
the spring bands lay fully flat onto the target, while they present
a slight curve in the open state. To demonstrate the scalability of
our gripper, we design two variants: a larger model measuring
200 mm in length, and a smaller version of 110 mm, allowing
for seamless integration with drones of corresponding sizes. To
connect multiple spring steel layers, a stiff string binds the layers
together and ties them on two holes at both ends of the gripper. To
better cope with different types of bark and trees upon grasping,
the thickness and reliability of the gripper were further improved
by adding a neoprene adhesive film and Dycem Non-slip foil,
highly frictional material. These improved the ergonomics of
the gripper for various types of wood and surface’s roughness.

III. AGILE PERCHING ON TREES

To perch quadrotors dynamically on inclined cylinders, we
want to control the pose of the drone at all stages of the manoeu-
vre, especially in the final state upon contact. This represents
a trajectory planning problem that has been addressed for free-
flying quadrotors using various methods. One approach involves
treating it as a quadratic programming (QP) problem [26] and
using linear approximations, but this method cannot adjust the
flight time. [24] addresses the active visual perching (AVP)
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control for autonomous micro aerial vehicles to perch on in-
clined surfaces, leveraging the Karush—Kuhn—Tucker (KKT)
conditions for real-time trajectory planning, optimizing target
visibility, and demonstrating improved accuracy and success
rates compared to one-shot planning, even under significant
computational constraints. Other methods such as nonlinear
programming (NLP) have also been proposed [29]. A recent
study [23] used the Minimum Control (MINCO) [27] trajectory
optimization-based framework and compared it with NLP. The
results demonstrated that MINCO used fewer computational
resources than NLP. Based on these efforts, we build upon the
MINCO algorithm and further develop it to solve the problem
of agile quadrotor perching on tree branches.

A. Modeling

We employ the simplified dynamics proposed by [30] for
a quadrotor. The configuration of the quadrotor is defined by
its translation p ∈ R3 and rotation R ∈ R3×3. The translational
motion is affected by the gravitational acceleration g and the
thrust f , while the rotational motion is influenced by the body
rate ω ∈ R3. The simplified model can be expressed as follows:⎧⎨

⎩
τ = fRe3/m,
p̈ = τ − ge3,

Ṙ = Rω̂,
(4)

Let τ represent the total thrust, ei denote the i-th column of
the identity matrix I3, and ·̂ signify the skew-symmetric matrix
corresponding to the vector cross product. The shapes of tree
branches in nature are diverse, but a small portion of them
can be approximated by a cylindrical shape with varying cross-
sectional areas. In this study, we assume that for branches within
the specific range (−lg, lg), the mean radius is represented by rg ,
and the central point of the branch is denoted as Gg , see Fig. 4.
Here, egi represents the i-th column of the branch body frame.
eg1 aligns with the branch’s axis, while eg3 lies within the plane
defined by eg1 and the vertical direction. The corresponding
coordinate system is designated as Og . The surface position of a
suitable landing spot on the branch can be represented as B(t),
as follows:

B(t) =
{
x = Rg(t)Drgu+ cg(t)

∣∣ ‖u‖ = 1, u ∈ R2
}

(5)

where D = (e2, e3) ∈ R3×2, and the average central axis posi-
tion coordinates of the branch are denoted as cg(t) = Gg(t) +
λeg1, λ ∈ (−lg, lg).

B. Motion Planning

Once the specific location of the tree branch is known, we aim
to generate a smooth dynamic perching trajectory p(t) that has a
final velocity of a small magnitude, perpendicular to the branch.
This is an important requirement as it ensures that the drone
does not slip after perching, based on the gripper’s grasping force
performance (see Results section). To satisfy these requirements,
we propose the following optimization-based perching method:

min
p(t),T

J =

∫ T

0

‖p(s)(t)‖2dt+ ρT, (6a)

s.t. T > 0, (6b)

p[s−1](0) = p0 (6c)

Fig. 4. Modeling overview and symbols definition.

p(T )− lbzb(t) = B(T ) (6d)

θg(T ) ≤ θg,max (6e)

p(T )(1) = [0, 0, 0] (in the ideal case) (6f)

‖p(1)(t)‖ ≤ vmax (6g)

‖ω(t)‖ ≤ ωmax (6h)

τmin ≤ ‖τ(t)‖ ≤ τmax (6i)

eT3 p(t) ≥ zmin (6j)

Where (6a) trades off the smoothness and aggressiveness; (6c)
is the boundary conditions of initial state; (6d) is the terminal
position on the surface of the branch; the distance lb represents
the separation between the center of gravity and the gripper’s
surface; (6e) indicates that the angle θg at the final state should
be smaller than the maximum angle at which the drone can perch
safely without slipping. This maximum angle is calculated using
(7), where Mmax represents the gripper’s maximum torque for
the target branch, see Results section. This requirement ensures
that the drone’s propellers face upwards when it successfully
perches on the branch.

(lb + rg)mg cosφg sin θg ≤ Mmax (7)

In the ideal case, the terminal velocity should be [0,0,0]. Equa-
tions (6g)–(6j) are respectively the constraints on velocity, an-
gular velocity, thrust, and flight altitude.

As in [23], we also use MINCO with s = 4 and N -piece for
minimum snap and enough freedom of optimization. Then the
gradients ∂J0/∂ci and ∂J0/∂Ti can be evaluated as:

∂J0

∂ci
= 2

(∫ Ti

0

β(3)(t)β(3)(t)T dt

)
ci (8a)

∂J0

∂Ti
= cTi β

(3)(Ti)β
(3)(Ti)

T ci + ρ (8b)

Where β(t) = (1, t, . . ., tN )T is the natural basis.

IV. RESULTS

We conducted experiments to validate the ALBERO frame-
work. Using a high-frame-rate camera, we recorded the grippers’
actions to measure its speed. The gripper design was assessed
using the Zwich universal tensile machine, see in Fig. 5(a), with
a 100 N loadcell measuring force. Characterization experiments
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Fig. 5. Experimental results of ALBERO’s active perching mechanism: (a) maximum payload experiments, (b) different numbers of steel layers with a regression
linear function for rg = 0.2m, (c) maximum load experiments for nsteel = 6 on different-sized branches, (d) trigger force experiments, (e) torque required to
activate the trigger with different surface materials and nsteel, (f) torque required to prevent slipping of the gripper on different-sized branches at θg = 90o and
nsteel = 6, (g) opening force characterization experiments, (h) force required to open the finger at different hs supporter positions for nsteel = 6, and (i) force
required to open the finger at different ls supporter positions for nsteel = 6.

were conducted to gauge payload capacity, perching torque,
opening force, and trigger rotation force. Based on these results,
we made grippers for UAVs weighing 950 g and 148 g, high-
lighting our design’s scalability. Finally, indoor and outdoor tests
demonstrate ALBERO’s ability to perch on branches of different
inclines.

A. Ultra-Fast Grasping

High-speed camera recordings (240 fps) of ALBERO’s clo-
sure mechanism show two distinct phases. Initially, the trigger,
powered by a servomotor (see Fig. 2(a)), disengages from the
spring steel, requiring 21 ms for both gripper sizes. Subse-
quently, the larger gripper latches onto an object within 46
ms, culminating in total of 67 ms from commanded input (see
Fig. 6(g)–(i)). The smaller gripper achieves the same grasp in
21 ms, and 42 ms for the entire process (see Fig. 6(j)–(l)).

B. Gripper Characterisation Experiments

To assess the gripper’s grasp, we performed a max payload
test. We secured branches of various sizes on a Zwick universal
tensile machine’s upper surface, and affixed the gripper with
varying metal sheet quantities on the moving plate below. Gradu-
ally lowering the platform, we recorded max force as the gripper
released the branch. We tested 1 to 10 spring steel layers, with 6
trials per quantity, then averaged results. Fig. 5(b) depicts a linear
link between grasping force and steel layers. Linear regression
analysis yielded the equation:

Fgrasp = 4.05nsteel − 0.82 (9)

For each added spring steel band, the lifting capacity increases
by 4.05 N. Our experimental tree branches presented various
surface roughness and were not perfectly cylindrical, prompting
multiple tests for accuracy. A typical 5-inch quadrotor can carry
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Fig. 6. Indoor agile perching (a)–(c), outdoor manual perching (d)–(f), big gripper close (g)–(i) and small gripper close (j)–(l).

Fig. 7. (a) Miniaturised gripper mounted on a 148 g micro drone, (b) manual
perching.

about 1 kg. Considering a 2 g overload during perching, a
gripping force of 20 N is essential. A gripper with six spring
steel layers provides roughly 22 N of force. We tested this on four
branch sizes found in the forest, ranging from 54 mm to 103 mm.
Fig. 5(c) shows a negative relationship between gripping force
and branch size, with the weight capacity rising as the branch
size decreases. Notably, with smaller branches, the metal bands
at both ends may overlap onto each other, resulting in an even
better grasp.

C. Grasping Friction on Tree Bark

To enhance the gripper’s friction, we applied Dycem Non-
slip material on its surface. To ensure the maximum permissible
inclination angle θg for the drone to safely perch, we positioned
the gripper horizontally on a tree branch, specifically when θg =
90o, and gradually increased the pulling force at a distance of
40 mm from the gripper surface to assess the force required
to induce slipping. The results reveal the maximum degree of
slippage the drone may encounter on various tree branches, see

in Fig. 5(f). To ensure a secure landing on a tree branch, we set
the θg,max below 40o.

D. Trigger Force

The selection of the trigger servo is primarily based on the
torque needed to activate the trigger, while the force required to
open the trigger is determined by the friction between the trigger
and its contacting components. To enhance the grip’s friction
with the branches, we employed Dycem Non-slip material,
significantly boosting the frictional force. However, this material
hinders the trigger’s opening, as it necessitates a higher torque to
actuate. Experimental findings demonstrated that when utilizing
a gripper with six metal sheets, a force of 22.37 N was needed to
activate the trigger. Nevertheless, by applying paper tape to the
surface, the required force reduced to only 5.47 N, see Fig. 5(e).

E. Gripper Re-Opening Characterisation

In our experiment, we assessed the force required to open
a single “finger” of the symmetrically designed gripper using a
six-band metal configuration. The results in Fig. 5(i) reveal three
stages of the opening force. We marked points A, B, and C on
the finger (Fig. 5(g)), representing the fixed base, the position
making contact with the opening support, and the tip of the
finger, respectively. Initially, when A-C are curled a steady force
Fo1 of about 6.0 N is noted. When point B contacts the support,
the force increases to a peak Fo2, then drops, indicating near
full opening of the A-B portion. The B-C segment opens last,
demanding the highest force, culminating in a latch placement
to maintain stability.

We also conducted experiments to test the force required to
open the finger at different heights hs and positions ls of the
opening support. The experimental results of Fig. 5(h) demon-
strate that when the height is less than 20 mm, the force Fo1

remains consistent as hs gradually increases, while Fo2 gradu-
ally increases, and Fo3 remains nearly constant. However, when
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Fig. 8. Flight data of agile perching on 40o angled branch: (a) Ground truth velocities are zero at hover state (t = 0 s) and prior to the perched state (t ≈ 2.2 s),
(b) body rate, and (c) accelerations of the drone measured onboard.

TABLE I
GRIPPERS’ PARAMETERS

the height hs increases to 25 mm, Fo2 also increases to 16 N,
and the third stage concludes quickly after the second stage,
leading to a single peak. Regarding the supports at different
positions ls, the force required to open A-B decreases, indicated
by a decrease inFo2, when the support gets closer to point A, see
Fig. 5(i). However,Fo3 remains at a consistent level, irrespective
of the support’s position.

F. Scalability

To demonstrate the scalability of our gripper design, we
developed two different sizes of grippers for drones weighing
0.95 kg (Fig. 1) and 0.148 kg (Fig. 7), respectively. The detailed
parameters are provided in Table I. The maximum payload
capacity was tested using a branch with a 20 cm diameter.

G. Agile Perching Indoor Experiments

Based on the results of the mechanical experiments, we
carefully selected appropriate equipment to design the gripper.
Furthermore, we validated the performance of the motion plan-
ner jointly with the gripper’s via actual flight tests. Our flight
platform utilized a 5-inch propeller drone, with a total weight of
0.95 kg. The onboard computer was equipped with Nvidia NX
software, while the flight controller used Pixracer, running PX4
firmware.

We conducted tests with branch inclinations of 0o, 20o, and
40o, as illustrated in Fig. 6(a)–(c). To ensure a successful
perching maneuver, we set the desired terminal norm veloc-
ity v(T ) = 0 m/s to prevent the drone from bouncing off the

branch. Other constraint parameters were configured as follows:
vmax = 2 m/s, ωmax = 4 rd/s, and τmax = 8m/s2.

Currently, this project does not utilize visual information. In-
stead, motion capture is employed to obtain drone and branches
position and orientation. The experiments were conducted in
TU Delft’s Cyberzoo, where inclined tree branches were fixed
onto a truss structure inside the flight arena. The drone took off
from various positions and, utilizing the aforementioned plan-
ning approach, generated trajectories in real time. During the
experiments, we observed that although ALBERO’s gripper can
complete the grasping within 0.067 seconds, this short duration
is still impossible for the drone to maintain a stable inclined
attitude mid-air. Therefore, in trajectory planning, a signal is
sent to the gripper 0.05 seconds before the trajectory endpoint
to ensure accurate grasping. Fig. 8 illustrates the drone’s state
while perching on a 40◦ inclined branch. The maximum velocity
is limited to 2 m/s, and the maximum angular velocity is limited
to 4 rd/s. Fig. 8(c) indicates that the total acceleration of the drone
upon contact with the branch is approximately 5 m/s2, resulting
in a force of around 5.5 N due to the drone’s takeoff weight of 1.1
Kg. This force falls within the gripper’s load-bearing capacity
of 22 N, thus allowing the drone to successfully perch on the
tree branch.

H. Outdoor Perching Experiments

We also conducted outdoor tests focusing on perch exper-
iments involving slightly inclined tree branches. These tests
were carried out without the incorporation of stereoscopic vi-
sual information and in the absence of precise outdoor po-
sitioning data. To facilitate this, we uniquely positioned an
FPV (First Person View) camera on the front underside of
the drone. This camera placement enables us to determine the
tree branch’s relative position in relation to the drone. Once
the drone makes contact with the branch, remote control in-
puts are used to activate the gripper’s grasping action. By
exclusively relying on visual feedback provided by the FPV
camera, we executed perching maneuvers. The results demon-
strated that the drone consistently managed to secure a hold of
the tree branch and successfully take off again. Fig. 6(d)–(f)
shows three distinct moments from one of these experimental
trials.
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V. CONCLUSION

In this letter, we introduce ALBERO: a framework that
encompasses new hardware and software to realise agile dy-
namic perching manoeuvres of quadrotors on real tree branches.
The novel active gripper design has four key attributes: ultra-
fast grasping, high power-to-weight ratio, scalability, and ex-
ceptional energy efficiency. The remarkably swift grasping
speed ensures the drone’s effective perching on steeply inclined
branches, as realistically found in the real world. Our mecha-
tronic solution is complemented by a dedicated motion planner
to achieve the dynamic constraints posed by agile perching
maneuvers. The proposed planner demonstrates successful dy-
namic quadrotor perching on inclined branches via real flight
experiments. Future work in this direction will look into incorpo-
rating accurate pose estimation outdoors by means of computer
vision methods, for reliable perching manoeuvres in the real
world.
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