%ﬁu\,hdb@gﬂumm‘@ﬁ@\ew\m uaas dadla das

Car

Sl a2 flual) g 2026 ols 7 2l 48

Jaaall gusiall JSinll gla dhglaoll o oaall dyaiiio ylaha y9aa dyilk

&Luall ja52llasc g50c Jusimoll:slsc]
4]l oluaa jusimoll y9ui&all ;. 4l k]

1 padlal)

eiie daa JC 3 0l Ylady Uy Tana Lane ot i cdfinl) 38001 030 3
O Al dplad A ny cn i ) Aagl e (gsing ) e @3S - bk (s il
Cam ¢t SURY olasl W) ad Jiine I 44 oS3l 5 (5300 i dae Pl
£ Loy e al L Cagan () Ragall il e 53 BN aas e ST S
& bl ol e g Sl (gilse Ay JCil aliia JS& ol UYL (CS)aall 21d)
(orh anay i) are il Lo Lyl 5 lal) 4p i aaiaal) Lgalls 8 L Jsatll oLl ol
M) Jsha (8 s e 5l gl ) Gl e Jadlas J20al 31 2 o Levie
A
Sl ok ) JidY) el Amsli ) i () a8 i) Gllall (el
o) sl QS g e Sledaly g L) Byl IS ae Jaaeil) 2y Aaslil) 55Ul
il e jaally cgagaley 8 IS A al) cyadll sl Jue Adlid alea b
Aplal) aaall 8)8ka 3agall & (yag L&Y 5 L3 salall
Jisy Jlaii V) sheal o adiad JalSIL Al aay Baled Lk 50 85l o colatll ) &
Jla¥ls oSaill sas s cArducopter 458 el dallad) dal dialladll e Jiie JS5) 3y saal)
Obalall eday Jee sl sa 138 (AT JS i a2h e bl Lulds 5plaall) Telemetry sas
G ailall €5l olat¥) Jat 5l Lwtia (el lalind Dt 6 ) dalad) (g0 il
Loy g it o ol andi ) 58 lee Sy aaadl atie jlka (o2 85l Slad]
Oe 7080 o il dlee 22y 3yl IS A 06 Aalall Cag Ghahal) (S DL
c b leans
Alall & Clas PA e Alsaiall L Lyl 5 50all chlalasi l dyaaats oSaill olal (e Gonill

59




ISl autigh (LAl o Ailaall ga anal) 5 pita b ¢y g8 5 il

Aallaall dagd A& jlda (ysay 5yl canall syaie lda 090 5yl dpalibal) cilalsl)
5Sa) ola) A LI it 530 ¢lsil Ay

Variable-Size Unmanned Aerial Vehicle with
Preserved Structural Geometry

Abstract:
In this paper, we propose a novel, simple, and efficient design for a

morphing unmanned aerial vehicle (UAV). The structure comprises a frame
with four arms that linearly retract inward via an independently controlled
central servo motor. This mechanism pulls the arms toward the main frame,
enabling the UAV to adopt multiple sizes tailored to specific mission
requirements. The arms (motor mounts) are connected to the main frame
symmetrically, forming a parallelogram mechanism that ensures the propellers
maintain a fixed orientation during the transformation. In its fully extended
state, the quadrotor resembles a conventional full-sized design. When the arms
are retracted inward, the overall geometric shape of the UAV is preserved, with
only the lengths of the four arms varying.

To ensure stable flight at all times, we employ an optimal control strategy that
adapts the resulting modified aircraft to the baseline structural dynamics. We
demonstrate the flexibility of the proposed adaptive morphing in various tasks,
such as maneuvering through narrow horizontal and vertical corridors,
traversing tight vertical and horizontal openings, and subsequently returning
seamlessly to its nominal size.

Experiments were conducted on a fully autonomous, physical UAV equipped
with independent sensors and image transmission systems, an Arducopter
central flight controller, a control/transmitter unit, and a telemetry module for
real-time data acquisition and calibration. To the best of our knowledge, this is
the first work to achieve stable flight without requiring any adjustments to the
geometric symmetry of the frame or altering the central orientation of the
vehicle. Practically, a morphing UAV has been successfully developed,
allowing the user to dynamically alter its size to accommodate the operational
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environment and specific mission needs. Upon retraction, the footprint of the

UAYV frame is reduced to 80% of its original size.

The control performance and versatility of the morphing quadrotor were

validated through real-world experiments.

Keywords: Variable-Size UAV, Adaptive UAV, Flight Controller, Linear

Arms, Adaptive Morphing, Central Orientation.
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