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Annotation. The article analyzes the design limitations of a compact robot designed to investigate
damage to panel houses. The requirements for size, maneuverability, energy efficiency, load capacity
and the use of sensors to detect defects in hard-to-reach areas are considered. An approach to design
optimization is proposed, taking into account operating conditions in a limited space, which allows to
increase the efficiency of inspection and reduce the risks of destruction.
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AHoTaunisA. Y cTaTTi MIPOBEIEHO aHaJ13 KOHCTPYKTUBHUX 0OMEKEHb MajorabapuTHOro podora,
MPU3HAYECHOTO ISl AOCHIKEHHS TIOIIKOKEHb MMaHeIbHUX Oy IMHKIB. PO3riIsiHyTO BUMOTH 10
PO3MipiB, MAHEBPOBOCTI, €HEProe(HeKTUBHOCTI, BAHTAXKO1JHOMHOCTI Ta BUKOPUCTAHHS CEHCOPIB IS
BUSBJICHHS Je(EKTIB y BXKKOJAOCTYTHUX 30HAX. 3aPONOHOBAHO MMIIX1/ A0 ONTUMI3AIlii KOHCTPYKITii
3 ypaxyBaHHSIM YMOB €KCIUTyaTallii B 00MEXEHOMY IMPOCTOPI, IO JO3BOJISE MiABUIIUTH
e(eKTHBHICTh 1HCTIEKIII] Ta 3SMEHIIINTH PU3UKUA PYHHYBaHb..

KurouoBi ciioBa: manorabapuTHuil poOOT, TaHeIbHI OyIMHKH, MOIMKOHKEHHS, KOHCTPYKTHUBHI
0OMEKEeHHS, IHCIIEKIlisl, OITUMIi3allis. .

The development of compact robots for investigating panel houses damaged as a result of Russia’s
aggression against Ukraine is an important and relevant task in the context of the restoration of
affected regions. These robots enable the safe inspection of structures in areas where human presence
is hazardous due to the risk of collapses or toxic substances. They provide access to hard-to-reach
zones, such as cracks, basements, and inter-floor ceilings, for a detailed analysis of the buildings'
condition. This technology will allow for the prompt assessment of damage levels, the identification
of critical defects, and decision-making regarding reconstruction or demolition. The use of robots will
contribute to resource savings and reduce risks for engineers and rescuers. It is also a significant step
toward integrating innovative technologies into Ukraine’s civil security system and supporting post-
war reconstruction efforts.

The analysis of existing mobile robots that can be used for the inspection of damaged buildings is
presented in Figure 1, while a comparison of their technical characteristics is provided in Table 1.
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0)

a) GPK-32 Tracked Inspection Robot
0) GPK-32 4-Wheel Drive (4WD) Inspection Robot
Figure 1. Existing mobile robots that can be used for the inspection of damaged buildings.

Table 1. Comparison of technical characteristics of mobile robots GPK-32 Tracked Inspection
Robot Ta GPK-32 4-Wheel Drive (4WD) Inspection Robot.

Characteristics GPK-32 Tracked Inspection GPK-32 4-Wh_ee| Drive
Robot (4WD) Inspection Robot.
Drive type Tracked drive Four-wheel drive
Size (LXWxH), mm 445 x 340 x 180 445 x 340 x 180
Weight, kg 6.8 6.5
Maximum speed, m/s 0.2 0.5
Terrai - High (effective movement on | Medium (effective movement
errain capability
uneven surfaces) on flat surfaces)
Turning radius, mm 0 (ability to turn on the spot) ~450 (deps\?i?jih(;n platform
Payload capacity, kg Up to 3 kg Up to 3 kg
Sensor type (standard set) Cameras, thermal imagers, laser scanners
Intended use Rubble, rough terrain | Flat floors, tunnels

GPK-32 Tracked Inspection Robot has a drawback in terms of lower speed and energy efficiency,
which may limit its operational duration in conditions with limited power supply, although it is better
suited for uneven surfaces. On the other hand, the GPK-32 4-Wheel Drive (4WD) Inspection Robot
has limited mobility on rubble and uneven terrain, as well as a larger turning radius, making it more
challenging to maneuver in confined spaces. Both robots have a payload capacity that may be
insufficient for integrating complex equipment, such as combined sensors, required for a
comprehensive analysis of the damage in panel buildings.

The analysis of the necessary constraints for the development of a compact mobile robot includes
consideration of size, maneuverability, energy efficiency, payload capacity, and sensor equipment.
The robot's dimensions are determined by the space constraints in which it will operate. For
inspecting cracks, ventilation shafts, or areas between floors, its dimensions should not exceed 200-
300 mm in width and height, ensuring accessibility to hard-to-reach areas. Maneuverability is a
critical parameter in the context of narrow corridors and complex movement trajectories, so it is
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important to consider a minimum turning radius, which should not exceed 150 mm. Energy
efficiency depends on the weight of the structure, the type of drive, and the mode of movement.
Lighter robots with tracked drives consume less energy than multi-wheeled platforms, yet tracks
provide better mobility in rubble. Payload capacity is limited by the ability of the structure to
transport not only its own weight but also sensors and equipment, such as cameras, laser scanners, or
ultrasonic sensors, with a total weight of up to 1-2 kg. When using sensors, it is important to account
for the need to combine different types to achieve comprehensive analysis, particularly thermal
imagers for detecting cracks and cameras for identifying structural damage. A comparative analysis
of existing solutions shows that the most effective robots are those with an optimized balance
between size and equipment. As a result, the technical requirements should include parameters of
compactness and adaptability, ensuring efficient operation in challenging conditions, minimizing
energy consumption, and improving data collection quality.
As a result of the analysis of constraints, the following concept of a compact robot for the

inspection of damaged panel buildings is proposed, as shown in Figure 2.

a) Front view; 6) Side view.
Figure 2. Developed concept of a compact robot for the inspection of damaged panel buildings.

As a result of the conducted analysis, key constraints affecting the design of a compact robot for
inspecting damage to panel buildings have been identified, including requirements for its dimensions,
maneuverability, energy efficiency, payload capacity, and sensor equipment. It has been determined
that the robot must have compact dimensions for operation in narrow spaces, a high level of
maneuverability for efficient movement in challenging conditions of destruction, and an energy-
efficient design to ensure prolonged autonomous operation. The payload capacity and the ability to
integrate advanced sensor equipment must meet the demands of precise damage assessment and real-
time data collection. Based on these findings, a robot concept with a tracked drive has been proposed.
This design ensures high terrain capability, the ability to turn on the spot, and the use of combined
sensors, such as thermal imagers, cameras, and laser scanners. This approach will enable the creation
of an effective platform for damage diagnostics, contributing to the safe and rapid reconstruction of
panel buildings.
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