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ANALYSIS OF RESCUE ROBOTS

Urgency of the research. The analysis shows that besides keeping pace in “classic” applications of robots (industrial
robots) for manufacturing (engineering) industrial processes, at the same time the applications tend to concentrate mainly in
the so-called non-engineering industrial and non-manufacturing (service) industries.

Target setting. Trends bring functional and constructional new requirements for robots and their applications, especial-
ly those related to the efficient usability of robots in new segments of the non-manufacturing and service sector.

Actual scientific researches and issues analysis. Actual research is nowadays focused at such problematics, because return of
investments based on robotic devices seems to be reliable and people at workplace can realize and focus to another type of tasks.

Uninvestigated parts of general matters defining. Within this sector, it is primarily the area of rescue, where service
robots have to overcome various obstacles in the performance of their activities, get into hard-to-reach and dangerous plac-
es, etc. depend mainly on its conceptual solution.

The research objective. Given that the company's priority is to continually improve its products, this group of robots is
also looking for new innovative approaches that would improve the conceptual solutions of service robots and their opera-
tion in the application space. On this basis, it can be assumed that this aspect of continuous innovation opens up a large
number of possibilities for new improvements to this group of robots.

The statement of basic materials. The emergence of this group of robots was conditioned by the requirements of practice,
which required the concept of robots to be incorporated into non-industrial and non-production areas where robots would only
perform activities that would be useful to humans or to technical and operational systems. For these reasons, the first designs of
these robots began to emerge, which have been continuously improved over time and adapted to the needs of practice to such an
extent that today they are an integral part of the service industry.

Conclusions. Mobile robotic systems are currently under intensive development. Variety brings service activities in service
robotics need to use different principles for dealing with their mobility. The most prevalent application of the principle of a
wheeled chassis. In terms of theory as well as technical solutions are the most sophisticated wheeled chassis and most widely
used in service robotics. This work is developed in the direction of the current service robotics and the essential characteristics
and problems associated with the solution that we applied in the educational process.
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Introduction. Until recently the use of service robots for protection and human health (police
and emergency services, fire departments, protecting against terrorism ...) were seen as cost-
consuming experiment. The current global security situation in the world, as well as the reality of
geographical and operational disasters (terrorist attacks, trade in hazardous materials, natural dis-
asters, natural disasters, traffic accidents, ...) and in particular their adverse developments radically
changed their minds and activities to use the service robots in the execution of the corresponding
safety and rescue actions, as well as the performance of preventive and responsive exploration
activities. Despite their wide use, rescue service robots are considered a costly experiment.
Nevertheless, they have found their application mainly in hazardous environments and situations
such as fires, floods, earthquakes, rescue, ie in various types of geographical and operational
disasters. The rescue work in these disasters is considered to be a race against the clock, where the
rescuer - robot must move fast enough to save as many living people as possible, but on the other
hand, move without causing further damage or threats to human life.

Analysis of current IED and EOD service robots. Conceptual evaluation of solutions of
individual modules was done by references leading manufacturers and service robots with their
custom applications. The basic objective of the SR application in this area is to save human
lives as well as to investigate life-threatening environments. Another reason is the ability of the
Slovak Republic to get into spaces and places where one could not get and would be dangerous
for him. The deployment of the Slovak Republic at the level of rescue services can be explained
mainly by the nature of the risks related to the performance of the corresponding activity and
the relation to human beings. These risks are:

* Risk from poor knowledge of the terrain and space of the event;

* Risk of not recognizing the rescue facility;

* The risk of an unknown state of danger of the intervention environment;

 As well as the risk of an unrecognized actual rescue situation and conditions for carrying

out rescue activities.
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In addition to the advantages of using these robots in this area, their application also brings
disadvantages and unpleasant consequences, which can be characterized from two points of view:

* Failures to perform tasks that result from a person being excluded from decision making;

* In terms of the morality of the performance associated with the risks of above-average au-
tonomy of the MSR in its performance and performance of the desired task.

The application possibilities of these robots can be explained on the model, which gives
space for the classification of SR, which are suitable for application in the safety sector, but also
for the compilation of the type series of robots for service tasks.

The robots can be deployed in the rescue area by deploying robots in locations that require
direct performance of activities. These places respectively areas are:

Inspection and monitoring of the area and objects - the application is similar to that of the
same segment of the security sector, but the difference is in the effects and technologies of the
performance of monitoring and control as well as in the area and object of control. These ap-
plications are characterized by streamlining control performance as well as eliminating the
mentally and physically strenuous control activities performed by man.

Rescue actions - the application is characterized by a high degree of operational risk and a
high degree of readiness, with the aim of reducing the risks of performing rescue activities,
eliminating demanding procedures of human intervention as well as trying to increase the in-
dependence and safety of performing intervention procedures.

Handling of hazardous material - the application is oriented to the performance of han-
dling activities with designated hazardous material such as explosives, chemicals, unknown
objects, etc., but it is also possible to monitor the degree of material risk or disposal of this
material. The main objective of the application is to increase the safety of the implementation
of procedures for handling and disposal of hazardous materials. Performance of given tasks is
bound to confined space, inaccessible and dangerous space.

The conducted survey shows:

1. The basic principle of generating movement is where the movement of non-standard in-
door and outdoor environments are the most commonly used tracked undercarriages, a 2, 4 and
6 band versions. Wheeled trucks are used rather to move on urbanized terrain. What is interest-
ing is the combination of wheel and belt (f. REMOTEC) and can take advantage of the belt and
the wheel to the terrain in the area of deployment, fig. 1 [3].
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Fig. 1. Representation of service robots according to the principle of movement

For the design of the SR for deployment in the security services are the most typical of the
following: As a source of energy Fig. 2, the most commonly used batteries, but mostly with ro-
bots for firefighting often use an external power source. To improve battery performance using
the hybrid system, where the combustion engine recharges the batterycells.
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Fig. 2. Representation of service robots according to the source of energy

In Figure 3 the evaluation of climbing ability, we found that the greatest percentage of hill-
starting ability of robots to 45 degrees and 47%. Robots from the hill-starting ability 40 ° up
24%, the rest are hill-starting ability of robots to 30 °.
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Fig. 3. Maximum gradeability of service robots

In the evaluation of velocities, we found that the largest share of the robots at 5 to 10 km / h.
The type used are represented in virtually all known concepts of 1 ° to 6 ° of freedom. Prevail
arms with 2 ° and 4 ° degrees of freedom. In terms of the kinematic pairs, the most common
rotation axis.

4° ¥
S 5%

Fig. 4. Number of degrees of freedom of action of the superstructure

The abundance of arms to the base of the overriding concept of action with one arm (79%
rated agents), especially in the category Fire and prieskumnickych robots. Contrast, double-arm
approach prevails in the category of heavy vyslobodzovacich robots.
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Note: The arm was treated for fire-fighting robot machine with a nozzle for extinguishing
medium with at least 1 degrees of freedom.

Evaluation of the presence of effector and technical execution points to the fact that the ef-
fector is used most gripping in the 2-finger concept. Even if the equipment arm device for the
automatic exchange of effector in most cases were listed as primary footed tentacles.

3. The vast majority of SR is controlled by the operator if necessary. teleoperator, which
controls the movement and application hit the robot from a safe distance.

4. The development and production of service robots is required close cooperation with
manufacturers of robots - mostly producers of service robots in the field of terrorism. Thus
many companies unifies its new mobile chassis for use in different applications. The process of
unification is often initiated by manufacturers and service robots. The most comprehensive ap-
proach in this area, attesting to the company QinetiQ.

By researching the conceptual solutions of the Slovak Republic in this area, where we fo-
cused mainly on the mobility subsystem, we obtained conclusions that can be written into the
following points:

* Service robots are approximately equally represented in all rescue applications (inspection
and monitoring, rescue operations, hazardous materials handling).

* The most used concepts are built on a crawler chassis in 2, 4 and 6 crawler versions.

* Applications on wheeled chassis in 4 and 6 wheel versions are also used, as well as appli-
cations based on a 6-foot walking chassis.

* Possibility to use a conceptual solution based on a hybrid system, such as a walking-
wheel system.

* The most commonly used power source is a battery or battery. external power source -
cable (fire extinguishing).

* Some applications are also based on a hybrid system (improving battery life).

* The maximum speed of the SR is in most cases from 5 - 10 km/h

* Service robots with the 45% climb rate are the most represented in the rescue sector.

* Arms with 4 © - 6 ° freedom are predominantly used.

» Single arm concepts are applied in inspection and reconnaissance and firefighting

* Two-arm concepts are mainly applied in the field of rescue and hazardous materials handling.

* Service robots control is based on operator or teleoperator control.

* The most common way of communication is based on WiFi technology.

Recommendations for designing EOD and IED robots. Analysis of the current imple-
mentation of SR in this field allows formulating the framework conditions for SR, but also
specifically bound by the requirements to perform specific tasks. Requirements can be sum-
marized for each sub-SR as follows:

» mobility subsystem solved by belt-type locomotion system because the benefits provided
by this solution (specific surface pressure, permeability, maneuverability, Wading depth ...).
Motion control is recommended to solve the differential form of governance that meets the de-
sired range of speed of movement (3, respectively. 5 ms™') and the minimum turning radius. The
proposed solution is recommended to structurally solve a manner that the degree of resistance
(degree of protection, resistance to environmental factors ...).

* action extension (as is clear from the submission) as a single-deal - the kinematics of the
action mechanism is recommended to deal with 6 degrees of freedom with angular workspace.
Since our body is assumed as a modular solution, are permitted other kinematic arrangement
pairs. It is recommended to resolve system stability of the subsystem mobility in relation to the
maximum reach and capacity of each of the planned arms. The end effector is recommended to
deal with the needs of a particular application of determining the arm. Consider the possibility
of'a need for an automatic exchange of the end effector, respectively tools.

+ intelligent control subsystem teleoperator deal with the possibility of autonomous man-
agement tasks. Communication with the robot operator dealt with in accordance with the
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compatibility interface bus systems with open architecture. Sensor Used to guarantee the re-
quired communication with the working and operating environment.

* sensor subsystem in relation to a report by the internal sensors to solve application us-
age on the monitored parameters and mechanism function (accuracy, range of measured val-
ues, for the principle of scanning parameters, performance measurement, performance moni-
toring, ...); in relation to the compatibility of the control-control system according to the
interface (mechanical, electrical, programming, data transfer); prepare outputs from the sen-
sors for management purposes;

* set of external sensors addressed by technology and the role of controlling environmen-
tal factors, respectively. Role of service performance parameters (sensitivity, sensing principle
for variables, functions, monitoring, alarm function, night vision, thermography, virtual 3D
gloves, 3D cameras, etc.).

* in relation to the performance features to address the operating range for diluted version
of the cable operators across a range max. 150 m, a wireless version with a max. deal range to
1000 meters (outdoors). For wireless version to consider the duration of the mission about
3 hours possible forms of sleep waiting for the mission until 24 hours. Operational readiness
and resolve to intervene when necessary could be implemented immediately. The same condi-
tion applies for transportability (own transfer activity, transfer to another means of stability
for transport and so on.).

The current development of service robots is associated with two approaches to their de-
sign and their construction.

* classical concept design by the chosen system structure, based on its own (original) de-
sign, in which the use of appropriate components,

» modular design and modular structure according to the chosen system, and the best use
of available modular units and components.

Sets of modular units (translational and rotational) with staggered parameters, strokes, and
performance sections, to create more complex system, allow considering the compatibility
Interface compilation of different robot configurations as required by the shape and size di-
mensions, useful load, throughput, and the like.

Conclusions. Mobile robotic systems are currently under intensive development. Variety
brings service activities in service robotics need to use different principles for dealing with
their mobility. The most prevalent application of the principle of a wheeled chassis. In terms
of theory as well as technical solutions are the most sophisticated wheeled chassis and most
widely used in service robotics. This work is developed in the direction of the current service
robotics and the essential characteristics and problems associated with the solution that we
applied in the educational process.
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VIIK 004.4
Pyoonvgh Anow
AHAJII3 POBOTIB-PATYBAJIbBHUKIB

Axmyanvnicme memu 0ocnioycenns. Ananiz noxasye, wo, oKpim 30epedcenHs «KIACUYHUXY 3aCmOCy8alb pobomis
(npomucnosux pobomis) Ona 8UPOOHUYUX (THIICEHEPHUX) NPOMUCTIOBUX NPOYeCis, OCMAHHIM YACOM iX 3aCMOCY8aHHS nepe-
8ADICHO, CKOHYEHMPOBAHO 8 MAK 36AHUX HEIHIICEHEPHUX NPOMUCTIOBUX | HEBUPOOHUHUX (CEpBICHUX) 2aNy3sX.

Ilocmanogxa npobnemu. Tendenyii ucysaioms HO8I PYHKYIOHANLHI MA KOHCMPYKMUBHI 8uMo2Uu 00 pobomie ma ix 3a-
CMOCY8AaHHA, 0COOIUBO MUX, WO CMOCYIOMbCS ehHeKMUBHO20 BUKOPUCIAHNA PODOMIE y HOBUX CeeMeHmax HesUpoOHUY020
ma cepeicHo20 ceKmopie.

Ananiz ocmannix oocniocens i nyonikayii. AkmyanvHi Ha cb0200HT 0OCTIONCEHH OPIEHMOBAHI HA CHOPMYTLOBAHY
npobiemy nogepHenHs ingecmuyili y po6omMu308ani NPUCMPOT, WO € 2apaHmo8anum 3a80AKU MOMY, WO 00U HA POOOHOMY
Micyi MOJICYMb PO36UBAMUCH A 30CEPEOUMUCH HA THUUX BUOAX 3A80AHD.

Buoinenns nedocnioscenux uwacmun 3a2anvHoi npodnemu y ybomy cekmopi, a ye nepedycim cgepa nopsamymky, oe
pobomam 00800umbcs doramu pizHi nepeukoou npu 30itiCHenHi c8o€i OiANbHOCMI, NOMPANTIAMU Y 8AACKOOOCMYNHI ma He-
be3neuni Micys mowjo, 3aaedxHCums 20J108HUM YUHOM 810 KOHYENmyanbHO20 pilents poooma.

ITocmanoeka 3aedanns. Bpaxosyrouu, wo npiopumemom xomnauii € nocmitine 800CKOHANEHHS CBOEL NPOOYKYIL, Ys
epyna pobomis maxodc UyKae Hosi iIHHOBAYIIHI NIOX00U, SKI 6 NOKPAUWUTU KOHYENMYAIbHI PIleH s cepsiCHUX pobomie ma
ix gUKOpUCMAaHHs 8 NPUKAAOHUX 2any3ax. 36adicaioyu HA ye, MOJICHA NPUNYCMUMU, WO yell AcneKm NOCMIHUX iHHO8ayill
8IOKpUBAE BENUKY KINbKICIb MOANCTUBOCEL OTIsL HOBUX YOOCKOHANEHb Yi€i 2pynu podomis.

Buknao ocnosnozo mamepiany. Ilossa yiei epynu pobomis 6yna 3ymosnena uMo2amu NPaKmuku, Ka UMazana Gkuio-
uenHs KOHYenyii pobomie y HenpoMucnositl ma Hegupobnuuiti cghepax, oe pobomu uxonyganu 6 nuuie Oii, AKi oynu 6 Kopuc-
Hi TIOOUHI abo mexHiuHo-exchayamayiunum cucmemam. 3 yiei npudunu nouanu 3'961AMUC nepuli KOHCMPYKYii maxkux po-
bomis, AKi 3 HacoOM NOCMIUHO YOOCKOHANIOBAUCA MA A0ANMYBANUCL 00 NPAKMUYHUX HOMPed HACMINbKU, WO CbO2OOHT 80HU
€ He8i0 'EMHOI0 HacmuHoIO chepu nociye.

Bucnogxu 6ionogiono 0o cmammi. Mobinoni pobomuzosani cucmemu cb0200Hi hepebysaroms 8 cmaoii iHmeHcusHo2o
possumky. Pisnomanimuicms cepsicnoi disnbnocmi y cghepi 00cny208y8ants aumazac 3any4ents pooomomexHiKu 3 pisHumu
KOHYEeNnMyanbHUMU pileHHAMU wo0o ix mobinvrocmi. Haiibinew nowupene 3acmocy8anHs npunyuny konicho2o waci. 3
noznady meopii, a maxkodic MexHiYHUX piieHb HAUCKIAOHIWMUM € KOLiCHe waci i came 60HO HAUOITbW WUPOKO 3ACOCO8Y-
emuvcs 8 cghepi pobomomexnixu. L cmamms 6UKOHAHA 8 HANPAMKY CYHACHO20 0OCTY208Y8aHHS POOOMOMEXHIKU MA OCHO8-
HUX XapaKxmepucmux i npodnem, no8 a3anux i3 piuleHHsAM, sKe MU 3aCMOCO8Y8anll Y HAGUANLHOMY NPOYECI.

Kniouosi cnosa: cepgicnuii pobom; niocucmema mMobinbHOCMI; X0008a YACMUHA; PAMYBAILHI pobOmMU.
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