TRANSPORT The Quality of Unmanned Aerial Vehicles ...

10.26411/83-1734-2015-1-53-7-22

The Quality of Unmanned Aerial Vehicles:
Ergodesign Aspect. Part 2!

Volodymyr Kharchenko,
Anatolii Rubtsov,
Volodymyr Svirko,

Irina Zhudova

National Aviation University Kiev, Ukraine

Abstract

In the modern world, scientific and practical ergodesign activity on the develop-
ment and use of drones, the concept of “human factor” is becoming more and
more important. It is one of the main studies in improving the safety, efficiency
and comfort of the “man - unmanned aerial vehicle” system operation. The most
promising research is aimed at the application and development of new approaches
to the evaluation of algorithms for unmanned aircraft maintenance and the organ-
ization of their operators" activities.

The system of unmanned aerial vehicles ergodesign quality indicators developed
and presented in a tabular form reflects practically all design and ergonomic prop-
erties of modern unmanned aerial systems. It is based on the existing normative
documentation in Ukraine developed by the authors, harmonized with interna-
tional and European standards. It allows the analysis and evaluation of unmanned
aerial vehicles in order to take into account consumer interests at the beginning of
their design reducing the assimilation time of products and preventing irrational
production costs.

The results of such an analysis underlie the development of technical documentation,
standards, and specifications. They should be taken into account when putting
products into production

' The first part appeared in the previous issue of Logistics and Transport.
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1. THE SYSTEM OF UNIFIED ERGODESIGN INDICATORS TO
THE MAIN UAVS COMPONENTS

For the final adjustment, systematization, and unification of ergodesign requirements
and indicators of the main UAVS components it is necessary to arrange the expanded
nomenclature of ergodesign quality indicators of the UAVS main components given
above, i.e. to bring them into line withthe methodological principles of ergodesign
development in [7, 8], DSTU 3963 and DSTU 4055 (see note 2).

The system of ergodesign indicators of the main UAVS components for the
convenience of users will be presented in the form of a combined nomencla-
ture, in which, according to consumer attributes listed in DSTU 3963, it is set
complex and single indicators of the main UAVS components(see Table 3.1).
Note that the inclusion of single indicators in the combined nomenclature in
this table is not finite, as a detailed list of single indicators is developed in a
specific nomenclature of quality indicators, which is intended for ergodesign
evaluation of a particular product. Therefore, in the development of a specific
nomenclature of ergodesign quality indicators, some of the single indicators
can be removed if necessary, and, on the contrary, some of them can be added.

For the convenience of the data perception, in the table we apply the coding similar
to that used in tables 2.1 - 2.36.

It will be recalled that in a column with the UAVS component designation, the
following abbreviations are applied:

o unmanned aerial vehicle (UAV) - U;

« ground control station (GCS) - G;

o starting device (SD) - S;

 landingaid (LA) - L;

« antenna and rotatary device (ARD) - A.

In the column of the indicators group, the following designations are used:
ergonomic indicators - 1,

aesthetic indicators - 2,

functional indicators - 3,

operational indicators - 4,

social and cultural indicators - 5,

design and marketing indicators - 6,

environmental indicators - 7.
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Table 3.1. System of adjusted and unified ergodesign requirements and indicators of the
main UAVS components.

UNMANNED AERIAL VEHICLE (U}

LANS Gmupnfl COMPLEX INDHCATOR OF LEVEL 1
compo- | indica-

nent tors Complex indicator of the 2nd Single indicator
lewel

Uay Ease of LAWY use for its mlended purpese (L.1.1)

Correspondence of a LAY Taking into account the size of the human body and its
design, its elements fo the parts in the size of the UAY structural elements
anthropomatric charactedstics of | (LL1.1.2.1)

the human (U.1.1.2)

The oparator s physical load Dynamic physical activity (valume of wark pedormed
(seventy of waork performed) during trarsportation. preparation for use, configuration,
(U14.3) adjustment, LAY sssembly(disassembly). weighl of

transparted cargo) (LL1.1.3.1)

Static physical activity (effort to hold a UAW during take-
off) (L11.1.3.:2)

LAV assimilation (U.1.3)

Compleleness and convenience | Level of compleleness of the LAY oparalion mandal
of UAY operation manual (L {U.1.3.2.1)

18] Clarity of the manual (U.1.3.2.2)
Queadity of material formatting (U.1.3.2.3)

AN maintenance (U.1.4)

- Promptness of maintanance, repair, and praparation for
flight (LI.1.4.0.1)

Comglexity of the maintenance and repair algorithim
{U.1.4.0.2}

Ease of acoess to adjustable and replaceable clements
{U.1.4.0.3)

FAuwailabdity of technical means for disgnosing faulte and
comenience of iroubleshooting (U.1.4.0.4)

Chuadity of echnical documeniation (L1.1.4.0.5)

LL1.4.0)

[}

Ergonomic indicatars

Ergonomics of LAY operation Comgleteness of LAY operation documentation
dacumentaton (U.1.4.2) {U.1.421)

Convenience ol malerial presentation struciune, levels of
information decoding and re-coding (U.1.4.2.2)

Chuality of illustrations, schemes, graphic elaments,
docurmentation formial

Documentalien storage capability (11 4.2 3)

Ergonomics of eguipment and Ease of use of control, measuring, and testing
tools required for the LAWY equipment (U.1.4.3.1)

operation {L.1.4.3) Compliance of lighting sguipment with the specified
norms of ganaral and lacal lighting (U.1.4.3.2)
Comvenience and safety of use of the ool during camying

ol works in the gven condiions (in hard-to-reach places,
in fhe: conditions of an overioad) (L1.1.4.3.3)
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Continuation of table 3.1.

UANS | Group COMPLEX INDICATOR OF LEVEL 1
campo-|  of
nent | indica- | Complex indicator of the 2nd Single indicator
toirs. Il
{uj UAN hyglene {U.1.5}
AN physical faciors Noise levels (U.1.5.1.1)
(U151} Wibration levels (U.1.5.1.2)
el chemical faciors Presence of harmiul componenls in fuel, LAY malenats
= (U152 and coatings (U.1.5.2.1)
UaN safety (L.1.6)
- Salety kevel of the factors of mechanical aigin (L.1.6.0.1)
1600 Safety level of the influence of electric curent (LL1.6.0.2)
Safaty lavel dus ta the produst operation algarithm
(UL1.6.0.3)
UAY anistic expression
UAN image expression Comespondence of the LAV image to s imtended uss.
w.21.1) U.21.1.4)

Comespondence of the LAY imags to modamn ideas
about products of a certain type (U.2.1.1.2)

UAW form originality (U.2.1.2) Peculianty of the used UAW fomaton principles; plastic
(U.2.1.2.1), compasitionalil.2.1.2.2), layout (U.2.1.2.3}

Pecularity of LAY decoraiive and color elerments (LL2.1.24)

Correspondence of LAV originality methods fo the
requirements of expadiency (U.2.1.2.5)

Uay form fashionableness Comaspondence of the color and graphic solution, LAV
(U.2.1.3) firishing to "fashionable” decorating methods (L1.2,1.3.1)
Cormespondence of UAN compositional and plastic

characteristics o "rashionable” methods of Torrm making
(U.2.1.3.2)

(2)

Decorative expression of the Decoralive exgpression of he used maleias and coveings (LUZ2.14.1)

UAY form (Li2.14) Cormespondance of the LIAV decorative axpression

methods 1o the reguirements of expediency (U_2.1.4.2)
Rationality of the LAY form (LL.2.2)

Functional and constructive Compliance of the LAY fiorm with fhe purpese and oparating

conditonakty of the form (U.2.2.1) | conditions (U2.2.1.1)

Comespondence of the LAY form bo its composition and
ot (LL2.2.1.2)

Aesthelic indicators

Comespondence of tha usa of constructive mathods of
organizing the LAY form elements (U2 2 1.3)

Technological conditianalily of Cormespondence of he LAY Torm 1o (he eguinsments of
tha WY form (U.2.2.2) its manufacturing technalogy (U 2.2.2.1)
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Continuation of table 3.1

UANS | Group COMPLEX INDICATOR OF LEVEL 1
campo- | of
nent | indica- | | Complex indicator of the 2nd Single indecatar
tors lewed
() Irbegrity of the LAY compesitienal-plastic form salulian (U.2.3)

Harmony of the UAV three-
dimenslonal structure (LL2.3.1)

Interdependence of primary and secondary elements of the LAY
farm in size, proporions and scale (U.2.3.1.1)

The diegree of LI seale and ils elernenls (veual corespendence is
the size: of the human bady) (U.2.5.1.2)

WAV architectonic form (U.2.3.2)

Manifestalion in the form of its slructural nature loads (L.2.321)

Visual balance of the LAY three-dimensional, compositional and
plestic structure (U.2.3.2.2)

Plasticity of the UAY form
U23n

Integrity of three-dimansional and plastic sclution of the LAY
form{Ll2.3.3.1)

Comesspandenca of the volumetnic and plastic solution to applied
mateniais, and manutacieing technalogy (U.2.3.3.1)

Arfistic and graphic expression
(U.2.3.4)

Compasitional walidity of the amangemeant of graphic elemsnis on
the LAY parts (U.2.3.4.1)

The degres of conformity of the nature of the fonts to the
semantic value of the inscripions (L.2.3.4.2)

Expression of functional graphics (0.2 .3.4.3)

Caolor and graphic compatibilty of
elerments (U.2.3.5)

Color and texture compatibdity of
elements (U2 3.8)

Interoepencence betwesn color and graphic elements (U.2.3.5.1)

Supordnation of color and graphic elements to e general LA
compesitienal and color and graphic soluticn (L2 3.5.2)
Compstibility of diffisrent types of matenals., composition, textures,
coalings used in the LAWY with each ather (U.2.36.1)
Consistency of different types of matenals. composition, Eiunes,

coafings with the LAV shape, puposs, and operafing conditions
{U236.2)

Perfection of production and the preservation of a marketable condition (U.2.4)

Fineness of contowrs (U2 4.1)

Finaness of contours, fillets, and joints of the alements of the UAY
fusetage, wings, and other structural components. (U.2.4.1.1)

Chality of the LIS surcs trestment Caraful treatment of LAV surfaces (U.2.4.2.1)

U242) Caraful afplil;aﬁnn of decorative and protective coatings
{U.242.2)

Clarity of signs and accomparying | Chuality of UAY graphic elements, PDT, and promational materials

documentation (LI 2.4 3) ot {2431}

Fesistance o damage (U.2.4.4)

Protection of the UAN form elements and surfaces against
mgiﬂ:.ﬁwi[hn, and decorative covering quality changes
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Continuation of table 3.1

UAVS [Group of COMPLEX INDICATOR OF LEVEL 1
campo- | imdica-
nirt bearss

Complex indicator of the 2nd level Single indicator

[L1]] Parfaction of the main UAY function parfermance (U.3.1)

Efficiency of UAY use (LL3.1.1) The gdegres of salisfaction wilh the LAY during ils
intandad usa [U.3.1.1.1)

Wersalility of LAY use (U.3.2)

The range of LAY usa for its Tha range of UAY conditions and capabiifies for vanows
intended purpose (U, 5.2.1) wse, 3s well as the availability of additional functions
wseful for fhe consurmer which are related to the main
{U32.1.1)

13

Perfection of auxiliary operations [L1.3.3}

Parfaction of praparatory Suitability of the UAN to parform ausliary transporation
operations (U.3.3.1) operstions and preparation for lBunch (LL3.3.1.1)

Functicnal indicators

Parfection of final operations Switability of the LIAY to perform awsiliary operations of
(U.3.3.2) dizaseembly, cleaning, packaging and tranaportation
(U3321)

Easa of LAY operation (U.4.1)

- Perfection of the LAWY use during Service operalions
accompanying implementation of the main and additional

A functions (LU.4.1.0.1)

Ease of UAWY maintenance (U.4.2)

- Perfaction of preparatory and final operations, and also
LIAY regulatien in the course of operation (U.4.2.0.1)

L&V suitability to perfarm auxiliary operations of
maintenanca, storage, and disposal {U.4.2.0.2)

UAN reliability (1.4.3)

{U.4.2.0)

AN failure-free operaton Freservation of the basic parameters of LAY opsration in
(U.4.3.1) firme and within the limits corresponding bo the sed
operating conditions (U4.3.1.1)

Operational indicators
(4)

el durability (UL.4.3.2) Preservation of the basic parametess of LAY operation
before the limit state is achieved at which their fulfiliment
pecomes impassible (U4.3.2.1)

LAY maintainability (U.4.3.3) Passibility of urgent LAV regair in field conditiens
(U.4.3.3.1)

The awverage duration and complexity of the cumant LAV
repair in stalionary condiions (L1.4.3.3.2)

&V social sddress and consumar class (UL5.1)

- Correspondence of the LAWY 10 he siruciure of nesds of 2

(U.5.1.0 coartain target audisnce (U.5.1.0.1)

[5)

Compliance with the optimal LAY nomanclature (U.5.2)

) Efficiency of LAV use in the operalional o projecied LAY
system of a cerain type (U.5.2.001)

Sociccultural indicators

(U520
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Continuation of table 3.1

UAYSE | Group COMPLEX INDICATOR OF LEVEL 1
campo- | of indica-
nent bars Complex indicator of the 2nd Single indscator
leel
u Uaw maral eging {U.5.3)
E = The LAY service life is limited by the infroduction of new
U.5.3.0) drones of higher quality. as well as changes in social
e marms, cultural and value arientations (L.5.3.0.1)
o The degree of UAN compliance with the world leval (U.&.1)
b - The kevel of LAV design and ergonomic characlenstics in
S UB1.0) comparison with the products of the leading
E = s manufaciurers of similar products (LLE.1.0.1
=i
nE Compliance wilh the requirements of the patential target market (U6.2)
h
i - The degres of market demand for & partcular LAY
= UB2.0) U201}
3 The nature and extent of the UAY impact on the envirenment (U.7.1)
z % - The mpact of LAV on the environment dunng its bfe cycle
bl - {U.7.1.0.1)
2EX (UL7.1.0)
[i:]
?!;u E - The output of recycled matenals {U.7.3.0.1)
2E |mw7am
GROUND CONTROL STATION (G)
GG Ease of use of the G5 for its intended purpose (G.1.1)
iG) Correspondence of GCS design, i Taking into account in the GCS design the size of the
slemants i the anthropomsinic human body and its parts (G.1.1.2.1)
e Taking into account in the GCS design the form of the
(5.1.1.2) muman body and its parts (5.1.1.2.2)
The oparator's physical load Dynamic physical activity: the amount of work performed
(sevenity of work performed) during the transportation of GCS, preparation for use, of
G113 confguration, adjustment, assermbly (disaszembly); the
B 1.1.3} mass af the GCS during maovement (G5.1.1.3.1)
% Static physical activity (holding affort) (G.1.1.3.2)
'-E Diavistion of working ra and movements from
s= phiysiologically rational characteristics (3.1.1.3.3)
E The operator s psychophysiolo- The hevel of monotory of the operaiors adivity (G.1.1.4.17)
% gizal load (work infensity) Infarmation lpad of the operator (G.1.1.4.2)
. (G.1.1.4) Intedlectual imensity of the oparator’ = achivity (G.1.1.4.3)
Mervous and mantal and emotional tension of the
operator & aciivity (G.1.1.4.4)
Development of fatigue and a The operator's energy consumption bevel (G.1.1.5.1)
reduction in the opsrator's The kewvel of changes in the oparators functional state
functional state for a given time (G1.152)
(G.1.1.5) The kevel of reductian of the ermalional background
{G.1.1.5.3)
The kewal of work motivation reduction {G.1.1.5.4)
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Continuation of table 3.1

(1)

UAVS | Group COMPLEX INDICATOR OF LEVEL 1
campo-|  of
nent | indica- | Complex indicator of the 2nd Single inchcatar
tors -]
[G) Easze of managemant and control {controllability) (G.1.2)

Ergonamics of the form, sizes,
an arrangement of G5 contral
pansls (G.1.2.1)

Comespondence of the farm of contral panels o the
algorithm of GCS service(5.1.2.1.1)

Comespondence of the sizes of conirol panels fo the
shgorithm of GCS service (3.1.2.1.2)

Comespondence of mutual arrangement of control
panels to the algorithm of GGS senvice (G.1.2.1.3)

Comespondence of viawing anghes of GCS control paneds o
the anthropometric and peychophysiological charactenstics
of thee operator (faking ino acoount the degree of Importance
and frequency of their usa) (G.1.2.1.4)

Eage of percepion of the
displayed information (5.1.2.2)

The levels of direct and inverse contragts (G.1.2.2.7)

The coefficient of unewven brighiness of information
elements (G.1.2.2.2)

The unevennass of the brighiness charactenstic of the
screen feld (5.1.2.2.3)

Limear valwes of image distortion in the screen area
(G.1.2.2.4)

Ergonomics of visval information
display devices (5.1.2.3)

Correspondence of the: external ightning of signs,
aéagnﬂls. &nd inscriptions to the ergonomas reguerements
G.1.23.1)

Compliance of information ooding methods with
ergonomic raquiraments (G.1.2.3.2)

Conformity of the sizes of signs, signals, and inschptions
1o the ergonomic requirernents (5.1.2.3.3)

Cormespondence of a conliguration of signg, signals, and
inscriptions fo the ergonomic requirements (G.1.2.3.4)

Comaspondence of viewing angles of signs, signals, and
inacriphions to the ergonamic requiremsents (G.1.2.3.5)

Ergonomics of acoustic
information {G.1.2.4)

Ergonomics of tactile information
means{G.1.2.5)

Correspondence of message types to the GCSE oparation
El 1riélhm {a ball, buzzer, siren, musical tone or spesach)
(G.1.2.4.1)

Cormespondence of he nalure of messages lo lhe GLCS
operation algorithm (simple, complex, periodic, and
continuous with disconnection during response time)
(G.1.2.42)

Conformity of the maans of information provision to the
&GOS operetion algorithm (vibration, configuration,
ternperalure, and amperage) (5.1.2.5.1)

Compliance of levels of electrical, chemical, and thermal
signals with the ergonomic requirements {G.1.2.5.2)
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Continuation of table 3.1

i1

design {3.1.2.6)

UANS | Group COMPLEX INDICATOR OF LEVEL 1
campo- | of
nent | indica- | Complex indicator of the 2nd Single indecator
tors lewel
(G} Canvenience of product controls | Conformity of the form and the: constrective execudion of

control bodies fo ergonomic requirements (G.1.2.8.1)

Conformity of the sizes of control bodies to the
Engonomic requiremenlts (3.1.2.6.2)
Cormespondence between fhe effor requined (o bring the
controls in aciion and the ergonomic requremeants
B1263)

Ergonomic placement of controls
(B.1.2.7)

Corraspondence of the nature of the operator's control
maowements o the functional stete of the controlled
system (B1.27.1)

Conformity of the combination methods of several control
bodies to the ergonomic requirements (G.1.2.7.2)

Comespondence of distance o controls (taking indo sccount
the degres of importance and frequency of their usejwith
the opsrator's anthropomstic charsctenstics (GU1.2.7.3)
Awailability and adaquacy of the protection means for
contrals (G,1.2.7.4)

Rationality of GCS layout
(G.1.2.8)

Complianca of GCS sizes with the ergonomic
reguirements (G.1.2.8.1)

Oplirnal placement of information display means and
controls (G.1.2.8.2)

GCE asgimilation (5.1.5)

Information meodel quality
18.1.3.1)

Adequacy of the information modeal (G.1.3.1.1)
Steractypes of the information model (3.1.3.1.2)

Adeguacy of infarmation on the product and process
{31,313

Redundancy of product and process mformation (G.1.3.1.4)
Structural ordering of the information model (G.1.3.1.5)

Compelensss and convenience
of GCS operation manual
(G.1.3.2)

Tre level of compleleness of the opersting mansl (5.1.3.2.1)
Clarity of the instructions (5,1.3.2.2)
Qhaality of material design (G.1.3.2.3)

GGS mantenance (G.1.4)

(G.1.4.0)

Comfort and the rate of maintenance, repair, preparation
for operation (G.1.4.0.1)

The camplexity of the maintenance and repasr algorithm
(G1.4.02)

Ease of acoess to adjustable and replaceable elements
{G.1.4.0.3)

Awailability of lechnical means for diagnosing faulls
{G1.4.04)
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Continuation of table 3.1

LR

COMpo-
nent

Group

of
inichica-
tors

COMPLEX INDHCATOR OF LEVEL 1

Complex indicator of the 2nd
leved

Single inckcator

1G)

{1}

Ergonomics of operational
documentation {G.1.4.2)

Completenese of operational documentation (G.1.4.2.1)

Corvenience of the material presentation structure, the
levals of information decoding and re-coding (G.1.4.2.2)

Cruality of illustrations, schemeas, graphic elements, and
dacurneration formal (3.1.4.2.3)

Documentation starage capabilily (G1.4.2.4)

Ergonomica of eguipment and tool
required for e GOS operataon (G

Esse of use of comtrol, messurning, and esfing equiprment §3.1.4.3.1)
Compliance of lighting equipment with the specified
marms of general and local lighting {&.1.4.3.2)
Conwenienca and safety of use of the tool during
carmying aut waorks in the given conditions (especially in
the field emviraament) (5.1.4.3.3)

GCS hygiens (G.1.5)

Priysical factors (3.1.5.1)

Indicalars of the level of llumination of wark surfaces
and controls (G5.1.5.1.1)

Chemical factors (5.1.5.2)

Prezence of harmful components in materiale and
coatings (G1.5.2.1)

GCS safety (G.1.6)

1G.1.6.0)

Salely level of he factors of mechanical oigin (G, 160.1)
Safaty level of the factors of chemical origin (G.1.6.0.2)
Safety leval of fe influence of an electic cumant (G, 1.8.0.3)

Safety level due to the completeness of takng into
account of the psychophysiehogical charactenslics of the
consumer {G.1.6.0.4)

The leval of safety dus to the algorithm of the GCS
operation (G.1.6.0.5)

Aaethatic indicators
{2}

LAY arfistic axpression (3.2.1)

GCS image expresaion (3.2.1.1)

Comespondenca ofthe GCSimage ot nlended u=a (32.1.1.1)
Comespondence of the GES image to modam ideas
about products of a cerain type (G.2.1.1.2)

GCS form originality {3.2.1.2)

Peculiarity of the used GCS formation princples: plastic
(G.2.1.2.1), compgsitionaliG.2.1.2.2), layod (G.2.1.2.3)
Peculiarity of GCS decorative and colar and graphic
elements (5.2.1.2.4)

Comespondence of GCS originality methods 1o the
requirements of expediency ((.2.1.2.5)

142




TRANSPORT

The Quality of Unmanned Aerial Vehicles ...

Continuation of table 3.1

UAVS | Group COMPLEX INDICATOR OF LEVEL 1
compo- | of
rent | indica- Camples indicatar of the 2nd Single indcabor
tors lewed
|G} GCE form fashionablenass Correspondence of the color and graphic solubon, GCS

(G2.1.3) finishing to "fashionable” decorating methods (G.2.1.3.1)
Comaspondence of GGS compositional and plastic
charactenstics to “fashionable” methods of form making
{G.2.1.3.2)

Dizcorative expression of the Decorative expression of the used materials and

GCS farm (G.2.1.4) coverings (G.2.1.4.1)
Correspordence: of the GCS decoralive expression
mathods to the requirements of expadiency (G.2.1.4.2)

GCS stylistic unity of the form Correspondence of GCS design features o each alhwr

(G.2.1.5) within the limits of tha chosan styla (level of edlacticism)
{G.2.1.5.1)
Correspondence of BCE design fealures to obher
components of a complex within the imits of the chosen
styla (G.2.1.5.2)

Rationality of the GCS form (G, 2.2)

Functional and constructive Compliance of the GCS form with the purposs and

condiienalty of he GCE fanm aperaling conditions (for example, manual and porable

1G2.21) GLCEG2.21.1)
Correspondence of the GC5 form to its composition and

= layout [G.222.1.3)

Suitability of the use of constructive methods of crganizing
the GGS form elements (G.2.2.1.3)

Technological condiionalty of the
GCS form (5.2.2.2)

Comespondence of the GCS form to the requirements of
its manufacturing techrology (G.2.2.2.1)

Integrity of the GCS

compositional-plastic form solution (G. 2.3)

Harmany of the GCS three-
dimensional structure (G.2.3.1)

Interdependence of primarny and secondary elemsants of
the GCS form in size, proportions and scale (G.2.3.1.1)

The degree of GCE scale and its clements [visual
comespondence to the size of the human body)
{G2.31.2)

GICS architectonic form Manifestation in the form of its structural nature loads
(3.2.32) {52321
Visual balancs of the GOS three-damensional,
compositional and plastic structure (G.2.3.2.2)
Flasticity of the 3CS form Integrity of three-dimensional and plastic solulion of the

Cormaspondence of the wolumetric and plastic solution to
apphed materals, and manufachuning technology
{5.2.33.2)
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UANS [Group of COMPLEX INDICATOR OF LEVEL 1
compo- | indica-
rent tors Complex indicator of the 2nd Single indscabor
-]
1G) Artistic and graphic expresaion Compositional validity of the amangement of graphic
G.234) elements on the GCS pans (G.2.53.4.1)

The degree of conformity of the nature of fhe fonts io the
semantic value of the inscriptions (5.2.3.4.2)

Expression of functional graphics (8.2.3.4.3)

Calar and graphie compatisity af
elemants (G.2.3.5) {G.2351)

Subordination of coler and grephic elements to the gemaral GCS
sorrpasiional and color and graphic sckdion (G.2.3.5.2)

beshwen coior and graphic elerrents

Color and texture compatibility of | Compatibility of diferent types of materials, composition,
elements ((5.2.38) tesdures, coatings used in the GCE with each other
(G.2.3.8.1)

Consistancy of different typas of materials, composition,
testures, coatings with the GCS shape, purposs, and
operaling conditions (G.2.5.8.2)

i2)

Perfection of production and the presenvation of & marketable condition (G2 .4)

Fineness of contowrs [G.24.1) Fineness of contours, fillets, and joints of the elements of
tha GCS form (G.24.1.1)

Gty of the GCS suface teatment | Careful treatment of GCS sureces (3.24.2.1)

(Z.242) Careful application of decorative and profective coatings
(G2422)

Clanity of signs and accompanying | Cuality of LAY graphic elerments, PDT, and promotonal
documientation (G.2.4.3) materials to (G.2.4.3.1)

Resistance to damage (G24.4) Protection of the GCS formn elerments and surfaces
against damage, altrilion, and decosative eovering
quality changes (G.2.4.4.1)

Peraction of the main G5 function performance (5.3.1)

Efficiency of GG3 use (G.3.1.1}) | The degree of satisfaction with the control function in the
LA flight (G.3.1.1.1)

Versalility of GC3S use (G.3.2)
a Thie ramge of GCS use for its The range of UAW conditions and capatdities for the
o intended purpose {332.1) given LS wse for various UAVS (3.3.2.1.1)
B
= ) Perfaction of auwxiliary operations ((5.3.3)
=
% Perdection of preparalory Suitatlity of the GCS 1o perfonm ausxdiany ranspotation
E operations (G, 3.5.1) cperations and preparstion for launch {G.3.3.1.1)
Perfection of final operations Suiablity of the AN 10 peromm suxikany operations of
(G333} digasseribly, ceaning, packaging and Fansporalion
(G.332.1)
Perdection of auwxiliary GCS Perfection of operations on viewing of videos (for
operafions (G.3.3.3) example, search of fhe necessary record) (G.3.3.3.1)
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UANS | Group COMPLEX INDICATOR OF LEVEL 1
of

compo-
nent | indica- | Complex indicator of the 2nd Single incecator
tors.

lewel

(@) Ease of GCS operation (G.4.1)

- Perfaction of the GCS use during sarvice operations
soeompanying mplementation of the main and additional
furctions (G4.1.0.1)

(5.4.1.0)

Easze of GCE mainlenance (G.4.2)

- Perfection of preparatory and final operationa, and also
GOS regulation in the course of operaton (5.4.2.0.1)

GG suitability to perform auxiliary operations of
maintenanca, storage. and disposal (G.4.2.0.2)

(G.4.2.0)

GCS refiability (5.4.5)

GICS failure-free operation Presarvation of the basic parametars of GCS oparation
(3431 in time and within the limits comesponding o the set

oparating conditions (G.4.3.1.1)

Operational indicalons
i4)

GCS durability [G.4.3.2) Preservation of the basic parameters of GC5 operation
Bafore the limit slake & achieved al which thelir fulfilirent
becomes impossible. In the case of calculaling the durability,
it is determined the GCS senvice e or resource N condifons
Eﬁﬁm&biuwmﬁnﬂm

GCE maintainability (3.4.2.2) Possibilty of GCS wgent repar in hdd condfions (G.4.3.3.1)

The average duration and complexity of the curment GCS
reqair in stationary conditions {53.4.3.3.2)

GCS social address and consumer class (G.5.1)

— Corespondence of the LAV 1o the siruciure of nesds
of & certain target audience (G.5.1.0.1)

5 |50
m
ﬁ Compliance with the optimal GCS nomenclature (G.5.2)
E g - Efficiancy of GCS usse in the opsrational or projecied
o
o
E GCS moral aging (G.5.3)
- Tha GCS sanvica Iifa is limited by tha introduction of
(G.5.3.0) new drones. of higher quality (G.5.3.0.1)
The degrea of GCS complianca with the world level (G.6.1)
e
=2 - The kewvel of GCS design and ergonomic charactenstics
b3 GE1D in comparison with the products of the leading
a5 | ) manufacturers of similar products (G 6.1.0.1)
m g
Eg Campliance with the requirements of the potential target market (5.6.2)
g = The degree of markel demand for a particular GCS
1G.6.2.0) AR SR
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UAVS | Group COMPLEX INDICATOR OF LEVEL 1
compo-| of
nent | indica- | Complex indicator of the 2nd Sangle indicator
1ars level

G) The nature and extant of the GCS impact an the anvironmeant (G.7.1)

- The impact of GCS on Ihe envirenment during i life
(G.7.1.00 cycle (G.7.1.0.1)

ndicators
7

Utilization degres of GCS materials(3.7.3)

- The: output of recycled materials (G.7.3.0.1)
(G.7.3.00

Diesignand environmantal

STARTING DEVICE (S)

a0 Ease of S0 use for its intended purpose (5.1.1)
(=)

Comespondence of a S0 design, | Taking inta sccount the size of the human body and its
its edements to fhe parts in the size of the 30 structural elements (5.1.1.2,1)
anthropometric characterietics of
the human (5.1.1.2)

The operators physical load Dynamic physical activity pmolume of work performed
[zeverity of work performed) during S0 transportation, preparation for use (for
3113 example, ihe use of a rubber shock absorber),
configuration, adjustment, S0 assemibly (disassembly);
weight of transported cango) (5.1.1.3.1)

Static physical activity (5.1.1.3.2)
Deviation of warking pastiine and movements from
physiologically rational charactaristics (5.1.1.3.3)

Eaze of management and contral {controllability) (5.1.2)

Convenience of controls design Caonformity of the form and consiruction of controd bodies
[5.1.2.8) to ergonomic requirements (5.1.2.6.1)

Caonformity of sizes of control bodies to ergonamic
raquirements (5.1.2.8.2)

Caorrespondence of the effort required to bring the
contrals in Action 1o engonomic requirements (5.1.2.8.3)

1)

Ergonamic indicators

Ergonomic placement of Caorrespandence of the character of contral movements
controls (5.1.2.7) of the operator to the S0 functional state(5.1.2.7.1)

Caofrespondence of distances o contrals (taking infa
account fhe degree of importance and frequency of their
use) to the anthropometric charactenstics of the operator
(51.272)

Poeilability and sufficiency of protecion cantrels means
(5.1.27.3)

Rationality of the 50 layout Compliance of 3D sizes with the erganomic
[5.1.2.8) requirements £5.1.2.8.1)

Optimal placemant of information display means and
contrals (S.1.2.8.2)
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LANVS

COHMIpo-
nent

Group

of

inficaa -
tors

GOMPLEX INDICATCR OF LEVEL 1

Camples indicatar of the 2nd
Izvel

Single indicabor

(5

1

D assimilation (5.1.3)

Completenses and conveniance
of 50 aperation manual [5.1.3.2)

The kewval of completenass of the oparating manusl
{5.1.3.21)

Clarity of the operalional insfructions (5.1.3.2 2)
Cruality of material design (5.1.3.2.3)

5D maintenance (5.1.4

(5.1.4.0)

Cornfort and the rate of mainenance, repair, preparation
for operation (S5.1.4.0.1)

The complexity of the mainienance and repasr algorithm
{5.1.4.0.2)

Ease of access to adjustable and replaceable elements
(5.1.4.0.3)

Awailability of technical means for diagnosing faults
(B1.4.04)

Ergonomics of operational
documentation (5.1.4.2)

Completeness of oparetional documentation (5.1.4.2.1)

Convenlence of the material presentation structure, the
bevels of infarmation decoding and re-coding (5.1.4.2.2)

Cruality of illustrations, schemes, graphic elements, and
documerntation format (5.1.4.2.3)

Documentation storage capabllity (5.1.4.2.4)

Ergonomics of equipment and
tools required for 50 operation
(5.1.4.3)

Easae of usa of control, maasuring, and testing
equipment (5.1.4.3.1)

Compliance of lighting equipmant with the spacified
narms of general and local ighting (5.1.4.3.2)

Convenience and safety of use of the tool during
camying out works in the given conditions (in hand-to-
reach places, in the condilions of an overload)
{51435

30 hygeene (5.1.5)

50 physical factors (5.1.5.1)

Noise lavals (5.1.5.1.1)
Wibration levels (5.1.5.1.2)

S0 chemical factors (5.1.5.2]

Presence of harmiul components in matenas and coalings,
working fluids or gases used to operate the 50 (5.1.52.1)

S0 satety (£.1.6)

(5.1.8.0)

Safety keval of fha factors of mechanical ongin (5.16.0.1)
Safaty level of the factors of chemical ongin (5.1.6.0.2)
Eafety level of e nduence of aleciric cument (5 1.6.0.3)

Salety level due to the producl operalion algarithm
{51.604)
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UANS (Group of COMPLEX INDICATOR OF LEVEL 1
compo- | indiea-
nert beirs Complex indicator of the 2nd Single indicator
Il
5] Rationality of the 50 form (5.2.2)
Fundlional and consbructive Campliance of the S0 form with the purposs and
conditonakty of the S0 form operating conditions. [LIAW flight in the fiskd

conditions)5.2.2.1.1)

Carrespondance of the S0 forrm o its cormpoasiion and
layout (5.2.2.1.2)

Suitability of the usa of constructive methods of organizing
the S0 forn elements (5.2.2.1.3)

(5.2.2.1)

Technological conditionality of the | Cormespondence of the S0 form to the requirements of
ED form (5.2.2.2) its manufacturing technology (5.2.2.2.1)

Integrity of a compositional-plastic SD form solufion {S.2.3)

Harmony of the 50 three- Interdependence of primary and sscondary elements of
dimengignal slruciure [5.2.3.1) the S0 form in size, proporions and scale (5.2.3.1.1)

The degres of 50 seale and its alements (visual

comespondence to the size of the human body)
52312

5D architectonic form (5.2.3.2) Manifesstation in the form of its structural nature loads
(52321

Visual balance of the S0 three-dimensional,
compasitional and plastic structure (5.2.3.2.2)

12

Plasticity of the 5D form (5.2.3.3) | Integrity of three-dimensionsal and plasiic sclution of the
S0 Mom(5.2331)

Correspondence of the velurmetric and plasiic soldion to
applied matenals, and manufactunng technology
(8.2.332)

Aesthetic indicators

Artistic and graphic expression Compositional validity of the arrangement of graphic
(5.2.3.4) elements on the 50 parts (5.2.3.4.1)

The degree of canformity of the nature of the fonts to the
semantic valee of the inscriptions. Expression of
functional graphics (5.2.3.4.2)

Color and graphic compatialty of | Interdependance between colar and oraphic elemenls
slements {5.2.3.5) {8.2.3.5.1)

Subordinstion of color and graphic elemants fo the
genaral 50 compositional and color and graphic solution

(5.2.3.52)
Color and texture compaticdiny of | Cormpetbility of different fypes of matenals, compastian,
elements (3.2.3.6) tedures, coatings used in the 3D with each other
{5.2.3.6.1)

Consistency of different types of materials, composition
fexures, coalings with the S0 shape, purpose, and
operating conditions [5.2.3.6.2)
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UAYS | Group COMPLEX INDHCATOR OF LEVEL 1
campo- | of
nent | indica- | Complex indicator of the 2nd Single indscabor
tors lewed
() Perection of production and the preservation of a markefable eondition (5.2.4)

Fineness of contours (5.2.4.1) Finenass of contours, filleds, and joints of the elements of
the S0 form (52.4.1.1)

Cuality of the 5D surface Careful treatment of S0 surfaces (5.2.4.2.1)

= e aimieimh (5.3 4 7 Caraful application of decorative and profective coatings
o {52422

Clarity of signs and accompanying| Quality of 50 graphic elements, PDT, and promotiona

documentation (5.2.4.3) materials to it (5.2.4.3.1)

Reslance o damage (5.2.4.4) Prodection of the S0 farm ebements and suaces apainsy
damage. sitrition, and decorative covenng  guality
changes (5.2.4.4.1)

Perfection of the main 30 function performance (5.3.1)
Efficiency of 8D use [5.3.1.1) The degree of satisfzclion with the SD during it
inlended use (5.3.1.1.1)
E Versatility of SD use {5.3.2)
% The range of S0 use for ils The range of S0 condilions and capabilities for the WA
£ = | intended purpose (5.3.2.1) launch [5.3.2.1.1)
m =
E Perfection of ausiliary operations (5.3.3)
c
T Parfection of preparatory Switability of the 50 to perform auxiliary fransportation
operations (5.3.3.1) operstions and preparetion for launch (5.3.3.1.1)

Pedection of final operations Suitability of the 50 to perform auxiliany operations of

(5.3.3.2) disassembly, cleaning, packaging and transportation
{85332.1)

Ease of product operation (5.4.1)
- Perfection of the S50 use during senvice operations

(5.4.1.0) accompanying irmphementation of the main and

' additional functions (5.4.1.0.1)
o Ease of product maintenance (54 2)
‘E - Paerfaction of preparatory and final operations, and also
| 5D regulation in the course of operation (5.4.2.0.1)
B |is420)
= 50 suitability ko perform ausxiliary operations of
5 maintenanca, storags. and disposal (5.4.2.0.2)
£
1]
g S0 reliability (3.4.3)

50 failure-free operation (5.4.3.1) | Preservation of the basic parameters of 5D operation in
tirme and within the imits corresponding to the sst
aperaling conditions (5.4.5.1.1)

5D durabilty (5.4.3.2) Presarvation of the basic parameters of 50 operation
belore the limit stake s achieved al which thelr fulfiliment
becomes impossible (5.4.3.2.1)
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UAWE | Group COMPLEX IMDICATOR OF LEVEL 1
compa- | of indics- - - .
et [y Complex indicator of the 2nd Single indicator
lewel
15) 5D maintanabdty (5.4.3.3) Possaility of urgent S0 repair in feld conditions (5.4.3.3.1)
w The average duration and complexity of the current SO
- repair in stationary conditions (5.4.3.3.2)
Ea S0 moral aging (5.5.3)
=D
g i [ Ll - The S0 service lifie is limiled by the infroduction of new
E 3 15,6200 drones of higher guality, as well a5 changes in social
&= marms, cultural and value orentations (5.5.3.0.1)
£ The degree of SO compliance with the warld kevel (5.6.1)
£ - The level of SD design and ergonamic charactenstics in
5 8 156.1.0) comparison  with the products of the leading
2l -y manutacturers of similar (5.6.1.0.1)
%E Compliance with the requirements of the polential larget markel (5.6.2)
= o Thee degres of market demand for a particular S0 {56201}
= {5.6.2.0)
A E The nature and extent of the 5D impact on the environment (5.7.1)
.:_Ef H - The Impact of S0 on the environment during i life cycle
EE E {5.7.1.0) (5.7.1.0.1)
S Utilization degree of SO malerials (5.7.3)
a
E & The oulput of recycled malerals (5.7.3.0.1)
E . {5.7.3.00
LAMDING AID (L)

LA Egse of LA use for its intendad purpose (L1.1)

i Correspondence of 8 LAWY Taking into account the size of the human bady and its
design, its elements 1o the pansz in the size of the LA siructural elements (L.1.1.2.1)
anthropomedric characterstics of
the human {L.1.1.2)

The operator s physical lnad Dynamic physical activity (volume of wark performed
(severtly of work perdormed) during transportation, preparation for use (installation of
L1143 a grid}. configuration, adjusimant, amssmoydsssembly];
g ) weight of transparied cargo) (L.1.1.3.1)
g LA assimilation (L 1.3}
=
T E Compleleness and comvenience | Level of completeness of the LA operation manual
£ of LA operation manweal (4.1.3.2) | {L1.32.1)
§. Clarity of the manual [L.1.3.2.2)
(i Cruality of matarial formatting (L.1.2.2.3)
LA maintenance [L.1.4)
- Prompiness of maintenance, repair, and preparation for
L1410 use (for instance, installation of & grid) (L.1.4.0.1)
Complexity of the maintenance and regair algorithm
(L1402
Ease of access to adjustable and replaceable elements
L1403
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UAVS | Group COMPLEX INDICATOR OF LEVEL 1
compo- | of
rent | indiea- Camples indicatar of the 2nd Single indicabor
tors lewed
Ly Ergonamics of aperation Cormpleteness of LA operation documentaton (L.1.4.2.1)
PRI 114l Qualily of ilusiraions, schemes, graphic elements,
documentation format(L.1.4.2.2)
Documentetion storege capability (L.1.4.2.3)
Ergenamics of equipment and Conveniencs and safety of use of the toel during sarrying
= tools required for the LA operation | out works in the given conditions (L.1.4.3.1)
= lik1.4.3)
LA safaty (L.1.8)
- Safety level of the factors of mechanical origin (L.1.6:0.1)
(L.1.6.0) Eafaty level due to the product operation algorithm
{L160.32)
RATIOMALITY OF THE LA FORM (L 2.2)
Funclional and conslrctive Cormpliance af the LA form wilh The purpose and
conditionalty of the form operating conditions (L.2.2.1.1)
L2.2.1) Correspondence of the LA form to its composibon and
Ieyoul (L2.2.1,2)
Correspondence of the use of constructive methods of
arganizing tha LA form elements (L.2 2.1.3)
Technological candibonality of Correspondence of the LA farm lo the reguirements of
3 the LA fonm (L.2.2.2) it manufacturing technologyll 2.2.2.1)
g Perfection of production and the preservation of & markatable condition (L-2.4)
. ™
27 | Fineness of cantours [L.2.4.1] Fineness of contours, fillets, and joints of the elements
g of the LA form (L.2.4.1.1)
< Cuality of the LA surface Careful trealrment of LA surfaces (L2 4.3 1)
MRATIAI L2453 Careful application of decorative and  protective
coatings (L.2.4.2.2)
Clarity of signs and Cualily of WAV graphic elements, POT, and promobcns
accompanying docwmentation materials to it (L.2.4.3.1)
(L2.4.3)
Resistance fo damage (L.2.4.4) Protection of the LA form elements and swrfaces
@gainst damage, attrtion, and decorstive cowvering
qualty changes. (L2.4.4.1)
E Perfection of the main LA function performance [L.3.1)
2
fi Efficiency of LA uss (L.3.1.1) The degrese of safisfaction with the WAV landing
2 _ function using LAs. (L.3.1.1.1)
—_
g Warssiility of L& usa (L3.2)
g The range af Lo use for ds The rangs condilions and applications of the given La
i intended pumpose (L.3.2.1) for the landing of various UAVs. (L.3.2.1.1)
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[EEAT S

COMpo-
rient

Grou

aof
indica-
tors

P

COMPLEX INDICATOR OF LEVEL 1

Camplex Indicator of the 2nd
level

Single incheator

Lk

i3

Pedection of auxiliary operations (L.3.3)

Parfaction of praparatory
operations (L.3.3.1)

Suitakility of the LA to parforn auwdliary
cperations and preparation for launch (L.3.3.1.1)

Perfaction of final operations
L3.33)

Suiiablity of the LA W pedom auwdiary operabions of
dizassemibly, ceaning, packeging and Trensportation (L3.3.2.1)

Opera-ional indica-tors

(4)

Eaze of product operation (L.4.7)

{L4.1.0)

Perfection of the LA use duwing eenice opersions
acnmpaming rngplementatan of ®ie main funchion [L4.1.001)

Perfection of preparatory and final cperations, and also
L& ragulation in the course of oparstion

{L4.10.2)

LA guitability to perform auxiliary operationa of
maintenance, slorage, and disposal [L.4.1.0.3)

Esse of product maintenance (L.4.2)

L4200

Perfection of preparatony and final operations, and ako
L& regulation in the course of operation (L.4.2.0.1)

L& suitability to perform auxiliany operatons of
maintenance, storage, and disposal (L4.2.0.2)

LA raliability [L.£.3)

LA fallure-free aperation
L431)

Freservation of the basic parameters of LA operation in
firme and within the limits cormesponding bo the sed
operating conditions (L.4.3.1.1)

LA durability (L.4.3.2)

FPreservation of the basic paramebers of LA operation
bafore the limit siate is achieved at which their fulfilment
becomes impossible. In the case of calculating the dursbiity,
i i5 defermined by the LA service lile o resournce in condlions
a5 clse as possbie o s speciic opemfional process
{L4.3.2.1)

LA maintainabilty (L.4.3.3]

Possibility of wrgent LA repair in fisld conditions
{L4331)

The average duration and complexty of the curment LA
repair in stalionary conditions {L.4.3.3.2)

Sociecullural indicalors

(51

L& moral aging (L.5.3)

Le3m

The LA service life i limded by the introduction of mnew
drones of higher quality, as wall as changas in social
morms, cultural and value orientations (L.5.3.0.1)
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LEEAT

compo-
nent

Group
of Indica-

tors

COMPLEX INDICATOR OF LEVEL 1

Comphex indicator of (he 2nd
level

Single ingicabor

iLh

Indicators

Desgn and marksting

16)

The degree of

L& compliance with the warld leved (L&.1)

{L.E.1.0)

The kval of LA design and ergonomic characteristics in
comparison with the products of the leading
manufaciurers of similar predusts (L6.1.0.1)

Compliance with the requirements of the potential target market [L.6.2)

{LG6.2.0)

The degres of markel dermand for a parbcular La
{L.620.1)

Design and
enviranmertal

indicators

Liilization degree of LA materials (L. 7.3)

(L7.3.0)

T

The output of racycled maberals (L.7.2.0.1)

ANTENNA AND ROTATARY DEVICES (A)

ARD
(A

Ergonamic indicalors
(1)

Ease of ARD use for its mtended purpose (A.1.1)

Cormespondence of an  ARD
design, e elements fo the
anfhropomedric characlerstics of
the human (A.1.1.2)

Taking info account the size of the human body and its
parts in the sze of the ARD structural elements
{A1.1.2.1)

The operalor s physical load
(sevanty of work parformed)
(A.1.1.3)

Dynamic physical aclivly (volume of work perdormed
during transportation, preparafion for use, configuration,
adjusiment, ARD assembly/disassemioly; weight of
transporizd carge) (A.1.1.3.1)

ARD assimilation (4.1.3}

Compleleness and convenience
of ARD aperation manysl
(A1.3.2)

Level of completeness of the ARD operabion manua
{A1.3.2.1)

Clarity of the manual [A.1.3.2.2)
Cruslity of material formatting (4.1.3.2.3)

ARD mairenance (6.7.4)

(A1.4.0)

Comfart and promptness of maintenance, repair, and
preparation Tor aperation(A1.4.0,1)

Cormplexity of the maindenance and regair algarithm
{A1.4.02)

Eaze of access to adjustable and replaceable elements
(A1.403)

Convenience of awdliary structural elemenis for
oiperation preparation (A.1.4.0.4)

Awailability of lechnical means for diagnosing faulls and
convenignce of troublashooting (A.1.4.0.5)
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Continuation of table 3.1

UANS | Group COMPLEX INDICATOR OF LEVEL 1
compo-|  of
nent | indica- | Complex indicator of the 2nd Single indscator
tors Il
1A) Ergonomics of UAMW aperation Completeness  of  UAV  operation  documentation
documentation (A1.4.2) (A.1.42.1)
Convenienca of material presentation structure (4.1.4.2.2)
Cruslty of dllustrations, schemes, graphic elements,
documentation formal (A.1.4.2.3)
Documentalion slarage capability (A.1.4.2.4)
Ergonomics of eguipment and Ease of wse of control, messuring, and testing
toole required for the ARD equipment (A.1.4.51)
BRI Convenience and salely of use of ithe fool during
carying out works in the field conditions (A 1.4.3.2)
ARD hygiene [A.1.5)
= ARD physical factors Ultrasound levals (&.1.5.1.1)
(A 1.5.1) Lewvels of ionizing radiation (A.1.5.1.2)
Blectroatatic field levels (A.1.5.1.3)
Levels of electromagnetic flelds of radio frequencies
(A1.51.4)
Levals of microwswve radiation (4.1.5.1.5)
ARD safaty (4.1.8)
- Salety kevel of e Bactors of mechanical ongin (A 1.6.0.1)
(A.1.6.0) Safety keval of fw influence of akeciic cument (4. 1.6.0.2)
Safety level of the factars of chemical ongin (4. 1.6.0.3)
Eafety level due to he ARD operation sigorithim (4.1.6.0.4)
Ratianality of the ARD form (A.2.2)
Functional and constructive Compliance of the ARD form with the purpose and
E candiicnality of fe ARD famn operaling  condiions  (ransmission and  receipt of
i (A22.1) information in the field) (A.2.2.1.1}
H = Comaspondence of the ARD form to its composition and
o= tayout (A2.2.1.2)
1
= Correspondence of the use of construclive methods of
3 arganizing tha ARD form elemants (4.2.2.1.3)

Technologeal conditionality of the

ARD form {A.2.2.2)

Correspondence of the ARD form Lo the requirements of
its manufacturing techralogy (A.2.2.2.1)
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Continuation of table 3.1

UAYS | Group COMPLEX INDICATCOR OF LEVEL 1
campo- | of
nent | imdica- | Complex indicator of the 2nd Single incicatar
tors lewed
() Perfection of production and the preservation of 8 markstable condition (A.2.4)
Fineness of comtours [A.2.4.1) Finenass of contours, fillets, and joints of the elaments of
the ARD form (A.2.4.1.1)
Quality of the ARD surface Caraful treatment of ARD surfaces (4.2.4.2.1)
MEIEHIE ] Caraful application of decoratve and protective coatings
& {A2423)
Clarity of signs and CQuaalily of ARD graphic elements, POT, and promadional
accompanying documentation materials o it (A.2.4.3.1)
(A.2.4.3)
Resstance fo damage [A.2.4.4) Protaction of the ARD form elemants and surfaces
against darmage, attriion, and decorative covering
quality changes (4.2 4.4.1)
Perfection of the main ARD function performance (8.3.1)
Efficiency of ARD usa (A3.1.1) The degres of satisfaction with the ARD information
transmission and receipt funcion during its intendad use
{A3.1,1.1)
[
E Versatiity of ARD use [A.3.2)
T _ | The range of ARD use for its The range af canditions and possibilities of use af this
= & | intended purpose (4.3.2.1) ARD for application in other UAWVS [(A.3.2.1.1)
5
i Perfection of awaliary operations (8.3.3)
|
i Parfaction of preparatory Switability of the ARD to perform awsliary transporiation
operations (A.3.3.1) operations and preparation for operation (8.3.3.1.1}
Perfection of final operations Saitability of the ARD to perform ausiliary operafions of
(A.3.3.2) disassembly, cleaning, packaging and transportation
{A3.32.1)
Easa of tha ARD operafion (A.4.1)
- Perfection of the AN use during service operaliong
(A41.0) accompanying implementation of the main funchons
- {AA1.0.1)
g
n Ease of the ARD maintenance (4 4.2)
% - - Perfaction of preparatory and final operations, and also
TX {A4.20) ARD regulation in the course of operation (A.4.2.0.1)
% ARD suitability o perform auxiliary operations of
i maintenanca, storage, and disposal (4.4.2.0.2)
“ LAV reliability (A.4.3)
ARD falure-free operation Preservation of the basic parameters of ARD operation
(Ad4.31) in time and within the limids comespending o the set

operating conditions (4.4.3.1.1)
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End of table 3.1

UAVS | Group COMPLEX INDICATOR OF LEVEL 1
compo- | of indica-
rent bars. Complex indicator of the 2nd Single indcator
lewzl
(A) 14) LAY durabdity (8.4.3.2) Preservation of the basic paramsters of ARD operation

bBelore the limil stale is achieved al which their Jullilment
becomes impossible. In the casa of calculating the
durgbility, it i= determined by the ARD service ke or
regourcs in condilions as close as possible (o ils specific
operational procass (A.4.3.2.1).

LAY malntainabidity (A4.3.3) Pazzibility of an urgent ARD repair in field conditions
(A4331)

The average duraticn and complexity of the curment ARD
repairin stationary conditions (4.4.3.3.2)

ARD moral aging (453}

The Ua\ service Ife is limiad by the mtroduction of new
crores of Magher qualily, as well as changes in social
narms, cultural and valwe orientations (&.5.3.0.1)

(A.5.3.0)

ndicators
(5]

Soclocuiural

The degree of ARD compliance with the word level (A08.1)

ling

o

The level of ARD design and ergonomic characteristics
in comparison with the products of the leading
manutacurers of similar products (A,6.1.0,1)

(AB.1.0)

indicators
{8)

Compliance with the reguirements of the potential targst market (A.6.2)

Design and mark

The degres of marked demand for a partcular ARD

(AB.2.0) {AB.20.1)

The nature and extent of the ARD impact on the environment (A.7.1)

The impact of ARD on the: envirenment during its life

(AT.1.0) cycle (A.7.1.001)

WHilization degres of ARD materials (A.7.3)

Design and enviro-
nmental indicators
(7

(AT.3.0) The output of recycled materals (4.7.2.0.1)

2. DISCUSSION

The system of UAVS ergodesign quality indicators developed and presented in a
tabular form reflects practically all design and ergonomic properties of modern
unmanned aerial systems. It is based on the existing normative documentation in
Ukraine developed by the authors, harmonized with international and European
standards. It allows the UAVS analysis and evaluation in order to take into account
consumer interests at the beginning of their design, reducing the assimilation time
of products and preventing irrational production costs.
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The results of such an analysis underlie the development of technical documentation,
standards, and specifications. They should be taken into account when putting
products into production.

The application of the above-described system of ergodesign quality indicators of
the main UAVS components allowed for the creation of a series of ergonomic and
competitive unmanned aerial vehicle systems for various purposes at the SPCUV
“Virazh” of National Aviation University (Ukraine).

3. CONCLUSIONS

Summing up the characteristics of ergodesign quality indicators, we emphasize
that in modern socio-economic conditions, the UAVS production is constantly
developing, growing, it is becoming a separate industry and, most importantly,
it relies on evidence-based knowledge only. There is a need for original UAVS
pre-design ergonomic research based on the formation of a social standardization
institution (in the broadest sense), and UAV samples involved in the production
essentially perform the functions of the prototypes of new models, which should
be created based on the functional principle - to design not products, but func-
tional processes.

A new form of ergodesign knowledge application is becoming increasingly
approved as a factor ensuring the greatest success in the sale of products by
increasing their competitiveness in both domestic and foreign markets. In this
situation, the involvement of ergodesign specialists in the product development
process should take place as early as possible, i.e. at the earliest stages, in order
to take into account the human factor requirements to the fullest extent in the
design of different UAVS types.

The subjective criterion of UAVS high-quality ergodesign is the formation of a sense
of functional comfort in operators, when, for example, the workstation is treated
as a system of functional and subject-spatial means that create comfortable and
safe working conditions, and UAVs are equipped with sufficient technical means
to perform certain functions. This approach to the design of unmanned aerial
systems is promoted in this publication.
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