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There is proposed robotic means modules choice
decision-making mathematical model in the article. It was
developed on the basis of parametric hierarchical graphs
and parameters accessories mathematical descriptions/ It
can be used for decision assembly processes automated
design problems. Developed database physical structure and
automated design system module algorithmic software are
described.

YV ecmammi 3anponoroeand mamemamuina Mmooenb

npuliHaAmms  piuleHb — 6uOOpYy  CKIA008UX  MOOYII8
pobomomexniunux — 3acobie,  pospobieHa  HA  OCHOBL
napamempuunux — epagie  iepapxiunoeo  muny — ma

MAMEMAMUYHUX ONUCIE NPUHANENCHOCNE NApamMempis, wo
Modce  Oymu  3acmoco8aHa  01a  UPIWeHHA — 3a0au
asmomamusayii  NPOEKMY8anHs — CKIAOANLHUX — NPOYECIB.
Haseoeno Qizuuny cmpykmypy po3pobnenoi 6azu oanux ma
aneopummiure 3abe3neuents MOOYIIIO cucmemu
ABMOMAMU308AHO20 NPOEKMYBAHHI 8KA3AHUX NPOYECIB.

B cmamwve npeonoswcena mamemamuuecxkas mooens
NpUHAMUSA ~ peuleHull  8bloopa  COCMABNAIOWUX  MOOYell
pOoOOMOmMexXHUHecKux cpeocms, paspabomannasi Ha OCHOBE

napamempuueckux — epagos  uepapxuueckozo  muna u
MAMEMAMUYECKUX onucanuii NPUHAOTEHCHOCTU
napamempos, Komopas modxcem Oblmb NPUMEHEeHAd OIS
pewenus  3a0a¥  a8MOMAMU3AYUU  NPOEKMUPOBAHUS
coopounvix  npoyeccos.  Ilpeocmasnena  ¢pusuueckas
cmpykmypa — paspabomanHol ba3zvi OaHHBIX u
aneopummuieckoe — obecneyenue — MOOYAA  CUCHEMbL
ABMOMAMUSUPOBAHHO20 — NPOEKMUPOBAHUS  YKA3AHHBIX
npoyeccos.
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Introduction

In today robotic means production for different
purposes and their different technical implementation
solutions, caused by a huge choice of assembly elements
offers from leading manufacturers, modular approach to
assembly process implementation becomes more and more
important. This approach allows to achieve the greatest level
of unification and flexibility

Design stages implementation doesn’t allow to achieve
higher levels of automation. It is caused by lack of automated
decision making functionality for assembly units choice based
on their features, a large number of parameters and
consistency in the whole system in modern CAM and CAPP
systems.

As a result, there is a need to develop decision-making
mathematical models relevant to the modular production.
They will fully implement robotic means assembly processes
automated design through implementation based on CAD
systems modules developed models. They requires
accumulate database physical structures and appropriate
algorithmic software development.

Decision-Making Mathematical Model
Development

Based on the accepted classification and modern
robotic means modular structuring hierarchical parametric
graphs were developed. They became the base for modern
robotic means generalized parametric model. It can be
represented in next way [1-3]:

M,, =<P,SM,K,1y,Sv>, ()

where P — moving module parameters;

S — sensor module parameters;

M — manipulation module parameters;

K — corps module parameters;

Iy — information control module parameters;

Sy — communication with a man module parameters.

Presented parametric model includes functional
modules each component parametric model [4]. So parametric
model, e.g. manipulation module is a combination of both
basic (common) parameters inherent to functional modules
each components and specific parameters:

M, (M)={G,S}. @

where G — common parameters;

S — specific parameters.

General and specific parameters contain other types
parameters set. They allow to formalize a specific robotic
means functional module more specifically.

Manipulation module general parameters can be
represented as a parameters tuple:

G ={El,Ex,Wd, Inf Ec}, (3)

where E[ — electrical parameters;
Ex— operating parameters;
Wd — weight and size parameters;
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Inf — information parameters;

Ec — economic parameters.

Each of the presented types of general parameters
includes specific parameters for each robotic means module,
such as

- electrical parameters — voltage U , current / , power
P

- operating parameters — temperature ¢, humidity ¢,
middle time between failure (MTBF) 7, noise [ and
security PT ;

- weight and size parameters — weight and module
dimensions (length /, width w and height % );

- information parameters — control / , signals types
S and connections types CT ;

- economic parameters — price P and possible
additional costs Ad .

Similarly to general parameters descriptions,
manipulation module specific parameters parametric model
has next form:

S={0,S,,nv,GT}, “4)

where O — load capacity;

S_ — workspace;

n — freedom degrees;

v— speed;

GT - gripper type.

One of the loaded structural parameters among
manipulation module specific parameters - gripper type
parameter. It contains various types of attachments used in the
manipulation modules manufacture:

GT' ={SG,DH,H,, ,C,DEWCS,L,NE,

; )
RG,CB,UG,R,AC,PB,RD,CS,MC}

where SG — special gripper;

DH — concrete breakage;

H ,,— hydraulic hammer;

C — cutter;

DE — drilling equipment;

WCS — tungsten-carbide circular saw;

L —ladle;

NE — tunnel and mining equipment;

RG — rotating gripper;

CB — Grab ladle;

UG — universal gripper;

R —rotator;

AC — asphalt cutter;

PB — drilling Equipment for holes;

RD — turning device;

CS — circular saw;

MC — metal scissors.

Presented parametric models allow to describe all
possible variations of modern robotic means functional
modules components parameters set. They became basis of
the each parameter mathematical description. It allowed to
take into account a wide parameters range, and provided an
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opportunity for the fullest and detailed each of these modules
formalization [3].

Decision  making under fuzzy  uncertainty
mathematical model was developed based on functional
robotic means modules components formalizing. It cause
module choice by all these parameters:

{(U&I& P&t & p& T & L& PT &
&I&EWEh&H&S&CT & P& Ad & (6)
&O&S; &n&v&GT } - Mmooy

If one parameter isn’t important it’s considered to be
insignificant and it isn’t taken into account in the model.

Database physical structure development

Presented decision-making mathematical —model
implementation requires data store development that have
small size and will allow to store data about modules
manufacturer, their types, labeling, and their parameters.
Database (DB) SQLite is sufficient to these requirements. It
allows to implement relational database, preserving the
relationships structure between parameters according to the
hierarchical graph type

There are several tables: manufacturer, module, model,
options and value (Fig. 1) in database, that contain
corresponding unique data.

manufacturer
- idManufacturer integer
nameManufacturer text

module

" idModule
idManufacturer integer

integer

ModuleType text

model
" idModel integer
idModule integer

nameModel  text

options
- idCption integer

idModel integer
nameCption  integer

value

o~ idvalue integer
idCption integer
valueValue varchar

Figure 1 — Developed Database Physical Structure
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Table «manufacturer» store data about module
manufacturer that are presented in two columns: manufacturer
identification number that is the table primary key, and its
name (company name).

Table «moduley» store data about module type such as
manipulation, case, etc., and has the following columns:
module ID type, which is the primary key, manufacturer
identification number, which serves as outside and links table
«manufacturer» with «module» by the mean the primary key -
foreign key and column «ModuleType», containing modules
types names.

Table «model» store data about modules models and
includes the following columns: module ID number as the
primary key, module type identification number as a foreign
key and model name. Foreign key, as in the case of table
«moduly links tables «module» and «model».

Table «options» store data about all possible model
parameters such as voltage, current, power and others. This
table includes the following columns: ID parameter as the
primary key, identifier module model as a foreign key that
links tables «model» and «options» and parameters names.

Table «value» store data about table «options»
parameters numerical values or literal values, and contains the
following columns: ID value as a primary key, parameter ID
as a foreign key and direct numerical or literal value.

All five tables are linked with each other by primary
and foreign keys, which generally is a complete, detailed
table of modern robotic means modules functional
components parametric data (Fig. 2)

nameManufacturer | ModuleType | hameModel | nameOption |valueValue

1hmnipulation BB123 Current |10
2|Brokk Manipulation|AP-8 Voltage 220
3|Brokk Manipulation|AP-8 Current 6

4|Brokk Manipulation|BB123 Voltage 220
5|Brokk Manipulation | KEK Voltage 220
6|Brokk Manipulation KEK Current 6

7|Brokk Manipulation|BB123 Temperature|100
8|Brokk Manipulation|AP-8 Temperature| 100
9|Brokk Manipulation|KEK Temperature 90

Figure 2 — Modules Data Complete Table

Algorithmic Software Development

Robotic means module assembly technological
processes computer-aided design (CAD) system integrated
module implementation based on the decision-making present
model and database physical structure needs to develop
appropriate algorithmic software.

CAD module structure provides two authorization
levels:

- user level that allows to directly implement
automated the process of choice constituent units;

- administrator level which also provides access to edit
mode developed databases.

At the user level module choice is made by necessary
specific or permissible value from corresponding range
parameters listed in the database, indicated in the parameters
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mathematical description. This approach can significantly
improve the program performance by the fact that the search
is not around diversity parameters and is limited by
corresponding sample. Then the system gives out relevant for
queries results with the possibility of printing and writing the
selected result (Fig. 3).

Module type choice

—

Parameter choice

v

Parameter value
range set

¥

One more
parameter?

Yes

Search

v

Database query

¥

Results display

¥

Module model choice

v

Store in database or print

Figure 3 — Working Algorithm in User Mode

Editing databases algorithm in administrator mode has
a complex structure and is shown in Fig 4 and Fig. 5.

This algorithm was created to facilitate the work with
the database for administrator. The algorithm performs the
following functions: after starting the program the working
window to manufacturers list automatically download all
available manufacturers, data about which are present in the
database. After manufacturer selecting cascade 11 adherents
module type download to the list module, which produces the
selected manufacturer. Similarly, all module type models,
their parameters and values are loadeds The algorithm also
reflects the function of editing data in the database structure,
such as adding new data and their types, or delete them.

The above algorithm software allows further
development of integrated CAD module with the ability to
automate the robotic means modules functional components
selection considering their parameters and consistency in the
entire system.



Texnonozusn npudopocmpoenusn 1’2016

Manufacturers load from
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Model parameters load
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Figure 5 — Working Algorithm in Administrator Mode
Selected module's
models load

Delete value?

Conclusions
_ On the basis of these experiments and approaches to
class1fy¥ng and various purposes modern ‘robotlc means
structuring and technological implementation parametric
ves L models have been developed. They will allow to describe

Add new model? Model text field fill

the most complete structural functional modules
formalization by which are presented means assembly units
as part of the modular assembly processes implementation.
Based on these approaches decision-making under fuzzy
uncertainty mathematical model has been developed.

Resulted models allowed to develop accumulation
database physical structures that includes assembly units
parametric descriptions and algorithm software that allow to
further develop a modular assembly CAD integrated
module technological processes, with the ability to
automate the assembly units choice considering their
parameters and consistency in the whole system.
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Delete model?

No
Model selction
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METO/ OIIPEAEJIEHUA TEKYIIEI'O COCTOAHMA OB BEKTA
MOHUWTOPHHI'A 110 «HUCXOAALLIUM» BBIBOJIAM

Km.n. O.0. 3amupey, Hayuonanvhuwiii aspokocmuyeckuti ynusepcumem um.H. E.JKykoeckozo

«Xapvkosckuil aguayuoHHblil uHcmumympy, 2. Xapokos

Paspaboman  memod  onpedenenus — mexyujeco
cocmosinusi 00veKma MOHUMOPUHSA N0  «HUCXOOAUUM»
BbIBOOAM HA OCHOBE OECKPUNIMUBHO20 U NPECKPUNTNUBHOZO
MOOEUPOBAHUS  KOMNIEKCHO20 — UCNONb306AHUSA  OAHHbIX
AIPOKOCMUHECKUX U KOHMAKMHBIX uccrie0osanull. Memoo
a0anmuposar Ol upe38blUAliHbIX CUMYAyull NPUpoOHO2O
Xapakmepa — HABOOHEHUll, JeCHbIX Nodcapos. IlpueedeHvi
pe3yiomamvl  anpobayuu  paspabomaHHo2o memoodd Ha
DeanbHbIX  OAHHBIX  OUCMAHYUOHHO2O — 30HOUPOBAHUA U
KOHMAKMHBIX USMEPEHUL.

Pospobneno memood eusnauenns nomouyHo2o CMAHY
06°exma  MOHIMOpUH2Y 30 «CNAOHUMU» GUCHOBKAMU HA
OCHOBI 0eCKPUNMUBHOZ0 1l NPECKPUNMUBHO20 MOOETIOBUAHHS
KOMNIEKCHO20 BUKOPUCIAHHA OAHUX AePOKOCMIYHUX Md
KOHMAKMHUX — 0ocnioxceHv.  Memoo adanmosanuil  0ns
HAO38UUATIHUX CUMYayill NPUpOOHO20 Xapaxkmepy - nNoseHel,
qicosux  nodxcedc. Hasedeno  pesyremamu  anpobayii
PO3p0bIeH020 MemOoOy HA PeaibHUX OaHUX OUCAHYIIHO20
30HOYBAHHS | KOHMAKMHUX GUMIPIOBAHD.

The method of determining current state of the object
of monitoring by the “descending” inference based on the
descriptive and prescriptive modeling of complex use of
remote sensing and contact researching data has been
developed. The method is adapted to natural emergencies -
floods, forest fires. The results of approbation of the
developed method on real remotely sensed data and contact
measurements have been given.

Knrouesvie cnosa: memoowvl, Heuemkue 6b1600bl,
NpUpoOHbIe Kamacmpoghvl, Oeudposounvie NPUSHAKU.

AKTYaJIbHOCTh HCCIeJ0OBAHUS

Oco0eHHOCTh  (PU3HUKO-TeOorpahuecKOro MOJI0KEHHS
YKpauHbl W BIMSHUE IMPKYJISUUOHHBIX aTMOC(EPHBIX
MPOLIECCOB B MOCIEJHEE BPEMs BBI3BIBAIOT MOBTOPSIEMOCTb
OIaCHBIX NPUPOAHBIX sBIeHNNA. HecBoeBpeMeHHOE pUHSATHE
pelieHuid 1O  Nepexoay  4pe3BblYaliHOM cuTyaluu B
KaTacTpoy M TPEeIyNpekICHUS BO3MOXKHBIX IOCIEACTBHH
CTUXUMHBIX O€ICTBUI MOET BBI3BATH COOOI YEIOBEUECKHUE
JKEPTBBI W JIOTIOJIHUTENIBHBIE  PACXOMbI, CBS3aHHBIE C
yYCTpaHEHUEM STHX MOCIEACTBUI.

[To nanHbIM ['ocynapcTBeHHOM CIy:KObI YKpauHBI MO
Ype3BbIUAlHBIM CHUTYaIlUsIM KOJMYECTBEHHBbIE MOKAa3aTelIn
Ype3BbIUAlHBIX MPOMCHIECTBUI MPUPOIHOTO XapakTepa Ha
TEPPUTOPUU YKPAUHBI C KAKIBIM TofoM yBeianuuBaroTcs. C
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Havana 2015 roga W mo cerogHAMIHMNA ACHP B YKpauHe
3adukcupoBaHO 826 CilyyacB BO3rOpaHMUs JICCHBIX MacCHUBOB,
a 3TO BTPOE TPEBBINIACT COOTBETCTBYIOIIMI IOKa3aTelb 3a
AQHAJIOTMYHBIA  NEPHOJ  BPEMEHH  IPONLIBIX  TOJOB.
Haubonpimmii  ymiepd 3a mMocieIHHE TOIbI HAHECEH B
pe3ysbTaTe OMACHBIX SBICHHH T'MIPOMETEOPOJIOINYECKOr0o
Xapakrepa. bBbUIO BBIICHEHO, YTO, HECMOTpPSl Ha TO, 4YTO
kaxgas YC wumeer ompeneneHHbIE CBOMCTBA, XapakTep
pasBuTusi W (DAKTOPbl BO3HHKHOBEHHS, BCE IPHPOIHBIC
SIBJICHUS] UMEIOT OOIIMe MHTEPBANIBI IPUHATHS PEIICHNH He B
3aBHCUMOCTH OT TOTO, Kakas katactpoda [1].

OOBeKTHBHAS  OLEHKAa  Pa3BUTUS  MPHUPOIHBIX
KaTacTpo) B YCIOBHUSIX HEOINPEJCICHHOCTH MOXET OBbITh
MOJIydeHa TOJILKO OT HE3aBHCHUMBIX HUCTOYHHKOB, & MMEHHO
MO JIaHHBIM KOCMHYECKHX CheMOK. K TOMy e TOJIbKO
KOCMHUYECKHE HW300paXKeHHs, HWMEIoNIHe OOJIBIIONW OXBaT

TEPPUTOPUHU, B COCTOSHUM 0OeCrednTh TOJHBIH 0030p
MOCTPA/IaBIINX ~ YYaCTKOB, CKOPOCTh  PacHpOCTPAHECHUS
Ype3BBIYAHHON  CHTyalMW,  OINpPEACTATh  HpeieibHBIC

rapamMeTphl epexo/ia aHOMaJILHOTO SIBJIEHHS B KaTacTpody, a
CJICIOBATENILHO ~ TIOJyYUTh OOJiee TPAaBWIBHYIO — OIEHKY
ymepba. bmaromaps mnpumenenmio coBpemeHHBIX [UC-
TEXHOJIOTHH  CYIIECTBYET  BO3MOXHOCTh  OOBEIHHSTH
Pa3HOPOJHYIO MH(POPMAIHIO ¢ KOCMUYECKUMH JaHHBIMH, YTO
MO3BOJISIET ABTOMAaTU3UPOBAThH pacyeTsl pucka
BO3HUKHOBEHHMS TIPUPOIAHON KaTacTpOQBl.

CyliecTByloIue Hay4YHbIe IMOJIXOJbl U METOIbI HE
MO3BOJISIIOT B MOJHON Mepe CHUCTEMHO MpOaHaIH3HUpOBATh
MIPOLIECCHl PA3BUTHS MHPUPOJHBIX KaTacTpod B YCIOBHAX
anpHOPHOM  HEONPEAENEHHOCTH Ui ONEPaTUBHOTO
pearupoBaHMsl Ha BO3MOXKHBIC MMOCJIEACTBHSA 3THX ONACHBIX
mporieccoB.  CymecTByeT HEOOXOAMMOCTh B pa3paboTke
HOBBIX U YCOBEPIICHCTBOBAHUH CYIIECTBYIOIINX METO/IOB Ha
OCHOBE KOMIIJIEKCHOTO UCTIONIb30BAHMS JTAaHHBIX
AOPOKOCMHUYECKMX ¥  KOHTAKTHBIX  MCCIIEHAOBAHUI s
NPEeJOTBPAIICHHS WM JIMKBUAAIMHA BO3MOXHBIX HETaTHBHBIX
NOCTIEICTBUH.

Onenka TeKyl1ero COCTOSTHUS 00beKTa
MOHHUTOPHHIA 10 KHUCXOASAIIMM BBIBOAM

Omnpenenenne nepexona YC B katacTpody OTHOCHUTCS
K 00paTHBIM METO/aM BBIBOJA (Ha3bIBAEMBIM TAaKKE METOIIOM
HEUYETKOTO «HHCXOJISIIETO» BBIBOJA WJIM METOZAOM OOpaTHOMH

© 0.0. 3amupen



