Jlekuist 8. OpurinanabpHuii nporpaMmuuii npoaykr “Robix”:
CTPYKTYPA Ta PYHKIIOHATbHI MOKJIMBOCTI

8.1. CTpykTypa po3pobJienoro nporpamuoro npoaykry (ITIT) “Robix”

Ha 6a3i 3anmpornoHoBaHMX TIyMadeHHs Ta METOJWKHM BU3HA4YCHHs mapameTpiB TB
Cx IIP 3 OM na kadenpi aBToMaTH3aIlli Ta KOMI IOTEPHO-IHTETPOBAHUX TEXHOJIOT1N
iM. mpod. b.b CamoTtokina Jlep:kaBHoro yHiBepcuteTy “KutoMupchka moiTexHika’
Ha MoBi mporpamyBanHs Delphi po3pobaeno mporpamuwmii mpoxykr (ITI1) “Robix”,
SKUH JO3BOJISIE aBTOMATH30BAHO PO3B’SI3yBaTH psAJ  3a1ad, TOB S3aHUX 13
BHU3HAUEHHSM NapaMeTpiB TexHosoriyHoi B3aemoii (TB) Cx 1P 3 OM.

VY3aranbHeHa CTpyKTypa po3poosienoro ITIT “Robix” npencrasnena Ha puc. 8.1.1.
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Puc. 8.1.1. Vzacanvnena cmpyxmypa pospooénenozo I111 “Robix”



Cknanaerbes NporpaMHUi MPOJYKT 13 HABEACHUX HUXKYE MOJTYJIIB.

» Monynb nobyoosu 3D-cyenu
nepetBoproe iHpopmarliiiai moaeni OM, TIP, TO y BiaNoBiAHY CTPYKTYpYy
JaHUX, Ha OCHOBI SIKO1 OYJyIOTbCS TPUMIpPHI MOJIEINI €JIEMEHTIB CIICHHU, 110 B
MOJANIbIIIOMY BUKOPUCTOBYIOTHCSA JUISI aBTOMAaTH30BaHOTO PpO3B’SA3yBaHHS
PO3paxyHKOBHX 3a/1a4.

» Monynb nepesipku Ha 3iMKHeHHS.
HEOOXITHUMN I BUSHAYCHHS HASBHOCTI 31TKHEHb MK PI3HHUMH €JIeMEHTaMU
I'BK npu peanizamii TpaekropHux mnepemimniedb TPK, B skoro ocHoBy
3aKJIaICHO MO0YI0BY pi3HHII MIHBKOBCHKOTO, TOOTO CUMIIICKCY €JIEMEHTIB,
110 TICPEBIPAIOTHCS, 3a JOMOMOro0 Bigomoro anropurmy QuickHull,

» Monyinb 3naxooxcenus mexnonociunux napamempie cepsicy (TIIC)
JI03BOJIsIE BU3HAYUTH BelWuuHy 3aTUCKy 3E Cx 1Isi KOXKHOI elleMEeHTapHO1
noBepxHi OM, muoxuny KIIC Ta JIIC, go3Bosse OynyBath TaONHIIO
BUXIJTHUX YHCIIOBUX JIAHUX Y 3pO3YMUIIN NIl KOpUcTyBaya (popmi, 103BOJIsIE
3HaxoAuTH nepetuHu MHOXHUH TTIC mix pi3aumu PII.

» Monynb susnauenns 0ooamkosux napamempie TB
JI03BOJIIE BU3HA4YaTH 00’€M, KoopauHATH IieHTpa Mac OM B cucremi
koopauHaT OM Tta [P, a Takox Bary iHmmX ckiaagoBux TPK.

» Monynb po3e asysanns 33K
HEOOXITHUN  JUIsi  BU3HAUEHHS  MapaMeTpiB  TPAEKTOPHO-IMHAMIYHOT
cknagoBoi TB 3 peanizaifiero MOIM(]PIKOBAHOTO AITOPUTMY PO3B’S3YBAHHS
33K — FABRIK, 3a otpumanumu Bapiantamu po3B’sizyBanHs 33K
oynyrorscs rpadiku 3minn YK MC TIP ajist moanbmux JOCIIIKEHb.

» Monynab mpackmopho-ounamiunoi ckiadosoi TB
HEOOXITHUN ISl TOIIYKY 3MIHM MOMEHTIB CWJ, 110 BUHUKAIOTh B JIAHKaX
MC, Ta BIANOBIZHO TOIIYKY YacCOBHX Ta EHEPrOEMHICTHHX IOKA3HUKIB
3reHepOBaHUX TPAEKTOPIM.

8.2. OCHOBHi MOKJIMBOCTi Ta CUCTEMHi BUMOT'H PO3P00.JI€HOI0
ITII “Robix”

Po3pobnennii mporpamauii npoaykT "Robix" npusnauenuii ais:

- BU3HAYEHHS MapaMeTpiB BEKTOPHO-MPOEKIIMHOI, T€OMETPUYHO-CUIIOBOI Ta
TPAEKTOPHUX-AMHAMIYHOI CKJIQIOBUX TeXHOJ0T14HO1 B3aeMozii Cx I1P 3 OM;

- aBTOMATUYHOTO TeHepyBaHHs TpaekTopiid mnepemimenHs TPK 3a onmopuumu
TOYKaMH,

- PO3paxyHKy BEJIMYMH MOMEHTIB B 3UJICHYBAaHHSX JIAHOK NP BiIIpaIlfOBaHHI
TPAEKTOPIN;

- BU3HAYEHHS MIBUAKOIII Ta €HEPrOEMHOCTI JJISI KOXHOI 13 CHHTE€30BaHMUX
TPAEKTOPIH, 1[0 AMPOKCUMOBAaHI1 KIHIIEBOIO MHOYKUHOIO CIUIAiHIB:



- kyoiunwmii (cubic spline - C);
- Akimu (4kima’s spline - A);
- minivaui (linear spline - L).

OCHOBHI ModtcIugocmi POrpaMHOro npoaykTy “Robix” HacTymHi:
» dopmyBanus 3D-cuenn 'BK nHa 6a3i IM Cx I1P, MC I1P, OTO, ATO, OM, Ilp;
» aBTOMaTH30BaHE BU3HAYCHHS HASBHOCTI Ta MapaMeTpiB KOJIi3iH;
» aBTOMaTH30BaHE BU3HAYCHHS MHOXHHHU NapameTpiB cepsicy (TIIC);
» po3s’sizyBanHs [13K ta 33K;
» MJaHYBAaHHS TPAEKTOPi HA MHOXKHHI TPOMDKHUX OMOPHUX TOYOK;
» aBTOMaTH30BaHe po3B’si3yBanHs [13]/];
» aBTOMAaTH30BaHE KOPETYBaHHS KOMi3iHHUX TPAEKTOPIH.

CucreMH1 BUMOTH 11040 (QYHKI[IOHYBAaHHS IIPOrPaMHOT0 MpoaykTy “Robix”
HaBeeHl B Ta0i. 8.2.1.

Tabnuysa 8.2.1
Cucmemni sumozu npoepamno2o npooykmy “‘Robix”

[TapameTpu MiHimanbHi PexomennoBani
Omnepariiina Wmd_ows XP 13 Windows 10
cHUCTEMA Service Pack 2
IlenTpanshuii Pentium 4 2.5 | Intel Core 2 Duo
1porecop GHz yn AMD Athlon
(oTHOSIICPHUIA) 64 X2
O6’em
OTepaTUBHOI 1GB 2 GB
mam’Ti
O06’eMm
rpadiunoi 512 Mb 1GB
maM’sTi

8.3. Onuc inTepdeiicy nmporpamuoro npoaykry “Robix”

JIist 3amycKy MpOTrpaMHOTO MPOAYKTY HEOOXITHO [iBi4l HATHUCHYTH JIIBOIO
KJaBimero mutii o daitny “Robix.exe” B incTpymenTi npoBigHuka Windows. Ilicis
3amycky (aitiy “Robix.exe” Ha ekpaHi BHCBIYY€TbCS TOJIOBHA €KpaHHa ¢opma
nporpamu (puc. 8.3.1).
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Puc. 8.3.1. I'onoena expanna gpopma npoepamnozo npooykmy “Robix”

VY BepxHiil JiBiM YacTUHI €KpaHHOI (OPMU TOJOBHE MEHIO MPOrpamMH Mae
HACTYIIHI TyHKTH:

“View” — BimnoBizae 3a BimoOpakeHHsI eKpaHHUX (POPM MOJIYJIIB:

e “Local Time Control” — BimoOpakeHHS (HOpPMH 3MiHH JIOKAJIBHOTO Yacy
pyxomux ckiagoBux eiemeHTiB 3D-cuenn ['BK, nanpuxman, pyxomux nanok MC
[P, mo d¢opmyroTrbes aBromaTuuHo 3a ix IM (puc. 8.3.2). IlpusHauenuit s
Bi3yasi3alii MOJOXKEHb JIaHKUM abo naekuibkox JgaHok MC IIP (Bu3HayaroTbes
npamopreM Ounst BiamoBimHuxX JnaHok “‘Link™) mpu perymoBaHHI (BHU3HAYCHHI)
MOB3YHKOM YaCTKH KiHeMaTuaHOTOo pecypey (“Current Value”) aktusaux manok. [Ipu
IbOMY IIOYaTKOBa TOuYka BU3HauyaeTrhCs IM IIP. BHUKOPUCTOBY€TBCS SIK MpPaBUIIO B
1HpOpMaIIHHUX IITIAX.
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e “Quaternion Calculator” — BizoObpaxkeHnHust popmu po3paxyHKy KBaTepHIOHIB
npu ¢opmyBanHi iHpopmamiitaux Moaeneit ckinagoux ['BK (puc. 8.3.3). Pobora 3
KaJIbKYJIATOPOM KBaT€PHIOHIB MOJaHa HUXKYE;
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e Puc. 8.3.3. Expanna popma xanvkyniamopa KeamepHioHie

e “Practice” — BimoOpaxenns ¢opmu BBeaeHHs IM  enemenrtie ['BK,
BH3HauUCHHs ckiiaioBux TB Ta po3paxyHky nmapametpiB 7, E 3aganoi Tpaektopii (puc.
8.3.4). Ilpu upomy koxkHa IM cknamoBoi I'BK BBoOaUTHCS Y BIATIOBITHOMY TOJII.

PRER BT

Models Code | Trajectory | Calculations |

Manipulation System | Gripper I Work Equipment (t-1) I Work Device (t-1) I Work Object (t-1) I Work Equipment t I Work Device t I o/ {N) 1

MSY = {

P0,0,0;

0:1,0,0,0;

L1:{D:0,1,0;5:350;m: 250; GP:[cr: 0, O, 0, 300, 350;1);

L2:(D:0,1,0;5:150;m: 137;v: 140; Qmin: -0.044,0,-0.999,0; Qmax:-0.044,0,0.999,0; GP:[cr: 0, 0, 0, 300, 150;]);

L3:{D:1,1,0;5:450;m:92; GP:[ tz: 220, 220, -100, 200, 400, 600, 500, 300, O, 0.924,0,0,0.383;]);

La{D:-1,1,0;5:850;m:60;v: 126; Qmin: 0.462,0,0,-0.887; Qmax: 0.924,0,0,0,383; GP:[cr:0,0,0,150,300, 0,.707,0.707,0,0; pd:0,0,200,85(
L5:{D:0,1,0;5:145;m: 40;v: 140; Qmin: 0.829,0,0,-0,559; Qmax: -0.259,0,0,0,966;GP: [cr:0,0,0, 150,300, 0.707,0,.707,0,0;pd:-50,-150,0,4
L&:D: 1,0,0;5:350;m: 20; GP: [EI' 0,0,0,100,350;10;

L7{(D:0,1,0;5:465;m: 10;v: 260; Qmin: -0,996,0,-0.087,0; Qmax:-0.996,0,0.087,0;GP: [cr:0,0,0,100, 150;pd:0, 150, 0, 200, 100, 100;pd:0,
L8:{D:0,1,0;5:170;m: 5;v: 245; Qmin: 0.503,0,0,-0.862; Qmax: 0.508,0,0,0.862; GP:[cr:0, 0, 0, 50, 170;]1);

L9(D:0,1,0;5:10;m: 1;w: 3225 Qmin: -0.996,0,-0.087,0; Qmax:-0.996,0,0.087,0; GP:[cr:0, 0, 0, 40, 10;1);
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o Puc. 8.3.4. @opma ssedenns IM cxnaoosux I'BK na npuxnaoi IM MC IIP

[Tpu 3akmami “Trajectory” BuUCBiUyeThCs €KpaHHa Qopma Juisi To0yI0BH
TPAEKTOPIH 32 KoopAuHATAMHU OMOpHUX TOYOK Ciq, Dyy, Ci, Dy Ta opienTamismu Cx B

mux Toukax (muB. puc. 8.3.5). KoopauHaTu BKa3aHWX TOYOK BH3HAYAIOTHCS
ABTOMATUYHO MICIIsl BUKOHAHHS KPOKiB 3-14 1.7.
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Puc. 8.3.5. Expanna ¢hopma oanux ons no6yooeu mpaekmopii

Axrusanis 3aknaaku “Calculations” mae MoxuBicTh OTpuMaTH Tpadiku 3MIHH

VK, iXx mBHUAKOCTEH, NPUCKOPEHb, KPYTHUX MOMEHTIB a TaKOX ITOKa3HUKIB
HIBUJIKO/IT Ta eHEProEMHOCTI (IuB. Kpoku 15-22 1. 7).

[Ipuknang po3paxyHky Ta rpadiyHOTO TPEACTABICHHS KPYTHUX MOMEHTIB
mo1aHo Ha puc. 8.3.6.
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Puc. 8.3.6. Expanna ¢hopma pospaxosanux momenmis 6 nankax MC I1P
(npuxiao)

“Scene” — MICTUTh MyHKTH HMIBUAKOI 3MIHU HAJAIITyBaHb CIICHU:
e “Reset vView” — ckuga€e MOTOYHE CKPaHHE BiJOOPaXCHHS CLIEHH, IO MEBHUM
YHHOM HE 3a/I0BOJIbHAE KOPUCTYyBaya,;

e “Show wireframe” — mpeacraBisge BCl CIEMEHTH CIEHH HUTKOBHMHU
(bpeitmoBUME) MOJIETSIMU.

KanbkynsaTop kBaTepHiOHIB 3a puc 7.3.3. NMpU3HAYEHUN JJIsI BUKOHAHHS TaKUX
oreparlii HaJ| KBaTEpHIOHAMH SIK:

- (opmyBanHHS;

- MHOXEHHS;

- o0OepHeHe MepPETBOPEHHSL.

Dopmysanns KBATEPHIOHIB mependavae 3aaHHs KOOPAMHAT BEKTOpa B MOJIAX
“Vector coordinates” Ta kyra MoBOpOTY HAaBKOJIO 3aJaHOTO BekTopa B mose “Rotate
around by”. Orpumanuii pe3ynbraT 3’sBIsieTbes B 1ol “Q”. Jlims 3MiHU KUTBKOCTI
3Ha4YymMx nudp npu OoOYMCIACHHSAX CIAyXuTh moje “Precision”. Hanpuknanm, mpu
“Precision = 4” po3paxyHkH 3 BpaxyBaHHsAM 0-0i I[iJ10T YaCTUHH 3 TOYHICTIO 10 3-TO
3HAKY MicJst KOMH, ripu “Precision = 3 10 2-T0 3HaKy MIiCJsI KOMH 1 T.I.

MHooicenns KBaTEpHIOHIB aKTUBYEThCA KHoOmMkow “Multiply” 1 o3nHauae
MHOXEHHSI KBATEPHIOHIB, TPEJACTaBIeHUX B mosix “Q” ta “Q’ 7 3 TOYHICTIO,
BKa3aHoto B 1ol “Precision”. Pe3ynbpTaT omnepaiiii MHOKEHHS BiOOpaXkaeThCsl B TOJTI
“Q> .

Omnepatiiss obepHeHo20 nepemeopenHs KEamepHiOHi6 O3Ha4dae IS TEBHUM
YMHOM OTPHMAaHOTO KBaTepHIOHA, 3aHeceHoro B moje “Quaternion to degree”,
BU3HAYCHHS MOro CKJIaJ0BMX, a CaM€ BEKTOpa Ta KyTa IIOBOPOTY HaBKOJIO
orpuMaHoro Bektopa. Lli gani QopmyroTees y BianoBiaHuX mnoasx “‘Vector
coordinates” ta “Rotate around by”. ®akTu4HoO 1€ omnepailis, o € 00EPHEHOO 1100
omnepaltiii opMyBaHHSI KBaTEPHIOHY.




JlopedHo BIAMITHTH, IO 711 yMOB pOOOTH30BaHUX TEXHOJIOTIH OTNeparii:

— (opMyBaHHSI ~ KBaTEpHIOHIB BHUKOPUCTOBYETbCA TMpH  ckiagaHHi M.
Hanpuxnan, ans MC TP, opieHTalis KO>KHOI JIJAHKH OMTUCY€EThCS caMe (hOpMyBaHHSIM
KBaTepHIOHA “Q” 3 BIJMOBIIHUM 1HJEKCOM, 1110 Bianoigae Homepy jJanku MC T1P;

— MHOXXEHHsSI JBOX KBATEpHIOHIB O3Hayae€ 3MIHY Opi€HTalii 0a30BoOro
KBaTepHIOHa “Q” 3a paXyHOK oOepTaHHs HaBKOJIO KBaTepHioHa “Q’ . Sk mpukian,
anst MC TIP me o3nauae, mo aHami3oBaHa JlaHKa Ly ommcyeTbcs KBaTepHIOHOM

“Q”, a naHka L(i—l)L OMUCY€EThCA KBaTEpHIOHOM “Q’ 7, oOepTaHHS JTaHKHU L, 1o

L

BifHOIIEHHIO 10 Ly 03Hayae MHOXEHHs KBaTepHioHiB “Q” Ta “Q’ ”, T06T0 Q - Q’,

29 9

1 SIK pe3yJbTaT OMUCYETHCS KBATEPHIOHOM “Q’’ 7, 110 BijgoOpaXkae Opi€HTAIIO JTaHKU

L, B CK nanku L(i—l)L :
~ 00EpHEHOT0 NMEPETBOPEHHS KBATEPHIOHIB HA MPUKIIAA1 M0J0kKeHb JaHOK MC
[P o3Hauae BenMUMHY Ta 3HAaK (3a YM IPOTU TOJUHHUKOBOI CTpUIKK) 3MiHM YK

JaHKM L; 1O BiAHOMIEHHIO 10 JTaHKH L(i_l)L .

®dopwma BBeaeHHs IM ckinanoBux ['BK Mae HacTyIHI BKIIaIKK:

“Manipulation System” — popma ans BBenenns IM MC TIP;

“Gripper” — popma s BBenenns IM Cx I1P;

“Work Equipment (t-1)” — ¢popma ans BBenenns IM TO PI1, ;.

“Work Device (t-1)” — ¢opma ans Beenenns IM Ip Pl ;

“Work Object (t-1)” — popma as BBeaenus y IM OM,4;

“Work Equipment (t)” — dopma miis Beenenns IM TO PIT;

“Work Device (t)” — dopma nns Beenenns IM Ilp Pl

“Work Object (t)” — popma ans BBeaenns y IM OM;

“Obstacle” — ¢popma 1 BBeIcHHS TapaMeTpiB nepenikoau Mixk Pl Ta PIT;.
[Ticns koxxHOTO BBeAeHHS BiANoBiAHOI IM y BiANOBiAHE MOi€ €KpaHHOI (HOpMHU
CNiJI HATUCHYTH KHOmMKy “Parse” (po3Oip, anam3) s nodynoBu 3D-monemi
(TBepmoTiIBEHOTO eKBiBajeHTY) eemeHTa [ BK.



