JlaboparopHa podoTa Ne3

COPTYBAHHS TEXHOJIOTTYHUX OB’E€EKTIB 3A
KOJIBOPOM 3A JOIIOMOI'OIO POBOTA Braccio TA
MPOI'PAMHOI'O CEPEJOBHUIIA Arduino IDE

Mema podomu — po3MHMPHUTH PAKTUYHI HABUYKHU TIPOTPaMyBaHHS B
cepenosuii  Arduino IDE 3 BHKOpUCTaHHSM
JIATIMKa KOJhOPY Yy KOMIUIEKTI 3 poOOTOM
Braccio

3.1. TeopeTnuHi BizomocTi
3.1.1. OcHoBHI BiTOMOCTI PO CBIiTJI0

CBITJIO — IIe €JICKTPOMArHiTHI XBWJII BUIUMOTO CrekTpy. Jlo
BHIUMOTO J[ialla30Hy HaJle)KaTh €JIEKTPOMATHITHI XBWIII B 1HTEpBai
4acToT, IO CHPUUMAIOThCS JIOACHKUM okoM (7,5%1014 - 4x1014
'), T06TO 3 MOBX)kMHOKO XBHUII Bij 390 10 750 Hanomerpis (puc. 3.1)

Y ¢izumi TepmiH “CBITIIO” Mae IEMIo IMMpIIe 3HAYEHHS 1 €
CHHOHIMOM JIO ONITHYHOTO BUIIPOMIHIOBaHHS, TOOTO BKIIIOYA€E B cede

iH(pauepBoOHy Ta yIbTpadioleTOBY 00IACTI CIIEKTPY.
0.0lnm 1nm 100nm lpum lcm 1Im 1lkm

400nm 700nm

Puc. 3.1. — Buoume csimio na enekmpomacHimuiu wKkaui
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Ak 1 Oymp-Aki 1HIOI eNeKTPOMAarHiTHI XBWJI, CBITJIO
XapaKTePU3y€ETHCS YaCTOTOIO, TOBKWHOIO XBUII, TMOJISIPHU3AIIIEI0 U
IHTCHCHBHICTIO. Y BaKyyMi CBITJIO PO3MOBCIO/KYETHCSA 31 CTaJIOI0
MIBUJIKICTIO, K4 HE 3aJIeKUTHh BiJl CHCTEMH BIIUIIKY — IIBHAKICTIO
cBiTna. IBuAKiCTE MOIIMpPEHHS CBIiTJIa B PEYOBHHI 3alEKHUTh BiJ
BJIACTHBOCTEH PEYOBMHU 1 3arajloM MEHIIA Bij| IIBUIKOCTI CBITIA Y
Bakyymi. JloBXKWMHA XBHIII 3B'SI3aHAa 3 YaCTOTOIO 3aKOHOM IHCIIEPCii,
SIKUH TaKOX BH3HAYAE MIBUIKICTH MOIIUPESHHS CBITJIa B CEPEOBHIIL.

Bzaemoditouu 3 peuosunoro, ceimio po3citoemucA,
nozaunacmoca i giobusacmuca. llpu nepexoiai 3  OJHOIO
CEpe/IOBHINIA B 1HIIE 3MIHIOETHCSA IIBUJKICTH PO3MOBCIOPKCHHS
CBITJIA, IO MPU3BOANTH A0 HOTO 3aJIOMIICHHSI.

Ilopsao i3 3anomnennam nHa meixici 060X cepeoosumy Ceimio
yacmkoeo eiooueaemwvca. 3aNTOMIICHHS Ta BigOWUTTA CBITIA
BHKOPHUCTOBYETHCS B Pi3HOMaHITHAX ONTUYHHX
npwiazax: Npu3Max, JiH3ax, A3epkajiax, 10 JIO3BOJISIOTh
(hopMyBaTH 300paKeHHS.

3.1.2. OcHogi BinomocTi npo natyuk koiabopy RGB

Jatyuk KOJBOpY [IO3BOJSIE BWU3HAYaTH KOJIp TOBEPXHI
00’eKTa, BiJ SIKOTO BiJIOMBAETHCS CBITIIO. Bljle CBITIIO CKIIamaeThes 3
yCiX KOJIBOPIB BeCEIKH (BECh Jiana3oH JOBXHH XBHIb cBiTia). Komu
CBITJIO TIAJIa€ Ha MOBEPXHIO, JESKI KOJbOPH TOTJIMHAKTLCS, a JSSKI
BiiOMBatoThCs. JII0ChKe OKO clipuiiMae BiOUTHH Bij 00'€KTa KOJIp.
JJis BUMIpIOBaHHS Ta BU3HAYCHHS KOJIBOPY KOHKPETHOTO 00’ €KTY 3a
JIOTIOMOT'OI0  IaTYMKA HEOOXiHO BUMIPATH 1HTEHCHBHICTH DPi3HHUX
JIOBXKMH XBWJIb CBITJIA, BIZIOMTOrO BiJ IOBEPXHi. 3a IOMOMOIOIO
CBITJIOUYTJIMBOTO HaTuuKy (doTtopesucropy ado Goroaiony), MOKHA
BU3HAUNTH IHTEHCHUBHICTh IaJal0Y0r0 Ha HBOIO CBITJIA, TOOTO
IHTCHCHBHICTh KOHKPETHHMX JIOBXKHH XBWJIb, SKI BIAMOBIIAIOTH 3a
KOHKPETHHI KOJIIp.
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https://uk.wikipedia.org/wiki/%D0%94%D0%BE%D0%B2%D0%B6%D0%B8%D0%BD%D0%B0_%D1%85%D0%B2%D0%B8%D0%BB%D1%96
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%8F%D1%80%D0%B8%D0%B7%D0%B0%D1%86%D1%96%D1%8F_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D1%96%D1%82%D0%BD%D0%BE%D1%97_%D1%85%D0%B2%D0%B8%D0%BB%D1%96
https://uk.wikipedia.org/wiki/%D0%86%D0%BD%D1%82%D0%B5%D0%BD%D1%81%D0%B8%D0%B2%D0%BD%D1%96%D1%81%D1%82%D1%8C_%D1%81%D0%B2%D1%96%D1%82%D0%BB%D0%B0
https://uk.wikipedia.org/wiki/%D0%92%D0%B0%D0%BA%D1%83%D1%83%D0%BC
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%B2%D1%96%D0%B4%D0%BB%D1%96%D0%BA%D1%83
https://uk.wikipedia.org/wiki/%D0%A8%D0%B2%D0%B8%D0%B4%D0%BA%D1%96%D1%81%D1%82%D1%8C_%D1%81%D0%B2%D1%96%D1%82%D0%BB%D0%B0
https://uk.wikipedia.org/wiki/%D0%A8%D0%B2%D0%B8%D0%B4%D0%BA%D1%96%D1%81%D1%82%D1%8C_%D1%81%D0%B2%D1%96%D1%82%D0%BB%D0%B0
https://uk.wikipedia.org/wiki/%D0%97%D0%B0%D0%BA%D0%BE%D0%BD_%D0%B4%D0%B8%D1%81%D0%BF%D0%B5%D1%80%D1%81%D1%96%D1%97
https://uk.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B7%D1%81%D1%96%D1%8E%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F_%D1%87%D0%B0%D1%81%D1%82%D0%B8%D0%BD%D0%BE%D0%BA_%D1%96_%D1%85%D0%B2%D0%B8%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B3%D0%BB%D0%B8%D0%BD%D0%B0%D0%BD%D0%BD%D1%8F_%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D1%96%D1%82%D0%BD%D0%BE%D0%B3%D0%BE_%D0%B2%D0%B8%D0%BF%D1%80%D0%BE%D0%BC%D1%96%D0%BD%D1%8E%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%97%D0%B0%D0%BB%D0%BE%D0%BC%D0%BB%D0%B5%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D0%B7%D0%BC%D0%B0_(%D0%BE%D0%BF%D1%82%D0%B8%D0%BA%D0%B0)
https://uk.wikipedia.org/wiki/%D0%9B%D1%96%D0%BD%D0%B7%D0%B0
https://uk.wikipedia.org/wiki/%D0%94%D0%B7%D0%B5%D1%80%D0%BA%D0%B0%D0%BB%D0%BE
https://uk.wikipedia.org/wiki/%D0%97%D0%BE%D0%B1%D1%80%D0%B0%D0%B6%D0%B5%D0%BD%D0%BD%D1%8F

B nmamiit mabopatopuiii poOOTI BHKOPHCTOBYETHCS JTaTIHK
komsopy RobotDyn APDS-9960 tumy RGB (Red, Green, Blue).
Jatyuk MoKe BHM3HA4YaTH BiATIHKH TPbOX OCHOBHHX KOJBOPIB:
YepBOHOTO, 3eJIeHOr0 1 cHHBOT0. OCHOBHI TEXHIUHI XapaKTePUCTHKH
RGB-narurka nokasani y taou. 3.1.

Tabauys 3.1. — Xapaxmepucmuxu oamyuxa koivopy RobotDyn
APDS-9960

IaTepdeiic nepemadi

1 THII 12C
JaHUX
2 Hanpyra xuBieHHs B 3,3
3 Po6oua BizcTaHb . 5100
JICTeKTYBaHHS
4 CnoxvBaHHS €Heprii MKA 1,0
5 Kimpkicts poTomioznin T 4

Ha puc. 3.2 noka3aHuii 30BHIIIHIN BUIIISA JaTYMKA KOJIBOPY
mozerni RobotDyn APDS-9960.

Puc. 3.2. — 3oeniwmniil 6uenno oamuuxa xoavopy RobotDyn APDS-
9960
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Hatumk mae 5 suxomis: VCC, GND, INT, SDA, STL. Buxoau
IIPOJEMOHCTPOBaHI Ha puc. 3.3.

[=]
©
&
72]
o
o
<

E_l
b
& |3
ok
‘O
g3(2
Esj e

1y
o
]
c
]
N
o
e
2
Y :
@ 2
(&) e

Puc. 3.3. — Buxoou oamuuka xoavopy RobotDyn APDS-9960

Hwwkue mogana indopmariis nmpo Buxomu gatduka RobotDyn
APDS-9960:

VCC — Buxim KHMBJICHHS JlaT4uka, poboda Hampyra 3,3 B,
(BXig mmroca);

GND - 3emist a60 MiHyC TiAKIIOYEHHS KUBJICHHSL;

INT — Buxin nepepuBaHHs, BMHKA€ETHCS MPH MO/1a4i HU3EKOTO
curraiy (Jioriuauii piseas LOW);

SDA — Buxixm ans poOOTH 3 TepMiHAJIOM BXOIY-BHUXOIY
nocigoBHUX Aanux 1o 12C mwHi (BXif / BUXig cepiiHUX MaHUX I
12C-munn);

SCL - BuXijg Juid TaKTOBMX CHTHAJIIB JUIS Nepeaadi JaHHUX I10
iHTepdeiicy 12C.

Humie Ha puc. 3.4 npenacTapiieHa cxeMa IiIKIIOUSHHS JaTunKa
1o tatu Arduino Uno:

VCC (uepBoHMIT TIPOBIAHUK) TiAKIIOUEHWH 10 BUXoAy 3,3 V
Ha 1ati Arduino Uno;

GND (uopnwuii mpoBigauk) 1o GND;

SDA (xoBTHit mpoBigHuK) 10 SDA;
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SCL (cuwiii mposignuk) g0 SCL.

Puc. 3.4. — Cxema nioxniouenns oamyuxa xonvopy RobotDyn APDS-
9960 0o naamu Arduino Uno

Ha pobori momemi TinkerKit Braccio matumk Komapopy
RobotDyn APDS-9960 3akpiruienuii Ha cxBari (puc. 3.5.).

Jatuuk xonbopy

RGB APDS-9960

Puc. 3.5. — Posmiwenns damuuxa xonvopy RobotDyn APDS-9960 na
pobomi TinkerKit Braccio
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3.2. lIporpamui ckianoBi moBu C++

Hwxdae mpencraBmeHi maHi, MO BUKOPUCTOBYIOTHCS TIpU
nporpamyBanHi miata Arduino Uno i 1omoBHIOIOTH iH(GOpMaIiiHy
CKJIaJI0BY 1. 2.5 (nuB. 1ad0paTopHy podOTY 2).

3.2.1. Nounsrra pynkuii moBu C++

@Dynkyin — 1€ IMEHOBaHA TIOCTIJIOBHICTH OIEpaliid, sKa
3HAXOMUThCS To03a iHMUX (YHKmI i Moke OyTH BHKOPHUCTaHa B
Oyab-sIKii 1HIIH @hyHKuUil.

@Dynkyii  03BOJSIIOTH PO3AUTUTH TPOTpaMy Ha  KillbKa
MaJICHBKUX MiJANpOrpam, sIKi B CyKYIMHOCTI BUKOHYIOTH IOCTaBJICHY
3agady. Takox (QyHKIii MOXHA OaraToKpaTHO BUKOPHUCTOBYBATH, 1110
3HAYHO CKOPOYYE PO3MIip KOy MPOTPaMH.

@ynkuyia B nporpaMmyBaHHi — (parMeHT MPOrpamMHOTO KOy,
JIO SIKOTO MOXKHA 3BEPHYTHCS 3 IHIIOTO MiCILS MporpaMu. 3 iMeHeM
(yHKIIT HEpPO3pMBHO TIOB'A3aHA aJpeca MepHIoi  iHCTPYKIi
(omeparopa), 10 BXOIUTh 10 (PYHKII, sSika Nepeaae KepyBaHHS MpU
3BepHeHHI 10 Qynkmii. [licns BukoHaHHs (yHKIT yrpaBTiHHS
MOBEPTAETHCS HA3al 10 aJpPECH MOBEPHEHHS — TOUYKa MPOrpaMHu, Je
st GyHKIis Oynia BUKITHKaHA.

@Dyuxyia MoXxe TpUMATH NapaMeTpH 1 MOBUHHA MOBEPTATH
JiesiKi 3HAYCHHS1, MOKJIMBE 3HAUCHHSI MOXKE OYTH MYCTHM.

®yHK1I1, SKi TOBEPTAIOTH ITyCTE 3HAYCHHS, YaCTO HA3UBAIOTh
npoyedypamu.

VY Jeskux MoBax MpOrpaMyBaHHS OTrOJONICHb (YHKIIN i
Opolenyp MaroTh  Ppi3HI  CHHTaKCHCH, 30KpeMa, MOXYTb
BHUKOPUCTOBYBATHCS Pi3HI KIIOYOBI CIOBA.

3.2.2. BuzHauenHs ¢yHkuiii B nporpami

Cunrakcuc (CTpyKTypa HAIMCAHHA e€JIeMEHTa KOAy) IpHu
HarmcanHi  YII 3  BpaxyBaHHAM ocoOmmBocteii wmoBm CH++

HACTYITHUI:
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Tun 3nauenns (Te 3HAYCHHSA, SKE&  IIOBEPTAETHCS)
im's_gpynxuyii (Tun iM's_3MiHHOI_1, THIT ©M'SI_3MiHHOI_2);

{
Tifo GpyHKUiI;
h

[puknan cuntakcucy QyHKUii mpeacraBieHuil Ha puc. 3.6.

CuHETAKCHC (PYHEDIT

Tan dyeknii, "veid", ITapameTpn, mo
AKmo (pyHKLiA #HiToro mepesanThCA 10
He MOBEPTAE pyEROi
‘X Inm's yHEDIT 1
/ '

int myMultiplyFunction(int x, int y){

int result;
OnepaTop, mo

result = x * y;/ MOBEPTAC IHATeHHSA
return result; OJHAKOEOT0 THITY

} -

DirypHi gyExn ofoe'A3K0BI

Puc. 3.6. — Cunmaxcuc ¢yuryii npu npoepamyeanni Arduino Uno

Cama (yHKIIisS MOXKE IPUIMATH 3HAYCHHS IeBHOTO TUIy. Lleit
TUIl BKa3zyeTbCs TNepen im'am ¢pyukuyii. 3HAUYeHHs, AKe NpHHMae
(YHKIIIIO, TUIIETHCS TICIs clioBa return i Ha3uBaeTbCs 3HAYCHHSIM,
mo ToBepraeThes. Skmo (yHKIiS He Mae 3HAuYeHHS, IO
MOBEPTAETHCSA, a MPOCTO BUKOHYE OyAb-Ky OIepaliio, TO Mepex
iMmeHem (QyHKIii BKasyeTbcs cioBo VOid (aHrI. — TyCTHiA,
HeTIHCHMI).

@ynkuia Moxer MaTh napameTpu. Lle Ti 3HaUeHHS, sIKi B X0/i
BUKOHAHHS MOXYTh BHKOPHUCTOBYBAaTHCS  (YHKIE 1  sKi
nepeaaloThesi 10 Hei 3 TONOBHOT (QyHKUIl (y HAIIOMY BHIAAKY
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BukopucToByeThesi (ynkitisi loop (aurn. Iletnst) (). Ilapamerpu
GbyHKINT BKa3yrOThCsI B Kpyriux aykkax () micist imeri GyHkii. [Tpu
BU3HAYCHHI (PYHKIIT mapaMeTpy BKa3yIOThCS 3 iX THITAMH.

3.2.3. YMoBHi onepaTtopu

Ymoenuit onepamop — ue omepaTop, KOHCTPYKIUSI MOBH
MporpaMyBaHHs, 110 3a0e3Meuye BUKOHAHHS [TEBHOI KOMaHH TiTbKH
3a YMOBHM ICTUHHOCTI JI€SKOTO JIOTIYHOTO BHpa3y, a0 BUKOHAHHA
ONHI€T 3 NEKITPKOX KOMAaHJ B 3ale)KHOCTI BiJ 3HAYEHHS IESIKOTO
Bupasy (puc. 3.7).

J1isi BUKOHY€ETBCH
(ictuna)?

Komanpa | Komanpa 2

l

Puc. 3.7. — Ilpuxnao ymosnozo onepamopa

Slkmo ymoBa BipHa, TOOTO icTMHHa (aHri. true), To
BUKOHYETBHCS CIIELiaJIbHO BKA3aHUH Il IIbOTO BHIIAAKY (parMeHT
KOZy.

SIkmo >k ymoBa He BipHa (anri. false), To0To mommikoBa, TO
BHUKOHYEThCS 200 1HINA cIieliabHO 3a3HaveHa YacTHHA KOoJy, abo He
BUKOHY€ETHCSI HIYOro 1 pobOTa MIKpOKOHTpOJEpa TPHUBAE aaji 3a
KOJIOM.
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3.2.4. BusHaueHHs1 yMOBHOI onepauii

if (ymoBa) {

// it sukonytomucsi, sKujo ymoea 6UKOHAHA
Yelse {

// it 6ukonytomucsi, sKujo ymoea He 8UKOHAHA
}

Takuii ymosenuii onepamop 3sethest “if”, mo B mepexmami 3
aHTTiNChKOI MOBM O3Hadae “sgxujo” — 1me Oe3mocepemHs BKas3iBKa
oreparopa, MOTiM HeoOXilHa yMOBa B KPYIJIHMX AyKKax 1 MOBHHN
KOJI, III0 BUKOHYETHCS TPU iICTUHHOCTI 1i€i yMOBH. AJle y BHITaIKax,
KOJIM BaXXJIMBO BPaxOBYBaTH HE TUIbKW ICTHUHHICTb, & W XUOHICTBH
(HeBUKOHAHHS MOCTABICHOI YMOBH), Ticas (QIrypHHUX OyKOK
MHUIIEThCS CIOBO “else”, mo B mepekiaai 3 aHMIIHCHKOI O3HAYaEe
“iHaxwe”, 1 cTaBIATbCA Taki X (IrypHI Iy>KKH, TUIBKH KOJ B HUX
Oy/ie BUKOHYBATHUCS ITPH XUOHOCTI 337aHO1 yMOBH.

3.2.5. MouiTop nmopty, nepeaava ganux 3 miatu Arduino Uno ao
K

Komymikartist 3 [IK B nporpamaomy cepenosuii Arduino IDE

BUKOHYETHCS 3a JIOMOT'OI0 MOHITOPY IOpTa Ta rpymna GpyHKIii
BUKOPHUCTOBYEThCSL JUTsl 3BSI3Ky MiK ruiaroro Arduino
Uno Ta koMI'toTepoM abo iHIIMMH MPUCTPOSIMH.

Bci mmatu cimeiictBa Arduin0 MaroTh TIOHAMMEHIIIE OJXUH
nociuiioBauit  mopt (takox Bimomuit sk UART a6o USART):
cepiitnmii. Bin miarpumye 385130k Ha nudposux koutaktax 0 (RX) i
1 (TX), a takox 3 komm'totrepoMm uepe3 USB. Takum ymHOM, mpu
BUKOPUCTAaHHI 1MX (QYHKIIH BukopucTanHs BuxomiB 0 i 1 mis
uu(pOBOro BBeIeHHS a00 BUBEJCHHS HEMOKIINBE.

MOXJIMBUM € BHUKOPHCTAaHHS BOYJIOBAaHOTO  CEpiiiHOIO
MoHiTOpy (abo MoHiTOpy mopta) cepenosuiia Arduino IDE s
KoMmyHikarii 3 miaroro Arduino Uno. JIns 1bOro HaTHUCKAEThCS
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KHOITKa CepiifHOro MOHITOpa Ha IMaHeNi IHCTPYMEHTIB Ta O0MPAETHCS
TaKa X MBUIKICTH TepeIadi, SKa BHKOPUCTOBYETHCS B KOII.

IMocmimoBuuii 38'130k Ha Buxomax 1X / RX BukopucroBye
piBHi soriku TTL (5 B a6o 3,3 B 3amexHo Bix I1aTH).

3.2.5.1. Biomioreka Serial noist po6oTu 3 UART Arduino

Jnst podorn 3 amaparaumu UART kontponepamu B Arduino
icHye BOymoBaHa rpymna (QyHKIIN . Bona mpm3HaueHa s
ynpasiiHHs 0OMiHOM naHuMu uepe3 UART.

Uepes nociioBHuil iHTepdeiic AaHi 3aBXIH NEPeaaroThCs B
IBIHKOBOMY KO/Ii.

Y rpyni QyHKIiH JlaHI MOXKYTh INEPelaBaTUCS B JABOX
(dhopmarax:
- ¢opmat GiHAPHOTO KOTY;
- ¢opmat ASCII cumBois.

Hanpukiiaa, MOHITOP IOCHiIOBHOTO OPTY B mporpami Arduino
IDE npuiimae nani sik ASCII texker. ASCII (American Standard Code
for Information Interchange) B o6uncroBajIBHIN TEXHIL — cHUCTEMA
KOIiB, y skid umcma Bim O mo 127 BKIIOYHO TIOCTaBJIEHI Y
BIJIMOBIIHICTh JTiTepam, Iudpam i CUMBOJIaM MyHKTyarlii [].

3.2.5.2. OcHoBHi ¢pyHnkuii rpynu Serial

Hwxue npencrasneni ocHoBHI yHkuii rpymum Serial 3 onmucom
X QyHKI[IOHATY YH TPU3HAYCHHS:

void begin (long speed) // no3Bonsie podory mopry UART i
3aJla€ IIBHIKICT, OOMiHY B 0Oox (OiT 3a cex abo OiTperT). s
3aJaHHs ~ MIBUAKOCTI  Tepeaadi  JaHuX  PEKOMEHIYEThCS
BUKOPHCTOBYBAaTH CTaHJAPTHI 3HAYCHHSL.

(38400); // iuimianizamis mopty, mBUAKICTH 38400

0071 (3a TEXHIYHOIO TOKYMEHTAIIi€l0 TIaT ciMeiicTBa Arduino)
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void end (void) // Bigxmouae mopt UART, 3BijIbHSIE€ BUCHOBKH
RX 1 TX.

Serial.end (); // 3akputun mopt UART

int available (void) // moBeprae KimbKicTh OalT, IPHUAHATHX
MOCIIZIOBHUM TIOPTOM 1 3amucanux B Oydep. bydep mocmimoBHOTO
nmopty Moxe 30epiratu mo 64 Oaiir. Y pasi mopoxxHboro Oydepa
roBepTae 0

int n; // nonomixua 3MiHHa

n = Serial. available (); / npupiBHIO€ 3MiHHY N B YHCJIO
NPURHATHX OalTiB

int read (void) // moBeprae ueproBuii OaiiT 3 Oydepa
MOCIIOBHOTO TOpTY. SIKio Oydep mopoxkHii - moBepTae uncio - 1
(Oxffff)

receiveByte = Serial.read (); / untanus Gaiita 3 0ydepa

void flush (void) // moBeprae 3akiHueHHs mepenadi AaHUX 3
Oy(epa mociiI0BHOTO MOPTY

Serial.flush (); / ouikyBaHHs 3aKiHUECHHS TIepenayi

print () // BuBoauth maui uepe3 nocmigoBuuit mopt UART y
Burisani ASCIl cumBomniB. DyHKIiS Mae pi3HI GOPMHU BUKIUKY IS
pi3HEX QOPMATIB 1 THITIB TaHUX:

print (char d) // sxuo aprymeHT Tumy char BUBOAUTH B OPT
KOJI CHMBOITY

char d = 83; // imimiamizamis 3minmoi d Tumy char, ska
nopiBHIO€e 83 (Mae 3HaueHHS 83)

Serial.print (d); // BuBoauTH KOA 1315t CUMBOITY , TaK sk
char d = 83 (quB. BuIIe), TOMY KOJI BiMOBIIa€ 3HAUCHIO 83.

Serial.print ('S"); / BuBoauTH OTMH cCUMBOI (OYKBY) S

print (byte d) // manmi Tuny byte BHBOASTHCS ABIHKOBHM
KOJIOM YHCJIa

byte d = 83; // ininianizanis 3minuoi d Tumy byte

Serial.print (d); / BuBoauTs KO It cumBoury d (byte d = 83)
y IBIWKOBIil CUCTEMI
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Serial.print (byte (83)); // BuBOAWMTH IBIHKOBHWIA KOI s
sHauenns byte (83)

print (* str) // sxmo apryment mokaxuuk ("*") Ha MacuB abo
PAIOK, TO MachB abo0 pSAOOK IMOOANTHO TIEpemaeThcs B TIOPT,
MOKAKYUK — 1[I€ 3MiHHA, sIKa MICTHTh ajapecy iHIIOI 3MiHHOi B
mam’sati. Hampuknan, sKIo 3MiHHA & MICTUTh aJpecy 3MiHHOI b, To
1€ O3HAYaE, 110 3MiHHA & BKa3ye Ha 3MiHHy b

char letters [3] = {65, 66, 67};

Serial.print ("BbykBu"); // BuBOAUTH pAMOK "byxeu"

Serial.print (letters); // BuBOAWTH PSMOK 3 3 CHMBONIB 3
KogaMu 65, 66, 67

int write () // BuBoaMTH ABIKOBI MaHi Yepe3 MOCIITOBHUN
nopt UART. IloBeprae KijbKicTh mepenaHux OanTiB. DyHKIS Mae
pi3HI hopMHU BUKIUKY JUTA Pi3HUX (DOPMATIB 1 THITIB JaHUX:

int write (val) // nepenae 6aiir

Serial.write (83); // mepenae Gaiit 83

int write (str) / nepenae psAmIoK sIK MOCIIIOBHICT OANTIB

int bytesNumber; // aucio 6aiitis

bytesNumber = Serial.write ("Psinok'"); / mepenae psmox
"Psdok", moBepTae NOBXKHUHY PsAKa

int write (* buf, len) // nepenae Oaiitu 3 macuBy, 4HCIIO
OaiiTiB — len (1oBKHUHA MacHBY)

char buf = "Pagok";

Serial.write (buf, 3); // BuBomuTh psinox "Cmop"

3.3. [Ipuknag BUKOHAHHS 3aBJAaHHS TA MPOTPaMu MOIIYKY
00’€KTa 32 KOJIbOPOM

3.3.1. CTpykKTypa cTeHay Ta peKoMeHIalii 10 podoTH 3i
CTEHIOM

Jlnst nanoi nabopaTtopHOi poOOTH BHUKOPHCTOBYETHCS POOOT
Nel wmopmeni Tinker Kit Braccio (muB. puc. 2.29), Ha sKomy
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3aKpilieHHid Aatduk Koiapopy RobotDyn APDS-9960. Ha cremmi
NeBHUM YMHOM MO3HAYCHE KOOPIMHATHE IIOJIE€ PadialbHOTO BUIY
(muB. puc. 3.8), sKe TpeACTaBICHE y BHUINIAAL IT'SITH OKPEMHX
OKPYXXHOCTEH, sIKi To3Ha4YeHi BinoBimHUME cuMBoiamu (A, B, C, D,
E) 1 MmaroTh KyTOBY HpoTsikHicTh Big 0° mo 180° 3 kpokoM KyTOBOT
muckpern3aiii B 10° BimoBiiHO 3 poO0UY0r0 30HOK poOOTAa.

Io3uumii TO Ta TOYOK  BHBAHTaKCHHA  3aJA€ThCS
IHAMBIOyalbHUMH BapiaHTaMH s BUKOHAaHHS J1abopaTopHOI
poboTH, a BU3HAYAIOTHCS KOHKPETHOIO pafdiansHor ayroio (A, B, C,
D, E) Ta BignoBigauM KyToMm. Po3mimiennss TO BUKOHYETBCS TaKHM
YHHOM, 11100 TOYKa nepeTrHy AiaroHanei miomuuu TO HanpaBieHoi
Bropy, Oyna criBBiCHa Ha MEPETHHI PalialbHOI AYTH Ta KOHKPETHOTO
KyTa BiTHOCHO poborta (auB. puc. 3.8).

Pobom Nel Pobom Ne2

UNO Nel UNO N2

Puc. 3.8. — CmpyxmypHa cxema 1a60pamopro2o cmeHoy 3
axmugHum pobomom Nel 3 noznauenumu mouxkamu TO ma TB 3a
npukaadom eapianmy *** (oue. n. 3.3.2)
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B HaBenenomy Hmxde mpukiami Hamano kon (YII) came 3
MMHU TO3UIISIMU JUIsl BapiaHTy-nipukiagxy Ne***  (muB. m. 3.3.2).
Tpu TO po3MimarTeCd Ha BH3HAYCHHX IMO3WINAX Tak, OO
pizHOKONMBOpOBI cTopoHn TO Tumy ky0 Oynu HampaBieHi
BepTuKanbHO Bropy. [lo3umii Ha koopamHatHid citui TO Nel — C
20°, TO Ne2 — C 40°, TO Ne3 — C 60°, a mo3urii TB Nel ta TB Ne2
BimmoBigHo C 110° ta C 160°, po3MilmieHHS MO TOYIll MEPETHHY
miaronane#t omopuoi twiommHA TO. IlocHimoBHICTH KOMBOPIB
BEPTUKAIBHO HANpaBICHUX CTOPiH KyOiB OOHMpAlOTHCS CTYICHTOM
JOBUIBHO, aJI¢ 3 BpaXyBaHHIM JaHUX Ta0:. 3.2 (quB. mami).

[lepen mouatkom poOoTm HEOOXimHO BHEeBHUTHCH mo TO
pO3TalioBaHi MPaBUJIBHO 1 HE BHUXOATH 332 BU3HAUCHY PO3MITKY.
[lomoxxernss TO B poOodomy mpocTopi poboTa MOXKYThH
3MiHIOBaTHCh. Taki momokeHHs TO XapakTepu3yloTh TaK 3BaHe
CTaTU4YHE YIOPSIKOBAHE TEXHOJIOTIYHE Cepe/IOBUIIIC.

Pexomenmanii 1mo0/10 OCBITIEHHS:

YBAT'A!

PoGora martumky koswopy Momeni RobotDyn APDS-9960
3aJIeKUTh BiJl 30BHIITHBOTO OCBITICHHS. ToMy:

- HE HaJjaBaTH JI0JIATKOBOTO 30BHINITHHOTO OCBITIIEHHS (JTiXTapi
Ta 1HIII CIIPSIMOBaHI POMEHi CBITIIOBOTO MOTOKY);

- BHUKOPHCTOBYBaTH CTEHJ TMPH HOPMAIGHOMY JIGHHOMY
OCBITJIEHHI 200 3 YBIMKHEHHMM CBITJIOM Y JIAOOPATOPIsIX.

3.3.2. [IpukJjiaa 3aBIaHHsA Ta NPUKJIAA HOro BUKOHAHHSA

3.3.2.1. 3arajbHi MOJI0KEeHHS

Bamporpamysaru pobot TinkerKit Braccio ua mormryk 06’ exrta

32 BU3HAUEHHM KOJBOPOM 3TiJHO 3 BapiaHTOM ***, HaBeAEHUM
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Hwkde. [Ipu mpoMy momyk kombopiB ctopid TO BUKOHYeThCS 3a
Bcima TpbroMa no3uttissMu TO Nel, TO Ne2 ta TO Ne3.

Io3uuis |IMo3umis [IMosumiss | TB Nel Ta | TB Ne2 ra

Bapi (]
apiant N TONel [ TONe2 | TONe3 KOJip KOJip

C110° C 160°

*k*k [} (e} o
€20 €40 €60 YEPBOHMM | 3€JICHUU

VY manomy mpuKIani mpeacTaBieHa mporpaMa momryky TO 3a
KOJBOPOM 3 YIIPABIiHHSAM 3 MOHITOPY MOPTY. Y CHEMiaTbHOMY PSAKY
KOMaHJl OIepaTrop NPOIMKCYe KOMaHAy-CUMBOA I, ¢ uu b, mo
BIZIMOBITa€ BiAMOBIIHOMY KOJIbOPY (I — YepBOHMIA, § — 3eneHuid, b —
cuHiii). Po0OT mNpoXoauTh TpW 3a34ajCrigh BH3HAYCHI TOYKU
po3tamyBanHs TO Ta BU3Hay4a€ iX KOJIIp 3a JOIIOMOror0 qatuuka. Ha
3aJIlaHUi KOIip poOOT MPOXOAUTH BCI TPH TOUYKH HE3AIEKHO UU OYII0
3Haiiieno TO motpibHoro komnbopy. Ilpum BusBienni TO
BIJIMTOBITHOTO KOMBOPY poOoT 3axorumoe TO cxBaroM i mepemimrye
fioro y Touky BuBantaxkeHHs Nel (TB Nel) srigno 3 puc. 3.8.

[Ipu 3akin4eHHi ogHOro mpoxoay nomyky TO 3a KoiabOpoM
poOOT TEepeMilyeThCsl Y BUXIIHE TOJOXKEHHS 1 OUYiKye KOMaHIYy-
CHMBOJI Ha HAacTymHUH nomryk TO 3 BiANOBITHUM KOJIBOPOM.

3.3.2.2. BukoHaHHH 3aBIaHHA

3aBaaHHs BUKOHYETHCSI HACTYITHOO MOCIIZOBHICTIO KpOKiB K

K1. 3anyctutu nonatok (mporpamue cepenouiine Arduino IDE3a 1.
2.4 nabopaToopHHOI poboTH 2);

K2. ctBopuTH HOBWMIi cketd (¢aitn > HoBwHit, abo Ctrl + N);

K3. nigximrounty 610/110TEKH 34 JOIIOMOIOK) KOMaHIU

(#include< >, #include< > Ta #include<
>);
TTOCHIJTAHHS Ha 0101i0TEKY TS JaTINKa KOJIBOPY

[https://github.com/adafruit/ Adafruit APDS9960];
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K4. ininianisyBatu okpemi cepBOABHrYHH Tix 6ibmioTeky “Servo.h”
3a JI0TTIOMOTOI0 KOMaHIH
base; // cepoasuryn M1, nanka L2 (ocHoBa);
shoulder; // cepoasuryn M2, nanka L3 (ruieue);
elbow; // cepoauryn M3, nanka L4 (JiKoTb);
wrist_rot; // cepBomBuryn M4, nanka L5 (BepTukambHUil
3a1’ICTOK);
wrist_ver; // cepBoaBuryn MS, nanka L6 (oOepranbHuii
3a1’ICTOK);
gripper; // cepponBuryn M6, nanka L8 (cxBar);
KS5. ininianizyBaru gripper Buxig Nel3 miatu s iHauKarii
crany komyHikaiii iata Arduino Uno 3 K 3a gonomororo
xomauu const int ledPin = 13;
K6. BuzHaunTH pexkxum poboTH Buxoxy Nel3 mmaTu 3a JOIOMOTO0

KOMaH ! (ledPin, OUTPUT);
K?7. ininianizysaru 6i0mioreky mis [1P 3a momomororo dyHKITii
void setup() Ta komaHIH 0;

K8. BukoHaTH NIepeBipKy MiJKIIOUSHHS TaTYMKa KOJIbOPY 10 TUIATH
3a monororo komauau if(lapds. 0) y dynkwii void setup();
K9. ininianizyBaru 6i01i0TeKy TaT4rKa KOJIHOPY 3 JOIOMOTOIO
¢ynxuii void setup() ra komanau apds.enableColor(true);
K10. crBoputu ¢ynkiiii void start_position() (ctaprosa mo3wuitis
po6ota) ta void red() (B maHomy BUNaaKy GYHKILisI MOHIYKY 00’ €KTa
YEPBOHOTO KOJILOPY);
K11. crBoputu ¢ynkuiro void loop () Ta opraniyBaru B Hiit poOoTy
3 MOHITOpOM 1opTy. OpraHizyBaTi BUKIUK QYHKITIH
void start_position(), void red()ra void green() uepe3 cuMBOJIBHI
KOMaH]I B MOHITOP1 MOPTY 32 JOMOMOT00 (DyHKIIIH
Ta )
K12. migxmountr maty Arduino Uno no I1K Ta o6paru
Bianoeigaui COM-niopT;
K13. 3aBanTaxxutu nporpamy B Arduino Uno;
K14. nepesiputu poOOTYy KOy Ha CTEHII.
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3.3.2.3. CtpykTypa nporpamu nomyky TO 3a koJibopom

Y Hmxkue HaBemeHilt cxemi (muB. puc. 3.9 ta puc. 3.10)
MOKa3aHi OCHOBHI €NeMEHTH MPOTrpaMHOro koxy momyky TO 3a
KonbopoM. KoxHMiT OGJIOK € HEeBiJ’€MHOIO CKJIAJOBOIO MPOTpamH i
BUKOHYE cBolo (¢yHKUil0. biaoku Mik coboro B3aeMONOB’si3aHi
CKJIAJHUMHU HEIMOCHITOBHUMH 3B’SI3KaMH, ajle iX IIOCIIJOBHICTH B
OJIOK CTPYKTYPI € BXKJIMBOIO BUMOTOI0 MOBU IPOrpaMyBaHHsI, TOOTO
TIpY TIOPYIICHHI MTOCITIIOBHOCTI, HAIaHOI B CXeMi, ITporpama He Oyze
CKOMIILJIbOBaHa B CepeaoBH I nporpamyBanHs Arduino IDE. Hmwkue
OIMHCaHO KOXHHUM OJIOK OKPEMO.

Broxk #include — e ocoGuBHii eeMEHT B IPOTPaMHOMY, €
3aKPIIUTIOIOTECS OI0MIOTEKU Ta 3aJar0ThCs 3MIHHI JUIS TOJANBIION
pobotn B okpemux (QYHKIiSX. 3aBasku 0i0IioTeKaM MOXKIHBO
BUKOPHCTOBYBAaTH CIICI[iabHI TPHCTPOi, HANPUKIAN, JaTYHKH,
npavisepy, GSM Moxaym Tomo, ab0 BHKOPUCTOBYBATH ILIATH
cimeiictea Arduino ms ocobnuBuX Itiieit. B mawiit maGopaTtopHhiit
poGori B Oiomi #include BukoprcTOBYIOThCS 0i10JIOTEKH ISt
npaiiBepa Braccio Shield ta ans matuuka xospopy. I crermianbHa
3minHa INt  incomingByte, ska moTpiObHa IS oprasizariii
KOMYHIKaIlii KOMII'10Tepa 3 IIaTor.

VYV Ornoui Vvoid Setup BCTAHOBIIOIOTHCS PEKUMU POOOTH
IUQPPOBUX BUXOJIIB TUIATH, SIKI MOXYTh MPAIIOBATH SIK BXOJH, 200 5K
BUXO/M, TOOTO CHpUIMATH CUTHaIHM abo BHJABATH CHTHaiH. Takoxk
B JaHOMY €JEeMEHTI MpPOrpaMHOr0 KOy BHKOHYETBHCS MeEpeBipKa
MIIKIFOYCHHS AaTYMKa JI0 [JIaTH Ta 3alyCcK 010J10TeKH JJIs HbOTO.

bnoku void red, void green ta void blue izenTruni 3a cBoiM
3MiCTOM, PI3HUIIS JIUIIIE B TOMY IO TIEPIIUI CTBOPEHHI ISl TIOIIYKY
TO uepBoHOTO KONMBOpY, Apyruit mns mnomyky TO 3emeHoro
KOJbOpy, a — TpeTiid g nomyky TO cunboro komsopy. Lli 6moku
CKJIAJIAIOTHCS 3 TPOITUCY KYTiB CEPBOJBUTYHIB JJIsi KOKHOI OKpeMOTl
JIaHKH U1 3a0e3nedeH s nepeMimenHs cxsaTy Mk TO Ta ymoBamu
JUIs BUKOHaHHS mporecy coptyBanHs TO 3a konmpopoM. Hanpukman,
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3a ymoBH If (r>g && r>b) to cxsar 3axommoe TO uyepBOHOrO Ta
nepeminrye iioro B Touky BuBaHTaxeHas Nel — TB1.
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*» brok #include Bxmodae B cebe
ibiomery Ta JOIIOMIZKHI
3Min#i, K1 HeoOXiTHI HaJam B
TIPOTPAMHOMY KOZi

* briok veid setup 3aGe3neuye
BCTAHOBJICHHA PEKUMIB IIH(POBUX
BHXO[IB InaTtH Arduino UNO Ta
BMHKae Gi0mioTeKH, AKi 3aKTafeHi ¥
oo #include

* biok veid blue Bmimye B coGi A
KOOPIHHATH TIepeMillIeHHA
cxpara po6ota Mix TO Ta
YMOBY TEpPEBipKH UepPBOHOTO

Komeopy if (b>g && b=r) Y,
*Enok void red Bmimye B cobi )

KOOPIHHATH TepeMillIeHHA

cxpara po6ota Mix TO Ta

YMOBY TEpPEBipKH UepPBOHOTO

Kombopy if (r>g && r=b) )

*EBnok void green BMImIye B cobi )
KOOPIHHATH TIepeMillIeHHA
cxpara po6ota Mix TO Ta
YMOBY TIE€PEBIPKH UepBOHOTO
Kombopy if (g>r & & g>b) )

*biok veid loop nipaitioe y IHKI,
T06TO MOcTiitHO. HOro ITHKIT
CKITaJaeThCA 3 OYiKyBaHHA BifT
OIepaTopa KOMaaHH Ta IIOJANBIIOrO
BiampaitoraHHA GIOKY veid red ,
void green aGo void start position

void loop

EE€E€LEKL

Puc. 3.9. — Cmpyxmyprna cxema nocrnioogHocmeii CKiadoeux
enemenmie ko0y VII gpynxyionyeanns poboma
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#include

void setup

A\ 4

void loop

Puc. 3.10. — Ymoena cxema-aneopumm (ppazmenm) ckiadosux Kooy
VII ¢hynxyionysanns poboma Braccio

InenTHdHa ymoOBa BUKOPHUCTOBYETHCS JUIsl BHsiBIeHHA 1O
CHHBOTO Ta 3€JICHOro KoJbopy, a came If (b>r && b>r) ta if (g>r
&& g>b). 3nak && o3HaYa€ BUKOHAHHS JIBOX YMOB OJHOYACHO.

briok void 100p € OCHOBHUM €EMEHTOM MPOrpaMHOro KOIY.
[lpy 1BOMY BHKIMKAIOTBCS IHINI EIEMEHTH Ta 3a0e3MeuyeThes
komyHikaifisi [1IK 3 mmatoro. L{s dacTuHa KOy Mpaiioe B IUKII,
TOOTO TOCTIHHO BHUKOHYETHCS IEPEBipKa BHKOHAHHS yMOB, a Y
BUMNAJIKY 1X BiJIPAIFOBaHHS [TOYNHAETHCS HOBA IepeBipKa. 3aBsKu
[IbOMY OIEPaTOp MOXE MOJAATH KOMaHIy Ha nomyk TO, micist 4oro
MO’KE BUKOHATH TaKy Omepariiro 0e3iniu pasis/
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3.3.2.4. Teker YII (mporpaMHuii Koa) 3a NPUKJIAI0OM
Bapianry ***, m. 3.3.2

Hwxue mpeacTaBieHO MporpaMHHUM KOJ HaBEACHOTO HIDKYE
mpukiany. Ilpm 1bpoMy KOmbOpoBHE (OH TEKCTy MPOTpaMu
BiJTIOBiZIae KOJIBOPY OJNOKIB Ha cxeMi 3a puc. 3.9.

// Biiok #include
#include "Adafruit_ APDS9960.h" // ninkarouenns 6i6aioTexn
AJIS1 JaTYHKA KOJIbOPY, 10CTYH 0i0/1i0TEeKH 32 NOCHJIAHHIM
[https://github.com/adafruit/Adafruit. APDS9960];
Adafruit_APDS9960 apds; // ininiaxizauia ¢pyskuii 6idaioTexn
AATYHKA KOJIbOPY
#include < > [/migka0veHHs 6i0ioTexn
#include < > //minkJroueHHs 0i0JioTexn

base; // ceppoaBuryn M1 nanku L2 (6a3a)

shoulder; // ceppoaBuryn M2 nanku L3 (mieue)

elbow; // ceppoaBuryn M3 nanku L4 (s1ikoTb)

wrist_rot; // cepponBuryn M4 nanku LS (BepTHKaILHMIA
3aI’sICTOK)

wrist_ver; // cepponBuryn M5 nanku L6 (o6epTaabHuii
3am’fiCTOK)

gripper; // cepponBuryn M6 nanku L8 (cxBar)
const int ledPin = 13; // Bu3nauenns LED Buxomy (13) Arduino
UNO pas ingukanii ctany iioro komyHinkauii 3 IIK
int incomingByte; // 3minHa komyHikauii 3 [IK

/I baok void setup

void setup() {// BcTaHOBJIEHHSI PesKUMY BHXOIIB Ta BMHKAHHS
0i0smioTexn Braccio
(ledPin, OUTPUT); // BcranoBaennss LED Buxoay Ha
MOCHJIAHHS CUTHALY
(; // BMukanns 6i6aioTexu Braccio

84



https://github.com/adafruit/Adafruit_APDS9960

(115200); // BcTaHOBJIEHHSI HIBUAKOCTI mepegayi
AaHuX Mizk muator Arduino Uno i ITK, mo Bu3HAYeHO yMOBaMH
po6oTu 1aTtynka kojabopy RGB

if('apds. (){ // nepeBipka miaAKJIHOYEHHS TATYHKA KOJIbOPY
("*Problem: failed to initialize device! Please check

your wiring.");

}

else (""Device initialized!""); // TekcT-ingnkaTop,
3’SIBJSIETHCSI HA MOHITOPi MOPTY NMPH yCIILTHOMY Mi/T’€1HAHI
AATYHKA 10 MJIATH

apds.enableColor(true); // BMUKaHHS JaTYHKA KOJIHOPY

}

// Baok void start

void start_position(){ // craproBa no3uuis I[P, B 1anomy Bunaaky
SIK NIPUKJIA
(25, 135, 125, 145, 180, 125, 10);
/[ mipxix cxBaTa podorta o mosunii TO Nel
(1000); // 3aTpumKka 4yacy B 1 cekyHay
(25, 90, 100, 175, 172, 90, 10);
/l minxig cxBarta pooora a0 nmo3uuii TO Ne2
(1000); // 3aTpumKka yacy B 1 cekyHay

(25, 60, 105, 165, 170, 55, 10);
// llepemimenns cxsaty 3 mo3unii TO Ne2 no mozunii TO Ne3
(25, 45, 125, 145, 180, 32, 10);

// migxig po6ota g0 mo3uuii TO Ne3
(1000); // 3aTpumKka 4acy B 1 cekyHay

}

// baok void red

void red(){ / pyHKIisi MOMIYKY 4YepPBOHOTO Ky6a
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uintl6 tr, g, b, ¢; // ininianaizauis 1onoMizkHUX 3MiHHHUX I, ¢, b, C
(ne r — yepBOHHUIi, § — 3eJieHHId, D — cuHii, C — mpo3opicTh )
(25, 142, 111, 170, 180, 130, 10);
// migxin po6ota 10 mo3uuii TO Nel
(1000); // 3aTpumKa uacy B 1 cekyHay
(25, 132, 111, 170, 180, 130, 10);
// migxig podota g0 mo3uuii TO Nel
(1000); // 3aTpumKka yacy B 1 cekyHay
apds.getColorData(&r, &g, &b, &c); // nepeBipka 1onOMizKHUX
3minamx I, g, b, ¢ (ledPin, HIGH); // BMUKaHHST
cBiTJIOMiOMY
(1000); // 3aTpumka yacy B 1 cekyHay
// IOKa3aHHS AATYMKA N0 JOTIYHUM PiBHAMM
("red: '"); / BUBIA y IOPT MOBiIOMJICHHS
(r); // BUBin y MOPT MOBiTOMJIEHHSA
(" green: "); / BUBiA y IOPT NMOBiIOMJIEHHSI
(g); // BUBIA y IOPT MOBiTOMJIEHHSI
(" blue: "); // BuBin y nopT noBioMJIeHHs
(b); // BUBin y mopT moBinomMJIeHHA
(" clear: ""); // BuBiD y nopT NOBiOMJIeHHSI
(c); // BuBin y mopt noBinomJieHHs
();// BUBIA y HOPT NMOBiTOMJIEHHS
it (r>g && r>b) // nepeBipka Ko1b0pY, piBeHb iHTEHCHBHOCTI
BUIIPOMiHIOBAHHSI YePBOHOT0 KOJIHOPY BHIIMIi 32 3ejieHuid (Q) Ta
cuHiii (b)? SIkuno BuIIe, TO BUKOHYETHCS MepeMillleHHST
3akpimienoro B cxsati TO B TB Nel

{
(ledPin, LOW); // BAMHKaHHS CBIT/I0Xi0XY

(25, 132, 111, 170, 180, 130, 70);
(500); // 3aTpumka yacy B 0,5 ¢

(25, 135, 80, 145, 180, 180, 70);
(500); // 3aTpumka yacy B 0,5 ¢

(15, 0, 80, 145, 180, 180, 70);
(500); // 3aTpumka yacy B 0,5 ¢

(25, 0, 90, 180, 180, 180, 70);
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// nepemimennst TO Nel 10 30HUM BUBAHTAaKEHHsI CXBAT
3aKpuTHI
(500); // 3aTpumka yacy B 0,5 ¢
(25, 0, 90, 180, 180, 180, 40);
// TO Nel 10 30HH BUBAHTAKEHHS CXBAT BiIKPUTHIA
(500); // 3aTpumka uacy B 0,5 ¢

(25, 0, 90, 130, 180, 180, 40);
(500); // 3aTpumka yacy B 0,5 ¢
(25, 0, 90, 90, 180, 180, 20);
(500); // 3aTpumka yacy B 0,5 ¢
(15, 90, 90, 90, 180, 180, 20);
/I ;o TO Ne2
(500); // 3aTpumka yacy B 0,5 ¢
(25, 90, 100, 175, 172, 180, 10);
(500); // 3aTpumka yacy B 0,5 ¢
(15, 90, 100, 175, 172, 85, 10);
(500); // 3aTpumka yacy B 0,5 ¢
}
else // onepauisi npu HeBUKOHAHHI YMOBH
{
(ledPin, LOW); // BuMuKaHHS CBiTI0Ti0MY
}
(25, 110, 102, 180, 180, 90, 10);
(500); // 3aTpumka yacy B 0,5 ¢
(25, 93, 106, 180, 180, 90, 10);
I TO Ne2

(500); // 3aTpumka 4acy B 0,5 ¢
apds.getColorData(&r, &g, &b, &c); // nepeBipka 3MiHHIX
(ledPin, HIGH); // BMUKaKHHS cBiT/1I0i012
(1000); // mepeBipka 3sminHHX I, ¢, b, C
("red: "); // BUBiA y mOPT MOBiOMJIEHHSI
(r); // BUBix y IOPT MOBiTOMJIEHHSA
(" green: "); // BUBiZ y HOPT MOBiTOMJIEHHS
(g); // BUBIH y IOPT NMOBiOMJICHHSI
(" blue: "); / BMBiT y HOPT MOBiOMJIEHHSI
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(b); // BUBix y mopT noBigomMJIeHHSA
(" clear: "); / BUBi y mOPT MOBiTOMJIEHHSI
(c); // BuBin y mopT moBizomieHHst
(); // BUBiA y mopT moBigomMJieHHSA
If (r>g && r>b) // nepeBipka kobopy. Axmo kojaip TO
BU3HAYeHUI sIK 3agaHuii, Toai podoT nepeminrye TO B TB Nel

{

(ledPin, LOW); //BuMuKaHHA CBITI0Ti0OXY

(25, 93, 106, 180, 180, 90, 70);
(500); // 3aTpumka yacy B 0,5 ¢
(25, 93, 80, 175, 172, 90, 70);
(500); // 3aTpumka yacy B 0,5 ¢
(25, 93, 80, 145, 172, 120, 70);
(500); // 3aTpumka yacy B 0,5 ¢
(15, 0, 80, 145, 170, 180, 70);
(500); // 3aTpumka yacy B 0,5 ¢
(25, 0, 90, 180, 180, 180, 70);
(500); // 3aTpumka yacy B 0,5 ¢
(25, 0, 90, 180, 180, 180, 40);
(500); // 3aTpumka yacy B 0,5 ¢
(25, 0, 90, 130, 180, 180, 40);
(500); // 3aTpumka vacy B 0,5 ¢
(25, 0, 90, 90, 180, 130, 20);
(500); // 3aTpumka yacy B 0,5 ¢
(15, 60, 90, 90, 180, 90, 20);
(500); // 3aTpumka yacy B 0,5 ¢
(15, 60, 90, 90, 180, 55, 20);
(500); // 3aTpumka yacy B 0,5 ¢
(25, 60, 105, 165, 170, 55, 10);
(500); // 3aTpumka yacy B 0,5 ¢
}
else // omepauisi mpy He BAKOHAHHI YMOBH
{
(ledPin, LOW); // BuMuKaHHS CBiTI0i0DY
}
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(25, 75, 105, 180, 180, 70, 10);

(25, 60, 105, 173, 180, 55, 10); //
JA0aTKOBAa TOYKA MepeMillleHHs AJs 3ano0iranus 3itkHenHs 3 TO
(25, 50, 112, 169, 180, 46, 10);

// mo3unioHyBaHHA B To4li po3ramryBanHs TO Ne3
(1000); // 3aTpuMka yacy B 1c
apds.getColorData(&r, &9, &b, &c); // nepeBipka 3MiHHUX
(ledPin, HIGH);
(1000);
(""red: "); / BUBin y HOPT NOBiAOMJIEHHS
(r); // BUBiD y OPT NOBiAOMJIEHHSI
(" green: ");// BUBiA y IOPT NOBiAOMJIEHHS
(g); // BMBIA Yy NOpPT NOBiTOMIEHHS
(" blue: "); / BUBiA y mOPT NOBiTOMJIEHHSI
(b); // BMBiA y OpT MOBiIOMJIEHHS
(" clear: "); // BUBiA y mOpPT NOBiTOMJIeHHSI
(¢); // BUBin y OPT MOBiTOMJIEHHSA
(); // BUBIA y HOPT NOBiTOMJIEHHS
if (r>g && r>b) // Sfixmo koxaip TO BU3HAYEHMIT K 3aJaHUI,
ToAi podot nepemimye TO B TB Nel

{
(ledPin, LOW);
(25, 50, 112, 169, 180, 46, 70);
(500); // 3aTpumka yacy B 0,5 ¢
(25, 45, 90, 145, 180, 92, 70);
(500); // 3aTpumka yacy B 0,5 ¢
(15, 0, 90, 145, 180, 180, 70);
(500); // 3aTpumka yacy B 0,5 ¢
(25, 0, 90, 180, 180, 180, 70);
(500); // 3aTpumka yacy B 0,5 ¢
(25, 0, 90, 180, 180, 180, 40);
(500); // 3aTpumka yacy B 0,5 ¢
(25, 0, 90, 145, 180, 180, 20);
(500); // 3aTpumka yacy B 0,5 ¢
}

89




else // onepanisi npu He BUKOHAHHI YMOBH

{

}
}

(ledPin, LOW); //BuMukanHs cBiTI0Ti0NA

// Baok void green

void green(){ / pyHKIis MOUIyKY 4YepBOHOI0 Ky6a
uintl6_tr, g, b, ¢; // ininianaizauis ronoMizkHUX 3MiHHHUX I, ¢, b, C
(ne r — yepBOHHUIi, § — 3eJieHHId, D — cuHii, C — mpo3opicTh )
(25, 142, 111, 170, 180, 130, 10);
/l migxig podorta g0 mo3umii TO Nel
(1000); // 3aTpumka yacy B 1 cekyHay
(25, 132, 111, 170, 180, 130, 10);
/[ migxix podora o mo3uuii TO Nel
(1000); // 3aTpumKka 4acy B 1 cekyHay
apds.getColorData(&r, &g, &b, &c); // nepeBipka J0IMOMiKHUX
3miHaEX I, g, b, C (ledPin, HIGH); // BMuKaHHSsT
cBiTIIOOIOMY
(1000); // 3aTpumKka yacy B 1 cekyHay
// moKa3aHHS JATYUKA IO JOTiYHUM PiBHAMU
(""red: '"); / BUBIA y IOPT MOBiIOMJICHHS
(r); // BUBix y HOPT MOBIHOMJICHHSA
(" green: "); // BUBiT y HOPT MOBiOMJICHHSI
(g); // BUBIH y IOPT MOBiTOMJICHHSI
(" blue: "); / BUBiZ y IOPT MOBiOMJICHHS
(b); // BMBIiA y OPT MOBiTOMJIE€HHS
(" clear: "); // BMBiZ y mOPT NOBiAOMJIEHHS
(c); // BUBix y IOPT MOBiTIOMJIEHHS
();// BUBIA y HOPT NMOBiTOMJIEHHS
if (g>r && g>b) // nepeBipka Ko0J1b0pYy, piBeHb IHTEHCHBHOCTI
BHIIPOMiHIOBAHHSI YePBOHOI0 KOJIbOPY BHIIIE 32 3eJIeHMii (J) Ta
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cuHiii (b)? SIkio BuIe, TO BAKOHYETHCS epeMillleHHsl
3akpimienoro B cxpati TO B TB Nel
{
(ledPin, LOW); // BUMHKaHHS CBiT/I0Xi01Y
(25, 132, 111, 170, 180, 130, 70);
(500); // 3aTpumka yacy B 0,5 ¢
(25, 135, 80, 145, 180, 180, 70);
(500); // 3aTpumka yacy B 0,5 ¢
(15, 0, 80, 145, 180, 180, 70);
(500); // 3aTpumka yacy B 0,5 ¢
(25, 0, 90, 180, 180, 180, 70);
// TO Nel 10 30HH BUBAHTAKEHHS CXBAT 3aKPUTHI
(500); // 3aTpumka yacy B 0,5 ¢
(25, 0, 90, 180, 180, 180, 40);
/[ TO Nel 10 30HH BUBAHTAKEHHS CXBAT BiIKPUTHI
(500); // 3aTpumka uacy B 0,5 ¢
(25, 0, 90, 130, 180, 180, 40);
(500); // 3aTpnumka vacy B 0,5 ¢
(25, 0, 90, 90, 180, 180, 20);
(500); // 3aTpumka vacy B 0,5 ¢
(15, 90, 90, 90, 180, 180, 20);
/l mepemimennst 10 TO Ne2
(500); // 3aTpumka yacy B 0,5 ¢
(25, 90, 100, 175, 172, 180, 10);
(500); // 3aTpumka yacy B 0,5 ¢
(15, 90, 100, 175, 172, 85, 10);
(500); // 3aTpumka yacy B 0,5 ¢
}

else // onepauisi npu HeBHKOHAHHI YMOBH

{
}

(ledPin, LOW); // BAMMKAHHS CBITJI0Ti0XY

(25, 110, 102, 180, 180, 90, 10);
(500); // 3aTpumka yacy B 0,5 ¢
(25, 93, 106, 180, 180, 90, 10);
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I TO Ne2
(500); // 3aTpumka yacy B 0,5 ¢
apds.getColorData(&r, &g, &b, &c); // mepeBipka 3MiHHIX
(ledPin, HIGH); // BMUKaKkHHS cBiTI0i0A
(1000); // mepeBipka 3sminHuX I, ¢, b, C
("red: "); / BUBi y IOPT NMOBiTOMJICHHSI
(r); // BUBix y IOPT MOBiIOMJIEHHSA
(" green: ""); // BUBiZ y HOPT MOBiTOMJIEHHSI
(g); // BUBIA y IOPT MOBiOMJIEHHSI
(" blue: "); / BUBiT y mOPT MOBiTOMJIEHHS
(b); // BUBix y mopT moBigomMJIeHHA
(" clear: "); / BUBiZ y mOpPT MOBiiOMJIEHHS
(c); // BUBin y mOopT MOBiqOMJIeHHSA
(); // BUBiA y mopT NOBiZOMJIEHHSA
if (g>r && g>b) // nepeBipka koabopy. SIkuio koaip TO
BU3HAYeHUI sIK 3agaHuid, Toai podoT nepeminrye TO B TB Nel

{

(ledPin, LOW); //BuMukanHst cBiTI01i0qy

(25, 93, 106, 180, 180, 90, 70);
(500); // 3aTpumka vacy B 0,5 ¢

(25, 93, 80, 175, 172, 90, 70);
(500); // 3aTpumka yacy B 0,5 ¢

(25, 93, 80, 145, 172, 120, 70);
(500); // 3aTpumka yacy B 0,5 ¢

(15, 0, 80, 145, 170, 180, 70);
(500); // 3aTpumka yacy B 0,5 ¢

(25, 0, 90, 180, 180, 180, 70);
(500); // 3aTpumka yacy B 0,5 ¢

(25, 0, 90, 180, 180, 180, 40);
(500); // 3aTpumka yacy B 0,5 ¢

(25, 0, 90, 130, 180, 180, 40);
(500); // 3aTpumka yacy B 0,5 ¢

(25, 0, 90, 90, 180, 130, 20);
(500); // 3aTpumka yacy B 0,5 ¢

(15, 60, 90, 90, 180, 90, 20);
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(500); // 3aTpumka yacy B 0,5 ¢

(15, 60, 90, 90, 180, 55, 20);
(500); // 3aTpumka yacy B 0,5 ¢
(25, 60, 105, 165, 170, 55, 10);
(500); // 3aTpumka yacy B 0,5 ¢
}
else // onepauisi npu He BUKOHAHHI YMOBH
{
(ledPin, LOW); // BAMMKAHHSA CBITJI0Ti0OMY
}
(25, 75, 105, 180, 180, 70, 10);
(25, 60, 105, 173, 180, 55, 10); //
JA0JaTKOBA TOYKA MepeMillleHHs A5 3anodiranus 3irknensns 3 TO
(25, 50, 112, 169, 180, 46, 10);

// mo3nnioHyBaHHA B To4li po3TramryBanHs TO Ne3
(1000); // 3aTpuMka yacy B 1c
apds.getColorData(&r, &g, &b, &c); // nepeBipka 3MiHHUX
(ledPin, HIGH);
(1000);
("red: "); // BUBIN y IOPT NMOBiOMJICHHSI
(r); // BUBix y HOPT MOBIZOMJICHHSA
(" green: "");// BUBiZ y MOPT MOBiAOMJIEHHS
(g); // BUBIA y MOPT MOBiAOMJIEHHSI
(" blue: "); / BUBiA y mOpT mOBiTOMJIEHHSI
(b); // BUBix y mOpT MOBiIOMJIEHHS
(" clear: "); / BMBi y IOPT NMOBiOMJICHHSI
(¢); // BHBix y HOPT MOBIZOMJICHHSA
(); // BMBix y IOPT MOBiTOMJIEHHS
if (g>r && g>b) // Sixkmo koxip TO Bu3HAYEHHI AK 3a1aHMIA,
Toai podot nepemimye TO B TB Nel

{
(ledPin, LOW);
(25, 50, 112, 169, 180, 46, 70);
(500); // 3aTpumka yacy B 0,5 ¢
(25, 45, 90, 145, 180, 92, 70);
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(500); // 3aTpumka yacy B 0,5 ¢

(15, 0, 90, 145, 180, 180, 70);
(500); // 3aTpumka yacy B 0,5 ¢

(25, 0, 90, 180, 180, 180, 70);
(500); // 3aTpumka yacy B 0,5 ¢

(25, 0, 90, 180, 180, 180, 40);
(500); // 3aTpumka yacy B 0,5 ¢

(25, 0, 90, 145, 180, 180, 20);
(500); // 3aTpumka yacy B 0,5 ¢

}

else // onepauisi npu He BUKOHAHHI YMOBH

{
}

(ledPin, LOW); //BuMukanHsi cBiT01i01a

}

// Baok void loop

void loop() {
// 3MiHHI U151 30epesKeHHs JAHUX KOJIbOPY
uintlé tr, g, b, c;

Wwhile('apds.colorDataReady()){ // 3aTpumka ais iHiniamizamii
0i0TioTeKM TATYUKY KOJILOPY
(5); // 3aTpumKka gacy B 5 Mc
}
(1000);
(25, 90, 90, 90, 90, 90, 10);

if ( () > 0) // nepenaua ingopmaiii B MOHiTOP
nopry
{ // read the oldest byte in the serial buffer:
incomingByte = 0;
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if (incomingByte =='R") { // cumBoa 3anycKy pyHKuii
MOLIYKY YepPBOHOI0 Ky0a
red(); / 3anmyck ¢ynkuii nomyky TO yepBoHOr0 KOIbOPY

}

if (incomingByte =="'G") { // cumBox 3amycKy pyHKIii
MOLIYKY 3eJIEHOr0 Ky0a

green(); // 3amyck ¢pyHkuii nomyky TO 3e1€HOro KOJIbLOPY

}

if (incomingByte == 'S") { // cumBoJI 3anycKy QyHKIii
CTapPTOBOI MO3MITiL

start_position(); / 3amyck Bka3zaHoi ¢pyHKii

}

3.4. 3aBnaHHA Ta NOPAAOK BUKOHAHHS POOOTH

1. O3HallOMHTHUCH Ta 3aCBOITH TEOPETUYHI BIJOMOCTI.

2. TlepeBipuT MiAKIIOYCHHS JaTdkka Koibopy RobotDyn
APDS-9960 no muratu Arduino UNO.

3. Bamyctutu gomarok Arduino IDE Ta migkaroudTH 4Ty
Arduino UNO o koM’ rotepa 3a gonomororo USB-kaberro.

4. 3aBaHTaXuTH Tporpamy-npukian Ha wiaty Arduino UNO
Ta BIJKPUTH MOHITOp mopty ans komyHsikamii 3 [IK (BuctaButh
oimpetim 115200).

5. PosramyBaru TO Ha creHml y BH3HAUYEHHX MiCISIX
(To3HaUEHO HA OCHOBI CTEHIY MO3HAYKaMH), ajie i3 pO3TallyBaHHIM
HasBHHUX BiJMOBIAHUX KOJBOPIB 3TiJHO BapiaHTIB iHAMBIAYyalbHUX
3aBaHb 3a Ta0m. 3.2.

6. BcraHoBHUTH BCi JTaHKH poOoTa y Oe3ledHe IMOJIOKEHHS Ta
nojatd okuBineHHs Ha Braccio Shield 3a momomororo 6roka
JKUBJICHHS Yepe3 BIAMOBITHUM PO3’€M.

7. JodekaTuch iHimiami3amii JaTyMka KOJbOPY. Ha MOHITOPI
nopTy Oyae BuBeieHO moBimomienus "Device initialized!".
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8. Mlogatn xomanay Ha 3amyck ¢yHKii momyky TO
MIPOITMCOM BIATIOBITHIM CHMBOJIOM Ta BBOJAY KiaBimioro Enter ma
1K, crocTepiratu 3a X010M BUKOHAHHS ITPOTPAMH.

9. Ilicna BiAmparfoBaHHS TNPOTPAMHU-TIPUKIANY BH3HAUYUTH
CTPYKTYpY (9YeproBiCTh BHUKOHAaHHS Ta 3arajbHUA aITOPUTM)
nporpamu momryky TO 3a KONbOpOM BIiANOBIZHO 1O 3aJaHOTO
BapiaHTa, KU BKa3aHuii B Ta0M. 3.2.;

10. CrBoputu nporpamy (kox, YII) momyky TO 3a konsopom
Ha OCHOBI KOMy, IKWW HajaHuW y npuknaa m 3.3.2.2, Ta 3amucaTy B
nporpamue cepenouiie Arduino IDE.

11. IlpomeMoHCTpYBAaTH BiANIpaIFOBaHHS POOOTOM IO3HITIH,
3aJlaHUX 3a BapiaHTOM Ta0i.3.2.

12. 3ammucatn  Bigeo poborm mporpamm mnomyky TO 3a
KOJIbOPOM, 3aBaHTAXUTU BiJl0O Y XMapHE CXOBHINE (JOBUIbHUIMA
BUOip) Ta 3reHepyBaTi QR-KOz MmocuiaHHs Ha Bizeo.

13.0dopmuTH 3BIT 32 BUMOTamH 11. 3.6.

3.5. BapianTu iHAMBiTyanbHUX 3aBAaHb

Tabnuys 3.2. — Bapianmu iHOu8ioyaisHux 3a80aHb

Bapiant Ne o3uuii TO Kouaip TO ta TB
TO Nel TO Ne2 TO Ne3 TB Nel TB Nel
1 Coc | €20° | ca40° | gt Cui
2 Co° | C20° | Cdoe |Tepromi Tt
3 Coc | €20° | ca0° | S| et
4 Co° | €20° | Ca40° | gt |tepnonii
5 COo° | €20° | Ca4po |eProwii| Senam
6 Coc | €20° | ca0° | CHUL|Tepmeni
7 C20° | Cdo° | Coo° | gt Cmet
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3akinuenus maon. 3.2

8 C20° | C40° | Cooo |TePromit Fu

9 C20° | C40° | C60° | Sa | et
10 C20° | C40° | Co0° | gmt |Hepnom
11 C20° | C40° | Cooo |TePnomut Senennt
12 C20° | C40° | Co0° | Cann | Tepnon
13 C40° | C60° | C8o° | gt | i
14 C40° | C60° | Csoo |TePmomit i
15 C40° | C60° | C80° | o | &t
16 C40° | C60° | Cgoo | &t Hepnoni
17 C40° | C60° | C80° qecp‘l‘ggg‘“ 38?;;;"
18 C60° | Cd0° | ca0o | o [Teproni
19 C60° | C40° | Caoo | elenut | Cun
20 C60° | C40° | €200 |Tepmom Sencuui

pobotu.

3.6. 3micT 3BiTY

1. Ha3pa Ta meta poGoTu.

2. KopoTki TeopeTHyHi BiIOMOCTI TIPO MOHATTS “KOJIp”.

3. OcHOBHI BiIoMOCTI 1010 AaTduKa Koisopy RobotDyn
APDS-9960.
4. Cxema, ckiam abOpaTOPHOTO CTEHJY Ta OIHC HOTo
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5. OcHoBHI BigoMocTi Tpo (GYHKIIO Ta yMOBHOTO
oreparopa.

6. OCHOBHI BiZJOMOCTI IIPO CTPYKTYPY Ta 3MICT IIPOTPaMH.

7. ImpuBimyanmpHe 3aBIaHHS 3a BapiaHTOM J1aOOPAaTOPHOI
pobotwu.

8. Tlporpama (VII, kox) 3a BapiaHTOM IHIMBIAYaJILHUX
3aBHaHh BUKOHAaHHA JlabopaTopHOi poOOTH 3 TIOBHHM Ta
JIeTaTi30BaHIM OMKCOM TEKCTY IPOTpaMHu.

9. IlpencraButm  QR-mocumanHs  BigeomeMocTpariii
npane3aatHocti koay (YII) 3a BapiaHTOM iHAMBIAyaIbHUX 3aBAaHb.

10. BucHoBKH 110 poOOTi.

3.7. KonTpoJbHi nuTanus

1. Hamatu kopotkuii onuc narunka RobotDyn APDS-9960.
2. [Tpyaumn poOOTH JaTYMKa KOJIBOPY.

3. lonarrsa ¢pynkuii B MoBi C++.

4. TIoHATTS YMOBHOI'O OIlEepaTopa.

5. MosiTop nopty Ta dynkiis Serial.

6. Onwmc crpykTypu mporpamu i pobora Braccio 3
JaTuyrukoM Koibopy RGB.
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