JlaGoparopHa po6oTa Ne3

COPTYBAHHJ TEXHOJIOI'TYHUX OB’€EKTIB 3A
KOJBbOPOM 3A 1OITOMOI'OIO POBOTA Braccio TA
IMPOTPAMHOI'O CEPEJIOBHUIIIA Arduino IDE

Mema po6omu — po3MMPHUTH TPAKTUYHI HABUYKHU MPOTPAMyBaHHS B
cepemosuii  Arduino IDE 3 BukopucraHHIM
JaTyiKa KOJbOpYy Vy KOMIUIEKTI 3 poOoToM
Braccio

3.1. Teopernuni BizomocTi
3.1.1. OcHoBHI BiToMoOCTi NIpo CBiTJI0
CBiTIIO — T €NMEeKTPOMAarHiTHI XBWJII BHIUMOTO crekTpy. o
BUIMMOTO JTiara3oHy HajieKaTh €JIeKTPOMArHiTHI XBHJII B iHTepBai

4acToT, IO CHPHUUMAIOTHCS TOACBKUM okoM (7,5%1014 - 4x1014
I'), To6TO 3 MoBKMHOKO XBHi Bif 390 10 750 HanomeTtpis (puc. 3.1)

0.0lnm 1nm 100nm 1pm lcm 1Im 1lkm

400nm 700nm

Puc. 3.1. — Buoume cgimno Ha enekmpoMacHimHit wKani
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Y ¢izumi TepmiH “CBITIIO” Ma€ NEIIO IIMPIIEC 3HAYCHHS 1 €
CUHOHIMOM JI0 ONTHYHOT'O BUIIPOMIiHIOBaHHS, TOOTO BKIIIOYa€E B ceOe
iH(padepBoHy Ta yIbTpadioNeTOBYy 00IACTI CIIEKTPY.

SAx 1 Oyap-sfKi 1HII  e€JEKTPOMArHiTHI XBWJI, CBITJIO
XapaKTepPHU3y€ETHCS YaCTOTOO, TOBKWHOIO XBHUIII, TTOJISIPU3AIII€I0 T
IHTEHCHBHICTIO. Y BaKyyMi CBITJIO PO3MOBCIOMKYETHCS 31 CTaJIOI0
IIBUJIKICTIO, KA HE 3aJIKUTh BiJl CACTEMHU BIIIIKY — MIBHIKICTIO
cBitia. [IIBUAKICTh MOMMPEHHS CBIiTIa B PEYOBHHI 3aJCKHUTHh Bil
BJIACTMBOCTEH PEYOBMHU 1 3arajioM MEHIIA Bij| IIBUIKOCTI CBITIA Y
BakyyMmi. JloBxrHa XBWII 3B'SI3aHAa 3 YaCTOTOIO 3aKOHOM IHCIIEPCii,
SIKUH TaK0X BH3HAYAE IIBUAKICTH MOMIUPEHHS CBITJIA B CEPEIOBHIII.

B3aemooditouu 3 peuosunoio, ceimio po3citoemuc,
noziunacmoca i eiobusacmuca. llpu mepexomi 3 OgHOTO
CEpe/IOBHINIA B IHINE 3MIHIOETHCS INBHIKICTH PO3IMOBCIOHKCHHS
CBITJIa, 1110 MPU3BOAMTH J0 HOTO 3aJIOMIJICHHSI.

Ilopao i3 3an0mnennam na medxici 060x cepeoosuuy Ceimio
yacmkoeo eidbueacmuyca. 3aJOMIICHHS Ta  BiIOWTTS  CBITJIA
BUKOPHUCTOBYETHCS B pi3HOMaHITHUX ONTUYHHX
npwiazax: npu3Max, JiH3ax, A3epkajiax, 110 JIO3BOJISIIOTh
(dhopMyBaTH 300paKCHHSI.

3.1.2. OcHogi BizomocTi mpo n1at4uk koanopy RGB

JlaTyvk KOJBbOPY JIO3BOJISIE BHM3HAYATH KOJIp TMOBEPXHi
00’€KTa, BiJ SIKOTO BIIOMBAETHCS CBITIIO. Bije CBITIIO CKIamaeThes 3
yCiX KOJBOPIB BECENKH (BECH Jlialla30H JIOBXHH XBWIb CBiTNa). Komu
CBITJIO IA/Ia€ Ha MOBEPXHIO, JEsAKI KOJbOPH IOTJIMHAKOTHLCS, a JICSKI
BiiOMBatoThCs. JII0ChKe OKO cripuiiMae BimOUTHI Bij 00'€KTa KOJMIIp.
Jlyis BUMipIOBaHHS Ta BU3HAYEHHS KOJBOPY KOHKPETHOTO 00’ €KTY 3a
JIOTIOMOI0I0 JIaTYMKa HEOOXiJHO BUMIPSITH IHTEHCHUBHICTh PI3HUX
JIOBXKMH XBWJIb CBITJIa, BiIOUTOrO BiJ TOBEpPXHi. 3a OIMOMOIOO
CBITJIOYYTJIMBOIO IaT4uKy (poropesucTopa abo ¢doromiona), MoKHa
BU3HAYWUTH 1HTEHCHBHICTH I1aJal04yoro Ha HBOIO CBITJIAa, TOOTO
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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

IHTCHCHBHICTh KOHKPETHHX JOBXXWH XBHJIb, SIKi BIAMOBITAIOTH 3a
KOHKPETHHI KOJIip.

B nmamiit maGopatopuiii poOOTi BHKOPHCTOBYETHCS ITaTIHK
konpopy RobotDyn APDS-9960 tumy RGB (Red, Green, Blue).
JlaTak MoOke BH3HAYaTH BIATIHKA TPHOX OCHOBHHX KOJHOPIB:

94EepPBOHOTO, 3€JICHOTO i CHHBOTO.
OcHoBHI TexHi4HI xapakTepucTuku RGB-gatunka mokaszani y

tadi. 3.1.

Tabnuysa 3.1. — Xapaxkmepucmuku oamuuxa koieopy RobotDyn

APDS-9960
Ne HalimenyBanHs ITapametp Benuunna
I . .
1 HTepdeiic nepeaayi I 12C
IAHAX
2 Hamnpyra sxuBneHHs B 3,3
3 Po6oua BizcTaHb M 5100
JICTEKTYBaHHS
4 Crio>xuBaHHS €HEpTil MKA 1,0
5 Kimeskicts poTomioznis LT 4

Ha puc. 3.2 nmoka3aHuii 30BHIIIHI BUIIISIT AaTYMKA KOJIBOPY
mozerni RobotDyn APDS-9960.
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Puc. 3.2. — 3oeniwmniti suenso damuuxa xoavopy RobotDyn APDS-
9960

Hatumk mae 5 Buxomi: VCC, GND, INT, SDA, STL. Buxoau
MPOJICMOHCTPOBaHI Ha puc. 3.3.
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Puc. 3.3. — Buxoou oamuuxa xoavopy RobotDyn APDS-9960

Hwkue monana ingopmaiiis mpo BUXoau natdnka RobotDyn
APDS-9960:

VCC — Buxinm >KMBJIEHHS JaTduka, pobouda Hampyra 3,3 B,
(BXiz muttoca);

GND - 3emns abo MiHyC HiAKIIOUEHHS KUBJICHHS;

INT — Buxijg mepeprBaHHs, BMUKA€TLCS TIPU 1101241 HU3BKOTO
curraiy (yioriuauii piseas LOW);
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SDA — Buxim ans poOOTH 3 TepMiHaJIOM BXOIY-BHUXOIY
nociigoBHUX Aanux 1o 12C mwmHi (BXij / BUXiJ CepiiHUX TaHUX IS
12C-1mam);

SCL - Buxijg jyis TaKTOBHX CHTHAJIIB JUIS Tiepeaadi JaHUX I10
iHTepdeiicy 12C.

Hue va puc. 3.4 npencrapieHa cxema MiIKITIOYSHHS JaTIHKa
1o twiati Arduino Uno:

VCC (4epBOoHMI TPOBIAHUK) MiAKIOUCHHHN 10 BuXxoay 3,3 V
na mati Arduino Uno;

GND (uopnwuii npoinauk) 10 GND;

SDA (;xoBTHii ipoBigHuK) 10 SDA,;

SCL (cuniii npoBinnuk) g0 SCL.

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

Ha po6Gori momeni TinkerKit Braccio natumk Koibopy
RobotDyn APDS-9960 3akpirmtenuii Ha cxsarti (puc. 3.5.).
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JaTuuk Konbopy

RGB APDS-9960

Puc. 3.5. — Posmiwenns damuuxa xonvopy RobotDyn APDS-9960 na
pobomi TinkerKit Braccio

3.2. Ilporpamui ckianosi moBu C++

Hwxue mnpencrasneni naHi, MO0 BHKOPHUCTOBYIOTBCS IIPH
nporpamyBanHi wiata Arduino Uno i 1omoBHIOOTE iHpoOpMaLiiiHy
CKJIaZIOBY II. 2.5 (OuB. 1a00paTopHy poOOoTY 2).

3.2.1. Housarrs pynxuii moBu C++

@Dynkyia — 1€ IMEHOBaHAa TIOCITINOBHICTH OIEpamiid, sKa
3HAXOJUThCS M03a IHIIMX (YHKIII 1 MOKe OyTHM BHKOPHUCTaHa B
Oyab-sKid 1HITH ghyHKuil.

@ynkyii [03BOJIIOTH PO3OUIMTH HpOrpaMy Ha KiIbKa
MaJICHbKHUX MiIIPOrpam, sIKi B CyKYIMHOCTI BUKOHYIOTH IOCTaBJICHY
3amavy. Takox QyHKIIi MOkKHA OaraToKpaTHO BUKOPHCTOBYBATH, L0
3HAYHO CKOPOUYE PO3MIp KOJY TIPOTPaMH.

@Dynkyina B nporpaMyBaHHi — ()parMeHT MPOrPaMHOrO KOy,
JI0 SIKOTO MOXKHA 3BEPHYTHUCS 3 1HIIOTO MICIS MpOrpamu. 3 iMEHeM
¢GyHKIIT HEpO3PHMBHO TMOB'A3aHA ajpeca MEpHIoi  IHCTPYKIIi
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(omeparopa), 0 BXOAUTh 0 (DYHKIII, sSKa TIepeaae KepyBaHHs MpU
3BepHeHHI 10 ¢yHknii. [licns BukoHaHHs (yHKUIi ymIpaBIiHHA
MIOBEPTAETHCS HA3aJ 10 aJpecH IMOBEPHEHHS — TOYKA MPOTpaMH, /e
s QyHKIis OyJia BUKIMKAHA.

@Dyuxyia MoXxe TpUIMATH MAapaMeTpH 1 NMOBHHHA ITOBEPTATH
TesKi 3HAYCHHS, MOXKJIMBE 3HAUCHHS MOXKe OYTH IyCTHM.

OyHKLi1, AKi MOBEPTAIOTH IyCTE 3HAYCHHS, YaCTO HA3UBAIOThH
npoyeodypamu.

VY neskux MoBax MpOrpaMmyBaHHS OTOJIOMICHHS (QYHKIIH Ta
MpoLeAyp  MaloTh  pi3HI  CHHTaKCHUCH, 30KpeMa, MOXYTb
BHKOPHCTOBYBATHCS Pi3HI KIIFOUOBI CIIOBA.

3.2.2. BuznaueHHs pyHKuiii B mporpami

CunHtakcuc (CTpyKTypa HaluCaHHA eJeMEHTa KOIy) IIpH
HanucanHi  YII 3 BpaxyBaHHsM ocobimBocTei MmoBu C++
HaCTyIHUM:

Tun 3nauennsa (Te 3HAYCHHS, SIKE  IIOBEPTAETHCS)
im'a_¢pynxyii (Tur iM'st_3MIHHOI_1, THII UM'SL_3MIHHOI_2);

{
Tifo GpyHKUii,

b

[Ipuknan cuntakcucy QyHKUii mpeacraBieHuii Ha puc. 3.6.
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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 ¢ynxyii npu npoepamysanni Arduino Uno

Cama (yHKIIiSI MOXKE IPUAMATH 3HAYCHHS MEBHOTO TUIy. Llei
THUTI BKa3YETHCS TEpeN iM'am hyHKuil.

3HavyeHHs, sKe TpuiiMae (QYHKIiI0, MUIIETHCS ITICHs CIoBa
return i Ha3UBAETLCS 3HAYEHHAM, WO NOBEPMAEMBLAL.

SIkmo (yHKIIS He Ma€ 3HA4YEHHs, 1110 MTOBEPTAETHCS, & IPOCTO
BUKOHYE OyAb-sIKy OIepallito, To mepesl iMeHeM (YHKIIiT BKa3y€eThCs
cioBo VOid (aHTJ1. — MyCTHii, HeMIUCHUT).

@ynkuia Moxer MaTh napameTpu. Lle Ti 3HaUeHHS, sIKi B X0i
BUKOHAHHS MOXYTh BHKOPHCTOBYBaTuCs  (yHKmiero 1 ki
nepenaroThes 10 Hei 3 rojoBHOI (yHKUIl (y HamoOMy BHITAIKY
BuKopucToByeThesi (ynkitisi loop (amrm. Iletnst) (). Ilapamerpu
(GyHKIIT BKa3yrOThCS B Kpyriix aykkax () micist imeni ¢pyHkuii. [pu
BU3HA4eHHI PyHKIIT mapaMeTpu BKa3yIOThCA 3 iX TUIIAMHU.

3.2.3. YMoBHi onepaTopu

Ymoenuit onepamop — ue omneparop, KOHCTPYKINS MOBH
MporpaMyBaHHs, 1110 3a0e3Meuy€e BUKOHAHHS IEBHOI KOMAaHIH TiTbKH
3a YMOBH ICTHHHOCTI NESKOTO JIOTIYHOTO BHpasy, ad0 BHKOHAHHSI
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ofHiel 3 OEKIIbKOX KOMAaHI B 3alIeXHOCTI BiJ 3HAYEHHS OESIKOIO
Bupasy (puc. 3.7).

il BAKOHYEThCS
; Y
(ictuna)?

Komanpa | Komanpa 2

l

Puc. 3.7. — Ilpuxnao ymosHozo onepamopa

Slkmo ymoBa BipHa, TOOTO icTMHHAa (aHri. true), To
BUKOHYETBCS CIEIiAIbHO BKA3aHHUH JIA IIbOTO BHIIAJKY (parMeHT
KOAY.

SIkmo sk ymoBa He BipHa (auru. false), To6To mommikoBa, TO
BHUKOHYETHCS 200 iHINA CIieliajdbHO 3a3HaueHa YacTUHA KOy, a0o He
BUKOHYEThCS HIYOro 1 po0OTa MIKpOKOHTpOJIEpa TPHUBAE aaji 3a
KOJIOM.

3.2.4. BusHayeHHs] yMOBHOI omepaiii

if (ymosa) {
// [ii 8UKOHYIOMbCSl, AKUWO YMOBA BUKOHAHA

}else {

// [ii suxonyromecs, AKU0 yMo8a He GUKOHAHA

¥

Takuii ymosenuii onepamop 3Betvcs “if”, mo B mepexiami 3
aHIJIIHChKOT MOBM O3Ha4dae “sxkuyo” — e Oe3nocepe/Hsi BKa3iBKa
oreparopa, MOTiM HEeoOXiHa yMOBa B KPYIJIMX AYKKax 1 MOBHHI
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KOJI, 110 BUKOHYETBCS P ICTUHHOCTI 1i€1 yMOBH. AJie y BHIIAJIKaX,
KOJIM BaXXJIMBO BPaxOBYBaTH HE TUIbKW ICTUHHICTb, 2 W XUOHICTbH
(HeBMKOHAHHS TIOCTaBJICHOI YMOBH), Ticas GIrypHHX —JIyKOK
MUIIEThCS CITOBO “‘else”, mo B mepeknaai 3 aHTIiHChKOT O3HAdYae
“iHakwe”, 1 cTaBIATHCA Taki >k (ICypHI TyKKH, TUTBKA KOJA B HHUX
OyZe BUKOHYBATHCS TP XHOHOCTI 33J]aHOI YMOBH.

3.2.5. MoniTop noprty, nepeaaya ganux 3 miatu Arduino Uno xo
K

Komymikarist 3 [IK B nporpamaoMy cepenoBumi Arduino IDE

BHUKOHYETHCS 33 IOMOTOI) MOHITOPY TIOpPTa Ta Tpyma (yHKIIIH
BUKOPHUCTOBYETHCS [UIsl 3B'sI3Ky MiK Iuiatoro Arduino
Uno ta xoMIT'roTepoM abo iHIIUMU TPUCTPOSIMHL.

Bei mmatu ciMmeiictBa ArduinO MaroTh IOHAMMeEHIE OIUH
nociuioBauii mopt (takoxk Bimomumit sk UART a6o USART):
cepiitnmii. Bin miarpumye 38's130k Ha nudpoBux kontaktax 0 (RX) i
1 (TX), a takox 3 komm'totepoM uepe3 USB. Takum 4mHOM, mpu
BUKOpHCTaHHI 1uX (yHKIiA BukopucrtanHs BuxomiB 0 i 1 mis
(G poBOro BBEJCHHS a00 BUBEICHHS HEMOXKIINBE.

MOXJIMBUM € BHUKOPHCTaHHS BOYJOBaHOTO  CEpiiiHOro
MoHiTOpy (abo MoHiTOpy mopta) cepenosuiia Arduino IDE mis
KoMmyHikarii 3 taroro Arduino Uno. JIns I1[b0ro HaTHCKAETHCS
KHOITKA CEepiifHOro MOHITOpa Ha MMaHesi iIHCTPYMEHTIB Ta OOMPAETHCS
TaKa X IBUAKICTH Iepeiadi, sIKa BAKOPUCTOBYETHCS B KO,

IMocimoBumii 3B'130Kk Ha Buxomax 1X / RX BukopucroBye
piBHi noriku TTL (5 B a6o 3,3 B 3anexHo Bix miatu).

3.2.5.1. Biomioreka Serial s po6oru 3 UART Arduino
st podoru 3 amaparaumu UART kontponepamu B Arduino
icHye BOyZoBaHa rpyna (yHKLiH . Bona mpusnauena s

yrpaBiaiaHsa oOMiHoM gaammu depe3 UART.
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Uepes nociiioBHuil iHTepdeiic maHi 3aBXIu NEPEAarOThCs B
JIBIHKOBOMY KOJI.
VY rpymi QyHKIiH JTaHI MOXKYTh TIepeaBaTUCS B ABOX
(dhopmarax:
- ¢opmaTt OiHAPHOTO KOTY;
- ¢opmat ASCII cumBouiB.
Hanpuknas, MOHITOp MOCTiIOBHOTO MOPTY B mporpami Arduino
IDE npuiimae nani sik ASCII TekcT.
ASCII (American Standard Code for Information Interchange)
B OOYMCITIOBANIbHIN TEXHIII — CHCTEMa KOJIiB, y sKii uncna Big 0 1o
127 BKIIOYHO TIOCTAaBIICHI Y BIAMOBIAHICTH IHiTepaM, nudpam i
CHMBOJIaM ITyHKTYaIIii.

3.2.5.2. OcHoBHi ¢pyHnkuii rpynu Serial

Hwxkue npencrasieni ocHoBHI (ynkuii rpymu Serial 3 onucom
iX QyHKIIOHATY YH TPU3HAYCHHS:

void begin (long speed) // no3Bossie poboty mopry UART i
3aJla€ IBHIKICT, 0OMiHYy B 0Oox (OiT 3a cex abo OiTpeiT). [lns
3aJaHHs MIBUIKOCTI nepeaayi JTaHuX PEKOMEHTyEThCSI
BUKOPHUCTOBYBATH CTaHJAPTHI 3HAYCHHSI.

(38400); // inimianizamis mopty, mBUAKICTh 38400

601 (3a TEXHIYHOIO JIOKYMEHTAITi€l0 TuIaT ciMeiictea Arduino)

void end (void) // Biakmrouae mopt UART, 3BijIbHSIE BUCHOBKH
RX i TX.

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

int available (void) // moBepTae KijbKicTh OAWT, MPUIHATHX
MOCIIZIOBHAM TIOPTOM 1 3amucaHux B Oydep. bydep mociimoBHOTO
nopTy Moxke 30epiratu go 64 Gaiir. Y pasi mopoxnboro Oydepa
moBeprtae 0

int n; // nonomixHa 3MiHHA

n = Serial. available (); // npupiBHIOE 3MiHHY N B YHCITO
TIPUAHATHX OaNTIB
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int read (void) // moBeprae ueproBuit OaiT 3 Oydepa
MOCiIOBHOTO MopTy. Skimo Oydep mopoxkHiil - moBepTae uucio - 1
(Oxffff)

receiveByte = Serial.read (); // untanns 6aiita 3 6ydepa

void flush (void) // moseprae 3akiHueHHS mepenavi JaHUX 3
Oyhepa mocigOBHOTO MTOPTY

Serial.flush (); / ouikyBaHHs 3aKiHYCHHS nepenayi

print () // BuBoauTs mani yepe3 nocmigzoBuuii mopt UART y
Burisaai ASCIl cumBonis. DyHKIS Mae pi3HI GOPMH BUKIUKY JUIS
pi3HEX QOpPMATIB 1 THITIB TaHUX:

print (char d) // sxumo apryment tumy char BUBOAUTH B IOPT
KOJI CHMBOJTY

char d = 83; // imimiamizamis 3minHoi d Tumy char, sxa
nopiBHIoe 83 (Mae 3HaUeHHS 83)

Serial.print (d); // BuBoauTh KOI MIst cuMBoay d, Tak sik char d
= 83 (auB. BHIIIE), TOMY KOJI Bi/IITOBia€ 3HAUEHIO 83

Serial.print ('S"); / BuBoauTH O1MH cMBOJ (OYKBY) S

print (byte d) // mami Tuny byte BUBOISTHCS ABIHKOBHM
KOJIOM YHCJIa

byte d = 83; // inimiamizamis 3minaoi d THITY byte

Serial.print (d); // BuBomuts ko1 115 cumBoity d (byte d = 83)
y IBIHKOBIi crcTeMi

Serial.print (byte (83)); // BuBOAMTH NBIWKOBHWII KOI s
3HaueHns byte (83)

print (* str) // sxuo aprymenT nokax4uk ("*"

) Ha MacuB abo
pSAIOK, TO MacuB abo pAAOK MMOOANTHO mepedaeThCsi B IOPT,
NMOKAKYUK — I 3MiHHA, SKa MICTUTh aJipecy IHIIOI 3MIiHHOI B
nam’ati. Hanpukia, sKIo 3MiHHA 8 MICTUTh aJpecy 3MiHHOI D, To
1Ie O3HAYae, 1110 3MiHHA a BKa3ye Ha 3MiHHY D

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

Serial.print ("Byksu"); // BuBoauTh psinox "byxeu'

Serial.print (letters); // BuBOAMTH PAMOK 3 3 CHMBONIB 3
KoJaMHu 65, 66, 67
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int write () // BuBoguTH ABIWKOBI JaHi 4epe3 MOCIHITOBHUI
nopt UART. IloBeprae KiibKicTh mepeganux OaiTiB. DyHKIis Mae
pi3Hi hopMHU BUKIUKY JUTA Pi3HUX (hOPMATIB 1 THITIB JaHUX:

int write (val) // nepenae Gaiit

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

int write (str) // mepemae psIoK K IOCiIOBHICTE GaiTiB

int bytesNumber; // uucno Gaiitis

bytesNumber = Serial.write ('""Psinok"); / mepemae psmox
"Ps0ok", moBepTae JOBKHHY PAIKa

int write (* buf, len) // nepenae Gaiitu 3 MmacuBy, YHCIIO
OaiiTiB — len (oBKMHA MAaCHBY)

char buf = "Pagok";

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

3.3. [Ipuknajg BUKOHAHHS 3aBJAAHHS TAa MPOrpaMM MOLIYKY
00’€KTa 32 KOJIbOPOM

3.3.1. CTpyKTypa cTeHay Ta pekoMeHAauii 10 po6oTu 3i
CTEH0M

Jns naHoi 1abopaTopHOT POOOTH BHUKOPHUCTOBYETHCS POOOT
Nel wopmeni TinkerKit Braccio (muB. puc. 2.29), Ha sKOMYy
3aKpiluIeHui 1aTdrK Koasopy RobotDyn APDS-9960.

Ha crenai meBHUM 4YHHOM ITO3HAYCHE KOOPJIUHATHE IOJIe
pamianpHOro Bumy (mwB. puc. 3.8), sKe TpeicTaBieHe Y BUIIISAII
IT’SITH OKPEMUX HAIIBKLI, SIKi TIO3HAYEHI BiJOBITHUMH CHMBOJIAMH
(A, B, C, D, E) i matots KyTOBY mpOoTsDKHICTB Bimg 0° mo 180° 3
KPOKOM KyTOBOi JuckpeTu3auii B 10° BiINOBIHO 3 poOOYOI0 30HOIO
pobora.

[Mo3umnii TO Ta TOYOK BUBAHTAXXCHHS 3aA€ThCS BapiaHTaMHU
1HAMBIOyaJIbHUX 3aBAaHb JJS BUKOHAHHA J1a0opaTopHOi po0oTH, a
BH3HAYAIOTHCS KOHKPETHOIO pamianpHOo myroto (A, B, C, D, E) ta
BIJIMIOBITHUM KYTOM.
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Posminienast TO BHUKOHYEThCS TAaKMM YWHOM, MO0 TOYKa
nepetuHy niaroHayned twiommHu TO HampaBieHoi Bropy, Oyna
CHiBBICHA Ha TEpEeTHHI paJialbHOI IOYrd Ta KOHKPETHOTO KyTa
BiTHOCHO pobora (1auB. puc. 3.8).

Pobom Nel Pobéom No2

\‘/\'\/7 Oo_ Jlosuyis TON22
by ~ 0 _____

A

B[ X
C XA,
D

E

2 % T~ Jlosuyis TONel

= B UNO Ne2

UNO Nel

Puc. 3.8. — Cmpyxmypna cxema 1a60pamopro2o cmeHoy 3
axmusHum pooomom Nel 3 nosnauenumu mouxamu TO ma TB 3a
npuxaadom eapianmy *** (oue. n. 3.3.2)

B HaBeneHoMy Hmxue npukiami Hamgano kon (YII) came 3
MMH TO3UI[sSIMH JUIsi BapiaHTy-nipukiaany Ne*** (muB. m. 3.3.2).
Tpu TO po3MimAIOTBCS Ha BU3HAYCHUX IIO3MINSX Tak, I00
pizHOKONBOpOBI cTopoHn TO Tunmy kyO Oynum HampaBieHi
BEPTHKAJIBHO Bropy.

[Mo3unii Ha koopauHatHii citii TO Nel — C 20°, TO Ne2 — C
40°, TO Ne3 — C 60°, a mo3umii TB Nel ta TB Ne2 sigmosigao C
110° Ta C 160°, po3MimeHHs MO TOYIl TEPETHHY JiaroHajen
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omopuoi mionHr TO. IlochmigoBHICTE KOJHOPIB BEPTUKAIHLHO
HaTpaBJICHUX CTOPiH KyOiB 0OMpPalOTHCS CTYACHTOM JOBIJIBHO, ale 3
BpaxyBaHHAM JMaHuX Tabm. 3.2 (auB. mami).

[lepen mouaTkoM poOOTH HEOOXiAHO BHEBHUTHCH 1O TO
pO3TamoBaHi MPaBWJIBHO 1 HE BHUXOMATH 32 BHU3HAYEHY DPO3MITKY.
[lomoxkxernss TO B poOodomy mpocTopi poboTa MOXKYThH
3MIHIOBaTHCh. Taki moyiokeHHs TO XapakTepusylOTh TaK 3BaHE
CTaTUYHE YIOPSIIKOBAHE TEXHOJIOTIYHE CePEe/IOBHUIIIE.

Pexomenaauii o0 ocBiTIEHHS:

YBAT A!

PoGora pmartumky kompopy Mmoxeni RobotDyn APDS-9960
3aJIe)KUTH BiJl 30BHIITHBOTO OCBITIIEHHS. ToMmy:

- HE HaJlaBaTH JOAATKOBOTO 30BHILIIHBOTO OCBITICHHS (J1iXTapi
Ta iHIII CIIPSIMOBaHI MPOMEHi CBITIIOBOTO MOTOKY);

- BHUKOPHCTOBYBAaTH CTCHJ TPH HOPMAJIbHOMY JCHHOMY
OCBITJICHHI 200 3 YBIMKHEHHM CBITIIOM Y JJAOOPATOPIsIX.

3.3.2. IIpukian 3aBIaHHs Ta NPUKJIA] HOT0 BUKOHAHHSA

3.3.2.1. 3arajbHi M0JI0KEHHS

3anporpamyBaru po6ot TinkerKit Braccio Ha momyk 06’ekra

TO 3a BU3HAYEHUM KOJIHLOPOM 3TIIHO 3 BapiaHTOM ***

, HaBeJIEHUM
Hwkde. [Ipu npomy momyk konbopiB cropid TO BHKOHYeTbCs 3a

Bcima Tppoma no3uuisMu TO Nel, TO Ne2 ta TO Ne3.

Bapiant Ne Ilo3umisn Ilo3umist |ITo3umis [ TB Nel Ta | TB Ne2 ta
P " | TONel | TONe2 | TONe3 KOJIip KOJIip
c110° C 160°

Fkx C20° | C40° | C60° . .

YEpPBOHUM | 3eJeHui
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VY nanoMy mpukiani mpeacTaBieHa mporpama nomryky TO 3a
KOJIbOPOM 3 YIIPABIiHHAM 3 MOHITOPY MOPTY. Y CleLialbHOMY PAIKY
KOMaHJ{ OIepaTtop MPOIKCYye KOMaHmy-CHMBONI F, ¢ uu b, mio
BIZIMOBIIa€ BiIOBITHOMY KOJbOPY (I — YepBOHMH, § — 3eneHuld, b —
cuHi). PoOOT TPOXOmWUTH TPW 3a3majerilb BH3HAYCHI TOUYKH
postamryBarHas TO Ta BH3Ha4ae iX KOJip 3a JOIIOMOToi0 Aatdnka. Ha
3aJlaHU# KOJIip POOOT MPOXOAUTH BCI TPU TOYKU HE3aJICKHO UM OYJI0
saaiigeHo TO motpibnoro kompopy. Ilpm BumsBienni TO
BIJIMOBIIHOTO KOJIbOPY Po0oT 3axormnoe TO cxBaroMm (3aTHCKHHM
MIPUCTPOEM) 1 TIepemilnye ioro y Touky BuBaHTaxkeHHS Nel (TB Nel)
3rigHo 3 puc. 3.8.

[Ipu 3akindeHHi ogHOro mpoxoay mnomyky TO 3a kKoiabopoM
poOOT TEepeMilyeThCsl Y BUXIIHE TOJOXKEHHS 1 OUiKy€e KOMaHIY-
CHMBOJI Ha HAacTynHUH momryk TO 3 BiANOBIIHUM KOJIBOPOM.

3.3.2.2. BukoHaHHH 3aBIaHHSA

3aB/1aHHs BUKOHYETHCS HACTYITHOKO MOCITIIOBHICTIO KpokiB K
K1. 3anyctutu nogatok (mporpamue cepenosuiie Arduino IDE 3a m.
2.4 nabopaToOpHHOI pobOTH 2);
K2. crBopuTH HOBHIA ckeTd (aiin > HoBHit, abo Ctrl + N);
K3. nigximrounty 610/110TEKH 32 JOIIOMOIOK KOMaHIU

(#include< >, #include< > rta #include<
>);
HOCUJIaHHSA Ha 0101i0TEKY VIS TaTYruKa KOJIBOPY

[https://github.com/adafruit/ Adafruit APDS9960];
K4. ininianizyBatu okpemi cepBoaBUryHH min 0ibmioTeky “Servo.h”

3a JOIIOMOI'0OI0 KOMaH/IH
base; // ceproasuryn M1, nanka L2 (ocHOBa);
shoulder; // ceppomBuryn M2, manka L3 (mieue);
elbow; // cepsonBuryn M3, nanka L4 (J1ikoTb);
wrist_rot; // cepomBuryn M4, manka L5 (BepTHKaabHMIA
3a11’ICTOK);
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wrist_ver; // cepBoaBuryn MS5, nanka L6 (oOepranbHuii

3a1’ICTOK);
gripper; // cepsoaBuryn M6, nanka L8 (cxBar);
KS5. ininianizyBaru gripper Buxig Nel3 miatu s iHAUKaIii

crany komyHikaiii iata Arduino Uno 3 K 3a gqonomororo
xomanau const int ledPin = 13;

K6. BuzHauuTn pexum pobotu Buxoay Nel3 mmaTu 3a 10moMororo
KOMaH] ! (ledPin, OUTPUT);

K?7. ininianizyBaru 6i0miorexy ms [1P 3a momomororo dyHkiii
void setup() Ta komangM 0;

K8. BukonaTH niepeBipKy MiAKIIOUSHHS TaTYHKa KOJIBOPY /IO TUIATH
3a orororo komanau if(lapds. 0) y dynkuwii void setup();

K9. ininianizyBaru 6101i0TeKy 1aTIrKa KOJIHOPY 32 JOIMOMOTOIO
¢yukmii void setup() ta komarmu apds.enableColor(true);

K10. crBoputu ¢ynkii void start_position() (ctaprosa mo3uiis
po6ota) ta void red() (B maHoMy BHMaaKy (HYHKILS MOIIYKY 00’ €KTa
YEPBOHOTO KOJLOPY);

K11. crBoputu ¢ynkitiro Void loop () Ta opraisyBaru B Hiit poboTy
3 MOHITOpOM TopTy. OpraHizyBaTi BUKIUK (YHKIIH

void start_position(), void red()ra void green() uepe3 cumMBOIIBHI
KOMaH/IM B MOHITOPI MOPTY 32 JOMOMOTOI0 (hyHKITi T

Ta :

K12. migmountr waty Arduino Uno go T1K ta o6paru
BixnoBiganit COM-miopT;

K13. 3aBanTaxxutu nporpamy B Arduino Uno;

K14. nepesiputu poOOTy KOy Ha CTEHII.

3.3.2.3. CTpykTypa nporpamu nowmyky TO 3a kojibopom

VYV Hmkue HaBemeHidl cxemi (muB. puc. 3.9 ta puc. 3.10)
MOKa3aHi OCHOBHI €IIEMEHTH IPOTPaMHOro kojay momyky TO 3a
KoJb0poM. KoskHHE OJIOK € HEBiJl’€MHOI CKJIaJ0BOIO MPOrpaMu i
BUKOHYE CBOIO (YHKIO. Bioku Mik c00010 B3a€EMOIIOB’s3aHi
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CKJIaJHUMH HETIOCITiIOBHUMH 3B’SI3KaMH, aje ixX TOCIHiJOBHICTb B
OJIOK CTPYKTYPI € BXKJIMBOIO BUMOTOI0 MOBH IPOrpaMyBaHHs, TOOTO
TIpY TIOPYIICHHI MOCTIOBHOCTI, HAIaHOI B CXeMi, ITporpama He Oyze
CKOMIIJIbOBaHa B cepenoBuili nporpamysanns Arduino IDE.

Hrokxde onncano KOKHUM OJIOK OKpEMO.

Broxk #include — e ocoOnuBHiA eeMEHT B TPOrPaMHOMY, 1€
3aKPIIUTIOIOTECS OI0IOTEKU Ta 3aJar0ThCs 3MIHHI JUIS TOJANBIION
pobotn B okpemux (QYHKIISX. 3aBOAKH 010Ii0TeKaM MOXKIUBO
BUKOPUCTOBYBAaTH CIELialibHI TMPHUCTPOI, HANpUKIa], JaTYUKH,
npavisepr, GSM w™oxym Tomo, ab0 BHKOPHUCTOBYBATH ILIATH
cimerictea Arduino s ocobnuBuX Itiieit. B mawiit mabopaTtopHhiit
poGori B Oiomi #include BukopucTOBYIOTBCS 0i10JIOTEKH ISt
npaiiBepa  Braccio  Shield Ta gns garumka  Kosbopy.
BukopHcTOBYETBCS TakoX cremiaipHa 3MiHHaA INt incomingByte,
sika MoTpiOHa [UIsl opraHizamii KOMyHiKallii KOMIT IoTepa 3 II1aTo.

VY OGmomi Vvoid Setup BCTaHOBIIOIOTBCS PEKUMH POOOTH
IUQPPOBUX BUXOJIIB TUIATH, SIKI MOXYTh TPAIFOBATH SIK BXOJH, a00 5K
BUXOJIH, TOOTO CIIpUAMATH CHTHaJ M abo BUIABAaTH CUTHAIH. Takox
B JaHOMY €JIeMEHTI MpPOrpaMHOTO KOJy BHUKOHYEThCS TMepeBipKa
MIKTFOYCHHS AaTYMKa JI0 IJIaTH Ta 3ayCK 010J10TeKH )i HbOTO.

baoku void red, void green ta void blue imenTiuni 3a cBoim
3MiCTOM, Pi3HUIIS JIUIIIE B TOMY IO TIEPIINI CTBOPEHHH ISl TIOUIYKY
TO d4epBoHOro Kompopy, Apyrudi nans mnomyky TO 3emeHoro
KOJbOpYy, a TpeTiit — mia nomyky TO cunboro kosnsopy. Lli 65oxu
CKJIAJIAfOTHCS 3 TIPOIUCY KYTiB CEPBOJIBUTYHIB JUIsSI KOXKHOI OKpeMOl
JaHKH 151 3a0e3nedenHs nepeminienss cxsara Mk TO Ta ymoBaMu
JUIsi BAKOHAHHS Tiporiecy coptyBanHs TO 3a KOIbOPOM.

Hamnpukian, 3a ymoBu if (r>g && r>b) To cxBaT 3axoIumoe
TO yepBoHOro Ta nepemiilye Horo B TOYKy BUBaHTaxeHHS Nel —
TBI1.
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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. — Cmpyxmypha cxema nociiooenocmeii CKiaoo8ux
enemenmis xko0y VII ¢pynrkyionysanmns poboma
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#include

void setup

A\ 4

void loop

Puc. 3.10. — Ymosna cxema-aneopumm (ghpacmenm) ckniadosux Kooy
VII ¢pynryionysanns po6oma Braccio

InmeHTHYHA yMOBa BHMKOPHCTOBYEThCS Ui BusBieHHS TO
CHHBOTO Ta 3€JIEHOTO KOIBopy, a came If (b>r && b>r) ta if (g>r
&& g>Db). 3nak && 03HaUae BUKOHAHHS JABOX YMOB OJTHOYACHO.

biok void 100p € OCHOBHUM €IeMEHTOM MPOTrPaMHOTO KOJY.
[lpy 1BOMY BHKIMKAIOTHCS IHIII EIIEMEHTH Ta 3a0e3MeUyeThCs
komyHikargist I[TK 3 mmaror. Ils yacTHHa KOAy MpaIfoe B UK,
TOOTO TOCTIHHO BHMKOHYETHCS IEPEBIpKa BHKOHAHHS YMOB, a Yy
BHUIAJIKy 1X BiAIpaIfoBaHHs MIOYHHAETHCS HOBA IEpeBipKa. 3aBIsAKU
I[bOMY OIIEpPaTOp MOXKE MoJaTH KomaHay Ha nomyk TO, micias 4oro
MO’Ke BUKOHATH TaKy oIeparliro 6e3iid pasis/
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3.3.2.4. Teker YII (mporpamMHuii Koa) 3a NPUKJIAA0OM
Bapianty ***, n. 3.3.2

Hwuxde npeactaBieHO NpOrpaMHUN KOJi HAaBEJCHOTO BHIIE
npukinany. llpu 1boMy KOIBOpOBHH (OH TEKCTYy MpOTrpamu
BiJITIOBi/Ia€ KOMBOPY OJNOKIB Ha cxeMi 3a puc. 3.9.

Il Brok #include
#include "Adafruit_APDS9960.h" // migxmtodenHst 6101i0TeKH ISt
JaTYNKA KOJIBOPY, OCTYI 010J10TEKH 32 MOCHIaHHIM
[https://github.com/adafruit/ Adafruit APDS9960];
Adafruit APDS9960 apds; // inimiamisamis ¢pyHKIii 6101i0TeKH
JaT49nKa KOJIbOPY
#include < > /[migkirodueHHs 010I0TEKA
#include < > /[migkmrodeHHs 610Ii0TeEKN

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

shoulder; // cepoauryn M2 manku L3 (tuteue)

elbow; // cepoaBuryn M3 nanku L4 (J1iKoTh)

wrist_rot; // cepponBuryn M4 nanku L5 (BepTuKanbHHiA
3aIl’ SICTOK)

wrist_ver; // ceppoauryn M5 nanku L6 (06epTanbHuit
3aIl’ ICTOK)

gripper; // cepponsuryn M6 nanku L8 (cxBar)
const int ledPin = 13; // Buznayenns LED Buxony (13) Arduino UNO
JUTSL IHIUKAIIT cTaHy ioro koMmyHirkarrii 3 [1IK
int incomingByte; // 3minHa komyHikariii 3 TTK

/I biok void setup

void setup() {// BcranOBIECHHS peXKUMY BHUXOIB Ta BMHKAaHHS
0ibmiorexku Braccio
(ledPin, OUTPUT); // BcranoBnenns LED Buxomy Ha
MOCHJIAHHS CUTHATY
0; // BMmukanns 6i6miorexu Braccio
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(115200); // BcTaHOBIEHHS MIBHIKOCTI TIepeaadi JaHUX
Mix mraroro Arduino Uno i ITK, 110 BU3HaAYEHO YMOBaMH POOOTH
natyrka Kosnsopy RGB

if(lapds. (0){ // nepeBipka migKIIOYEHHS AaTYUKA KOJIBOPY
(""Problem: failed to initialize device! Please check

your wiring.");

}

else (""Device initialized!""); /I Tekcr-inauKaTOp,
3’SIBJISIETHCSI HA MOHITOPI MOPTY NP YCIIIIHOMY i/’ €JHAHI JaTYnKa
70 TUTATH

apds.enableColor(true); // BMukanHs qaT4MKa KOIbOPY

}

[/l Brok void start

void start_position(){ // craprosa mo3wuiis 1P, B JaHOMy BHIAIKY K
MPUKJIA]]
(25, 135, 125, 145, 180, 125, 10);
/I migxim cxBata pobota 10 mosuirii TO Nel
(1000); // 3arpumka 4acy B 1 cexyHmy
(25, 90, 100, 175, 172, 90, 10);
// migxing cxBarta podota 1o mo3wumii TO No2
(1000); // 3arpumka gacy B 1 cexyHmy

(25, 60, 105, 165, 170, 55, 10);
[l Tlepemimenns cxpary 3 mosuitii TO Ne2 mo mosutrii TO Ne3
(25, 45, 125, 145, 180, 32, 10);

/I migxim podorta g0 mosumii TO Ne3
(1000); // 3arpumKa gacy B 1 cexyHIy
}

/I baok void red

void red(){ // dyukiist momyky 4epBOHOro Kyba
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uintlé tr, g, b, c; // inimianizaris JonNOMKHAX 3MIHHEX I, ¢, b, C
(me r — yepBOHHMH, § — 3eJeHHH, b — CHHIH, C — IPO30PICTB )
(25, 142, 111, 170, 180, 130, 10);
Il migxix pobota o mo3uii TO Nel
(1000); // 3arpumka vacy B 1 cekynmy
(25, 132, 111, 170, 180, 130, 10);
Il migxix po6ora no mo3wuiii TO Nel
(1000); // 3arpumka 4acy B 1 cexkyHmy
apds.getColorData(&r, &g, &b, &c); // nepeBipka 10noMizkKHIX
3miHHmX I, g, b, € (ledPin, HIGH); // BMUKaHHSsS
cBiTIIOOIOMY
(1000); // 3aTpumKka yacy B 1 cekyHay
// MOKa3aHHA JATYUKA MO JOTIYHUM PiBHAMH
(""red: "); / BUBiN y IOPT NOBiAOMJIEHHS
(r); // BUBin y HOPT NOBiAOMJIEHHS
(" green: "); // BUBiI y OPT NOBiTOMJIEHHS
(g); // BMBIA y HOPT NOBiTOM/IEHHS
(" blue: "); / BUBiA y mOpT NOBixOMJIEHHSI
(b); // BMBiA y OPT MOBiTOMJIE€HHS
(" clear: "); // BUBiT y mOpT MOBiTOMJIEHHSI
(c); // BMBix y IOPT MOBiTOMJIEHHS
();// BUBiA y HOPT NMOBiTOMJIEHHS
If (r>g && r>b) // nepeBipka K0,1b0py, piBeHb iHTEeHCHBHOCTI
BHIIPOMiHIOBAaHHSI Y€PBOHOI'0 KOJIbOPY BUIIMII 32 3e1enmii (g) Ta
cuniii (D)? SIkuI0 BUIe, TO BUKOHYETHCS NepeMillleHHsI
3akpimienoro B cxBati TO B TB Nel

{
(ledPin, LOW); // BUMHKAHHS CBITI0i0MY

(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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// mepemimennst TO Nel 10 30HH BUBAHTAKEHHS CXBAT
3aKpUTHI
(500); // 3aTpumka yacy B 0,5 ¢
(25, 0, 90, 180, 180, 180, 40);
/[ TO Nel 10 30HM BUBaHTAKEHHSI CXBAT BiIKPUTHI
(500); / 3aTpumka yacy 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 uacy B 0,5 ¢
(15, 90, 100, 175,172, 85, 10);
(500); // 3aTpumka yacy B 0,5 ¢
}
else // onepauisi npu HEBUKOHAHHI YMOBH
{
(ledPin, LOW); // BAMMKAHHSA CBITJI0Ti0ONY
}
(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 yacy B 0,5 ¢
apds.getColorData(&r, &g, &b, &c); // nepeBipka 3MiHHMX
(ledPin, HIGH); // BMUKaKkHHS cBiTI0i0A
(1000); // mepeBipka 3minuux r, g, b, ¢
("red: "); // BHBI y IOPT NMOBiOMJICHHSI
(r); // BHBiZ y HOPT NOBiZOMJICHHSA
(" green: "); // BHBiI y IOPT NOBiAOMJICHHS
(g); // BUBIA y OPT MOBiOMJIEHHSI
(" blue: "); / BMBiZ y HOPT MOBiOMJIEHHS

87




(b); // BMBiA y OPT MOBiIOMJIEHHS
(*" clear: ""); // BUBin y mOpT MOBiTOMIIEHHSI
(¢); // BUBin y IOPT MOBiIOMJIEHHSA
(); // BUBix y IOPT MOBiTOMJIEHHS
if (r>g && r>b) // nepeBipka koanopy. Axmo kojip TO
BU3HAYEeHUI sIK 3agaHuii, Toai podoT nepemingye TO B TB Nel

{

(ledPin, LOW); //BuMukanHst cBiTI0i0MY

(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); // 3aTpumxka 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);
(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 4acy B 0,5 ¢
}
else // onepauisi npu He BUKOHAHHI YMOBH
{
(ledPin, LOW); // BuMuKaHHS CBiTI01i0MY
}
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(25, 75, 105, 180, 180, 70, 10);

(25, 60, 105, 173, 180, 55, 10); //
J0IATKOBA TOYKA MepeMillleHHsI /151 3ano0iranns 3irknenns 3 TO
(25, 50, 112, 169, 180, 46, 10);

// mo3nnionyBaHHA B To4li po3TtamryBanHs TO Ne3
(1000); // 3aTpumKka gacy B 1c
apds.getColorData(&r, &g, &b, &c); / nepeBipka 3MiHHIX
(ledPin, HIGH);
(1000);
("red: "); / BUBiA y IOPT NMOBiIOMJICHHS
(r); // BMBin y IOPT MOBiTOMJIEHHSA
(" green: '");// BUBi y HOPT NOBiZOMJICHHSA
(g); // BUBIA y IOPT MOBiOMJIEHHSI
(" blue: "); // BuBin y nopT noBioMJIeHHs
(b); // BUBix y HOPT MOBiAOMJIEHHS
(" clear: "); // BuBiD y HOpT NOBiOMJIEHHSI
(¢); // BUBin y HOPT NOBiAOMJIEHHS
(; // BUBiA y mopT moBigomMJieHHS
i (r>g && r>b) // Sixkmo koJip TO BU3HAYeHMIT SIK 3aTaHMId,
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 // onepartist mpu HEe BUKOHAHHI YMOBH

{

}
}

(ledPin, LOW); //BuMukaHHs CBITIOqIOA

/I biok void green

void green(){ / ¢pyHKUis NONIYKY YepBOHOTO KYy6a
uintlé tr, g, b, ¢; // ininiamizamis gonomMixkHUX 3MiHHMX I, 0, b, C
(e r — uepBoOHMIA, § — 3eJIeHmii, b — cuHiil, C — mpo3opicTs )
(25, 142, 111, 170, 180, 130, 10);
// migxin podota 10 mo3uuii TO Nel
(1000); // 3aTpumKa yacy B 1 cekyHay
(25, 132, 111, 170, 180, 130, 10);
// migxin po6ota 10 mo3uuii TO Nel
(1000); // 3aTpumKka yacy B 1 cekyHay
apds.getColorData(&r, &g, &b, &c); // mepeBipka ToMOMizKHIX
3miHHMX I, g, b, C (ledPin, HIGH); // BMUKaHHs
cBiTIIOOIOMY
(1000); // 3aTpumKka 4acy B 1 cekyHay
// MOKa3aHHA JATYHUKA 10 JOTIYHUM PiBHAMH
("red: "); // BUBIA y IOPT MOBiOMJICHHSI
(r); // BUBix y HOPT MOBIHOMJICHHSA
(" green: ""); // BUBiA y mOPT NMOBiTOMJIEHHSI
(g); // BUBIA y IOPT MOBiTOMJIEHHSI
(" blue: "); / BUBiA y mopT noBixoMJIeHHSI
(b); // BMBIiA y mOpT NOBiTOMJIEHHSI
(" clear: "); // BMBiT y HOPT MOBiOMJICHHSI
(c); // BHBix y HOPT MOBIAOMJICHHS
();// BUBIA y OPT NOBiIOMJIEHHSI
it (g>r && g>b) // nepeBipka KoJ1b0pYy, piBeHb IHTEHCHBHOCTI
BHIIPOMiHIOBAaHHSI Y€PBOHOI'0 KOJIbOPY BHIIIE 32 3ejieHuii (J) Ta
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cuniii (b)? SIkmo BuuIe, TO BAKOHYETHCS MepeMillleHHsI
3akpimienoro B cxpati TO B TB Nel
{
(ledPin, LOW); // BuMHKaHHS CBITJI0i0XY
(25, 132, 111, 170, 180, 130, 70);
(500); // 3aTpumka yacy B 0,5 ¢
(25, 135, 80, 145, 180, 180, 70);
(500); // 3aTpumxka yacy B 0,5 ¢
(15, 0, 80, 145, 180, 180, 70);
(500); // 3aTpumka uacy B 0,5 ¢
(25, 0, 90, 180, 180, 180, 70);
/[ TO Nel 10 30HH BUBAaHTAKEHHS CXBAT 3aKPHUTHIA
(500); // 3aTpumka yacy B 0,5 ¢
(25, 0, 90, 180, 180, 180, 40);
// TO Nel 10 30HH BUBAHTAKEHHSI CXBAT BiIKPUTHIA
(500); / 3aTpumka yacy 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);
// nepemimenus xo TO Ne2
(500); // 3aTpumka vacy B 0,5 ¢
(25, 90, 100, 175, 172, 180, 10);
(500); // 3aTpumka vacy B 0,5 ¢
(15, 90, 100, 175, 172, 85, 10);
(500); // 3aTpumka yacy B 0,5 ¢
}

else // onepauisi npu HEBUKOHAHHI YMOBH

{
}

(ledPin, LOW); // BUMUKAHHS CBITI0OTi0OMY

(25, 110, 102, 180, 180, 90, 10);
(500); // 3aTpumka yacy B 0,5 ¢
(25, 93, 106, 180, 180, 90, 10);
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/[ TO Ne2
(500); // 3aTpumka yacy B 0,5 ¢
apds.getColorData(&r, &g, &b, &c); // nepeBipka 3MiHHHX
(ledPin, HIGH); / BMUKakHHS cBiTI0i0AQ
(1000); // mepeBipka 3miHHuX I, g, b, C
(""red: "); / BUBi y mOPT MOBiTOMJIEHHSI
(r); // BUBin y mOpT NOBiqOMJIEHHSA
(" green: "); // BUBiZ y OPT MOBiIOMJIEHHS
(g); // BUBi y MOPT MOBiIOMJIEHHSI
(" blue: "); // BUBiA y mOpPT NOBiTOMJIEHHSI
(b); // BUBiA y mopT nOBiOMJI€eHHSI
(" clear: "); // BUBiA y mOPT NOBiTOMJIEHHSI
(¢); // BUBin y HOPT MOBiIOMJIEHHSA
(); // BUBiA y mopT moBiqoMJieHHSA
if (g>r && g>b) // nepeBipka koabopy. Axio koJip TO
BU3HAYEHUI SIK 3aaHuii, Toai podoT nepeminrye TO B TB Nel

{

(ledPin, LOW); //BuMHKaHHA CBITI0Ti0NY

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

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

(25, 93, 80, 145, 172, 120, 70);
(500); // 3aTpumka vacy 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 gacy 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 // onepanisi npu He BUKOHAHHI YMOBH
{
(ledPin, LOW); // BuMuKaHHS CBiTI0i0MY
}
(25, 75, 105, 180, 180, 70, 10);
(25, 60, 105, 173, 180, 55, 10); //
J0IATKOBA TOYKA NepeMillleHHsI /151 3ano0iranns 3itknenns 3 TO
(25, 50, 112, 169, 180, 46, 10);

// mo3unioHyBaHHA B To4li po3TamryBanHs TO Ne3
(1000); // 3aTpumka uacy B 1c
apds.getColorData(&r, &g, &b, &c); / nepeBipka 3MiHHIX
(ledPin, HIGH);
(1000);
(""red: "); / BUBiA y OPT MOBiTOMJICHHS
(r); // BUBix y HOPT MOBiZOMJICEHHSA
(" green: '");// BUBix y HOPT MOBIZOMJICHHS
(g); // BUBIH y IOPT MOBiXOMJICHHSI
(" blue: "); / BMBiT y HOPT MOBiOMJICHHS
(b); // BUBix y HOpPT MOBiZOMJICHHSA
(" clear: "); / BMBiZ y mOPT MOBiiOMJIeHHS
(¢); // BUBin y OPT MOBiTOMJIEHHSA
(); // BUBiA y mopT noBigoMJIeHHSA
it (g>r && g>b) // SIxmo koaip TO BU3HAYEHHI] AK 3aaHMIA,
Toai po6oT 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); //BuMukanusi cBiTI01i012

}

I/ Brok void loop

void loop() {
/[ 3minHI U1 30€peKEHHS TaHUX KOJIBOPY
uintl6 tr, g, b, c;

iwvhile('apds.colorDataReady()){ //3arpumka mis iHiriamizamii
0i0IioTeKH TATYUKY KOIBOPY
(5); // 3arpumMKa gacy B 5 Mc

}
(1000);
(25, 90, 90, 90, 90, 90, 10);
if ( () > 0) // nepenaua indopmarii B MOHITOp OPTY
{// read the oldest byte in the serial buffer:
incomingByte = 0;
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it (incomingByte == 'R") { // cumBox 3anmycky GyHKIiT
MOLIYKY YepBOHOTO Ky0a
red(); // 3amyck ¢ynkuii nomyky TO 4epBOHOT0 KOJIbOPY

¥

if (incomingByte =="'G") { // cumBoJ 3amycKy QyHKIii
NMOLIYKY 3eJIeHOT0 Ky0a

green(); // 3anmyck ¢ynkuii nomyky TO 3e1eHOr0o K0IHLOPY

}

if (incomingByte == 'S") { // cumBoJ 3anmycKy pyHKIii
CTAPTOBOI MO3MULil

start_position(); / 3amyck BkazaHoi GpyHKii

}

3.4. 3aBnaHHs Ta NOPAIOK BUKOHAHHS PO0OTH

1. O3HalOMHTHUCH Ta 3aCBOITH TEOPETUYHI BIJOMOCTI.

2. TlepeBipuTH miAKIIOYCHHS JaTyrka Kosnbopy RobotDyn
APDS-9960 no rutatu Arduino UNO.

3. Bamyctutu goxatok Arduino IDE Ta migkimouMTH TUIATY
Arduino UNO o koM’ totepa 3a jgornomororo USB-kaberro.

4. 3aBaHTaXUTH Mporpamy-npukian Ha mwiaty Arduino UNO
Ta BIIKPUTH MOHITOp TOpTy st kKomyHikamii 3 IIK (BucraBuTH
oimpeum 115200).

5. Posrammysatu TO Ha CcTeHII Yy BH3HAYCHHMX MICIIAX
(TT0O3HAUEHO HA OCHOBI CTEHJy TIO3HAYKaMH), aJie i3 po3TallyBaHHIM
HasBHUX BIJIOBIIHUX KOJBOPIB 3riJHO BapiaHTIB 1HJAMBIIyabHUX
3aBJaHb 3a Tabm. 3.2.

6. BcranoButu Bci naHKM poOoTa y Oe3ledHe MOJIOKEHHS Ta
nojatu okuBleHHS Ha Braccio Shield 3a gomomoror 6m1oka
JKUBJICHHS Ye€pe3 BiJOBITHUI P03’ €M.

7. JlodyekaTucCh iHIimiamizamii JaTdyuka KOJBOPY: Ha MOHITOPI
mopTy Oyje BuBeAeHO moBimomienus "Device initialized!".
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8. llogatn xomanay Ha 3amyck ¢yHkOii momyky TO
MPOITMCOM BiAMOBITHUM CHMBOJIOM Ta BBOJAY KiaBimiow Enter na
1K, crocrepiratu 3a X0JJ0M BUKOHAHHS IPOTPaMH.

9. Ilicns BigmpaumroBaHHS MPOTPaMHU-TIPUKIAAY BHU3HAYUTH
CTPYKTYpy (UEeproBiCTh BHKOHAHHA Ta 3arajlbHUA aJITOPUTM)
mporpamMu momyky TO 3a KOIBOpOM BIANIOBIAHO 110 3alaHOTO
BapiaHTa, KU BKa3aHui B Ta0. 3.2.;

10. CrBoputn niporpamy (koxa, YII) momyky TO 3a koneopom
Ha OCHOBI KONy, SIKAW HagaHuil y npukian m 3.3.2.2, Ta 3ammucaTi B
mporpamue cepeosutire Arduino IDE.

11. TlpogeMoHCTpYBaTH BigNpalOBaHHs POOOTOM TO3HUIIIH,
3aJlaHUX 3a BapiaHTOM Ta0J1.3.2.

12. 3amucatu  Bigeo pobOotm mporpamu Tnomyky TO 3a
KOJHOPOM, 3aBaHTAXHUTH BiZIEO y XMapHE CXOBHINE (IOBLIHHHIMA
BHOip) Ta 3reHepyBaTi QR-Kox mocHiIaHHS Ha Bi€o.

13.0dopmuTH 3BIT 32 BUMOTam# 1. 3.6.

3.5. BapianTn inaAuBinyanbHuX 3aB1aHb

Tabnuys 3.2. — Bapianmu inOu8ioyaibHux 3a60aHb

Bapiant No Iozunii TO Kouip TO ta TB
TO Nel TO Ne2 TO Ne3 TB Nel TB Nel
1 Co° | C20° | Cdoo | ety Cund
2 C0o° | €20° | Cdoo |TePnomuity G
3 coc | c20° | cd4oo | SN | Ceremt
4 Co° | €20° | Cdoo | et Hepnoni
5 COo° | €20° | Cdoo |TeProm Seromt
6 Coc | C20° | Cdoo | SN (Tepmoni
7 C20° | C40° | co60° | gt S
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3axinuenns maon. 3.2

8 C20° | C40° | oo |TePromui) T

o | cae | ca | cor | g | o
0 | cae | cdr | co | i |
i | oo | | cor [T
2 | cae | cdr | co | (e [T
13 C40° | C60° | Cgoe | gl Cmid

| cor [car | cwr [T G

5 | cae | cor | o8 | e | Crsor
B | car | co | s | o |
8 | cor | ca | e | o |Teiser
20 C60° | C40° | Capo |TeRrom) Seqcnu

poboTwu.

3.6. 3micT 3BiTY

1. Ha3Ba Ta meta poboTH.

2. KopoTki TeopeTHyHi BiIOMOCTi PO HOHATTSA “KOJip”.

3. OcHOBHI BifloMOCTi MO0 JaT4nka Kossopy RobotDyn
APDS-9960.
4. Cxema, ckiaa JabOpaTOpPHOTO CTEHAY Ta OIKUC HOTO
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5. OcHoBHI BimoMOCTi Mpo (YHKLIIO Ta YMOBHOTO
oreparopa.

6. OCHOBHI BiTOMOCTI IPO CTPYKTYPY Ta 3MICT IMPOTpaMHu.

7. lnnuBimyaneHe 3aBAaHHA 3a BapiaHTOM JabopaTopHOI
poboTH.

8. Ilporpama (VII, kom) 3a BapiaHTOM IHIUBIAyaTbHHUX
3aBJaHb BHUKOHAHHS JabopaTopHOi pOOOTH 3 TOBHHM Ta
JeTali30BaHAM OIHCOM TEKCTY MPOTPaMH.

9. [IpencraButu QR-nocunanust  BimeomeMocTparlii
npamne3aarHocti koay (YII) 3a BapiaHTOM iHAMBITyaTbHUX 3aBJaHb.

10. BucHOBK#H 110 po0OTi.

3.7. KoHTpOJIbHI MUTAHHA

1. Hagatu kopotkuii onrc matunka RobotDyn APDS-9960.
2. llpuaiun poOoTH JaTduKa KOJIBOPY.

3. loustts GpyHkuii B MoBi C++.

4. TToHATTS YMOBHOTO OIlepaTopa.

5. MowiTop nopty Ta dynkuis Serial.

6. Omuc crpykTypu mporpamu st pobora Braccio 3
JaTaukoM konsopy RGB.
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