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1 : Cnucok komnnektywownx POP-BOT

1.1 Cnncok komnnekrtywwmux Haéopa POP-BOT
ANa cOOpKuU MOOUILHOro poooTta

1. Moaynb mukpokoHTponnepa POP-168, coBmecTumsbin ¢ popmatom Arduino-
mini

2. TMnata ynpaBneHus po6otom RBX-168 ¢ koHTenHepom no 4 6aTtapewn
Tunopasmepa AA

3. Moaynb nepeknoyarens ¢ kabenem JST (2 komnniekTa)

4. lnata nHdpakpacHOro oTpaxarenbHOro gatynka ¢ kabenem JST (2
KOMMieKTa)

5. Mnata nudpakpacHoro gatynka paccrtoaHus GP2D120 ¢ kabenem JST

6. Moaynb XKW (LCD) ¢ opraHunzauuen 16 cnmBonoB B 2 CTpoKax Co
CBETOANOOHOW NOACBETKOM 1 Kabenem

7. OnekTpogsuraTtesib NOCTOSHHOIO TOKa Ha HanpsxXxeHne 4.5B ¢ pegykTtopom um
kabenem IDC (2 komnnekTa)

8. CranpapTtHbin cepBomMoTOp (Paboyee HanpsxkeHne ot 4.8 oo 7.2B NnOCTOAHHOIO

TOKa)

9. Kpyrnble koneca ¢ pe3amHOBbIMU LLUMHAMU N 2MM KPEMNEXHbIMU BUHTaMK (2
KOMMieKTa)

10.MnacTukoBble OCHOBaHUA C oTBEpPCTUSAMM padmepomM 80x60 cm mn 80x80 cm (2
Habopa)

11.Kpyrnoe ocHoBaHue C WapOBbIM KOJIECOM

12.Habop nnacTMKoOBOro kpenexa v nNpsMbiX KPeneXxHbIX NAacTUH (MIaCTUKOBbI
Kpenex 3-X TUNOB M PasnnyHOro ueeta B konnyectee 60 wTyk, 4 Bnaa npsmblx
KpeneXHbIX NMAacTUH C KONM4ecTBOM oTBepcTun 3/5/12)

13.Habop npsaAMOYrofibHbIX MeTaNIM4eckmx yronkon (4 Bnaa mMeTannnyeckmx
YrofIkoB, C KOJIMYECTBOM OTBEPCTUI Ha KaXO0M U3 CTOPOH 1x2, 2x2, 2x5)

14.Habop BUHTOB 1 raek

15.BbymMaxHbIn ANCT, C NPUMEPOM TPAEKTOPUN ONs ABUXEeHUsS poboTta

16.Mpeobpas3oBatenb USB B nocnepoBartenbHbii nHTepdenc UCON-4 ang
3arpysku npowmBoK N 0bmMeHa AaHHbIMU

17.CD-ROM cogepxawmin NporpamMmMHbIi MIHCTPYMEHTAPUIA, NCXOOHbIE KOAbI

NPMMEPOB U AOKYMEHTaLUUIO



1.2 Nudbopmauma
O KOMMOHEHTaX MUKPOKOHTpoOJIIepa

1.2.1 Moaynb mukpokoHTponnepa POP-168

Mopaynb Arduino POP-168 aBnsietcsa nnaton ¢ rmubkmmmn QyHKLMOHATbHLIMA
BO3MOXHOCTSIMU, C MOJSIHbIM OTCYTCTBMEM CKPbITbIX KOMMOHEHTOB, YTO 0obecnevnBaeT
NOJIHYIO peann3aumio nx ocobeHHocTer CtaHaapTHBIMU MHCTPYMEHTaM pa3padoTkm
ons AVR-mukpokoHTponnepos, Takumn kak IAR C/C++ , MikroElektronika Mikro
BASIC/ MikroPascal for AVR, MHCTpyMEHTapUEM C OTKPbITbIMW MCXOAHBbIMN KOOAMU
WINAVR: AVRGCC gna Windows ... 1 T.n.

Arduino POP-168 ncnonb3yet MUKpPOKOHTponiep ATmegal68 ¢ apxmutekTypon
AVR komnanun Atmel (www.atmel.com). Hasrna4yernne Boisogos Arduino POP-168
coBriagaer ¢ Ha3HaYeHnem BbisogoB mogysiss BASIC Stamp (www.parallax.com).
OH cogep>xuT NocnegoBaTesibHbI NOPT 06MeHa aaHHbiMM RS-232 ona 3arpyskm
NPOLWMBKM N OOMEHa AaHHbIMU C KOMMNbIOTEPOM. AnnapaTtHas 4actb moayna Arduino
POP-168 coBmecTtmma ¢ mogynem Arduino-mini B npoekte Arduino
(www. arduino.cc/en)

MonHasa npuHumnnanbHasa cxema moaynsa Arduino POP-168 nokasaHa Ha
pucyHke 1-1.

Mopaynb POP-168 nmeet cneayowme GyHKLUMOHANbHbIE OCOOEHHOCTH:

*  MukpokoHTponnep ATmegal168 ¢ 10-paspsaaHsbim AL (ADC)
npeobpasoBaTtenem, 16kbant flash namatn nporpamm, 512bant 3MMN3Y
(EEPROM), 1kbant O3Y (RAM) 1 TakToBOWM YacTtoTom 16MIy,

» BcTpoeHnHbIn nntepdeinc RS-232 aonsa HenocpeacTBEHHON 3arpy3kn KOOoB
nporpamMm C NomMoLLbIO BCTPOeHHOro HavyanbHoro 3arpysynka (Bootloader)

« KHonka Reset (Cbpoc) ana obecneveHns pyHKumMn cobpoca

» ManeHbknii paamep, yao0OHbIM ANna co3a4aHnsa HEOOMbLUMX KOHCTPYKLWIA

e [lopT ISP ana nporpammunpoBaHus ¢ nomoLlpo yctponctea PX-400/PX-4000

« SMD cBeTtoguoabl Ana MHOWKaAUMM COCTOAHUS

* [lonHocTbio coBmecTuM ¢ NpoekTom Ardruino

* HasHayeHue 16 nuHUn Beoga/BbiBOga COBMECTUMbI C Moaynem i-Stamp/i-
Stamp2P24

« [Ownana3oH HanpsxeHuna nutadusa ot +3.3 go +5B npu notpebnsemom Toke
50mA

1.2.2 Nnata ynpaenenuns pobotom RBX-168
anga Arduino POP-168

lMnata ynpasneHus RBX-168Robot asnseTca 3akoOHYeHHON, Hea0pPOoromn
nnatdopmMon, CO30aHHON Ot TEX, KTO MHTEPECYETCS U3YYEHUEM U UCMONIb30BAHMEM
moaynen Arduino POP-168 B npunoxeHusx poboTtoTexHmku. Ee HebonbLuon pasmep,
yOoo6HbIe PYHKLUMM M HU3KAs CTOMMOCTb AenalT ee ngeanbHbiM MHCTPYMEHTOM O/1s
CTYOEHTOB 1 nNpenogasatenen. Ha PucyHke 1-2 nokazaHO pacrnosioXXeHne 31eMeHTOoB
Ha nnate RBX-168, a ee nonHaa npuHuMnmuanbHaa cxema nokasaHa Ha PucyHke 1-3.
NMnata RBX-168 nmeet cnenyloume OCHOBHbIE TEXHUYECKNE OaHHbIE:
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Pucyrnok 1-1. CxemaTnyeckas guarpaMmma, Ha3HadyeHne BbIBOLOB M MNPOCTelLlasa cxema

COeOMHEHNs MOayns MUKPOKOoHTponnepa POP-168
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Bnok ona noaxnyeHns UctodHnka nutaHma. OH noaaepXXmBaeT BXOOHOE
HanpsbkeHue oT +4.8 0o +12 B NOCTOAHHOrO TOKa U MMeeT BCTPOEHHbIN
BbIKJIOYATENb MUTAHUS.

Cxema nMnynbCHOro crtabmnuaaropa HanpsxxeHns +5B NOCTOSHHOro ToKa.
Ctabunmnanpyet HanpsxeHne ong Mmoaynsa MukpokoHTponnepa POP-168 n Bcex
NOPTOB CEHCOPOB.

[Be KHOMKM, npucoeanHeHHble K umdposbiM Moptam 2 (Di2) n 4 (Di4). K BbiBOgam
3TUX Xe NOPTOB NOAK/I0YEHbI 2 CBETOAMOAA, A9 MHOMKauuM paboTbl YCTPOMCTBA.
5 yHMBepcanbHbIX NOPTOB NOAAEPXMBAKOT (PYHKLMM aHAN0roBoro BBoAa u
undpoBoro eeoga/seiBoga; ot Anl (Di15) no An5 (Di19)

2 nopTa aHanorosoro Beoaa; An6é n An7. Oba BbiBOJa nopTa ABAAIOTCSH TOJNIbKO
aHanoroBbIMM BXOOAMMU.

MopT wwuHbl 12C; An4 (SDA) 1 An5 (SCL)

MHTepderc nocnenoBaTenbHOro nopra RS-232.

2-KaHanbHbIN gpanBep Asuratens nocTOsHHONO Toka C MHAUKaTopamu.
MoppepxneaeT MOTOPbLI C paboynm HanpsixkeHnem ot 2.5 oo 13.5 B nOoCTOSAHHOrO
ToKa.

2 BbIXO4a 0,19 yrnpaBneHns CEpBOMOTOPaMMN; MPUCOEONHEHDBI K UMGPOBbIM NopTam
7 (Di7) n 8 (Di8).

Pasbem O noakaoyeHnsa nbe3onsnydatens (He nokasaH Ha pucyHke 1-2;
pacrnonoXeH Ha HMXHEW CTOPOHE nedaTHown nnatbl moayna RBX-1689. CoeguHeH ¢
BbiBOAOM An0/Di14 monyna POP-168.

TTopt RS-232
(Tmonmep:xuBaeT paboTy ¢ mpeodpasoBaTeneM
nnTepdeiica USB B RS-232)

HMunukarop paGoTsl MOTOPOB

s

Pasbem my1a momayi
HApAKSHHA MHTaHHA

A
P3|z % = %n MOTOR
mloaoog Ix:-
2858585 O BerIxop i MOTOPOB
BEIKITIOUATENE THTAHIA O W==== NOCTOAHHOIO TOKA
222225 5
| o w
VHOuKaTOp HATIPSKEHNA POWER SAT
TOTAHILS I . : . )
| Knonka BeiGopa pesknuma
Hunukatop paspAna / i TPOTPAMMHMDOBATHHSA
barapen ol|=Hollm — — (Ha Momyme Arduino
o|lE o|[& ©lo [e) [ POP-168)
nelldnell& o o [+ 4 ©
. o o] O +vmid
Folle ::|o LR ol & s
VHHBepCATbHEL mOpT_| o § o % RESET 8 ; . 8 g o Brixon Ama cepeoMOTOpPa
Arduino POP-168 o ::E O |[ra ol & o & +vmi]
T o] o Ll 7
[To1] [Port functior o o n
Dl -
8 & |Number : Digi[al o ° Di2
= c i o] o
e [ & e SR o o . CBETONMOMIB! H KHOIIKH U
AB A7 @ @ [IEMOHCTPALINH BO3MOKHOCTETT
nnTepdeiica Beona/Breoaa
oool||[ooco POP-168 & pd A EEEOE
'— Knonka CBPOC

AHaTOrOBbIE BXOMBI .
Moayiae Arduino POP-168

PucyHnok 7-2. Cxema pacnonoxeHus y3noB Ha nnate ynpaeneHns RBX-168
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Pucynok 7-3. [NonHada npuHuvnuanbHaa cxema nnatbl ynpasneHus RBX-168
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1.3 OCO6GEHHOCTU UCNOJIHUTEJNIbHbIX YCTPOUCTB
1.3.1 9nekTpoaBuratenn NOCTOAHHOINoO Toka

C penykropamu

JaHHbIn Habop A9 N3roToBneHms poboTa yKOMMNIEKTOBaH
aneKTpoaBuraTensaMm NOCTOSHHOIro Toka ¢ peayktopamu 48:1; Tun BO-2 ¢
coeguHuTenbHbIM kabenem IDC. OHM nmeloT cneayome 0CoH6eHHOCTH:

+ Pabouee HanpsixeHne oT +3 o +9B nocTosaHHOro TOoKa

e [loTpebnenme Toka 130MA npu HanpsxeHun +6B NOCTOSAHHOro Toka u
OTCYTCTBUUN Harpy3skmu

e CpepHas yactoTa BpaweHusa ot 170 no 250 o6opoToB B MuHyTy (RPM) npm

Hanps>XXeHnn +6B 1 oTCyTCTBUN HArpy3ku

Bec 30 rpammos

MuHumMmanbHbI MOMEHT 0.5 Kr*cm.

MpucoeamHaeTca BUHTaMM C NOMOLLBIO 5 BMOHTMPOBAHHbIX B MAACTUK raek

Pasmep 42 x 45 x 22.7 mm (WupuHa x OnuHa x BeicoTa)

1.3.2 CtaHoapTHbIin RC-cepBOMOTOP

CTaHOapTHbIV CepBOMOTOP ABNSETCS UaeanbHbIM ANt POOOTOTEXHNYECKMX
NPUMEHEHNIM N OCHOBHbIX MPOEKTOB NEePEMELLEHUS. DTN CEPBOMOTOPbLI NO3BONSIOT
OCYLLECTBNATb YroBOe nepemelleHne B amana3oHe ot 0 oo 180 rpagycos.
BbixogHOM MexaHM3M cepBOMOTOpa obnagaeT cTaHOAPTHOM KOHpuUrypaumen dupmbl
Futaba. CepBoMOTOp nMeeT cneayloLlme TEXHNYECKNE XapaKTePUCTUKNA:

+ MakcumanbHoe paboyee HanpsxxeHme: 6B NoCToOaHHOro Toka.

+ CpepgHsasa CKOpOCTb BbIXOOHOIMO opraHa: nepemelleHue B ananasoHe ot 0 o
180 rpagycos npoucxogmT 3a 1.5 cekyHAbl.

« Bec: 45.0 rpammoB/1.59 yHumun

*  MowmeHT: 3.40 Kr*cm/47yHumin*aonm

e Pasmep, mm: ([ x L x B) 40.5x20.0x38.0
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1.3.3 SLCD16x2 : Moaynb XKW ¢ nocnenoBaTenbHbIM
yrnpaBJieHNneM Ha 2 CTPOkKK no 16 cMmBOIOB

Mogaynb XXKWN 16x2 ¢ nocnegoBaTtenbHbIM ynpaBneHnem Serial obecrneymBaeT
NPOCTENLLNI NYTb OTOBPaXeHMs AaHHbIX OT MUKPOKOHTPOIepa.
Ona paboTtbl Mmoayna TpebyeTtca Bcero ogHa nuHusa Beoga/BeiBoaa
MUKPOKOHTpONEepa, HanpsixxeHne nutanusa +5 B u obwas wuHa. [Ina obmeHa
haHHbiMu ¢ mogynem XKW Ha ckopocTtu 2400 nnm 9600 6op (6muT/Cek) MOXHO
NCNOMb30BaTb NPOCTENLLME KOMaHAbl C NOCNEeA0BaTENbHOro BbiIX04a AaHHbIX MOAYIS
Arduino POP-168.

OcobeHHocTn mogyns XKKU 16x2 ¢ nocsienoBatesibHbIM yripaBieHUEM:

Bxon nocnenoBaTesibHbIX JaHHbIX C IHBEpPTUPOBaHHbIMK/He
WHBEPTUPOBAHHBLIMU NOrMYEeCKUMU ypoBHAMM TTL

Pexum pabotbl 1/8 nnn 1/16, BbiBMpaembii nepemMblHKamMm
CoBmecTUMOCTb C cuctemon komaHg, Scott EdwardsHs LCD Serial
Backpack™ | nononHeHHoM pacLuMpeHHbIMM KOMaHaaM1 415 YNpPOLLEHUs
ynpasneHus XK

PaboTta ¢ ogHUM HanpskxeHnem nutaHus +5 B NoCTOsSHHOro Toka
SLCD16x2 obecnednBaeT perynnmpoBKy SpKOCTU NepeMeHHbIM Pe3NCTOPOM
0603HaveHHbIM Ha nnate kak BRIGHTNESS

Pasbem onga nogknioveHns nmeet 3 KOHTakTa : Hanps»xeHue nutaHua +5B
(+), NMocnepoBaTenbHbIM BXOA AaHHbIX (S) n obwasa wuHa (G)
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1.4 Oco6eHHOCTU MoAyen [AaTYNKOB
1.4.1 Mopaynb ¢ KHonKown/aTt4ynk HaxxaTus
(NMPUKOCHOBEHNS)

LED1 | UeoukaTop

Beixon curaama
.l s1

; Knomnxka

Bxon, KHOMKKY Mcnonb3yeTcs Ans 0OHapy>XeHUs CTOIKHOBEHUS, MPU KOTOPOM Ha
BbIXO[4e NOSIBNSAETCS YPOBEHb normnyeckoro “0”. B Habop BXOOAT ABa KOMMeKTa AaT4MKOB,
BMECTE C COeAUHUTENbHLIMW Kabenamu.

1.4.2 ZX-03 : HppakpacHbIN OTpaxaTesibHbIN OaT4nK

Ceppauem aToro gatyuvka asnsaetcs nHopakpacHbii (MK) oTpaxaTenbHbln gaTimk
06bekToB TCRT5000. OH CKOHCTPYMpOBaH A 06HapyXeHusl, ¢ nomoLubio MIK-nanyyenus,
00BLEKTOB, PACMONOXEHHbIX B HENOCPEACTBEHHOW BANM30CTM OT aaTtymka. Nolagun
NMPO3PayYHOro CMHEro OKOLLKa pacrnosioXeH NHPpPakpacHbIi CBETOANOA, NMO3aan YePHOro
oKoOLLUKa pacnonoxeH nHppakpacHbln GoToTpaH3ncTop. Koraa nHppakpacHoe UanydeHue,
MCNyLLEHHOE CBETOANOOO0M, OTPpaXaeTcs OT NOBEPXHOCTU M BO3BPALLAETCS Ha YePHOe
OKOLLIKO, OHO nonagaeT B 6a3dy MHpPaKpacHOro TpaH3nucTopa, Bbi3biBasi BOSHUKHOBEHME
TOKa NMPOBOAMMOCTU. HemM O0nbllue NHTEHCUBHOCTb MHPPAKPACHOIO N3NyYeHus,
nonagaroulero B 6asdy TpaH3ncTopa, TemM 00Nblle NHTEHCUBHOCTb TOKa NMPOBOAVIMOCTN.
Mpn ncnonb3oBaHMK B Ka4eCTBE aHaSIOroBOro gatyunka, ZX-03 MoxeT onpenenarb
OTTEHKN CEeporo Ha bymare n paccTositHMe Ha KOPOTKUX ANCTaHUUSX, ECNU OCBELLEHHOCTb
B KOMHaTe OCTaeTcs NOCTOSIHHOMN.

[ranasoH namepsieMbix pacCTOSAHU OT AaTyvka OO JIMHUM UM Nona NexuT B npeaenax
oT 3 0o 8 MMm. lMpu 3TOM BbIXOJHOE HanpsxkeHne byaeT MeHaTbes B Ananal3oHe ot 0.1 oo
4.8 B, a 3HavyeHune oundpobaHHoe 10-paspaaHbiM AL - ot 20 go 1000. Takum obpas3om,
ZX-03 6yneT BnonHe Noaxoaswmm Ans UCNosb30BaHUSA B KQ4ecTBe gaTyumka,
OTCNEXMBAIOLLLErO MOJIOXEHNE pOOOTa OTHOCUTENBHO JIMHUIA.

CurHanbHbIW pa3bem

v [o] o\ 4

out |0 TCRT5000
<b

GND O——I o 3010

UHdpakpacHasa oTpaxartenbHasa
onrtonapa
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1.4.3 GP2D120 VNHppaKkpacCHbIM aaTymK pacCTosaHUSA

OnHUM 13 cneumanbHbiX OATYNKOB B poboToTexHuke asnaetca GP2D120. 9toTt
OaT4yunK BbINONHAET PYHKUNIO MHDPAKPACHOro naMmeputensa pacctosHus. HekoTopble
noan HasbiBaloT ero MK-pansHomep, nnm NMK-nokatop. Moayns GP2D120 nobasnaeTt
HaweMy poboTy QYHKLMIO NBMEPEHUS PACCTOSAHUI 1 OBHapPYXeHUsa NPenaTcTBUN,
ncnonb3ysa nHdpakpacHoe nsnydeHne. Podot MicroCamp MmoxeT nsberatb
npenaTcTBua 6€3 BXOXAEHUS C HAMU B NPSAMON PU3NYECKUIN KOHTAKT.

UHdpakpacHbIn cBEeTOAMOA, UHdpakpacHbIn NPpUEeMHUK
nepeparymka

OcobeHHocTn moayna GP2D120

e [1na namepeHns pacCToAHNM NCMOb3yeTCs UHPpPaKpacHOe N3ny4yeHne

e JlnanasoH namepsieMblx paccTtosaHuin nexut ot 4 go 30 cm

« HanpsxeHnune nutanua ot 4. 5 no 5 B, npn notpedbnasemom Toke 33MA

+ [wnanasoH BbiIxogHOro curHana ot 0.4 oo 2.4 B, npn HanpsXeHnn NnuTaHus

+5B

Moaynb nHdpakpacHoro nokatopa GP2D120 pabem ¢ 3 BbIBOgaMM: BXO[,
HanpskeHna nutanusa (Vec - UnnT), BeiBog, O6uwen winHbl (GND - O6ul.) n BbiBOA,
BbIXOAHOro HanpsxeHus (Vout — UBbix). HToObl Npo4mnTaTh BbIXOAHOE HAMPSAXEHUE C
moaynsa GP2D120, Heob6xoaumMo NoaoXaaTb OKOHYaHUA nepuoaa rnoaTBepXaeHus,
KOTOpbIN konedbnetca ot 32 0o 52.9 mcek.

BbixogHoe HanpsixeHne moayna GP2D120 npu pacctoaHum o oobekta 30 cm
N HanpsxeHun nutaHus +5B HaxoguTcsa B AnanasoHe ot 0.25 oo 0.55B, co cpeaHum
3Ha4veHvem 0.4B. lMNpun paccToaHum oo o6bekTa paBHOM 4 CM, BbIXOOQHOE HamnpsiXXeHne
oynet paBHo 2.25B+ 0.3B.
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1.5 UHdopmauusa o coeanHUTENbHbIX Kadbenax
POP-BOT

Ha6op onga c6opkn mobunbHoro po6ota POP-BOT BkntoyaeT B CBOM COCTaB
HEeCKONbKO BMOOB CUrHasbHbIX Kabenewn ansg oomMeHa AaHHbLIMU MeXay nnaTon
ynpaenieHns, MOAYNSMM 4aTYNKOB U KOMMbIOTEPOM. Habop cocTouT U3 kabenen
JST3AA-8 ona nogxknodeHna moaynen natinkoB, kabena UCON-4 npeobpa3oBartens
USB B RS-232 ong obmeHa gaHHbIMU C KOMIMbIOTEPOM.

1.5.1 Kabenb JST3AA-8

OT0 cTaHgapTHbIM Ans KOHCTPYKTOopoB INEX-kabenb, cocToawmi 13
TPEexXnPoBOAHOIO MOCKOro kabens ¢ warom 2mm, anmHon 8” (20cm). Ha kaxaom
KOHLIe kKabens ycTaHOBMEHbl pa3dbembl JST. Mcnonb3yetca B Habope No U3y4eHuto
pob6oToTexHnkn POP-BOT ong noaknovyeHus K nnare MMKPOKOHTPOIEpa BCEX
Moaynen gatymkoB. Ha3HauyeHne BbIBOAOB kabens noka3aHO Ha CleayloueM PUCYHKe.

2mm. pitch 2mm. pitch
/ / B}

GND
g -
+5V

1.5.2 Kabenb UCON-4 npeobpaszoBartens MHTepdencos
USB B lNocnepoatenbHbi NopT (RS-232)

Mcnonb3dyeTtca ana obmeHa gaHHbiMK Mexay USB-nopTom komMnbioTepa u
nnaton ynpaesneHns RBX-168. Ha oqHOM 13 KOHLIOB kabens yctaHoBneH MoaynbHbIl
pa3beMm RJ-11 6P4C (c 6 BbiBOgaMn K 4 U3 KOTOPbIX NOABEAEHbI CUrHanbI). Ero
ONMHa cocTaBngeT npudnuautenpHo 1.5 meTpa. HazHayeHme KOHTaKTOB kabens
NnokasaHO Ha PUCYHKe HUXe.

MCU_TxD
|1

i |
§ § MCU_RxD
L_mcu DTR
- o

nsa HopmanbHOWM paboTbl kKabensa TpebyeTca HanpsXeHne nutaHnsa +5B oT
USB-nopTta, n oH nogaepxunsaet padoty no cneuyndpukaumm USB 1.0/2.0. CkopocTb
obMeHa gaHHbIX Mo Kabesno MOXET yCTaHaBNMBaTbLCA Mofib3oBaTenem BrioTb Ao 115
200 6uT B cekyHAay.

Mepep nepBbIM NOAKIIIOYEHUEM Kabens K KOMMNbIOTEepy
HeoO6Xxo0auMO YCTAaHOBUTb COOTBETCTBYIOLWMe apavieepa ¢ CD, Bxogswero
B KOMMJIEKT Habopa.
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1.6 OnucaHne mexaHnyeckmx yacrtem
Habopa

1.6.1 Habop kpyrnbix KOMEC 1 LWNH

CocTouT 13 2 nap Konec, NPUrogHbIX A NCNOoNb30BaHUA COBMECTHO C MOAYIAMMN

anekTpoasuraTesneii NoOCTOAHHOIO Toka ¢ peayktopamu BO-2, 1 pe3rHOBbLIX LLIWH,
ofeBaeMblX Ha Kofneca. Ha ocu peaykTopa Koneco KpenuTcs ¢ MOMOLLIbI0 2MM CaMOpes30B

1.6.2 lNnacTnkoBoe OCHOBaHME C OTBEPCTUAMM

B kaxapihn Habop BXOAAT yHMBEPCalibHble NNacTUKOBbIE OCHOBAHUS OBYX
Tnnopasmepos; 80x60mm 1 80x80mm. B kaxxaomM OCHOBaAHMM MMEETCS CEeTKa OTBEPCTUNM C

warom 5mm nofd, 3MM BUHTHL.

1.6.3 Kpyrnoe ocHoBaHue

OcHOoBaHMe OTINTO U3 BbICOKOKAYeCTBEHHOro nnactuka ABS noBbILLEHHON
MPOYHOCTU. [InameTp OCHOBAHUSA COCTABASET ........... MM. C OBYX CTOPOH OCHOBaHMUS
cBOOOOHO 3aKpenseHsbl wapoBblie Koneca. OCHOBaHME UMeeT 60JbLLIOE KOMYECTBO 3MM
OTBEPCTUI ONg KpenneHns nnatbl ynpasaeHna, aTinkoB 1 60NbLLIOro KOMMYecTBa

MEXaHNYEeCKMX YaCcTewn.
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1.6.4 T1nacTnKoBbLIN Kpenex

B coctaB Habopa BxogaT 60 KpenexHbIX 3/IEMEHTOB Pa3/IMYHOro LBeTa,
caenaHHbix 3 PVC-nnactmka. OHM MOryT ObiTb COEAMHEHbI APYr C APYrOM UK C
apyrummn getanamm Habopa, ¢ MCnonb30BaHMEM BUHTOB 1 raek M3. NmeeTcsa 4 Tuna
KPEeneXHbIX 9N1IEMEHTOB: COrHYTbIE€ MOA NPSMbIM YrI0M, COFHYTbIE MO4 TYMNbIM Yr/ioM,
npsiMble NnaHkm 6e3 OTBEPCTUN 1 NPSMbIE MIAHKN C OTBEPCTUSMMN.

1.6.5 KpenexHble nnaHku ¢ OTBEPCTUAMU

KpenexHble nnaHkm ¢ OTBEPCTUAMU cAenaHbl N3 nnacTtuka. Kaxpas nnaHka
MMeeT OTBEPCTUSA AMaMeTpoM 3MM, C aromMm Smm. Kaxayo nnaHky MOXHO
NPUCOeaVHATbL K APYron Anga yBenmyenus obulen anvHel. Mmeetcsa no 4 nnaHkn 3
TMnopasmepos: ¢ 3, 5 n 12 orBepctuammn. Bcero 12 wryk.

==

1.6.6 KopobyaTtoe oCHOBaHue

MpencTtaBngeT cobOM NNACTUKOBYIO KOPOOKY ANS KPENseHUs nnatbl
ynpasneHuss RBX-168. B kopobke nmetoTca oTBepcTUs AnameTpom 3Mm ans
KpenaeHunsa ee Ha NtobomM NoaxoasemM OCHOBAHUN.
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1.6.7 MeTannmyeckume yronku

Yronku npeacTtaBnsioT cOO0M N30rHyThbie nog NPsiMbIM YrilIOM MeTannnyeckme
MONOCKN, LWUNPUHON 7.5 MM. Kaxabln yronok nmeeT 3 MM OTBEPCTUS AN KPEnNeHus K
apyrum getanam Habopa ¢ NoMOLbD 3 MM BUHTOB U raek. B Habop BxoguTt no 4
MeTanIMYeCcKnx yroaka ¢ KoM4ecTBoOM oTBepcTuin 1x2, 2x2 n 2x5. Bcero 12 wTyk.

1.6.8 BuHTbI 1 ramkmn

B Habop BxoaaT: 2 camopeda Ha 2 MM, 4 BuHTa M3 x 8 mm, 30 BuHTOB M3 X 10
MM, 4 BuHTa M3 x 15 mm, 4 BuHTa M3 X 40 mm, 10 BUHTOB M3 X 8 ¢ niockon
noTtanHom ronoskom n 30 raek M3.

) e ) ) ey 000 000
-t o) A== PP 0000 0000
= e =) ) ey 0000 0000

1.6.9 MeTannmnyeckme CTtomku

B Habope nmelnTca MeTanimyeckne CTONKN s KpenaeHnsa OCHOBAHUI U
moaynen gatinkoB. OHM CAEeNnaHbl N3 HUKENMPOBAHHOIO MeTanna, ang
npenoTBpaLLeHnsa KOppo3nmn 1 NPoaieHns cpoka ciyobl. B Habop BxoaaT 6
LUECTUTPaHHbIX MeTanandyecknx ctoek anmHonm 33 mm. Kaxxgaa ctorika Ha 06oumx
KOHLUAX MMeeT OTBepCcTus ¢ pe3bbonn M3 ana kpenseHns BUHTaMu.

1.6.10 lNnacTmnkoBbIE BTYJIKM

B Habope nmeeTcs KOMMIEKT MEXaHNYECKMX YacTen ANng 3akpensieHus
OCHOBaHUS 1 MOAYNEN OATYMKOB. B 9TOT KOMNNEeKkT BXOAAT 4 TMna niaacTUKOBbIX
BTYNOK (anvHom 3 mm, 10 mm, 15 mMm n 25 mm). Becero 24 witykn.

==t POP-BOT
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2: Coopka moounbHoro po6ora POP-BOT
2.1 OcobeHHocTU Habopa POP-BOT

o JIBmxeTcs Npu NOMOLLM 3neKTpoasuratenen ¢ peaykropamm, Ha KOTopbli
yCTaHOBJ/EHbI KOJleca C PE3MHOBLIMMW LLUMHAMM

* YnpaBngetca moaynem koHTponnepa POP-168, coBmectumoro ¢ Arduino,
NOCTPOEHHOr0 Ha 6a3e MnKpokoHTponnepa ATmegal168

« [MporpammupyeTtcs Yepes nocnegoBaTefbHbIi NOPT U NoAAepXnBaeT
ncnonb3oBaHne npeobpasoBatensd nHtepdenca USB B NocnenoBaTenbHbIN
nopTt

« [loppoepxuBaeT paboTy ¢ BONbLUIMM KOMYECTBOM Pa3HOOOPa3HbIX
0ATYNKOB, TaKMX KaK: MHGPaKPaACHbIN OTpaxaTenbHbl JaTYnK Ons
OTCNEXMBAHUS IMHUN, OATYMK KaCaHUs Onga npeaoTsBpaLlleHns
CTONIKHOBEHUS C NpenaTtcTBmsaMu, MHdpakpacHbIi nokaTop unm gaTdmk
paccTosHMA A 0ECKOHTAaKTHOro NpeaoTBpaLEeHNsa CTOIKHOBEHUN C
obbekTamm

« [lopaoepxmBaeT NPOBOAHOE ANCTAHUMOHHOE ynpaBieHne, BKIoYas
ynpaeneHue ot PlayStation

« [lopoepxunBaeT paboTy ¢ MoaynsamMmm 6ecnpoBOAHOr0 0OMeHa JaHHbIMU,
Takumun Kak Xbee, XBee-Pro n Bluetooth

« B Hatope nmeetca XKN-monynb 16 x 2 ¢ nocnenoBaTenbHbIM
MHTEPdENCOM O KOHTPONSA 1N 0TOOpaxeHns padboyero cocTosaHna poboTa

e 2 nopTa angd noaknioyeHus cepBOMOTOPOB. NogaepxneaeT
manorabaputHoele RC-cepBoMOTOpPLI C pabounm HanpsixxeHnem ot 4.8 oo 6B

« [1na paboTbl TpebyeTca 4 6atapen unn akkymynaropa tunopasmepa AA.
PekomeHayeTcs ncnonb3oBaTtb 6atapen tuna Alcaline, Evolta n Ni-MH
AKKYMYNSATOPbI
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2.2 CNNCcoK KOMMNEKTYIOLWMNX

Mnara RBX-168
c POP-168 x 1

-\

AnekTpogBuraresnb 33-MM MeTannnyeckme CToOMKu
C peaykTopom x 2 x4

Kpyrnoe ocHoBaHue x 1 Kopo6uyaTtoe ocHoBaHue x 1

Koneca ¢ wumHamm x 2

UndpakpacHbie

XKM c nocnepoBaTesibHbIM oTpaxaTeJibHble UHdpakpacHbIN paTumnk
nHtepdencom x 1 BaTYUKN pacctogaHums x 1
x 2
=

<z

2>

- I’;/

MnacTukoBbie KpenexHbie MeTannunueckue yroJsiku
2-mm camope3sbl x 2
9NeMEeHTbI 2x2x2
=)o =) =)
=) =) =)

000
000

HaGop nnacTukKoBbIX BTYNOK HaGop BMHTOB n raek

[T

LELEEL

—_—
- —
—_—
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2.3 NMNocnepoBaTenbHOCTb COOPKMU

(1) NMpucoeomHuTe o0ba aNeKTPoMoTOopa C PeayKTOPOM K KOpoOYaToOMy OCHOBaHMUIO C
MOMOLLBbIO BUHTOB M3 X 8 MM C NIOCKOM NOTAMHOW rONOBKOMN.

\

Y 4
\ - -3 BuHTbl M3 X 8 MM C
NMoTamMHOW rosiIoBKOMn

BuHTbl M3 X 8 MM C
NMoTaMHON rosIoBKOMN

(2) MpucoegnHnTe K KOPOOBYATOMY OCHOBAHUIO 2 METANNINYECKUX CTONKU AJIMHOMN
33 MM € nomoLLbio BUHTOB M3 X 8 MM C MNOCKOW MOTAMHOM FONOBKOW, Kak MOKa3aHo
Ha cnenylowmx PUCYHKax.

BuHTbl M3 X 8 MM C
NnoTamHOW rosiIoBKOMn

BuHTbI M3 X 8 MM ¢
noTamHOW rosioBKOmn

(3) YcTaHoBUTE Ha Basibl PeAyKTOPOB afekTpoaBmuraTene nocToOAHHOro Toka Kpyriible
Kofieca C WwrHaMn 1 3akpenmTte 2-MM camope3amMu.
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(4) MpucoeaonHnTe kopobyaToe OCHOBAHME C GSIOKOM 3NEKTPOABUraTeNnen,
cobpaHHoe Ha ware (3), K KpyrnomMmy OCHOBaHWUO, UCNOMb3Yyst BUHTbI M3 X 6 MM, Kak
nokasaHo Ha cnegyloLwmx pucyHkax. Ctapantecb NPON3BOANTb 3aKPENJIEHNE Tak,
4TOObI KONECa pacnonarannucb N0 LEHTPY NPOpe3en nog, HUX B KPYriOM OCHOBAHUN.

BuHT M3 X 8 MM ¢ NOTaHOW roJIOBKOM

BuHT M3 x 8 MM € noTaliHOI1 ronoBKOn
(5) MNMponycTnTe 4yepes oTBEPCTME B Niate oTpaxaTenbHOro gatymka BUHT
M3 x 10 MM, n HageHbTe Ha HEro NAacTUKOBYIO BTYNKY anvHon 3 mm. CobepuTte 2
Taknx CTPYKTYpbI.

UHdpakpacHbIn oTpaXaTeNbHbIA AaT4uK

MnacTtukoBas BTyJIKa
OJINHOM 3 MM

BuHT M3 x 10 mm

(6) 3akpenuTte 06e CTPYKTYpbl MHOPAKPACHbLIX OTPaXaTebHbIX ATYNMKOB, COBPAHHbIX
Ha ware (5), B nepeagHen 4acTu OCHOBaHMUSA pobdoTa C ABYX CTOPOH, UCNONb3Ys ramku
M3, kak noka3aHO Ha cneayloLweM PUCYHKE.

UHdpakpacHblie oTpaXaTesibHble AaT4nKu
ramka M3

o)

OcHoBaHue

UHdpakpacHbIn oTpaxaTesibHbIW AaTunk
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(7) Tenepb kopnyc POP-BOT ¢ nHopakpacHbiMn oTpaxaTesbHbIMW gaTiyMkaMmn rotos.

(8) MNMpucoeaomHnTe NPAMOYrofibHbIN KPENEXHbIN 3NeMeHT kK Moaynto ¢ KHOMKOW,
ncnonb3ys BUHT M3 x 10 mm 1 ranky M3. 3atem BCTaBbTE TYNOYroJibHbIM KPEMNEXHbIN
3NIEMEHT U NPSAMOYrOJIbHbIA KPENEXHbI 31EMEHT AaTdymka C KHOMKOM Npope3samum

apyr B gpyra. Coenanite 2 Takmx CTPYKTYpPBbI.
MnacTtukoBoe KpenneHune

Moaynb ¢ —
KHOMNKOWM

BuHT M3 x 10 & laiika M3
MM

(9) BakpenuTte 2 NPAMbIX KPEMNEXHbIX 3/IEMEHTA B NepeaHen 4acTn Kpyraoro
OCHOBaHus poboTa, ncnonb3ys BUHTEI M3 x 6 mm 1 rankm M3. [anee, coeamHute
CTPYKTYpbl C MoaynsiMu ¢ KHOMKOM, cobpaHHbie Ha ware (9), ¢ NPAMbIMU KPEXHbIMU
anemMeHTamMu, BCTaB/SS UX B NPOpPe3n Apyr gpyra.
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(10) MNMpucoegnHnTe 2 MeTaNNINYECKNX CTONKMN OANNHON 33 MM K MOAYSIO
SLCD16 x 2, ncnonb3dysa BUHTbl M3 x 6 mm. [lanee K cBOGOAHBbIM KOHLLAM CTOEK
npuKpenuTe npsamMble KPeneXXHble 3/1IeEMEHTbI, NCNosib3ysd BUHTbI M3 x 10 MMm.

(11) 3akpenute cTpykTypy SLCD16 X 2, cobpaHHyto Ha wware (10), B 3agHein 4yacTtu
KPYyrnoro ocHoBaHusa poboTta ¢ nomMoLbio BUHTOB M3 x 10 mm 1 raek M3, kak
NnokasaHO Ha CNeayloLEM PUCYHKE.

(12) YctaHoBuTe nnaty RBX-168 B kopobyaToe ocHoBaHume. [logknounte BCce kabenu.
HauyHnTe ¢ nogknoyeHnsa kabens nesoro anektpoasurarens k Beixony MOTOR A,
kabens npasoro anektpoasurarens K Beixogy MOTOR B. MNMoakntounTte kabenb neBoro
MH}PaKpacHOro oTpaxaresbHOro garduka K sbisogy A7, npaBoro MH@pakpacHoro
oTpaxaTenbHOro gatymka Kk BoiBoay A6. [lanee noaknounte kabenb N1eBoro Moayns ¢
KHOMNKoM K BbiBOAy 15/A1, kabenb NpaBoro Moayns ¢ KHOMKow k Beisogy 17/A3 n
nogkniounte SLCD16 x 2 k BoiBOoAy 16/A2.

Urak, Tosbko rennepb POP-BOT rotoB K riporpamMmupOoBaHuio.

Jsurarean A

JIeurareas b

POP-BOT
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3 : BBepeHue B cpeny pa3padoTku
IDE Arduino

Cpepa paspaboTkm Arduino aBngaetca naatdopmMon MakeTUpoBaHUS
9NIEKTPOHHbIX YCTPOUCTB C OTKPbITbIMUA UCXOAHBbIMU KOOAMW, OCHOBAHHOM Ha rmbkoM,
NPOCTOM B UCMOJMIb30BAaHMN annapaTHOM M NporpamMmMHomM obecneveHumn. OHa
npeagHasHavyeHa ansa XyooXHMKOB, NPOEKTUPOBLLVKOB, JIIOAEN, YBNEYEHHBIX CBOUM
X066U, N BCEX UHTEPECYIOLMXCA CO30aHNEM MHTEPAKTUBHbIX 0ObEKTOB U cpem. |

B maHHOM rnaBe onmncaHo KpaTtkoe BBeAeHme B Arduino, HauYMHasa Cc npouecca
YCTaAHOBKMN, 0ObACHEHMS PYHKLUUIA KOMNOHEHT Arduino IDE v getanbHOro onucaHms
naHenn MeHio.

3.1 YcTaHOoBKa nporpamMmMHOro ooecne4yeHus

(1) BctaBbte POP-BOT CD-ROM B CD-pgpaiBep Bawero KomnbloTepa.

(2) Bongute B katanor Software _ Arduino. Hagute tam ¢dann
ArduinoSetup.exe, 3anyctute ero Ha UCNOAHEHME ABOMHbIM LLENTYKOM MbILLN.
lMocne aToro 3anycTnTca npoueaypa yCTaHOBKMN.

15 Setup - Arduino 0015 - Ej

Welcome to the Arduino 0015
Setup Wizard

Thiz will install Arduino 0015 on your computer.

It iz recommended that you cloge all other applications before
continuing.

Click Mest to continue, ar Cancel to exit Setup.

MNext » NS [ Cancel

POP-BOT CD-ROM cogepxuT nporpammHoe obecnedveHne Arduino Bepcumn
V15, BCe ncxoaHble Koabl MPUMEPOB A1 BbINOSHEHNA 3aaaHnin onis N3y4eHus
POPBOT u Heobxoamnmbie ¢ainnbl bubnmoTtek. NocnegHioo Bepcuio Arduino MOXHO
3arpy3uTtb ¢ www.arduino.cc. OgHako, nocse yCTaHOBKM HOBOW Bepcum Arduino IDE,
Heobxoaumo byaeT yoeamTbCcs B NMPaBUSIbHOCTM yka3daHusa Kk 6uonmnoteke POP-BOT.

1 Maparpad BBeneHus B3aT ¢ Be6-carita Arduino (www.arduino.cc)
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3.2 Cpena paspabotku Arduino

Mocne 3anycka IDE Arduino, nosiBUTCS rfiaBHOE OKHO MPUITOXEHUS, NOX0Xee MNo
BHELLHEMY BMAOYy Ha n300bpaxeHHoe Ha pucyHke 3-1. B cocTaB cpeapbl paspaboTkm
Arduino BXoOAT criefoyloume KOMMNOHEHTHI.

MeHio (Menu): Bbibop pabounx KomaHg,

* MaHenb nHctpymeHTtoB (Toolbar): ConepXxut KHOMKM BbI3OBa

OONbLUNHCTBA KOMaHL,

« 3aknapku (Tabs): [103BONAIOT OAHOBPEMEHHO paboTaTb BoNee Yem C
OAHUM (annom ckeTya (Kaxabli U3 KOTOPbIX AOCTYNEeH Ha COBCTBEHHOW
3aknagke)

» TekcTtoBbiV pepakTop (Text editor): O6nacTtb TEKCTOBOro pegakropa ass
CO3[aHUA CKeT4en

« OG6GnacTb coobweHuit (Message area): oToOpaxaeT COCTOsAHUS paboThl
nporpamMmbl, Takme Kak peadynbTaT KOMNUAaumn

« TekctoBas oonactb (Text area): NpocTpaHCTBO, B KOTOPOM
oTobpaxaeTtcs nHdopmauus KOMNUAaTopa n okHo TepmmHana
nocnenoBaTeNbHOro 06MeHa AaHHbIMU (eCNn A0CTYMHO)

48 Arduino - 0011 Alph
B Arduino pha i 1
File Edt Sketch Tools Help | ——

F) TTaHe.Ib HHCTPYMEHTOB

— FARTATKE

* The hasic Arduino exsmple. Turns on an LED on for one second,

r one second, and 30 on... We use pin 13 because,

duino board, it has either a built-in LED

or stor so that you need only an LED.
* http: /. arduine. cefen/Tutorial /Blink
int ledPin = 13; // LED comnected to digital pin 13
PEJAKTOP
void setup () // run once, when the sketch starts
{ L
pinMode (ledPin, OUTPUT); // sets the digital pin as oucput
}
void loop() f/ run over and over again
i

digitalWrite(ledPin, HIGH);
delay(1000); //
digitalWrite{ledPin, LOW); L LS LED off
delay (1000 ; /

1e LED on

a second

Done complling.

TexcTroBas 00.1aCTh

ze: 1098 bytes (of a 143 byte maximum) \

PucyHok 3-1. VIHTerpupoBaHHasa cpena paspabotku Arduino
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3.3 CTtpoka MeHIo
3.3.1 daiin (File)

McxogHble koabl nporpammbl B cpede Arduino HasbiBaloTcst CkeTd (Sketch). OtoT
MYHKT MEHIO COAEPXUT MHOXECTBO CNeayloLmMx KOMaHa: OTKPbITb (Open), COXPaHUTb
(save) n 3akpbITb (close) ckeTu:
* Hosebin (New): Co3paeT HOBbIN CKETY, B HAMMEHOBaHUM KOTOPOro MPUCYTCTBYET
Tekywaa nata B popmarte "sketch_NMMMMO0a"
* MNopwmeka cketuen (Sketchbook)
- OTkpbITb (Open): OTKpbIBAET CYLLECTBYIOLWMIA CKETY
- MNpumep (Example): OTKpbIBaeT CKETY NpumMepa
+ CoxpaHutb (Save): CoxpaHaeT TeKyLMIA CKEeTY
+ CoxpaHuTb Kak (Save as): CoxpaHseT TEKYLLNIA CKETY C HOBbIM MMEHEM
« 3arpy3utb Ha nnaty Beoga/BbiBoga (Upload to 1I/0 board): 3arpyxaeTt
CKOMMUITMPOBAaHHLIN KOA TEeKYLLEro cketya Ha nnaty Beoaa/BbiBoga Arduino
(Mopoynb POP-168). MNepepn, 3arpy3kon ybeautech, 4To Ball cketd Obin coxpaHeH u
NPOBEpPEH Ha Hanuyme owmnbok
* MNpepnouteHua (Preference): HekoTopble MHAMBMAOYasbHbIE HACTPOWKK cpeapl
Arduino
e Bobiitu (Quit): Boixoa 13 Arduino IDE

3.3.2 PepaktupoBatb (Edit)

MyHkT MeHo Pepaktuposath (Edit) o6ecneunBaeT BbI3OB Habopa KoMaHg, ons
penakTnpoBaHusa ¢gannos Arduino.

«  OtmeHuTb (Undo): OTMEHdAEeT nocnenHiown KoMaHay Ui ctupaeT nocnegHunn
BBEOEHHbIVI CUMBOJI

OtmeHuTb NocnegHioo onepauuto Undo (Redo): OtmeHseT pe3ynbTaThl
BbINOSIHEHMS nocnegHen KomaHapl Undo. OTOT NyHKT AOCTYMNEH, TOJIbKO €CMN yXe
BbIMNOJIHANNCb onepauun OTMEHbI Npeaplaywmx gencteum (Undo)

+ Bbipesartb (Cut): YoanseTt n konupyeT BblAENEHHbIN TEKCT B 6ydep obMeHa

+ KonuposaTtb (Copy): KonnpyeT BblAeNeHHbIN TEKCT B Bydep obmeHa

« BctaButb (Paste): BctaBnsgeT cooepxumoe bypepa obMeHa B MECTO
pPacnoNOXEHUSA Kypcopa U 3aMEHSAET BECb TEKYLLUWIA BbIAENEHHbIN TEKCT

 Bbigenutb Bce (Select All): BoioensieTr Becb TEKCT B TeKylleM ¢aine, OTKPbITOM B
TEKCTOBOM peaakTope

 Hawntm (Find): Haxoomnt MecTononoxeHme TeEKCTOBOW CTPOKN B OTKPbLITOM B
penakrtope darnne n npeanaraet BO3MOXHOCTb 3aM€EHbl €ro APYrmM TEKCTOM

« Hawntu panee (Find Next): HaxoouTt cneaytouiee MeCTonosioXXeHne TeKCTOBOM
CTPOKWM B OTKPbITOM B penaktope daine

3.3.3 CkeTtuy (Sketch)

OTOT NYHKT MEHIO NpefHasHa4veH AN Bbi30Ba psaa KOMaH4, KOMAUASUMM Koaa w
ynpasneHns 6nbnanoTekon.

* MpoBeputb/ Komnunuposatb (Verify/Compile): lNpoBepnTb N KOMNUANPOBATb
KO, ecnn He OblIM 0BHaPYXeHbl OLWINBKN

* OcTtaHoBuTb (Stop): OCTaHOBUTbL BbIMNOSIHEHUE TEKYLLEN onepaunn

+ JAo6aeutb Ppann (Add file): OTkpbITb PalinoBbIi HaBuratop. Beibpatse dann ¢
MCXOOHbIM KOOOM U J00aBUTb ero B katasor "data” cketuen

«  WUmnoptupoBaTtb 6M6nuoteky (Import Library): VimnopTupyeT oONOAHUTENbHYIO
onbnuoTeky

» Moka3saTb KaTtanor cket4ya (Show Sketch folder): OTkpbiBaeT kaTtanor ¢
TEKYLUMM CKETYEM
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3.3.4 NHctpymenTapun (Tools)

B 3TOT NYHKT MEHI0 BXOOAT KOMaHAbl BbI30BA MHCTPYMEHTOB A1 pa3paboTku

ckeTy-darnos Arduino 1 HaCTPOKKK NapamMeTpoB annapaTtHoro obecne4veHus Arduino.

ABTOo-popmaTt (Auto Format): [lenaetcqa nonbitka popmMmaTtMpoBaHusg Koaa B
bonee yoobountaemom s yenoseka Buae. lNepen BbINOSHEHMEM KOMaHAbI
ABTO-popmart (Auto Format) Bbi3biBaeTcs komaHga Caenatb KO4, KpacUBbIM
(Beautify).

ApxusupoBaTtb ckeTd (Archive Sketch): CxaTtume Tekywero cketya B zip-dann
KaTtanor akcnopta (Export Folder): OTkpbiBaeT kaTtanor, B KOTOPOM
COOEPXUTCS TEKYLLMIA CKEeTY

Mnata (Board): Bbibop KOHKpeTHOM annapaTtHo naatdopMbl, COBMECTUMOW C
Arduino. na POP-BOT cnenyet BbiOpate POP-168 wnn Arduino Mini
MocnepoBartenbHbivi NopT (Serial Port): No3sonaeTt onpeaennTtb, Kakon 13
nocnenoBaTesibHbIX MOPTOB OyAEeT UCMOb30BaTbCs MO YMOSYaAHUIO NS
3arpysku koga B nnaty Beoga/BeiBoga Arduino unuv ang aHanusa LaHHbIX,
nocTynawwux ot nnatbl. JaHHble, nocTynawwme ot nnatel BBoga/BeiBoaa
Arduino I/0, pacne4yaTtbiBalOTCS B CUMBOJIbHOM popmMaTte B TEKCTOBOW obnactu
KOHCONW.

3.3.5 lNomowb (Help)

OTO MEHIO COOEPXUT MHOIMOYUCIEHHYIO MHpOopMaumnto B dopmate HTML gns

noaaepXku rnonbadosartesnen Arduino.

Hauano pa6otbl (Getting Start): OTtkpbiBaeT pasgen crnpaBO4YHOW CUCTEMBI
Kak Hayatb paboTaTth ¢ Arduino (How to start Arduino).

AuarHocTtuka (Troubleshooting): [pegnaratoTca BO3MOXHbIE BapUaHTbI
pelleHnsa npodbnem, Bo3Hukawowmx B Arduino.

Cpepa paspa6oTkm (Environment): [JaeTtca onmcaHme cpenpl pa3paboTku
Arduino

Ccbinkun (Reference): B nHtepHeT o603peBartene, UCNONb3YEMOM MO
YMONYaHWNIO, OTKPbIBAIOTCS MOJSIE3HbIE CChINIKWN, BKJIKOYAS CChIIKM HA ONUCaHne
A13blka MPOrpaMMmnMpoBaHns, cpenpl pa3paboTku, GUMGNMOTEK U CPaBHEHME
Pa3HbIX 3bIKOB NPOrPaMMMPOBAHUS.

YacTo 3apaBaembie Bonpockl (Frequently Asked Question): Coaepxut
Hambonee 4acTo 3aaBaeMble BOMPOChl U OTBEThI HA HMUX 006 Arduino.
MoceTtutb www.arduino.cc (Visit www.arduino.cc): Mo ymonyaHuio
OTKPbIBAET B MHTEPHET-00603peBaTene AOMALLHIOW cTpaHmuy Arduino.

06 Arduino (About Arduino): OTkpbiBaeT KpaTkyto MHPOPMALMOHHYO NaHesNb
O NMporpaMmMHoOM obecnevyeHunu.
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3.4 lNaHenb MHCTPYMEHTOB

Verify/Compile MpoBepka Koga Ha Hannyne OLnBOK.

OcTtaHaBnMBaeT MOHUTOP OOMeHa AaHHbIMM MO
Stop nocnenoBaTeNibHOMY NOPTY U1 Aenaet
HEeOOCTYMHbIMU APYrMe KHOMKW.

New Co3paeT HOBbIN CKEeTH.
Open Bbi3biBaeT MEHI0 BbiOOpa ckeTya U3 NoALLIMBKU
P CKeTYen.
Save CoxpaHseT cKeTu.
3arpyxaeT kog B nnaty Beoga/BeiBoaa Arduino
Upload to 1/0 (mogoynb POP-168). MNMepep, 3arpy3kon cketya
Board ybenuTech, YTO OH Obls1 COXpPaHEH, NMPOBEPEH Ha

HanMyne owmnbOoK N OTKOMMUIMPOBAH.
MokasbiBaeT nocnenoBaTtesibHble AaHHbIE,
noctynatowme ot nnatebl Arduino (Yepes3 nHtepoenc
USB mnnu nocnepoBatenbHbili MOpPT). YToObI NnocnaTtb
JaHHble nnarte, BBeauTe TEKCT U HAKMUTE KHOMKY
“nocnartb” ("send") nnn HaxmuTe knaemwy Beopa
(Enter) Ha knaBnatype. Bbibepute B nosie co CMMCKOM
Serial Monitor 3Ha4YeHne cKopoCcTU o6meHav, COOTBETCTBYIOLLEE
CKOpOCTM 06MeHa, 3agaHHONM B napamMeTpe pyHKUUN
Serial.begin B cketye. Cnegyet OTMETUTb, YTO B
ornepaumoHHbIX cuctemax Mac vnm Linux, nnata
Arduino 6ygeT cbpacbiBaTbCs (BO3BpaLlaTb CKETY K
Hayasy ero BbINOJIHEHNS) BCAKNI pa3, korga Bl
OyaeTe noaknoyaTb ee K MOHUTOPY
nocnenoBaTenbHOr0 O6MeHa AaHHbIMU.

3.5 3amMeyaHns OTHOCUTENIbHO CCbIJIOK MO
nporpammupoBaHuio Arduino

B aToM cHopHMKEe npakTudyecknx paboT He ByaeT OnMcCbIBaTbLCA
nporpammupoBaHne Arduino. Bbl MOXeTe npounTatb U U3Y4nTb CUHTAKCUC Arduino n
NnoJay4nTb MHPOPMaLUIO O NPOrPaMMMPOBaAHUN U3 CMPABOYHOM CUCTEMBbI, MYHKT MEHIO
Momouwb (Help), nnu ndyuntb Ha Beb-cante Arduino www.arduino.cc.

Kpome Toro, Bbl MOXeTe nayuntb AokymeHT Arduino Programming Notebook,
obbemom 40 cTpaHuu,. A Takxke 3arpy3utb rom Arduino co ctpaHuupl Playground Be6-
caunTa.

POP-BOT
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4 : Paspa6oTtka nporpamm gna POP-BOT
C ucnonb3oBaHuem Arduino

PazpaboTky nporpamm ana POP-BOT B 06Limx 4yepTax MOXHO NPeacTaBuUTh Kak
anarpamMmmy, n3obpaxxeHHy Ha pucyHke 4-1.

YeranoBka nporpaMMHBIX HHCTPYMEHTOB
Arduino IDE:

Cpenctea paspabotkn nporpamm Ha C/CH++.
BxmouatoT B ¢cBoif cocTaB TekcTOBBI peakTop.
Kommuiarop n Cpencrea 3arpyski koza B
MHKPOKOHTPOJLIED

JlpaiiBep mpeobpa3oBaTend NocIe10BaTeIBHOTO
nopra USB B RS232 Kovnnasinus

'

3arpy3ka Kojxa

'

‘ USB port ‘

~—<

Y

Co3znanue crerd (aiina
Cosnmanue komna Ha C/C++ B Arduino IDE

Y

\

3arpyska koja 4epes nopr USB
1. Coemnants opt USB koMIbroTepa u
POP-BOT xaberem UCON-4
2. BBIICHUTE aJpec BUPTYAIBHOIO
MIOCJIEIOBATENIBHOTO TTopTa Ha Oaze USB
3. ITeperectu POP-BOT B pesxum
IPOrpaMMHPOBAHUS (PEKUM 3aTPy3KH)
4. 3arpy3uTh KO

\

BrinosiHeHHE Ko
[Tocite okoHUaHMS 3aTPY3KH KOJIA,
Haxmute kHonky CBbPOC (RESET) Ha
Momyne POP-168 po6ota POP-BOT.
Po6ot POP-BOT nauret paboTats B
COOTBETCTBHH C 3aIrPYKCHHON
IpOrpaMMoin

Pucyrok 4-1. Juarpamma paspabotkn nporpamm ansg POP-BOT ¢ ncnonbsoBaHmem Arduino
IDE
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4.1 NoprotoBka kabensa UCON-4,
npeoopasoBartena USB B nocnepoBaTesnibHbIN
nopt RS-232

Onsa 3arpy3kn koga B POP-BOT TpebyeTcsa KOMMbIOTEPHbLIN MHTEpdENnc 1 cpeaa
Arduino. O6bI4HO KUcnonb3yeTcsa nocneanoBatesnbHbii NOPT RS-232 nnn COM-nopT. Ang
COBPEMEHHbIX KOMMbIOTEPOB OCHOBHbIM MHTEPdENCcOM 0OMeHa AaHHbIMU ABNSETCS NOPT
USB. lNoatomMmy Heobxoammo rcnonb3oBaTh rnpeobpasoartenb MHTepderica USB B
nocneposBaTenbHbIl NopT RS-232. B Habope POP-BOT gna aTux uenen noaroToseH
kabenb UCON-4.

Mepen nepsBbiM Ucnonb3oBaHMemM kabensg UCON-4, Heobxoaumo yCTaHOBUTh
COOTBETCTBYIOLLME ApariBepa 1 MPOBEPUTb NOSYYMBLUYKOCS NOCE YCTAHOBKM OpanBEPOB
KoHbUrypauuo o6opyaoBaHms.

4.1.1 YcTtaHoBKa gpamneepa

[ns Havana ycTaHOBKM ApariBepoB HE06XxoOMMO caenaTtb ABOWMHOM KNnK no ganny
USBDriverinstallerV2.0.0.exe ¢ CD-ROM, Bknto4yeHHOro B komnnekt podota POP-BOT.
[Mocne aToro NoOSBUTCS AManoroBoe OKHO YCTAaHOBKW APaMBEPOB, MOXOXee Ha
N3006pakeHHoe HuXe.

]
FTDI Driver Installation

1 / FTDI COM Drivers have been successfully installed.

4.1.2 lNpoBepka agpeca nocnenoBatensHoro noprta USB

(1) Nogkntounte kabenb USB k nopty USB n nnate ynpasnenus POP-BOT.
NoooXxauTte HEKOTOPOE BPEMS.

(2) MpoepbTe agpec BuptyansHoro COM nopta (Virtual COM) nnu
nocneposaTtenbHoro nopta USB (USB Serial port) NocnepoBaTtenbHO HaXXMMas MbILLKOM
Myck — MaHenb ynpaBneHus — Cucrema — O6opyaoBaHue — Aucnertyep
yctpoicTB (Start — Control Panel — System — Hardware — Device Manager)

System Properties Li[
Sustemn Restare Automatic Updates { Remate
General Computer Name Hardware &dvanced

Device Manager

== The Device Manager listz all the hardware devices installed
‘—ﬁ on your computer. se the Device Manager to change the
properties of any device,

Device Manager %




(3) MpocmoTpuTe cnmMcok nocnepoBaTesnbHbiX NopToB USB 1 3anomMHnTE agpec
COM-nopTta gnga padotkl ¢ kabenem UCON-4. O6bIYHO cO3aaeTcs nocnenoBaTesnbHbil
nopt COMS3 nnn ¢ 6onee BbICOKMM HOMEPOM. B paccmaTpmsBaemom npumepe

nocneposatenbHbli nopT USB nmeet agpec COM4

;‘% Device Manager

ok

File

Action  View  Help

WS 2 A =sRa

4.1.3 3ameyaHunsa no ncnosnb3osaHuo kabena UCON-4

+
¥
+

|++++++++++++++|ai

Bluetooth Devices

_J Computer

e Disk drives

3 Display adapters

1'7'. DYDJCD-ROM drives

(=) Floppy disk controllers

4 Floppy disk drives

(=) IDE ATASATAPI controllers

&9 IEEE 1394 Bus host controllers

= Keyboards

4:1 Mice and other pointing devices

Q,, Modems

j Monitors

H3) Mebwork adapters

A Ports (COM & LPT)
j Communications Port {COM1)
Fy’ Communications Port (COM2Z)
5 Printer Port (LFT1)
. USB Serial Port (COM4)

% Processors

@, sound, video and game controllers
System devices

é Universal Serial Bus controllers

BIPAC-7000 ADSL USE Modem
Intel(r) 823010B/DEM USE 2.0 Enhanced Host Controller - 24CD

coBMecTHO ¢ Arduino

O6bl4HO NporpamMmmHoe obecnedeHre Arduino moxeT obcnyxmeate COM-nopTbl C

agpecamn He Bbilwe COM9. MoaTtomy, nonb3oBaTesnb A0MKEH YOeanTbCs, YTO aapec
nocnenoBatenbHoro nopta USB He 6onee, uem COM9. Ecnm oH okazancs Bhbille,

npoaenanTe, Noxanyicra, crneayoLyio npoLeaypy.

(1) MpucoeguHnTe Kabeno UCON-4 k komnbioTepHomMy USB nopTy.

(2) NMpoeepbTe agpec COM-nopTa, HaxXnmas MbILLKOW NocneanoBaTesibHO
Myck—Manenb ynpaBneHns—Cucrtema (Start — Control Panel —System)

(3) Bbibepute 3aknagky Oo6opyaoBaHue (Hardware) n Haxmmte KHOMKyY

AucneTtyep yctponcTte (Device Manager).

(4) NMpocmoTpuTe cnMcok obopyaoBaHus. B crnicke nopToB A0sXHA
npucyTcTBoBaTh cTpoka MocnepoBarenbHbii nopt USB (COMXx) (USB Serial port
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(COMXx)). Ecnn appec COM-nopTa okasancs Bbille, 4yem COM9 (B 4aHHOM nNpumMepe 3TO

COM10), noxanyincTa, KNMKHUTE Ha CTPOKE C Ha3BaHMEM MNOpPTa MbILLKOW U B
NosiIBMBLLEMCS cnncke BbibepuTe cTpoky CeowncTBa (Properties)

-1 Parts (COM &LPT)
'_\y‘ Caormmunications Port (COM1)
r_‘r‘ Communications Pork (COMZ)
-~ Printer Port (LPT1)
' USE Serial Port (COM10
#% Processors Update Driver. ..
Sound, videa and game con Disable

5
+ @

+ é System devices Uninstall
+

Universal Serial Bus controll
Scan for hardware changes

Opens property sheet for the current se

Properties %
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(5) MosiBnTCHa 0kHO CBOMCTBaA NocnepoBaTtenbHoro nopta USB (COM10)
(USB Serial Port (COM10) Properties). Boibepute 3aknagky Hactpovika noprta
(Port Setting) n yctaHoBUTE 3HAYEHNSA HACTPOEK KakK MOKa3aHO Ha PUCYHKE HUXE,
rnocne 3aToro HaxmmTe kKHonky JdononHutenbHo Advance

USB Serial Port (COM10) Properties

General | Port Settings | Driver Details |

Bite per second: | '9E00 v
Data bits: |8 ~

Farity: | None ¥ ”i\'] '

Stop bits: [1 e i

Flow contral: | None i VVI '

Advanced... ,l: I Restore Defaultz |

l oK H Cancel ]

(6) MoaBuTCa OKHO C AONONHUTENbHbIMWU HAcTporkammn ana COM10. KnukHute
Ha none co cnuckom Homep COM-nopTta (COM Port Number), 4T06bl M3MEHUTH
HOMep nopTta Ha COM4 vnn nbow apyro cBOOOAHbLIN B AnanasoHe ot COMT oo
COMO.

Advanced Settings for COM10

COM Port Number: | comio v

B[%]
COMT [inuse) &
| Concel |

USB Transfer Sizes | COM2 [in use] ———
COM3 (in use) Cancel
Select lower settind COM4 J% ~ pance problems at low baud rates.

)

Select higher zetti Egmg [in ance. Detailts

COM?7
Receive [Bytes]. |COMS 96 £
COM3
. . |COM10
Transmit [Bytes): COM1T 96 v
COm12
COM13
BM Options COM14 Miscellaneous Options
_ |COM15 X
Select lower setini COM16 ke problems. Sernial Enumerator
COM17

i COM18
Sl ggm;g A Cancel If Power Off
Timeouts Cam21 Event On Surprise Removal
Egmgg Set RTS On Close
Heine e T Egmgé 2 Digable Madem Ctil &t Startup

- 4 1 |COMZE
Minirnum 'write T COM27 v

Senial Frinter

SRR 8T 18 x]




(7) YcTaHOBUTE 3HAYEHUST OPYrMX HACTPOEK Kak MOKa3aHO Ha PUCYHKE HUXeE.
Ocoboe BHUMaHMe cnenyet 06patnTb Ha TO, 4TOObLI ANS HAcTporikn Tanmep BpeMeHu
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oxupaHua (mcek) (Latency Timer (msec)) 6b110 yCTaHOBNEHO 3HaYeHue, paBHoe 1,

n 661 oTMeyeH ¢pnaxok NMocnepoBaTtenbHaa Hymepauusa (Serial Enumerator).

HaxmunTte kHomky OK.

Receive [Bytes): 4096 o
Transmit (Bytes): 4096 P
BM Options

Selact lower settings to comect response problems.

Latency Timer [msec]: 1 v
Timeouts

Minimum Read Timeout (msec): 1} v

Minimurn *write Timeout (msec): 1] £

Miscellaneous Options
Serial Enumerator
Serial Printer
Cancel If Power Off
Event On Surprise Removal
Set RTS On Close
Disable Modsm Ctrdl At Startup

€]

O
™
O
O
L1

Advanced Settings for COM10 2E3
COM Port Nurnber:
COM4 v \ oK
15 1ster Sizes
USB Transfer Size: Dl
Select lower settings to correct performance problems at low baud rates,
Select higher settings for faster performance.

(8) BepHutech k cBonctBam lNocnepoBatenbHoro nopta USB (USB Serial Port
Properties). Teneps Homep COM-nopTta B 3aro/ioBKe OKHa AOJIXKEH M3MEHUTLCS Ha

COM4. Haxmute kHoriky OK.

USB Serial Port {C()_M‘i)_ I—;"roperties

2

Generalé! Port Settings | Driver | Details

Bits per second: | 9600 bd
Data bits: | 8 v
! Parity: | Mone | v
I Stop bits: |1 IV'
Flaws contral: | None |
[ Advanced... ] I Restore Defaults

| UK%J[ Cancel |

(9) OTtkntounTte kabens UCON-4 ot USB-nopTta 1 noakntounTte ero cHoa. Eule pas

npoBepbTe agpec nocnepoartenbHoro nopta USB. HoBbilh agpec nonxeH 6bite COM4.
Tenepb kabenbs UCON-4 roToB K MCNONb30BaHUIO CO cpenon paspabdotkm Arduino IDE.
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4.2 Hayano pa6otbl POP-BOT ¢ nporpaMMHbIM
obecne4yeHuem Arduino

3anycTtute Arduino IDE, nocneposatenbHo Haxas Myck — Bce nporpaMmbl—
POP-168 Software Package — Arduino (Start — All Programs — POP-168
Software Package — Arduino)

Mpu nepBOM 3anycke rnaBHoe OKHO Arduino BbIrNGAMT Kak MnokasaHo Ha
PUCYHKE HUXE.

Arduino - 0011 Alpha @@

File Edit Sketch Tools Help

®E 2

< (2]

4.2.1 KoHpurypaumsa annapartHon yactn POP-168

4.2.1.1 Bbibop TMna MMKPOKOHTpOINEpa

Bbibepute nocnepoBatenbHO NyHKTbl MeHI0 UHCTpyMeHTbl — Mnata— POP-
168 nnn Arduino Mini (Tools — Board — POP-168 v Arduino Mini) (MOXHO
ncnonb3oBaTtb 06e Bepcun)

Arduino - 0011 Alpha
File Edit Sketch Tools Help
I:’-[;‘:I “E‘] IE‘ Avto Format Clrl+T
S Copy for Forum
Archive Sketch

Board Arduino BT

Serial Port P Arduino NG or older v/ ATmegas

Burn Bootioader »  Arduino NG or older w/ ATmegal 63
POP-1 R?

+ Arduino Mini
Arduino Diecimila
LilyPad Arduing
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4.2.1.2 Boibop COM-nopTta

na 3arpy3ku cketya n3 IDE Arduino B moaynb POP-168 Heobxoanm obmeH
OaHHbIMUM MO nocnegoBatenbsHoMy nopty. Cpega padpabotku IDE Arduino moxeTt
pabotaTb ¢ BUpTyanbHeiM COM-nopTOM, KOTOPLIV cO3aaeTcs Ans npeodbpasoBarens
nHtepdenca USB B lNMNocnenoBaTenbHbI NOPT.

Bbibepute B MmeHio UHCTpymMmeHTbl — MocnepoBatenbHbii nopt (Tools —
Serial Port). B oTkpbIBLLIEMCS cnnCcKe MOXHO Bbiopate COM-nopT, KOTOpbIN 6yaeT
NCMNoNb30BaTbCs AN 0OMeHa JaHHbIMU C POBOTOM.

1 Arduino - 0011 Alpha
File Ecit Sketch Tools Help .
Auto Format CirlsT
Copy for Forum
Archive Sketch

Eoard ]

3
Serial Port P v COM1 a
Burn Bootloacer L3 com2

- com

OOGblyHbIE BCTPOEHHbIE NOcCneaoBaTesibHble NOpThl MMeoT agpeca COM1 n/vnn
COM2. ina NMocnepoBatenbHoro nopta USB agpec 6ynetr COMS mnnu Bbiwe. Ho
Arduino moxeT nogaepxumsate COM-nopTbl He Bbiwe COMO.

4.2.2 3arpy3ska ckeTt4-¢annia npumMepa

MocnepoBaTtenbHO BbibepuTe B MeHio Pain — MNMoawmeka ckeTyen
Mpumepsbl — LUndppoebie — Muranue (File — Sletchbook — Examples — Digital —
Blink)

Arduino - 0011 Alpha — ==&
File Edt Sketch Tools Help

e Clrl+hl

Sketehbook . TR open.. CirkO

Save CrieS sketch_510405a

Save As... Cirl+Shift+S Examples » Analog »
_ Upioadto IO Board Cirlsll T | Comrancaion P

Page Setup Clri+Shift+P Digital 3 Biink

Print Chri+pP Library-EEPROM P EIinl{W!'thaneI%

Preferences Crle, Library-Matrix L3 Button
ﬁ}uni Chrl+Q Library-Stepper P Debounce

Library-Wire P Loop

Ko npumepa, Blink.pde, nossutca B 06nacty penakTtmpoBaHns TEKCTOBOIO
penakropa.

| B8 Arduino - 0011 Alpha M=}

Fie Edt Skeich Tools Help

Ol [E][2] [+ &

* Blink

* The basic Arduino

exanple.

Turns on an LED on for

* depending o

* http://wen, arduino. cc/en/Tutorial /Blink

int ledPin = 13; /4 LED connected to digital pin 13
void setup () // run once, when the sketch starts
{

pinMode {ledPin, OUTPUT); // sets the digital pin as output
)
woid loep () // run over and over again

{
digitaliirite(ledPin, HIGH);
delay(1000)
digitallrite{ledPin, LOW);
delay(1000);

¥ v
< b3
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4.2.3 Komnunauma cket4ya

[Mocne oTkpbITUA ckeT4Y-danna B pefaktope, ero MOXHO OTKOMNUANPOBATb,
BbIOpaB nocnenoBaTesibHO MyHKTbl MeHIO CkeTy — lMpoBepuTb/OTKOMNINMANPOBaTH

(Sketch — Verify/Compile) nnn HaxaB KHOMKyY Ha naHesi NHCTPYMEHTOB.

[ Arduino - 0011 Atpha Joes

File Ecit Sketeh Tools Help
é Werty/Compile TR
Stop %

Import Library
Show Sketch Folder Crisk
* Blinl  AddFile

int ledPin = 13; // LED con

1d setup ()
{

pinfode (ledPin, OUTPUT): // seta the digital pin as ourput
}

B cTpoke COCTOSIHUS B HMXKHEW YAaCTM OCHOBHOIO OkHa OyaeT oTtobpaxartbes
cocTosiHne komnunauumn. Ecnmn komnunaumsa npowna 6e3 owmbok, To 0To6pasunTcs
coobueHne Komnunsauua 3asepweHa (Done compiling), n B TekctoBoi o6nacTtu
nosiIBUTCS CO0OLEeHMe C yka3daHneM pa3mepa ABOMYHOro ¢garnna cketya.

4.2.4 3arpy3ka cketya B moayib POP-168

lMepepaya ckOMNUAMPOBAHHOIO MALLUMHHOINO KOA4a B annapaTHyto YacTb Arduino
HasbiBaeTcs 3arpyska (Uploading). lNepeg 3arpy3kon koga annapaTHyo YacTb
Arduino Heob6xoaumMo NoaroToBuTb, Nepeeeasd POP-168 B pexnm HavyanbHOro
3arpy34umka (Bootloader mode). ns 9T0ro He06Xx0AMMO BbINOSIHUTL CNEAYIOLLYIO
nocrenoBaTesibHOCTb OENCTBUN:

(1) Coeamuute POP-BOT ¢ COM-nopTom KOMMblOTEPa NOCPEACTBOM Kabens
CX-4 nnn kabena UCON-4 npeobpasoBatensa nHrepderica USB B
[MocnepoBartenbHbIV MNOPT.

TToAKTIOYNTE HENOCPEICTBEHHO K
COM nopty (ecian nMeeTcs)

TloaxmounTs K
Kabens CX-4 USB mopty

[ ucon-2225 | | sl }.

ITepexomunk USB -
HI0CIeI0BATENbHEII TOPT

KommsroTep

£

=50 o3
oo oxn

@.g SERYO FORT
[o]@s

POP-BOT
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(2) NMNepesectn moaynb POP-168 B pexum nporpammmpoBanma. nsg atoro
HeobxoaMmo caenatb 2 wara.
(2.1) Ucnonb3ys kHonky CBPOC (RESET) Ha nnate RBX-168 n
kHonky BL B moayne POP-168
(2.1.1) Bkntounte POP-BOT
(2.1.2) Haxmute n yoepxunante kHonky CBPOC (RESET) Ha
nnate ynpasneHus RBX-168.
(2.1.3) Haxmute u yoepxusante kHonky BL B mogyne POP-168.

@ Haxmurte u ynep:xkupaiite kHonky RESET (uepnas)

@ Haxmuare u yaep:xuapaiite kaonky BL (Gexas)

gﬁ/ :
:

POP-BOT

(2.1.4) Otnyctute kHonky CBPOC (RESET).

(2.1.5) 3atem otnyctuTe KHOMky BL.

Ecnn Ha POP-168 3aroputcsa un He Byoet Mmuratb CUHWUMA
ceetognon, To POP-168 ycnewHo Bowen B pexum HavyanbHOro
3arpysuduvka (Bootloader mode) v rotos gnis 3arpy3km MallMHHbIX KOOOB.

@ Ornycrute kHOonky RESET (uepnas)

@ Otnycrate kHonKy BL (6enas)

@Ha Moayiae POP-168 zaropurcs cuHHH
CBeTOAHOA. JTO YKas:KeT Ha To, uTro POP-168
nepelnes B pe;KHM MPOrpaMMHPOBAHHSA.

m
!
&

POP-BOT
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(2.2) UcnonbayinTe nepeknoyatens MATAHUE (POWER) Ha nnaTte
RBX-168 n kHonky BL B moayne POP-168
(2.2.1) Bbikntounte POP-BOT.
(2.2.2) Haxxmnte n yoepxmsaeTe KHOMNKy BL.

B

@ Brikarounte nutanne neperaogareieM POWER

ER, st
o)

e
i (@)

g !
£
£

@ Haskmurte u yaep:kngpaiite kuonky BL (6enasn)

n: o O

POP-BOT

(2.2.3) Bkniounte POP-BOT nepexkntovatenem Muraune (POWER)
(2.2.4) OTnyctnTe kHOoMky BL

Ecnn cunnvi ceetoguon Ha nnare POP-168 3axercs v He muraet, To POP-168
BoLuesn B pexum HadanbHoro 3arpysquka (Bootloader mode) v rotoB k 3arpyske
MaLLVHHbIX KOAOB (MPOLLNBKU).

(3) B cpeae Arduino IDE, Bbibepute nyHKT MeHio @ain  3arpy3uTb B nnarty
Beopa/BbiBoga (File Upload to I/0 Board). lNogoxgute 3aBepLuieHns 3arpysku.
(4) NMocne 3aBepLUEHUS 3arpy3kn, B CTPOKE COCTOSAHUS B HUXXHEW 4acTu
OCHOBHOro OkHa 0yaeTt otobpaxaTtbcsa coobuieHe 3arpy3ka 3aBepwieHa (Done

Uploading).

Done uploading.

(5) Mocne 3aBeplueHUs 3arpy3ku, ewe pasd Haxmute kHonky RESET (CBPOC).
Mocne aTtoro POP-BOT HayHeT BbINOMHEHWE CKeT4a.
CBetoanon, noakoYeHHbIn K BoiBoay Dil13 (CuHwi ceeToamosa) Moayssi
POP-168, HayHeT muratb C MHTEPBAJIOM B 1 CEKYHAY.

POP-801
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S : OnucaHne OCHOBHbLIX TUMNOB ABUNXEHUSA
POP-BOT

Po6ot POP-BOT nmeeT 2 kaHana ynpasfeHus 3n1ekTpoasuraTensmm nocTosHHOro
Toka. B kaxgom n3 kaHanoB MOXHO HE3aBMCUMO YNpaBisiTb CKOPOCTLIO U HarnpaB/ieHNEM
BpALLLEHNs ABUratens ¢ NOMOLLbIO NPOrpamMMHOro obecneyeHns. AnekTpoasmraTenu
NOCTOSIHHOIO TOKa ynpaBnsaoTcs curHanamm ¢ LM (LWmnpoTHO-MMMNyNbCHas MOAYNSALNS ).
B maHHOM paspgene onncaHo, Kak ynpaBnsaTh 9N1eKTpoaBuraTensMm NoCTOSIHHOIo Toka ¢
nomoubio LLUMM un kak reHepuposatb LLUINM-curHan mmukpokoHTponnepom Arduino POP-
168 B nporpamme Ha a3blke C.

5.1 OcHOBbI ynpaBneHnsa ABuratenem
NOCTOSAHHOro ToKa npv nomowwu LLIUM

MameHsasa (Moaynupys) LUMPUHY MMMY/bCa, NOAAaBAEMOro Ha 31eKTPoABUraTesb
MOCTOSIHHOIO TOKa, MOXHO YBENMYMBATb UM YMEHbLLATb KOSIMYECTBO 3HEPIUN,
NoCTynawLen Ha 3nekTpoasuraTesnb B €OUHNLLYY BPEMEHU, TakuM 0Opa3om, yBeNMyMBas
UM YMeHbLUass CKOPOCTb (4acTOTY BpaLLEHMS) 31ekTpoapuratens. 3aMeTuMm, Y4TO XOTS
Hanps>KeHve, NnogaBaeMoe Ha 31eKTpodBuUraTeflb, UMeeT NOCTOSAHHYID aMNnTyay,
n3MeHseTcss KOOPPUUMEHT 3aN0NTHEHUS UMIMYNbCOB yNpaBieHnsa. ITO 03HA4YaEeT, YTO Npu
OonbLUEN LUMPUHE UMMY/bCA, SNeKTpoaBMraTens OyaeT BpallaTbcs ¢ 60MbLIEN YACTOTOMN.

O6paTtumcs K PucyHky 5-1, Ha KOTOPOM NOKa3aHO HanpskeHne nutaHma Vs, ¢
LM, nogaBaemMoe Ha anekTpoasuratesib NOCTOSIHHOIO Toka. YactoTa BpalleHus
anekTpoapuraTens OyaoeT 3aBUCETb OT BPeMeHU Ton (Bpems BKIoYeHnsa moTtopa). B
TEeYeHMe 3TOro NPoOMeXyTka BPEMEHU, Ha 31eKTpoaBuraTesib MOCTOAHHOIO Toka byaeT
noaaBaTbCa MONHOE HanpskeHne nuTtanus; Vm. Ecnu wmnpuHa Ton 6ygeT 6onblie, TO Ha
anekTpoapuraTesib NOCTOAHHOIO Toka ByaeT nocTynatb O0onbLUe HanpseHus. B
pesynbTate, OH CTaHeT BpallaTbCsa C O0MbLUEN CKOPOCTbLIO (YacToTon). MNMpougHTHOEe
COOTHOLLEHME MeXAy BpeMEHeEM Ton v NOAHON OANNTENLHOCTLIO Nepuroaa (T) Ha3biBaeTCcs
KoaddnumeHT 3anonHeHuns (Duty cycle). EFro MOXHO BblMMCANTL creayowym obpa3om :

Ko3gdUUHMeHT zamoaHeHud (%) = 100 X -

(5.1)

on T Toff
UM ! !
HacToTa - = =
ern © Tpff T (5:2)
CpenHee nageHme HanpsKeHne Ha anekTpoaBurartene =
HanpsxeHne nctodyHnka nutanma x KoappuumeHT 3anosHeHns (5.3)

(%)

. Rs vm

Ton
| |Toff§

T

Vs Vm

Pucyrok 5-1. LLINM-curHan gns ynpaBneHus anekTpogsuratenem
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Vm (V)
4.5 4
(A) |_| HozddHuneHT zanolHeHHa = 20 X 100 % =20 %
4 é 1:2 16 20 24 2: 3:2 > t(ms) CpenHee HanpAxeHne = 4.5 X 20% =09 B
vm (V)
10ms
8 ** - v
HozddHuHeHT sanolHeHHA 20 X 100 % = 20 %
4:; é 1:2 16 20 2=4 2=8 3:2 > t(ms) CpenHee HampAxeHne = 4.5 X 500 = 2.25B
vm (V)
18ms
©) *3 | N
Koadbdbunuenrt zanondennsa = o ¥ 100 % =90 %
4:1 é 1:2 50 2:4 2:8 3:2 >t (ms) CpeaHee HanpaxeHue = 4.5 X 90 % = 4.05B
vm (V)
20ms 20
(D) % Kozdbdunuenr zanonqenmna = 20 X 100 % = 100 %

—— U Pt (M = =
R R (ms) Cpennee Hampswerne = 4.5 X 100% = 45B

PucyHok 5-2. [1oka3aHO COOTHOLLUEHNE MeXAY Pas3NYHbIMU 3HAYeHNAMU KOSPDULUnMeHTa
3anofIHEHUS (CKBaXXHOCTU) UMMYNbCOB YNPABAEHUS 1 CPEOHUM HanpsXeHeM Ha
anekTpogBurarterne.

XoTs KOS)PUUMEHT 3arnosiIHEHUsT onpeaensgeT 4acToTy BpaweHus Bana
anekTpoaBuraTens, anekTpoapuraTenb MMeeT npeaenbHyio paboyyio YacTtoTy. Ecnm
yacTtoTa LUMM-curHana npeBbillaeT 3TOT NOPOr, aNeKTpoasmraTtel OCTaHOBUTCH,
NOCKOJIbKY NepenaeT B TOYKY HacbiweHud. MNMpumep curHana ¢ LUMM Ha pucyHke 5-2
nmeet nepuog 20 munnucekyHa n yactoty 500,

Ha pucyHke 5-2 (A) koadppuumeHT 3anonHeHns curHana ¢ LLUMM coctasnsaeTt
20%. OnekTpoaBuraTesnb OyaeT BpawaTbCsad C MUHUMAbHOW CKOPOCTbLIO, MOCKOJbKY
cpegHee nageHune HanpsxeHus Ha Hem cocTtaBuT Becero 0.9B. MNpu yBennyeHun
KoadpdurumeHTa 3anonHeHus Ha PucyHke 5-2 (B) u (C), cpegHee nageHme
HaMpPs>XEHNS Ha SNEeKTPOoABUraTene yBesmimTcsa. 9T0 Takke NPUBEOET K YBEIMYEHUNIO
CKOPOCTM.

Ha PucyHke 5-2 (D) Ha anekTpoaBurartesib NOCTOSHHOIO Toka nogaercs
NOJIHbIM YPOBEHb HAMPSAXXEHUS, NOCKOJbKY KO3dPuumeHT 3anonHeHnsa paseH 100%.
Taknm obpasom, ynpaeneHne koapduumeHTom 3anonHeHmsa LLUIMM-curHana asngaercs
MEeTOO0M PerynnpoBaHmns CKOPOCTU SNEeKTpoaBUraTesns.
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5.2 Arduino ¢ LUMM (PWM)

Cpepa Arduino nmeet cneumanbHyo GYHKUMIO A9 reHepauun curHana ¢
LLIMM, KOTOpbIN MOXHO NMoaaTth Ha b0k N3 UMPPOBLIX BbIXOA0B. ITO PYHKLMS
analogWrite(). Nonb3oBaTtesib MOXET U3MEHATb KOIDPUUMEHT 3aNOSIHEHMS
LLUINM- curHana ot 0 go 100%, nameHsas 3Ha4yeHmne napametpa GyHkumm ot 0 go 255.

Mpu 3HaYeHnn = 0, LUNM-curHan oTcyTCcTBYET. BbixOoHOE HanpsixeHune
pasHo 0B.

Mpwu 3HaveHnn = 51, LLUnpuHa nmnynsca LLUIMM-curHana pasHa 20%
nepunoga. KoapdpunumeHTt 3anonHeHus paseH 20%.

Mpwu 3HaYeHnn = 127, WunpuHa nmnynsca LLUMM-curHana pasHa

nonosuHe nepuoga. KoapdpunumeHT 3anonHeHnsa paseH 50%.

Mpwn 3HaveHun = 191, LWnpuHa nmnynsca LUNM-curHana paBHa 75%
nepnoaa. KoappunumeHTt 3anonHeHus paBeH 75%.

Mpwn 3HadYeHun = 235, LnpuHa nmnynsca LUNM-curHana paBHa Lenomy
nepuoay. KoadpdunumeHTt 3anonHeHus paseH 100%.

Ha PucyHke 5-2 nokasaH LUNM-curHan ¢ pasnnyHbiMy 3HA4YEHNSIMIN
KoadpuumeHTa 3arnosHeHus.

0%

20%

50%

75%

100%

Pucyrnok 5-2. dopma BbixogHoro curHana LUMM npu pasnmyHbix 3Ha4eHUaX KoadpouumneHTa
3anoJIHEHUS (CKBAXHOCTN) UMMYJ1bCOB.
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CpenHee 3Ha4YeHme BbIXOOHOrO HanpshxeHme curHana ¢ LM
onpenensercsa ero KOdaPOUUMEHTOM 3aMN0SIHEHMA. DTO CpeaHee 3Ha4YeHMe MOXHO
BbIYNCNUTbL U3 MPUBEOEHHOIO HUXE COOTHOLLEHUS:
BbixogHoe_HanpshxeHune = (BpeMSs_BKJIIOYEHHOro_cocTossHua /
BpPEeMSI_BbIKJIIO4EHHOr0_COCTOSIHMSI) * MaKCMMaJsibHOE_HarnpsikeHue
LLUNM-curnan, coszgaBaembiin pyHkumen analogWrite(), MOXXHO UCMONb30BaThb
ONs perynmpoBaHma SpKOCTU CBETOAMO4A UM NPUMEHUTb O15 YNpaBieHUs
anekTpoasuraTesieM rnocTosHHOro Toka. BeiBog, ArduinoHs, KOTOPbIN onpeaesnieH Kak
BbIxo4, curHana ¢ UM 6yaeT BbigaBaTh curHan ¢ LUMM HenpepbIBHO, A0 Tex nop,
noka He Oyaet Bbi3BaHa GyHkUMA analogWrite() ¢ HOBbIM 3HaYeHWEM nepmoga w
KoaddpuumeHTa 3anonHeHns, nnu He oyayT Bbi3BaHbl GpyHKuumM digitalRead nnu
digitalWrite ona aToro e camMoro BbiBOAaA.

Moaynb Arduino POP-168 nmeeT 4 aHanoroBbiX BbIX0Aa; OHM BKKOYAOT
BbiBOAbLI 3, 5, 6 n 9 (Di3, Di5, Di6 n Di9).

®dyHkuma analogWrite nmeet popmar

analogWrite(BbiBOA, 3Ha4YeHue);

roe  BbIBOg - 3TO HOMep BbiBoAa (3, 5, 6 n 9) noprta Arduino
3Ha4YeHne — 370 3HadYeHne KoapouumeHTa 3anosHeHns ot 0 o 255.
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3apaHue 1 : bazosblie nepemewieHna POP-BOT

3apaHue 1-1 [IBn)xeHve Bnepepn v Ha3ap,

A1.1 OtkpounTe IDE Arduino n cosgainte CKeTd C KOOOM, NoKa3aHHbIM Ha JInctuHre Al-1.
A1.2 MNepeseagute POP-BOT B pexum NMporpammmpoBaHus. 3arpy3ute ckeTtd B poborT.
A1.3 BblkniounTte HanpskeHne nutaHnsa poboTta U OTKAKYMTE 3arpy304Hblii kKabenb.

A1.4 YoeanTechb, 4TO POOOT HAXOAUTCS HA MNOCKOW MOBEPXHOCTU. Bkntounte nutaHue
poboTa n HabnwganTe 3a ero padboTow.

Pobot POP-BOT aBuraetcsi Briepes. Yoeamtecb, 4To oba CBETOANOAHbIX
uHAavkaTopa paboTkl ABUraTesis UMeKoT 3e/eHblli LIBeT cBevYeHus. Yepes3 1 cekyHay oba
MHAMKaTopa MEeHSIIOT CBOU LIBET CBEYEHUS] Ha KPAacHbIA, N pOOOT Ha4YnHaeT ABUraTbCsl
Hasan.

Ecsin poboT pyHKUNOHNUPYET HEBEPHO, HEOOBXOANMO NMEPEnoaKII0YNTL Kabesn
BJIEKTPOMOTOPOB K MPOTUBOMOJIOXHbLIM ropTamMm / B rMPOTUBOMNOI0XHOM MOSIPHOCTU. 3TO
HeobxoanMo AesaTtb 40 Tex rop, rnoka poboT He Ha4YHEeT ABuraTbes rpaBusibHO. Koraga Bebl
MOJIYHNTE HYXXHbIV PEe3YyJ/IbTaT, 3ariloMHUTE MOJTYHEHHYIO KOHMUIrypaLuuo noaAKIHOYEHMNS
a/IeKTpoaBUraTesieii u NCrosb3ynTe ee /1S BbINoJIHeHUs Bcex 3aaaHuii. Pobot 6bynert
ABUratTbCsl Briepen-Hasan HernpepbIBHO, A0 TeX Mop, MoKa Bbl HE BbIK/TIOYUTE €ro rnitaHue.

hhkkhkhkhkhkhkhhhkhkhkhhkhhhkhkhhkhkhkhkhhhkhkhkhhkhhkhhkhkhhkhhkhkhkhkhhkhkhhhkhhkhhkhhkhkhkhhhkhrhkkhkhkrkhhkxxkk

* POP-BOT V1.0
* BoinonHsieT ABuxeHue Bnepea/Hasaa Ha MOMHOW CKOPOCTM
***************************************************************************/
void setup() {
pinMode (3,0UTPUT); // Motor Al
pinMode (5,0UTPUT); // Motor A2
pinMode (6,0UTPUT); // Motor B2
pinMode (9,0UTPUT); // Motor Bl
}
void Forward(){ // MNMoanporpamma AaBuxeHus poboTa Bnepej
digitalWrite(3,HIGH);
digitalWrite(5,LO0W);
digitalWrite(6,HIGH) ;
digitalWrite(9,LO0W) ;
}
void Backward(){ // Noanporpamma aswxeHus poboTa Brepes
digitalWrite(3,LO0W);
digitalWrite(5,HIGH); o
digitalWrite(6,L0W);
digitalWrite(9,HIGH) ;

) T

void loop(){ E
Forward() ; ,l,
delay (1000) ;
Backward() ;
delay (1000) ; FreduinobOP robat.

} ~=

/**************************************************************************/

JIncrunr A7-1 : ®@aiin Forward_Backward.pde; ckety-cdpainn Arduino gna ynpasneHus
nsumxeHnem POP-BOT Bnepen v Hasan,
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3apaHue 1-2 YnpaBneHue gBUXEHneM poboTa no Kpyry

Ecnu onsa kaxnoro Motopa yCTaHOBUTb Pa3/IMYHYI0 CKOPOCTb BpaLleHus, TO
3TO NPUBEAET K TOMY, YTO POOOT HAYHET ABUraTbCs MO KPYry. ATO MOXHO NPOBEPUTL
cneaylowmm obpasom:

A1.5 Co3painte HOBbIN CKETY 1 3anuumMTe B HEro cneayouwime Koabl Ha a3bike C,
nokasaHHble Ha JlnctuHre A1-2.

A1.6 NMepesegnte POP-BOT B pexum lNporpammmpoBaHms. 3arpy3ute CKetd B poboT.
A1.7 BbiknounTe HanpsikeHrne nuTaHus poboTta v OTKIIoYNTE 3arpy304Hbiii Kaberb.
A1.8 Y6eanTecb, 4TO pOOOT HAXOAUTCSA Ha NJIOCKOW NOBEPXHOCTU. Bkiounte nutaHmne
poboTa 1 HabngarTe 3a ero paboToi.

Po60oT HerpepbiBHO ABUraeTcs rno Kpyry A0 Tex rop, rnoka He Haxara KHOrKa,
nogkmodeHHas k BbiBogy Di4 nnatel ynpasneHns POP-BOT, nocnie 4ero pobor
OCTaHaB/INBAETCS.

/**************************************************************************

* POP-BOT V1.0

* Filename : MotorSpeedControl.pde

* JleBbll 3MeKTpPOABUTATENb BpaWAeTCs C HU3KOW CKOPOCTbHIO, a MpaBbli
3NeKTpoABUTraTeNnb BpaWaeTcs

* C BbICOKOW CKOPOCTbI, npu 3Tom Robo-Spinner obecneumBaeT ABUXEHWE ABUXETCS

no Kpyry
***************************************************************************/
void setup(){

pinMode (3,0UTPUT); // SnekTpoaBuratens Al

pinMode (5,0UTPUT); // 3OnekTpoaBuratens A2

pinMode (6,0UTPUT); // 3OnekTpoaBuratens B2

pinMode (9,0UTPUT); // 3nexkTpoaBuratens Bl

pinMode (2,INPUT); // 3nexktpoasuratenb Left s== "=

pinMode (4,INPUT); // 3nekTpoaBuratenb Right " ‘~

} P LN
void Forward(int Lspeed,int Rspeed){ &
analogWrite(3,Lspeed); r
digitalWrite(5,LO0W) ; V]
analogWrite(6,Rspeed); [
digitalWrite(9,LOW) ; I
}
void Motor_Stop(){ :
digitalWrite(5,LO0W);
digitalWrite(3,LO0W);
digitalWrite(6,L0W); N
digitalWrite(9,LOW); N L4
} . »
void loop(){ Sem==”
Forward (80, 255) ; // BbinoNHsieTCs UMKINYECKU
if(digitalRead(4)==0){ // noka He HaxaTa KHoMKa
Motor_Stop(); // 0cTaHoOB
while(1l);

}
}

/**************************************************************************/

JIncrunr A1-2 : ®aiin MotorSpeedControl.pde; ckety-dain Arduino anga ynpasneHus
ansumxeHnem POP-BOT no kpyry
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3apaHue 1-3 YnpaBneHne gBMXEHUEM poOOoTa NO KOHTYpPY

npsaMoyroJibHuUKa

A1.9 Co3paiiTe HOBbIN CKETY U 3anuLIMTe B HEro creayoliye Kogsl Ha a3bike C, nokasaHHble
Ha JlnctnHre A1-3.

A 1.10 3arpysuTte ckeTd B poOOT. BbiknounTe HanpskeHne nutaHusg podoTta n oTKa4nTe
3arpy304Hblil kKabenb.

A1.11 Bkniounte nutaHme poboTa 1 Habnwgante 3a ero paboTon.

Pob6oT Ha4YnHaeT aBuvxeHne rnocae Haxatus kHoriku SW1 nnn SW2. Mpu HaxkaTtuu Ha
kHornky SW1, poboT 6ynet HenpepbiBHO ABUraTbCs BNepes, v rnoBopaynBaTb HaaeBo,
onuvcbiBasi CBOVM ABWXEHNeEM kBaapart. IMpun Haxartmumn Ha kHornky SW2, noBopoTsl 6yayT
BbIMOJIHSITLCS B MPOTHBOMNO/I0KHOM HarpasaeHUM.

/**************************************************************************

* Robo-Spinner V1.0
* Filename : Rectangle_Running.pde
* BbIMonHeHMe MOBOPOTOB BMEeBO M BNpaBo Ha 90 rpaaycos
**************************************************************************/
void setup(){
pinMode (3,0UTPUT); // 2nekTpoasuratens Al
pinMode (5,0UTPUT); // 2OnekTpoaBuratenb A2
pinMode (6,0UTPUT); // 3nexkTpoaBuratenb B2
pinMode (9,0UTPUT); // 2OnekTpoaBuratens Bl
pinMode (2, INPUT); // lNesas KHoMNka
pinMode (4,INPUT); // MNpaBas KHOMNKa
}
void Forward(int speed){
analogWrite(3,speed);
digitalWrite(5,LO0W);
analogWrite(6,speed);
digitalWrite(9,LO0W);
}
void Spin_Left(int speed){
analogWrite(5,speed);
digitalWrite(3,LO0W);
analogWrite(6,speed);
digitalWrite(9,LO0W);

}
void Spin_Right(int speed) {
analogWrite(3,speed); N
digitalWrite(5,L0W);
analogWrite(9,speed); '
digitalWrite(6,LOW); '
; | S —p———

void loop(){
if (digitalRead(2)==0){ // HaxaTta kKHonka Di2

while(1){
Forward(125); // JBuxeHune Bnepeza
delay (900) ;
Spin_Left(125); // NosopoT Bneso Ha 90 rpaaycos
delay (400);
}
}
if (digitalRead(4)==0){ // HaxaTa kKHonka Di4
while(1){
Forward(125) ; // JlBuxeHue Bnepej
delay(900) ;
Spin_Right (125); // ToBopoT BnpaBo Ha 90 rpaaycos
delay (400);
}

}
}

/**************************************************************************/

JIncrunr A71-3 : daiin Rectangle_Running.pde; ckeTty-daiin Arduino gng ynpasneHus
asmxeHnem POP-BOT no 3aMKHYTOMY MPSIMOYrOfIbHOMY KOHTYPY
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3apaHuve 2 : Bamnep po6ora POP-BOT
3apaHue 2-1 lMpocTenwumini MeTon, OOHapyXXeHna NPensaTCTBUNn

B aTom 3agaHum poboT 6yaeT 3anporpaMMmUpoBaH Takum 06pa3om, 4TOObl OH
pearmpoBasl Ha CTONIKHOBEHUS, MPUBOASALLME K HAXATUIO HA IOOYIO U3 ABYX KHOMOK,
pacnonoxeHHblx B nepegHen yactn POP-BOT Ha kpoHwTenHax. Nocne Toro, kak
CTOJIKHOBEHME NPON30NAET, pOBOT ByaeT OTXOAUTb Ha3ad, N MEHATb HanpaBieHne
CBOEro OBMXEHUS.

A2.1 OtkponTte IDE Arduino n co3ganTte CKeTY C KOAOM, MokasaHHbIM Ha JINCTuUHre
A2-1.

A2.2 MNepeeante POP-BOT B pexum NporpaMmmmpoBaHma. 3arpy3nte CKeTd B pooOoT.
A2.3 BblkounTe HanpsbkeHne nutaHmsa poboTta 1 OTKNIoUYMTE 3arpy304HbI Kabenb.
A2.4 MoaroToBbTE AEMOHCTPALMOHHOE NoJfie, pa3MecTVB Ha HEM HECKOJNIbKO KOPOBOOK
WM apyrmx o0bLEKTOB.

A2.5 lNomecTtute pobOT Ha AEMOHCTpPALMOHHOE none. Bknunte nutaHmne pobdoTta un
HabnopanTe 3a ero padboTomn.

Po6oTt POP-BOT 6yneT yntaTb COCTOSAHME 0OEenx KHOMOK, NOAKIIOYEHHbIX K MopTam
15/A1 n 17/A3. lNpun HaxXaTn Ha KHOMKY WK KACaHUMN €0 HEKOTOPOro oobekTa, Ha
COOTBETCTBYIOLLEM BbIXO4e NoABUTCSA normdeckmin “0”.

lMpu HopmanbHOi paboTe po60oT byaeT HeNnpepbIBHO ABUraTbCsl Briepes.

Ecsin po6oT ripukocHyJsIicsI K KAKOMY-JIM60 OOBbEKTY /1eBO¥ KHOIMKOM, TO
po6OT byaeT ABMraTbCsi Ha3asa n M3MEHUT HarpaB/lIeHNe CBOEro ABUXEHWS, MOBEPHYB
HanpaBo, 4T06bI N36exaTb CTOJIKHOBEHUSI C OOBbEKTOM.

Ecsin po6oT ripukoCcHyJICSI K KAKOMY-JIM60 OOBbEKTY rpaBosi KHOIMKOM, TO
po6OoT byaeT ABUraTbCsi Ha3aa u N3MeHUT HarpaB/lIeHNe CBOEro ABUXEHWS, MOBEPHYB
HasieBo, 4TObbl n3bexarb CTOJIKHOBEHNSI C OObEKTOM.

Po6oT cTankuBaeTcs ¢ 06bEKTOM crieBa Po6oT cTankuBaeTcsa ¢ 06beKTOM cripaBa
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/**************************************************************************

* POP-BOT V1.0
* Filename : BumperRobot.pde
* POP-BOT ¢ apatumkamm Ha bamnepax
***************************************************************************/
void setup(){
pinMode (3,0UTPUT); // SnekTpoAaBuratens Al
pinMode (5,0UTPUT); // 3nekTpoAaBuratenb A2
pinMode (6,0UTPUT); // 3nexkTpoaBuratens B2
pinMode (9,0UTPUT); // 3nekTpoaBuratens Bl
pinMode (15, INPUT); // JlleBas KHoOnNka
pinMode (17,INPUT); // MpaBaa KHOMKa
}
void loop(){
Forward(150);
if (digitalRead(15)==0){ // lNpoBepka COCTOAHMA KHONKMW neBoro 6Hamnepa
Backward(150) ;delay(500) ;
Spin_Right(200) ;delay (400);

if (digitalRead(17)==0){ // lpoBepka COCTOSHUS KHOMKW npasoro 6amnepa
Backward(150) ;delay (400);
Spin_Left(200) ;delay(400);

}

/**************************************************************************/

void Forward(int speed) {
analogWrite(3,speed);
digitalWrite(5,L0W);
analogWrite(6,speed);
digitalWrite(9,LO0W) ;

}

void Backward(int speed) {
analogWrite(5,speed);
digitalWrite(3,LO0W);
analogWrite(9,speed);
digitalWrite(6,LO0W);

}

void Spin_Left(int speed)
analogWrite(5,speed);
digitalWrite(3,L0W);
analogWrite(6,speed);
digitalWrite(9,LO0W);

}

void Spin_Right(int speed) {
analogWrite(3,speed);
digitalWrite(5,LO0W);
analogWrite (9, speed);
digitalWrite(6,L0W);

}

/**************************************************************************/

JInctunr A2-1 : ®ainn BumperRobot.pde; cketu-darin Arduino ona ynpasneHus 6amnepamm
POP-BOT
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3apaHue 2-2 Bbixoa U3 JIOBYLUKU B Yrily KOMHaThbI

Korga POP-BOT HaxoauTcs B yrny, OH OKa3blBaeTCs 3aXaTbiM MEXAy NpaBon n
NeBOV cTeHaMu. OTO Bbi3blBAET HEMPEPLIBHOE KacaHMe bamnepamm poboTa CTEH U,
Takum 06pa3om, pobOoT OKa3bIBAETCS 3aXBAYEHHbIM B JIOBYLLKY B 9TOM Yry.
PelueHnem aBngeTcs naMmeHeHne koga Ha a3blike C, KOTOpbI Obls1 NOKa3aH Ha
Jinctunre A2-1, Taknum 06pasom, 4Tobbl OH cCOOTBETCTBOBAN JINCTUHIY A2-2.

A2.6 OtkponTe IDE Arduino n co3ganTte CKeTd C KOAOM, NMOKa3aHHbIM

Ha JlnctunHre A2-2.

A2.7 Mepesegute POP-BOT B pexum lNporpammmpoBaHunst. 3arpy3ute CKeTY B poOoT.
A2.8 BbiknounTe HanpsbkeHme NuTaHmga poboTta 1 OTKIIUYMTE 3arpy304HbIi kabenb.
A2.9 lNMoaroTtoBbTe AEMOHCTPALMOHHOE NOoJsie, Pa3MEeCTUB Ha HEM HECKOJIbKO KOPOOOK
W gpyrmx 00bEKTOB, Kak 6b10 caenaHo B 3agaHum 2-1.

A2.10 lNomecTnTe pobOT HA AEMOHCTPALMOHHOE none. Bknounute nutaHne poboTa un
HabnopganTe 3a ero paboTon.

Pob6ot 6yaet aBuratbCsl Bepe v rnpoBepsiTb HaIM4Yme npensaTcTBui. Ecan
cnyantcs bonee 5 cTonkHoOBeHWV noapsa, pobot nosepHetcs Ha 180 rpanycos,
4YTOObI UBMEHUTL HAMNPaB/IEHNE CBOEIr0 ABVIXXEHMUSI.

/**************************************************************************

* POP-BOT V1.0

* Filename : CornerEscape.pde

* PoboT cberaeT M3 yrja KOMHaThl

***************************************************************************/

int Count=0;

int Flag_=0;

void setup(){
pinMode (3,0UTPUT); // Asuratenb Al
pinMode (5,0UTPUT); // Asuratenb A2
pinMode (6,0UTPUT); // Asuratenb B2
pinMode (9,0UTPUT); // Asuratenb Bl
pinMode (15, INPUT); // JleBas KHonka
pinMode (17,INPUT); // MNpaBasa KHOMKa

}

void loop(){
Forward(150) ;

if (Count>5){ // Oka3biBaeTCs B noBywke B yrny 6onee 5 pa3 ?
Count=0;
Backward(150) ; // CberaeT u3 yrna



delay (2000) ;
Spin_Right (200);
delay (800);

}
if (digitalRead(15)==0){ //
bamnepa
if(Flag ==1){ //
Count++;
}
else{
Count=0;
/
Flag_=0;
Backward(150) ; //
delay (500);
Spin_Right (200);
delay (400);
}
if (digitalRead(17)==0){ //
bamnepa
if(Flag_==0) { //
Count++;
}
else{
Count=0;
}
Flag_=1;
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MpoBepka COCTOSIHUS KHOMKWU feBOTro

MpoBepka nNpeablaylwero COCTOSAHUS

HopmanbHas paboTa

lpoBepka COCTOAHMA KHOMKW MPaBOro

MpoBepka nNpeablaywero COCTOSAHUS

Backward(150); // HopmanbHasg paboTa

delay (400);
Spin_Left(200);
delay (400);
}
}

/**************************************************************************/

void Forward(int speed){
analogWrite(3,speed);
digitalWrite(5,LO0W) ;
analogWrite(6,speed);
digitalWrite(9,LO0W);

}

void Backward(int speed) {
analogWrite(5,speed);
digitalWrite(3,L0W);
analogWrite (9, speed);
digitalWrite(6,LO0W);

}

void Spin_Left(int speed){
analogWrite(5,speed);
digitalWrite(3,L0W);
analogWrite(6,speed);
digitalWrite(9,LO0W) ;

}

void Spin_Right(int speed) {
analogWrite(3,speed);
digitalWrite(5,LO0W);
analogWrite(9,speed);
digitalWrite(6,L0W);

}

/**************************************************************************/

JInctunr A2-2 : daiin CornerEscape.pde; ckety-dann Arduino ons ynpasneHus AeicTBUAMN

POP-BOT B yrnax
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6 : POP-BOT un XKW
C nocnepoBaTesibHbIM MHTepdencom

XKW SLCD16x2 npenctaBnseT cobon moaynb XKW copepxalwiyin 2 cTpokm no
16 CMMBOJIOB, KOTOPbI 0OMEHMBaETCS AaHHLIMW C MOMOLLbIO NOCNeaoBaTebHOro
nHtepdenca. 9To NO3BONSET NOJyYaTb AAHHbIE NOCAEeA0BaTENIbHO N OTOOpaxaTb UX
Ha akpaHe XXKW. lNMocnenoBaTenbHble AaHHbIE MOTYT NPUHMMATBLCS MPU CKOPOCTH
obmeHa ot 2400 go 9600 Bopg (6ut/cek). OObIYHbIN MHTEPdENC ONa ynpaBaeHus
XKW TpebyeT He MeHbLle 6 curHanbHbIX NUHWMIA, HO ana SLCD16x2 Heobxoanma
TONbKO OfHA CUrHanbHas NMHUA. Takor ANCNNEnHbIN MOAyNb 9BNFeTCa YyAOOHbIM Ons
ncnonb3oBaHug B pobote POP-BOT.

6.1 Nudopmauusa 06 SLCD16x2
6.1.1 OcobeHHOCTH

» [locnepoBaTtesibHbI BBOA, UM BBOA, C MOMOLLBIO
NHBepTMPOBaHHbIX/HEMHBEPTUPOBAHHbLIX TOMMYECKMX CUTHAIOB C YPOBHAMM
TTL/CMOS

* Bbibnpaembln nepemMbiykon pexmnm pabotel 1/8 nnm 1/16

« CoBMecTUM ¢ HabopoM koMaHg, Scott EdwardsHs LCD Serial Backpack™ .
JobaBneHbl paclUMpPeEHHbIE KOMaHap!, ynpolatwiwme ynpasneHune XK.

e [lpocToTa opraHmadaunm obmMeHa AaHHbIMU C MUKPOKOHTPOIIEPOM

« PaboTaeTt OT eANHCTBEHHOI0 UCTOYHMKA NMUTAHUS C HanpsXxeHnem +5 B
NOCTOSIHHOrO TOKa

Perynmposka sprocTu skpaHa

L O0mas nimHa

Bxoa mudpoBbIX TaHHBIX

C

’
(o

{

S|

o 1111 ot

(c) 2000 Innovative Experiment
E—

+ =

Hanpsoxenne nutanng +5B

Pe:knm koMaHx Popmar CTPOKH Cxopocrb 00Mena Curuaan unrtepdeiica

Pacmyrpenﬁmﬁ (EX)
CTaH,u;apTHHﬁ (ST)

8 wdp B cTpoke (8)
16 mudp B ctpoke (16)

9600 Gaitr/cex (96)
2400 Gattr/cex (24)

IuBepcHad TOTHKa
i RS232 (IN)

Tpamas noruxa (DI)

PucyHok 6-1. [leTanbHoe onucaHme noaoxeHus nepembldek Ha moayne XK SLCD16x2
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6.1.2 HacTpouku

Ha PucyHke 6-1, nokasdaH aetanbHbI BUA, 3agHen cTopoHbl SLCD16x2.
Monb3oBaTenb MOXET yBUAETb 4 ABYXNO3ULMOHHBLIX NEPEMbIYKN, KOTOPbIE
KOHOUIYpUpPYIOTCS Crneayiowmm 06pasom :

(1) Nepembiuka pexuma komaHga, (Mode command jumper) : [NepeknoyaeT
pexunmbl komaHa. SLCD16x2 nmeeT 2 pexmma koMmaHg, [epBbiM 9BNFETCS pexnum
CtanpapTHbIX KOMaHA, (ST). BOTOT pexmnm MOSHOCTbIO COBMECTUM C HAOOPOM KOMaHA,
Scott EdwardsHs LCD Serial Backpack™. BTopbiM pexnMoM 9BASETCH PEeXnM
PacwwupeHHbix komaHg, (EX). Ansa Bcex 3agannii no nsyyernuo POP-BOT,
pa3mMeLyeHHbIX B JaHHOM PYKOBOACTBE, HEObXo4UMO BblOpaTb pexmm
CraHgaptHbix koMaHg (ST).

(2) MepeMmMbluka HaCTPOMKU AJINHbI CTPOKMU (Lines jumper) : BoibupaeTt pexum
paboTbl cTpok amncrnnesa: 1/8 nnm 1/16. Pexum 1/8 o3HavaeT, 4TO B KaXa0W CTpoke oyaeT
oTobpaxaTbcs 8 3HakoB. Pexum 1/16 03Ha4aeT, 4TO B KaXa0W CTpoke byner
oTobpaxaTbcs 16 unu 6onee. B ctaHOapTHOM pexume nepembiyka ycTaHaBIMBaETCS B
nonoxexve 7/16.

(3) MNepembiuka BbIOOpPa ckopocTu oomeHa (Baudrate select jumper):
BbibypaeTcsa ogHa N3 2 BO3MOXHbIX ckopocTer obmeHa - 2400 nnu 9600 6ut/cek, ¢
dopmaTtom gaHHbix 8N1 (8-6UTHbIE JaHHble, HET buTa YeTHOCTM 1 1 cToMnoBLIN 6UT). g
POP-BOT Heobxoanmo ycTaHOBUTb B roJioxeHue 9600.

(4) Nepembiuka BbiIOOpa curHanbHoro nHrepdeiica (Interface signal jumper) :
BbibmpaeTcsa 0gvH 13 2 BO3MOXHbIX BapuaHTOB — VIHBepTMpoBaHHaa noruka ¢ TTL/CMOS
ypoBHamu curHanos (IN) nnn Mpamaa noruka ¢ TTL/CMOS yposHamu curHanos (D). 4as
POP-BOT Heobxogumo ycTaHOBUTb B nosoxeHne DI.

KK SLCD16x2 obecnevynBaeT pPeryimpoBKy SPKOCTU NepeMeHHbIM Pe3ncCTOPOM,
oTMeyeHHbIM Hagnmcbito BRIGHTNESS (APKOCTD).

CoeguHuTenbHbIN pa3dbeM nmeeT 3 BbiBoAa : HanpskeHue nutaHma +5B (+), Bxopn,
nocnenoBaTebHbIX AaHHbIX (S) n Obwasa wuHa (G).

6.1.3 Oprannsauud obmeHa gaHHbiMK Mexay SLCD16x2 u
POP-BOT

Onsa coeamHernus oomMmeHa gaHHbiMM Mmexay SLCD mn nnatoi ynpasnenus POP-BOT
Heobxoanm kabenb JST3AA-8. HasHayeHne BbIBOOOB pa3beMoB Kabensa rnokasaHo Ha
CnenyoLleM PUCYHKE.

Paccrosrne Mexny xoHTakTamir 2.54 MM / / PaccTosHIe MeskIy KoHTaxTami 2.00 My

GND _----; | =/ o} --:I
S | .- / 0f--

+5v | =1 I // / 1]

B oTnnumne ot nokasaHHOro Ha pucyHke, kabenb JST3AA-8 nmeeT Ha 060MX KOHLIAxX
pasbembl C WaromMm mexay KoHtaktamuy 2.00mMm. 3TO NO3BONGET NOAKOYUTL €ro K
nodomy pasbemy JST nioboro nopta nnatbl ynpasneHus POP-BOT n kK BXOogHOMY
pasbemy SLCD16x2

Mocne nogknoyeHnsa ybeamTech, YTO BCE NEPEMbIYKN HAXOAATCSA B Cleaytolmx
NOJIOXKEHMNSX :

« Bblibop pexunma komaHg, B nonoxeHnn CrtaHpapTtHble (ST)

*  BbIOOp ONnHbI CTPOKM aucnnes B nonoxexHnn 16 cumeonoB B cTpoke (16)

» BbliGop ckopocTn obmeHa B nonoxeHnn 9600 out/cek (96)

+ Bbibop curHanbHoro nHrepdenca B nonoxexHnn Mpamoin (DI)




54

6.1.4 OOMeH OaHHbIMU U KOMaHOaMU

Mocne Hagnexawero noaknoyeHns n KoHourypmposanmsa XK SLCD16x2,
emMy Nno nocnegoBaTteNbHOMY MHTEPdENCY MOXHO NOCbIaTb KOMaHabl U AaHHble. [Ans
OTNPaBKU OaHHbIX AOCTATOYHO nocnaTtb Niobdoe coobuieHne, Takoe kak “Hello”,
HenocpeacTBEHHO Yepes nocnenoBaTenbHbin nHTEpPdenc Beoga/BeiBoaa, B
pe3ynbTaTte 4yero coobuieHmne “Hello” 6ynet nokazaHo Ha akpaHe XKW.

[nsa oTnpaBku KOMaHgpl, [OCTATOYHO OTNPABUTb MHCTPYKLMUIO N3 CTAHOAPTHOro
Habopa Ha XKW (cm PucyHok 8-2), npegsaputenbHO NOCiaB CMMBON npedukca
komanabl, ASCIl 254 (OFE B wecTtHaguatepuiyHom koge nmnm 11111110 B 4BONYHOM
koge). XKW SLCD16x2 paccmaTpmBaeT 6aiT, NOCTYNMBLLNI HENOCPEACTBEHHO nocne
npedukca, Kak KOMaHOHY NHCTPYKLMIO, MOCE Yero cpasy nepexoauT B 0ObIYHbIN
peXmnm nNpmema AaHHbIX.

Hanpumep: 4tobbl o4ncTuTb akpaH XKW, komanaa O4ncTkKn B ABOMHHOM
dopmate 00000001 (nnm ASCII 1), Heobxoammo nocnatb B SLCD16x2 BHavane [254],
a 3atem [1] (rae 3aks4YeHHble B KBagpaTHble CKOOKU [ ] CMMBObI O3HAYaloT
OOMHOYHbIN 6ANT CO 3HAYEHUEM, COOTBETCTBYIOLLNM NOMELLEHHOMN B CKOOKax
BENNYMHE)

* BespasmiuHoe cocToAHNE OHTa
Komanna\BuT TaHHBIX D6 D5 D4 D3 D2 D1 DO

1 Mavmpanmsans KK o 0 o o o 0 o S O=ApToMaTHYecKHII CIBHT Kypcopa IociIe npHema Oaiita
1=Kypcop He nepenBuraeTcs

2.0Ouncrra KK 1] o o 1] o o 1 /D 0=TTocne npuema GaiiTa, IO3HINA Kypcopa yMeHbIIaeTcs Ha 1
1=TTocne iprema GaliTa, DO3HIMMA Kypcopa yBelHYHBaeTcd Ha 1

3.Kypcop B Hauano o o o o o 1 £ TIpu S=1 Kypcop He CABUTacTeA

4 BriGop pesxima [} [} L] [} 1 1/D s

D O=ucmieit BRIKIOUSH, 1= [JHCIUIei BKIIUYCH
5 Tlokas HaCTpOeK ] o o 1 D C B C 0=Kypcop BrIKIOUEH, 1=Kypcop BKIOUCH
B 0=Kypcop He Muraet, 1=Kypcop MHTaeT

6.CIBHT THCIUTEA o o 1 s/C RfL & *

7 Hactpotixa dyHxmmit 1] 1 * N F *® * S/C 0=Cpsur kypcopa, 1=CaBHUT qHCIUIes
R/L 0=Cpsur Bneso, 1=CHBHT BIIPaBO

.Imm anpeca 1 A5 A4 A3 A2 I AD

N 0=/1lmmHa ctpokn 1/8, 1=[Tnuua ctpoku 1/16

9.YCTaHOEKa afpeca (He peKOMeHIyeTcA YCTAHABIIHBATD 3TOT OHT,

DDRAM A6 A b A3 A2 Al A0 BMECTO 3TOTO HCIIO/IB3YIiTe yCTaHOBKY IIEPEMBIYKOIT)
F =] =

0630[] cTaHZaApTHOrO Haﬁopa KOMAHT 0=Pa3smep cimBona 5X7 Touek, 1=Pasmep cumBona 5x10 Todex

(3a uckmouennem komauasl Manmmamsamm KKA.
IIpn nHMIITATH3AIME YCTaHABIHBAOTCS CIEAYIOLINe 3HAYEeHHS:
/D=1, $=0, D=1, C=0, B=0, N=1, F=0, Anpec DDRAM=00 )

AQ...A7 - anpec CGRAM umi DDRAM

BpeMeI—[Hﬂﬂ AHarpaMma nocjie10BaTe/;ibHOro obMeHa JaHHBIMH

TIOCIEOBATEMGHET  Crapr| DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 |Cron jt—— T, —— Crapr| DO | D1 | D2 | ...
0 »
BXOZ (Bpema oGpaboTki)
T,

» = 5 MS.

PucyHok 6-2. Cnucok KomaHa, 1 BpeMeHHble anarpamMmmbl padoTsl KK SLCD16x2

6.1.5 Habop cumBonoB XKW/

BonbwurHcTBO cumBonoB XKW (PucyHok E) He MOryT ObiTb M3MEHEHBI,
NOCKONbKY OHM 3anucaHbl B [13Y (ROM). OgHako, nepBbie BOCEMb CMMBOJIOB,
cooTBeTCcTBYyOLIKME HOMepam oT 0 o 7 Habopa cumeonoB ASCII, 3anomMmuHaloTcs B
O3Y (RAM). MyTtem 3anmcm HoBbIX 3Ha4YeHu B O3Y reHepatopa cumeonos (CGRAM)
MOXHO Kak yrogHO M3MEHSATb 3T CUMBOJIbl, OCHOBbIBAsACb Ha MaTpuLLe pasMepom 5x8
TO4eK.
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HEX 00h 20h 30h 40h 50h 60h 70h AOh

BOh Coh DOh

DEC 0 32 40 48 56 64 72 80 88 96 104 112 120 160 168 176 184 192 200 208 216 224 232 240 248

FOh

T—3A1VJZI-3‘IAI—]14]~: : 3aKazHeIe CHMBOJIbI 3AHHMAIOT MO3HLHH ASCIL 0-7
ASCT 8-15 NOBTOPSAIOT MONb30BATENLCKHE CHMBOJIBI

ASCTI 128-159 Hermone3yoTes ToNsko B PacmypenHonm KomanaHoMm Pexaive

Pucyrok E. Tabnmua cumeonoB XKW. (BcTpoeHHble cumBosbl koHTponnepos HD44780

nnn SED1278F0A)

YT100blI CO3aaThb COOCTBEHHbLIE CUMBOJIbI, HEOOXOAMMO yKa3aTb HavyasbHbIN agpec
CGRAM, no koTopomy OyaeT 3anncaHa nepsas CTpoka CMMBOA, 3aTEM 3anucatb NepByto
CTpPOKYy BUTOB CMMBOJIA, NOCHE Yero yCTaHOBUTb cneaywowmin agpec CGRAM 1 3anucatb
cneayowmin 6anT. Nlocne NOBTOPeHUs 3TOM Npoueaypbl 8 pas (on1sa Kaxaoro cumeona),
MOXHO MCMNO/Mb30BaTh 3anMcaHHbii cumBon. Obnacte CGRAM 0 pacnonoxeHa no
agpecam CGRAM ot 0x00H oo 0x07H, CGRAM 1 - no agpecam oT 0xO8H oo OxOFH,
CGRAM 2 - no agpecam ot 0x10H oo Ox17H, ...ennotb 4o CGRAM 7 - no agpecam oT

0x38H po Ox3FH. Cm. cnenyowmin puCcyHOK.

Cxema pasmMelleHUs 3JIEMEHTOB B PaCTPOBOM U300paXKeHnmn

3Ha4dyeHuqa banta

BonyHoe

but 4
but 3
but 2
but 1
but 0

XXX00000

XXX00100

XXX00010

XXX11111

XXX00010

XXX00100

XXX000000

XXX00000

HecartnyHoe

OnpepeneHve
noJib3oBaTesIbCKUX
CUMBOJIOB

Mpumep : 3arpyska
cumBona CTPEJIKA B
CGRAM 3.
Mporpamma gosmkHa
nocnaTb cnenyoLwni
Habop 6aiToB B SLCD
KOHTpONNep

[254],[01011000
b].[0],
[254],[01011001
b].[4],
[254],[01011010
b].[2],
[254],[01011011
b].[31],
[254],[01011100
b].[2],
[254],[01011101
b].[4],
[254],[01011110
b].[0],
[254],[01011111
b].[0],
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CranpapTtHbii Habop Komang XXKU

Ot BHewHero MCU moryT ynpaBnsTbCs TONbKO PerucTp MHCTpykumi (IR) n
pernctp gaHHbix (DR) XXKW. Mepen Havanom noboin BHyTpeHHen onepaumn XK,
ynpasnsaiowasa nHdopmMauus BDEMEHHO 3arnnCbiBAaeTCS B 9TU PErncTpbl, YTOObI MMETb
BO3MOXHOCTb paboTbl ¢ pasnuiHbiMn MCU, KoTopblie paboTaloT C pasHOM CKOPOCTbIO
obMeHa gaHHbIMU, N Pa3HbIMU YCTPOMCTBAMM yNpaBieHus nepudepurei.
BHyTpeHHne onepaunmn XKW onpepensoTcs curHanamm, nocsaHHbIMY BHELLHUM
MCU. 3Tu curHansl, KOTOPbIE BK/IOYAIOT B CBOM COCTaB CUrHan BbiboOpa perucrpa
(RS), curnan uterHuns/3anuncum (R/W) n curnansl Ha wmnHe gaHHbix (o1 DBO oo DB7),
npencTaBnaAoT cobor Habop nHcTpykumin KK (Tabnuua 3). UmetoTca YyeTsipe
KaTeropum MHCTPYKLMIA, KOTOPbIE:

« 3apatoT dyHKkumm XKW, Takme kak popmat aucnnes, aamHa AaHHbIX U T. M.
« YctaHaBnuealoT agpeca BHyTpeHHero O3Y (RAM)

« BbinonHaioT 06MeH AaHHbIMK € BHYTPeHHUM O3Y (RAM)

*  BbINONHAIOT MHOXECTBO OPYrnx QyHKLUUN

lMocne o3HakoMneHns ¢ Tabnmuen Bl MOXETE CO34aBaTb CBOM COOCTBEHHbIE
KOMaHAbl U 3aTEM UX NPOTECTUPOBaATb. HMXe NpUBELEH KPATKMA CMIMCOK MNOME3HbIX
KOMaHA, KOTopble Hanbonee 4acTo ncnonabadykTes npu paborte ¢ XK.

KomaHpa BT A JdecaTnyHoe
Tepu4Hoe

PyHKUMOHaNbHLIM Habop: 8 6uTt, 1 cTpoka, 5x7 0x30 48

TOYeK

PyHKUMOHaNbHLIA Habop: 8 6UT, 2 CTPOKKU, 5x7 0x38 56

TOYeK

dyHKUMOHaNbHbIN Habop: 4 6uta, 1 cTpoka, 5x7 0x20 32

TOYeK

dyHKUMOHaNbHbIN HAbop: 4 Buta, 2 CTPOKK, 5x7 0x28 40

TOYeEeK

Pexum BBOAA 0x06 6

Auncnnen BoiknioydeH, Kypcop BbIKOYEH (04MCcTKa 0x08 8

aucnnes 6e3 o4ncTku cogepxumoro DDRAM)

Aducnnen Bkno4veH, Kypcop BKJIOYEH Ox0E 14

Adwncnnen sknoyeH, Kypcop BbiKOYEH 0x0C 12

Adwncnnen sknoyeH, Kypcop muraet OxO0F 15

CaBur Bcero gmcnnes BAeBo 0x18 24

Casur Bcero gucnses Bnpaso 0x1C 30

[NepemellleHne Kypcopa Ha OAuH CUMBOJ1 BNEBO 0x10 16

[MepemelleHmne Kypcopa Ha OgviH CMMBOJ1 BMNpaBo 0x14 20

Ouunctka gncnnes (Takxke ouuvuiaeTtca cogepxumoe | 0x01 1

DDRAM)

YcTtaHoBka agpeca DDRAM vnn no3mummn Kypcopa 0x80+pon* 128+pon*

Ha gucnnee

YctanoBka agpeca CGRAM unun yctaHoBKa 0x40+ pon** | 64+pon**

ykasatena Ha nonoxenHne CGRAM

* Agpeca DDRAM paHbi 47159 OCHOBHOM cekumnmn XXKKU
**Anana3oH agpecoB CGRAM or 0x00 go Ox3F; or Ox00 go Ox07 [is
cumBosial n Tak ganee...
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6.2 Y10 HY)XHO 3HaTb 00 OOMeHe JAaHHbIMU
mexnay Arduino n SLCD16x2

O6meH paHHbiMu Mmexay Arduino POP-168 n )XK ¢ nocnepoBatenbHbIM
MHTEpPdENCOM NPOUCXOANT CrneayoLmm odbpa3om :

(1) B TekcT cketya HEOOXOAMMO BKIIIOYNTL 3arofIOBOYHbIN (ann bubnmoTtekmn
SoftwareSerial.h, ncnonb3ya KoMaHay npenpoleccopa #include
(2) Hasnauntb BbIBOA NnopTta POP-168 komanpon #define cnegylowmm

obpasom:
#define rxPin 3 // HasHaumTtb Di 3 B KauecTBe BbIBOAA MNpuema
// nocneaoBaTeNbHbIX AaHHbIX unu rxPin
#define txPin 2 // Ha3HaunTb Di 2 B KauecTBe BbiBOAA Mepedauu
// nocneaoBaTeNbHbIX AAHHbIX unmn txPin
SoftwareSerial mySerial = SoftwareSerial(rxPin, txPin);

(3) B npouenype setup() Heo6xoaMMO yCTaHOBUTb Ha NepeaatoLlemM BbiBOOE
BbICOKUI JTOTMYECKNIA YPOBEHb, MOA0XOATb HEKOTOPOE BPEMS U YCTAHOBUTb CKOPOCTb
obmeHa 9600 6uT/cek ¢ nomMmoulbio komaHapl mySerial.begin(9600). Huxe nokasaH
npumMep Koaa, peannlyroLllero BCe BbILLEONUCaHHbIE OENCTBUIS.

// YCTAHOBUTb BbICOKWIA ypOBeHb Ha BbiBoAe txPin (Kak peKoOMeHAOBAHO)
digitalWrite(txPin, HIGH);

delay (1000); //MoLoxaaTb HEKOTOpPOe Bpems

// 3anaTb pexum paboTbl Ansd BbIBOAOB tX M rx:

pinMode (rxPin, INPUT);

pinMode (txPin, OUTPUT);

mySerial.begin(9600); // 3azaTb CKOpoCTb obMeHa

Mbl paccMOTpenu peKkoMeHA0BaHHbIe KOAbl HACTPOWKN 0OMeHa AaHHbIMU
mexay Arduino n mogynem XKW ¢ nocneposatenbHbiM nHTepdencom SLCD16x2.

Cnepyouwpme KOMaHabl UMEKOT BaXHOE 3HavYeHne ansg obMeHa JaHHbIMU MeXay
moaynem SLCD16x2 n POP-BOT:

(1) KomaHpoa nHnupannulaumm :
mySerial.print(OXFE,BYTE);
mySerial.print(Command,BYTE);
(2) OuncTntb akpaH XKW :
mySerial.print(0x01,BYTE);
(3) MepemecTuTb Kypcop B NEBYIO BEPXHIOKW Mo3uumio, unv JOMON
(HOME position):
mySerial.print(0x80,BYTE);
(4) MNepeMecTnTb KypCcop B NEBYIO NO3ULMIO HUXHEN CTPOKN :
mySerial.print(0xCO,BYTE);
(5) Ona otobpaxeHnsa coodLLEHUS, NONb30BaTE b A0/XEH BBECTU
CO00LEHNE, 3aKITIOYEHHOE B KaBblykn “ .
mySerial.print(“Hello”); // OtobpaxaeTt “HELLO”
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3apaHue 3 : lNpocTtenwee nporpaMmmMmuupoBaHue
)XXKUMN SLCD16 x 2

A3.1 OtkponTte IDE Arduino n co3ganTe CKETY C KOAOM, NOKa3aHHbIM

Ha JlnctmHre A3-1.

A3.2 MNepeeante POP-BOT B pexum lNporpaMmmMmmpoBaHma. 3arpy3nte CKeTd B poOoT.
A3.3 BoinonHute onepauunio Copoca POP-BOT n noHabnogante 3a paboTon

SLCD16 x 2.

SLCD16x2 nokaxet cneayroLiee coobLieHne:

/**************************************************************************

* POP-BOT V1.0

* Filename : SimpleLCD.pde

* MpocmoTp coobuweHus Ha 3kpaHe SLCD

***************************************************************************/

#include <SoftwareSerial.h>

#define rxPin 16

#define txPin 16

SoftwareSerial MySerial = SoftwareSerial(rxPin,txPin);

void setup(){
digitalWrite(txPin,HIGH) ;
delay (1000);
pinMode (txPin,0UTPUT) ;
MySerial.begin(9600) ;
delay (1000) ;

}

void loop(){
MySerial.print (OxFE,BYTE);
MySerial.print(0x80,BYTE);
MySerial.print("POP-BOT");
MySerial.print (OxFE,BYTE);
MySerial.print(0xC0O,BYTE);
MySerial.print("Hello World !");
while(l);

/**************************************************************************/

JInctunr A3-1. ®ain SimpleLCD.pde; ckeTty-dann Arduino ans AeMoHCTpaunm NpocTenmx
npuemoB padotel POP-BOT ¢ XKW

O

/
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3apaHue 4 : Ynpasnenue XXKU SLCD16 x 2
C NMOMOLLLbIO KOMaHA,

Bbl MOXeTe MHOrMMM onepaumnaMm oTobpaxeHus gaHHbix Ha SLCD16 x 2,
TakuMu Kak BbIBOp CTPOKM gucnnes, o4ncTka akpaHa, BbiIoop popmata gucnnes u
T.0., nocbinaa B SLCD16 x 2 komaHay ynpaeneHus. Ona pexunma CTtaHgapTHbIX
KOMaHz, nepBbiIM Heobxoammo nocnate 6ant 0 x FEH, a Bcnen 3a HUM komaHay.
Monb3oBaTenb MOXET BblIOpaTb HEOOXoaAMMYK KoMaHay ynpasneHus SLCD,
BOCMNOJIb30BABLUNCH UHDOPMaLMeEN, NPUBEOEHHON B 3TOM pasfene.

A4. 1 OtkpownTe IDE Arduino n cosgante cketd ¢ KOgOM, NoKa3aHHbIM Ha JINCTuHre
A4-1.

A4.2 MNMepeeante POP-BOT B pexum lNporpammmpoBanmsa. 3arpy3nTte CKeTd B poOoT.
A4.3 BoinonHute onepaumio Copoca POP-BOT n noHabniogante 3a paboTon

SLCD16 x 2.

SLCD16 x 2 noka3blBaeT MHOXECTBO NMPOrpaMMHO 3aaBaeMbIX BApUaHTOB
oTOoOpaxeHne coodLeHNs

/**************************************************************************

* POP-BOT V1.0
* Filename : SLCDrunningText.pde
* JemoHcTpupyet oTobpaxeHne Show TekCTa M uumpp Ha dKpaHe XKW
* € nocneaoBaTenbHbIM MHTepgercom
***************************************************************************/
#include <SoftwareSerial.h>
#define rxPin 16
#define txPin 16
SoftwareSerial MySerial = SoftwareSerial(rxPin,txPin);
void setup(){
digitalWrite(txPin,HIGH) ;
delay (1000);
pinMode (txPin,OUTPUT) ;
MySerial.begin(9600);
delay (1000) ;
}
void LCD _CMD(int Command) {
MySerial.print (OxFE,BYTE); // KomaHaa
MySerial.print(Command,BYTE) ;
}
void loop(){
il 9
LCD_CMD(0x80); // MNepsas cTpoka
MySerial.print("POP-BOT") ;
LCD_CMD(OxCO); // BTtopas cTpoka
MySerial.print("Hello World !");
delay (2000);
LCD_CMD(Ox@1); // KomaHZa OUMCTKMU 3dKpaHa
LCD_CMD(0x85); // ROW 1,COL 5
MySerial.print("From");
delay (500);
LCD_CMD(Ox07); // CaBur TekcTa BIEBO
for(i=0;1<9;i++){
MySerial.print(" ");
delay (200);



60

LCD_CMD(0x05); // Casur TekcCcTa BMpaBoO
for(i=0;1<9;i++){
MySerial.print(" ");
delay (200);
}

for(i=0;i<9;i++){ // MuraHue TekcTa
LCD_CMD(0x08) ;
delay (200);
LCD_CMD(0x0C) ;
delay (200);

}
LCD_CMD(0x00); // OTobpaxeHue TekcTa

MySerial.print("Innovative"); // Ctpoka 1
LCD_CMD(0xCO) ;
MySerial.print("Experiment"); // Ctpoka 2
delay (5000) ;
i=0;
// Show Number
LCD_CMD(Ox@1); // OumcTka 3KpaHa
MySerial.print("Counter"); // Ctpoka 1
while(1l){

i++;

LCD_CMD(OxC5); // Crtpoka 2

MySerial.print(i,DEC);

delay(100);

}

JInctunr A4-1 : ®aiin SLCDrunningText.pde; ckeTty-daiin Arduino ana geMoHcTpaumm
OononHunTenbHbiX GyHKUKN XKW ¢ nocnegoBaTeibHbIM MHTEP()ENCOM

OnucaHue nporpaMmbli

Yactb 1 MHMymannsauya moaynsa obMeHa gaHHbIMU MUKPOKOHTponnepa n SLCD16x2
YacTtb 2 BbiGOp CTPOKM Ancnnes, B KOTOPOM OyaeT BbIBOANTLCS TEKCT. BepxHsas
ctpoka (0x80) BbibpaHa anga otobpaxeHus coobueHna POP-BOT. HuxHaa cTpoka
(0xCO0) Bbibpana ana otobpaxeHuns coobuieHnsa Hello World !.

Yactb 3 OtnpaBngetcsa komaHaa Ounctku akpaHa (0x01) n 3apgaetcsa natas no3vums
B nepBoi cTtpoke XKW (0x85) B kayecTBe HavanbHOM No3nuun ons sbisoga From.
YacTtb 4 OtnpasngeTrca komaHga casura BneBo (0x07) u opraHndyeTtcs 6€CKOHEYHbIN
LUMKN coBura coobueHmsa From B NeBOM HanpaB/ieHUN.

YacTtb 5 OtnpasngseTtca komaHaa casura Bnpaso (0x05) n opraHmayeTtcs
©eCKOHEeYHbIN Uuukn casura coobueHns From o6paTtHO K Ha4anbHOMY MOJSIOXEHWUIO.
YacTtb 6 Lnkn ana nocnegoBatenbHOM oTnpaBky komaHabl [NaweHna ancnnea (0x08)
n komaHapl BknioueHns ancnnes (0xOC) n HAa060pOoT. BTO NPMBOAUT K MUFAHMIO
coobuieHns From.

YacTtb 7 Onepaums HanoMnHaeT peann3oBaHHylo B HacTu 2, HO C UBMEHEHHbIMMU
coobuieHnaMn: B BepxHen cTpoke - Innovative, a B HMXxHen cTpoke - Experiment

POP2-BET
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7 : ABnxeHne POP-BOT Bponb nnHumn

CnepoBaHue NVHUK, NN HabngeHne 3a NMHMEN ABNSEeTCS NONynspHbIM
3agaHneM npu ndyveHmn poboToTeXHMKN. Llenblo BbINOMHEHUS Takoro 3agaHus
ABNSEeTCA n3yyeHme paboTbl C aHaNOroBbiMM gatynkamu. B Habope no nsyvyeHuio
poboTtoTexHnkn POP-BOT nmeeTtca napa nHdpakpacHbiX OTpaxaTesNbHbIX OaTYMKOB
05 BbIMOIHEHMS TakOoro poaa 3agaHuvs. [sa otpaxarensHbix NK-gatymnka 6yoyT
yCTaHOBMEHbI B HMXHEN YacTn POP-BOT Takmm 06pa3om, 4TO OHWM CMOryT
obOHapyxmBaTb kak 6efnble, Tak N YepHbIE JIMHUN.

7.1 ZX-03 : UHdpakpaCHbIN OTpaXxaTesibHbIN
DaTyYmK

Cepauem aToro gatyvka sBaseTcsd ontonapa ¢ OTKPbITbIM ONTUYECKUM
kaHanom TCRT5000. Jatymk co3gaH ansg obHapy>XeHus 6nnM3knx o6bLEKTOB C
nomoLbio nHppakpacHoro (MK) nanydenmsa. Nosaam npo3padyHOro CUHEro OKoOLLKa
AaTtyvka pacnosioxXeH nHdpakpacHbIn N3nyyamowmyin amoa, a no3agn 4YepHOro OkKoLlKa
pacnonoxeH nHepakpacHbln GoTOoTpaH3NCTOP. Koraa nHgppakpacHoe nsnydyeHue,
NCNyLEeHHOe CBETOAMOAOM, OTpaxaeTcs OT MOBEPXHOCTU M BO3BpaLLaeTcs 0b6paTHo,
nonagas Ha YyepHoOe OKOLLKO, OHO BO3AENCTBYET Ha 6a3y MHdpakpacHOro
doTOTpPaH3NCTOPAa, 3aCTaBNIas ero NPOBOAUTb 3N1IEKTPUYECKUI TOK. Hem Bonee
cunbHbIN NOTOK NK-n3nyyenuns nagaet Ha 6a3y poToTpaH3mMcTopa, TeM OOMbLUNK TOK
Te4yeT yepe3 Hero. Ha pucyHke 7-1 nokadaHa padoTta pnatymka ZX-03.

Mpn ncnonb3oBaHUN B PpeXMME aHaNoroBoro gatymka, ZX-03 moxert
obOHapyxmBaTb OTTEHKK CEpOro Ha bymare n pacctosHue o 611M3KopPacrnoNOXEeHHbIX
0OBbEKTOB, €C/IN OCBELLEHHOCTb B KOMHATE OCTAeTCs MOCTOSAHHOMN.

Pabouee paccTosiHMe OT gaTtymka Ao JIMHUM, HAPMCOBAHHOM Ha MOJy UK JINCTe
Oymaru, 0OKHO cocTaBndaTb OT 3 A0 8 MM. Hanpsi>keHne Ha BbiXOAe AaTymMka MOXeT
MeHaTbes oT 0.1 0o 4.8B, a undpoBoe 3Ha4YeHme, Noy4eHHOe nocne
npeobpasoBaHua B AL B ananazoHe ot 20 oo 1 000. Taknm obpasom, ZX-03 byaeTt
BMNOJIHE MOAXOAALMM AaTYMKOM OJ19 UCMNOJSIb30BaHUA B Ka4eCTBe JaTtvumka
oTcnexuBanug nuHun line tracking sensor.
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Pucyrok 7-1. PaboTa nHdpakpacHOro otpaxarenbHoro gatymka ZX-03 Hag 6enor 1 YepHom
NOBEPXHOCTbIO
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7.2 MoaroroBkKa K BbINOJIHEHUIO 3aAaHUSA
Nno OTC/IeXXUBAHMIO JINHUA

7.2.1 Nogroroska KOMMOHEHT AEMOHCTPALIMOHHOIO MONs
Bo Bcex 3apaHusax, onucaHHbIX B 9TOM pasfgerie, Ucnosb3yeTcd “camonesibHoe
OeMOHcTpaumoHHoe none”“. OHO cocTouT U3 6eson NOBEPXHOCTU C HAHECEHHO Ha
HEEe YEPHOW NIMHUEN, N YEPHOW NMOBEPXHOCTN C HAHECEHHOWM Ha Hee Benon NUHUEN.
Bbl 40/MKHBbI CO3AaThb COOCTBEHHOE AEMOHCTPALMOHHOE MoJie (He BKJIIOYEHHOE B
OaHHbI HABOoP), NCNOML3YS NPUBEAEHHOE HUXE ONUCAaHUE:
1. MonunponuneHoBas nnacTtuHa (PP nnacTtuHa) 6enoro n 4epHoro uBgeTa.
Paamep 90 x 60 cm. OgHako pasmMep MOXHO M3MEHUTb B 3aBUCUMOCTU
OT Lenen n pecypcos.
2. YepHasa n 6enasa nsoneHTa wmpuHon 1 aonm (2.5 cMm), No 2 pynoHa
Kaxaoro useta. PekomeHayeTtcs naoneHta mapkm 3M.
3. HOXHMUbI nnn pesak.

7.2.2 YcTaHOBKa NOPOroBoro 3Ha4eHuUs Onas BbIMOJHEHUS
3a4aHus Mo OTCNEXMBAHUIO JIMHUIA C NCMOJIb30BAHUNEM
dyHkumm analogRead()

Po6oTt POP-BOT moxeT 0OHapyXmBaTb pasnnyns Mexany JMHUEN n
NOBEPXHOCTbIO, CYMNTbIBAA MOKa3aHus ¢ MHPPaAKPACHOrO OTpaxaTebHOro garymka
4yepes3 aHaNoroBbI BXOAHOM MOPT. N8 YTeHUs BeSIMYMHbI CUrHana Ha aHanoroBom
nopty POP-BOT mncnonb3yet ¢yHkumio analogRead() npenoctasnsemyto cpenom
pa3paboTkn Arduino.

POP-BOT cuuTbiBa€T NoKa3aHUa gatyvka, pacrosioXXEeHHOr0 Had, YepHOWM
JIHWEN NN YePHOW MOBEPXHOCTLIO, MPU ManeHbKOM 3Ha4YeHUN N3MepsaemMon
BENYMHbI (MeHbLue, 4em 400, Nnpn MUHUMAaNbHOM 3HadYyeHun paBHOM 0) M cYMTbIBAET
nokasaHus gatyuvka, pacrofIoXXeHHOro Hag 6enon nuHnen nnm 6enon NOBEePXHOCTbLIO,
npuv 00MbLIOM 3HAYEHNN U3MEPSEMOWN BENMNYUHLI (Bonblie, yem 500, npu
MakcmManbHOM 3Ha4veHunn 1023). lNMoporoesoe 3HaYyeHne ans NPUHATUSA PELLUEHUS O
TOM, SIBASIETCS N UBET NNHUN UM MOBEPXHOCTU YEPHbIM UK BefbiM, MOXHO
BbIYNCINTb, KakK NOSyCyMMY OTBETa OT OeNoi 1 YepHOW NOBEPXHOCTEN Cleaylowmm
obpasom:

lMoporoBoe 3HavyeHne = (BHavyeHune Hag 6es104 MoBEepPXHOCTbIO +
3Ha4YeHune Hap 4epPHOM MOBEPXHOCTbIO) / 2

B 3agaHum 5 getanbHO oNMcaHo BbIYUCIEHME NMOPOrOBOr0 3HA4YEHUs N4
3aga4n cnexeHuns 3a NTNHUAMMU.
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3apaHue 5 : OGHapyXxeHune 6enbiX U YepHbIX
Yy4aCTKOB NMOBEPXHOCTH

Onsa BbinonHenna 3agaHnsa POP-BOT He0OX0aMMO Hannyme AByX MOAY/EWN
MHPpPaKpacHbIX OTpaxaTesibHbIX OAaTYNKOB, KOTOPbIE YXe NPUKPENIEHbl C HUXHEN
CTOPOHbI OCHOBaHUs poboTa. Takum 06pa3om, ANnga peleHns 3agaydn Heooxoammel
TONbKO onepaumun, CBA3aHHble C NPOrpaMMUPOBaHMEM.

Mpexae 4em paspabaTbiBaTb POOOT, CNOCOOHbLIN OTCNEXMBATb JIMHUN,
KOHCTPYKTOPY HEODXOAMMO 3anporpaMmMmpoBaTbh PoOOT TakMmMm 06pa3oMm, YTOObI OH
MOr oOGHapyxmnBaTb pasnuyne mexay 6enom n YepHo NOBEPXHOCTLIO.

A5.1 OtkponTte IDE Arduino n co3ganTte CKeTd C KOAOM, NnokasaHHbIM Ha JInCcTuHre
A5-1.

A5.2 NMepeseaute POP-BOT B pexum lNporpammmpoBaHus. 3arpy3ute cketd B poOoT.
A5.3 OTcoegnHuTe 3arpy304HbIl Kabenb.

/**************************************************************************

* POP-BOT V1.0
* Filename : AnalogRead.pde
* YTeHMe aHANOroBOro CUrHama C WHPPaAKPaCcHOro OTpPaxaTenbHOro AaTuuka u
oTobpaxeHune
* B uUuMppoBOM BuAe Ha 3dKkpaHe XKW SLCD
***************************************************************************/
#include <SoftwareSerial.h>
#define rxPin 16
#define txPin 16
SoftwareSerial MySerial = SoftwareSerial(rxPin,txPin);
int LeftSensor;
int RightSensor;
void setup() {
digitalWrite(txPin,HIGH) ;
pinMode (txPin,OUTPUT) ;
MySerial.begin(9600) ;
delay(1000);
}
void LCD_CMD(int Command) {
MySerial.print (OxFE,BYTE); // KomaHaa
MySerial.print(Command,BYTE) ;
}
void loop(){
LeftSensor = analogRead(7); // YTeHume 3HaueHums C NeBOro AaTuuka
RightSensor = analogRead(6); // UYTeHue 3HaueHWsa C NpaBOro AaTumka
LCD_CMD(0x80); // YcTaHOBKa Kypcopa AucCnfnes B Hayano NepBON CTPOKWU
MySerial.print("L Sensor= "); // OTobpaxeHne noKasaHWn NeBOro AaTyuka B
1- cTpoke
LCD_CMD(Ox8A) ;
MySerial.print(LeftSensor,DEC);
LCD_CMD(0xCO); // YcTaHOBKa Kypcopa AucCnfaes B Hauano BTOPOM CTPOKWU
MySerial.print("R Sensor= "); // OTobpaxeHne nNOKa3aHWN NPaBOro AaTuuka
BO 2-W CTpoke
LCD_CMD (0xCA) ;
MySerial.print(RightSensor,DEC);
delay (200);
}

/**************************************************************************/

JInctunr A5-1 : ®aiin AnalogRead.pde; ckety-dain Arduino gns YTEHUS COCTOAHUSA
MHppPaKpacHOro gatymka, 4tobbl 0T06pa3uTb ero Ha akpaHe XKW ¢ nocnenoBaTesibHbIM
nHtepdericom POP-BOT
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A5.4 Co3parite TECTOBbLIN NUCT C OENbLIM N YEPHbIM MOJIEM, KakK NOKA3aHO Ha PUCYHKE.
Benoe none nonxHo nmetb pasmep 30 x 30 cm, 1 YepHOoe none A0KHO UMETb Takomn
e pasmep - 30 x 30cm (pekomMmeHayeMbIin).

A5.5 NMomectnte POP-BOT, KOTOPbLIN yXe Oblsl 4OKHBIM 00pa3om
3anporpamMmmMmmpoBaH Ha ware A5.3 Hag 6enoi NoOBEPXHOCTLIO TECTOBOIO NINCTA.
Bkntounte poboTta. lNpounTtanTte 3HavyeHme Ha akpaHe SLCD un 3anuwute ero. Nocne
9TOro nomecTute poboTta Had YEepPHOM NOBEPXHOCTLIO, NMPOYUTANTE NOSIBUBLLEECS
3Ha4YeHne 1 Takxe 3anuinTe ero.

18 1 1 8

LTI

B pesynbtate nony4ntcs caenytollee :
3HauyeHne Han 6eno NoBepxHOCTbIO OyaeT nexaTb B ananasoHe mexay 500 n 950
3Ha4yeHre Haa 4epHOW NOBEPXHOCTb OyaeT nexaTb B ananasoHe mexay 100 n 400
lMpumMepHOe NoporoBoe 3HaveHne anga obHapyxeHusa nnHun oyaet (650+350) /2 = 500.

O

/
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3apaHue 6 : ABuxenuume POP-BOT B npenenax
rpaHuLbl

Mocne TOro, Kak ctann U3BEeCTHbl 3HAYEHUA nokasaHu gatymka Hag 6enon u
4YepHOM NOBEPXHOCTbIO, B CrieayloLemM 3agaHnm 0ynet 3aTpoHYT BOMPOC
nepemeweHna POP-BOT B npegenax rpaHuubl, 3a4aHHON YEPHON JIMHUEN.

A6.1 Otkpornite IDE Arduino n cospainite CKeTd C KOAOM, NOKa3aHHbIM Ha JInctuHre
AB-1.

A6.2 NMepeseagute POP-BOT B pexunm MNporpammmpoBaHunsl. 3arpy3ute CcKetd B poOoT.
A6.3 OTcoeanHuTe 3arpy304HbIl kabenb.

A6.4 Co3zparnite rpaHuuy, NnogodbHy NoKa3aHHOW Ha pUCyHke Huxe. benags
noBepxHOCTb 6yaeT nmetb pa3mep 90 x 60 cm, a YepHble NMHUK WnpUHY 1 gonm (2.5
CM)

A

50 cm

\J

70 cMm
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/**************************************************************************

* POP-BOT V1.0

* Filename : BlackBorderMove.pde

* POP-BOT aBuxXeTCd Ha UYEpPHOW NMUHUEW TpaHuLbl
***************************************************************************/
int Ref=500;

int Left,Right;

void setup(){

pinMode (3,0UTPUT); // SnekTpoAaBuratens Al
pinMode (5,0UTPUT); // 3nexkTpoaBuratens A2
pinMode (6,0UTPUT); // 3nekTpoaBuratens B2
pinMode (9,0UTPUT); // 3nekTpoaBuratens Bl

}
void loop(){

}

Left = analogRead(7); // UYTeHue 3HaueHWa C neBoro Agat4yumka ZX-03

Right = analogRead(6); // YTeHme 3HaueHuMs C NpaBoOro Jatumka ZX-03

if (Left>Ref && Right>Ref){ // 06a aatuuka obHapyxunu 6Genyw NOBEPXHOCTbH
Forward(150) ;

}

else if (Left<Ref && Right<Ref){ // 06a pgaTumka OBHaAPYXUIWU UYEPHYI JTUHWUIO
Backward(150) ;delay (100) ;

}

else if (Left<Ref) { // TonbkKo neBbii AAaTUumK OBHAPYXUN UYEPHYI NUHWUIO
Backward(150) ;delay (300);
Spin_Right(150) ;delay(500);

else if (Right<Ref){ // TonbKO NpaBbll AAaTUMK OOHAPYXWUI UYEPHYK NUHUIO
Backward(150) ;delay (300);
Spin_Left(150) ;delay(400);

}

void Forward(int speed){

analogWrite(3,speed);
digitalWrite(5,LO0W) ;
analogWrite(6,speed);
digitalWrite(9,LO0W);

void Backward(int speed) {

}

analogWrite (5, speed);
digitalWrite(3,L0W);
analogWrite (9, speed);
digitalWrite(6,LO0W);

void Spin_Left(int speed){

}

analogWrite(5,speed);
digitalWrite(3,L0W);
analogWrite(6,speed);
digitalWrite(9,LO0W) ;

void Spin_Right(int speed) {

}

analogWrite(3,speed);
digitalWrite(5,L0W);
analogWrite(9,speed);
digitalWrite(6,LO0W);

/**************************************************************************/

JIncrunr A6-1 : ®aiin BlackBorderMove.pde; ckety-daiin Arduino ang gemMoHcTpauumn
asmxeHmnes POP-BOT no 3aMKHYTOMY YEPHOMY KOHTYPY
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A6.5 Monoxute POP-BOT BHYTPU KOHTYpa, 0O6pa3oBaHHOIrO YePHOW NUHUEN rPaHULbI.
Bkniounte poboT. Habnogante 3a nepemMelleHmnemMm pobora.

POP-BOT aBwuxetcs Briepea no 6esion noBeEPXHOCTU, A0 TeX r1op, rnoka oguvH
M3 aTt4nkoB HE OOHaPYXUT YEPHYIO rpaHuyy. [JanbHevilee nosegeHne pobora:

Ecsin 06a ceHcopa obHapy>xusn yepHyro nosocy : POP-BOT B TeyeHne
KOPOTKOro rnpoMeXxyTka BPDEMEHU ABUraeTcsl Ha3az, 3ateM CHOBa ABUraeTcsl Briepes.

Ecsmn yepHyro nosiocy o6Hapyxus1 Tosibko nessbivi garynk . POP-BOT B
TeYEeHNEe KOPOTKOro rnpOMeEXyTKa BPEMEHWN ABUIraeTcsl Ha3a/, 3aTeM rnoBopaynBaeTt
HarnpaeBo, 3aTeM CHOBA ABUIraeTcsi Briepes.

Ecsin 4yepHyro rnosocy o6HapyXxus To/ibko rpassivi garymnk . POP-BOT B
Te4YEeHnEe KOPOTKOIro rMpoOMeEXyTKa BPEMEHW ABUraeTcs Ha3as, 3aTtemM rnoBopaynBaeTt
HasieBo, 3aTeM CHOBAa ABUraeTCcs Brepes.

OkonuyaTtenbHo POP-BOT 6yaeTt HernpepbiBHO nepeMeLLaTtbCsl B rnpeaeaax 4YepHow
rpaHvubl.

O

/
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3apaHue 7 : Aenxenue POP-BOT mexay
ABYMS napanjiefibHbiMy nuHuamm (Hanogo6bue
LUapuKa OT NMUHr-rnoHra)

Mpwn BbINONHEHUM 3TOro 3agaHus byaet nokadaHo, kak POP-BOT gesmxeTtcsa B
¢dopme 3uraara. HYepHble NuHUM OyayT NOBOPOTHbIMKU To4ykamn. PoboT POP-BOT
OBUXETCH Brnepea Ao Tex Nop, Noka He 0OHAPYXUT YEPHYIO JIMHUIO, YTOObI MBMEHUTL
HarnpaBneHne OBMXEHUs. dTa onepauus Bceraa noBropseTcs. Takmm o6pasom, poboT
OymeTt apuratbCs BHYTPY NPOCTPAHCTBA, OrPaHMYEHHOrO YEPHbBIMMU JIMHUSIMM.

A7.1 OtkpownTte IDE Arduino n cosparite CKeTd C KOAOM, NOKa3aHHbIM

Ha JInctuHre A7-1.

A7.2 Mepeseagute POP-BOT B pexunm lNporpammmpoBaHus. 3arpy3vute CKeTY B
poboTa.

A7.3 OTcoeanHuTe 3arpy304HbIl Kabenb.

A7.4 Co3panite none gns nuUHr-noHra, cneays NpUBeOeEHHOMY HxXe pucyHky. benas
noBepxHOCTb umeeT padmep 90 x 60 cm, a yepHasa NMNMHUSA MeeT WnpuHy 1 gonm (2.5
CM).

- 50 cm >
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/**************************************************************************

* POP-BOTV1.O

* Filename : PingPong.pde

* POP-BOT aBuxeTcs 3ursaroobpa3Ho mexay ABYMS UEPHbIMU NUHUAMM
***************************************************************************/
int Ref=500;

int Left,Right;

void setup(){

}

pinMode (3,0UTPUT); // 3nekTpoaBuratens Al
pinMode (5,0UTPUT); // 3nexkTpoaBuratens A2
pinMode (6,0UTPUT); // 3nekTpoAaBuratens B2
pinMode (9,0UTPUT); // SnekTpoAaBuratens Bl

void loop(){

}

Left = analogRead(7); // YTeHume 3HaueHums C nNeBOro AaTtumka ZX-03

Right = analogRead(6); // YTeHme 3HaueHuMsa C nNpaBoro gartumka ZX-03

if (Left>Ref && Right>Ref){ // 06a anatuuka obHapyxunu 6enyiw NOBEPXHOCTbH
Forward(150) ;

}

else if (Left<Ref && Right<Ref){ // 06a patumka OOHAPYXUNU UEpPHYI0 TUHUIO
Backward(150) ;delay (100);

else if (Left<Ref) { // TonbKO neBblii AATUUK OOHAPYXUT UEPHYI NUHUIK
Spin_Right(150);
delay (420);

}

else if (Right<Ref){ // TonbKO npaBbl1 AAaTUMK OOHAPYXWUN UEPHYIO TUHUIO
Spin_Left(150);
delay (420);

}

void Forward(int speed) {

}

analogWrite(3,speed);
digitalWrite(5,LO0W) ;
analogWrite(6,speed);
digitalWrite(9,LO0W);

void Backward(int speed) {

}

analogWrite(5,speed);
digitalWrite(3,LO0W);
analogWrite(9,speed);
digitalWrite(6,LO0W);

void Spin_Left(int speed)

}

analogWrite(5,speed);
digitalWrite(3,L0W);
analogWrite(6,speed);
digitalWrite(9,LO0W);

void Spin_Right(int speed) {

}

analogWrite(3,speed);
digitalWrite(5,LO0W);
analogWrite (9, speed);
digitalWrite(6,L0W) ;

/**************************************************************************/

Jlnctunr A7-1 : ®aiin PingPong.pde; ckeTy-dann Arduino ons AeMOHCTpaUUM OBUXEHUS
POP-BOT mexay AByMs CTEHaMM (MUHM-TMOHT)
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KoHuenuusa nporpaMmmMmmpoBaHunsa

npOFpaMMVIpOBaHI/Ie B JaHHOM 3adaHN MOXHO pas3gesinTb Ha cneaylowme warum:

(1) OBHapyxeHMe pasHULbl 3HAYEHUI Mexay 6enor MOBEePXHOCTbIO U YepPHOM
NVHNEN.
(2) YTeHme 3HauYeHns gatymka 1 3anoMrHaHme On4a NocneanyLlero CpaBHEHNUS.
(3) MpoBepka BbINOJHEHUSA OOHOr0 M3 CReayLWmnx YCNOBUA:
Cnyuan #1 : Ob6a gatumka obHapy>XXmBaloT Oenyto NOBEPXHOCTb.
HevictBue : POOOT ABVXETCS Briepes.
Cny4yan #2 : TonbKO NeBbI AATYMK OOHAPYXMBAET YEPHYIO JINHUIO.
AevictBue: Po60T noBopayvBaeT BripaBo, 4T0bbl MU3MEHUTb HarpaBieHne
JABVIXXKEHWST 719 TOr0, 4TOOb! ABUraTbCsl B CTOPOHY, MPOTUBOINOIOXHYK HEPHOM
JIMHAU.
Cnyuyan #3 : Tonbko NpaBbll JaT4MK OOHAPYXXMBAET YEPHYIO INHUIO.
AevictBue: PO60T noBopayvBaeT B/1EBO, YHTOObI UBMEHUTb HarpasB/IeHNe
JABVIXXEHUST 711 TOr0, 4TOOb! ABUraTbCsl B CTOPOHY, POTUBOINOIOXHYK HYEPHOM
JIMHNU.
Cny4aini #4 : He BbINOSHAETCHA HM OAHO N3 MNPUBELEHHbIX BbILLE YCIIOBUM
AevicTBue: 3ape3epBnpoBaHoO A1 HYXXA MPOorpaMMu1cTa.
(4) Hazapg k wary (2).

A7.5 Monoxunte POP-BOT Ha none ana MNuur-fodra. BknaoynTte poboT. Habnopante 3a
OBUXeHnem poboTa.

B aTovi nporpamme Bpemsi noBopoTa 3aaaHo paBHbIM ripumMmepHo 150
MUAIMCceKyHaAaM. 3TO Bbi3bIBAET MOBOPOT HA OMNPEAesIeHHbIV yros (CM. rpuBeaeHHYo
Hve vnoctTpauuio). FporpaMmMmucT MOXET UBMEHUTb 3HAYEHUE 3TOr0 BPEMEHU, HTOObI
MoJIyYnNTb 3a4aHHbIA Yros AJ1s paBusibHOroO YrpaB/ieHUS HarpPaB/1EHUEM ABUXEHYIS.

Ecnn 3710 3HayeHne 6yaet 60/blue, TO yros 6yaet 6osee OCTPbIM.
39710 MOXET nNpuBeCTN K TOMY, 4TO PpO6OT ByAeT BO3BpaLLaTtbCsd 06paTtHo
rno Tomy xe camomy rytv. C apyrovi CTOPOHbI, eC/iv 3Ha4eHne obynet
MEHbLLE, TO POOOT MOXET MPOCKOYUTb JINHWIO, WM gaxe 6yaeT ABuratbcsi
napasniesibHO JIMHUW, He 3amedasl ee.

(0
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3apaHue 8 : [1IBMXeHue pod6oTa BAOJIb YEpHOM
JINHNN

[BmxeHne poboTa BAOb JIMHUM MOXET NPOXOANTb MO TPEM Pa3INYHbLIM
CLLeHapusam.

(1) O6a gaTymka Ha BbIXO4E UMEIOT 3HA4YEeHUS, KOTopble
COOTBETCTBYIOT 6enomy uBeTy : poboT 6yaeT Apuratbcs Brnepen. Takmum
ob6pasom, AaHHasa nporpamMmmMa HanmcaHa Tak, 4TO6bl B HOPMasibHOM pexume
pO6OT NOCTOAHHO ABMrasncs Bnepeq.

(2) NleBblA faTYMK OOHAPYXXUBAET YEPHYIO JIMHUIO ;| 3TA CUTyaUUs
BO3HMKAET, Korga poboT MeaneHHO OTKIOHSEeTCS BNpaBo. Takum 0b6pa3om,
JaHHasa nporpamma HarnmcaHa Tak, 4ToObl poOOT BO3BpalLancs obpaTtHO BNEBO,
00151 MPOO0JIKEHUSI CBOEr0 HOPMaslbHOIO ABUXEHUS.

(3) MpaBbiii gaTyNK OOGHAPYXXMBAET YEPHYIO JIMHMIO : 3Ta CUTyaLUs
BO3HMKAET, KOrga poboT MeasieHHO OTKIOHAETCS BNeBO. Takum 06pasom,
JaHHasa nporpamma HarnmcaHa Tak, 4ToObl poOOT BO3BpaLLancs od6paTHO

Brpaso, OJjid npogosjokeHna CBOEro HOpMajiibHOro ABM>XEeHum4.

CueHapun #1 CueHapuin #2 CueHapuin #3
O6a paTymka OGHapPYXunu JleBblii JaTunMK OGHapPYXUN Mpaeblii AaT4nK OGHapPYXUN
6enylo NOBEpPXHOCTb YEPHYIO JINHUIO YEpPHYIO JIMHUIO

Insa kaxxgoro n3 pacCMOTPEHHbIX CLLEHAapUEB, MOXHO CO34aTb NOANPOrpamMmy
Ha a3bike C, Kak 3TO noka3aHo Ha JlnctuHre A8-1

A8.1 Otkpownte IDE Arduino n cosparite CKeTY C KOAOM, NOKa3aHHbIM

Ha JlnctmnHre A8-1.

A8.2 lMepesegute POP-BOT B pexum lNporpammmpoBaHuns. 3arpy3ute CKetd B poboT.
A8.3 OTcoenomHuTe 3arpy304HbIi Kabenb.
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/**************************************************************************

* POP-BOT V1.0
* Filename : SimplelLineTracking.pde
* POP-BOT aBuXeTCA MO UEPHON MUHUK
***************************************************************************/
int Ref=500;
int Left,Right;
void setup(){
pinMode (3,0UTPUT); // SOnekTpoAaBuratens Al
pinMode (5,0UTPUT); // 3nekTpoaBuratens A2
pinMode (6,0UTPUT); // 3OnexkTpoaBuratens B2
pinMode (9,0UTPUT); // 3nekTpoaBuratens Bl
}
void loop(){
Left = analogRead(7); // UYTeHue 3HaueHMa C neBoro gatuyuka ZX-03
Right = analogRead(6); // YTeHme 3HaueHuMs C NpaBoro Jatumka ZX-03
if (Left>Ref && Right>Ref){ // 06a aatuuka obHapyxunu 6Genyw NOBEPXHOCTbH
Forward(150) ;

else if (Left<Ref) { // TonbkKO neBblii AATUUK OOHAPYXUN UEPHYI NUHUIK
Spin_Left(250);
}
else if (Right<Ref){ // TonbkKO npaBbli AaTUMK OOHAPYXWUN UEPHYIO TUHUIO
Spin_Right(250);

}

}

void Forward(int speed) {
analogWrite(3,speed);
digitalWrite(5,LO0W);
analogWrite(6,speed);
digitalWrite(9,LO0W) ;

}

void Spin_Left(int speed){
analogWrite(5,speed);
digitalWrite(3,LO0W) ;
analogWrite(6,speed);
digitalWrite(9,LO0W);

}

void Spin_Right(int speed) {
analogWrite(3,speed);
digitalWrite(5,L0W);
analogWrite(9,speed);
digitalWrite(6,LO0W);

JInctunr A8-1 : ®aiin SimpleLineTracking.pde; ckeTtu-dann Arduino ang ynpaeneHus
nsumxeHnem POP-BOT BOoOb YEPHOM NNHUU
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A8.4 CozpaiiTe npocTerniee 6enoe nose ¢ YepHOM IMHUEN, KaK 3TO NOKa3aHO Ha
nnnocTpauun Huxe. benas nosepxHocTb nmeeT pasmep 90 x 60 cm, a YepHasa NNHUS
MMeeT WnpUHy 1 anm (2.5 cm)

70 cMm

A8.5 Monoxunte POP-BOT B 061aCTV YepHOW NuHUM (Mnn Hag, Hel). Bknounte pobor.
HabnopanTte 3a aBmxeHmem poboTa.

Po6ot POP-BOT 6yaet aBuratbCsi B4OJb YEPHOU JIMHUN. BO3MOXHO, 4TO po60T
yOexuT C YePHOU INMHMN. B TakOM C/lydae MOXHO YBEJIMYUTb TOYHOCTb OTCJIEXNBAHUS
JIMHUW, OTPEeAaKkTUPOBaB rMpPorpamMmMy rnyTemM U3MEHEHUNSI MOPOroBOro 3Ha4eHus1 4s
Aartyvka v roaKopPEKTUPOBAB MOJIOXEHNE NHPPaKPAaCHbIX OTpaxaTtesibHbIX AaTYNKOB

Ha kopryce pobora.

/
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3apaHue 9 : OOHapy)XeHue nepeceyvyeHns JIMHUMN

YACHMB CYLLIHOCTb 3aAaHns 8, MOXHO HECKOJIbKO YNy4llIUTb NoBeaeHmne podoTa
POP-BOT Ttakmm 06pasom, 4To OH OyaeT ABuratbCs BAOSb YEPHOW JIMHUN U
obHapyXxmBaTb NepecevyeHne NMHUIN, UCNOJIb3Yya Te Xe camMble 2 gatyuka. Bce, 4to
HeobxoaMMOo AN 3TOro caenatb — 9TO HEMHOIo OTpeaakTUpoBaTh KO, NPOrpamMmbl N3
npeablayLwero 3agaHus.

Korpa po6oT noaxoauTt K YHepHOW NUHUK, KoTopasa obpasyeT T-nepeceyeHne ¢
NMHNEN, MO KOTOPOW pOoBOT ABUXETCS B HACTOALLMIA MOMEHT, 06a gaTtymka
3aUKCUPYIOT NOSBIEHNE YepHOW NuHUK. s oTpaboTky 3TOro CueHapus B r1aBHYIO
nporpamMmmy Heo6xoanMMo A06aBUTb COOTBETCTBYIOLLYD DYHKLUMIO. YydlleHHasa
nporpamma Ha a3bike C nokasdaHa Ha JlnctmHre A9-1.

/**************************************************************************

* Filename : CrossinglLineDetect.pde
* POP-BOT tracks the black line and beep when detect the crossing line
***************************************************************************/
int Ref=700;
int Left,Right;
int Cnt=0,7j;
void setup() {
pinMode (3,0UTPUT); // 2nekTtpoasuratens Al
pinMode (5,0UTPUT); // 2OnekTpoaBuratenbo A2
pinMode (6,0UTPUT); // 3nekTpoAaBuratens B2
pinMode (9,0UTPUT); // 2OnekTpoAaBuratens Bl
pinMode (14,0UTPUT); // MNbe3onsny4yaTtens
}
void loop(){
Left = analogRead(7); // YTeHume 3HaueHums C nNeBOro gartumka ZX-03
Right = analogRead(6); // YTeHme 3HaueHuMs C npaBoro fartumka ZX-03
if (Left>Ref && Right>Ref){ // 06a paatumka obHapyxunu 6enyw NOBEPXHOCTbH
Forward(150);
}

else if (Left<Ref && Right<Ref){ // 06a patumka OOHAPYXUNU UYeEpPHYI0 TMHWUIO
// It's mean crossing line.

Cnt++;

Motor_Stop();

for (j=0;j<Cnt;j++){
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Beep();
delay (100);
}
Forward(150);
delay(100);
}
else if (Left<Ref) { // TonbkKO neBblii AATUUK OOHAPYXUT UEPHYI NUHUIK
Spin_Left(255);
}
else if (Right<Ref){ // TonbKO npaBbli AaTUMK OOHAPYXWUNT UEPHYIO TUHWIO
Spin_Right(255);

}
}
void Beep(){ // Beep routine
int i;
for (i=0;1<600;i++)
digitalWrite(14,HIGH);
delayMicroseconds (150) ;
digitalWrite(14,L0W);
delayMicroseconds (150) ;
}
}

void sound(int freq ,int duration){
unsigned long us;
int duration_,i;
us=(1000000/ (freq*2));
duration_ = (duration/(us*2));
for (i=0;i<duration_;i++){
digitalWrite(14,HIGH);
delayMicroseconds (us) ;
digitalWrite(14,L0W) ;
delayMicroseconds (us) ;
}
}
void Forward(int speed){
analogWrite(3,speed);
digitalWrite(5,LO0W) ;
analogWrite(6,speed);
digitalWrite(9,LO0W);
}
void Motor_Stop(){
digitalWrite(3,L0W);
digitalWrite(5,LO0W);
digitalWrite(6,L0W);
digitalWrite(9,LO0W);
}
void Spin_Left(int speed){
analogWrite(5,speed);
digitalWrite(3,L0W);
analogWrite(6,speed);
digitalWrite(9,LO0W);
}
void Spin_Right(int speed) {
analogWrite(3,speed);
digitalWrite(5,LO0W);
analogWrite(9,speed);
digitalWrite(6,L0W);
}

/**************************************************************************/

JInctunr A9-1 : ®aiin CrossingLineDetect.pde; ckety-dainn Arduino ons ynpasneHus
nmxeHnem POP-BOT BOOb YEPHOM NIMHUN 1N OOHapyXeHne nepecevyeHuns YepHbIX NNHUIN
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A9.1 Ynyywmnm none c npocTow YepHow nuHnen na 3apaHna 8. [lobaBrM HECKOSbKO
JNIVHUI NepecekaloLyX OCHOBHYIO NUHUIO. [Jo6aBuM CTONbKO NepecevyeHmnin, CKONbKO HaMm
noHpasutca. OgHako, ybeamTech, YTO PacCTOSHUSA Mexay COCeaHUMN NepeceyeHns Mm
OonbLle, 4eM 2 LWnpUHblI poboTa.

\

< 70 cm

WO (O

A9.2 OtkpowTe IDE Arduino n cospganTte ckeTtd ¢ KOAOM, NokasaHHbIM Ha JInctuHre A9-1.
A9.2 MNepeseante POP-BOT B pexum lNMporpaMmmmpoBaHus. 3arpy3uTte cketd B poboT.
A9.3 OTcoeamHnTe 3arpy304Hblil Kabersb.

A9.4 MNomecTuTe poboTa Ha AeMOHCTPaUMOoHHOe none. Bknounte nutaHme pobora.
Habnioparte 3a ero ABMXEeHUSIMN.

Pob6oTt 6yaet ABuratbCsi BAOb YEPHOM /inHMK. Korga poboT 06HapyxuT
repecevyeHve, OH NPUTOPMO3NUT 1 NoAacT OAMHOYHbIVI 3ByKOBOV curHas. Korga po6oTt
OBHapyXunT BTOPOE rnepecevyeHne, OH U3AacT 3BYKOBOW CUrHas ABaxXabl, N KOJIMYECTBO
3BYKOBbIX CUIHaI0B ByAeT yBe/IMYNBaTbCS Ha €ANHULY MPU 0OHAPYXEHUN KaxK40ro
HOBOIO repecevyeHusl.

BHU-U-AII1!
bHU-U-UII!

3ameyanue : Npv BbINONHEHUM OnepaLyv TOPMOXEHNS SNeKTPoaBUraTens,
pPO6OT OyAeT ocTaHaBNMBATLCA M HEMEOJIEHHO TOPMO3UTb Ban anekTpoasuratens. Ho
MHOrga aToro HegocTaTovYHO. Heobxoammo 3anporpaMmmmnpoBaTth poboTa, YToObl OH
OBUrancs Hasaf, B Te4eHMe KOPOTKOro NpoMexyTka BpeMeHu. ITo Bbi3OBET
HaOEeXHYI0 OCTaHOBKY PO60Ta B HEOOXOAMMOM MONTOXEHUN.

O

/
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3apaHue 10 : Asumxenune POP-BOT Boosb
NUHWIA, Nnepecekawmxca noa yrnom 90°

B aTom 3apmaHum OyaoeT paccMOTPEeHOo, Kak OpraHM3oBaTh NOBOPOT poboTa Ha
90 rpaaycoB npu 0BHAPY>XXEHUN TOYKM COeAUHEHUS UK nepecevyeHns. dTa
TEXHONOMNS ABNAETCSA O4eHb BaXXHOM B peasibHbIX 3ada4ax aBTomaTtusaumn. Ons
MHOIMX 334a4 OTCNEXMBAHUSA NIMHUI XapakTEePHO HanM4yne MHOXEeCTBa TOYek
nepecevyeHns N HanoxeHus. PoBOT OomKeH 0OHapyXUTb NepeceyeHne u
NnepemMecTUTbCA JOCTAaTOYHO TOYHO AN TOro, 4ToObl €ro ABMXEHME OCTaBaNoCh
CTabunbHbLIM.

A10.1 OtkponTte IDE Arduino u co3gante CKeTY C KOAOM, NOKa3aHHbIM Ha JInCTuHre
A10-1

A10.2 Nepeseante POP-BOT B pexum lMNporpammmpoBanug. 3arpy3nTte cketd B
pOOOT.

A10.3 OTcoeanHnTe 3arpy304HbI Kabersb.

A10.4 A8.4 CoszpanTte npocTenwee 6enoe none ¢ YEPHOM NNHMEN, KaK 3TO NoKa3aHo
Ha nnncTpaumn Huxe. benasa nosepxHocTb nMmeeT pa3amep 90 x 60 cm, a yepHada
JIMHUA MeeT WwunpuHy 1 aonm (2.5 cm)

— 4() cM —

70 cm
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/**************************************************************************

* POP-BOT V1.0
* Filename : RightTurnLineTracking.pde
* POP-BOT aBwxeTcCsd BAOMb JIMHWM M NOBOpayMBaeT BMNpaBo Ha 90 rpaaycos,
* Kkorga obHapyxuMBaeT nepeceyeHune NUHUNR
***************************************************************************/
int Ref=700;
int Left,Right;
void setup(){
pinMode (3,0UTPUT); // 3nekTpoaBuratens Al
pinMode (5,0UTPUT); // 3nexkTpoaBuratens A2
pinMode (6,0UTPUT); // 3nekTpoaBuratens B2
pinMode (9,0UTPUT); // 3nekTpoaBuratens Bl
pinMode (14,0UTPUT); // MNbe3onsny4yaTtens
}
void loop(){
Left = analogRead(7); // UYTeHue 3HaueHMa C neBoro gatyumka ZX-03
Right = analogRead(6); // YTeHme 3HaueHuMs C nNpaBoro gartumka ZX-03
if ((Left<Ref) && (Right<Ref)){ // 0O6HapyxeHne nepeceuyeHus NUHWNI

Right90() ;

}

else if ((Left>Ref) && (Right>Ref)){ // Haa nuuwuen
Forward(150) ;

}

else if (Left<Ref) { // TonbkKo neBbii AATUMK OBHAPYXUN YEPHYI NUHWUIO
Spin_Left(150);

else if (Right<Ref){ // TonbKO npaBbll AAaTUMK OOHAPYXUI UYEPHYK NUHUIO
Spin_Right(150);

}

}

/*Turn right 90 degree function */

void Right90() {
Forward(150) ;
delay(50);
Spin_Right(200);
delay(100);
while(analogRead (6)>Ref);
delay (50);

}

/*Movement function*/

void Forward(int speed) {
analogWrite(3,speed);
digitalWrite(5,LO0W);
analogWrite(6,speed);
digitalWrite(9,LO0W) ;

h

void Spin_Left(int speed) {
analogWrite(5,speed);
digitalWrite(3,LO0W);
analogWrite(6,speed);
digitalWrite(9,LO0W);

}

void Spin_Right(int speed) {
analogWrite(3,speed);
digitalWrite(5,L0W);
analogWrite (9, speed);
digitalWrite(6,LO0W);

}

/**************************************************************************/

JInctunr A10-1 : dann RightTurnLineTracking.pde; ckeTty-dain Arduino ans ynpaeneHus
asmxeHnem POP-BOT 4epHOM NNMHUN 1N 0BHaApYXEHUSA NepecedyeHns NMHUN
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A10.5 NMomectute POP-BOT Hapg nuHuen. Bknounte podoTta n Habnwgante 3a ero
OBVXXEHNEM.

POP-BOT gBuxetcs BAob HUN. Kaxabiv pas, korga poboT obHapyxmnBaeTt
rnepeceyeHne JIMHWIA, OH rNoBopayYrBaeT BrpaBo Ha yrosa 90 rpaagycoB v NpoAo/IkKaeT
cnenoBatb JINHUM.

Haunbonee BaxHov B saHHomMm 3aaaHum sasnsetcs pyHkums Right90. Oxa
HanucaHa agnsa Arduino Ha a3bike nporpammupoBaHmnsa C/C++. Mbl MOXeM onucaTb
paboTy aTON GYHKUMKN cneayowmmMm ob6pasom:

1. Mocne TOro, Kak gaT4nk podbota obHapyxmBaeT nepecedyeHne nuHun, POP-
BOT monxeH gsuratbcsa Bnepen, 0.05 cekyHabl Ons yCTaHOBKM NONOXeHMsa poboTta B
LLEHTPEe nepecekalowmxcsa IMHUNA.

2. MNMoBepHyTb BNpaBo 1 nogoxaatb 0.1 cekyHabl

3. [MoBTOPATL YTEHNE 3HAYEHMH Ha BbIXOLe NPaBOoro garyvka oo Tex nop, rnoka
OH He OOHapPYXUT YEPHYIO JINHUIO.

4. Mopoxpatb 0.05 nepen BO3BPATOM B MMaBHbIN LUK,

Huxe npmneBeneH CXOOHbIN KOog, 9TOWN OYHKUMN.

/*®yHKUMSA nNoBOpPOTa BNpaBo Ha 90 rpaaycos */
void Right90 () {

Forward(150);

delay (50);

Spin_Right(200) ;

delay(100);

while(analogRead(6)>Ref);

delay(50);
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3agaHue 11 : [IBNXXeHue no y4acTtky ¢ 00sibLUnM
KOJIM4ECTBOM NepeceKarLlmXca JIMHUN

B aTOM 3amaHum paccmaTtpuBaeTcs ogHa U3 Hanbonee nonynspHbIX BO MHOMUX
POOOTOTEXHNYECKNX UFPaxX MUCCUIM - OTCNEXMBAHME NUHUN. [eMOHCTpaLMOHHOE
none OyaoeT cogepXxatb MHOXECTBO Nepecekarowmxca NMHuin. PoboT aonxeH
ABUraTbCs, crnenys NMHUKU, 0OHaPYXMBaTb KaXAYK TOYKY MEPECEYEHUNA NN
HaNOXEeHMsa 1 NPUHMMAaTb peLleHne OBUraTbCa N1 ganblie Bnepen unu Hasag, nmoo
noBoOpaymBaTb BNpaBo U BNEBO.

Mcnonb3ysa ¢oparmeHTsl Koga n3 3aganuin ¢ 8 no 10, cneayet 00beANHUTL UX
BCe BMeCTe, YTOObl CO34aTb 3aKOHYEHHbIN KO AJ19 PeLleHus NOCTaBAEHHOM 3agayn
OBVXEHMS HAa CUJTbHO NepecevyeHHON MeCTHOCTU. Hnuxe npuBeneH npumep
PacnoNOXeHNsa NMNHUIM Ha None U ABUXEHUS N0 HUM.

— 20 cu — P €— 20 cu —PlE— 20 cu —P|

A11.1 OTtkponTe IDE Arduino n cosganTe CKeTd C KOAOM, nokadaHHbIM Ha JInctmHre A11-1
A11.2 Mepeseaute POP-BOT B pexum lNporpammnpoBaHns. 3arpy3mte ckeTd B poOoT.

A11.3 OTcoeamHuTe 3arpy304Hblil kKabenb.
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/**************************************************************************

* POP-BOT V1.0
* Filename : MultiCrossinglLineDetect.pde
* POP-BOT aBuxeHue BAOMAb NUHUM M MPOBEPKA HaNMUuusg nepeceueHus JNUHUR
* And peanu3auum CrOXHOTro anropuTMa ABUXEHUS
***************************************************************************/
int Ref=700;
int Left,Right;
int Cnt=0;
void setup(){

pinMode (3,0UTPUT); // 3nekTpoaBuratens Al

pinMode (5,0UTPUT); // 3nexkTpoaBuratens A2

pinMode (6,0UTPUT); // 3nekTpoAaBuratensb B2

pinMode (9,0UTPUT); // SnekTpoAaBuratens Bl

pinMode (14,0UTPUT); // MNbe3onsny4yaTtens

}
void loop(){
while(Cnt<11){
Left = analogRead(7); // YTeHume 3HaueHus C neBOro gaTtumka ZX-03
Right = analogRead(6); // YTeHue 3HaueHus C npaBoro gatumka ZX-03
if ((Left<Ref) && (Right<Ref)){ // 06HapyxeHa Touka nepeceuyeHusd
Cross();
}
else if ((Left>Ref) && (Right>Ref)){// KpaTkoBpemeHHOe ABUXeHUe
BAOMb NUHUU
Forward(150) ;

else if (Left<Ref) { // TonbkKO neBbli AATUUK OOHAPYXWUT UEPHYID NUHUK
Spin_Left(150); // KpaTkoBpemeHHbIi NOBOPOT BMEBO
}
else if (Right<Ref){ // TonbKO NpaBbli AaTUMK OBHAPYXWI UYEPHYI0
AUHMIO
Spin_Right(150); // KpaTkoBpeMeHHbI1 MOBOPOT BMPaBO

}

}

Forward(200) ;

delay (200);

Spin_Left(200); // NMoBopoT BOKpPYTr
delay (2000) ;

Motor_Stop();

Beep () ;

while(l);

void Cross(){
@ tt"
if (Cnt==11){
Motor_Stop();

else if (Cnt==8){ // lpoBepka And ABUXeHUs Bnepes
Forward(200) ;
delay(300);
}
else if(Cnt==3 || Cnt==4 || Cnt==10 ){ // TlpoBepka Ang nNoBOpOTa BMpaBoO
Ha 90 rpaaycos
Right90();

}

else{ // else Turn Left
Left90();

}
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/*®yHKUMA noOBOpPOTa BMNpaBo Ha 90 rpaaycos*/
void Right90()
Forward(150) ;
delay (50) ;
Spin_Right(200);
delay(100);
while(analogRead(6)>Ref);
delay(50);
}
/* OyHKUMS noBOpoTa BNeBo Ha 90 rpaaycos */
void Left90(){
Forward(150) ;
delay (50) ;
Spin_Left(200);
delay(100);
while(analogRead(7)>Ref);
delay (50);

void Beep(){

int i;

for (i=0;i<600;1i++){
digitalWrite(14,HIGH);
delayMicroseconds (150);
digitalWrite(14,L0W) ;
delayMicroseconds (150);

}

void Forward(int speed){
analogWrite(3,speed);
digitalWrite(5,L0W);
analogWrite(6,speed);
digitalWrite(9,LO0W);

void Spin_Left(int speed){
analogWrite(5,speed);
digitalWrite(3,L0W);
analogWrite(6,speed);
digitalWrite(9,LO0W) ;

void Spin_Right(int speed) {
analogWrite(3,speed);
digitalWrite(5,LO0W);
analogWrite (9, speed);
digitalWrite(6,L0W);

void Motor_ Stop(){
digitalWrite(3,LO0W);
digitalWrite(5,LO0W);
digitalWrite(6,L0W) ;
digitalWrite(9,LO0W) ;
}

/**************************************************************************/

JInctunr A11-1 : dainn MultiCrossingLineDetect.pde; ckeTty-daiin Arduino ana ynpasneHus
asmxeHnem POP-BOT BOOMb YEPHOM NIMHUN N OOHapPY>XEHNS NepeceyeHns NTMHUIA ons
BbIMOSIHEHNS MUCCUKN OBMXKEHWUS MO Nepece4eHHON MECTHOCTU
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A11.4 Paamectute POP-BOT B Touke CTAPT (START) (CM. Ha nnnocTpaumio
OEMOHCTPaUMOHHOro nong). Bknounte pobota n HabnoganTe 3a ero ABMXEHUEM.

POP-BOT gBuxeTtcs BAOJIb JINHUN, CAeAys MapLupyTy, nokazaHHOMY Ha
WA CTPaUMN AEMOHCTPaUNOoHHOro noss. POP-BOT 6yaet BbinosiHATe 3 cueHapus
rnpu 06HapyXeHnN rnepeceyeHmnst JINMHNA:
Cuenapwii 1 : [lByxeHne Briepes, nocsie 06HapyXeHus nepecevyeHms
CueHapuwii 2 : [ToBOPOT B/1IEBO, 10C/I€ OOHaPYXEHWs] Nepece4yeHmsl
CueHapuii 3 : [ToBOpPOT BripaBo, rnocie 0OHapyXeHusl nepecedeHusl
Kak BuaHo n3 mapLupyta asvxeHusl, CueHapuvi 1 BbIrNosIHSETCS TOJIbKO Y 8-ro
nepeceyeHus, CueHapuii 2 BbirnosHeTcs 3 pasa npu 3-m, 4-m n 10-M nepecevyeHnn.
Cuenapuii 3 POP-BOT 6yaeT BbiroIHATh Y MOC/IeAHErO MNePeCceyeHms.
lMocne toro, kak POP-BOT npoviaet nocneaHee nepecedyeHne (11-e), POP-
BOT 6yaet pa3BopaynBatbCsi 2 CEKYHAbI M 3aTEM OCTaHOBUTCS.

O

/
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3apnaHue 12 : Bpocaem BbI30OB 0enoN IMHUMN

910 3agaHme 6bIs10 B3ATO M3 OQHOW U3 MUCCUI B PODOTOTEXHUYECKUX UrPax.
Otnnumem ot 3agaHua 11 aBngeTcsa uBeT NMHUK U NyTb ABUXEeHUS. B aTom 3agaHunn
OyoeT ncnonb3oBaTtbcs 6enas MMHUA Ha YEPHOW NMOBEPXHOCTU. JeMOHCTPaLNOHHOE
none n3obpaxeHo Ha pUCyHke Huxe. Muccusa 6yageTt cocTosTb B TOM, YTOObI HauYMHas
oT nepecevyeHus ¢ otmeTkon CTAPT (START) nontn 00 KOHUA KaXaoro ns Tpex
Apyrnx nepecevyeHnin. B kaxaom n3a nepecevyeHnin MOXHO 3akpenuTb BO3AYLIHbIV
wapwuk. PoboT gomkeH 6yneT NpoKoaoTb BCE 3TW wWwapukn. POBOT, KOTOPbLIA CMOXET
BbINOJIHUTL 3a4a4y ObICTpee Bcex, OyaeT cuntartbcs nobeomnTtenem.

A12.1 Otkpowite IDE Arduino un cospanTte ckeT4 C KOOAOM, NMoka3aHHbIM Ha JINCTUHre
A12-1.

A12.2 lMNMepeeante POP-BOT B pexum lNporpammmpoBaHma. 3arpy3nte CKeTY B
poOOT.

A12.3 OTcoeanHnTe 3arpy304Hbi Kabersb.
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/**************************************************************************

* Filename : WhitelLineDetect.pde
* POP-BOT aBuxeTcs cneaysa 6enol NUHUM M NPOBepseT Hanuuume nepeceyeHun,
* UToObl COBEPWUTbL CMOXHOE ABWXEHWEe Ans MPOKamnbiBaHWS WAapUKOB B 3 KOHEUHbIX
int Ref=400;
int Left,Right;
int Cnt=0;
void setup(){
pinMode (3,0UTPUT); // SOnekTpoAaBuratens Al
pinMode (5,0UTPUT); // 3OnekTpoAaBuratenb A2
pinMode (6,0UTPUT); // 3OnexkTpoaBuratens B2
pinMode (9,0UTPUT); // 3nekTpoaBuratens Bl
pinMode (14,0UTPUT); // MNbe3ousnyuaTens
}
void loop(){
while(Cnt<12){
Left = analogRead(7); // YTeHne 3HaueHus C NeBOro AaTtumka ZX-03
Right = analogRead(6); // YTeHne 3HaueHMs C NpaBoro Agatumka ZX-03
if ((Left<Ref) && (Right<Ref)){ // O6HapyxuBaeT UYEpHYK NUHUIO
nepeceuyeHus
Cross();
}
else if ((Left>Ref) && (Right>Ref)){ // 06HapyxuBaeT 6enyw nNuHUI
Forward(150);
}
else if (Left<Ref) { // Tonbko neBbii AaTuuk OBHAPYXUN UEpPHYID NUHWUIO
Spin_Right(150); // NosopoT BNpaBso

else if (Right<Ref){ // TonbkKOo npaBbli AaTuuK OBHAPYXUIT UEpPHYK
NUHUK
Spin_Left(150); // NosopoT BneBO
}
}
while(l); // Endless loop
}
void Cross(){
Cnt++;
if (Cnt==12){
Motor_Stop();
}
else if (Cnt==2 || Cnt==10 ){ // [MpoBepka ycnoesms noBopoTa BApaBo Ha 90
rpaAycosB.
Right90() ;

else if(Cnt==3 || Cnt==6 || Cnt==9 ){ // MNpoBepka ycnoBus NOBOPOTA BJIEBO
Ha 180 rpaaycos.
Leftl180();
}
else{ // wHaue, NoBOPOT BMeBO Ha 90 rpaaycos.
Lefto90();
}
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/*®yHKUMA NOBOpPOTa BMNpaBo Ha 90 rpaaycos*/
void Right90() {

Forward(150);

delay (50) ;

Spin_Right(200);

delay(100);

while(analogRead(6)<Ref);

delay(50);

}

/* OyHKUMS noBOpoTa BNeBo Ha 90 rpaaycos */

void Left90(){

Forward(150) ;

delay (50);
Spin_Left(200);
delay(100);
while(analogRead(7)<Ref);
delay(50);

}

/* OyHKUMSA noBopoTa BNeBO Ha 180 rpaaycoB */

void Leftl1l80(){

Spin_Left(200);
delay(300);
while(analogRead(7)<Ref);
delay(50);

}

/*OyHKUMA ABUXeHUS Bnepea*/
void Forward(int speed){
analogWrite(3,speed);
digitalWrite(5,LO0W);
analogWrite(6,speed);
digitalWrite(9,LO0W) ;

}

void Spin_Left(int speed){
analogWrite(5,speed);
digitalWrite(3,LOW);
analogWrite(6,speed);
digitalWrite(9,LO0W) ;

}

void Spin_Right(int speed) {
analogWrite(3,speed);
digitalWrite(5,LO0W) ;
analogWrite(9,speed);
digitalWrite(6,LO0W) ;

}

void Motor_Stop(){
digitalWrite(3,L0W);
digitalWrite(5,LO0W);
digitalWrite(6,LOW) ;
digitalWrite(9,LOW) ;

JInctunr A12-1 : ann WhiteLineDetect.pde; cketu-dann Arduino gnsa ynpasneHus
asmxeHnem POP-BOT BOonb 6en0oi NuHnmM n 0bHapyXeHus nepecevyeHuns nMHum ¢
«MPUCTaHbIO» B KOHEYHbIX MYHKTaX
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A12.4 NMomectute POP-BOT B Touky CTAPT (START) (CM. naniocTpauuto
AEMOHCTPaLUMOHHOro nons). Bknounte podoTta n HabnwganTe 3a ero ABUXEHNEM.

ar 1 : POP-BOT gsuxertcsi BAoJIb inHUM oT Todkn CTAPT (START)

Ular 2 : POP-BOT ob6HapyxuvBaeT nepecevyeHne rnepBbivi pas v rnoBopaynBaeTt
BJ1IEBO, YTOObLI 110MacTb B NePBYIO TOYKY HA3HAYEHNSI B JIEBOV 4acTu
LAEMOHCTPALMOHHOIO roJisl.

Pazgsopot

Ular 3 : POP-BOT gBuxetcss 06paTtHO 13 NepBoOyi TOYKM Ha3Ha4YeHusl, eLle pas
rnpoxoAas nepecevyeHue.

Ular 4 : POP-BOT o6HapyxuvBaeT nepece4yeHne BTOPOU pas v rnoBopaynBaet
BJ1IEBO, YTOObLI 1ONacTb BO BTOPYIO TOYKY Ha3HaA4YeHUsl B cepeamHe
JAEMOHCTPALMOHHOIo r1oJis.

Passopor
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Ular 5 : POP-BOT gBuxetcsi 06paTtHO n3 BTOPOU TOYKU HA3HAYEHUS, eLye pas
rnpoxoas nepecevyeHue.

Lar 6 : POP-BOT ob6HapyxuBaeT nepecevyeHne TpeTui pas3 n noBopavynBaeT
BJ1IEBO, YTOObLI 110NacTb B TPETbIO TOYKY HA3HA4YE€HUs B MpPaBoM 4acTtu
ZAEMOHCTPALMOHHOr O r0oJIsl.

Pazsopor

Ular 7 : POP-BOT gBuxetcss 06paTtHO 13 rocsenHen TOYKN Ha3HavYeHusl, eLle
pasa rpoxoasi NepecevyeHne JINHUN.

Step 8 : POP-BOT nocneaHwii pa3 obHapyXuBaeT rnepeceyeHue,
rnoBopa4ynBaeT HaseBo v ABmxeTcs Hazad k Todke CTAPT (START), utobbl 3aBepLUNTL

MUCCHIO.
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POP-BOT

8 : POP-BOT oGHapyxuBaeT Kpas NJIOCKUX
NOBEPXHOCTEMN

B pasgene 7 Mbl MICNOAb30BaIn MHGPaKPACHbIA OTpaxaTenbHblA JaTynk ang
obHapyxeHus NuHUI. 3HaeTe nn Bbl, 4Nng 4ero eulle MOXHO MCNOMb30BaTb 3TOT AaTyunk? B
DaHHOM paspene 6yaeTt nokazaHa BO3MOXHOCTb MUCMOIb30BaHUSA MHPPAKPACHbIX
oTpaxaTesibHbIX JAaTYMKOB 19 OOHapYXXeHUsa Kpasi NOBEPXHOCTU, YTOObI ynpaBnsTb
OBUXeHnemM poboTa No NOBEPXHOCTK CTONA M HE A0NyCKaTb €ro nageHus co crona!

[MyTem npocTenero U3MeHeHUs NOJIOXEHNS 0aTYMKOB U MPOCTON NMporpamMmbl, Mbl
cmoxem npucnocodbute POP-BOT ana obHapyxeHus kpaeB ctona. HauHem co cbopkum
MeXaHN4YeCKMX YacTen, PacnonioXeHUs O0AaTYMKOB B MPaBUSIbHbIX MECTax, NOC/e Yero
co3gaaum ckety darin Arduino gnsg npoBepkn NpubAnMXeHus K Kpar NOBEPXHOCTU CToNa.

8.1 Cnucok gononHuUTeNnbHbIX geTanen

— e,
B mmy -

BuHTbl M3X10 MM MnacTukoBbie BTYNKU
x 4 3 MM x 2
Mpamas kpenexHas
njaaHka ravikm M3 x 4

c 12 oTtBepcTUaAMM X 2

8.2 NMpoueanypa N3aMeHeHNa KOHCTPYKUun poboTa

(1) CHuMKMTE BCE OAaTUYMKM NPUKOCHOBEHUS U OATYMKU OTCNEXMUBAHUS JIMHUIA C
kopnyca POP-BOT. Tenepb nepen Hamu npoctenwas popma MoobunbHoro poborta POP-
BOT.
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(2) 3akpenute nHdpakpacHbIi oTpaxaTenbHbl gatimk ZX-03 B nepBom
OTBEPCTUM NPAMOIN KpenexHon nnaHkn 12 oTBepCcTusiMn, NCNonb3ysa BUHT
M3 x 10 MM, 3 MM NMNAcTUKOBYIO BTYSIKY U ranky M3, cnenysa npuBeoeHHON HMXe
doTorpadumn. Coenarite 2 Takmx cyomonyns.

IlepBoe oTtBepcTie IIpsamas kpeneskHas MIaHKA ¢ 12 oTBepeTHAME

Taiika M3

3MM BTYJIKA

ZX-03WndparpacHblii oTpaskaTeJbHbI TaTYHR

(3) BakpenuTte 06e CTPYKTYpbl, COBpaHHbIe Ha ware (2) ¢ NeBO U NPaBOi CTOPOHbLI B
nepegHen 4yactn kopnyca POP-BOT, ncnonb3ys BuHT M3x10Mm um rariky M3, cnenys
npmBeaeHHon Huxe doTtorpadun. Janee npucoeguHnute kabenem neeBblin gaTymk K
nopty A7, a npaebln gatymk K Nnopty A6. Bbl MoxeTe nogobpaTb NONOXEHME LUTAHIU
0aTynKa NPUMEHUTENBbHO K KOHKPETHbIM YCIOBUSIM BbIMOJIHEHUS 3a4aHUNA.

Ha dororpadun noraszano

MOKJTI0YeHHe JaTIYHKa K IIaTe IITanra qaTauRa
ynpasjaennss POP-BOT
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3apnanue 13 : POP-BOT oGHapyxuBaeT Kpau
cTona

B aTOoM 3apgaHum oemMoHCTpupyeTcs nHTepecHoe noseaeHne pobota: POP-BOT
ABUraeTcs nNo NOBEPXHOCTU CTOMA M He NadaeT co ctona. Mcnonb3ys 2 nHdpakpacHbIX
oTpaxaTesibHbIX JaTyMKa, KOTOpble 3aKpeneHbl B NnepeaHen Yactu poboTta, MOXHO
0BHapPYXUTb OKOHYaHME MOBEPXHOCTM cTona. Koa AaHHOro 3aaHus NoxXoX Ha KO,
KOTOPbIN BbIN CO34aH A1 OTCNeXnBaHUSA NMHUK. Ecnu gaTymk obHapyxXmnBaeT
NPUCYTCTBUE MOBEPXHOCTM, aHANIOrOBbIN CUMHA Ha ero BbIXOAE MMEET BbICOKMIA YPOBEHD.
Kak TonbkO gaTymk OKasblBaeTCs 3a npegenamuv noBepxHOCTU CToNa, MHGpakpacHoe
N3y4eHNEe nepecTaeT oTpaxaTbCa OT MOBEPXHOCTWU CTOMA U MepecTaeT nonagaTtb Ha
0aTynK, NO3TOMY BbIXOAHOW aHANOroBblA CUrHan gatymka 6yaeT MeTb HU3KUN, NOYTH
HY/1EBOW YPOBEHb.

Takoe noBeaeHne gaTymka MOXHO MCMNONb30BaTh, YTOOLI CO3AAaTb KOA, KOTOPbI
oynet ynpaenatb apmxeHnem POP-BOT no noBepxHOCTM CTONa U NPensaTCTBOBaTb
nageHunio POP-BOT co ctona.

A13.1 Otkpornite IDE Arduino 1 co3panTte CKeTY C KOAOM, MOKa3aHHbIM

Ha JlnctuHre A13-1.

A13.2 lNepeeante POP-BOT B pexum lNMporpammMmmnpoBanma. 3arpy3ute ckeTd B poboTa.
A13.3 OTcoeamHuTe 3arpy304Hbil Kabenb.

A13.4 lNMomecTuUTe Ha NOBEPXHOCTb CTONAa. Nsa YNCTOThl aKCNepumMeHTa Heobxoanmo
ybpaTb C MOBEPXHOCTM CToNa Bce nNpeameThl. Bkatounte nutanne POP-BOT n
HabnogarTe 3a ABMXEHNEM PODOOTa.

POP-BOT aBwuxeTtcsi Briepea A0 Tex rop, rnoka AaTyuk HE OKaXETCs 3a Kpaem
crona. POP-BOT 6ynet namMeHsiTb HarpaBieHNe CBOEro ABUXEHUS, caeays AaHHOMY
cueHapuio:

1.06a gatumka okasanuck 3a rnpenenamu kpas ctona: POP-BOT asuraercsi
Ha3az, NnoBopa4YnBaeT BrpaBo U 3aTeM MpoAo/IKaET ABNraTbCsl Brepes.
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/**************************************************************************
* POP-BOT V1.0

* Filename : EdgeDetect.pde

* POP-BOT wmu3beraeT nmaaeHus C Kpas cTtona
************************************************************************************/
int Ref=300;

int Left,Right;

void setup(){

pinMode (3,0UTPUT); // 3nekTpoaBuraTtens Al
pinMode (5,0UTPUT); // 3nekTpoaBuratenb A2
pinMode (6,0UTPUT); // 3nekTpoAaBuraTtenb B2
pinMode (9,0UTPUT); // 3nekTpoaBuraTtenb Bl

}
void loop(){

}

Left = analogRead(7); // YTeHume 3HaueHMa C NeBOro Aatyumka ZX-03

Right = analogRead(6); // YTeHne 3HAUYeHMs C NpaBOro Aatumka ZX-03

if (Left>Ref && Right>Ref){ // 06a zaTuumka B npeaenax MNOBEPXHOCTWU CToONa
Forward (150) ;

else if (Left<Ref && Right<Ref){ // 06a patumka 3a npesenamm NOBEPXHOCTM CTOMa
Backward (150) ;
delay(200);
Spin_Right(150);
delay (500);
}
else if (Left<Ref) { // TonbKO neBbiN AAaTUMK 3a npeaenamMuM MOBEPXHOCTWU CTona
Backward (150) ;
delay(300);
Spin_Right(150);
delay (400);

else if (Right<Ref){ // Tonbko npaBbii ALAaTUUK 3a Npeaenamum MOBEPXHOCTM CTona
Backward(150) ;
delay(300);
Spin_Left(150);
delay (300);
}

/*Movement function*/
void Forward(int speed){

analogWrite(3,speed);
digitalWrite(5,LO0W);
analogWrite(6,speed);
digitalWrite(9,LOW);

void Backward(int speed) {

}

analogWrite(5,speed);
digitalWrite(3,LOW);
analogWrite (9, speed);
digitalWrite(6,LOW);

void Spin_Left(int speed){

}

analogWrite(5,speed);
digitalWrite(3,LOW);
analogWrite(6,speed);
digitalWrite(9,LOW);

void Spin_Right(int speed){

}

analogWrite(3,speed);
digitalWrite(5,LOW);
analogWrite (9, speed);
digitalWrite(6,LO0W);

/**************************************************************************/

JInctunr A13-1 : dainn EdgeDetect.pde; ckeTtu-dain Arduino ans ynpaBneHus OBUXKEHNEM
POP-BOT no ctony, 4To6bl 06HApPYXUTb €ro Kpam n nabdexarb NageHnus co ctona
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2. JleBbii gat4vk okasasics 3a npenenamu rnoBepxHoctn crona : POP-

BOT aBuxetcs Ha3an, rnoBopaYynBaeT BrpaBo, Mocsie Y4ero rnpoaokaet
JIBUratbCsl Brieped.

B

;1
3
a

3

2000

oo9

3. lpaBbIvi gatynk okasasics 3a rnpeanenammv rnoBepxHoctn crona : POP-BOT

JBVXXeTCcs Ha3az, MnoBopaYynBaeT BJIeBO, 0C/Ie Yero rpoAoIXaeT ABUraTbCs
Briepes.

of

LT

fooocoono

PUS-B0T
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O : POP-BOT u30eraert CTO/IKHOBEHUSN C
npeagmMmeTamMmm 6eCKOHTaKTHbIM CMOCOOOM

9.1 GP2D120 : UHdpakpaCHbIN gaTymK
pacCTOSHUSA C [aJiIbHOCTbIO OOHapy)xeHus oT 4
no 30 cm

B pasgene 7 6b1510 paCCMOTPEHO MHOXECTBO NPUMEPOB 006 0OMeHEe AaHHbIMM
C MHpPaKpacHbIMM OoTpaxaTenbHbiMM aatiymkaMmn. OHM NpeacTaBngaloT cobonm oanH 13
BWAOB aHANOroBbIX AAT4MKOB. B 9TOM pasgene mbl 6yaemMm KOHLEHTPMPOBATbL CBOE
BHMMaHME Ha OPYroM TuUMne aHanoroBbiX 4ATYMKOB. ITO — MHGPaKpaCHbIE OATYMKU
paccTosHma, nnn nHdpakpacHsie nokatopbl GP2D120. MimeeTca HECKONbKO
NPUMEPOB MCMNOJIb30BAHUS 3TUX JATYMKOB U UX NMPUMEHEHUS.

OaHuM 13 cneumanbHbIX 4aTYMKOB B POOOTOTEXHMKE ABNSETCS UHPPAKPACHbIN
0aTyYMK paccToaHus. Hekotopble HasbiBaloT ero MIK-nokatop. Micnonb3ays moaynb
GP2D120, POP-BOT nony4yaeT BO3MOXHOCTb M3MEPEHUS PACCTOSAHNI U
OEeCKOHTaKTHOro 06Hapy>XeHUs NPenaTCTBUA, NCNONb3ys MHOPaKpPaCcHOE N3NyYEeHME.
Baw POP-BOT cmoxeT npeaoTBpaTuTb CTONIKHOBEHUA 6e3 MCNOJIb30BaHUS
dU3MYECKOro KOHTakTa C NpPensaTCTBUSMMN.

9.1.1 OcobeHHocTn GP2D120

o [1nga namepeHuns pacctositHUa NCNONb3yeTCcs oTpaxeHmne nHPpPakpacHoOro
N3Ny4eHuns

MoXeT namepsaTb pacctosHua B ananasoHe oT 4 no 30 cm.

e HanpsxeHue nutaHna ot 4.5 go 5B npu notpedbnsemom Toke 33MA

+ BbIxogHoe HanpsikeHune B anana3oHe oT 0.4 no 2.4B npu HanpsxXeHun
nutaHusa +5B

Bexonunoe Hanpspxerue (B)

2.8

o
1.6 \
1.2 \

0.8 AN

MuparpacHsIil mepe 1aTank MudpakpacHslii IPHEMHIIK

GP2D120

0.4

i}

Hanpsxerne nutaHms 6 4 8 12 16 20 24 28 32
Paccrosmie (cm)

‘ 38.3+9.6 ms

* Ucnonp3oBana cepo-6enas Gymara
S(i W{E i Kodak R-27. benas cropona kotopo#
e sepes i
! nmeer kodddunment orpaxenus 92%
\ \ \ M cIellaHa U3 MaTepHasla, KOTOPbIA
Usbix |Hecra6um,Ho Xl-ﬁ Bmxoux ><:SS n-i BBIOZ ‘ OTPa’KAET CBET IIPU H3MEPEHUU
paccTOsTHMSL.

HSMepeHIIe 1-¢ H3MEPEHHE | 2-e H3MepeHHe

— 5ms

Pucyrok 9-1 HazHadyeHune BbiBOAoB Moayns GP2D120, npmHumn paboTbl 1 KpmBas
YYBCTBUTENIBHOCTM
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Moaynb nHppakpacHoro nokatopa GP2D120 nmeeT 3 BbiBOAA : BXOM, HAMPSXEHUS
nutaHua (Vcc), obuwaa wuHa (GND) n Bbixon, aHanoroBoro curHana (Vout). Ytobbl npounTtatb
BENIMYNHY HamnpsxXeHnsa Ha Bbixoae gatdmka GP2D120, Heob6xoamMmMo noaoXxaartbe OKOHYaHKUSA
nepexogHoro nepuoaa, KOTopbl COCTaBNgeT, NPUMeEpPHO, oT 32 oo 52.9 mcek.

BbixogHoe HanpsixeHne GP2D120 npu pacctoaHum oo oobekta 30 CM 1 HanpsiXXeHun
NCTO4YHUKa nuTaHma +5B HaxoanTtca mexay 0.25 n 0.55B, co cpeaHum 3HadveHnem 0.4B. Mpwn
paccTossHMK 0o 06bekTa, paBHOM 4 CM, BbIXOQHOE HanpsXXeHne 6yaeT U3MeHATbCS B

npegenax 2.25B= 0.3B.

9.1.2 Kak paboTtaet moaynb MK-nokatopa?

M3amepeHus pacCcTosHUSA MOXHO OpraHu3oBaTbh pa3HbiMu cnocobamu. MNpoctenwnm ang
MOHUMaHUS ABNAETCS U3MEPEHME C NMOMOLLbIO YNbTPasByka, Korga B CTOPOHY 0ObekTa
NOCbINAOT 3BYKOBbLIE BOJIHbI U U3SMEPSIETCS BPEMS, YEPES KOTOPOE NPUXOOUT OTPaKEHHas
BoNHa. Takom MeTo BO3MOXEH NOTOMY, YTO 3BYKOBbI€ BOJIHbI NnepeMeLlaloTcqa He CJIMLLKOM
ObICTPO, U U3MEPEHUS BPEMEHM MOJIeTa BOJIHbI MOXHO NPOU3BOANTL C MOMOLLIbIO OCTATOYHO
npoctoro obopynosaHusa. OgHako, B ciydyae MHGpaKkpacHOro UsnyyeHns Bpems, KOTopoe
TpebyeTcs BOJIHE, YTOObLI JOCTUYb NPENATCTBMS U BEPHYTLCS Ha3an, He MOXeT ObITb
M3MepeHOo NPOCTbIMM cnocobamMu, NOCKONbKY MHPpPaKpacHOe U3Ny4YeHue nepeaBuraeTcs
O4YeHb OLICTPO — CO CKOPOCTbIO cBeTa. OBopynoBaHMe s TakMx U3MEPEHMUI MOKa eLle He
[OCTynHO. [oaToMy crieflyeT UCMOJIb30BaTb CIIEAYIOLLYIO TEOPUIO.

NHdpakpacHoe 13nyyeHne, KOTOpoe NOChINalT U3 nepenaTymka Ha 0OBbEKT,
HaxoOsaLWWINCa Bnepean, npoxoauT yepesa GOoKyCHpYIOLLYO JIMH3Y TakuM 006pa3oMm, HYTOObI
WHTEHCMBHOCTb CBETOBOIO NMOTOKa Oblna chOoKyCMpoBaHa B HEKOTOPOW Touke. Kak TONMbKO CBET
[OCTUraeT NOBEPXHOCTM 0ObeKTa, MPOUCXOANT Ero OTpaxeHue. HYacTb OTpaXeHHOro cBeTa
OyneT oTpaxeHa obpaTHO Ha NMpUemMHoe YCTPOMCTBO, B KOTOPOM Apyras nmH3a cdokycmpyeTt
3TOT CBET K ByaeT onpeaesneHa To4yka ero nageHns Ha NpUeMHbIN gaTymk. 3aTem CBeT
NOCTYNUT Ha MaccmB GOTOTPAH3UCTOPOB. o3nuna GoToTpaH3nCTopa, Ha KOTOPOM
npmnxognTcd MmakCMMyM CBETOBOIO NMNOTOKa, MOXET ObITb MCNONb30BaHa anga onpegeneHnd
paccTosHma (L) oT nanydartens ceeta A0 NPenaTcTBUg No cnenywen gopmyrne:

O0BeRT

- -
‘ MRS~
P71 A\ S kP
~

CeeTomuon Maccne ¢oto-
TepenaTInKa TIPUCMHIIKOB

GP2D120

X
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Otkyna, L. paBHO

L=
X

Takmm obpas3om, nepen TeM, Kak OyaeT U3MEeHEeHO HanpsXXeHue, B
COOTBETCTBUM C N3MEPEHHbIM PACCTOSAHMEM, 3HAYEHNE PaCCTOSHUSA OT MaccuBa
doToTpaH3ncTopoB nepenaetca B Moaynb Obpabotkm CurHana.

9.1.3 Bsaunmopgencteme GP2D120 ¢ AL

BbixogHoe HanpsixeHne moayna GP2D120 6yneT MeHATbCS COrnacHo
N3MEPEHHOMY PACCTOSHMIO OO npenaTcTeBus. Hanpumep, BbixogHoe HanpsbkeHme Vout
= 0.5B cooTBETCTBYET PacCTOsHUIO 26CM, a BbIXOAHOE HanpsxeHune Vout = 2B
COOTBETCTBYET paccTosHuio 6¢cm. B Tabnuue 9-1 nokaszaHo 0606LIEHHOE
COOTHOLUEHNE MEXAY BbIXOAHbIM HanpsikeHnem Vout 1 3MepeHHbIM PacCTOSTHUEM
ana GP2D120.

Mpy 3MepeHnn BbIXOAHOIO HaANPSXXEeHUss MOAYNEM BCTPOEHHOIO B
MUKPOKOHTponnep AL, pesynbtatom OyayT Cbipble AaHHbIE OT aHaNoro-unudpoBOro
npeobpasoBaHud. lNMNonb3oBaTeNnto HeOOX0AMMO ByaeT NCNOb30BaTb NPOrpaMMHOe
obecneyeHne gnsa Npeobpa3oBaHNS 3TUX CbiPbIX AAHHbIX B COOTBETCTBYIOLLEE UM
paccTtosHue. NpumepHoe 3Ha4YEeHNE PACCTOSAHUSA MOXHO BblYUCIUTbL MO CREeAYIOLLEN

dopmyne.

R=2914 4
V+5

NMpepynpexaeHue OTHOCUTEJIbHO CUTHaJIbHOro Kaoens
GP2D120

Moayns GP2D120 nmeeTt Ha3dHa4YeHUue BblBOAOB, OT/iIMYaloLeecs oT
Ha3Ha4YeHus BbIBOAOB nnaTbl ynpaBneHius POP-BOT, HecMmoTpsa Ha
BHELUHIO NOX0XecTb pa3beMoB. Noatomy Kk moaynio GP2D120 yxe
noAKNYEeH cneuuasbHbIi CUrHaNbHbIU Kabenb. NMonb3oBaTenio
Heo06xoAMMO BCEro N1ilb NPUCOEANHUTb OPYro KOHel,
COeaVHUTENbBHOro Kabena K pasbemMy Ha nnarte ynpasneHusa POP-BOT.
He oTkniovaiiTte kabenb OT MOAYJA U HE 3aMEHANTe ero Ha
coeaMHUTENbHbIE Kabenn ot gpyrux moaynen!
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BbixogHoe
HanpshkeHue Mmoayns
GP2D120 (B)

PeaynbtaTt 10-pa3psgHoOro aHanoro-
undpoBoro npeoodpasoBaHns

LecTHaguaTepunyHbIin

AdecaTuyiHbI

PaccTosiHue (cm)

0.4 0x052 82 32
0.5 0x066 102 26
0.6 0x07B 123 22
0.7 0x08F 143 19
0.8 0x0A4 164 16
0.9 0x0B8 184 14
1.0 0x0CD 205 13
1.1 OxOE1 225 12
1.2 OxOF6 246 11
1.3 0x104 266 10
1.4 Ox11F 287 9
1.5 0x133 307 8
1.6 0x148 328 8
1.7 0x15C 348 7
1.8 0x171 369 7
1.9 0x185 389 6
2.0 Ox19A 410 6
2.1 Ox1AE 430 6
2.2 0x1C3 451 5
2.3 0x1D7 471 5
2.4 Ox1EC 492 5
2.5 0x200 512 5
2.6 0x214 532 4

Tabsmya 9-1 : COOTHOLLEHME MEXAY BbIXOAHbLIM HaNpPs>XKeHNeM gatymka paccTosHUS
GP2D120, peaynbtaTomM aHanoro-undpoBoro npeobpazoBaHns 1 N3MepseMbiM PpacCTOAHUEM

00 obbekTa
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9.2 Oopa6oTtka POP-BOT ana pab6otbl C
moaynem GP2D120

9.2.1 Cnncok ponoONHUTENbHbLIX AeTanen

™ serr Sy

TynoyroJsibHbIN
Kpenex x 2

)) == oocoo

Mopynb, GP2D120 MDSMOVrONBHBIA KDEMexX X 2 BUHTBI Mankmn M3 x
c Kabenem P y P M3x10mm x 4 4

Mpsamoir kpenex x 4

9.2.2 lNpouenypa N3MeHeHnsa KOHCTPYKLUUK poboTa

(1) CHumuTe BCe patumkm ¢ kopnyca POP-BOT. Tenepb nepen Hamm npocTtenwas ¢popma
MobuneHoro po6ota POP-BOT.

(2) NpucoeanHuTe 2 NPAMbIX KPENexXHbIX 3leMeHTa K OTBEPCTUSM B KOpyce Moayns
GP2D120, ncnonbadys BuHTbl M3x10MM 1 ranku M3. Janee npukpenute TynoyrofbHble
KpenexHble 9NeMeHTbl K CBOOOOHbIM KOHLAM MPSMbIX KPerneXHbIX 3/IEMEHTOB, 3aTeM
OnNsTb NPSIMblE KPEeneXHble 3N1IeMEHTbI U, HAKOHeLL, NPSMOYroJibHble KpeneXHble
3NEMEHTbI.

OB R IH



99

(3) Bakpenute cTpykTypy moayna GP2D120, nony4yeHHyto Ha ware (2), B nepegHen
yactn kopnyca POP-BOT, ncnonb3ys BuHTel M3x10MM 1 rakn M3 B nonoxeHuu,
COOTBETCTBYIOLLEM PUCYHKY HUxe. MNpucoeanHnte kabenb ot GP2D120 k nopTty
19/SCL/A5 nnatbl ynpasnexHns POP-BOT.

Tenepp POP-BOT c UK-noxkatopom roToB 4/ nporpamMmMupOBaHUS.

9.3 Kak npouuTtatb pgaHHbie ¢ moayna GP2D120
po6oTta POP-BOT

Po6oTt POP-BOT umeeT moaynb MukpokoHTponnepa POP-168. OH paboTaeT ¢
nporpaMmmMHbiM obecnedyeHnem Arduino. bubnmnorteka nognporpamm Arduino nmeet
cneunanbHyl GYHKUMIO YHTEHUS 3HAYEHVS M3 aHANIOrOBOro nNopTta BBoAa. JTO -
¢yHkuya analogRead(). 3HaueHne B ckobkax ABNSeTCa HOMEPOM aHaNoroBoro Bxoaa
(ot 0 po 7). Ana POP-BOT gonycTuMbl TONIbKO 3Ha4YeHus oT 3 Ao 7. PyHKums
analogRead() Bo3BpaLuaeT uenble 3Ha4yeHms ot 0 go 1023. 310 — pesynbTtat 10-
paspsaHOro aHanoro-uMdpoBoro npeobpa3oBaHUs.

Cblpble JaHHble MOXHO Npeobpa3oBaTtb B eANHULbI HanpsixxeHus (BonbTbl) No
cnepywouien dopmyne:
BonbTbl = Cbipble_paHHble X 5 /1023
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3apaHue 14 : YtTeHue paHHbIX C MoAayns
GP2D120

A14.1 OtkponTte IDE Arduino n co3gante CkeTd ¢ KogOM, NOKa3aHHbIM Ha JINCTUHre
Al14-1.

A14.2 Mepeegute POP-BOT B pexum lNMporpammmnpoBanus. 3arpy3mte CKeTY B
pOOOT.

A14.3 OTcoeonHnTe 3arpy304Hblii Kaberb.

A14.4 MomecTtute pobot POP-BOT Ha cton. Nonoxunte nepepn aatinkom GP2D120
Kakon-nnoo npeamet. Bknounte podot POP-BOT. nepeapuraiite 0ObekT
oTHocuTeNbHO aatymka GP2D120. HabniopganTte 3a USMEHEHUAMM Pe3ybTaTOB Ha
akpaHe SLCD.
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/**************************************************************************

* POP-BOT V1.0
* Filename : GP2D120withSLCD.pde

* HabnoseHne AaHHbIX OT mMoayna GP2D120 Ha >kpaHe moayns SLCD16x2
k %k %k 3k %k %k 3k %k %k 3k %k %k 3k %k 3k 3k %k 3k 3k k 3k %k %k 3k %k k 3k %k Xk 3k %k %k 3k %k %k 3k %k %k 3k %k 3k 3k %k 3k %k Xk 3k %k X 3k %k %k 3k % % 3k % % %k % % %k % % % % % % % % % % % % % % %

***/

#include <SoftwareSerial.h>

#define rxPin 16 // SLCD pin

#define txPin 16 // Same pin

SoftwareSerial MySerial = SoftwareSerial(rxPin,txPin);

int gp2;

float distance;

void setup(){
pinMode (txPin,OUTPUT) ;
MySerial.begin(9600) ;
delay (1000);

}

void LCD _CMD(int Command) {
MySerial.print(OxFE,BYTE); // KomaHaa
MySerial.print(Command,BYTE) ;

}

void loop(){
gp2=analogRead(5);
distance=(2914/(gp2+5))-1; // Npeobpa3oBaHne B CaHTUMETPbI
LCD_CMD(0x80); // Select LCD first Line
MySerial.print("RAW Data= "); // OTobpaxeHue CbIpblX AaHHbIX
LCD_CMD (0Ox8A) ;
MySerial.print(gp2,DEC);
LCD_CMD(OxCO); // YcTaHOBKa Kypcopa B Hauyano BTopoi cTpoku XKW
MySerial.print("Distance= "); // OTobpaxeHne pacCTOAHUS B CaHTUMeTpax
LCD_CMD (0xCA) ;
MySerial.print(distance,DEC) ;
LCD_CMD(OxCE) ;
MySerial.print("CM");
delay(200);

}

/**************************************************************************/

JInctunr A14-1 : dann GP2D120withSLCD.pde; ckety-dain Arduino gnsa yteHns POP-BOT
nHdopmauum ¢ gatymka pacctosHua GP2D120 (MHpakpacHbI okaTop)

OnucaHue nporpammbl

(1) HayanbHbIn 0OMEH AaHHLIMKM MO NOocneaoBaTeNnbHOMY UHTEPdENCY.
YcTtaHOBUT nepembliky 16/A2 ong nocnenoBatesibHOro nopTa.

(2) LUnkn yteHns aHanoroBoro curHana Yepes BbiBoA AnS rnopTa BBoAa Nnatbl
ynpaeneHus POP-BOT n otobpaxeHue Ha akpaHe XK.

(3) NMpeobpazoBaHue CbipbIX AaHHbLIX O PACCTOAHUM B CAHTUMETPbI, NCMOMNb3Yy4
cnenyouyio popmyny:
cm = (2914 / (gp2 + 5)) - 1

(4) MpeobpasoBaHne peaynbTaTa B TEKCTOBYID HGOPMY 1 OTrpaBka B MOAY/b
SLCD16x2 aonga otobpaxeHus.

(5) Uukn onpoca GP2D120 ¢ nHtepsanom 0.2 cekyHabl.

O

/
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3apaHue 15 : BeckoHTakTHaga cucrtema
npepoTepaLl,eHns CTONIKHOBEHUN

C nomouwbio moayna GP2D120, ncnonb3ysa nHdpakpacHoe U3ny4yeHne, Haemy
pPOBOTY MOXHO 0006aBUTb OYHKLUN N3MEPEHUSA PACCTOAHUS U OOHAPY>XEHUS
npenarcTeuii. Haw POP-BOT cmoxeT nsberatb CTONIKHOBEHUIN 6€3 Kakoro 6bl TO HK
OblN0 GU3NYECKOr0 KOHTaKTa C NPEensaTCTBUEM.

A15.1 OtkponTte IDE Arduino u co3gante CKeTY C KOAOM, NOKa3aHHbIM Ha JINCTUHre
A15-1.

A15.2 MepeBegute POP-BOT B pexum lMNporpammmnpoBaHust. 3arpy3mte CKeTY B
poOOT.

A15.3 OTcoegmHuTe 3arpy304Hbl kKabenb.

A14.4 MomecTtute POP-BOT Ha non. Nonoxunte nepen poboTtom nobon npegmeT un
HabnoganTe 3a ero 4encTBUSIMN.

PoboTt byaet namepsite paccTtosiHne Ao ob6bekTa rnoka OHO He AOCTUrHET
3Ha4eHus1 8 CM. rnpu OTCYTCTBUM NMPENsSTCTBUIA, POOOT ByAeT HernpepbIBHO ABUraThbCs
Briepes. Nocne obHapyxeHuss 06beKkTa Ha rnpeaebHoV ANCTaHUMn 8 CM, OH OTbeneT
Ha3a/, NoBepHET BJIEBO 1 CHOBa 6yaeT npoAo/KaTh ABUraTbCs Briepes.

JIpm:xenne
HAa3aJ
HiKeHHe BIepes

&

RAU Data= 307
Distance= 8 CH

&

RAW Data= 367

Distance= 3 M

IloBopoTt BAeBO
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/**************************************************************************

* POP-BOT V1.0

* Filename : TouchlessObjectRobot.pde

***************************************************************************/

int gp2;
void setup(){

pinMode (3,0UTPUT); // YCTaHOBUTbL LUPPOBbIE IMHUU KaK BbIXOAbI

pinMode (5,0UTPUT) ;

pinMode (6,0UTPUT) ;

pinMode (9,0UTPUT) ;
}

void Forward(int speed){

analogWrite(3,speed);

digitalWrite(5,LO0W);

analogWrite(6,speed) ;

digitalWrite(9,LO0W);

void Backward(int speed) {

analogWrite(5,speed) ;

digitalWrite(3,LO0W);

analogWrite(9,speed) ;

digitalWrite(6,LO0W);

}
void Spin_Left(int speed){

analogWrite(3,speed) ;

digitalWrite(5,LO0W);

analogWrite(9,speed) ;

digitalWrite(6,L0W);
}
void loop(){

int i;

for (i=0;i<5;i++){ // NoBTopuTb 5 pa3 ana unabTpauum wyma
gp2=(gp2+analogRead(5));

}
gp2=gp2/5;

if (gp2>290){ // Found object
Backward (200) ;

delay (300);

Spin_Left(200); delay(350);

}

else{
Forward(200) ;
}
}

/**************************************************************************/

// JBuraTtbcs Bnepea

// W3MeHWTb HanpasrieHne ABUXEHUS

// OTbexaTb Ha3aL AN WU3MEHeHusd HanpaBneHNns ABUXeHUA

JIncrunr A15-1 : daiin TouchlessObjectRobot.pde; ckety-daiin Arduino
Ong neMoHcTpaunn 6eckoHTakTHOro naderaHua pod6otom POP-BOT

npenaTcTBun.

OnucaHuve nporpamMmmsl

(1) Craptya, POP-BOT wu3pmaeT OOVHOYHBLIM CUrHan. 3TOT CUrHan MOXHO WCMNonb3oBaTb AOJis
MPOBEPKM, 4TO PoOOT Haxoamtcsa B cocTtosaHuM RESET (CBEPOC) npu CHMXEHUW HanpskeHus

nuTaHna daTtapeu.

(2) YteHne o4epenHoro 3HaveHus ¢ wmomynsa GP2D120 wn naTukpaTtHOe 3arnoMuHaHue B
rnepemMeHHon gp2. BbluMcneHue cpenHero 3HaydeHus ONAs 3alnTbl OT OWMOOK YTeHus npu

OBMXEHUN poboTa.

(3) Mpoeepka, nMeeT N1 nepemMeHHas gp2 3HadeHne 290 unn HeT? Ecnu ga, TO 9TO 3HA4YUT, YTO
paccTtosiHMe oT poboTa OO0 00bekTa MeHblle, 4em 8 cm (nNpumepHo). lMporpamma Ha4vyHeT
ynpaenaTb POOOTOM Takmm 00Opa3oM, YTO OH HAYHET ABuratbCs Hasag B TedeHue 0.25

CeKkyHabl, M 3aTeM noBopaymBaTb HaneBo B TedyeHue 0.5 cekyHOpl,
HanpaeieHne ABMXeHNda N NpegoTBpaTtnuTb CTOJIKHOBEHUE C 0OBbEKTOM.

4TOObI

N3MEHUTb

(4) Ecnn 3HavyeHMe nepeMeHHor gp2 MeHblle, Yem 290, To po6oT ByaeT npoaoskaTe ABUXEHNE

Bnepea.
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10 : PaboTta POP-BOT ¢ cepBOMOTOpPOM

Po6oTt POP-BOT umeeT Bbixoabl ana noaknovyeHns RC-cepBoMoTopoB. PoboT
POP-BOT moXeT He3aBMUCUMO yNpaBnsTb ABYMS ManeHbkumu RC-cepBomoTOpamu.
Mnata ynpaeneHus POP-BOT yxe obecnednBaeT HanpsXeHne NnutaHnus cepBoMoTopa
Ha BbIBOAAX pasbemMa Servo. [Ana nogknoyeHns cepBoMOTOpa Nob30BaTesNio He
TpebyeTcsa NCnoab30BaTh AOMNONHUTENbHbIE 6aTapen. OTO ABASETCS BaXHOMN
ocobeHHocTbo poboTa POP-BOT. Po6ot POP-BOT moxeT ynpaenaTbe 4 moTopamu: 2
3nekTpoasuraTengaMm NOCTOSHHOIO TOKa U 2 CePBOMOTOPaMMN.

10.1 BeBepeHue B NpuHLUMINbI paboThbl
cepBoMOTOpa

Ha pucyHke 10-1 nokasaH BHewwHun Bua, CtaHpapTtHoro CepsomoTopa. Kabenb
C pasbeMOM UCMOMb3YyeTCH As NOAKIIOYEHN CEPBOMOTOPA K UCTOYHUKY NUTAHUSA
(Vdd n Vss) 1 K UICTOYHUKY CUrHanNoB ynpaeneHna (nnHnsa Beoga/BeiBoaa
MUKPOKOHTponnepa). Kabenb nepepaet HanpsxxeHus Vdd, Vss 1 curHana oT pa3bema
K CepBOMOTOPY. KPOHLUTENH SIBNSIETCA YaCcTbio CEPBOMOTOPA, KOTOPas No BHELLUHEMY
BUAY O4YE€Hb CUJIbHO HaNMOMMHAET YeTblipexsydeBylo 3Be3ny. [pn paboTte cepeomoTopa
KPOHLUTENH ABNSETCH OBMXYLLENCS 4acTbiO, KOTOPOW yrnpaBageT MUKPOKOHTponnep. B
Koprnyce cepBOMOTOpPA PacrnosioXXeHa CXemMa yrnpaBfeHus, anekTpoasuraTenb
NOCTOSIHHOrO TOKa 1 peaykTop. Bce atm yactn paboTtaioT COBMECTHO, NPpUHUMas
CUrHasn BbICOKOr0/HMU3KOro YPOBHS OT MMKPOKOHTPOIepa, 1 npeobpasyloT ero 3atem
B MNOJIOXEHME KPOHLUTENHA CEpBOMOTOpPA.

Ha PucyHke 10-2 noka3aHO HasHavyeHue npoBoaoB kabensa cepsomoTopa. OH
nmMeeT 3 NpoBoaa pa3nnyHoro upeta; YepHoin anga curHanos GND nnn Vss nnm
OTpuuaTenbHOro nostca NCTovHnka nutadns, KpacHoeii ana curiana Vdd nnm
HanpsxeHua nutaHusa cepBomMoTopa um m (vHorpa nnn KopunyHeBbiit)
ONs curHana ynpas/ieHus.

Kponnrreitn

STAN
SERVO

DARD
MOTOR

Pucynok 10-1. BHewHnin BuO cTaHOapTHOrO cepBoMoTopa
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CHUI'HAJL
4.8-6.0B
Ob6mmit
(a) pazpeM S-Tuma (b) pazbem J-Tuma
PucyHnok 10-2. CTaHOapTHOE Ha3HavyeHne Pucynok 10-3. CtaHgapTHbIE TUMbI
BbIBOLOB kabens cepBoMoTopa pasbeMOB CEPBOMOTOPA

Pa3bembl kabensa cepBoMoTOpa MOryT ObiTb ABYX TUMOB : S-Tuna u J-Tmna, Kak
nokasaHo Ha PucyHke 10-3.

Onga ynpasneHns cepBOMOTOPOM UCMONb3YIOTCHA MMMNYbChl NepeMeHHOW
OJINTENbHOCTU. YNPaBnsiowme UMnynbCbl NPeacTaBnaioT cO00M MMMyAbChI
MONOXUTENbHON NOAAPHOCTU ANNTENBbHOCTBLIO OT 1 A0 2 MUIIJIMCEKYHA, C HaCTOTOM
nosTopeHms ot 50 0o 60 nmnynbCoB B cekyHay. [leTann MOXHO n3ydntb NO PUCYHKY
10-4. HauynHaeTcs npouecc ynpasneHns ¢ reHepaumn nMmnynbca ¢ nepnogom 20
MWIMCEKYHA, U LUMPUHOW MOJIOXUTESIbHOIO UMMyJibca OJINTESNIbHOCTLIO 1
MunnncekyHna. CepsomMoTop NepeasuHET KPOHLUTENH B KpaHee NeBoe MOIOXEHME.
NMnynbc onuTenbHOCTbO 1.5 MUNINCEKYHObl BbISOBET NEpPEMELLEHNE KPOHLUTENHA
CEepBOMOTOpPA B CpeaHee MNoIOXEHME, a UMNYNbC O/INTENBHOCTLIO 2 MUANIMCEKYHAbI
BbI3OBET NepemMeLlleHne KPoHLWTENHA CEePBOMOTOPA B KpariHee npaBoe MNoJIOXeHMne.

*BaXKHO XxapakTepUCTUKOM CEPBOMOTOpPA ABNAIOTCA 2 napamMeTpa, Takme Kak
BbicTpoaencTBme nnn KoadPpuUMEHT cepBonepesaqn nnu Bpems otpadboTkm
komaHapl 1 MomeHT. KoadduumeHT cepBo nepeaayiv unm Bpems oTpaboTku
KOMaHApbl, NCNONb3yeTCs Ans onpeneneHns CKOpoCTN CEePBO BPaLLEHUS. DTOT
napameTp npeactaBngeT cobon Bpems, 3a KOTOPOEe KPOHLUTENH CepBOMOTOPa
noBopayYMBaeTcs Ha 3a4aHHbIn yron, 06bi4HO 60 rpagycos. Hanpumep,
NpPennonoXunm, 4T0 MMEETCA CEPBOMOTOP C BPpEMEHEM OTPabOoTKM KOMaHaa
0.17cek/60 rpaaycoB, 6e€3 Harpy3ku. ATo0 3HA4YUT, 4TO AN noBopoTta Ha 180 rpagycos
noHagobuTcsa BpeMS, paBHOE MOJIOBUHE CeKyHabl. U ewe Bonbluee Bpems, ecnm
CEepPBOMOTOP HaxoaMTCcs NOA Harpy3kon. 3Ta MHopmMauma aBAFGeTCS O4EHb BaXKHOM
Ons onpeneneHns MakCumanbHOro BpeMeHn oTpaboTkm kKoMmaHasl ans Bawero
pOBOTOTEXHNYECKOrO Npunoxenna. OHa Takxke nones3Ha ang onpeaeneHuns
MakCuUManbHOM CKOPOCTM ABMXEHUS poboTa, ecnm CepBOMOTOP nepenenaH nog
paboTy C NOTHOOOOPOTHBLIM BPALLEHNEM KPOHLUTEHA. 3anoMHMUTE, B CaMOM
CKBEPHOM Cly4ae, BpemMs BpaLLleHns 6yaeT MakCumMabHbIM, KOrga KPOHLUTENH
CEpPBOMOTOpPA HaxXo0AUTCS B OOHOM U3 KPaMHMX NOSIOXEHUI, U CEPBOMOTOP MNosy4aeT
KOMaHOy NepeBecTn KPOHLWITENH B ApYyroe KpamHee nonoxeHve. [1na cepBoMOTOPOB C
OYeHb H60MbLWIMM HArpy304YHbIM MOMEHTOM 3TO MOXET 3aHATb HECKOJIbKO CEKYHA,

BpawartenbHblii MOMEHT — 9TO CTPEMJIEHUE CUJIbl MOBEPHYTb NPEOMET BOKPYr
HEKOTOpOW ocu. EanHmnuen namepeHmna MoOMeHTa AB/ISIETCH YHUUNA Ha AloUM (0z-in)
WM Kmnorpamm Ha caHtumeTp (kg-cm). 910 roBopmuTt Bam 0 cepBomoTOpe TO, 4TO
OH MOXET yrnpaBnATb HAarpy3kom B 1 yHUMIO, 4TOObLI NepenBuHyTb ee Ha 1 alnm, nnm
Harpyskonm B 1kr Beca, 4Tobbl nepeaBuHyTb ee Ha 1 caHTumeTp (1yHumsa = 0.028«r,
nn 1kr = 25.274yHumn). O6bivHO RC-CcepBOMOTOPbI MMEIKOT BpaLaloLLnii MOMEHT
nopsiaka 3.40 kr cm/470z-in.

* http://www.societyofrobots.com/actuators_servos.shtm
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@— Mmmynse, mupuHOH 0T 1 10 2 MHIUTHCEKYHT

.

(a) UMmyanc yopag/1eHHSI CePBOMOTOPOM

<— [lepron 20 Mmcex — P

+— nmmynsc, mupuHoi 1 Mcek

.

(b) Hmnynbe, mupnHoii 1 Mcek 3acTaBiser STANDARD

"
KPOHINTeHH cepBOMOTOpA TBHTATHLCS B
HAIIPABJIEHAH NPOTHB YACOBOIl CTpeJIKH, B
KpaiiHee JleBoe MoJI0:KeHHe

—»;  <— Mmmyiasee, mmpuHOH 1.5 Meek

(¢) Uvmyabe, mmpunoii 1.5 Mcer s
3acTaBJsgeT KPOHIITeliH cepBoMoTOopa RO MDD
nepeMemaThCs B Cpe/lHee MOJ0KeHHe

—> -— lvmmynee, mmpuHOH 2 Meek

(b) HMmoynbce, mupnHOi 2 Mcek 3acTaBJIsSeT
;
KPOHIITEIH CEPBOMOTOPA JIBHIATHCA B SERVO MOTOR
HAMPaBJIeHNH M0 YACOBOIl CTPe/IRe, B
KpaiiHee IpaBoe IOJI0KeHHE

PucyHok 10-4. BpemeHHble anarpaMmmbl MMMNYJIbCHOrO ynpasieHns CEPBOMOTOPOM
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10.2 Arduino ynpaBnset cepBoOMOTOpPOM *

Cepaouem ynpasneHus cepsomoTtopomM ans Arduino POP-168 aenaeTtca bubnuoteka
SoftwareServo. Mockonbky B annapaTtHoi yactn POP-BOT oTcyTtcTByiOT Bbixoab! LLINM
OJ1s1 OpraHn3aunm ynpasieHns CEpBOMOTOPOM, TO Mbl ByAeT ncnonb3oBaTb LMOPOBLIE
nopTbl 06Lwwero HasHa4vyeHnsa Di7 v Di8 ana co3aaHns BbIXOAHLIX CUFHANOB yNpaBieHns
cCepBOMOTOpPaMW.

BubnnoTteka SoftwareServo MoXeT HE3aBUCUMO yrnpaBfisTb CEPBOMOTOPAMMU,
NOAKJIIOYEHHBLIMUM KO BCEM HalUMM Bbixoaam. dopmat BblzoBa GyHKUMIA 6mubnnotekn (API)
co3aaH No obpasuy bMbAnoTekn ynpasieHns CEPBOMOTOPaMM C calTa wiring.org, HO
WNCXOOHbIN KOA, OT/INYAETCS OT UMEIOLLLErocd Ha carite. Bbl He orpaHuyeHbl 8
cepBOMOTOpPaMU, HO OO/MKHbI Bbi3biBaTb MeTod, SoftwareServo :: refresh(), kak
MUHUMYM, 1 pa3 B 50 Mcek nnm yaule, 4ToObl OOHOBNATL CUrHasbI, YNPaBASOLWme
CEepBOMOTOPaAMMU.

10.2.1 CtaHoapTHble MeToObl

attach(int)
lMpeBpallaeT BbIBOA NOPTa B BbIXOA YNpaBNeHUss CEPBOMOTOPOM. Bbi3biBaeT
dyHkumio pinMode. BosepalaeT 0 B cniydae Heyaa4yHOro 3aBepLUeHus.

detach()
McknioyaeT BbiBOA, N3 paboThbl B pexmnme ynpaBneHnss CepBOMOTOPOM.

write(int)
YcTaHaBnmMBaeT yron noBopoTa cepBoMoTopa B rpagycax: ot 0 oo 180.

read()
BoaBpallaeT 3Ha4YeHue, UCMNOoJIb30BaHHOE NPW NOCeaHEM BbI30BE (PYHKLMN
write().

attached()
BoaBpawaeTt 1, ecnu B HaAcTosILLEE BPEMS NPUCOEONHEH CEPBOMOTOP.

10.2.2 [lononHnTenbHble METOAbI

refresh()

Heo6xoaMmMo BbI3biBaTh Kaxable 50Mcek ansg obHoBneHus MHpopmauum
yrnpaBneHns cepBoMoTopaMn. OTOT METO, MOXHO BbI3blBaTb TaK 4acTO, Kak 9TO
HEOOX0OMMO, HO HET DONbLLUOro CMbIiCNa AenaTb 3TW BbI30BbI Halle, 4emMm 1 pa3 B
20mcexk. Npu BbI3OBE MeTOAA, OH OyaeT oTpabaTbiBaTbCes OT 0.5 0o 2.5, HO He
OyoeT 3anpewartb 06paboTky NpepbiBaHUNA.

setMinimumPulse(uint16_t)

3aaeT NPOoLO/IKNTENBHOCTb UMMY/bca, COOTBETCTRYIOWEro yrny 0
rpagycoB B MUKPOCEKyHAax (Mo yMONYaHUD MUHUMAaSIbHOE 3Ha4YeHne paBHO 544
MUKPOCEKYHbI).

setMaximumPulse(uint16_t)

3a4aeT NPOAOKUTENIBHOCTb MMMY/bCa, COOTBETCTRYOWEro yriay 180
rpagycoB B MUKPOCEKYHAAaX (MO yMONYaHUIO MakKcumalbHoe 3HavyeHme paBHO 2400
MMKPOCEKYHObI).

* http://www.arduino.cc/playground/ComponentLib/Servo
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10.2.3 besonacHbI NMOBOPOT

Haxe korga 6yoet Noakal4yeH CeEPBOMOTOP, OH HE OyOeT nonyy4yaTb HUKaKMX
yrnpaBAgoWwmx KOMaHa A0 TeX rnop, rnoka Bbl HE NepeBegeTe ero B HavyallbHOe
cocTosiHMe MeToaom write(), 4ToObLI BOCNPEnaTCTBOBaTb Nepexoay CepBoMOTOpa B
HeonpeaesneHHoe COTOsSHME.

10.2.4 Pasmep

Bubnnoteka saHmmaet B flash-namatn npumepHo 850 6anT n 6+(8 x
KOIM4eCTBO CepBOMOTOPORB) 6ant SRAM-namaTu.

10.2.5 OrpaHnyeHud

Bubnnoteka He ocTaHaBnnBaeT 06pPabOTKy NpepbiBaHUN, TakKuM 00pasomMm,
dyHkuma millis() 6yaeTt npogomkaTb HOpManbHyO paboTy, n Bbl He noTepseTe
nocnenoBaTesibHble BXOAHbIE AaHHbIE, HO KOHEL, UMMyNbCa MOXET ObITb pacLUMpPeH Ha
BpemMs, Heobxoammoe Ha 00paboTKy NpepbiBaHU, YTO MOXET BbI3BaTb HEOONbLLYIO
oWnBbKy B 0TpaboTke KOMaHabl CEPBOMOTOPOM. Ecnm nmeetcsa 6onbLuoe KOMmM4ecTBO
CEPBOMOTOPOB, TO MOXET NOABUTLCA HeBonbLoe (0T 1 a0 3 rpagycoB) OTKIIOHEHME
NOJIOXEHNS NCNOIHUTENIbHOrO OpraHa CepBOMOTOpPAa NMpPu MasibiX 3HAYEHUSAX
NO3VLMOHHOIO0 yrna.

10.2.6 lNMpumep

Cnepylowmii npymep nokasbiBaeT, Kak MOXHO yrnpaBiaTb CEPBOMOTOPOM,
NOAK/MIOYEHHBIM K BbIBOAY 7 C MOMOLLBIO NOTEHUMOMETPA, NOAK/IOYEHHOIO K
aHanorosomy Bxony 2

#include <SoftwareServo.h>
SoftwareServo myservo; // co3aaHue cepBoOob6beKTa ANs ynpaBreHuUs
CepBOMOTOPOM
int potpin = 2; // aHanoroBbll BXOA, WCMNOMb3yeMbli ANd MNOAKITIOUEHUS
noTeHuMomMeTpa
int val; // nepemeHHas, B KOTOpon b6yaeT COXPaHATbCS 3HayeHue,
npoUYMTaHHOE C aHanoroBOro BX0oAa
void setup() {
myservo.attach(7);
// nobaBUTb CepBOMOTOP, MOAKMIUEHHbIN K BbIBOAY 7 K CepBOOOBEKTY
}
void loop() {
val = analogRead(potpin);
// JuTeHune 3HA4YeHWa C noTeHumomeTpa (3HaueHue mexay 0 o 1023)
val = map(val, 0, 1023, 0, 179);
// macwTabupoBaHue Ansd UCMNONb30BaHUA C CEepBOMOTOPOM (3HaueHue
mexay 0 n 180)
myservo.write(val);
// YyCTAaHOBWTb MO3MUMIO CEpBOMOTOPa, COrflacHO OTMacwTabupoBaHHOMY
3HAUEHU
delay(15); // noaoxaaTb, MOKa CEPBOMOTOP BbIMNOMHUT KOMAHAY
SoftwareServo::refresh();
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3apaHue 16 : POP-BOT ynpasnser
CepBOMOTOPOM

B aTOoM 3agaHunm pacCcMOTPEH NPOCTENLLNI NPpUMEP YNpaBfieHNa CTaHOaPTHLIM
RC-cepsomoTopom oOT nnatel ynpasneHua POP-BOT.

3agaHme 16-1: NMpocTenwnin npumMmep ynpasieHns CepBOMOTOPOM

A16.1 OtkponTte IDE Arduino n co3ganTe CKeT4 C KOAOM, NOKa3aHHbIM Ha JINCTUHre
A16-1.

A16.2 MNepeseante POP-BOT B pexum lNporpammmnpoBanma. 3arpy3nTte cketd B
pOOOT.

A16.3 OTcoeanHuTe 3arpy304Hblil Kaberb.

A16.4 MogkniounTte ctaHgapTHbIi RC-cepBomoTop K Beixogy SERVO PORT 7 nnun 8
nnatbl ynpasnenma POP-BOT.

o
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A16.5 BknounTte nutaHue poboTa n Habngante 3a ero paboTon.

lMocne Bka4YeHus nutaHus cepBoMoTop yrpasnsetcs ot POP-BOT.
KpoHLuTEVIH CepBOMOTOpPa HernpepbIBHO NepeaBuraeTcsl n3 KpamiHero 1e80ro
roJI0XKEeHWsI B KpaviHee rnpaBoe n 06patHo.
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/**************************************************************************

* POP-BOT V1.0
* Filename : SimpleServo.pde
* [lpocTeliwee ynpaBneHne CepBOMOTOPOM
***************************************************************************/
int i;
void setup(){
//---- Servo Motor ----//
pinMode (8,0UTPUT); // CepBomoToOp
pinMode (7,0UTPUT); // CepBomoToOp
}
void loop(){
for (i=0;i<100;i++){
digitalWrite(7, HIGH); // CkoHdurypuposaTb BbiBOA Di7 Kak BbIxo4
ynpaBneHns CepBOMOTOPOM
digitalWrite(8, HIGH); // CkoHdurypupoBaTb BbiBOA Di8 Kak BbIxoA
ynpasneHns CepBOMOTOPOM
delayMicroseconds(500); // 3aaepxka Ansa (GopMMpoBaHuA
NOMOXNTENbHOTO MMMyNbCa
digitalWrite(7,LO0W);
digitalWrite(8,LOW);
delay(20); // 3aaepxka Ans (pOpMUPOBAHMA OTPULATENBHOTO UMMNynbCa
}
for (i=0;1i<100;i++){
digitalWrite(7, HIGH); // CkoHdurypupoBaTb BbiBOA Di7 Kak BbIxoA4
ynpaBneHns CepBOMOTOPOM
digitalWrite(8, HIGH); // CkoHpurypuposaTb BbiBOA Di8 Kak BbixoA
ynpaBneHns CepBOMOTOPOM
delayMicroseconds(2300); // 3aaepxka ans (HOpMUPOBAHUS
NOMOXNTENbHOTO MMMyNbCa
digitalWrite(7,LOW);
digitalWrite(8,LOW);
delay (20); // 3aaepxka AN (GOpMUPOBAHMA OTpULATENbBHOrO MMNynbca
}
}

/**************************************************************************/

JInctunr A16-1 : dann SimpleServo.pde; ckeTtd-daiin Arduino Ana geMoHcTpaumm Toro, Kak
POP-BOT ynpaBnsgeT cepBOMOTOPOM

O

/
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3apnaHue 16-2 : YnpaBneHne cepBOMOTOPOM npu
nomowm KkHonkn POP-BOT

B aToM 3amaHuu K KOOy npenbliaywero 3agaHnus 0obaBnseTcs elle HeCKOsbKO
CTPOK, YTOObI peann3oBaTb yrnpaB/ieHNe CEPBOMOTOPOM C MOMOLLIbIO KHOMKM MiaThbl
ynpasneHus POP-BOT.

A16.6 OtkponTte IDE Arduino 1 co3ganTe CKeT4 C KOAOM, NOKa3aHHbIM Ha JINCTUHre
A16-2.

A16.7 Mepesegute POP-BOT B pexum lNporpammmpoBaHuns. 3arpy3mte CKETY B
poOOT.

A16.8 OTcoegmHuTe 3arpy304Hbl kKabenb.

A16.9 lMoakntounte ctaHpnapTHbln RC-cepsomoTop K Bbixogy SERVO PORT 7 vnn 8
nnatbl ynpasneHus POP-BOT.

00z

5' BEs

=

=~ BH
QO

Lo os
o [i30 =30 3

@ @3 fERvO PORT
o|@®: i

STANDARD
SERVO MOTOR

I-I-‘
VYpapiieHHE CEPBOMOTOPOM JIBYMS KHOIIKAMH

A16.10 Bknounte POP-BOT. HaxumainTte KHOMKM Ha Bbixogax Di2 n Di4 n
HabnopanTe 3a paboTton poboTa.

Di2 ncrionb3yetcs Ass nogadyv Ha cCepBOMOTOP KOMaHAbl NnepemMeLLeHunsl B
KpariHee rpaBoe MoJI0XEeHnE.

Di4 ncrnionb3yetcs A8 rnogadym Ha cepBOMOTOP KOMaHbl NepemMeLLeHns B
KpariHee J1eBO€e r0JI0XKEeHUE.

Korja KpOHLUTEVH cepBOMOTOpPa rNepemMecTUTCsl B NOCeaHee KparHee
nonoxenne, POP-BOT 6yaet nagaBatb 3ByKOBOV CUrHas, 4T06bl COOOLNTL
rosIb30BaTEsO O 3aBEPLLUEHN OnNepaLmnm.

Y106bI YripaB/siTe MOJIOXKEHNEM KPOHLUTEVHA CEPBOMOTOPA, MOXHO HaxaTb Ha
KHOIMKY W yaepXunBaTb ee, UM Haxatb v OTIyCTUTb.
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/**************************************************************************

* POP-BOT V1.0
* Filename : SwitchControlServo.pde
* YnpaBneHune CepBOMOTOPOM C MOMOWbLIO 2 KHOMOK, MOAKIIIOYEHHbIX K noptam Di2 u Di4.
* OTobpaxeHue peilcTBUNA Ha dKpaHe SLCD
***************************************************************************/
#include <SoftwareSerial.h>
#define rxPin 16
#define txPin 16
SoftwareSerial MySerial = SoftwareSerial(rxPin,txPin);
int 0ld_i,i=1500,j=0,k;
void setup(){
pinMode (8,0UTPUT); // CepBomMOTOp
pinMode (7,0UTPUT); // CepBomMOoTOp
pinMode (14 ,0UTPUT); // Mbe3omu3snyuyaTens
pinMode (2, INPUT); // lNeBas KHoNka
pinMode (4,INPUT); // MNpaBas KHONKa
pinMode (txPin,OUTPUT); // BeiBoa obmeHa ¢ SLCD
MySerial.begin(9600); // 06bmeHn c SLCD
delay(1000);
i=1500; // UeHTpanbHOoe 3HaueHue ANS CepBOMOTOpPa

}
void loop(){
if(digitalRead(2)==0){ // HaxaTa KHOMNKa yBenuuyeHuWs yrna
if(i<2500){ // MNpoBepka Ha MakKCMManbHOe 3HaueHue
i+=20; // Ecnun meHbwe, yBenNMUUTb 3HAUEHME MepemMeHHOMN
}
else {Beep();}

if(digitalRead(4)==0){ // HaxaTa KHONKa yMeHbWeHWs yrna
if(i>400){ // MNpoBepka Ha MUHMUMaNbHOE 3HauyeHue
i-=20; // Ecnn 6onbwe, yMeHbWUTb 3HAUEHWE MepemMeHHOMN

}
else {Beep();}

}

if (i!=01d_1i){
MySerial.print (OxFE,BYTE); // OuucTtka 3kpaHa XKU
MySerial.print (0x01,BYTE);
MySerial.print(i,DEC); // OtobpaxeHune nonoxeHus Ha XKU

0ld_1i =i ;
}
digitalWrite(7, HIGH); // CkoHgpurypuposaTb BbiBOA Di7 Kak BbIXOL ynpaBreHus
CepBOMOTOPOM
digitalWrite(8, HIGH); // CkoHgpurypuposaTb BbiBOA Di8 Kak BbIX0L ynpaBrneHus
CepBOMOTOPOM

delayMicroseconds(i); // 3aaepxka Ans (QOPMUPOBAHUSA MOMOXUTENBHOTO MMMNYyMbCa
digitalWrite(7,LOW);

digitalWrite(8,LO0W);

delay(20); // 3anepxka ans (GOPMUPOBAHMSA OTPMLATENbHOTO MMNYMbCa

}
void Beep(){
int i;
for (i=0;i<600;i++){
digitalWrite(14,HIGH);
delayMicroseconds(150);
digitalWrite(14,L0W) ;
delayMicroseconds(150);
}
}

/**************************************************************************/

JInctunr A16-2 : dainn SwitchControlServo.pde; ckety-dain Arduino ons aemMoHcTpauunm
Toro, kak POP-BOT ynpaBnset cepBOMOTOPOM C MOMOLLbIO ABYX KHOMOK
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Onepauusg nporpaMmmMmmpoBaHugd

Llenbto aToro 3agaHns 6b110 NPOAEMOHCTPUPOBaTb BO3MOXHOCTb yrpaBieHns
NOJIOXXEHNEM UCTMONIHUTENBHOIO OpraHa CeEpBOMOTOPA C MOMOLLBIO KHOMOK
ynpaeneHus. Ham noHagobunocb 006aBUTb 2 KHOMKU, YTOObI U3MEHSATb MOJIOXEHMEe
cepBOMOTOpPAa U NepegaBatb 3Ha4eHMe nonoxeHns Ha gucnnen XXKU ¢
nocnenoBaTtesibHbIM ynpasneHnem podota POP-BOT. OTu 3Ha4YeHUs MOXHO
NCMNONb30BaTb B KA4eCTBE 0OPA3LL0BbIX B 3a4a4ax yrnpaBiieHnss CEepBOMOTOPAMMU.

B Koge npoBepsnoch, HaxXaTtbl I KHOMKW, NOAK/O4YEeHHbIe K nopTam Di2 u Di4.
Ecnn 6bina HaxaTa KHomnka, noakoyeHHas Kk nopty Di2, nepemeHHas i ygenmumBana
cBoe 3HayeHme Ha 20. Ecnn 6bina HaxaTa KHomka, nogktoyeHHasa Kk nopTty Di4,
NepemMeHHas i ymeHbllana cBoe 3HadeHne Ha 20. 3Ha4yeHne 3TOW NepeMEHHOM
NCNOMb30BaOCh A1 ONpPeaesEHNs WMPUHBbI UMMYbCca yrpaBleHnss CEPBOMOTOPOM.

Mpn OOCTUXEHUN BENNYNHOW NEePEMEHHON KPaMHUX 3HAYEHUN (Kak

MakKCManbHOIo, Tak n MVIHVIMaJ'IbHOFO), Bbl3blBajlaCb (byHKLI,VIFI nogayvym 3ByKOBOIro
CUrHana, 4TOOBbI I/IHq)OpMI/IpOBaTb nosib3oBaTesid O 3aBepLueHnn onepauunn.

POP-BOT
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11 : BoamoxHoctu pooorta POP-BOT no
OOHapyXeHNI0 0OOBbEeKTOB

B pazgene 10 Mbl n3y4ynnm MeToapsl yrnpasneHnuss CEPBOMOTOPOM C MOMOLLIbIO
Hawero pobota POP-BOT. BaxHOW COCTaBHOM 4aCTblO TAKOro ynpaBieHUs SBUIachb
ounbnmnoteka SoftwareServo. B aTom pasgene Mmbl cobepemMm BMecTe Bce 3HaHUs 00
ynpaBneHnm cepsoOMOTOPaMM N O CHUTbIBAHUN MHpOPMaUUn C OaTinKkoB. B aTom
pasgene Mbl byaem ncrnonb3oBatb gatink GP2D120. Mbl npopabtoTtaem Haw POP-BOT,
Takmum 06pasoMm, YTO OH NPEeBPaTUTCA B MOOUNBHOro poboTa ansa nomcka 0ObEKTOB.

11.1 NpeBpaweHue POP-BOT B MOOGUILHOIO
po6oTa ANng noucka oobLEeKTOB.

11.1.1 Cnncok OoNONHUTENBbHbIX KOMMNEKTYIOLLMX

™ s e o

ﬂ:;.'*a’:_—-_-,;g

IIpsmoii kpenex x 4 Buntbl M3x15mMm x 2
Buarsr M3x10mMm x 4

&% o0

2MM caMope3snl X 2 Taiiren M3 x 4

33MM MeTaJIHYecKas ¢Toiika X 2

GP2D120 ¢ kaGeaem IIpsaMoyroJbHBIIi Kpemex X 2

s ¥

10MM niIacTHROBAS BTYJIKA X 2

CraHaapTHBIil cepBOABHIATE b
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11.1.2 lNMpouenypa N3MEHEHN KOHCTPYKUMM poboTa

(1) CHnmunTe BCe pgatumkm ¢ kopnyca POP-BOT. Tenepb nepen Hammn npocTenias
dopma mobunbHoro poborta POP-BOT.

(2) CHMMNTE UCNOAHUTENBHbIN KPOHLWTENH C cepBoMoTOopa. NpucoeguHute 2
MeTalIMYeCKNX CTOMKN ONNHOM 33 MM K KPerneXHbIM OTBEPCTUSM CEPBOMOTOPA C
nomouwibio 10 MM NAACTUKOBLIX BTYNOK M BUHTOB M3 X 15 MM, cornacHo ¢otorpadun,
NOMELLEHHON HUXE.

OTBEPCT“H AJIA KpelJieHHnd cepBoMoOoTOopa

33MM MeTaIHYeCKHE CTOHKH

; —

10MM miIaCcTHROBBIE BTYJAKH
Buarer M3x15MMm
(3) CMOHTUPYNTE CEPBOMOTOP C MOMOLLLID NPUCOEAMHEHHbIX Ha Wware (2) CToek B

nepegHen 4actn kopnyca poboTa, ncnonb3dys BuHTbl M3 x 10 MM. BUHTBI
HE06Xx0aMMO 3aTAHYTb CHU3Y.
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(4) NMpucoeanHUTe 2 NPAMbIX KPEMEXHbIX 31IEMEHTA K KPEMEXHbIM OTBEPCTUAM
moaynsa GP2D120, ncnonbdys BuHTbl M3 x 10 MM 1 ramnkun M3.

(5) MpucoegmHnTe 2 NPAMOYroJibHbIX KPENEXHbIX 31eMeHTa K KPOHLITENHY
CepBOMOTOpPA, UCNOJIb3YS CaMble BHYTPEHHME OTBEPCTUS U 2-MM CaMOpe3bl.

(6) Mpucoeonuunte ctpykTypy GP2D120, co3gaHHyto Ha ware (4) K KOHLaMm
NPSAMOYrOJIbHbIX KPENEXHbIX 3/IEMEHTOB.

)\

(7) NMpucoeomHnTe CTPYKTYPY KPOHLWITENHA CeEpBOMOTOpPA, ¢ aatymkom GP2D120,
CO34aHHYI0 Ha ware (6) K Bany cepsoMmoTopa. 3aTaHUTe coeanHeHne BUHTOM.
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(8) MpucoeanHnTe kabenb cepBoMOTOpPA K Bbixoay Servo nopTa 7. YoeamTtechb, 4To
CEPBOMOTOP NOAKMYEH KOPPEKTHO. M HakoHeu, nogkntounte kabenb GP2D120 k
nopty 19/SCL/AS5 po6ota POP-BOT.

(9) Tenepb nameHeHmne KoHcTpykumn POP-BOT 3akOHYEHO, 1 OH FOTOB K
NPOrpaMMmMpPOBAHUIO.
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3apaHue 17 : POP-BOT uvweT 00beKThbl

B aTOM 3agaHnn 4EMOHCTPUPYETCH, Kak nckaTb 0ObEKTbI, NepemMeLLas
KpOHWTENH cepBomoTopa. Po6ot POP-BOT, kK KOTOPOMY MOAKIOYEH OATYNK
GP2D120, pa3mMelleHHbIN Ha KPOHLUTEHE cepBOMOTOpa, OyaeT nepemMellarb
KPOHLUTENH N NPOBEPSATb PACCTOSIHUE OT AaTymka 40 NonagaloLyXca Ha NyTu ero
OBUXEHNSA 0OBbEKTOB. VimeloTcs 9 GUKCUPOBAHHbBIX MOMOXEHWN, B KOTOPbIX POOOT
OyaeT NpomM3BOAUTbL MOMCK OOBLEKTOB, Kak MOKa3aHO Ha PUCYHKE HUXe.

Tlo1o:xenne 0 Ioxo:kenne 1 Ilono:kenne 2 Ioaoxenne 3

Ioo:xenne 4

Ilo.1o:kenne 8

PoboTt POP-BOT 6yaget uMtatb 3Ha4€HME NOKa3aHMn JaTynka Ha KaXgoMm Lare
n otobpaxaTb nx Ha akpaHe SLCD16x2. NMocne npoxoxaeHnsa Bcex 9 nonoxeHun,
MUKPOKOHTPOJINEpP BbibepeT MakcumanbHOe 3HadyeHne, Kak pe3ynbTaT noucka.
MocKonbKy AaTyMK OaeT camMOe BbICOKOE 3HaYeHue O CaMmoro
O11M3KOPACNOSIOXKEHHOr0 00bEeKTa, TO B pe3ybTaTe BbiNOJHEHNSA 3TOro 3agaHmnsa POP-
BOT cmoxeT onpenenntb NpaBuiibHOE HarnpaBieHNE Ha LeNeBor 0O0beKT.

A17.1 OtkponTte IDE Arduino n co3ganTe CKeT4 C KOAOM, NOKa3aHHbIM Ha JINCTUHre
A17-1.

A17.2 MNMepeegute POP-BOT B pexum lNporpammmpoBaHunst. 3arpy3mte CKETY B
poOOT.

A17.3 OTcoegmHuTe 3arpy304Hbl kKabenb.

A17.4 3apaniTe NonoxeHme ueneBoro oowekra. Hanpumep, yron 67.5 rpagycos n
paccTtodHme 15 cm ot POP-BOT.
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/**************************************************************************

* Filename : SeekingObject.pde
* [lpemelweHne KpoOHWTeNWHa CepBOABUTraTens M NOUCK o6bEKTOB, ANs OTobpaxeHus
* Mx nonoxeHma Ha >3kpaHe SCLD
***************************************************************************/
#include <SoftwareSerial.h>
#define rxPin 16
#define txPin 16
SoftwareSerial MySerial = SoftwareSerial(rxPin,txPin);
int PosValue[] = {460,610,760,1050,1340,1500,1660,1940,2220};
// 3HauyeHUs NOMOXEeHWS Bana CepBOMOTOpPaA
int GP2[9];
int j,Maximum,MAX Point;
void setup(){
//---- Servo Motor ----//
pinMode (7,0UTPUT); // CepBomoToOp
pinMode (14,0UTPUT); // MNbe3ousnyuyaTens
pinMode (txPin,OUTPUT); // BoiBOA ynpaBnenus SLCD
MySerial.begin(9600); // 06bmeH aaHHbMM C SLCD
delay (1000);
LCD_Clear(); // LCD Clear Screen
}
void loop(){
for(j=0;3<9;j++){ // NpoxoxaeHne 9 NOMOXeHWUN’
Servo_Move(PosValue[jl); // JABwxeHue cepBOMOTOpa
GP2[jl=analogRead(5); // YTeHue 3HaueHus c GP2D120
LCD_Clear();
LCD_Show_Text (0x80,"Position");
LCD_Show (0x89,7);

LCD_Show_Text (Ox8A,":= ");
LCD_Show(0x8D,GP2[j1); // OTobpaxeHue 3HaueHus Ha 3kpaHe SLCD
delay (1000) ;

}
MAX _Point = GET_Point();
Servo_Move (PosValue[MAX Point]);
// nepemeweHne CepBOMOTOpPA B CTOPOHY Lenu.
// BblbOp MAaKCMManbHOTO M3 9 CUMTAHHBIX 3HAUEHUN
LCD_Clear () ;
LCD_Show_Text (0x80,"Selected :"); // OTobpaxeHWe MaKCUMANbHOrO 3HAUeEHUS
Ha dKpaHe XKW
LCD_Show (0x8A,MAX_ Point) ;
LCD_Show_Text (0xCO, "Value = ");
LCD_Show (0xC8,Maximum) ;
Beep () ;delay(5000);
LCD_Clear(); // OuncTtka 3kpaHa XKW
}
/** BbluncCneHne MOMOXeHUs Lenu **/
int GET_Point(){
int 1,01d=0,max_;
for(i=0;1<9;i++){
if(GP2[i]>01d) {
01d=GP2[i];
max_=1i;
}
}
Maximum=01d;
return(max_);
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/** YnpaBneHue nofioxeHnem cepBomoTopa **/
void Servo_Move(int val){
int i;
for(i=0;1<20;1i++){
digitalWrite(7, HIGH); // CkoHdurypupoBaTb nOpT 7 KakK CepBONoOpT
delayMicroseconds(val); // 3aaepxka Ansa (GopmMpoBaHuA
MONMOXMTENbHOrO MMMNynbCa
digitalWrite(7,LO0W);
delay(20); // 3aaepxka Ans (pOpMUPOBAHMA OTPULATENbBHOTO UMMNynbCa
}
}

/** OyHKUMA reHepaumnm 3BYKOBOFO CuUrHama **/
void Beep(){
int i;
for (i=0;1<600;i++){
digitalWrite(14,HIGH);
delayMicroseconds (150);
digitalWrite(14,L0W);
delayMicroseconds (150);
}
}
/** OyHkumm ana SLCD **/
void LCD_Show(int Position,int x){
MySerial.print (OXFE,BYTE); // Ouuctutb 3kpaH XKW
MySerial.print(Position,BYTE);
MySerial.print(x,DEC); // OT06pa3nTb AaHHble B AeCATUYHOW (opme

void LCD_Show _Text(int Position,char* x){
MySerial.print(OXFE,BYTE); // Ouuctntb 3kpaH XKW
MySerial.print(Position,BYTE);
MySerial.print(x); // Show text

}

void LCD _Clear (){
MySerial.print(OxFE,BYTE); // Ounctutpb 3kpaH XKW
MySerial.print(0x01,BYTE) ;

}

/**************************************************************************/

JInctunr A17-1 : dann SeekingObject.pde; ckeTty-dann Arduino ans TectmpoBaHus
Bo3mMoxHocTern POP-BOT no obHapyxeHnio 0ObKTOB
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A17.5 Bkniounte nutaHme poboTa u HabnoganTe 3a ero paboTon.

lNocne BkmoyeHuns nutaHns POP-BOT 6yaet yrnpap/isitb CEPBOMOTOPOM, YTOObI
nepemectutb gatank GP2D120 B kpariHee npaBoe rnosoxeHuve; Nonoxexne 0. OHO
cootsercTByeT yriy 0 rpaaycoB. KoHTpoanep POP-BOT c4nTbiBaeT AaHHbIE C
GP2D120 n otobpaxaet nx Ha akpaHe SLCD16x2 B cneayioLiem Buae :

Position 0:= 0 (4719 HEKOTOPbIX POBOTOB 3TO 3HAYEHUNE MOXET
ObITb APYrvM)
Janee POP-BOT nepewmelyaet aatunk GP2D120 B lNonoxenne 1 (yron 22.5
rpasayca), CHoBa CYUTBLIBAET AaHHbIe 1 OToObpaxaeT ux Ha akpaHe SLCD. [Janee pobort
OyaeT BbIMNOJIHATL TE€ Xe AeNCTBUS A0 AOCTxXeHus [TonoxeHns 8.

Honoxenne 4
Hoaoxenne 3

KNS,  [oromenne 2 L

Position B:= @ Position 1:= 7 Fosition 2:= &7 Position 3== 215 Position 4:=

. = ITeneBoii 00beKT

Hono:xenne 6

ok 5
Hoaoxenne 5 "

Honomenne 7

Fosition 8:= @ Position 7:= H Position &:= @ Position S5:= 1@

[locsie aTOro MUKPOKOHTPOJI/IEP BbIOEPET MAaKCUMasibHOE 13 9 3Ha4YeHUN
r0J10XXeHnNs1 n 0TobpasnT ero Ha akpaHe SLCD B cneaytoLueri popme:

Selected : 3
Value = 215

310 3HaunT, 410 POP-BOT 06Hapyxwui 0O6bEeKT B rosoxeHun 3. Yron éyaet
cocCTaB/isITb rNpuMepPHo 67.5 rpagycos.

/
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3apaHue 18 : POP-BOT vweT may

9710 3agaHue asngeTca mogndukauven 3aganma 17. Mel 6yaem ncnonb3oBaTtb
Hal KoA ONS pelleHns peanbHow 3anaydn. Pooot POP-BOT 6yneT nepemMeltatbecs n
NcKaTb LEeneBon oobekT — Mad. Muccusa 6yaeT cumtatbCca 3aBeplueHHom, korga POP-
BOT npmnbnuauntca K Mady, OCTaHOBUTCS U U3OACT 3BYKOBOW CUrHain.

A18.1 OTtkpownTe IDE Arduino n co3gante CkeTd C KogoM, NoKa3aHHbIM Ha JINCTUHre
A18-1.

A18.2 MNepeseagnte POP-BOT B pexunm lNMporpammmnpoBaHns. 3arpy3ute CKeTY B
poOOT.

A18.3 OTcoeagmHuTe 3arpy304Hbl Kabenb.

A18.4 Pacnonoxute ueneBown oO0bekT B N0O6OM ynobHom mecTte. [NomecTtute poboT
POP-BOT Ha none. Bkniounte poboT 1 Habnogante 3a ero paboTtom.

Po6ot POP-BOT Ha4yvHaeT yrnpas/isiTb CEPBOMOTOPOM, 4TOObI HAUTH MSIY.
lMonck HanoMuHaeT onepaumnio, PacCMOTPEHHYIO B 3aaaHun 17, HO NponcxoamnT
ObICTPEE, MOCKOJIbKY HET HEODXO0AMMOCTM OTOBpaxaTb pel3yibTatbl Ha akpaHe SLCD.
Po6ot POP-BOT 6yaet aBuratbCsi B HarpasJ/ieHUM, KOTOPOE OrpeaesnT n3
MaKCUMasibHbIX oKa3aHu Aatyvka.

Ecnn Bce nokasaHusi gatdmka okasasmcb MmeHblue 20, TO 3TO 3Ha4YUT, 4YTO B
JAaHHOM HaripaBJ/IEHUN, HA MaKCUMasIbHOM PacCTOSTHUN OOHaPYXEHUsI HET HUKaKNX
06bekToB. Po60T POP-BOT noBepHeTCsi BOKPYr, 4TOObI UBMEHUTb HarpaB/ieHne
rioncka Ha rnpoTUBOIOI0XHOE.

Kpome toro POP-BOT 6yneTt cpaBHMBaThb riokasaHusi fatdmka co 3Ha4eHnem
280, ato byaet o3Ha4atb, 4To POPBOT cyutaet M4k HavigeHHbIM. [TOCKOIbKY
3Ha4dyeHne 280 yka3blBaeT Ha BECbMa HE3Ha4YnTesIbHOEe paccTosiHne mexay POP-BOT
n msiHom. Ecnn nokasaHme gartuymka He gocturHet 3HaqdeHmnss 280, POP-BOT 6yaet
rnpoaoskaTb Mckatb Msi4, MOBTOPSISA PACCMOTPEHHbIE orepaLmn.

3HaveHne moKa3zaHHii 1aTanka > 280,

OCTAHOBKA H CHIHAJ

POP-BOT ycnewHo obHapyxun maulll
Purcanna B 9

TMPOMeRYTOUHBIX

I0JIOKEeHHSIX @\’ Z
g

JIBH:KeHHEe K MSTTY

7

(2) loBopoT B HANpAB.IEHNN MsT1a
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/**************************************************************************

* POP-BOT V1.0
* Filename : BallSeekerRobot.pde
* Monck MsivYa M nepemeweHne K Hewmy.
***************************************************************************/
int PosValue[] = {460,610,760,1050,1340,1500,1660,1940,2220}; // NonoxeHus
cepBomoTOpa
int GP2[9];
int j,Maximum,Position;
void setup(){
pinMode (3,0UTPUT); // 3nekTpoaBuratens Al
pinMode (5,0UTPUT); // 3nexkTpoaBuratens A2
pinMode (6,0UTPUT); // 3nekTpoAaBuratens B2
pinMode (9,0UTPUT); // 2OnekTpoAaBuratens Bl
pinMode (7,0UTPUT); // CepBomoToOp
pinMode (14,0UTPUT); // MNbe3onsny4yaTtens
Beep () ;
delay (2000) ;
}
void loop(){
Motor_Stop();
Servo_Home () ;
for(j=0;3j<9;j++){ // YcTaHoBKa nonoxeHus 9 TouyekK nomcka
Servo_Move (PosValuel[jl); // lBwxeHue cepBOMOTOpPa
GP2[jl=analogRead(5); // YteHue 3HaueHus c GP2D120
}
Position=MAX _Point(); // TNpoBepka ycrnoBus OTCYTCTBUS 06bEKTOB
if(Maximum<20){
Spin_Right(150);delay(600); // Pa3BopoT, eCnu 3HauyeHue MeHble <
20.
}
else if(Maximum>280){ // OnpeaeneHne MNOMOXEHUA MY
Servo_Move (PosValue[MAX Point()]);
Beep(); // ®OuHWMWHBLIA TynOK
while(1l);
}
else{
switch(Position){ // Noanporpamma noucka
case 0: Spin_Right(200);
delay(320);
Forward(200) ;
delay (400-Maximum) ;
break;
case 1: Spin_Right (200) ;
delay (240);
Forward(200) ;
delay (400-Maximum) ;
break;
case 2: Spin_Right (200);
delay(160);
Forward(200) ;
delay (400-Maximum) ;
break;
case 3: Spin_Right (200);
delay(80);
Forward(200) ;
delay (400-Maximum) ;
break;
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}

case 4: Forward(200) ;

break
case 5:

break
case 6:

break

case 7:

case 8:

}

delay (400-Maximum) ;

’

Spin_Left(200);
delay(80);
Forward(200) ;

delay (400-Maximum) ;

’

Spin_Left(200);
delay(160);
Forward(200) ;

delay (400-Maximum) ;

’

Spin_Left(200);
delay (240);
Forward(200) ;

delay (400-Maximum) ;
break;
Spin_Left(200);
delay(320);
Forward(200) ;

delay (400-Maximum) ;

/** BbluncrieHune BbIOpaHHOTrO noroxeHus **/
int MAX _Point(){

}

int 1,01d=0,max_;
for(i=0;1i<9;i++){

if(GP2[i1]1>01d) {
01d=GP2[i1];
max_=1i;

}
}Maximum=01d;
return(max_) ;

/** YnpaBneHue nNoOfOXeHWeM cepBomoTopa **/
void Servo_Home () {

}

Servo_Move (460) ;
Servo_Move (460) ;
Servo_Move (460) ;
Servo_Move (460) ;

void Servo_Move(int val){

T Mt
for(i=0;1i<5;i++){
digitalWrit
delayMicros
NOMOXUTenbH
digitalWrit
delay(20);
}

e(7, HIGH); // CkoHurypupoBaTb NOpT 7 KaK BbIXOA
econds(val); // 3anepxka Ana QopMmuMpoBaHuA

Oro umnysnbca
e(7,L0W);

Servo

// 3azepxka ANS (OPMUPOBAHUS OTPULATENbHOTO UMMYMbCa



void Forward(int speed){
analogWrite(3,speed);
digitalWrite(5,LO0W);
analogWrite(6,speed);
digitalWrite(9,LO0W);

}

void Motor_Stop(){
digitalWrite(3,LO0W);
digitalWrite(5,L0W);
digitalWrite(6,L0W);
digitalWrite(9,LO0W) ;

}

void Spin_Left(int speed){
analogWrite(5,speed);
digitalWrite(3,LO0W);
analogWrite(6,speed);
digitalWrite(9,LO0W);

}

void Spin_Right(int speed) {
analogWrite(3,speed);
digitalWrite(5,LO0W);
analogWrite(9,speed);
digitalWrite(6,LO0W);

}

/** OyHKUMA TreHepaumnm 3BYKOBOFO CurHanma **/

void Beep(){
int i;
for (i=0;1<600;1i++)

digitalWrite(14,HIGH);
delayMicroseconds (150) ;
digitalWrite(14,L0W);

delayMicroseconds (150) ;

}
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/**************************************************************************/

JInctunr A1-1 : ®aiin BallSeekerRobot.pde; ckeTtu-darin Arduino ana geMoHcTpauum Toro,

kak POP-BOT uweT un HaxoouT Mmay

POP-BOT
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Ta6nuua cokpawieHnii, NCrnoJib30BaHHbIX B PYKOBOACTBE

CokpaweHue
Pycckoe AHrnumckoe Pacuwmdposka
ALLM ADC AHanoroBo-un$poBon npeobpasoBaTenb
XKKW LCD KnakokpucTanmyeckum nHamkaTop
NK IR NHppakpacHbIn

OnepaTtmBHOE 3anoOMUHaloLLEee YCTPONCTBO

o3y RAM (3anomMunHalouLee yCcTpomMCTBO C NPOU3BOJIbHOMN
BbIOOPKOWA)

na3y ROM [MocTosiHHOE 3anomMuHaloLlee yCTPOMUCTBO

CcO3Y SRAM CTaTMjeCKoe onepaTmMBHOE 3arnomMuHalroLlee
YCTPOWCTBO

LWINM PWM LLInpOTHO-nMNynbCHaa Moaynauus

SNeKTPUYECcKn nepenporpaMmMmmpyemMoe

M3y EEPROM -
NOCTOSIHHOE 3anoMuHalollee yCTPONCTBO

AC lMepeMeHHbIN TOK

API MprknagHoOW NONb30BaTENbCKUIN NHTEPENC
DC MOCTOSAHHBIN TOK

ISP BHyTpucxemMmHoe nporpamMmmpoBaHue

LED CeeTouanyyalowmin gnoa, CBeToauoa,

RPM O60opOoTbl B MUHYTY

SLCD Xunakokpuctannmiyecknin nHanKaTop ¢
nocriegoBaTeflbHbIM NHTEPPENCOoM
TTL TpaH3nCTOPHO-TPaAH3UCTOPHAas Jlorvka





