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PykoBoacTBo nporpammucta ArFABA MK-40

1 BBepeHue

PyKoBOACTBO MO 3KCMyaTaumm COOep>XX1UT cBeneHus, Heobxonnmele ansa obecnevyeHuns
npaBUIbHOM 3KCMJyaTaunm U NOJIHOrO NCNOJIb30BaHNA TEXHUYECKUX BO3SMOXHOCTEN
npoMbliLIeHHOro KoHTpoJsiiepa AIABA TMK-40, nanee no tekcty NMPUBOP, TJIK nnn KOHTPOJIJIEP.

Pa3paboTka npuno>xeHunm ans KoHTpossiepoB cepun AIFABA MK npegnonaraet ncnonb3oBaHue
SDK B BMAe BMPTyasibHON MalUMHbl C YCTaHOB/IEHHbIM NPOrpaMMHbIM obecrnevyeHnemM.

1.1 WUcnonb3yeMble TEPMUHbI U COKpaLLLeHuUs

SDK - Software development kit - kKoMnaeKT cpeacTB pa3paboTKu NPUNOIKEHUI

SSH - Secure Shell - NpoTOKON 3aLLMLLEHHOrO MOAKIOYEHNS

BM - BupTyasbHaa MmawmnHa

MNAK - nporpaMMupyeMbil TOrUYECKUA KOHTPOAAEP (MPOMbILLIEHHbBIA KOHTPONEP);

OC - onepaumoHHasa cucTema;

MO - nporpamMmMmHoe obecrnevyeHune;

O3Y - onepaTnBHOE 3arnoMuHaloLLee yCTPONCTBO;

@®C - cannoBas cmctema.

2 Ha3HaudeHue

MpombineHHbIN KoHTpoiep ATABA MK-40 npegHa3sHa4vYeH A5 co3faHns CUCTEM
aBTOMaTU3NPOBAHHOIO YMpPaBAEHUS TEXHOIOrMYeckM 06opyaoBaHNEM B pa3IM4HbIX 061acTax
MPOMbILLIEHHOCTHN, XUJULHO-KOMMYHaJIbHOrO U CeJIbCKOro X03AMCTBa.

JNlornka paboTbl KOHTpOJIEPa onpepenseTcs noTpebutenem B Npouecce NPorpaMmMmnMpPoOBaHms
KOHTpoJuiepa. MNporpaMMupoBaHue OCyLecTBASAETCA C MOMOLLBIO pa3/iInyHbIX CPencTB
pa3paboTkn c ncnosbloBaHnem KkomnunstTopos C/C++.

3arpyska npoekTa B nNpubop 1 ero oTnaaka NponseoasaTcs Yyepes nHTepdeic Ethernet.

3 HacTpouka npubopa

Ha ypoBHe onepaunoHHON CUCTEMbI Npnbop nMeeT halsioBble pecypcCbl U CUCTEMHYIO KOHCO/b. B
hannax cogepxunTca Heobxogmnmasa nHpopMaumnsa ansg pabotsl OC 1 NONb30BaATENILCKOIr0
MPUKIagHOro NnporpaMmmHoro obecneyeHme. KoHCoNb CAYXUT OS5 UHTEPAKTUBHOIO
B3anmopencteus ¢ OC (BbimosiHeHNSA KoMaHa OC v T.n.).

dannoBas cuctemMa CocTouT 13 cuctemHon ®C 1 moHTUpyemon ®C, KoTopas AOCTYyMNHa Kak Ha
yTeHue, Tak 1 and 3anucull], uMmetowasa cneayole To4KU MOHTUPOBAHNS:

/run/media/mmcblk* onsa SD-kapTbl;

/run/media/sda* gna n USB-cnew;

docs.kb-agava.ru cTp. 23 15


https://docs.kb-agava.ru/view/%D0%A8%D0%B0%D0%B1%D0%BB%D0%BE%D0%BD:%D0%A0%D1%83%D0%BA%D0%BE%D0%B2%D0%BE%D0%B4%D1%81%D1%82%D0%B2%D0%BE_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%81%D1%82%D0%B0_%D0%90%D0%93%D0%90%D0%92%D0%90_%D0%9F%D0%9A#_ftn1

PykoBoacTBo nporpammucta ArFABA MK-40

CncTeMHast KOHCOJIb HAXOAUTCS Ha NocsiefoBaTeNbHOM rnopTe RS-232. MNapameTpbl TepMUHana
019 KOHCONN crneaytlowme:

CkopocTb (6uT/C): 115200

BuTbl faHHbIX: 8

YeTHOCTb: HeT

CtonoBble 6UTHI: 1

YnpaBsieHne noTokoM: HeT

CoegunHeHne KoOHTpoJIJiIepa C NepPCoHaiIbHbIM KOMMbOTEPOM MO UHTepdency RS-232
MPOM3BOANTCA HY/Ib-MOAEMHbIM Kabenem.

Mpw 3arpy>xeHHon OC, MOAKIIOYEHHON N HAaCTPOEHHOW CEeTU JOCTYN K CUCTEMHON KOHCON
MO>XHO MoJly4nTb No SSH.

lMpaBa agMUHUCTpaTOpa 4S5 BXoAa rno SSH:
JloruH: root

Maposb OTCYTCTBYET

3.1 YcTaHOBKa BpeMeHMu U aaThbl

[na ycTaHOBKM BpeMeHW 1 AaThl cJiegyeT BOCMO/Ib30BaTbCA KOMaHA0M:

date MMDDhhmmYYYY

roe

e MM - mecsau (1-12);

* DD - yucno (1-31);

* hh - yacs! (0-23);

* mm - MUHYTHI (0-59);
* YYYY - roga.

[Ons coxpaHeHUs yCTAaHOBJIEHHOIrO BPEMEHM U AaTbl B YaCbl peasibHOro BPEMEHU BOCMOJIb3YNTECh
KOMaHOom:

hwclock —w

Mpn NoOkIYeHUN KOHTposiepa K ceTu Ethernet n Hannymm Boixoaa B IHTepHeT, nponucxognT
CUHXPOHMN3aLINA BPEMEHWN C CEPBEPAMUN TOYHOI O BPEMEHMN.

YacoBoW nosic ycTaHaBAnBaeTcs B panne /etc/profile nytem 3agaHna nepeMeHHON OKPYXKEHUS
TZ. Hanpumep, export TZ="STD-5" (ana EkaTepuHbypra).

3.2 Joctyn K ¢hannaM KOHTpoJiepa

JocTyn K channam n pecypcam KoOHTpoJsisiepa npu 3arpy>xeHHon OC (B T.4. 3aNyLEHHON CUCTEMBI
ncnonHeHmns CODESYS) MOXXHO Nony4uTb crnefyowmmm cnocobamu:

* yepes CUCTEMHYI0 KOHCOJIb Ha nopTe RS-232;
* yepes CUCTEMHYIO KOHCOJIb SSH-cepBuCa;
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PykoBoacTBo nporpammucta ArFABA MK-40

* yepes sftp-cepsep;

Onsa poctyna K daniaM KOHTposiepa Yepes sftp-cepsep cnenyeT nonb3oBaTbcsa Unix-
coBMecCcTUMbIM sftp-knnentom. MNog OC Windows 3To MoxeT bbiTb, Hanpumep, WinSCP, Total
Commander n T1.n.

Onsa Toro 4tobbl MMeTb gocTyn K SD-kapTe 4yepe3 USB-uHTepdenc, Heobxoammo 3arpysmTb
MoAayNb g mass_storage.ko. MNpu noakn4eHNn KomneoTepa K pasbemy USB-OTG npubopa, Ha
KoMMblOTEPe MOABUTCH CbEMHbBIN AUCK C cOAepXUMbIM SD-KapTbl. Tak>Ke 3arpyska AaHHOro
Moaynsa Heobxogmma ona nogknoveHns K pasbemy USB-OTG apyrux yctponcts (USB-chnew n
T.M.).

modprobe g mass storage file=/dev/mmcblk0

3.2.1 HacTpo#Ka ceTeBOro gocryna
Mo ymonyaHuio Mprnbop HacTpoeH Ha NoJslyvyeHne ceTeBoro agpeca ot DHCP-cepsepa.

MpocmoTpeThb IP-agpec n opyryto ceTeByto KOHUrypaLuto ansa Bcex nHTepgerncos Ethernet
MO>XHO 13 KOHCONM, HabpaB KOMaHAY:

ifconfig

root@agava6432 40:~# ifconfig
eth0 Link encap:Ethernet HWaddr A8:1B:6A:48:71:93
inet addr:192.168.10.215 Bcast:192.168.10.255 Mask:255.255.255.0
inet6 addr: fe80::aalb:6aff:fed48:7193%132688/64 Scope:Link
UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:1
RX packets:865 errors:0 dropped:16 overruns:0 frame:0
TX packets:98 errors:0 dropped:0 overruns:0 carrier:0
collisions:0 txqueuelen:1000
RX bytes:75565 (73.7 KiB) TX bytes:13702 (13.3 KiB)
Interrupt:173

lo Link encap:Local Loopback
inet addr:127.0.0.1 Mask:255.0.0.0
inet6 addr: ::1%132688/128 Scope:Host
UP LOOPBACK RUNNING MTU:65536 Metric:1
RX packets:6 errors:0 dropped:0 overruns:0 frame:0
TX packets:6 errors:0 dropped:0 overruns:0 carrier:0
collisions:0 txqueuelen:1
RX bytes:540 (540.0 B) TX bytes:540 (540.0 B)

usho Link encap:Ethernet HWaddr 46:10:3A:B3:AF:D9
inet addr:192.168.7.1 Bcast:192.168.7.3 Mask:255.255.255.252
UP BROADCAST MULTICAST MTU:1500 Metric:1
RX packets:0 errors:0 dropped:0 overruns:0 frame:0
TX packets:0 errors:0 dropped:0 overruns:0 carrier:0
collisions:0 txqueuelen:1000
RX bytes:0 (0.0 B) TX bytes:0 (0.0 B)

root@agava6432 40:~#

3agaTb cTaTudeckun IP-agpec nHtepgeca eth0 moxxHo B haline /etc/systemd/network/10-
eth.network, Hanpumep:
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PykoBoacTBo nporpammucta ArFABA MK-40

[Network]

DHCP=no
Address=192.168.10.100/24
Gateway=192.168.10.10

Onsa pefakTupoBaHMa harla MOXXHO BOCMOJIb30BaTbCA BCTPOEHHbLIM (haslIoBbIM MEHe)KepoM mc,
nmbo ycTaHoBUTL nMoakatoyeHne K Mpubopy Yyepes USB nHTepgenc (agpec MK - 192.168.7.1) no
npoTtokony SFTP n namennts thann nmeowmmca B OC TEKCTOBBIM pelaKTOPOM.

4 AnnapaTHble pecypcCbl KOHTpoJsJiepa

4.1 3BYyKOBOM M3BeLLaTeslb

Ldpansep perncTpnpyeTcs Kak yCTponcTBo /sys/devices/beeper. Ins nofaym 3ByKOBOro curHana
BBEAUTE B TEPMMHANIE KOMaHAY:

echo -en "\07" > /dev/tty5

4.2 CBetoamopbl

[dpaniBep pernctpmpyeTcs Kak yCTpPonCcTBO /sys/class/leds. B kaTanore npucyTCTBYIOT YCTPONCTBA
018 ynpaBieHns COOTBETCTBYHOLWMMN CBETOAMOAAMMU:

agava:work:green - 3eneHbin ceeToauon "Pabota";
agava:fault:red - kpacHbIn cBeToauog "ABapusa";
agava:programm:green - 3efieHbli cBeToamon "lMporpamma’;

agava:work_usr:red - KpacHbIN NoJSib30BaTeNbCKUI cBeToamon " PaboTa " (Mo-ymMmonyaHuio
HacTpoeH Ha cobbiTne mmcO - ynpasneHune oT gpaneepa SD-KapThl);

agava: fault _usr:green - 3eneHbll NoJSIb30BaTeNIbCKNI cBeTOoaMo " ABapus ";

agava:prog_usr:red - KpacHbI NoJsib30BaTesibCKUM ceeToauon " Mporpamma " (No-yMosiHaHUIO
HacTpoeH Ha cobbiTne usb-host - ynpaesneHue ot gparnBepa xocta USB);

Ona BkaoYeHnsd, HanpuMep, ceetTogmnona "Mporpamma”, n3 TepMruHana Hy>KHoO nogaTb KOMaHAOy
echo 1 > /sys/class/leds/agava:programm:green/brightness.
Onsa BbIKJOYEHUS:

echo 0 > /sys/class/leds/agava:programm:green/brightness.

4.3 EEPROM
Pernctpupyetcsa Kak ycTponcTso /sys/bus/i2c/devices/0-0050/fram.

Ona npoBepKn 3anucu Heobx04NMO BbINOJHUTL KOMaHAbI:

cd /sys/bus/i2c/devices/0-0050
echo "TEST" > eeprom
head -c 300 eeprom | hexdump -C
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PykoBoacTBo nporpammucta ArFABA MK-40
Y6enonTbCA, 4TO 3anMcanacb cTpoka "TEST".

4.4 RTC

YCTaHOBUTb CUCTEMHOE BPEMSA KOMaHOOW:
date -s "2016-06-28 17:47:00"

3anucaTb Bpems B RTC koMmaHaon:
hwclock -w

BbIKN04YNTb KOHTpPOIIEpP. Yepe3 1 MUHYTY BKJIIOYMTb KOHTPOJIIEpP, KOMaHaon date ybeanTbcs,
YTO YCTAHOB/IEHO NpPaBUJIbHOE CUCTEMHOE BpeMs.

4.5 NAND flash (onsa ncnonnenusa ¢ NAND flash)

Ona nposepkun pyHKumoHmposaHmsa NAND flash HY>KHO BbINONIHUTb KOMaHAY:

nandtest -p 1 /dev/mtd9

Y6enuTtbcs, 4To TecT npowen 6e3 ownbok (Finished pass 1 successfully).

4.6 Mopacsetka TFT

Ona ymMeHbLUeHNA YPOBHS MOACBETKU 3KpaHa BbINOJIHUTE KOMaHAy:
echo 1 > /sys/devices/platform/backlight/backlight/backlight/brightness
Ona ymeHblLUeHNA YPOBHSA MOACBETKU 3KpaHa BbINOJIHUTE KOMaHAy:

echo 8 > /sys/devices/platform/backlight/backlight/backlight/brightness

4.7 Touchscreen

[na NnpoBepKn TauCKpUHa, NOAKIIIOYEHHOMY K BCTPOEHHOMY B MPOLIECCOP KOHTPOIEPY,
BbIMOJIHUTb KOMaHAY:

evtest /dev/input/touchscreen®
nnun
evtest /dev/input/by-path/platform-TI-am335x-tsc-event

Ha)xnmas Ha 3KpaH, MOXXHO y6eANTLCS, YTO PErMCTPUPYIOTCA COOTBETCTBYOLWME COBLITUS.

Onsa KanmbpoBKW TayCKpUHa Npu UCNOJIb30BaHUK rpaduyeckon cnctemol Weston, Heobxoanmo
yhoannTb annbl, BbIMOJAHUB clegyouwme KoMaHabl:

rm /etc/udev/rules.d/ws-calibrate.rules
rm /run/media/mmcblkOpl/ws-calibrate.rules
reboot
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4.8 lMocnepoBaTesibHbIE NOPTHI

MocnepoBaTeNbHbIE MOPThlI PEFUCTPUPYIOTCH B CUCTEME KaK ycTponcTBa /dev/ttyS0 - /dev/ttyS3.
YcTponcTtso /dev/ttySO - nokanbHasa WWHa ANS CBA3U C MOAYNAMMU.

YcTponcTso /dev/ttyS1 - RS-232 (cMcTemMHas KOHCOJb).

YcTponcTso /dev/ttyS2 - nopT RS-485 Nel.

YcTponcTso /dev/ttyS3 - nopT RS-485 Ne2.

N3 TepMnHana CUCTEMHOW KOHCOIM MOXXHO BbIMOJIHUTb KOMaHAy YCTaHOBKW CKOPOCTW MopTa
1200 6buT/cek:

stty -F /dev/ttySO 1200
nnm 230400 6uT/cek:
stty -F /dev/ttySO 230400

[N BKAKOYEHNA N NPOBEPKK annapaTHOro KOHTPOAA ynpassieHns notokoMm RTS/CTS noganTte
KOMaHA4y:

stty crtscts -F /dev/ttyS0O
BbIk/tOYEHME annapaTHOrO KOHTPOS:

stty -crtscts -F /dev/ttySO

4.9 Ethernet

PaboTa nopTta Ethernet nogaoep>xmBaeTcs onepauMOHHON CUCTEMOW, NOJIb30BaTE/0 AOCTAaTOYHO
ncnosb3oBaTb UHTepdenc eth0 nnu gpyronm, ecnm bbina NponsBefeHa CMEHA UMEHMU
MHTepdenca.

4.10 USB OTG

MopT USB OTG hyHKLMOHMPYET MNpun 3arpy>KeHHoM MoayJse ragxeta g mass_storage.ko. OAns
3arpyskm Mmoayns Heobxoanmo BbIMOSHUTb KOMaHAY:

modprobe g mass_storage file=/dev/mmcblk0

Mocne yero NOAKNOYNTbL KOHTPOJIIEp Kabenem miniUSB/USB kK komnbloTepy, ybeanTbcs, 4To Ha
KOMMbloTEpPE NOSABUTCHA HOBbINM AUCK - SD-KapTa, yCTaHOBJ/IEHHAsi B KOHTpPOJJ1epe.

Ons npoBepku pexxnma USB host HeobxoaMMo NoAKA4YNTb K KOHTposanepy kabens OTG, B
KOTOpbLIA YCTaHOBUTb USB-thnew. Y6eanTbcs, 4To e onpeaensieTcsa KOHTPOJIIEPOM.

4.11 dpeumbydcdep n BUpTyasbHas KOHCOJb

Openmbydep peructpmpyeTcs Kak yctponctso /dev/fb0. TeKCT Ha 3KpaH BbIBOAUTCSH Yepes
BUPTYaJibHYIO KOHCOJb /dev/tty0.

Ons npoBepku paboTbl hperimbydepa 1 BUPTYyanbHON KOHCOIN BbIMOJIHUTL KOMaHAY:
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PykoBoacTBo nporpammucta ArFABA MK-40

echo '12345' > /dev/tty0

Mpwn aTOoM Ha XKKU-3KpaHe KOHTpoJIJ1epa O0JIXKEH NOABUTLCA TEKCT 12345.

4.12 Cybmopynm

HocTyn K curHanam, obpabaTbiBaeMbiM CybMOAYy s iMU, OCYLLLECTBASETCS No nNpoTokony Modbus-
RTU. OnucaHune peanusaunm npoTokosa obMeHa NpnBeaeHO B OTAENbLHOM JOKYMEHTE.

5 HacTpouka BMpPTyaJZibHOM MALLUUHbI

5.1 Bxom B BM

Ons Bxoga B BM ncnonb3synte cieaytlouwine peKBU3nNTLI:
Monb3oBaTesib: user

Maponb: user

5.2 HacTtpomuka ceTeBOro B3aMmMoaenucTBUA

Onsa nookntoyeHns BM K nOKasibHOM BbIYNCNTENBHON CEeTU Kak NnosiHoueHHoro MK mMoxeT
notpeboBaTbCsa n3MeHeHue IP-aapeca.

Ons pa3oBoro 3agaHus IP-agpeca MallnHbI, 4ENCTBYIOLLEro A0 nepe3arpy3ku, BOCNOb3YNTECH
KoMaHgon (noTpebyeTcs BBOA NapoJsis Nosib3oBaTens):

sudo ifconfig eth® <address> netmask 255.255.255.0
Onsa 3afaHnsa NOCTOAHHOIO agpeca oTpedakTupymnTe ann /etc/network/interfaces:

# interfaces(5) file used by ifup(8) and ifdown(8)
auto lo
iface lo inet loopback

# The primary network interface
auto etho

iface ethO inet static

address 192.168.10.42

netmask 255.255.255.0

gateway 192.168.10.10
dns-nameservers 192.168.10.10

6 Pa3paboTka nonb3oBaTeNILCKOro NPuUKAa[HoOro
nporpaMMHoro obecne4yeHms ¢ MCNOJib30BaHUEM
komnunatoposB C/C++

OaHHbIN pa3gen npegHa3HadeH aas crneunanncTos, obnagarowmx 3HaHnamm a3blka C/C++, a Tak
»Ke onbIToOM CHOPKU MPUNOXKEHWNIA C UCMOJSIb30OBAHMEM CUCTEMbI Make.
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[eTanbHoe onucaHue nopsaka pa3paboTKy NpuoXXeHnin Ha Aa3bikax C/C++ npnBeneHo B
cooTBeTCTBYOLWEN nnTepaType (cM. pasagen 9). Huxe onucebiBaloTCa AENCTBUSA, CrieunduyHble
0na KoHTponnepos AFABA Ha 6a3e OC Linux RT 4.4.

Onsa Havana paboTbl HEOBXOAMMO YCTAaHOBUTbL BUPTYaibHyo MawunHy VMWare Player ¢ OC
UBUNTU 14.04, B KOTOpPOW y>Xe yCTaHOBJIEHO BCe Heobxoanmoe nporpamMmmHoe obecrnevyeHune:

* KpocckomnunaTtop C/C++
* SFTP KnneHT

* SSH Server

* Qt Creator

6.1 Pa3paboTka NnpocToro Nnpuyio>XXeHus C UCNoJiIb30BaHUEM CUCTEMbI
c6opku make B cpepe Linux

Pa3spaboTaem HeboJbLLIOE NPUIIOXKEHME, UCTOMb3YIOLLEe annapaTHoe obecrnevyeHre KOHTpPoIepa
ATABA 6432.40.

MpunoxxeHue 6y,D,eT rnoo4yepenHo BK/KOHYaTb N BblK/IIO4YaTb BCE MMeWmnecda ceetTogmnobl, a Tak
XKe cBeTognoabl noacBeTKN gucnnes.

McxoaHble TEKCThI MPUIOXKEHUSA OOCTYMHbI B BUPTYaJZibHOM MalmnHe No agpecy: File://home/user/
applications/LEDTest

6.1.1 Co3paHue Makefile

Bocnonb3yemcsa rotosblM 0cHOBHbIM makefile, conepxxawmmcs B parine “Makefile” B kaTtanore
LEDTest. Onuncanmne npuHUMnoB co3gaHnsa makefile npuBeaeHo B COOTBETCTBYIOLWEN InTepaType
(cm. pa3sgen 9). OcHoBHOM makefile KpoMe NPOYNX MHCTPYKLUUIA COQEPXKUT YCTAaHOBKY NMEHM
harna BbIXOAHOIO MPUJIOXKEHUSA, @ TaK XXe MMeHa (haloB, CoaepKallnx NCXOAHbIE TEKCTHI.

OcHoBHoOM makefile pononHAT ABa AonosHUTENbHbIX: debug.mak u release.mak ons
OT/Ia04HON 1N PEesI3HON BEPCUIN MPOrpaMMbl COOTBETCTBEHHO. B gononHnTenbHbix makefile
YKa3bIBalOTCHA NYTU OO KPOCCKOMMUAATOPA, K0YN KOMOUAALNN N JINHKOBKW.

6.1.2 Co3paHue TeKCTa NporpaMmsbl.

Hanuwem oCHOBHON KO NPUIOXKeHUs Ha sa3blke C++4, n nomectum ero B pann «LEDTest40.cpp»

6.1.3 COopka npuyio>KeHus
Ons cbopkm NprnnoxeHns 3anycTm KomaHay make B AUPEKTOPUM C UCXOAHBIMU TEKCTAMU:
user@ubuntu:~/applications/LEDTest40$ make

Mo ymon4yaHuio cbopka byneT BbiNOSIHEHA B BapuaHTe Debug, To eCTb € AONOAHUTENLHON
0T/N1af04YHON NHopMaLmen.

Mpun cbopke NPUNOIKEHUA B KOHCO/b BbIBOAMTCS MHMOPMaLUs 0 npoLecce c6opku, owmbkax u
T.A.:

user@ubuntu:~/applications/LEDTest40$ make
/home/user/ti-processor-sdk-linux-rt-am335x-evm-03.03.00.04/1linux-devkit/sysroots/x86 64-
arago-linux/usr/bin/arm-linux-gnueabihf-g++ -std=c++11 -fexceptions -ggdb -ffunction-sections
-00 -DDEBUG=1 -c LEDTest40.cpp -o Debug/LEDTest40.0 -MD -MF Debug/LEDTest40.dep
/home/user/ti-processor-sdk-linux-rt-am335x-evm-03.03.00.04/1linux-devkit/sysroots/x86 64-
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arago-linux/usr/bin/arm-linux-gnueabihf-g++ -o Debug/LEDTest40 -Wl,-gc-sections -Wl, - -start-
group Debug/LEDTest40.0 -Wl,--rpath='$0RIGIN' -Wl,--end-group

Ons cOopKM penmsHoro BapMaHTa NPUIoXKeEHUs 3anycTumMm make C ykasaHueM BapuaHTa cOopKu:

CONFIG=RELEASE make

C60pKa NMPUIOXKEHNA B 3TOM BapunaHTeE 6yp,eT npomnsBeneHa aHalorM4HoO npeabinoyuiemy.
6.2 Pa3paboTka npocToro npusio>XXeHusa C MCNoJib30BaHMEM CpencTB
Visual Studio u VisualGDB B cpene Windows

Ncnonb3oBaHme VisualGDB no3BoAUT 3HaAYMTENbHO NMOBLICUTL YA06CTBO U CKOPOCTb pa3paboTku
MO ponsa koHTponnepos ¢ OC Linux, Tak Kak pefakTUpoBaHUE TEKCTOB 1 OT/lajKka BeAeTCA B
cpegne Visual Studio.

Ons Havana paboTbl HeobxoanMmMo ycTaHoOBUTL Ha K ¢ Windows nporpammHoe obecneyeHune
OOTMOJIHNTENIbHO K TOMY, 4YTO yKa3aHo B . 0:

* VisualGDB
* Visual Studio 2013

6.2.1 Co3paHue npoekta VisualGDB

Mocne yctaHoBkM Heobxoaumoro MO co3paaum npoekT ansa VisualGDB, koTopbin BygeT XxpaHUTb
CO3[1aBaeMoe HaMU NpUNoXKeHune.

OTkpbiBaeM Visual Studio. U ngem B MmeHto File->New->Project

Bbibnpaem VisualGDB -> Linux Project Wizard. Yka3biBaeM nanky A5 MPOEKTa U UMs NPOeEKTa.

Ha naHHOM 3Tane BblbpaHHbIe MapaMeTpbl OCTaBAseM 6e3 n3sMeHeHus:

Ha>xnmaem «Next»

HacTpavBaeM napaMeTpbl, KaK YKa3aHo Ha pPUCYHKe HUuXe:

Mpun HacTporike nons «Remote computer» BoibMpaeM NyHKT «New connection». MOSBUTCSA OKHO C
napamMeTpamMn coeanHeHUs. 3anosiHseM MNoJsl, Kak yKa3aHo Ha PUCYHKe HUXKe:

Ha)xumaem «Create». Npn nepBoM NoAKIOYEHUN NOABUTCS OKHO:

Ha>xnmaem «Remember ...» 1 elle pa3 NnoATBEP>XAAaEM CBON HaMeEpPEHUS.
Mpw 3anonHeHun nons «Remote toolchain» Beibupaem nyHKT «Specify toolchain manually by

locating gdb» n yka3sbiBaeM MecToHaxoxxaeHue gdb B (hainsioBon cncteMe BUpTYyasibHON MalUUHbI:

Haxxnmaem «Open» 1 BO3BpaLLAEMCsl K OKHY HAaCTPOMKK coeamHeHnin. Haxxnmaem «Next»
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MponcxoanT coeauHeHne C BUPTYasibHON MALUMHON U LEeNieBbIM YCTPONCTBOM. B cnyyae
Hernonanok bynet otobparkeHo coobuieHne 06 OTCYyTCTBMM CBA3W.

[anee nget npoeepka LEIEBOro YCTPOMCTBA Ha Haan4mne Bcex HeobXxoAUMbIX KOMMNOHEHTOB:

lMpwn NpoBepke MoXeT 06Hapy)KI/ITbCﬂ HecoBMNaLeHne nepeMeHHbIX OKpy>XeHus. B aTom cnyyae
NMnoABUTbLCA OKHO:

Cornacurecb Ha npenJsloXKeHHble BapuaHTbl UCMpaBJeHNa N HaxxMnTe «OK»

Oanee Bbibpaem nyHKT «Store source files on Windows computer»:

Ha sTane conocTaBneHus I'IyTeIZ MOXHO HN4Yero He MeHATb.

Haxxnumaem «Next»

Ha>xnmaem «Next»

Haxxumaem «Finish». Co3gaHne npoekTa Ha 3TOM 3akoH4eHo. anee Visual Studio cosgacTt
pelleHne, coaep>kalliee oAnH NPOEKT, MapaMeTpbl KOTOPOro Mbl TOJIbKO YTO 3aKOHYMAN
HacTpauBaTb.

Mo3gHee BCe HAaCTPOMKM NPOEKTa MOXXHO U3MEHUTb, BbIbpaB B MeHI0 KoMaHAay «Project->
VisualGDB Project Properties».

Tak e npu pa3paboTke NpoekTa nHorga TpebyeTcs n3MeHNTb NapamMeTpbl COOPKY,
onTuMmnsaumm, ykasaTb Tpebyembie 6ubnmoTekn n T.4. 3T NapaMeTpbl HEO6X0ANUMO yKa3aThb B
makefile pna cooTBeTCTBYIOWEro BapnaHTa cbopkun: Debug - debug.mak, Release - release.mak.
dPannbl makefile MOXKHO OTKpPbITb Yepe3 0KHO «Solution explorer».

6.2.2 HanonHeHue npoekKTa KOgoMm
Mepengem K HaNOJHEHUIO NPOeKTa NPOrpaMMHbIM KOLOM.

OTKpoeM OKHO «Solution explorer», cogep>kallee Bce ansibl Halero NpoekTa, 0OTKpoeMm dann
«LEDTest.cpp». ®ann coaep>XnT TEKCT NpuMepa:

#include <iostream>
using namespace std;

int main(int argc, char *argv[])

{

char sz[] = "Hello, World!"; //Hover mouse over "sz" while debugging to see its
contents

cout << sz << endl; //< Put a breakpoint here

return 0;
}

3aMeHNM BeCb MMEKLWMNCA TEKCT Ha TEKCT Hallen nporpaMmbl.
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#include <stdio.h>
#include <stdlib.h>
#include <fcntl.h>
#include <unistd.h>
#include <linux/fb.h>
#include <sys/ioctl.h>
#include <errno.h>
#include <string>
#include <string.h>
#include <vector>

using namespace std;
using std::vector;
using std::string;

int g iMode = 0;

int TestLEDs()

{
vector<string> arrDevices;
arrDevices.push_back("/sys/class/leds/agava:work:green/brightness");
arrDevices.push back("/sys/class/leds/agava:work usr:red/brightness");
arrDevices.push back("/sys/class/leds/agava:fault _usr:green/brightness");
arrDevices.push back("/sys/class/leds/agava: fault:red/brightness");
arrDevices.push back("/sys/class/leds/agava:programm:green/brightness");
arrDevices.push back("/sys/class/leds/agava:prog usr:red/brightness");
char val;
FILE* f = NULL;
int fd = -1;
for (int t = 0; t < arrDevices.size(); t++)
{
f = fopen(arrDevices[t].c_str(), "r+");
if (f != NULL)
{
val = 0x31;
fwrite(&val, sizeof(char), 1, f);
fflush(f);
usleep(1000000);
val = 0x30;
fwrite(&val, sizeof(char), 1, f);
fclose(f);
}
else
{
printf("Error opening led device %s.\n", arrDevices[t].c_str());
}
}
return 0;
}

int main(int argc, char **argv)

{
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printf("LEDTest: AGAVA6432.40 leds testing program.\n");
TestLEDs();

return 0;

6.2.3 COopka npuJyio>KeHus
CkoMnunmpyem NpoekT: BbibnpaeM koMmaHay «Build->Build Solution».

B oKHe BbIBOZa NOABUTCS TEKCT:

1>------ Build started: Project: LEDTest, Configuration: Debug Win32 ------

1> VisualGDB: Sending 6 updated source files to build machine...

1> VisualGDB: Run "make CONFIG=Debug" in directory "/tmp/VisualGDB/d/LEDTest/LEDTest/LEDTest"

on user@192.168.10.42 (SSH)

1> mkdir Debug

1> /home/user/gcc-linaro-6.3.1-2017.02-x86 64 arm-linux-gnueabihf/bin/arm-linux-gnueabihf-g++

-ggdb -ffunction-sections -00 -DDEBUG=1 -c LEDTest.cpp -o Debug/LEDTest.o -MD -MF Debug/

LEDTest.dep

1> /home/user/gcc-linaro-6.3.1-2017.02-x86 64 arm-linux-gnueabihf/bin/arm-linux-gnueabihf-g++

-0 Debug/LEDTest -Wl,-gc-sections -Wl, --start-group Debug/LEDTest.o -WL,--rpath="'$0RIGIN'
-Wl, --end-group

========== Build: 1 succeeded, 0 failed, 0 up-to-date, 0 skipped ==========

MpuBeOEeHHLIN TEKCT COAEPXKUT MOPAAOK OENCTBUN CUCTEMBI NpU COOPKE NPUNOIKEHUNS:

* OTNpaBKa WecTn hangoB C NICXOAHbIMW TEKCTAaMU Ha MawnHy cbopkn No agpecy
192.168.10.42
» cbopka npuno)xxeHna B BapmaHTe Debug Ha MawwnHe cbopkm 192.168.10.42

C6opka 3aBeplueHa, 04HO NPUIoXKeHne cobpaHo yCrneLHo.

6.2.4 OTnapka npunoxxeHua B cpepe Visual Studio
Mocne ycnewHom KOMNUAALMN NPUIOXKEHNA MOXHO NepenTn K oTnagke.
MocTaBmM TO4YKY oCTaHoOBa (KnaBuwa F9 no ymonyaHuio) Ha CTpOKe:

f = fopen(arrDevices[t].c_str(), "r+");

BbizoBeM koMaHAy «Debug->Start debugging with GDB». [M0SABUTCH OKHO NOAKJIIOYEHUS K
LesieoMy YCTPONCTBY:

Mocne nogknoyveHnsa GDB knneHTa K GDB cepBepy Ha KOHTpOJiepe Ha4YHeTCa oThajkKa
MporpaMmbl U MpU AOCTUXKEHUN MeCcTa C TOYKOW OCTaHOBa BbiNOJsIHEHME ByaeT NPMOCTaHOBJIEHO.

BbiBOO KOHCONW:

Process /tmp/LEDTest40 created; pid = 640
Listening on port 2000

Remote debugging from host 192.168.10.42
LEDTest: AGAVA6432.40 leds testing program.
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OTKpoeM okHo Watch 1, BHeceM B CMUCOK OTCJ/IEXXNBAEMBbIX nepemMeHHbIX nepeMmeHHble «t»,
«arrDevices»:

[anee oTnaKy MOXXHO NPOAO/IKUTL, 3aNyCTUB NPUSTIOXKEHNE Ha BbINOJIHEHNE A0 CleayoLen
TOYKM OCTaHOBA, IM6O NPOAOSIKNTL BbIMOJIHEHUE MPOrpPaMMbl MO LWaraMm.

7 Pa3paboTtka rpacdmyeckoro npusio>KeHus C
uncnonb3oBaHuem Qt

7.1 Co3paHue npoekTa B Qt Creator

Co3pagnm npoekT ¢ umeHeM «QtTestl» B cpene Qt Creator, koTopbin 6yaeT xpaHuUTb
CO3aBaeM0O€e HaMU NPUOXKEHME.

OTKpbiBaeM cpeny pa3paboTku. BoizbiBaeM koMaHAy «New Project».

OTKpbIBaeTCSA OKHO CO3[aHMA NPOEKTa, B KOTOPOM Ha NepBOoM 3Tane Heobxoaumo BbibpaTb TUN
pa3pabaTbiBaeMoro npunoxxeHus. Boibpaem BapmaHT «Qt widgets application» n Haxnmaem
KHOMKy «Choose...»:

[Nanee BBOOMM MMS HOBOIO MPUJIOXKEHUNS, @ TaK XKe NyTb, MO KOTOPOMY OH ByAeT XpaHUTbLCA U
Ha)KuMaeM KHomnkKy «Next >»:

Hanee nepexoaunm K Bbibopy KoMnnekToB cbopku npunoxeHnn. B SDK AGAVA B cpege Qt Creator
y>Xe co3faH KoMnnekT «<AGAVA40-ARM7», HeobxoauMbin Ana COOPKN NPUNOXKEHUI MOA,
KoHTponnep ArABA MK40. OcTaBnsieM BblOOp, Kak yKa3aHO Ha PUCYHKE HUXXE N Ha)KUMaeM
KHOMKY «Next >»:

[anee HaMm NpefnoCcTaBAsAeTCs BO3MOXXHOCTb U3MEHUTb MMeHa Co3aBaeMbliX (PaliIoB N K1ACCoB.
Ecnu TpebyeTcsi BHECTM N3MEHEHUS, BHOCUM UX U HaXKMMaeM KHOMKY «Next >»:

Ha nocnegHeM 3Tane co3gaHns NPoeKTa MOXXHO MOAKJIIOYNUTb K MPOEKTY CUCTEMY KOHTPOJIS
Bepcuii. B BUpTyanbHON MallMHE He YCTaHOBJIEHbl CUCTEMblI KOHTPOJ1S BEPCUA, MO3TOMY NPOCTO
HaXXumaeM KHomMky «Finish»:

Ha 3ToM co3faHue npoekTa MOXKHO CHUTaTb 3aBepLlUueHHbIM. CO34aHHbLIA NPOEKT MOXHO
CKOMMNUANPOBaTb, HO 6€3 AOMNOJIHNTENbHOW HAaCTPOMKN €ro HEBO3MOXXHO Pa3MecTUTb U
3anyCcTUTb Ha LLeIeBOM YCTPONCTBE.

7.2 [onosHMTeNbHAaA HAaCTPOMKa NpoeKTa

Ons nobaBneHns BO3SMOXXHOCTU KOMMUASLUUN N pa3MeLleHns NpoeKTa Ha LIes1IeBOM yCTponcTee
Heobxoonmo:

3apaTb NyTb pa3MeLlleHNA NMPOeKTa Ha L eNeBsoM YCTpOI7ICTBe

Co3paTb HY>)XHOe ueneBoe ycTponcTBo B Qt Creator gna pasmelleHuns 1 3anycka npoekToB
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7.2.1 Pa3MelieHue NPUJIOOKeHUA Ha uesieBOM YCTPOUCTBE

Ina onpeneneHns NyTn pasMelleHns NpuioXKeHns Ha LuesieBoM yCTponcTee Heobxoammo B
(haline npoekTa pa3MecTUTb NMPMMEPHO C/eAyoLne CTPOKN, onpeaensiolmne TUn Leaesoro
YCTPOWNCTBA U NyTb pa3MeLleHns:

linux-* {
target.path = /tmp
INSTALLS += target
}

7.2.2 Co3paHue ULenieBOro yCTpoucrTsaa

0N pazMmeLlleHns npuaoXKeHns Ha LesieBOM YCTPONCTBE M BO3MOXKHOCTM €ro 3anycka/oTaanku
HeobxoAMMO co3aaThb Lenesoe ycTponcTeo B Qt Creator. 1ns 3Toro Bei3oBeM KoMaHAy «Tools |
Options», n nepengem Ha BkNagkKy «Devices»:

Punc. 1 OkHo "Options"

[ns co3naHnsa HOBOrO YCTPONCTBA HaXXMeM KHOMKY «Add».

B nosiBuBlEeMCA OKHe BblibrpaeM BapmaHT «Generic Linux Device» n Ha>XuMaeM KHOMNKy «Start
Wizard»:

Danee B nossuBLliemcsa okHe «New Generic Linux Device Configuration setup» Bsoaum
rnapaMeTpbl HOBOr0 YCTPOMNCTBA, MPUMEPHO KaK MOKa3aHO Ha PUCYHKE HUXKE:

Ha>kumaem kKHonky «Next >», n Ha cnefyolWweM 3KpaHe NOATBEPXKLOAEM CO3aHNE YCTPOMCTBA.
Mocne 3aBepLUEHNS CO3AaHNA HOBOIO LIeNIEBOr0 YCTPOMCTBA €ro MOXKHO YKa3aTb B KOMMJIeKTe
cHbopKM Kak UCMosib3yeMoe.

7.2.3 CMeHa ueneBOro ycTpomcTtea B KOMNJsieKTe cOopku

Mpu cMeHe agpeca uesieBOro yCTpoMCTBa UK 415 pasMeLleHNa/oTnafku NpuioXXeHns Ha
OPYrom LueneBoM yCTPoONCTBe HeobX0QMMO B UCMOJIb3yeMOM KoMmnekTe cbopku «AGAVA40-
ARM7» yKa3zaTb Apyroe LeneBoe yCTpONCTBO. MNpouenypa co3gaHna HOBOMO LLeNeBoro
YyCTpPOWCTBa onncaHa B n. 7.2.2. Nocne co3naHnsa ycTponcTBa B okHe «Options» nepenpgem Ha
BKNaaKy «Build & runs», pasgen «Kits», n B none «Device» 6yneT BO3MOXXHOCTb BbibpaTb HOBOE
LlesnieBoe yCTPONCTBO.

7.3 COopkKa um oTnapaKa NpPUJIoKEeHUA

[1] SD-kapTa MoxeT b6bITb 3ab/10KMpOBaHa Ha 3anncb NMpPU YCTaHOBKE Ha HEWN NepekJsioyaTens B
COOTBETCTBYIOLLEE MOJIOXKEHME,
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