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Ïðåäèñëîâèå

Èòàê, ïåðåä Âàìè ëåæàò ðàçðîçíåííûå áëîêè óñòðîéñòâà ñìåùåíèÿ SSPD. ×òî ñ íè-
ìè äåëàòü è êàê èõ íàñòðàèâàòü âîïðîñ, êîòîðûé ó ìåíÿ âîçíèêàåò êàæäûé ðàç,
êîãäà ÿ âíîâü âîçâðàùàþñü ê ðàçðàáîòêå äàííîãî óñòðîéñòâà. Â ïîïûòêå ñòðóêòóðè-
ðîâàòü øèøêè, íàáèâàåìûå êàæäûé ðàç ïðè âîçâðàùåíèè ê ðàçðàáîòêå, è áûë ñîçäàí
äàííûé äîêóìåíò.

Íàäåþñü, ÷òî äîêóìåíò áóäåò ïðåòåðïåâàòü ìíîãî÷èñëåííûå èñïðàâëåíèÿ ñî âðå-
ìåíåì, è ñàìîå ãëàâíîå, ÷òî ýòîò äîêóìåíò áóäåò ÷èòàòüñÿ íå òîëüêî ìíîé, íî è
äðóãèìè ëþäüìè, ó÷àñòâóþùèìè â íàñòîÿùåì è áóäóùåì â ñáîðêå, íàñòðîéêå, îáñëó-
æèâàíèè óñòðîéñòâ. Íà÷èíàþ ïèñàòü ýòîò äîêóìåíò ñî âçãëÿäîì ïîëíûì íàäåæäîé
íà äîëãóþ èñòîðèþ äàííîãî óñòðîéñòâà.

Íà ìîìåíò íàïèñàíèÿ ïåðâîé âåðñèè äàííîãî òåêñòà (ìàé 2017) óñòðîéñòâî ïðåä-
ñòàâëÿåò èç ñåáÿ íàáîð ìîäóëåé:

• CU4CU - ìîäóëü ControlUnit - ìîäóëü óïðàâëåíèÿ âñåìè îñòàëüíûìè áëîêà-
ìè óñòðîéñòâà. Ñóùåñòâóþùèå ìîäèôèêàöèè: CU4CUM0 (íà ìîìåíò íàïè-
ñàíèÿ îïóñà â âåðñèè V1). Íà áîðòó óñòðîéñòâà íàõîäèòñÿ ìèêðîêîìïüþòåð
RaspberryPi3, ñ ïîìîùüþ êîòîðîãî îñóùåñòâëÿåòñÿ ñâÿçü ñ âíåøíèì ìèðîì, à
òàêæå óïðàâëåíèå îòäåëüíûìè ìîäóëÿìè óñòðîéñòâà;

• CU4PS - áëîê ïèòàíèÿ. Ñóùåñòâóþùèå ìîäèôèêàöèè: CU4PSM0 (íà ìîìåíò
íàïèñàíèÿ îïóñà â âåðñèè V2);

• CU4CP - êîììóòàöèîííàÿ ïëàòà, ñîåäèíÿþùàÿ âñå ìîäóëè ñ ìîäóëåì óïðàâ-
ëåíèÿ. Òàêæå ïðèñóòñòâóþò ðàçúåìû äëÿ ïîäêëþ÷åíèÿ áëîêà ïèòàíèÿ. Ñóùå-
ñòâóþò ìîäèôèêàöèè: CU4CPM0(äëÿ ïîäêëþ÷åíèÿ 6 ìîäóëåé îäíîâðåìåííî:
CU+TD+4SD íà òåêóùèé ìîìåíò â âåðñèè V1) è CU4CPM1(äëÿ ïîäêëþ÷åíèÿ
4 ìîäóëåé îäíîâðåìåííî: TD+2SD+CU íà òåêóùèé ìîìåíò â âåðñèè V1R1);

• CU4SD - ñîáñòâåííî ñàì ìîäóëü ñìåùåíèÿ îäíîôîòîííîãî äåòåêòîðà. Ñóùå-
ñòâóþùèå ìîäèôèêàöèè CU4SDM0 (íà òåêóùèé ìîìåíò â âåðñèè V2R1);

• CU4TD - ìîäóëü èçìåðèòåëÿ òåìïåðàòóðû. Ñóùåñòâóþùèå ìîäèôèêàöèè
CU4TDM0 (íà òåêóùèé ìîìåíò â âåðñèè V1R1).

Íàñòîÿùàÿ èíñòðóêöèÿ ïðåäíàçíà÷åíà äëÿ ïîñëåäîâàòåëüíîé íàñòðîéêè, ïðîâåð-
êè ðàáîòîñïîñîáíîñòè è êàëèáðîâêè âñåõ ìîäóëåé óñòðîéñòâà. Ïîâåñòâîâàíèå äîêó-
ìåíòà íå ïîäðàçóìåâàåò ñòðîãîé ïîñëåäîâàòåëüíîñòè äåéñòâèé. Îòëàäêó è íàñòðîéêó
êàæäîãî èç ìîäóëåé ìîæíî ïðîâîäèòü íåçàâèñèìî.
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Íåîáõîäèìîå îáîðóäîâàíèå è
ïðîãðàììíîå îáåñïå÷åíèå

Îáîðóäîâàíèå

Äëÿ ðàáîòû íàì ïîòðåáóåòñÿ ñëåäóþùåå îáîðóäîâàíèå (ñïèñîê ìîæåò áûòü óòî÷íÿòü-
ñÿ è äîïîëíÿòüñÿ):

• Áëîê ïèòàíèÿ 5 Â, 2 À. Ïðåäíàçíà÷åí äëÿ ïèòàíèÿ ìîäóëÿ óïðàâëåíèÿ CU4CU
(Matrix ãîäèòñÿ).

• Áëîê ïèòàíèÿ +5 Â, -5 Â, +15 Â. Ïðåäíàçíà÷åí äëÿ ïèòàíèÿ ìîäóëÿ ñìåùåíèÿ
îäíîôîòîííîãî äåòåêòîðà CU4SD (òîò æå Matrix ãîäèòñÿ).

• Ìóëüòèìåòð Agilent 34403A, ïðåäíàçíà÷åííûé äëÿ êàëèáðîâêè ìîäóëÿ ñìåùå-
íèÿ îäíîôîòîííîãî äåòåêòîðà CU4SD.

• GPIB-USB-HS èëè GPIB-USB-HS+ � àäàïòåð GPIB èíòåðôåéñà, ïðåäíàçíà÷åí-
íûé äëÿ ïîäêëþ÷åíèÿ ìóëüòèìåòðà Agilent 34403A ê ïåðñîíàëüíîìó êîìïüþ-
òåðó.

• Ïðåîáðàçîâàòåëü èíòåðôåéñîâ USB-RS485 (UCON-485). Ïðåäíàçíà÷åí äëÿ ïîä-
êëþ÷åíèÿ øèíû äàííûõ ìîäóëåé ê ïåðñîíàëüíîìó êîìïüþòåðó. Â áóäóùåì,
ïîñëå ðàçðàáîòêè êàëèáðîâî÷íîãî ìîäóëÿ, ýòà øòóêà áóäåò íå íóæíà.

• Ïðîãðàììàòîð ST-Link V2 äëÿ ïðîãðàììèðîâàíèÿ ìèêðîêîíòðîëëåðîâ
STMicroelectronics. Ïðîãðàììàòîð ÿ ïîêóïàë íà Aliexpress: ññûëêà íà Aliexpress

Ïðîãðàììíîå îáåñïå÷åíèå

Äëÿ ðàáîòû íàì ïîíàäîáèòñÿ ñëåäóþùåå ïðîãðàììíîå îáåñïå÷åíèå ñïèñîê ìîæåò
áûòü óòî÷íÿòüñÿ è äîïîëíÿòüñÿ):

• ST-LINK Utility: íàáîð óòèëèò îò STMicroelectronics äëÿ ðàáîòû ñ ìèêðîêîí-
òðîëëåðàìè, âêëþ÷àÿ äðàéâåðà ïðîãðàììàòîðà è ïðîãðàììû, ïîçâîëÿþùèå
ïðîãðàììèðîâàòü ìèêðîêîíòðîëëåðû. Ññûëêà: STSW-LINK004. Äëÿ ñêà÷èâà-
íèÿ íåîáõîäèìà ðåãèñòðàöèÿ íà ñàéòå.

• Win32 Disk Imager äëÿ êëîíèðîâàíèÿ îáðàçîâ äèñêà ñ �ìàëèíû� íà ÏÊ è îáðàò-
íî.

• Óòèëèòû îò ìåíÿ. Íàçâàíèÿ íåò, ññûëîê íåò, íàñåëåíà ðîáîòàìè.
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Ïðîâåðêà è íàñòðîéêà ìîäóëÿ
óïðàâëåíèÿ (CU4CU)

Íà÷àòü ÿ õîòåë áû êàê íè ñòðàííî íå ñ áëîêà ïèòàíèÿ, à ñ ìîäóëÿ óïðàâëåíèÿ (áîð-
òîâîãî êîìïüþòåðà), ïîñêîëüêó åãî ìîæíî ðàçöåíèâàòü êàê íåçàâèñèìîå óñòðîéñòâî.

Ïîäãîòîâèòåëüíûå ðàáîòû

1. Ïðåæäå âñåãî íåîáõîäèìî ïîäêëþ÷èòü ïèòàíèå ê ïëàòå, èñïîëüçóÿ ñòàíäàðò-
íûé 96-ïèíîâûé DIN41612 ðàçúåì. Ðàñïèíîâêà ðàçúåìà ïîêàçàíà íà ðèñóíêå
1. Ôàêòè÷åñêè íåîáõîäèìî �-� èñòî÷íèêà ïèòàíèÿ ïîäêëþ÷èòü â 6 ëèíèè êîí-
òàêòîâ ñíèçó ðàçúåìà, à �+� ê ïÿòîé. Íà ðàçúåì ïèòàíèÿ ïîäàåòñÿ +5 Â. Ïðè
âêëþ÷åíèè ïèòàíèÿ ñâåòîäèîä D2 äîëæåí çàãîðåòüñÿ êðàñíûì.

2. Äàëåå ïîäêëþ÷àåì ïðîãðàììàòîð ST-Link V2 ê ðàçúåìó ïðîãðàììèðîâàíèÿ.
Ðàñïèíîâêà ðàçúåìà ïîêàçàíà íà ðèñóíêå 2.

3. Ïðè ïîìîùè ST-Link Utility ïðîøèâàåì óñòðîéñòâî àêòóàëüíîé ïðîøèâêîé
CU4CUxx.bin, ãäå xx - íîìåð ìîäèôèêàöèè è âåðñèè ñîîòâåòñòâóþùèé ìî-
äóëþ óïðàâëåíèÿ. Â ñëó÷àå óñïåõà çàêîðà÷èâàíèå 57 ïèíà ðàçúåìà DIN41612
(ðèñóíîê 1) íà çåìëþ (P_GND) ïðèâîäèò ê õàðàêòåðíîìó ùåë÷êó ïåðåêëþ÷å-
íèÿ òâåðäîòåëüíîãî ðåëå è çàãîðàíèþ çåëåíîãî ñâåòîäèîäà D5.

4. Çàïèñûâàåì àêòóàëüíóþ âåðñèþ îáðàçà äèñêà ñ ïîìîùüþ ïðîãðàììû Win32
Disk Imager (ýòîò âàðèàíò ðàáîòàåò â ÎÑ Windows). Äëÿ ýòîãî âûïîëíÿåì ñëå-
äóþùèå äåéñòâèÿ:

• Æìåì íà êíîïî÷êó ñ ïàïêîé è âûáèðàåì îáðàç äèñêà. Â ìîåì ñëó÷àå ýòî
áûë 2017-04-10-raspbian-jessie-lite.img.

• Äàëåå âûáèðàåì ïðàâèëüíûé äèñê, êóäà áóäåì çàïèñûâàòü îáðàç. Â ìîåì
ñëó÷àå � ýòî G.

• Æìåì íà êíîïêó Write è îæèäàåì 2-3 ìèíóòû (ðàçìåð ôàéëà 1.3 ÃÁ).

• Äîñòàåì ôëýøêó è óñòàíàâëèâàåì åå â Raspberry Pi.

5. Ïîäêëþ÷àåì ê USB êëàâèàòóðó ê Raspberry Pi, êàáåëü Ethernet, ìîíèòîð ÷åðåç
HDMI ðàçúåì è çàïóñêàåì óñòðîéñòâî. Èçíà÷àëüíûå íàñòðîéêè:

• Login: pi

• Password: raspberry
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Ðèñ. 1: Ðàñïèíîâêà 96-ïèíîâîãî ðàçúåìà DIN41612 ìîäóëÿ óïðàâëåíèÿ CU4CU

Ðèñ. 2: Ðàñïèíîâêà SWD ðàçúåìà ïðîãðàììèðîâàíèÿ ìîäóëÿ óïðàâëåíèÿ CU4CU



6. Íàñòðàèâàåì Raspberry Pi

> sudo raspi-config

Äåëàåì ñëåäóþùèå íàñòðîéêè:

• 1. Ìåíÿåì ïàðîëü ñèñòåìû íà scontel

• 2. Ìåíÿåì èìÿ êîìïüþòåðà íà ControlUnit4

• 3. Boot Options->B2 âûñòàâëÿåì â No, ò.å. íå íàäî äîæèäàòüñÿ ïîêà
óñòàíîâèòñÿ èíòåðíåò ñîåäèíåíèå

• 5. Interfacing Options->P4 SPI Âêëþ÷àåì SPI.

• 5. Interfacing Options->P6 Serial Âêëþ÷àåì Uart è ïîäòâåðæäàåì. Ïî-
ñëåäîâàòåëüíîñòü îòâåòîâ: Would you like a login shell to be accesible over
serial (Êîíñîëü â Uart) -> No. Would you like the serial port hardware to be
enabled? (Âêëþ÷åíèå Uart) -> Yes.

• 7. Advanced Options ->A1 Ðàñøèðÿåì ôàéëîâóþ ñèñòåìó íà âåñü îáúåì
äèñêà.

• 7. Advanced Options ->A2 Âêëþ÷àåì ïîääåðæêó ìîíèòîðîâ ñ Overscan.

• 7. Advanced Options ->A3 256ÌÁ äëÿ GPU.

7. Ïåðåóñòàíàâëèâàåì openssh ñåðâåð äëÿ òîãî, ÷òîáû â äàëüíåéøåì ìîæíî áûëî
ðàáîòàòü ñ raspberry pi óäàëåííî ïî ssh ïðîòîêîëó

> sudo apt-get purge openssh-server

> sudo apt-get update

> sudo apt-get install openssh-server

8. Âûÿñíÿåì TcpIp àäðåñ, ÷òîáû äàëåå ðàáîòàòü óæå ñî ñòàöèîíàðíîãî êîìïüþòåðà
ïðè ïîìîùè óòèëèòû SmartTTY:

> ifconfig

Â ìîåì ñëó÷àå àäðåñ áûë 192.168.255.197

9. Ïðîèçâîäèì íàñòðîéêó ðåïîçèòîðèÿ, îòêóäà áóäåì áðàòü ïðîãðàììû è ïðî÷åå:

> sudo nano /etc/apt/sources.list

Â êîíöå ôàéëà äîáàâëÿåì ñëåäóþùèå ñòðîêè:

> deb http://rplab.ru/~ozhegov/.aptly/public/ jessie main

Ïîñëå ýòîãî âûõîäèì èç ðåäàêòîðà ñ ñîõðàíåíèåì ôàéëà.

10. Óñòàíàâëèâàåì GPG êëþ÷ äëÿ ïðàâèëüíîé àóòåíòèôèêàöèè ïàêåòîâ, óñòàíàâ-
ëèâàåìûõ ñ ìîåãî ñåðâåðà

http://smartty.sysprogs.com/download/


> wget http://rplab.ru/~ozhegov/gpg-key.key

> sudo apt-key add gpg-key.key

> rm gpg-key.key

11. Äàëåå îáíîâëÿåì è àïãðåéäèì óñòðîéñòâî

> sudo apt-get update && sudo apt-get upgrade -y

Ïîëíûé àïãðåéä ñèñòåìû ìîæåò çàíÿòü äîñòàòî÷íî áîëüøîå âðåìÿ, íàáåðèòåñü
òåðïåíèÿ.

12. Ïîñëå äàííîé ïðîöåäóðû ìîæíî íà÷èíàòü ïðîöåññ óñòàíîâêè ïðîãðàììíîãî
îáåñïå÷åíèÿ

> sudo apt-get install cu-software

13. Â ïðîöåññå óñòàíîâêè áóäåò âûçâàí äèàëîã êîíôèãóðàöèè ïàêåòà, â êîòîðîì
íàñòðàèâàåòñÿ âêëþ÷åíèå ïðè çàïóñêå ðàçëè÷íûõ ïðîãðàìì ïàêåòà, à òàêæå
äåëàåòñÿ ïðàâèëüíûé âûçîâ ïðîãðàìì íàñòðîéêè ïàêåòà: êàëèáðîâêà ýêðàíà,
ïîäêëþ÷åíèå-îòêëþ÷åíèå íîâûõ óñòðîéñòâ è ò.ä.

14. Íà ýòîì íàñòðîéêó CU4CU ìîäóëÿ ìîæíî ñ÷èòàòü çàâåðøåííîé. Ìîäóëü çà-
êðûâàåòñÿ è óñòàíàâëèâàåòñÿ â êîðïóñ ïðèáîðà.



Ïðîâåðêà áëîêà ïèòàíèÿ (CU4PS) è
êîììóòàöèîííîé ïëàòû (CU4CP)

1. Äëÿ ïðîâåðêè áëîêà ïèòàíèÿ (CU4PS) è ïëàòû êîììóòàöèè (CU4CP) íåîáõî-
äèìî, ÷òîáû ìîäóëü óïðàâëåíèÿ (CU4CU) áûë îòòåñòèðîâàí, è óñòàíîâëåí â
êîðïóñ ïðèáîðà.

2. Çàäíÿÿ êðûøêà ïðèáîðà ñíèìàåòñÿ, ïîäêëþ÷àåòñÿ ñåòåâîå ïèòàíèå è íàæèìà-
åòñÿ êíîïêà ïèòàíèÿ íà çàäíåé ïàíåëè ïðèáîðà. Â ñëó÷àå èñïðàâíîñòè áëîêà
ïèòàíèÿ çàãîðèòñÿ êðàñíûé ñâåòîäèîä ìîäóëÿ óïðàâëåíèÿ.

3. Äàëåå íåîáõîäèìî íàæàòü íà êíîïêó ïèòàíèÿ íà ïåðåäíåé ïàíåëè ïðèáîðà. Â
ñëó÷àå ïðàâèëüíîãî ïîäêëþ÷åíèÿ êíîïêè âêëþ÷åíèÿ íà ìîäóëå óïðàâëåíèÿ çà-
ãîðèòñÿ çåëåíûé ñâåòîäèîä.

4. Ñïóñòÿ 10-20 ñåêóíä äîëæåí ïðîçâó÷àòü êîðîòêèé ùåë÷îê, îçíà÷àþùèé ïåðå-
êëþ÷åíèå ðåëå íà ïëàòå êîììóòàöèè. Ïîñëå ýòîãî ìîìåíòà íåîáõîäèìî èçìå-
ðèòü êîíòðîëüíûå íàïðÿæåíèÿ íà ïëàòå êîììóòàöèè. Êîíòðîëüíûå íàïðÿæå-
íèÿ ïðåäñòàâëåíû íà ðèñóíêå 3. Öâåòîì ïîêàçàíû ðàçëè÷íûå ãðóïïû ðàçâÿçàí-
íûõ äðóã ñ äðóãîì íàïðÿæåíèé. Ðàñõîæäåíèå íàïðÿæåíèé ïèòàíèÿ äîïóñòèìî
â ïðåäåëå 5-10%.

5. Íà ýòîì òåñòèðîâàíèå áëîêà ïèòàíèÿ è êîììóòàöèîííîé ïëàòû ìîæíî ñ÷èòàòü
çàâåðøåííûì. Ïðèáîð ìîæíî ñîáðàòü, óñòàíîâèòü íà ìåñòî çàäíþþ êðûøêó.
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Ðèñ. 3: Êîíòðîëüíûå èçìåðèòåëüíûå òî÷êè ïëàòû êîììóòàöèè CU4CP



Ïðîâåðêà è íàñòðîéêà èñòî÷íèêà
ñìåùåíèÿ îäíîôîòîííîãî äåòåêòîðà
(CU4SD)

Ïðîâåðêà è íàñòðîéêà èñòî÷íèêà ñìåùåíèÿ âêëþ÷àåò â ñåáÿ íåñêîëüêî ýòàïîâ: ïðî-
âåðêà ïèòàíèÿ, ïðîøèâêà, êàëèáðîâêà, ïðîâåðêà óñèëèòåëåé è ñ÷åò÷èêîâ

Ïðîâåðêà ïèòàíèÿ è ïåðâîíà÷àëüíàÿ ïðîøèâêà ìîäó-

óëÿ CU4SD.

1. Ïîäêëþ÷àåì ðàçúåì ïèòàíèÿ: DIN-41612 96pin. Èñïîëüçóåì ñòàíäàðòíûé áëîê
ïèòàíèÿ ñ áèïîëÿðíûì èñòî÷íèêîì ïèòàíèÿ (Matrix ãîäèòñÿ). Íàì íóæíî
+5/0/-5V. Ïîäêëþ÷èòü ïèòàíèå íóæíî ê ïèíàì ðàçúåìà, êàê ýòî ïîêàçàíî íà
ðèñóíêå 4.

2. Âêëþ÷àåì èñòî÷íèê ïèòàíèÿ. Ïðîâåðÿåì ñëåäóþùåå:

• Ñâåòîäèîä D7(Power) ãîðèò ÿðêî êðàñíûì.

• Íàïðÿæåíèå íà ïðåäîõðàíèòåëå F1 � +5V îòíîñèòåëüíî êîðïóñà.

• Íàïðÿæåíèå íà ïðåäîõðàíèòåëå F2 � -5V îòíîñèòåëüíî êîðïóñà.

• Òîê ïîòðåáëåíèÿ ïîëîæèòåëüíîãî íàïðÿæåíèÿ ïîðÿäêà 40�100 ìÀ.

• Òîê ïîòðåáëåíèÿ îòðèöàòåëüíîãî íàïðÿæåíèÿ ïîðÿäêà 10 ìÀ.

3. Ïîäêëþ÷àåì ïðîãðàììàòîð ST-Link V2 ê ðàçúåìó P7. Ïèíû ðàçúåìà ìàðêèðó-
þòñÿ íà ïëàòå, íà÷èíàÿ ñ âåðñèè ïëàò CU4SDM0V2R1. Ñ ïîìîùüþ ïðîãðàììû
STM32 ST_Link Utility ïðîøèâàåì ìîäóëü ïðîøèâêîé SspdBlank.bin. Äàí-
íàÿ ïðîøèâêà âêëþ÷àåò â ñåáÿ Bootloader (àâòîçàãðóç÷èê) âåðñèè 0.4, à òàêæå
ïðîøèâêó CU4SDM0V2.bin òàêæå âåðñèè 0.4. Äàííàÿ ñâÿçêà ïîçâîëÿåò â áóäó-
ùåì îáíîâèòü ðàáî÷óþ ïðîøèâêó äî àêòóàëüíîé âåðñèè.

4. Áëîêèðóåì ïàìÿòü óñòðîéñòâà íà ÷òåíèå. Äëÿ ýòîãî â ïðîãðàììå
STM32 ST_Link Utility âûáèðàåì ïóíêò ìåíþ Target->Option Bytes.
Äàëåå â âûïàäàþùåì ñïèñêå Read Out Protection âûáðàòü Enabled. Âûïîë-
íåíèå äàííîé îïåðàöèè ïðèâîäèò ê ïîëíîé áëîêèðîâêå íà ÷òåíèå óñòðîéñòâà
÷åðåç ïðîãðàììàòîð. Ïîñëå ýòîãî ñòàíîâèòñÿ íåâîçìîæíûì.
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Ðèñ. 4: Ïîäêëþ÷åíèå ïèòàíèÿ ê ìîäóëþ CU4SD



Ðèñ. 5: Âíåøíèé èíòåðôåéñ ïðîãðàììû àâòîçàãðóç÷èêà.

5. Ïðè ïåðåçàãðóçêå óñòðîéñòâà ïåðâîíà÷àëüíî âêëþ÷àåòñÿ Bootloader. Ïðè ýòîì
îí ìîðãàåò ëàìïî÷êîé D10 (Uart_Send íà ïëàòå èëè CMD íà ïåðåäíåé ïàíåëè)
5 ðàç â òå÷åíèè 5 ñåêóíä. Äàëåå ïðîãðàììà ïåðåêëþ÷àåòñÿ â øòàòíûé ðåæèì.

6. Íåîáõîäèìî îáíîâèòü ïðîøèâêó ìîäóëÿ äî ïîñëåäíåé âåðñèè. Äåëàåòñÿ ýòî ñ
ïîìîùüþ óòèëèòû Bootloader èç íàáîðà ìîèõ óòèëèò. Âíåøíèé âèä ïðîãðàììû
ïîêàçàí íà ðèñóíêå 5. Â ïîëå ðåäàêòèðîâàíèÿ óêàçûâàåì ïóòü ê çàêîäèðîâàííîé
àêòóàëüíîé âåðñèè íàøåãî óñòðîéñòâà. Òàêæå âûáîð íóæíîãî ôàéëà ïðîøèâêè
ìîæíî ïðîèçâåñòè íàæàâ íà êíîïêó �...�, ÷òî ïðèâåäåí ê âûçîâó ñòàíäàðòíîãî
äèàëîãà âûáîðà ôàéëà. Äàëåå äëÿ ñòàðòà àâòîîáíîâëåíèÿ ïðîøèâêè íåîáõîäèìî
íàæàòü íà êíîïêó �Program�.

Ïðîâåðêà öåïåé ïîñòîÿííîãî ñìåùåíèÿ è êàëèáðîâêà

CU4SD.

1. Âîîðóæèâøèñü ìóëüòèìåòðîì Agilent 34401A, ïîäêëþ÷åííûì ñ ïîìîùüþ USB-
GPIB êàáåëÿ ê êîìïüþòåðó, à òàêæå êàëèáðóåìûì ìîäóëåì CU4SD, ïîäêëþ÷åí-
íûì ñ ïîìîùüþ ïåðåõîäíèêà USB-RS485 ê êîìïüþòåðó, çàïóñêàåì ïðîãðàììó
CU4SD_Calibration, ÿâëÿþùóþñÿ ÷àñòüþ íàáîðà óòèëèò äëÿ ðàáîòû ñ óñòðîé-
ñòâîì.

2. Ïðè çàïóñêå ïðîãðàììû áóäåò âûçâàí äèàëîã, ïðåäëàãàþùèé âûáîð COM-
ïîðòà, ê êîòîðîìó ïîäêëþ÷åíà øèíà äàííûõ êàëèáðóåìîãî ìîäóëÿ. Âíåøíèé
âèä ïðîãðàììû ïðåäñòàâëåí íà ðèñóíêå 6.



Ðèñ. 6: Âíåøíèé âèä ïðîãðàììû êàëèáðîâêè ìîäóëÿ CU4SD

3. Óñòàíàâëèâàåì àäðåñ èñïîëüçóåìîãî óñòðîéñòâà â 0 (0 àäðåñ èñïîëüçóåòñÿ, êîãäà
øèíà àäðåñà íèêóäà íå ïîäêëþ÷åíà). Æìåì íà êíîïêó getEEPROM. Äëÿ
ïóñòîãî óñòðîéñòâà ïîëÿ ðåäàêòèðîâàíèÿ ïðèíèìàþò çíà÷åíèå �nan�

4. Äàëåå íåîáõîäèìî íàæàòü íà êíîïêó �Calibrate� . Íàæàòèå íà ýòó êíîïêó ïðè-
âîäèò ê îòêðûòèþ îêíà êàëèáðîâêè, ïîêàçàííîìó íà ðèñóíêå 7.

5. Äëÿ êàëèáðîâêè èçìåðèòåëÿ íàïðÿæåíèÿ ïîäêëþ÷èòå êàáåëåì âõîä ìîäóëÿ IN
ê ïîòåíöèàëüíûì âõîäàì ìóëüòèìåòðà. Âõîä ìóëüòèìåòðà íåîáõîäèìî çàøóíòè-
ðîâàòü ÷åðåç ñîïðîòèâëåíèå ïîðÿäêà 10 êÎì. Ïîñëå ýòîãî íåîáõîäèìî âûáðàòü
èç âûïàäàþùåãî ñïèñêà âûáîðà ðåæèìà êàëèáðîâêè U mode, óñòàíîâèòü ïðà-
âèëüíûé GPIB àäðåñ è íàæàòü íà êíîïêó Start. Íåîáõîäèìî îáåñïå÷èòü, ÷òîáû
äàííûå íå íàñûùàëèñü íà êðàÿõ äèàïàçîíà. Äàííûå â ñòàòóñíîé ñòðîêå âûâî-
äÿòñÿ â ñëåäóþùåì ôîðìàòå: �Status: I: x/y, U: u, Agilent: v�, ãäå x � çíà÷åíèå
ÀÖÏ êàíàëà èçìåðåíèÿ òîêà, y � óñòàíàâëèâàåìîå çíà÷åíèå ÖÀÏ, u � çíà÷å-
íèå ÀÖÏ êàíàëà èçìåðåíèÿ íàïðÿæåíèÿ, v - ðåàëüíûå ïîêàçàíèÿ ìóëüòèìåòðà.
Íà ãðàôèêå îòîáðàæàþòñÿ ñëåäóþùèå êðèâûå: êðàñíûì ïîêàçàíà çàâèñèìîñòü
óñòàíàâëèâàåìîãî íàïðÿæåíèÿ îò çíà÷åíèÿ ÖÀÏ (íèæíÿÿ ãîðèçîíòàëüíàÿ øêà-
ëà), ñèíèì ïîêàçàíà çàâèñèìîñòü èçìåðÿåìîãî íàïðÿæåíèÿ îò ïîêàçàíèé ÀÖÏ
(âåðõíÿÿ ãîðèçîíòàëüíàÿ øêàëà). Ñàì ïðîöåññ êàëèáðîâêè âêëþ÷àåò â ñåáÿ ñëå-
äóþùèå ôàçû:

• Èíèöèàëèçàöèÿ êàëèáðîâî÷íûõ êîýôôèöèåíòîâ. Êîýôôèöèåíòû �slope�
ïðèðàâíèâàþòñÿ 1, êîýôôèöèåíòû �intercept� � 0.

• Óñòàíîâêà ìèíèìàëüíîãî âûâîäèìîãî òîêà è îæèäàíèå â òå÷åíèè 2 ñåêóíä
(ðåàëüíî òîê íå óñïåâàåò óñòàíîâèòüñÿ, íî ýòî óñòðàíÿåòñÿ íà ïîñëåäóþùèõ
ýòàïàõ îáðàáîòêè äàííûõ)

• Ìåäëåííàÿ ðàçâåðòêà òîêà îò ìèíèìàëüíîãî äî ìàêñèìàëüíîãî çíà÷åíèÿ,



Ðèñ. 7: Ïðîöåññ êàëèáðîâêè ìîäóëÿ CU4SD

ïðè ýòîì ïðîèñõîäÿò èçìåðåíèÿ íàïðÿæåíèÿ íà ìóëüòèìåòðå, à òàêæå âñå
íàïðÿæåíèÿ, ïîëó÷àåìûå ÀÖÏ

• Îïðåäåëåíèÿ êîýôôèöèåíòîâ ëèíåéíîé ðåãðåññèè. Óäàëåíèå 10% �ïëîõèõ�
òî÷åê (ðåêóðåíòíîå óäàëåíèå òî÷åê íàèáîëåå äàëåêî ðàñïîëàãàþùèõñÿ îò
ðåçóëüòàòà ëèíåéíîé ðåãðåññèè).

• Ïðîâåðêà íóëÿ ìóëüòèìåòðà. Óñòàíàâëèâàåòñÿ íîëü ñìåùåíèÿ, âû÷èñëÿ-
þòñÿ ïîïðàâêè ê ÖÀÏ è ÀÖÏ è âû÷èñëÿþòñÿ íîâûå êàëèáðîâî÷íûå êî-
ýôôèöèåíòû. Äàííûé ïðîöåññ èñïîëüçóåòñÿ ïîòîìó, ÷òî íàèáîëåå âàæíûé
äèàïàçîí ñìåùåíèé äëÿ ìîäóëÿ CU4SD ðàñïîëàãàåòñÿ âáëèçè íóëåâîãî ñìå-
ùåíèÿ.

6. Äëÿ êàëèáðîâêè èñòî÷íèêà è èçìåðèòåëÿ òîêà ïîäêëþ÷èòå êàáåëåì âõîä ìî-
äóëÿ IN ê òîêîâûì âõîäàì ìóëüòèìåòðà.Ïîñëå ýòîãî íåîáõîäèìî âûáðàòü èç
âûïàäàþùåãî ñïèñêà âûáîðà ðåæèìà êàëèáðîâêè I mode, óñòàíîâèòü ïðàâèëü-
íûé GPIB àäðåñ è íàæàòü íà êíîïêó Start. Îïèñàíèå äàííûõ è ñàì ïðîöåññ
èçìåðåíèÿ ñîîòâåòñòâóåò îïèñàííîìó â ïðåäûäóùåì ïóíêòå.

7. Êàëèáðîâêà íàïðÿæåíèÿ óðîâíÿ êîìïàðàöèè íå ïðîâîäèòñÿ. Óñòàíàâëèâà-
þòñÿ ñëåäóþùèå çíà÷åíèÿ: Cmp Ref DAC slope = 65536/2.5 = 26214.4
Cmp Ref DAC intercept = 0. Ïðèáëèçèòåëüíûé ðåçóëüòàò êàëèáðîâêè ïîêà-
çàí íà ðèñóíêå 8.

8. Äëÿ ñîõðàíåíèÿ ðåçóëüòàòîâ êàëèáðîâêè íåîáõîäèìî ñíà÷àëà íàæàòü íà êíîïêó
�set EEPROM� ïîñëå ÷åãî íàæàòü íà êíîïêó �write EEPROM� .

9. Äëÿ ñîõðàíåíèÿ ðåçóëüòàòîâ êàëèáðîâêè â áàçå äàííûõ íåîáõîäèìî íàæàòü íà



Ðèñ. 8: Ïðèáëèçèòåëüíûé ðåçóëüòàò êàëèáðîâêè ìîäóëÿ CU4SD.

êíîïêó �Save� . Â äèàëîãîâîì îêíå âûáîðà êàëèáðîâîê íåîáõîäèìî âûáðàòü êà-
òàëîã ñî âñåìè êàëèáðîâêàìè. Â ðåçóëüòàòå êàëèáðîâêè áóäóò ñîõðàíåíû â êàòà-
ëîã, ñîîòâåòñòâóþùèé òèïó óñòðîéñòâà (íàïðèìåð CU4SDM0V2). Ñîõðàíÿåòñÿ
ôàéë â ôîðìàòå json. Íàçâàíèå ôàéëà ñîîòâåòñòâóåò óíèêàëüíîìó èäåíòèôè-
êàöèîííîìó íîìåðó óñòðîéñòâà.

Ïðîâåðêà Â× öåïåé è ñ÷åò÷èêà èìïóëüñîâ CU4SD.

Ïîêà íå íàïèñàë.
Íà ýòîì íàñòðîéêó ìîäóëÿ CU4TD ìîæíî ñ÷èòàòü çàâåðøåííîé. Ìîäóëü çàêðû-

âàåòñÿ è óñòàíàâëèâàåòñÿ â êîðïóñ ïðèáîðà.



Ïðîâåðêà è íàñòðîéêà ìîäóëÿ
èçìåðåíèÿ òåìïåðàòóðû è äàâëåíèÿ
(CU4TD)

Ïðîâåðêà è íàñòðîéêà ìîäóëÿ èçìåðåíèÿ òåìïåðàòóðû è äàâëåíèÿ âêëþ÷àåò â ñåáÿ
íåñêîëüêî ýòàïîâ: ïðîâåðêà ïèòàíèÿ, ïðîøèâêà, êàëèáðîâêà.

Ïðîâåðêà ïèòàíèÿ è ïåðâîíà÷àëüíàÿ ïðîøèâêà ìîäó-

ëÿ CU4ÒD.

1. Ïîäêëþ÷àåì ðàçúåì ïèòàíèÿ: DIN-41612 96pin. Èñïîëüçóåì ñòàíäàðòíûé áëîê
ïèòàíèÿ ñ áèïîëÿðíûì èñòî÷íèêîì ïèòàíèÿ (Matrix ãîäèòñÿ). Íàì íóæíî
+5/0/-5V. Ïèòàíèå ìîäóëÿ àíàëîãè÷íîå ìîäóëþ CU4SD. Ïîäêëþ÷èòü ïèòàíèå
íóæíî ê ïèíàì ðàçúåìà, êàê ýòî ïîêàçàíî íà ðèñóíêå 4.

2. Âêëþ÷àåì èñòî÷íèê ïèòàíèÿ. Ïðîâåðÿåì ñëåäóþùåå:

• Ñâåòîäèîä D7(Power) ãîðèò ÿðêî êðàñíûì.

• Íàïðÿæåíèå íà ïðåäîõðàíèòåëå F1 � +5V îòíîñèòåëüíî êîðïóñà.

• Íàïðÿæåíèå íà ïðåäîõðàíèòåëå F2 � -5V îòíîñèòåëüíî êîðïóñà.

• Òîê ïîòðåáëåíèÿ ïîëîæèòåëüíîãî íàïðÿæåíèÿ ïîðÿäêà 40 ìÀ.

• Òîê ïîòðåáëåíèÿ îòðèöàòåëüíîãî íàïðÿæåíèÿ ìåíåå 10 ìÀ.

3. Ïîäêëþ÷àåì ïðîãðàììàòîð ST-Link V2 ê ðàçúåìó P6. Ïèíû ðàçúåìà ìàðêèðó-
þòñÿ íà ïëàòå, íà÷èíàÿ ñ âåðñèè ïëàò CU4SDM0V2R1. Ñ ïîìîùüþ ïðîãðàììû
STM32 ST_Link Utility ïðîøèâàåì ìîäóëü ïðîøèâêîé TempBlank.bin. Äàí-
íàÿ ïðîøèâêà âêëþ÷àåò â ñåáÿ Bootloader (àâòîçàãðóç÷èê) âåðñèè 0.4, à òàêæå
ïðîøèâêó CU4TDM0V1.bin òàêæå âåðñèè 0.4. Äàííàÿ ñâÿçêà ïîçâîëÿåò â áóäó-
ùåì îáíîâèòü ðàáî÷óþ ïðîøèâêó äî àêòóàëüíîé âåðñèè.

4. Áëîêèðóåì ïàìÿòü óñòðîéñòâà íà ÷òåíèå. Äëÿ ýòîãî â ïðîãðàììå
STM32 ST_Link Utility âûáèðàåì ïóíêò ìåíþ Target->Option Bytes.
Äàëåå â âûïàäàþùåì ñïèñêå Read Out Protection âûáðàòü Enabled. Âûïîë-
íåíèå äàííîé îïåðàöèè ïðèâîäèò ê ïîëíîé áëîêèðîâêå íà ÷òåíèå óñòðîéñòâà
÷åðåç ïðîãðàììàòîð. Ïîñëå ýòîãî ñòàíîâèòñÿ íåâîçìîæíûì.
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5. Ïðè ïåðåçàãðóçêå óñòðîéñòâà ïåðâîíà÷àëüíî âêëþ÷àåòñÿ Bootloader. Ïðè ýòîì
îí ìîðãàåò ëàìïî÷êîé D3 (Uart Send íà ïëàòå èëè CMD íà ïåðåäíåé ïàíåëè) 5
ðàç â òå÷åíèè 5 ñåêóíä. Äàëåå ïðîãðàììà ïåðåêëþ÷àåòñÿ â øòàòíûé ðåæèì.

6. Íåîáõîäèìî îáíîâèòü ïðîøèâêó ìîäóëÿ äî ïîñëåäíåé âåðñèè. Äåëàåòñÿ ýòî ñ
ïîìîùüþ óòèëèòû Bootloader èç íàáîðà ìîèõ óòèëèò. Âíåøíèé âèä ïðîãðàììû
ïîêàçàí íà ðèñóíêå 5. Â ïîëå ðåäàêòèðîâàíèÿ óêàçûâàåì ïóòü ê çàêîäèðîâàííîé
àêòóàëüíîé âåðñèè íàøåãî óñòðîéñòâà. Òàêæå âûáîð íóæíîãî ôàéëà ïðîøèâêè
ìîæíî ïðîèçâåñòè íàæàâ íà êíîïêó �...�, ÷òî ïðèâåäåí ê âûçîâó ñòàíäàðòíîãî
äèàëîãà âûáîðà ôàéëà. Äàëåå äëÿ ñòàðòà àâòîîáíîâëåíèÿ ïðîøèâêè íåîáõîäèìî
íàæàòü íà êíîïêó �Program�.

Êàëèáðîâêà ìîäóëÿ CU4ÒD.

1. Âîîðóæèâøèñü ìóëüòèìåòðîì Agilent 34401A, ïîäêëþ÷åííûì ñ ïîìîùüþ USB-
GPIB êàáåëÿ ê êîìïüþòåðó, à òàêæå êàëèáðóåìûì ìîäóëåì CU4TD, ïîäêëþ-
÷åííûì ñ ïîìîùüþ ïåðåõîäíèêà USB-RS485 ê êîìïüþòåðó, çàïóñêàåì ïðî-
ãðàììó CU4TD_Calibration, ÿâëÿþùóþñÿ ÷àñòüþ íàáîðà óòèëèò äëÿ ðàáîòû
ñ óñòðîéñòâîì.

2. Ïðè çàïóñêå ïðîãðàììû áóäåò âûçâàí äèàëîã, ïðåäëàãàþùèé âûáîð COM-
ïîðòà, ê êîòîðîìó ïîäêëþ÷åíà øèíà äàííûõ êàëèáðóåìîãî ìîäóëÿ. Ïîñëå âûáî-
ðà COM-ïîðòà îòêðîåòñÿ îñíîâíîå îêíî ïðîãðàììû, ïðåäñòàâëåííîå íà ðèñóíêå
6.

3. Óñòàíàâëèâàåì àäðåñ èñïîëüçóåìîãî óñòðîéñòâà â 0 (0 àäðåñ èñïîëüçóåòñÿ, êîãäà
øèíà àäðåñà íèêóäà íå ïîäêëþ÷åíà). Æìåì íà êíîïêó getEEPROM. Äëÿ
ïóñòîãî óñòðîéñòâà ïîëÿ ðåäàêòèðîâàíèÿ ïðèíèìàþò çíà÷åíèå �nan�. Ñòàòóñ
ïåðåäà÷è äàííûõ � �Status: Ok�.

4. Êàëèáðîâêà ìîäóëÿ âûïîëíÿåòñÿ â íåñêîëüêî ýòàïîâ. Äëÿ óïðîùåíèÿ ïðîöåññà
êàëèáðîâêè íåîáõîäèìà ñïåöèàëüíàÿ ïëàòà äëÿ êàëèáðîâêè, íà êîòîðîé áóäóò
âñå íåîáõîäèìûå ýëåìåíòû ïèòàíèÿ, ïåðåêëþ÷àòåëè, à òàêæå ìóëüòèâèáðàòîð,
ñ ïîìîùüþ êîòîðîãî áóäåò òåñòèðîâàòüñÿ ñ÷åò÷èê ìîäóëÿ SD. Äëÿ íà÷àëà êà-
ëèáðîâêè íåîáõîäèìî íàæàòü íà êíîïêó �Calibrate� . Íàæàòèå íà ýòó êíîïêó
ïðèâîäèò ê îòêðûòèþ îêíà êàëèáðîâêè, àíàëîãè÷íîìó òîìó, êîòîðîå áûëî ïî-
êàçàíî íà ðèñóíêå 7. Îòëè÷èå çàêëþ÷àåòñÿ ëèøü â âûïàäàþùåì ñïèñêå âûáîðà
ðåæèìà êàëèáðîâêè (�Mode�). Â äàííîé ïðîãðàììå âûïàäàþùèé ñïèñîê èìå-
åò çíà÷åíèÿ: �PressSensorVoltageP�, �PressSensorVoltageN�, �TempSensorVoltage�,
�TempSensorCurrent�.

5. Äëÿ êàëèáðîâêè êàíàëà èçìåðåíèÿ ïîëîæèòåëüíîãî ñèãíàëà ñ äàò÷èêà äàâëåíèÿ
ïîäñîåäèíÿåì ïèíû 3(P+) è 6(T+) ê ïîëîæèòåëüíîìó ïîòåíöèàëüíîìó âõîäó
ìóëüòèìåòðà Agilent34401A, ïèí 5 (T-) ïîäêëþ÷àåì ê îáùåìó êîíòàêòó ìóëü-
òèìåòðà. Âõîä ìóëüòèìåòðà øóíòèðóåì ñîïðîòèâëåíèåì ïîðÿäêà 60 êÎì è íà-
æèìàåì êíîïêó �Start� .

6. Äëÿ êàëèáðîâêè êàíàëà èçìåðåíèÿ îòðèöàòåëüíîãî ñèãíàëà ñ äàò÷èêà äàâëåíèÿ
ïîäñîåäèíÿåì ïèíû 4(P-) è 6(T+) ê ïîëîæèòåëüíîìó ïîòåíöèàëüíîìó âõîäó



Ðèñ. 9: Âíåøíèé âèä ïðîãðàììû êàëèáðîâêè ìîäóëÿ CU4TD.

ìóëüòèìåòðà Agilent34401A, ïèí 5 (T-) ïîäêëþ÷àåì ê îáùåìó êîíòàêòó ìóëü-
òèìåòðà. Âõîä ìóëüòèìåòðà øóíòèðóåì ñîïðîòèâëåíèåì ïîðÿäêà 60 êÎì è íà-
æèìàåì êíîïêó �Start� .

7. Äëÿ êàëèáðîâêè êàíàëà èçìåðåíèÿ íàïðÿæåíèÿ ñ äàò÷èêà òåìåðàòóðû ïîä-
ñîåäèíÿåì ïèí 6(T+) ê ïîëîæèòåëüíîìó ïîòåíöèàëüíîìó âõîäó ìóëüòèìåòðà
Agilent34401A, ïèí 5 (T-) ïîäêëþ÷àåì ê îáùåìó êîíòàêòó ìóëüòèìåòðà. Âõîä
ìóëüòèìåòðà øóíòèðóåì ñîïðîòèâëåíèåì ïîðÿäêà 60 êÎì è íàæèìàåì êíîïêó
�Start� .

8. Äëÿ êàëèáðîâêè êàíàëà èçìåðåíèÿ òîêà äàò÷èêà òåìåðàòóðû ïîäñîåäèíÿåì ïèí
6(T+) ê ïîëîæèòåëüíîìó òîêîâîìó âõîäó ìóëüòèìåòðà Agilent34401A, ïèí 5 (T-
) ïîäêëþ÷àåì ê îáùåìó êîíòàêòó ìóëüòèìåòðà è íàæèìàåì êíîïêó �Start� .

9. Êàëèáðîâêà äàò÷èêà äàâëåíèÿ.

10. Ïîñëå îêîí÷àíèÿ êàëèáðîâêè è çàêðûòèÿ äèàëîãîâîãî îêíà êàëèáðîâêè äàííûå
èçìåðåíèÿ áóäóò âûãëÿäåòü òàê êàê ïîêàçàíî íà ðèñóíêå 10.

11. Äëÿ ñîõðàíåíèÿ ðåçóëüòàòîâ êàëèáðîâêè íåîáõîäèìî ñíà÷àëà íàæàòü íà êíîïêó
�set EEPROM� ïîñëå ÷åãî íàæàòü íà êíîïêó �write EEPROM� .

12. Äëÿ ñîõðàíåíèÿ ðåçóëüòàòîâ êàëèáðîâêè â áàçå äàííûõ íåîáõîäèìî íàæàòü íà
êíîïêó �Save� . Â äèàëîãîâîì îêíå âûáîðà êàëèáðîâîê íåîáõîäèìî âûáðàòü êà-
òàëîã ñî âñåìè êàëèáðîâêàìè. Â ðåçóëüòàòå êàëèáðîâêè áóäóò ñîõðàíåíû â êàòà-



Ðèñ. 10: Ïðèìåðíûå ðåçóëüòàòû êàëèáðîâêè ìîäóëÿ CU4TD.

ëîã, ñîîòâåòñòâóþùèé òèïó óñòðîéñòâà (íàïðèìåð CU4TDM0V1). Ñîõðàíÿåòñÿ
ôàéë â ôîðìàòå json. Íàçâàíèå ôàéëà ñîîòâåòñòâóåò óíèêàëüíîìó èäåíòèôè-
êàöèîííîìó íîìåðó óñòðîéñòâà.



Ïðèëîæåíèå 1. Ïîäãîòîâêà ðàáî÷åé
ñòàíöèè äëÿ ðàçðàáîòêè ÏÎ äëÿ
RaspberryPi 3.

Ïðîöåññ ïîäãîòîâêè ïðîøèâêè äëÿ Raspberry Pi Äîñòàòî÷íî òðóäîåìîê, ïîýòîìó ðå-
êîìåíäóþ èñïîëüçîâàòü óæå ãîòîâûå ïðîøèâêè. Ïðè íåîáõîäèìîñòè òàêæå ìîæíî
ïîñëåäîâàòü äåéñòâèÿì îïèñàííûì íèæå. Íèæå îïèñàííûå äåéñòâèÿ ïðåäíàçíà÷åíû
íå òîëüêî äëÿ ïîäãîòîâêè ïîëíîöåííîãî îáðàçà äëÿ Raspberry Pi, íî è äëÿ ïîäãîòîâêè
ðàáî÷åãî êîìïüþòåðà äëÿ ðàçðàáîòêè ñîôòà äëÿ �ìàëèíû�.

Íåîáõîäèìûå èíñòðóìåíòû

• Îáðàç SD äèñêà äëÿ Raspberry. Íà ìîìåíò îïèñàíèÿ ýòîãî îïóñà èñïîëüçîâàëàñü
ñáîðêà Rasbian Jessie Lite îò 2017-04-10. Îáðàçû äèñêîâ òóò.

• Îïåðàöèîííàÿ ñèñòåìà Linux. Èñïîëüçîâàë ñòàáèëüíóþ ñáîðêó Xubuntu
16.04LTS. Íåîáõîäèì 32-áèòíûé âàðèàíò îïåðàöèîííîé ñèñòåìû. Âûáðàë
Xubuntu, ïîòîìó êàê íà âèðòóàëüíîé ìàøèíå îí âåñåëåå ÷óâñòâóåòñÿ.

• Âèðòóàëüíàÿ ìàøèíà, äëÿ ðàáîòû ñ Linux èç ïîä îïåðàöèîííîé ñèñòåìû
Windows. Èñïîëüçîâàë Virtual Box îò Oracle.

• SmartTTY - óäîáíàÿ ïðîãðàììà äëÿ óñòàíîâêè ssh ñîåäèíåíèÿ ìåæäó êîìïüþ-
òåðîì ïîä Windows è Raspberry Pi.

• Win32 Disk Imager äëÿ êëîíèðîâàíèÿ îáðàçîâ äèñêà ñ �ìàëèíû� íà ÏÊ è îáðàò-
íî.

• Cross-compile tools for RaspberryPi: ññûëêà

Ðàáî÷èå èíñòðóêöèè:

• https://wiki.qt.io/RaspberryPi2EGLFS - ïîäãîòîâêà îáðàçà äèñêà

• https://xdevs.com/guide/ni_gpib_rpi/ - íàñòðîéêà äðàéâåðà GPIB-USB

• Óìåíüøåíèå îïåðàöèé ÷òåíèÿ-çàïèñè Raspberry Pi.

Óñòàðåëî:

• http://wiki.qt.io/RaspberryPi_Beginners_Guide
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https://www.raspberrypi.org/downloads/raspbian/
https://xubuntu.org/
https://xubuntu.org/
https://www.virtualbox.org/wiki/Downloads
http://smartty.sysprogs.com/download/
https://sourceforge.net/projects/win32diskimager/files/latest/download
https://osdn.net/projects/sfnet_rfidmonitor/downloads/crosscompilation-resources/gcc-4.7-linaro-rpi-gnueabihf.tbz/
https://wiki.qt.io/RaspberryPi2EGLFS
https://xdevs.com/guide/ni_gpib_rpi/
https://habrahabr.ru/post/330160/
http://wiki.qt.io/RaspberryPi_Beginners_Guide


• http://www.ics.com/blog/building-qt-5-raspberry-pi

• https://wiki.qt.io/Qt5_on_RaspberryPi

• http://wiki.qt.io/Building_Qt_5_from_Git

Äëÿ âèíäîâñ:

• http://gnutoolchains.com/raspberry/tutorial/

• http://visualgdb.com/tutorials/raspberry/qt/embedded/

1. Ïîäãîòîâêà ðàáî÷åé ñòàíöèè (âèðòóàëüíàÿ ìàøèíà

Ubuntu).

1. Íàñòðîéêà âèðòóàëüíîé ìàøèíû

Îäèí èç ñàìûõ ïðîñòûõ øàãîâ. Â âèðòóàëüíîé ìàøèíå æìåì êíîïêó �Ñîçäàòü� è
ñîçäàåì âèðòóàëüíóþ ìàøèíó ñ ïàðàìåòðàìè, óêàçàííûõ íà ðèñóíêå 11.

Ïîñëå ñîçäàíèÿ âèðòóàëüíîé ìàøèíû, íåîáõîäèìî çàïóñòèòü åå, ïðè ýòîì ïîÿâèò-
ñÿ äèàëîãîâîå îêíî, â êîòîðîì íåîáõîäèìî óêàçàòü ïóòü ê îáðàçó LiveCD ñ îïåðàöè-
îííîé ñèñòåìîé. Äàëåå íåîáõîäèìî ïðîéòè ñêâîçü ñòàíäàðòíóþ ïðîöåäóðó óñòàíîâêè
Linux, êîòîðàÿ, íà ìîé âçãëÿä, íå òðåáóåò ïîÿñíåíèé. Âåñü ïðîöåññ óñòàíîâêè îïåðà-
öèîííîé ñèñòåìû çàíèìàåò íå áîëåå 15 ìèíóò.

Ïîñëå óñòàíîâêè Ubuntu ñëåäóåò åå âûêëþ÷èòü è ïðîâåñòè áîëåå òîíêóþ íàñòðîé-
êó âèðòóàëüíîé ìàøèíû:

• Îáùèå->Äîïîëíèòåëüíî->Îáùèé áóôåð îáìåíà: Äâóíàïðàâëåííûé

• Ñèñòåìà->Ìàòåðèíñêàÿ ïëàòà->îñíîâíàÿ ïàìÿòü: 4096ÌÁ (Âîçìîæíûé
ìàêñèìóì è ìîæíî áûëî âûáðàòü åùå íà ýòàïå óñòàíîâêè ñèñòåìû)

• Ñèñòåìà->Ìàòåðèíñêàÿ ïëàòà->Äîïîëíèòåëüíûå âîçìîæíîñòè:
Âêëþ÷èòü I/O APC

• Ñèñòåìà->Ïðîöåññîð->Ïðîöåññîð(û): 2

• Äèñïëåé->Ýêðàí->Âèäåîïàìÿòü: 128 ÌÁ

Äëÿ ïîëíîöåííîé ðàáîòû íåîáõîäèìî óñòàíîâèòü äîïîëíåíèå äëÿ âèðòóàëüíîé
ìàøèíû. Äëÿ ýòîãî íåîáõîäèìî çàïóñòèòü âèðòóàëüíóþ ìàøèíó. Â ìåíþ VirtualBox
âûáðàòü Óñòðîéñòâà->Ïîäêëþ÷èòü îáðàç äèñêà Äîïîëíåíèé ãîñòåâîé ÎÑ...
Äàëåå íåîáõîäèìî âûïîëíèòü êîìàíäó:

> sudo <pathToDisk>\VBoxLinuxAdditions.run

Ïîñëå ýòîãî íåîáõîäèìî äîæäàòüñÿ óñòàíîâêè ïàêåòîâ è ïåðåçàïóñòèòü ÎÑ Linux.
Çàêëþ÷èòåëüíûì ýòàïîì íàñòðîéêè ÿâëÿåòñÿ ïîäêëþ÷åíèå âíåøíåé ïàïêè ñî

âñåìè îáðàçàìè äëÿ Raspberry Pi. Äëÿ ýòîãî ñîâåðøàåì ñëåäóþùèå äåéñòâèÿ:
Íàñòðîéêè->Îáùèå ïàïêè->+ è óêàçûâàåì ïóòü ê ïàïêå ñ îáðàçàìè, à òàêæå

http://www.ics.com/blog/building-qt-5-raspberry-pi
https://wiki.qt.io/Qt5_on_RaspberryPi
http://wiki.qt.io/Building_Qt_5_from_Git
http://gnutoolchains.com/raspberry/tutorial/
http://visualgdb.com/tutorials/raspberry/qt/embedded/


Ðèñ. 11: Íàñòðîéêè âèðòóàëüíîé ìàøèíû
.



ïñåâäîíèì äèñêà. Â ìîåì ñëó÷àå ïñåâäîíèì �RaspberryPi� è ýòî êàòàëîã, â êîòîðîì
ëåæàò âñå íåîáõîäèìûå ìàòåðèàëû äëÿ ðàáîòû ñ �ìàëèíîé�. Îáðàçû ïðè ýòîì ëåæàò
â ïîäêàòàëîãå Images. Òàêæå ìîæíî ïîñòàâèòü ãàëêó Àâòî-ïîäêëþ÷åíèå è Ñî-
çäàòü ïîñòîÿííóþ ïàïêó. Òàêæå íåîáõîäèìî äîáàâèòü èìÿ ïîëüçîâàòåëÿ â ÷èñëî
ïîëüçîâàòåëåé, êîòîðûì äîñòóïíû ïîäìîíòèðîâàííûå óñòðîéñòâà êîìàíäîé:

> sudo usermod <userName> -a -G vboxsf

2. Êîïèðîâàíèå RSA êëþ÷åé

1. Ïåðâîíà÷àëüíî äîáàâèì ïóòü ê êàòàëîãó ïðîåêòà â âèðòóàëüíóþ ìàøèíó. Äëÿ
ýòîãî ñîâåðøàåì ñëåäóþùèå äåéñòâèÿ: Ìàøèíà->Íàñòðîèòü.... Äàëåå ïåðå-
õîäèì âî âêëàäêó Îáùèå ïàïêè è íàæèìàåì íà êíîïêóÄîáàâèòü, ïîñëå ÷åãî
óêàçûâàåì ïóòü ê êàòàëîãó ñ ïðîãðàììîé ïðîåêòà, à òàêæå ïñåâäîíèì äèñêà. Â
ìîåì ñëó÷àå ïñåâäîíèì �ControlUnitSoftware� è ýòî êàòàëîã, â êîòîðîì ëåæàò
âñå ðàáî÷èå óòèëèòû. Òàêæå ìîæíî ïîñòàâèòü ãàëêó Àâòî-ïîäêëþ÷åíèå è
Ñîçäàòü ïîñòîÿííóþ ïàïêó. Íåîáõîäèìî äîáàâèòü èìÿ ïîëüçîâàòåëÿ â ÷èñ-
ëî ïîëüçîâàòåëåé, êîòîðûì äîñòóïíû ïîäìîíòèðîâàííûå óñòðîéñòâà êîìàíäîé:

> sudo usermod <userName> -a -G vboxsf

Äëÿ âñòóïëåíèÿ â ñèëó èçìåíåíèé íåîáõîäèìî ïåðåçàãðóçèòüñÿ.

2. Êîïèðóåì RSA êëþ÷è

> sudo cp /media/sf_ControlUnitSoftware/LinuxScripts/cu4_rsa* /root/.ssh/

&& chown 600 /root/.ssh/cu4_rsa

Äàëåå íåîáõîäèìî îòêðûòü ôàéë ñ êëþ÷åì cu4_rsa.pub è óñòàíîâèòü ïðàâèëü-
íîå èìÿ êîìïüþòåðà â êîíöå ôàéëà.

2. Íàñòðîéêà Raspberry Pi.

1. Ïîäãîòîâêà ôëýøêè. (Âàðèàíò äëÿ Linux)

1. Äåëàåì êîïèþ îáðàçà, ñ êîòîðîé â äàëüíåéøåì è áóäåò ïðîèñõîäèòü âñÿ ðàáîòà:

> cd /media/sf_RaspberryPi/

> cp Images/<ImageName>.img Images/raspberry-working-image.img

2. Ïîäêëþ÷àåì ôëåøêó (MicroSD 8GB) ê âèðòóàëüíîé ìàøèíå: äëÿ ÷åãî â ìå-
íþ VirtualBox âûáèðàåì Óñòðîéñòâà->USB->Generic USB Storage. Ïîñëå
ýòîé îïåðàöèè äèñê äîëæåí àâòîìàòè÷åñêè ïîäìîíòèðîâàòüñÿ.

3. Çàïèñûâàåì îáðàç äèñêà íà microSD êàðòó:

> sudo dd bs=4M if=Images/raspberry-working-image.img of=/dev/sdb

309+1 records in



309+1 records out

1297862656 bytes (1,3 GB, 1,2 GiB) copied, 816,618 s, 1,6 MB/s

Ïðîöåññ íå áûñòðûé çàíèìàåò áîëåå 10 ìèíóò.

1. Ïîäãîòîâêà ôëýøêè. (Âàðèàíò äëÿ Windows)

1. Ïðîãðàììà î÷åíü ïðîñòàÿ. Æìåì íà êíîïî÷êó ñ ïàïêîé è âûáèðàåì îáðàç äèñ-
êà. Â ìîåì ñëó÷àå ýòî áûë 2017-04-10-raspbian-jessie-lite.img.

2. Äàëåå âûáèðàåì ïðàâèëüíûé äèñê, êóäà áóäåì çàïèñûâàòü îáðàç. Â ìîåì ñëó÷àå
� ýòî G.

3. Æìåì íà êíîïêó Write è îæèäàåì 2-3 ìèíóòû (ðàçìåð ôàéëà 1.3 ÃÁ).

4. Äîñòàåì ôëýøêó è óñòàíàâëèâàåì åå â Raspberry Pi.

2. Ïåðâûé çàïóñê Raspberry Pi

1. Âñòàâëÿåì MicroSD ôëýø êàðòó. Ïîäêëþ÷àåì ê USB êëàâèàòóðó, êàáåëü
Ethernet, ìîíèòîð ÷åðåç HDMI ðàçúåì è çàïóñêàåì. Èçíà÷àëüíûå íàñòðîéêè:

• Login: pi

• Password: raspberry

2. Íàñòðàèâàåì Raspberry Pi

> sudo raspi-config

Äåëàåì ñëåäóþùèå íàñòðîéêè:

• 1. Ìåíÿåì ïàðîëü ñèñòåìû íà scontel

• 2. Ìåíÿåì èìÿ êîìïüþòåðà íà ControlUnit4

• 3. Boot Options->B2 âûñòàâëÿåì â No, ò.å. íå íàäî äîæèäàòüñÿ ïîêà
óñòàíîâèòñÿ èíòåðíåò ñîåäèíåíèå

• 5. Interfacing Options->P4 SPI Âêëþ÷àåì SPI.

• 5. Interfacing Options->P6 Serial Âêëþ÷àåì Uart è ïîäòâåðæäàåì. Ïî-
ñëåäîâàòåëüíîñòü îòâåòîâ: Would you like a login shell to be accesible over
serial (Êîíñîëü â Uart) -> No. Would you like the serial port hardware to be
enabled? (Âêëþ÷åíèå Uart) -> Yes.

• 7. Advanced Options ->A1 Ðàñøèðÿåì ôàéëîâóþ ñèñòåìó íà âåñü îáúåì
äèñêà.

• 7. Advanced Options ->A2 Âêëþ÷àåì ïîääåðæêó ìîíèòîðîâ ñ Overscan.

• 7. Advanced Options ->A3 256ÌÁ äëÿ GPU.

Ïîñëå âñåãî ýòîãî ïåðåçàãðóæàåìñÿ.



3. Ïåðåóñòàíàâëèâàåì openssh ñåðâåð

> sudo apt-get purge openssh-server

> sudo apt-get install openssh-server

4. Âûÿñíÿåì TcpIp àäðåñ, ÷òîáû äàëåå ðàáîòàòü óæå ñî ñòàöèîíàðíîãî êîìïüþòå-
ðà:

> ifconfig

Â ìîåì ñëó÷àå àäðåñ áûë 192.168.255.197

3. Íàñòðîéêà ðàáî÷åé ñòàíöèè è Raspberry Pi ñ èñ-

ïîëüçîâàíèåì ñêðèïòà óñòàíîâêè

Ïåðåõîäèì íà ðàáî÷óþ ñòàíöèþ è çàïóñêàåì ñêðèïò raspberryPi_install_step1.sh.
Ïîñëå ýòîãî æäåì. Æäàòü ïðèäåòñÿ äîëãî. Ëîã ïðîöåññà çàïèñûâàåòñÿ â ôàéë
install.log.txt. Ñêðèïò çàïóñêàåòñÿ ïîä ñóïåðþçåðîì è òðåáóåò â êà÷åñòâå ïàðàìåò-
ðà TcpIp àäðåñ ìàëèíû, ïîëó÷åííûé íà ïðåäûäóùåì øàãå

> sudo ./raspberryPi_install_step1.sh <TCPIP raspberry> $USER

Ïðè ðàáîòå òðåáóåò ïàðîëü Raspberry Pi(ïðè ïåðâîì çàõîäå): scontel è ïàðîëü
ëîêàëüíîé ìàøèíû

Ìàëåíüêèå äîáàâëåíèÿ íå âîøåäøèå â ñêðèïò. Âíåñòè

ðàíåå

$ sudo apt-get install git-core

If you get any errors here, make sure your Pi is up to date with the latest

versions of Raspbian: (this is a good idea to do regularly, anyway)

$ sudo apt-get update

$ sudo apt-get upgrade

To obtain WiringPi using GIT:

$ cd

$ git clone git://git.drogon.net/wiringPi

If you have already used the clone operation for the first time, then

$ cd ~/wiringPi

$ git pull origin

Will fetch an updated version then you can re-run the build script below.

To build/install there is a new simplified script:



$ cd ~/wiringPi

$ ./build

Íàñòðàèâàåì QtCreator íà ðàáî÷åì êîìïüþòåðå

Ïåðâîíà÷àëüíî íóæíî óñòàíîâèòü Qt è QtCreator, èñïîëüçóÿ ñòàíäàðòûé óñòàíîâ-
ùèê ñ ñàéòà ïðîèçâîäèòåëÿ. Ñòðàííî: äëÿ 32-üèòíîãî Linux äîñòóïåí òîëüêî Qt5.5,
â òî âðåìÿ êàê äëÿ Windows óæå äîñòóïåí Qt5.9. Çàïóñêàåì QtCreator è èñïîëüçóåì
ñëåäóþùèå íàñòðîéêè

Go to Options -> Devices

Add

Generic Linux Device

Enter IP address, user & password

Finish

Go to Options -> Build & Run -> Compilers

Add

GCC

Compiler path: ~/raspi/tools/arm-bcm2708/gcc-linaro-arm-linux-gnueabihf-

raspbian/bin/arm-linux-gnueabihf-g++

Go to Options -> Build & Run -> Debuggers

Add

Debuger Path: ~/raspi/tools/arm-bcm2708/gcc-linaro-arm-linux-gnueabihf-

raspbian-x64/bin/arm-linux-gnueabihf-gdb

Go to Options -> Build & Run -> Qt Versions

Check if an entry with ~/raspi/qt5/bin/qmake shows up. If not, add it.

Go to Options -> Build & Run

Kits

Add

Generic Linux Device

Device: the one we just created

Sysroot: ~/raspi/sysroot

Compiler: the one we just created

Debugger: the one we just created

Qt version: the one we saw under Qt Versions

Qt mkspec: leave empty

Íàñòðîéêà äðàéâåðà GPIB-USB-HS

Íà÷èíàåì ñ òîãî, ÷òî êà÷àåì çàãîëîâêè ÿäðà äëÿ Raspberry Pi.

> sudo wget https://raw.githubusercontent.com/notro/rpi-source/master/rpi-source

-O /usr/bin/rpi-source

> sudo chmod +x /usr/bin/rpi-source

> /usr/bin/rpi-source -q --tag-update



Äàëåå âûïîëíÿåì rpi-source, äëÿ ñáîðêè õèäåðîâ ñèñòåìíîãî ÿäðà. Äàííàÿ îïåðàöèÿ
çàíèìàåò äî 5 ìèíóò.

> sudo rpi-source

Óñòàíàâëèâàåì âñå ïàêåòû, êîòîðûå íàì â äàëüíåéøåì ïîíàäîáÿòñÿ

> sudo apt-get install bc

> sudo apt-get install libncurses5-dev

> sudo apt-get install tk-dev

> sudo apt-get install build-essential texinfo texi2html libcwidget-dev

libncurses5-dev libx11-dev binutils-dev bison flex libusb-1.0-0 libusb-dev

libmpfr-dev libexpat1-dev tofrodos subversion autoconf automake libtool

> sudo apt-get autoremove

> sudo apt-get upgrade

Äàëåå ñîçäàåì ïàïêó äëÿ äðàéâåðîâ gpib-usb, çàáèðàåì ïîëåäíþþ âåðñèþ äðàéâåðîâ
èç óäàëåííîãî ðåïîçèòîðèÿ, êîíôèãóðèðóåì è ñîáèðàåì.

> mkdir ~/linux-gpib

> cd ~/linux-gpib

> svn checkout svn://svn.code.sf.net/p/linux-gpib/code/trunk linux-gpib-code

> cd linux-gpib-code/linux-gpib/

> ./bootstrap

> ./configure

> make

> sudo make install

Äëÿ òîãî, ÷òîáû âñå çàðàáîòàëî íåîáõîäèìî ñíà÷àëà çàïóñòèòü óòèëèòó

> sudo ldconfig

Äàëåå íåîáõîäèìî ïîïðàâèòü ôàéë /etc/gpib.conf. Äàííûé ôàéë äîëæåí ñîäåðæàòü
ñëåäóþùèé òåêñò:

interface {

minor = 0 /* board index, minor = 0 uses /dev/gpib0, minor =

1 uses /dev/gpib1 */

board_type = "ni_usb_b" /* type of interface board being used */

name = "violet" /* optional name, allows you to get a board

descriptor using ibfind() */

pad = 0 /* primary address of interface */

sad = 0 /* secondary address of interface */

timeout = T30s /* timeout for commands */

eos = 0x0a /* EOS Byte, 0xa is newline and 0xd is carriage

return */

set-reos = yes /* Terminate read if EOS */

set-bin = no /* Compare EOS 8-bit */

set-xeos = no /* Assert EOI whenever EOS byte is sent */

set-eot = yes /* Assert EOI with last byte on writes */

master = yes /* interface board is system controller */



}

Ïîñëå ýòîãî ìîæíî çàïóñòèòü

> sudo gpib_config

Êîìàíäà äîëæíà çàâåðøàòüñÿ áåç âûâîäà îøèáîê. Ìîæíî ïîñòàâèòü åå â àâòîçàãðóç-
êó, îäíàêî, åñëè íåò íåîáõîäèìîñòè èñïîëüçîâàòü gpib, òî è êîìàíäà ýòà íå íóæíà.

Ïîñëå îêîí÷àíèÿ ïî÷èñòèì çà ñîáîé:

> rm ~/linux-ef3b440e0e4d9ca70060483aa33d5b1201ceceb8.tar.gz

> rm -r ~/linux-ef3b440e0e4d9ca70060483aa33d5b1201ceceb8

> rm -r ~/linux

Ñáîðêà ïðîåêòà è åãî Deploy

Ýòî åùå íå âñå
íàïèñàòü ÷åãî-òî, ÷óòü ïîçäíåå. ïîòîìó ÷òî ýòî ïîêà íå ñäåëàë

Îòêëþ÷àåì Raspberry Pi

> sudo poweroff

Ñîçäàíèå êîïèè îáðàçà ñîäåðæèìîãî ôëýø-êàðòû

Ïåðåõîäèì íà ëîêàëüíûé êîìïüþòåð (âèðòóàëüíóþ ìàøèíó), ïîäêëþ÷àåì microSD
êàðòó è êîïèðóåì åå ñîäåðæèìîå:

> cd /media/sf_RaspberryPi

> sudo dd if=/dev/sdb of=Images/raspberry-working-image.img

Â ïîñëåäíèé ðàç äàííàÿ îïåðàöèÿ íå ïðîøëà, âûïàäàëî ìíîæåñòâî îøèáîê, ïî-
ýòîìó ÿ âîñïîëüçîâàëñÿ Win32 Disk Imager äëÿ ñîçäàíèÿ êëîíà äèñêà. Âðåìÿ êîïèðî-
âàíèÿ äîñòàòî÷íî âåëèêî. Â ìîåì ñëó÷àå ñîñòàâèëî ïîðÿäêà ÷àñà (1:12:20). Ïðèäåòñÿ
æäàòü.

https://sourceforge.net/projects/win32diskimager/files/latest/download


Ïðèëîæåíèå 2. Íàñòðîéêà óñòðîéñòâà
ïðè ïîìîùè ñòàíäàðòíîãî ìåíåäæåðà
ïàêåòîâ.

1. Ïåðâîå, ÷òî íóæíî ñäåëàòü ýòî äîáàâèòü â ñïèñîê ðåïîçèòîðèåâ íàø ðåïîçèòî-
ðèé. Äëÿ ýòîãî â ôàéë ñ ðåñóðñàìè

>sudo nano /etc/apt/sources.list

Äîáàâëÿåì òåêñò

#Scontel Soft

deb http://rplab.ru/~ozhegov/.aptly/public/ jessie main

2. Òåïåðü íåîáõîäèìî îáíîâèòü èíôîðìàöèþ î ðåïîçèòîðèÿõ:

> sudo apt-get update

3. Ïîñëå ýòîãî ìîæíî óñòàíîâèòü íàø ïàêåò

> sudo apt-get install cu-software

4. Äëÿ îáíîâëåíèÿ ïàêåòîâ, â òîì ÷èñëå è ñâÿçàííûõ ñ cu-software íåîáõîäèìî
âûïîëíèòü êîìàíäû

> sudo apt-get update && sudo apt-get upgrade -y

5. Äëÿ óäàëåíèÿ ïàêåòîâ, â òîì ÷èñëå è ñâÿçàííûõ ñ cu-software íåîáõîäèìî âû-
ïîëíèòü êîìàíäû

> sudo apt-get remove cu-software && sudo apt-get update && sudo apt-get

autoremove

6. Çàíîâî íàñòðîèòü ïàêåò, ïðîâåñòè ïåðåðåêîíôèãóðàöèþ ïàêåòà ìîæíî ñ ïîìî-
ùüþ ïàêåòà dpkg

> sudo dpkg-reconfigure cu-software
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Ïðèëîæåíèå 3. Êðàòêîå îïèñàíèå
debian ïàêåòîâ.

cu-software

cu-software - îñíîâíîé ïàêåò, âêëþ÷àþùèé âñå îñòàëüíûå ïàêåòû. Ôóíêöèè âûïîëíÿ-
åìûå ïàêåòîì:

• Êîíôèãóðàöèÿ óñòðîéñòâà

• Çàïóñê ñåðâèñîâ cu-tcpipserver, cu-embeddeddisplay, cu-simpleapp

cu-powercontrol

cu-powercontrol - ïàêåò, îáåñïå÷èâàþùèé óïðàâëåíèå ïèòàíèåì óñòðîéñòâîì. Ôóíê-
öèè âûïîëíÿåìûå ïàêåòîì:

• Óñòàíîâêà ïóáëè÷íîãî êëþ÷à cu4_rsa.pub â êàòàëîã /root/.ssh è äîáàâëåíèå åãî
â àâòîðèçèðîâàííûå êëþ÷è.

• Îòêëþ÷åíèå Bluetooth è ïîäêëþ÷åíèå çà ìåñòî åãî Uart.

• Îòêëþ÷åíèå ëîãîòèïà ñ ýêðàíà

• Îòêëþ÷åíèå èêîíêè ïðåäóïðåæäàþùèõ ñîîáùåíèé ñ ýêðàíà ìîíèòîðà

• Îòêëþ÷åíèå ëîãèðîâàíèÿ

• Îòêëþ÷åíèå àâòîçàñûïàíèÿ

• Âêëþ÷åíèå ñåðâèñà, ñëóøàþùåãî íàæàòèå êíîïêè ïèòàíèÿ, ïî êîòîðîé ïðîèñ-
õîäèò àâòîîòêëþ÷åíèå óñòðîéñòâà

cu-tcpipserver

cu-tcpipserver - ïàêåò, óñòàíàâëèâàþùèé îäíîèìåííóþ óòèëèòó, ïðåäíàçíà÷åííóþ äëÿ
ðàáîòû. Çàïóñêàåò ñåðâåð, êîòîðûé ñëóøàåò êîìàíäû ïî ïîðòó 9876 è ïîçâîëÿåò
óïðàâëÿòü êàæäûì ìîäóëåì ïî îòäåëüíîñòè.
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cu-displaycalibration

cu-displaycalibration - ïàêåò, óñòàíàâëèâàþùèé îäíîèìåííóþ óòèëèòó, ïðåäíàçíà÷åí-
íóþ äëÿ êàëèáðîâêè ýêðàíà, ïàðàìåòðû êàëèáðîâêè äàëåå èñïîëüçóþòñÿ ïàêåòîì
cu-embeddeddisplay.

cu-embeddeddisplay

cu-embeddeddisplay - ïàêåò, óñòàíàâëèâàþùèé îäíîèìåííóþ óòèëèòó, ïðåäíàçíà÷åí-
íóþ äëÿ ðàáîòû ñ óñòðîéñòâî ÷åðåç âñòðîåííûé ýêðàí. Ïðèëîæåíèå ìîæåò ðàáîòàòü
êàê ïî TcpIp ïðîòîêîëó, òàê è ÷åðåç ïîñëåäîâàòåëüíûé ïîðò. Âûáîð ïðîòîêîëà ïðî-
èñõîäèò ÷åðåç êîíôèãóðàöèþ ïàêåòà cu-software èëè ïóòåì ðåäàêòèðîâàíèÿ ôàéëà
/etc/default/cu-software.

cu-simpleapp

cu-simpleapp - ïàêåò, óñòàíàâëèâàþùèé îäíîèìåííóþ óòèëèòó, ïðåäíàçíà÷åííóþ äëÿ
ðàáîòû ñ óñòðîéñòâî ïðè ïîìîùè ñòàíäàðòíûõ óñòðîéñòâ ââîäà-âûâîäà (êëàâèàòóðà,
ìûøü, ñòàíäàðòíûé ìîíèòîð, ïîäêëþ÷åííûé ê HDMI ïîðòó óñòðîéñòâà). Ïðèëîæå-
íèå ìîæåò ðàáîòàòü êàê ïî TcpIp ïðîòîêîëó, òàê è ÷åðåç ïîñëåäîâàòåëüíûé ïîðò.
Âûáîð ïðîòîêîëà ïðîèñõîäèò ÷åðåç êîíôèãóðàöèþ ïàêåòà cu-software èëè ïóòåì ðå-
äàêòèðîâàíèÿ ôàéëà /etc/default/cu-software.



Ïðèëîæåíèå 4. Ðàáîòà ñ debian
ïàêåòàìè íà Raspberry Pi.

Äëÿ óäîáñòâà ðàáîòû, óñòàíîâêè ïðîãðàììíîãî îáåñïå÷åíèÿ è äàëüíåéøåãî åãî îá-
íîâëåíèÿ íà Raspberry Pi ïîääåðæàíà ðàáîòà ÷åðåç ñòàíäàðòíóþ äëÿ Linux óòèëèòó
apt-get. Äëÿ ðàáîòû ýòîé óòèëèòû äîëæåí áûòü ñîçäàí ñïåöèàëüíûé ðåïîçèòîðèé,
íàõîäÿùèéñÿ ïî àäðåñó ññûëêà. Â ýòîì ðàçäåëå ïðèâåäåíî îïèñàíèå êàê ñîçäàòü ðå-
ïîçèòîðèé, êàê ïîìåñòèòü åãî íà ñåðâåð, êàê îáíîâèòü âåðñèþ ïàêåòà íà ñåðâåðå, êàê
ïîäãîòîâèòü óñòðîéñòâî äëÿ ïîëó÷åíèÿ äàííûõ ñ ñåðâåð, êàê óñòàíîâèòü è îáíîâèòü
ïàêåò íà óñòðîéñòâå.

Ïî-õîðîøåìó, âñÿ ýòà èíôîðìàöèÿ äîëæíà ó÷èòûâàòüñÿ â ïðåäûäóùåì ðàçäåëå

Ñîçäàíèå ñâîåãî ïàêåòà

Íèæå ïðèâåäåíî î÷åíü êîðîòêîå îïèñàíèå, ïîçâîëÿþùåå ñîçäàòü ïðîñòîé ïàêåò, êî-
òîðûé ïðè ïðîâåðêå áóäåò ïîêàçûâàòü îøèáêàìè, íî ïîçâîëÿåò îáíîâëÿòü ôàéëû ñ
ñåðâåðà, ÷òî ìíå è íóæíî. Äëÿ áîëåå äåòàëüíîãî îïèñàíèÿ ñìîòðè òóò. Äàëåå íåîá-
õîäèìî ïàêåòû ñäåëàòü áîëåå êà÷åñòâåííûìè è óñòðàíèòü âñå îøèáêè.

1. Èòàê ñîçäàåì ïàêåò. Ubuntu-forum. Íàçâàíèå ïàêåòà óñòàíàâëèâàåì ñëåäóþùèì:

<project>_<major version>.<minor version>-<package revision>

Äëÿ ïðèìåðà íàçâàíèå òåñòîâîãî ïàêåòà áóäåò:

helloworld_1.0-1

2. Ñîçäàåì äèðåêòîðèþ, â êîòîðîé áóäåì ñêëàäûâàòü âñå ôàéëû ïàêåòà

> mkdir helloworld_1.0-1

3. Âñå ôàéëû ïîìåùàþòñÿ ïî ïàïêàì âíóòðè äàííîãî êàòàëîãà. Äëÿ ïðèìåðà:

> mkdir helloworld_1.0-1/usr

> mkdir helloworld_1.0-1/usr/local

> mkdir helloworld_1.0-1/usr/local/bin

> cp "~/Projects/Hello World/helloworld" helloworld_1.0-1/usr/local/bin

4. Äàëåå ñîçäàåì ôàéë ìåòàäàííûõ, íåîáõîäèìûé äëÿ êîìïèëÿöèè ïàêåòà.
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> mkdir helloworld_1.0-1/DEBIAN

> gedit helloworld_1.0-1/DEBIAN/control

Â íåãî ïîìåùàåì ïðèìåðíî ñëåäóþùèé òåêñò

Package: helloworld

Version: 1.0-1

Section: base

Priority: optional

Architecture: i386

Depends: libsomethingorrather (>= 1.2.13), anotherDependency (>= 1.2.6)

Maintainer: Your Name <you@email.com>

Description: Hello World

When you need some sunshine, just run this.

small program!.

.

(the space before each line and dot after each line in the description is

important).

5. Ïîñëå ýòîãî ñîáèðàåì ïàêåò

> dpkg-deb --build helloworld_1.0-1

Ðàçìåùåíèå ïàêåòà íà ftp ñåðâåðå

Òóò âñå ïðîñòî, ïðîñòî êîïèðóåì ñîáðàííûé ïàêåò íà ñåðâåð

scp helloworld_1.0-1.deb ozhegov@rplab.ru:

Äîáàâëåíèå ïàêåòà â ðåïîçèòîðèé

Íà äàííîì ýòàïå ÿ ïîêà îïóñêàþ òî, êàê íàñòðàèâàòü ñåðâåð, êàê íàñòðàèâàòü ðåïî-
çèòîðèé. Â ìîåì ñëó÷àå ðåïîçèòîðèé áûë ñîçäàí ïðè ïîìîùè óòèëèòû aptly. Áîëåå
ïîäðîáíî ïî íàñòðîéêå è âñåì åãî ôóíêöèÿì ñìîòðè äîêóìåíòàöèþ. Äàëåå îïèñàíû
êîíêðåòíûå øàãè ïî äîáàâëåíèþ ïàêåòà â ðåïîçèòîðèé. âñå îïåðàöèè ïðîâîäÿòñÿ íà
ñåðâåðå.

1. Äîáàâëÿåì ïàêåò â ðåïîçèòîðèé. Îáùèé âèä êîìàíäû:

> aptly repo add <repo_name> <packet_name>

Â ìîåì ñëó÷àå ýòî âûãëÿäèò êàê:

> aptly repo add scontel-soft helloworld_1.0-1.deb



2. Äàëåå íåîáõîäèìî îáíîâèòü ïóáëè÷íóþ ÷àñòü ðåïîçèòîðèÿ êîìàíäîé.

> aptly publish update jessie

Óñòàíîâêà ïàêåòà íà óñòðîéñòâî

1. Ïåðâîå, ÷òî íóæíî ñäåëàòü ýòî äîáàâèòü â ñïèñîê ðåïîçèòîðèåâ íàø ðåïîçèòî-
ðèé. Äëÿ ýòîãî â ôàéë ñ ðåñóðñàìè

>sudo nano /etc/apt/sources.list

Äîáàâëÿåì òåêñò

#Scontel Soft

deb http://rplab.ru/~ozhegov/.aptly/public/ jessie main

2. Òåïåðü íåîáõîäèìî îáíîâèòü èíôîðìàöèþ î ðåïîçèòîðèÿõ:

> sudo apt-get update

3. Ïîñëå ýòîãî ìîæíî óñòàíîâèòü íàø ïàêåò

> sudo apt-get install helloworld

4. Äàëåå íóæíûé ïàêåò ìîæíî îáíîâëÿòü (upgrade), óäàëÿòü (remove) è òàê äàëåå.
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