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1. O JOKYMEHTE

ITOKyMeHT OmMChIBaeT JUCTPUOYTHB orepaiioHHol cucteMbl GNU/Linux Ha 6a3e Buildroot
st Mukpocxembl 1892BM 1451 (MCom-02), npotieaypy cOOpKM W MpOIIMBKU oOpasa SD-
KapThl C OMepaLiOHHON CUCTEeMOW U HaCTPOUWKH OMepaliMOHHOMN cucTeMbl (anee — “OC”).

JIOKyMeHT OmnuChIBaeT AUCTPUOYTHUB Bepcuu 2.2.
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2. OBIIMNE CBEJEHUSA O JUCTPUBYTUBE OC

HMuctpubytne OC GNU/Linux npeaHa3HadyeH s paclpOCTPaHeHUs] UCXOAHBIX kKogoB OC
GNU/Linux, nacrpymenransHoro I10 u ckpuntoB c6opku OC GNU/Linux.

HOuctpubytue OC moazep)kKvBaeT CAeAyroI[ue OTaZouHble MOJY/IHM Ha 0a3e MUKPOCXeMbI
1892BM1441:

* Camor-2J/124/11 r1.3;
* Camot-0J124/11 r1.4;
* Camotr-0J12411 r1.5;
* Camor-2J12402 r1.1.

Ouctpubytue OC pacripocTpaHsieTcsl B BUZie apXMBa UCXOAHBIX KOJ0B (TIofpobHee cM. “Co-
cmae oucmpubymuga OC”).

Pe3ynbraToM cOOPKY UCXOAHBIX KOZIOB JUCTPUOYTUBA SIBJISTIOTCS:

» OO6pa3 SD-kaptsl, cogepskarmuii OC GNU/Linux (rmoapo6Hee cm. “Cocmas obpaza SD-
kapmbi”). Obpa3 SD-KapThl BIsIeTCs YHU(DUIUPOBAHHBIM U COBMECTHM CO BCEMH TIO/I-
Jlep>KUBaeMbIMU MOZY/ISIMHU.

 OO6pa3sl 3arpy3urika U-Boot J/1s1 Bcex Nof/iep)KUBaeMbIX 0T/1a[j04HbIX Moysie (1oApo6-
Hee cM. “3arpy3uuk U-Boot a1 1892BM1441. PykoBoACTBO o/ib30BaTteisi”).

Iuctpubytus OC nocrpoeH Ha 6ase Buildroot Bepcun 2015.08.11.

B coctaB OC Bx0oquT HabOp ZIEMO-TeCTOB /IJisi IPOBepPKH paboThl 6;10K0B U nHTepdeticoB CHK
B COCTaBe OT/IaJOUHOTO MOZYJISL.

B kauectBe siipa OC ucnons3yetcsi Linux v4.1.35.1. fapo mocrpoeHo Ha 6a3e siapa Linux
Bepcun 4.1.35%,

B kauectBe 3arpy3unka OC ucrnosnb3yercss U-Boot v2016.03.0.6 (mogpobHee cMm. “3arpy3uuk
U-Boot asis 1892BM1451. PykoBOACTBO MoJib30Baresi”).

! https://git.buildroot.net/buildroot/commit/?h=2015.08.1&id=e009e7d86 15eec10d2c0c2676ef5a276f0aba5e2
2 https:/git.kernel.org/cgit/linux/kernel/git/stable/linux-stable.git/commit/?h=v4.1.35
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3. COCTAB JMUCTPUBYTUBA OC

CocraB apxuBa AUCTpUOyTHBa NpeZicTaB/ieH B Tabmuiie 3.1.

Taomuna 3.1. CocTraB apxuBa fuCTpUOyTHBA

AvpekTopuslidain

OonucaHue

build.sh

Ckpunt asisi coopku OC, pa3MeTKu U co3zaHust obpa3a SD-KapTbl

baremetal-src/tests

baremetal TecTsI Ay1s1 GPYHKI[MOHA/ILHOTO KOHTPOJIS TI1aT

buildroot-script

PelienTbI ¥ CKPUMTHI /171 COOPKY KOPHEBOH (hali/IoBoii crcTeMbl Ha Oa3e
Buildroot

u-boot

Ncxopnble kogp! 3arpy3unka U-Boot

tools

,Z[OI'IOJ'IHI/ITEIII:HLIE YTUIUTBL

tools/flash-spi.py

Yrunuta Ans npomvBky SPI duremn-niamsiti Bepcuu 2.0, Wik BhIle,
ynpasisieT MoHUTOpOoM BootROM CHK no unrepdeticy UART

toolchain-arm-cs-bare-
2013.11

[Maker mporpamm ot CodeSourcery, HEOOXOAUMBIX [/ KOMITHJISILIAA
Y TeHepaLy BBITOJIHSIEMOTO KOZja M3 MCXOJHBIX TEKCTOB baremetal-
npuwiokeHut Ha ARM

Ouctpubyte OC GNU/Linux Ha 6a3e Buildroot g1 1892BM1441.
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4. COCTAB OBbPA3A SD-KAPTBI

Cxema pa30ouenust obpa3a SD-KapThl TIpe/icTaB/ieHa B Tabwiie 4.1.

Taonuna 4.1. Cxema pa3ouenus oo6pasa SD-kapThl Ha ob6/1acTH

O6nacTtb Hauano (6aiiT) Pa3mep (6aiiT) MpumeuaHue

MBR 0 512

Pa3pen boot 1 Mub 128 Mub Paspen c ¢aiinoBoii cucremoii FAT32

Pasgen root 129 Mub 1Tub Pasgnen c ¢aitnooit cucremoit EXT4 ¢ kopHeBoi

(hatinopoii cuctemoii rootfs

Cocras pa3gena boot:

* zImage — CKOMIMWIKMPOBaHHOe si/ipo Linux

* test-ddr.bin — napametpusupyemsiii baremetal TecT a5 mpoBepku DDR-namsTy;

* test-nand.bin — baremetal Tect assa npoBepku NAND-namsaTy;

* test-bist.bin—mnapamerpusupyemsiii baremetal TecT /sl TpoBepKY MamsiTeil ocpes-
ctBoM BIST;

* test-mfbsp-gpio.bin — mapamerpusupyemsiii baremetal Tect st npoBepku MFBSP

GPIO B pexxume loopback;

* u-boot.env — nepemeHHbIe OKpY>KeHUsI 3arpy3urika U-Boot.
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5. CBOPKA OBPA3A SD-KAPTbBI 1 OBPA3A 3AI'PY3UUKA

C6opka obpaza SD-kapThl 1 06pasa 3arpy3urka BhinoHseTcs Ha [IDBM. [I9BM fo/mkHa yio-
BJIETBOPSITH TPEOOBAHUSM:

1. He meHee 4 'ub O3Y, 8 ['ub cBo6oaHOrO Mecta Ha HXKM/] v TBepA0Te/TbHOM HaKOIH-
Tesle;

2. Ha [I9BM po/pkeH ObITH YCTAaHOB/IEH KapA-pyUjiep AJis TTOJK/IroueHrst SD-Kapr;

3. Ha [I9BM gomxken ObiTh ycTaHoBieH guctpudytuB GNU/Linux CentOS 7.2 apXuTekTy-
pbl Xx86-64;

4. Ha [I9BM pomkeH ObITh HaCTPOEH JOCTYI B UHTepHeT. Ec/ii I0CTyIl B UHTEPHET OCy-
IIeCTB/ISIETCS] Yepe3 MPOKCU-CepBep, TO I0/DKHO ObITb YCTaHOB/IEHBI TlepeMeHHbIe OKpPY-
>keHus http_proxy, https_proxy, ftp_proxy;

5. Ha [I9BM f0/KHBI OBITH YCTAaHOBJIEHBI CJIeYIOLIHe TIPUIOXKeHUs (TIyTH /10 MCTIOJHSIe-
MbIX (paiisioB AO/KHBI OBITH MPOTIMCAHbI B IepeMeHHOMN OKpy»keHusi PATH):

* bash Bepcum 4.1.2;

» cmake Bepcuu 2.8 unu Bblllle;
* GNU make Bepcuu 3.81;

* parted Bepcuu 2.1;

* texinfo Bepcuu 4.13;

glibc.i686.

[nst cbopku 06pa3oB HeOOXOAUMO:

1. pazapxuBHpOBaTh apXuB [ij1si cOOpKH oOpa3a SD-kapThl (<package-name> - UMsi apxXuBa
tar.bz2, Ho Oe3 pacimpenus tar.bz2):

tar xf <package-name>.tar.bz2

ITpepynpexxaenue: IToyHBIN MyTh K apXUBY W UMsI apX¥Ba He [JO/DKHBI COZIepyKaThb
nipo6eJioB.

2. TIepelTH B pacliakOBaHHYIO AUPEKTOPUIO:

cd <package-name>

3. BBITIOJTHUTH KOMaH/y T10 3amycKy cO6opku Linux, 3arpy3urka v MPUIOXKEHHI:

./build.sh build
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JmiTenbHOCTE COOPKM COCTAB/IsIET OKOIO 45 MUHYT 1 3aBUCHUT OT MPOU3BOAUTETBHOCTU
CPU IIOBM.

4. BBITIOJIHATH KOMaHAY /151 TOAr0TOBKU 06pa3a SD-KapThi:
./build.sh mk_1image
ITpu 3amycke mosiBUTCS 3ampoc maposst Ass sudo (sudo Tpebyercst 111 MOHTUPOBAHUS
obpa3sa u 3arvcu KOpHeBo# (ailjIoBOM CUCTEMBI).

[Moce 3aBepiiieHUs MpoLeypbl COOPKU B AUPEKTOpPUM output OyayT JOCTYIHBI C/ieyIoIIye
(atinbl 06pa3oB:

* mcom@2-buildroot-sdcard.img
O6pa3 SD-kaptsl, cogepsaruit OC GNU/Linux.
* mcom@2-*-uboot.img

OO6pa3bl 3arpy3urKa Jjist BCeX MoJep>KUBaeMbIX OT/Ia[JOYHBIX MOAY/IeH.
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6. 3AIIVMCH OBPA3A SD-KAPTBI

st 3armcy obpasza Ha SD-KapTy HeoOX0JHUMO:

1. usBneus SD-kapty 13 Kapa-puzepa [IBM u cunrars ClMCOK yCTPOUCTB KOMaH/0M:

1s -la /dev/sd*

2. BctaBUTh SD-Kapty B Kapa-pugep [I9BM u MoBTOPHO CYMTaTh CIIUCOK YCTPOMCTB KO-
MaHz0i Ls -la /dev/sd*. BeluecTb U3 CIiMCKa yCTPOMCTB MOC/Ie yCTaHOBKU SD-KapThl
CMHCOK YCTPOMCTB /10 YCTAHOBKM KapThl U MO/yUUTh YCTPOUcTBO /dev/sdX w/unu cnu-
cok yctpoicTB /dev/sdX1, /dev/sdX2... (rge 1, 2, ... Homepa pa3zenoB SD-kapThi). B
c/lydae, eC/Iu TI0/yueH CTIHMCOK YCTPOMCTB, TO TMOJyUHTh yCTpoucTBO /dev/sdX oTbOpa-
ChIBaHMEM MoC/ieHel 11U pPbl U3 YCTPOMCTBA COOTBETCTBYIOIIEr0 TTepBOMY paszieny SD-
KapThl /dev/sdX1.

3. 3ammcatb 06pa3 Ha SD-KapTy:

sudo dd if=output/mcom@2-buildroot-sdcard.img of=/dev/sdX bs=4M
sudo sync

4. wv3sneub SD-kapty u3 kapg-pugepa [ISBM.
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7. ITPOHINBKA SPI ®JIEHI-ITAMATI

ITpommeka SPI dem-namMsaTy oT/IafouHoro Moyast obpa3oM 3arpysumka (cMm. “Cbopka 06-
paza SD-kapmbl u obpasza 3azpy3uuxa”) BeIoaHATCA yTHmTol flash-spi.py, Bxogsieit B
cocTaB AUCTPUOYTHBA, COTMIACHO AOKyMeHTY “MHCTpyKiums no npowmBke SPI dueni-namstu
OT/Ia[IOYHBIX MO/y/ielt Ha 6a3e 1892BM144”.
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8. HACTPOMKA OC

8.1 YBeauuenume o0nema O3Y

Mo ymomuyanuto o6sem goctynHoii O3Y pasen 1 I'ub. []ns yBennuenust oovsema O3Y go 2 I'ub
HeoOX0IMMO aKTUBUPOBAaTh BTOpoii DDR-KoHTpoJ1/1ep (ec/ii MPUMEHUMO [i71st JAHHOTO MOZYJIS).
st aTOTO B haiin u-boot.env HeobxoarMO 06ABUTH CTPOKY:

ddrctl_cmd=enable

8.2 Bkiwuenue apaiiBepa framebuffer vpoutfb

[To ymomuanuto o6pa3 SD-kKapThl coOMpaeTCsl C BHIKIIOUEHHBIM MopysieM sigpa vpoutfb.
[nst BkmoueHnst HeobxoauMo ynaauThk (pasy modprobe.blacklist=vpoutfb u3 daiina u-
boot.env.

8.3 Hacrpoiika ceTn

ITo ymonuanuto OC HacTpoeHa Ha monyueHue ceteBoro ajpeca mo DHCP. Hacrpotiika napa-
MeTPOB CeTH 3a/laéTcs B KOHUrypaloHHoM ¢aiine /etc/network/interfaces Ha KopHe-
BOM (haitnioBoli cructeMe. [TosiHas JOKyMeHTalUsl [0 HACTPOMKe CeTH [JOCTYIHA Ha CTpaHULle
https://wiki.debian.org/NetworkConfiguration.

WMs xocTa Mo ymoauaHuio — mcom. It u3MeHeHHs UMEeHU X0CTa HeoOX0IMMO OTpe/laKTh-
poBaTh KOH(UrypaloHHble ¢aiinbl /etc/hostname u /etc/hosts Ha kopHeBol (aitioBoit
cHucTeMe.

8.4 TIlapamertpsl sapa Linux

[na nepepaun mapameTpoB sApy Linux wucronb3yercss nepemeHHass bootargs B ¢aiine u-
boot.env B kopHe pa3zena boot. 3arpy3uuk U-Boot cuuTkiBaet ¢aiin u-boot.env npu 3arpys-
Ke, 3HaueHue repeMeHHOM bootargs UCIob3yeTcs B KaueCTBe MapaMeTpPOB sipa.

OCHOBHBI€ UCII0/Ib3yeMble TlapaMeTpshl sifipa:
1. console=ttyS0,115200 — BK/IIOYaeT BbIBOZ, coobineHuit sapa Ha UARTO.
2. earlyprintk — Bk/IrOUaeT BbIBOJ|, COOOIIIEHMI Jpa Ha paHHUX 3Tarax 3arpy3Ku.

Criicok mapametrpoB sigpa OC Linux Haxogutcsi B Llinux/Documentation/kernel-
parameters. txt.
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8.5 [lobaBienue nmporpamMm B o6pa3 SD-KapThbl

Cuctema cOopku Buildroot mopzepkuBaer aoOaBneHre B cOOpPKy TmporpamMm u OuO-
JIMOTEK Tosib3oBarens. [TogpoOHas AOKyMeHTalysi HaXoAuTcsl B AupekTopud buildroot-
script/buildroot/docs.

8.6 Ympasinenue BoiBogaMu GPIO u3 npocTrpaHcTBa no/jib30Bare-
JiA

Ynpaenenne BoiBogamMu GPIO CHK ocymiecTBisieTcsi C TIOMOIIBIO CIy>KeOHbIX (hailyioB B
/sys/class/gpio (cm. https://www.kernel.org/doc/Documentation/gpio/sysfs.txt).

Ynpaenenue BbiBogoM GPIO MoxxeT ObITh HEJOCTYITHO, €C/TU OH UCTI0/Ib3YeTCsT PaiBepOM.

B cootBeTcTBUM € pykoBOACTBOM moJib3oBaTessi Ha CHK BeiBoabl GPIO pensitcst Ha 4 rpyIninbl:
GPIOA, GPIOB, GPIOC, GPIOD. B Linux BeiBogsl GPIO o603HauaroTcsi Homepamu. CooT-
BeTCTBUe 0a30BbIX HOMEPOB /ISl KaXKIOW TPYMIbI MpUBeJeHo B Tabmuie 8.1. BHyTpu rpymm
HOMepa uayT 1o nopsagky. Hanpumep, BeiBog, GPIOAS cootBerctByeT HOMepy 480 + 5 = 485
B Linux.

Tab6mna 8.1. CooTBercTBHE 0003HaueHu BbIBoA0B GPIO Homepam B Linux

Mpynna Ba3oBblii HOmep B Linux
GPIOA 480
GPIOB 448
GPIOC 416
GPIOD 384

8.7 Pa3merka cB000gHOM 00/1acTu SD-KapThl U MOHTHPOBAHHUE B
[data

s co3maHus pasjena u3 CBoOOAHOM obsacté SD-KapThl U MOHTUPOBAHUS B JUPEKTOPHUIO
/data HeobxoauMmMO:

1. 3anycmumb omaaoouHblil MOOYb.

2. BbINosHUATHL KOMaHAY:

create-data-partition && echo "Partition successfully created"

Pa3MeTKy CuMTaTh 3aBepIIEHHON YCIIEIIHO B C/yyae BbIBOZA B TEPMHUHA/I CKPUIITOM CO-
0OIIIeHus:

Partition successfully created
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9.

3AITYCK OT/IAJOYHOI'O MO YJIA

7151 3amycKa OT/1a[0YHOTO MO/Y/Isi HeOOXOJUMO BBITIOJTHUTE CJIeIyHOIHe [IeNCTBUS:

1.

Cobpamb 06pa3 SD-kapmbl u 06pa3z 3azpy3yuxa 0151 0ma1adouHo20 MOOY/.

. 3anucamb 0bpa3 SD-kapmbl.
. IIpowums SPI ¢new-namsamb omaadouHo20 Modyas 06pazom 3azpy3uuKa.

2
3
4.
5
6

Hacmpoumb OC.

. YcraHoButhk SD-kapty B csioT MicroSD oT/iafgouHoro moayiis.

. YCTaHOBUTh nepek/arodaresib BOOT OT/IaA0UYHOr0 MOAYJId B IIOJIOKeHHE, COOTBETCTBY-

foirjee 3arpy3ke u3 SPI duienn-namsitu (mogpobHee cM. PYKOBOACTBO T0/Ib30BaTe/isi Ha
OT/1Ia/I0YHbIA MOZYJIb).

[MToAKMIOUUTE OT/Ia/IOUHBINA MOAY/Th K UICTOUHHKY MUTaHUs (TIofipobHee cM. PyKoBoACTBO
T10J1b30BaTe/Isl Ha OT/1a/IOUHbIN MOAY/b).

OtkpeiTh TepmyHan UART 0T/iafouHOro MOAy/s, WA YCTaHOBUTH COeVWHEeHNe 110 TPo-
Tokony SSH (7ioruH: root, naposb: root).

. BbImoaHUTH KOMaHAy uname -a. CuuraTb OTJIa,Z[O‘-IHBIfI MOAYy/Ib TOTOBBIM K HMCITO/Ib30Ba-

HHUIO IIpU BbBIBOJE B TEPMHUHAJI COO6H_[€‘HI/IHZ

Linux mcom 4.1.35.1 #1 SMP Wed Nov 23 17:05:55 MSK 2016 armv7l GNU/Linux

Ouctpubyte OC GNU/Linux Ha 6a3e Buildroot g1 1892BM1441. 13
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10. COOBIIEHUA CUCTEMHOMY ITPOI'PAMMUCTY

1. OtnapounbIii Moayb BeIBOAUT B TepMuHaa UART coobitieHust o Xozie 3arpy3ku. ITpumep
BbIBO/Ia B TEPMUHAJ MPH yCHEIIHOW 3arpy3Ke:

DDR retention disabled

U-Boot SPL 2016.03.0.6 (Nov 30 2016 - 19:09:48)
DDR controllers init started

DDR controller #0 init done

DDR controller #1 init done

Trying to boot from SPI

U-Boot 2016.03.0.6 (Nov 30 2016 - 19:09:48 +0300)

CPU:  MCom-compatible

Model: Salute-EL24D1 r1.3

DRAM: 2 GiB

MMC: sdhci: 0

*** Warning - bad CRC, using default environment

In: serial
Out: serial
Err: serial

Hit any key to stop autoboot: ©0

Loading Linux...

reading u-boot.env

105 bytes read in 10 ms (9.8 KiB/s)

reading zImage

3254960 bytes read in 301 ms (10.3 MiB/s)

DDR controller #1 disabled

Kernel image @ 0x40008000 [ Ox000000 - O0x31aab0d ]

## Flattened Device Tree blob at 50000000
Booting using the fdt blob at 0x50000000
Loading Device Tree to 4eff5000, end 4effffff ... OK

Starting kernel ...

Uncompressing Linux... done, booting the kernel.
[ 0.000000] Booting Linux on physical CPU 0x0
[ 0.000000] Linux version 4.1.35.1 (<username>@<hostname>)

(gcc version 5.2.0 (Buildroot 2015.08.1) ) #1 SMP Wed Nov 23 17:05:55 MSK 2016

Welcome!
mcom login:
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2. Coo6mmenust U-boot ormcansl B u-boot/doc.

3. Coobmenus sapa OC Linux onucanel B Linux/Documentation.

4. Coobienus 06 ommbKax v JeMCTBUS 10 UX YCTpaHeHUIo onvcaHbl B Tabsuie 10.1.

Taomua 10.1. Coo6menus 06 ommodkax npu 3arpyske OC

Coob6ueHue 06
owunéke

OnncaHve oWNGKN

[DelicTBUS NO yCTpaHEHUIO

** Bad device mmc
0 *%

B ycrpoiicTtBe oTcyTcTByeT SD-KapTta

YcraHoBUTB NPOLIUTYIO SD-KapTy
B OT/Ia[J04HBIA MOAY/Ib

** Unrecognized
filesystem type

*%*

IMoBpex/eHa (aiinoBasi cucremMa Ha TIepBOM
pazgee

[MepecobpaTb 06pa3 3arpy304Hoii
SD-KapThl, IleperpoLuTh
SD-kapry

** File not found
u-boot.env **

Ha SD-kapre oTcyTcTByeT (aiin u-boot.env.
3arpy3ka BO3MO)KHa, HO CeTb HAaCTPOEHaA He
Oyzmet

Cospars ¢aiin u-boot.env B kopHe
SD-kapThI

** File not found
zImage **

Ha kapte orcyrcTByet daiin zZImage

[Mepecobpatb 06pa3 3arpy304uHOi
SD-kapThl, NepernpouirTh
SD-kapty

Bad Linux ARM
zImage magic!

®aiin zImage moBpexAEH

[Mepecobpatb 06pa3 3arpy304uHOi
SD-KapThl, NIeperpoLuTh
SD-kapty
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