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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 AUCTpUOyTUB Bepcuu v2.1.
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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;
» Camor-0J124/11 r1.4;
» Camotr-2J124/12 r1.1;

Huctpubyte OC pacripocTpaHsieTCsl B BH/le apXHBa MCXOAHBIX KOZoB (ToapobHee cMm. “Co-
cmas oucmpubymuea OC?).

Pe3ynbraToM cOOPKM MCXOJHBIX KOJIOB AUCTPUOYTHBA SIBJISTFOTCS:

» O6pa3 SD-kaptsl, cogepxatuii OC GNU/Linux (rmoapo6Hee cm. “Cocmas obpaza SD-
kapmbt ™). O6pa3 SD-KapThl SB/IsIeTCs YHUGDUI[UPOBAaHHBIM U COBMECTHUM CO BCEMH T10/]-
Jlep’KUBaeMbIMUA MOJY/ISIMH.

» O6pa3 SPI dner-namsTy, cofepskariuii 3arpy3unk U-Boot /7151 COOTBETCTBYIOIETO MO-
nyns (nmogpobuee cm. “3arpy3unk U-Boot ans 1892BM1451. PyKoBozACTBO T0/Ib30BaTe-
ns17).

Iuctpubytus OC nocrpoen Ha 6ase Buildroot Bepcun 2015.08.11.

B coctraB OC BxoquT HabOp ZIeMO-TeCTOB ZIJisi IPOBepPKU paboThl 6;10K0B U nHTepdeticoB CHK
B COCTaBe OT/IaZJ0OUHOTO MOZYJISL.

B kauectBe siipa OC ucnonb3yetcsi Linux v4.1.27.4. fapo noctpoeHo Ha 6a3e siipa Linux
Bepcuu 4.1.272,

B kauectBe 3arpy3unka OC ucnosns3yercsi U-Boot v2016.03.0.3 (mogpobHee cM. “3arpy3uuk
U-Boot gy 1892BM1451. PykoBOACTBO Mosib3oBaress”).

! https:/git.buildroot.net/buildroot/commit/?h=2015.08.1&id=e009e7d8615eec10d2c0c2676ef5a276f0a6a5e2
2 https:/git.kernel.org/cgit/linux/kernel/git/stable/linux-stable.git/commit/?id=
95123c0b81d9478b8155fe15093b88f57ef7d0bd
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3. COCTAB JMUCTPUBYTUBA OC

CocraB apxuBa JuCTpuOyTHBa npezcTaB/ieH B Tabmmia 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

Ytunuta ans npomvBky SPI duremn-namsiti v2.0, yripaBisieT MOHUTO-
poM BootROM CHK no unTepdeticy UART

toolchain-arm-cs-bare-
2013.11

[Maker mporpamm ot CodeSourcery, HEOOXOAUMBIX [/ KOMITHJISILIAA
Y TeHepaLy BBITOJIHSIEMOTO KOZja M3 MCXOJHBIX TEKCTOB baremetal-
npuwiokeHut Ha ARM
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4. COCTAB OBbPA3A SD-KAPTBI

Cxema pa30ouenust obpasa SD-KapThbl Tipe/icTaBieHa B Tabmuija 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.

Ouctpubyte OC GNU/Linux Ha 6a3e Buildroot g1 1892BM1441. 6
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5.

CBOPKA OBPA3A SD-KAPTHBI N1 OBPA3A SPI ®DJIEII-
ITAMATHN

C6opka obpa3a SD-kapTel 1 06pa3a SPI duiern-ramsity BoimoHseTcs Ha [IDBM. TISBM pomk-
Ha y/IOBJIETBOPSITh TPEOOBAHUSIM:

1.

He MeHee 4 T'ub O3Y, 8 'ub cBobogHOTO MecTa Ha H)KM/] nnv TBepAOTeIbHOM HaKOMH-
Tesle;

Ha [I9BM pomkeH ObITh yCTaHOB/EH KapA-pyUep [/ MoAK/IoueHus SD-Kapr;

Ha [I9BM pomxken ObiTh ycTaHoBieH guctpudytuB GNU/Linux CentOS 7.2 apXuTekTy-
pbI X86-64;

Ha [I9BM [o/mkeH ObITh HAaCTPOEH JOCTYI B MHTepHeT. Ecu AoCTynm B UHTEPHET OCy-
ITeCTBJISIETCST Uepe3 TIPOKCH-CepPBeP, TO JA0/DKHO ObITh YCTaHOBJ/IEHBI ITepeMeHHbIe OKDY-
>keHus http_proxy, https_proxy, ftp_proxy;

. Ha TISBM [0/KHBI OBITH YCTAaHOB/IEHBI CJIeIYIOIIME TIPUIOXKEHUS (TTYyTH [0 UCIIOJTHSIe-

MBIX (haii/IOB 10/DKHBI OBITE TPOMKMCAHbI B TepeMeHHOM OKpyKeHusi PATH):
* bash Bepcum 4.1.2;
» cmake Bepcuu 2.8 1M BhIlIE;
* GNU make Bepcuu 3.81;
* parted Bepcuu 2.1;
* texinfo Bepcum 4.13;

« glibc.i686.

[Inst coopku 06pa3oB HeOOXOAUMO:

1.

pa3apXUBUPOBaTh apXxuB /151 cbopku obpa3a SD-kapThl (<package-name> - ©Ms apXuBa
tar.bz2, Ho 6e3 pacivpenus tar.bz2):

tar xf <package-name>.tar.bz2

IIpeaynpexxaenue: TIoHBIN MyTh K apXUBY U UMsI apXUBA He JJO/DKHBI COZIEPKaTh
po0esioB.

. TIepeMTH B pacriakOBaHHYIO JUPEKTOPHUIO:

cd <package-name>

BBITOJIHUTB KOMaH/[y T10 3arycKy cOopku Linux, 3arpy3umka v pUIOKeHUH:

HuctpubytuB OC GNU/Linux Ha 6a3e Buildroot ans 1892BM144. 7
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./build.sh build
JmiTenbHOCTE COOPKM COCTABIsIET OKOIO 45 MUHYT 1 3aBUCHT OT MIPOU3BOAUTETBHOCTH
CPU IIOBM.

4. BBITIOJIHUTH KOMaHAY /151 IOAroToBKM 0bpa3a SD-KapThi:
./build.sh mk_1image
[Tpu 3amycke mosiBUTCS 3ampoc maposst Ass sudo (sudo TpeOyercst 11 MOHTUPOBAHUS
oOpa3a u 3arvcu KOpHeBo# (ailjIoBOM CUCTEMBI).

[Moce 3aBepiiieHUs MpoLeypbl COOPKU B AUPEKTOPUM output OyayT JOCTYIHBI C/ieyIoIIye
datinbl 06pa3oB:

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

O6pa3si SPI dnem-namsTy, cogepykaiue 3arpy3unk U-Boot i1 CooTBeTCTBY-
IOLLIUX MOJY/Iei.
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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. IIPOHINBKA OBPA3A SPI ®J/IEHI-ITAMATHN

[Tpommmeka obpa3a SPI dnem-namMsTv i1 COOTBETCTBYHOIIero Moay/st (cM. “Cbopka obpaza
SD-kapmbl u obpasa SPI ¢aew-namsamu™) BeimonnsaTcs yrummror flash-spi.py, Bxopsimeit
B COCTaB AUCTPUOYTHBa, COTMIACHO JOKyMeHTy “UHCTpyKius o npoumBke SPI duieni-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-
BeTCTBHe 0a30BbIX HOMEPOB [Jisl KK/J0W TpyIibl nprBeAeHo B Tabymia 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. 3anyctuts OM U BBINIOJIHUTE JIOTHH, KaK OIUCaHO B m1aBe “IIposepka OC”.

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. IIPOBEPKA OC

st ipoBepKy KOPPeKTHOCTH paboTel OC He0OX0HUMO:
1. Cobpamb obpa3sbi SD-kapmbi u SPI ¢pnew-namsmu.
. 3anucamb 0bpa3 SD-kapmbl.
. IIpowums o0bpas SPI ¢new-namsamu.

2

3

4. Hacmpoumsb OC npu Heobxo0umocmu.

5. 3aiiTu Ha yCTPOMCTBO Mo NMpoTokoay SSH, ioruH: root, maposns: root.
6

. BeimosHuTs KOMaHy uname -a. OC cunrath paboTaroieii KOpPPeKTHO B C/Tyuae BbIBOZA
B TEPMHUHA/ COOOITIeHHUS:

Linux mcom 4.1.27.1 #1 SMP Fri Jun 24 19:21:02 MSK 2016 armv7l
GNU/L1inux
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10. COOBIIEHUA CUCTEMHOMY ITPOI'PAMMUCTY

1. OC BbIBOAMT coO0OIIeHUsT uepe3 mociaenoBarenbHbi MHTepdeiic UARTO. B ciyuae
YCITeIITHOM 3arpy3KH BBIBOASTCS C/IeAYIOIIe COOOIIeHus:

DDR retention disabled

U-Boot SPL 2016.03.0.1 (Jun 23 2016 - 20:48:33)
DDR controllers init started

DDR controller #0 init done

DDR controller #1 init done

Trying to boot from SPI

U-Boot 2016.03.0.1 (Jun 23 2016 - 20:48:33 +0300)

CPU:  MCom-compatible

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

3187368 bytes read in 360 ms (8.4 MiB/s)

DDR controller #1 disabled

Kernel image @ 0x40008000 [ 0x000000 - 0x30a2a8 ]

## 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 4.1.27.1 (<username>@<hostname>)

(gcc version 5.2.0 (Buildroot 2015.08.1-00003-ge009e7d) )
#1 SMP Fri Jun 24 19:21:02 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. Coobiienus 06 ommrbKax v JeMCTBUS 10 UX yCTpaHeHuto onvcanbl B Tabmumia 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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