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SHARP Brain מꝧ氦縖ն2020䇗9僖٭ٛن
 מ؅氦辐յ綇10僖ء٤ؔط٭َ Linux ס׫
Brain Hackers ؅氦餉ն

 


㞐ס׵ם׀

˝ 
٭ַٕؕٝ⛥מ䤗软յ攐ס٭ٕؕٝ⪑
˝ 
ء٤ٛؓؼة٤ؙت٭فٛ
˝ 擧╛

˝ ꮟ哧



מ״׋ע 3



מ״׋ע

˝ SHARP ֿ鞄㚞׾׌ Windows CE ⪌׽꧅㯸鰭傴

˝ ⪜䌋מ鞄㚞־׮סٛوؓ׾׿׈յ舅⮆ג׊غٜلך 

CE ⺸ׄ exe (PE) ֿ鴑ⱶ׾׀ך

 

2011䇗מךױ氦㚞ٜظٓג׿׈


˝ TOSHIBA TMPA910CRAXBG (armv4l) + 64 MiB DRAM

˝ Windows CE


2012䇗2020֐䇗ٜظٓס

˝ NXP i.MX28 (armv5tej) + 128 MiB DRAM

˝ Windows CE


2021䇗氦㚞ס二ٓ֐ٜظ

˝ NXP i.MX7ULP (armv7-a, armv7e-m) + 128 MiB DRAM

˝ μITRON ت٭ي RTOS

עכ SHARP Brain :ַ׼׈ֽ
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מ״׋ע

˝ puhitaku氦辐縖ֿ PW-SH1 ך Linux מع٭هס䡗Ⱶ

˝ 禈ׂ Brain Hackers 玮ה┕ׅ + 僗䑩סⲃⱱ׽׻מ i.MX28 

䯋鬼嚀牊؅ء٤ؔط٭َמי׬׌䦡㛻

˝ Debian ٤٘ب٭ٖلٛعتؔظג׊ّذت؜؅ Brainux 

 ׵ך鐍ך׈䣆鬭ַם׼㚺؂כ Raspberry Pi ׊ت٭؅ٛٛ
Brain ך Linux ֿⳂגזםמֹ׻׾׎־


二嚀牊 PW-x1 (i.MX7ULP) ס鉮冪ء٤ؔط٭َכ 
 


˝ 
׌ױך؆鶟ٛصش؝
˝ 㛡⮆ @pepepper ךס׾םמٝفذؾסؠ٭عסⰟ䚁

˝ 㲊◀׌鎇ך Kernel/VM䫒吾꣢online part4 ס 11/20

ء٤ؔط٭َ Linux ס׫ Brain :ַ׼׈ֽ
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מ״׋ע

儖갭
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Windows ̜ Linuxյמ⯥סא 7
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?
ַַ䚉מ׋ Linux ֿⳂׂ☼磝ײ



Windows ̜ Linuxյמ⯥סא 8
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泡䏲عشجٛ
׽ױ㡎סי׬׌

?
Windows CE ؅ 

ײ磝☼׾׌ع٭ه



1. Windows ♓⯥

1. Windows ♓⯥
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1. Windows ♓⯥

꧅嶎ֿ⪌גז泡䏲ס ARM SoC ؅⛰ע㲔车־ס׾׌
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1. Windows ♓⯥

A. Boot ROM
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1. Windows ♓⯥

A. Boot ROM 
 (i.MX28 ס㕙⺬: On-chip ROM)
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1. Windows ♓⯥

꧅嶎ֿ⪌יז泡䏲ס ARM ךتفעؓؤ泡䫘笋ַֿם׀ךتجؠؓ־׊ס׵גז

˥ DRAM ׍ױע⮣僿⴫ֿ䑒釐; ♓꡸تفע磬榺ך鵀鷨氳מ鐆ײ傴׾׀ך׀
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eMMC

DRAM˥

I2C

SPI

ARM926EJ-S 
Core



1. Windows ♓⯥

On-chip ROM כ On-chip RAM عشجٛע泡䏲ךס׾׀ךتجؠؓ׼־

僃⮣מ㲔车עغ٭ؤ׾׌ On-chip ROM ׼־鐆ײյOn-chip RAM ؅⛼哅ꯛ㓊׾׌מ
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On-chip ROM

On-chip RAM 
(SRAM)

ARM926EJ-S 
Core



ARM926EJ-S 
Core

1. Windows ♓⯥

On-chip ROM מ傴ג׿־僃⮣יז✳؅٭ر٭ٞع٭هס

颯Ⳃ؅تؕفظ鹟䥃ؘٜٚن٬ًٛ⮣僿⴫٬域؅٭ر٭ٞع٭هס鐆ײ鱮׳
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On-chip ROM
On-chip RAM 

(SRAM)

🤔
ARM ׂ؆

USB slave (recovery)

I2C

SPI

SSP (eMMC / SD)

GPMI (NAND)

JTAG

ם־ֹ׻׊颯Ⳃך׿ל



ARM926EJ-S 
Core

1. Windows ♓⯥

Brain עך One-Time-Programmable ROM מրeMMC ך颯Ⳃ׻׎ցכ傴׾ַי׿־ 
嚀牊יז׻מ I2C EEPROM ׼־颯Ⳃי׊ eMMC מ燯车׾ֵ׵ס׵׾׌

16

On-chip ROM
On-chip RAM 

(SRAM)

😊
ARM ׂ؆

USB slave (recovery)

SSP (eMMC / SD)

SPI

I2C

GPMI (NAND)

JTAG

eMMCյ⻄מ婊ג״



1. Windows ♓⯥

eMMC ׾ֵמ Program Image מ鋗鳭؅غ٤ُؤג׿׈鵃域㲔车׊

DRAM ס⮣僿⴫׷ّٚءٞو域٭ر٭ٞع٭هס (EBOOT) ؅غ٭ٞס车و٤ٔةיז

17

😊
ARM ׂ؆

SSP (eMMC / SD)

Program Image ؅鉮ꃿ٬㲔车׻׾׌MBR



Program Image

Boot ROM ֿ㲔车סغ٤ُؤ׾׌❆ 
嫰: Windows ׎ױ׽ֵעךס׵ס؆

DRAM init.

EBOOT

NK image



1. Windows ♓⯥

EBOOT ֿ NK imageWindows ؅ّطتبס㍾ס׵ג״؅ 
⩝爊⮣僿⴫ג׊ DRAM מ㷣ꝧو٤ٔة׊
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😊
ARM ׂ؆

SSP (eMMC / SD)

MBR



Program Image

DRAM init.

EBOOT

NK image

 נ׾״DRAM ֿ鐆 ׂ׷ֹ׻
EBOOT ؅㲔车׻׾׌

On-chip ROM On-chip RAM

DRAMNK imageEBOOT



1. Windows ♓⯥

׾׌ع٭هֿ Windows CE ׂגך״י׊ֹ׆
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1. Windows ♓⯥ 20

Boot ROM Program 
Image EBOOT

Windows ♓⯥ס孱ַ׼׈ֽס׿



2. Windows ♓꡸

2. Windows ♓꡸
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2. Windows ♓꡸ 22
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?
ַַ䚉מ׋ Linux ֿⳂׂ☼磝ײ



2. Windows ♓꡸

˝ SHARP ֿ鞄㚞׾׌ Windows CE ⪌׽꧅㯸鰭傴

˝ ⪜䌋מ鞄㚞־׮סٛوؓ׾׿׈յ舅⮆ג׊غٜلך 

CE ⺸ׄ exe (PE) ֿ鴑ⱶ׾׀ך

 

2011䇗מךױ氦㚞ٜظٓג׿׈


˝ TOSHIBA TMPA910CRAXBG (armv4l) + 64 MiB DRAM

˝ Windows CE


2012䇗2020֐䇗ٜظٓס

˝ NXP i.MX28 (armv5tej) + 128 MiB DRAM

˝ Windows CE


2021䇗氦㚞ס二ٓ֐ٜظ

˝ NXP i.MX7ULP (armv7-a, armv7e-m) + 128 MiB DRAM

˝ μITRON ت٭ي RTOS

עכ SHARP Brain :ַ׼׈ֽ
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2. Windows ♓꡸

 ؅ BrainLILO ٛوؓםׅ׊䓯ג׿׼׿⪋מرؚٜن "ٛوؓ"
˟כ׾׌㲔车׼־٭ٖؼْ

24

Windows ׂ؆

eMMC


FAT32

رؚٜن "ٛوؓ"

BrainLILO

u-boot.bin

DRAMWindows 
Kernel

Brain 
LILO

BrainLILO ؅ٛوַֹؓכ㲔车׻׾׌

???



2. Windows ♓꡸

˟׿׈غ٭ٞמ U-Boot (u-boot.bin) ֿ DRAM ٭ر٭ٞع٭ه

25

Windows ׂ؆

eMMC
u-boot.bin ؅ 

נד؆ַַף糋ׄמْٛٓ

DRAMWindows 
Kernel

Brain 
LILO u-boot.bin


FAT32

رؚٜن "ٛوؓ"

BrainLILO

u-boot.bin

???



2. Windows ♓꡸

MMU (Memory Management Unit) ס扛Ⲗ⴫ etc. ֿ车׿؂˟

26

Windows ׂ؆

eMMC

ؓ

DRAMu-boot.bin

🔥🔥

🔥 🔥


FAT32

رؚٜن "ٛوؓ"

BrainLILO

u-boot.bin

???



2. Windows ♓꡸

U-Boot ׾׌و٤ٔة׫

27

Windows ׂ؆

eMMC

さようなら…

DRAMu-boot.bin

🔥🔥

🔥 🔥


FAT32

رؚٜن "ٛوؓ"

BrainLILO

u-boot.bin

???



2. Windows ♓꡸

U-Boot ֿ䷉סغ٭ـי״⮣僿⴫؅车כֵגז 
Linux מ؅ْٓٛ糋ַو٤ٔةי

28

U-Boot ׂ؆

eMMC

DRAMu-boot.bin


FAT32

رؚٜن "ٛوؓ"

BrainLILO

u-boot.bin

Linux Image
Linux 
Image

Linux ؅颯Ⳃ֐ב׾׌



2. Windows ♓꡸

׾׌ع٭هֿ Linux ׂגך״י׊ֹ׆
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2. Windows ♓꡸ 30

BrainLILO U-Boot

Windows ♓꡸ס孱ַ׼׈ֽס׿



3. Linux םױ׉ױ׈סع٭ه亠嫎

3. Linux םױ׉ױ׈סع٭ه亠嫎

31



3. Linux םױ׉ױ׈סع٭ه亠嫎

㲔ע Linux ׫ع٭هס舗׾鷹ַםעךח1ע

32

Program 
Image

Brain 
LILO U-BootEBOOT

U-Boot

Boot

ROM

U-Boot

Program 
Image 

舅⛼



3. Linux םױ׉ױ׈סع٭ه亠嫎

3.1. EBOOT ̜ U-Boot עכ

33

Program 
Image

Brain 
LILO U-BootEBOOT

U-Boot

Boot

ROM

U-Boot

Program 
Image 

舅⛼



3. Linux םױ׉ױ׈סع٭ه亠嫎

┉鼧ס嚀牊עך eMMC ס NK image ؅鐆מ⯥׳ 
SD ס NK image ؅鐆מײ车ׂ☼喋ֵֿ׾䄄㕙כ׾ַיז✳ך䫟峮

34

PW-SH1 ס EBOOT ءٞס┉鼧



3. Linux םױ׉ױ׈סع٭ه亠嫎

 ַם׶׋؆ַַף؅糋ׄ U-Boot ג׊؅ٛنס յNK image׼ם
ؠشؼؠطסع٭ه٤٭ؘز EBOOT ̜ U-Boot ֿסַֹכ

35

㛙鼧 SD

FAT32
EDSA1EXE.BIN 

碷䄄ג׊ 
u-boot.bin

NK image رشى



3.2. Boot ROM ̜ 舅⛼ Program Image ̜ U-Boot

3.2. Boot ROM ̜ 舅⛼ Program Image ̜ U-Boot עכ
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Program 
Image

Brain 
LILO U-Boot

Boot

ROM

U-Boot

Program 
Image 

舅⛼
U-Boot

EBOOT



3.2. Boot ROM ̜ 舅⛼ Program Image ̜ U-Boot

eMMC ס儖全 EBOOT ֵֿ׾甙䢥מ U-Boot ⪌ס׽ Program Image ؅┕傴י׊׀ 
ꯂ䎎מ Linux ؅颯׌׆䣆嫎

37

⫂襓 eMMC

MBR

Program Image

U-Boot SPL

U-Boot

Linux rootfs (ext4)



3.2. Boot ROM ̜ 舅⛼ Program Image ̜ U-Boot

杯㏇㲔逷ֵֿעס׾ EBOOT 磬榺 כ BrainLILO ٬ײסProgram Image 舅⛼ע儔浓䣆

38

Program 
Image

Brain 
LILO U-Boot

Boot

ROM

U-Boot

Program 
Image 

舅⛼
U-Boot

EBOOT

❌

⭕

⭕



4. Program Image 舅⛼ס㷣僶

4. Program Image 舅⛼ס㷣僶

39



4. Program Image 舅⛼ס㷣僶

˝ ⫂鼧ס eMMC מ Linux ׾׀ךٜ٭عت؅ؕ٤

˝ SD ؠتؔظ׵׽׻ I/O ֿ鵭ׂ׾ם


˝ SD ؅㛙鼧׾׀ךמة٭ٝعت

˝ SDIO יז✳؅ Wi-Fi ؅ٜء٤غ䫘禈׾׀ך


˝ Linux יזֵֿفؕٚغמ䤗鸵ֿ鵟׾ֵֿٜ٭ٖةٓ׾ַיז

˝ 
׾׀ך㍑饟؅䫘禈ם׀㞐י׊מ GPIO סדג٤؅مذ٭ظ

˝ ם־غ٭ꝧ氦ٍ׷ע׵

Program Image 舅⛼ֿ׼ג׀ך⛰ֿ㭕־סַ׊

40



״כױ .5

״כױ .5
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״כױ .5

˝ SHARP Brain ך Linux ؅颯Ⳃ־חַׂעמ׾׌亠嫎ֵֿ׾

˝ Windows ׼־ BrainLILO 磬榺ך U-Boot ؅颯׌׆

˝ EBOOT (Windows ٭ر٭ٞع٭هס) ׼־ U-Boot ؅颯׌׆

˝ Boot ROM ׼־ U-Boot ؅颯׌׆


˝ Boot ROM ס׼־颯Ⳃע㲔逷ַםַי׿׈

˝ 㲔逷ג׀ך俩ׇׂ׌עמ哧ַ׊┩槡ֿ䏨ֹאיז


˝ ▇ׇֹ僿䏨

״כױ
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Brain Hackers


