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Introduction T
eCos in the Sinar eMotion GERMANY

Jenoptik LOS GmbH / Sensor Systems

B |ocated in Jena, Germany, , Saalecon Valley“

® 500 employees

® highly specialized products

B digital cameras, thermography cameras, optical modulators and more
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Sinar eMotion characteristics ST
eCos in the Sinar eMotion GERMANY

digital back for medium format cameras
22 and 33 megapixel 14 bit CCD sensors
up to 50 images/minute

6 GB internal flash for up to
120 raw image files

® CF card, Firewire

B Compatible to Hasselblad H1,
Sinar m, generic X contact,
Mamiya 645 AFD, Contax 645

Projekt "Buenos Aires" Kickoff-Meeting 2006-09-14 3



A typical microscopy camera - ProgRes o

eCos in the Sinar eMotion GERMANY

tethered operation only

MS Windows, Mac OS X, Linux
high quality raw images

high frame rates

GPIO interfacing

C Compiler, no OS

CCD sensor FPGA Firewire

<< 1 MB RAM

16bit uC

<< 1 MB Flash
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CCD sensor

128 MB RAM

16 MB Flash

Hardware concept and requirements Tre—

JENOPTIK

eCos in the Sinar eMotion GERMANY

6 GB Flash

FPGA

Firewire

CF card

PXA 255

Camera
interface
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Display

Keys

fast startup, < 5s

fast interrupt response,<< 125 us
Firewire, CF + FAT16/32 driver
high data throughput

simple GUI, i18n

optimized image processing

safe update mechanism

high quality raw images




Embedded Operating Systems (1) TENOPTIK

. _ . JENOPTIK
eCos in the Sinar eMotion GERMANY

Roll-your-own
B high effort, 1 developer, untested -> buggy, no support, no drivers, no docs, ...

QNX, VxWorks

B high initial costs, no previous experience
B commercial RTOS, “high end”, some drivers/software available
B [ocal commercial support

RTEMS

B open source RTOS, some drivers/software available
B no experience/contacts, no local commercial support
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Embedded Operating Systems (2) STV

eCos in the Sinar eMotion GERMANY

Linux

B |ong startup time (5..10s), very complex, no RTOS, separation kernel/userspace
B (only) some experience, firewire driver ?

B community and local commercial support, many drivers/software available

Windows CE

B only up to 32 MB per process, separation kernel/userspace, royalties
B no experience, commercial RTOS, medium costs, firewire driver ?

B |ocal commercial support, many drivers/software available

eCos

B not too many users/developers a@

B open source RTOS, some drivers/software available

® |ow cost, Linux synthetic target, fast startup, direct hardware access, easy firewire
driver porting, community and local commercial support
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eCos — the embedded Configurable operating system

eCos in the Sinar eMotion

small footprint, e.g. ARM7 40 Mhz
with 32 KB RAM, 64 KB ROM

B development platforms Linux
and Windows/cygwin

® C library: input/output, math, etc.,

parts of POSIX
® FreeBSD TCP/IP stack
® highly configurable

Jenoptik LOS GmbH / Imaging Systems

started by Cygnus, then RedHat, now eCosCentric Inc.
one static application image, runnable in RAM and ROM (,, XIP*)
multithreaded RT kernel, single user, single process
GNU toolchain: reliable and standard conformant C/C++ compiler
highly portable: x86, ARM, MIPS, PowerPC, Sparc and more

—_—

JENOPTIK

GERMANY

DS % B

= [ cenfiguration

@@ Redboot for SuperH eptions

= A Global build options
| clobal command prefix
[2B] Clobal compiler flags
[ab] Global linker flags
[T Build GDEB stub ROM image
[T Build commeon GOB stub RC

sh-elf
-ml-m3 -wall ey
-l -m3 -ggdh -ne¢

Y eCos HAL current
/0 sub-system current
& serial device drivers current
%' Infrastructure current
B eCos kernel current

sal ) ,
B Dynamic memaory allocation  current
YISO C and POSIX infrastructy current

IS0 C library current

& Math library current
current
E i B[] current

Itermn Conflict Property

| |[cYGPKG_HAL_SH_SH77 Unsatisfied Requires CYG

CYCGPKCG_HAL_SH_SH77 Unsatisfied Reguires CWYG
CYCPKCG_HAL_SH_SH77 Unsatisfied Requires CYGC
CYGPKG_HAL_SH_SH77 Unsatisfied Requires CYGF
CHYCGINT_HAL_SH_MARIA Unsatisfied Requires 1 ==

| 4

Property VYalue

URL reffecos-ref.html

File Jtrp/untitled_install/include/p|Ee
Macro CYGELD_GLOBAL_COMMAND_PR
Yalue sh-elf
Default sh-elf

| [This option specifies the command prefiz used
| when invoking the build tools,

CYCGPKC_HAL_SH_7750, no radio buttons are set

|Ready

| |5 conflicts




Application architecture o

eCos in the Sinar eMotion GERMANY

: Messagebus
eCos with . : S n :
C++ app |
\4 v A \4
Hasselblad ] | B ]
A Vx - § j
Sinar o I
2 / =
O £
Mamiya it
y Acquisition CFStorage FirewireControl GUIControl
4 Control
FPGA FPGA DSR l
Register
2 T CF/FAT driver Firewire driver .
GUI Library
FPGA ISR I
A 4 A 4 y T I I
Hardware
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Usage of eCos in the eMotion (1) STV

eCos in the Sinar eMotion GERMANY

Timeline

B start 04/2004, demonstration at Photokina 09/2004, shipping 01/2005
B Linux synthetic target + Qvfb -> develop without hardware

B Bootloader ,Redboot” running after two weeks

Realtime issues

B eCos enables realtime applications

deterministic scheduler, highest priority thread runs

sync. primitives: mutex, semaphore, message queue, condition and more
multi-stage interrupt handling: ISR -> DSR (Deferred service routine) -> thread
avg. interrupt response time: 5 us (PXA 255, 200 Mhz)

no dynamic memory allocation in the kernel (neither in the application)

Licensing
B GPL + exception: allows closed source application and 3™ party software
® no GPL (or LGPL) software usable with closed source application
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Usage of eCos in the eMotion (2) STV

eCos in the Sinar eMotion GERMANY

GUI
B simple custom GUI with i18n
B Alternatives:
« SwellSoftware PEG (Portable Embedded GUI), commercial
* MiniGUI (Beijing Feynman Software Inc.), GPL/commercial
* MicroWindows, free (Mozilla Public License)
drawing primitives, X API, e.g. FLTK, Win32 API
» not appropriate: PicoGUI (dead), Qt/E (quite big)
Drivers
B custom drivers for SPI, I12C, FPGA, display, keys Image Control
® since 2005/2006: SPI and I12C framework in eCos

Overexposure

B Firewire: Jenoptik driver ported D T
B CF + FAT16/32: commercial 3™ party driver Delete Nothing
® CF/MMC driver with FAT16/32 in eCos SaveonCF — Copy Current

Blackreference Auto
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Development environment
eCos in the Sinar eMotion

® Linux: KDevelop, CuteCom

—_—

JENOPTIK

GERMANY

Windows: cygwin, Eclipse/Programmers Notepad, Insight, Terminal Bray++

CMake buildsystem

* Linux: Makefiles and KDevelop projects

« Windows: cygwin and nmake MakefiE!es

®m eCos from cvs

O CuteCom

Device

Parity:

115200

|

|

Handshake:

Cer—

RedBoot> dump -k 0 -1 0x80

00000000: 18 FO SF ES 13 r0 SF ES 18 FO SF ES 18 FO IF ES
00000010: 18 FO 9F ES A5 Be 65 45 18 FO 9F ES 18 F0 9F ES
00000020: 48 04 00 50 90 05 00 50 B4 05 00 50 EO 05 00 50
00000030: Fc 05 00 50 E7 21 31 35 14 07 00 50 Dc 06 00 50
00000040 00 00 00 08 00 00 00 00 €5 ES AD DD 24 BS AS AD
00000050: 17 00 02 00 D4 94 00 50 D4 94 00 50 D4 94 00 50
00000060: D4 94 00 50 2c De 00 00 2c D 00 00 FC 96 00 50
00000070: T8 96 00 50 D4 94 00 S0 D4 94 00 50 D4 94 00 50
RedBoot>

[] Hex output [ ] [Append to: [+ [momesalexicutecom.iog

dump-b 123 - 0x100
dump-b 0-1 0x100
dump -b 0 -1 0x80

Input: |

LF line end

Sendtie. | [xtedem <)

| ]chamalay [oms Ie

eotr33-opt - file: wor fir s.cpp [ t] - KD P [=] [ [=]
Datei Bearbeiten Ansicht Projekt Erstellen Debuggen Skripte  Lesezeichen Extras Einstellungen Eenster Hilfe
Q G ﬂ [‘ (™= Lg Lrﬁ) m D D 0 [d) doShutdown(int argc, char** argwv) |']'—'
hd - N - - il -
error_t doShutdown{int argc., char#** argwv) BI‘

£

Base: : Thread *recv=g_threadManager.getThreadiargv[1]);

Base::Event *event=g_messagePool.allocEvent{};
if {event!=0

N

&b

= if{recy!=MULL} D
L i

i
event-rsender=g_threadmManager. get Thread({cygs_thread_self{)):
event->id=EvShutdown;
recv—rpost

i void postEvent( Event* event) Container: Base:Thread

else error_t postEventSync( Event* event) |Kind: Function

i Access: public
return{E_N File: /homefal exisroiworkixscalefirmware/eotr/apph

3 testtestfunctions.cpp
¥ Line: 752 Column: 11
else
i Send an event to this thread, don't wait for \

diag_printfi{"threadiis} not foundin",ar|(completion.
Must not be called from a DSR, use Threal
d:dsrPostEvent() instead.
— e

Chomelalex/sroiworkl/ecos/ecos/packages/hal/armi/archicurrent'src/ha

®/home/alexisrciworkiecosiec os/packages/hal/arm/arch/current/sroit “diag_dump_buf'

Oa’homea’alexa’srcﬁuork}ecosJecostackagesflnfraa’curre nt'sro/simple. oo In function “void cyg_trace_dump()':
a.-'home.-'aIex.-'src.-‘c.'ork.-‘ecos-'ecos-'packages-'infra.-'curre nt'srosimple. o481 warning: unsigned int format, pointer arg (arg 3)

D cclplus: warning: command line option "-Wstrict-prototypes” is valid for C/ObjC but not for C++

D cclplus: warning: command line option "-Wstrict-prototypes” is valid for C/ObjC but not for C++
O.n’home.n’alex.n’src.Mork.-'ecosJecosn’packages.n’languagea’dlibdstdic\u’currenb‘srdinput-‘\rfscanf.cxx: In function “int vfscanfiCYG_ADDRESS (*)[9999
1. const char*, void*)":

0.-'home.-'alex.-'sl'c.-‘\-.'ork.-'ecos-'ecos-'packages-'language' flibc/stdiccurrent'srafinputhvscanf.coc218: warning: unused variable 'ldp'

Dect: warning: command line option "-Woverloaded-virtual" is valid for C++/0bjC++ but not for C

-~ .. . e e

B
E

&
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Type of recv-= is Thread (resolved) Zeile: 899 Sp: 20 Einf NORM *
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Debugging ——
eCos in the Sinar eMotion GERMANY

CYG_TRACE(bool, <format str>, args); CYG_ASSERT(bool, <format str>);
Debugging via gdb: serial line, ethernet

Windows: Insight, Eclipse

Linux: Insight, Eclipse, KDevelop, ddd, kdbg

JTAG debuggers: Abatron BDI2000, Ronetix PEEDI: gdb compatible

T Registers - x
[ pil.c - Source Window Register
Eile RBun Miew Control Preferences Help .eax I (iF1] =t :
= 7| eox - OxffEEFEEE EEl
EMT 00 DH HAS R M-TE | rin e ——
- — : ebx | 050 std
lpil.c Ll Imain ll L" Oxbffffa2f  std
— ‘69 ﬁ]_ — ebp oL stE
- ‘E’ ile fentiy o sl 0x40012020  stb
|- % for (i = 0, ++i <= {int)n - [%*| Lacal Variables - x
{ = :
- 213 nf[i] *= 10L; | TEEE imakl 2
- T4 ms[i] *= 10L; argw = (char *+*) Oxbffffabd
_ 15 i : . iv=0 fdaw)--20
* e f”r (1 =iantjin - ent + 1), endp = (char *) OxbEFEFa68 "\210&ed: 4 &rs\001B 002"
- 78 temp = 2 * i - 1; args = (struct captured_main acgs) {. ..}
|- 79 shifti{gmf[i - 1], EZmf[
|- a0 shifti(&ms[1 - 1], &ms]
21 i
- g2 nd = 0;
- a3 shift{({long *)&nd, Smf[1], 1
- g4 shift{{long *)&nd, &ms[l]., 1
= =1 print(nd); |
- 13 ' ==
= a7 printf ("ynintalculations Completed!™n");
- a8 freeims);
- a9 freeinf) ;
- an return (0) ; (f
Jenoptik LOS GmbH / Imaging Systems '|Program stopped at line 79 0804882k 9 13




Software quality measures ST
eCos in the Sinar eMotion GERMANY

Source control system: cvs

Bug and issue tracking: Trac (http://trac.edgewall.org)

CMake -> easy integration with Dart2 (http://www.cmake.org)

Dart2 software quality server (http://www.na-mic.org/Wiki/index.php/DartSummary)
« continuous and nightly builds including unit tests

B Coding style: KWStyle (http://public.kitware.com/KWStyle/)

4 Files Changed by 2 Authors as of 2007-02-10 01:00 GMT

Nightly Builds

Build Test
MotRun|Fail| Pass | NA [Min
15 (258

Site Build MName Update | Cfg

Error|Warn |kin

(51

ragnlipbmihostcom  |alxss-wec BB

|=

heosSpemax-goce.- 17 |z0.5

lcculusDotOrgBeCs  |goginzes B B
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Roundup Tv—
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eMotion shipping since 2005, more projects in work

core components stable and basically bug free

instant startup (<< 1 s, application dependent)

community and commercial support available

low system complexity - easy transition from non OS projects
suited for single purpose devices

configurability — partly many preprocessor directives
GPL+exception: good for the companies, bad for contributing back
thorough patch review — eCos cvs always stable, but slow progress

Contributions: some bug fixes, failsafe update mechanism, USB 2.0 support
pending
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