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Introduction: objective of this work



Introduction



• Past experience: uClinux and software picture acquisition



Embedded system



• Last year we presented a purely software solution to low resolution



OS: uClinux Hardware Development strategy Low level programming Portable user interface Java Image processing Conclusion



CMOS camera data acquisition 1 ⇒ low cost (little additional hardware) but slow, blurred images, requires hard real time (stop all other activities) • Inappropriate for high resolution camera (data acquisition takes too long, cannot be stored in uClinux memory) • Provide a portable user interface for inexperienced users (Windows, MacOS X, GNU/Linux) New requirements for environmental monitoring in harsh environments: • high resolution (> 3 Mpixels) allowing further image processing • autonomous for ' a year • data storage or real time transfer (high bandwidths) 1 http://jmfriedt.free.fr/rmll.pdf 2 / 21
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Why use uClinux



J.-M Friedt & al Introduction Embedded system OS: uClinux Hardware Development strategy Low level programming Portable user interface Java Image processing



A system requires many functionalities, including: • fast data transfer (ethernet+TCP/IP), NFS during development • data storage (VFS) and retrieval, • efficient software development environment (cross gcc, compression



tools, C programming with OS calls such as signal management). Original requirement of real time data transmission Most suitable to address the evolutions of the project.



Conclusion
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Hardware aspects • Requires experience with additional hardware (large RAM, EPLD)



and power management but fast data processing ⇒ reduces the duty cycle. • Large (3 Mpixel) camera running at 5.55 fps (20 MHz quartz). • SRAM that large with excessively low power consumption have only



recently become available (mobile phone industry): Cypress CY62167DV30.



Java Image processing Conclusion
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The solution adopted here: DMA and data retrieval



J.-M Friedt & al Introduction INPUT VCC
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• Extensible to any pixel number assuming RAM is available • 10 bits/pixel ⇒ 16 bit data bus (RAM) 5 / 21
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Real time image transfer for selecting the position of the camera



Embedded system OS: uClinux Hardware Development strategy Low level programming Portable user interface Java Image processing Conclusion



• Upon power up, the processor detects whether it was switched on



automatically (see later) or manual: in the latter case, communicate with the user. • Server running on uClinux, written in C. • Portable client written in Java: little constraint on the client (most



OS). • Graphical interface for inexperienced users.
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Development strategy 1



Introduction



2 Embedded system OS: uClinux Hardware Development strategy Low level programming



3



develop simple programs for testing the ability to access each peripheral (I/O ports, data bus, ADC, RTC ...) once each subprogram is demonstrated, schedule using /etc/rc upon condition at power up, select the sequence calling each subprogram (initializes hostname = date



next wake up)



Read magnet port



Portable user interface Java Image processing Conclusion
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An autonomous sensor platform including a high #!/bin/sh resolution camera IP="‘ipdbug for harsh environments BC="‘ipdbug J.-M Friedt & al NM="‘ipdbug NW="‘ipdbug GW="‘ipdbug Introduction Embedded system



nom_fichier=‘hostname‘ $HOME_DIR/ov3620/spi_rtc



ip‘"



# NE PAS ACCEDER A LA RTC QUAND MMC EST MOUNTEE



broadcast‘" netmask‘" network‘" gateway‘"



mknod /var/mmca b 254 0 mkdir /var/mmc



HOME_DIR=/home/ numero="‘ipdbug ip | cut -d\. -f4‘"



OS: uClinux Hardware Development strategy Low level programming



/bin/expand /etc/ramfs.img /dev/ram1 mount -t proc proc /proc mount -t ext2 /dev/ram1 /var mkdir /var/tmp mkdir /var/log mkdir /var/run mkdir /var/lock Portable user mkdir /var/empty interface ifconfig lo 127.0.0.1 Java route add -net 127.0.0.0 netmask 255.0.0.0 lo Image processing ifconfig eth0 $IP broadcast $BC netmask $NM up route add -net $NW netmask $NM eth0 Conclusion route add -net 192.168.0.0 netmask 255.255.255.0 eth0 portmap & #mount -t nfs 192.168.0.1:/home/uClinux /usr cat /etc/motd insmod /lib/modules/ssvhwa.o aimant="‘/bin/PA3‘" insmod $HOME_DIR/module/i2c_mod.o cd $HOME_DIR/ov3620 ./i2c > /dev/null $HOME_DIR/ov3620/sleep 5 heure="‘$HOME_DIR/ov3620/spi_rtc | cut -d\ h="${numero}_${heure}" /bin/hostname $h



-f1‘"



if [ $aimant = 0 ] ; then echo "aimant =0 " cd $HOME_DIR/ov3620 ./server ./stop ./spi_rtc else echo "aimant !=0 : " $aimant insmod $HOME_DIR/mmc_qspi/qspi/module_qspi/qspi_mod.o insmod $HOME_DIR/mmc_qspi/mmc/mmc_qspi_mod.o $HOME_DIR/ov3620/sleep 1 insmod $HOME_DIR/mmc_qspi/mmc/mmc_qspi_mod.o mount /var/mmca /var/mmc $HOME_DIR/ov3620/sleep 4 cd /var/mmc $HOME_DIR/module/i2c_clt mv image.pgm $nom_fichier # touch $nom_fichier echo "picture captured" ls -l cd / umount /var/mmc echo "done" rmmod mmc_qspi_mod rmmod qspi_mod rmmod i2c_mod $HOME_DIR/ov3620/stop $HOME_DIR/ov3620/spi_rtc fi
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Module for reading buffer memory
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1



software unlocks the VSYNC detection in EPLD



2



fast image transfer from CMOS sensor to RAM



3



a flag indicates to the module that image transfer is completed read from RAM to local memory by 1 KB blocks (data bus single cycle access)



4



Java Image processing Conclusion



5



each block is processed in user space (store on MMC or send to eth0)



6



repeat until whole buffer RAM is processed



⇒ we never require uClinux to manage more than a few KB
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General module structure



J.-M Friedt & al



static int ca88_open(struct inode *inode, struct file *file){ {unsigned long flags; unsigned int x = 0; unsigned long flags; Embedded image=(unsigned char *)kmalloc(image_size, GFP_KERNEL); system x = 0; // 1) Phase1 : enregistrement en RAM Tampon while (((*((volatile u8 *)PORTASP)&end)==0) && (x 
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