The Linux Serial Programming HOWTO

ýĄSS èýv Š£ŤŠČ ăÍ˙

Peter H. Baumann, Peter.Baumann@dir.de v1.0, 22 January 1998

;Ą{, schun@crypto.pe.kr 2000[ 2Ú 24‹

ff [tŹ ýĄSS èSSðĆt èýv `êú qN3 Š£ŤŠČăŹ`õ z<ăŹ ăÍ˙ [tffř. @ À C 1 < Ź„ 1 1.1 9ȷĎ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1.2 ¸ [t˚ /ê č; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1.3 Feedback . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

C 2 < èȷă§ 2 2.1 %čĺ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2.2 j! Č6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2.3 èýv $X˚ «ş Şł . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2.3.1 Canonical «ş ˛ý(Canonical Input Processing) . . . . . . . . . . . . . . . . . . . . . 4 2.3.2 Non-Canonical «ş ˛ý(Non-Canonical Input Processing) . . . . . . . . . . . . . . . 4 2.3.3 üô§ «ş . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 2.3.4 «ş$X %/Ťńñ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

C 3 < Š£ŤŰ ŽC 4 3.1 Canonical «ş ˛ý(Canonical Input Processing) . . . . . . . . . . . . . . . . . . . . . . . . . 4 3.2 Non-Canonical «ş ˛ý(Non-Canonical Input Processing) . . . . . . . . . . . . . . . . . . . 7 3.3 üô§ «ş . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 3.4 «ş $X %/Ťńñ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

C 4 < řô îÌć AÃ 11

C 5 < §Łć PŁffi 11

1 Ź„

¸ [tŹ ýĄSS èSSðĆt èýv `êú qN3 Š£ŤŠČăŹ`õ z<ăŹ ăÍ˙ [t¸ř. řjć è ýv `ê Š£ŤŰ §łffi(Canonical I/O, üô§ I/O, I/O %/Ťńñ)ú z<ćř. èýv j!õ ĽzăŹ ŞłĆ ÂľtŹ Greg Hankins˚ Serial-HOWTO [tõ ›qÃ§ ĘĹř.

#Ź ¸ Ûb˚ ;[`` Ińú $9 ŊÅ˝ř. Ťă# Š£D!õ ă8t ˘ù [CffiĆ Ù/Ìř. ¸ [ tĆ Ź„ý Śȷ ŽCffiù LDP(Linux Document Project) Š£ŤŠ" `¸ȷ(ftp://sunsite.unc.edu/

pub/Linux/docs/LDP/programmers-guide/lpg-0.4.tar.gz Ď yă P¸!ffi)Ćt uč ¡ –Ź miniterm

codeĆ Ű$ăŁ ˇffi}ř.

1997[ 6ÚĆ ¸ [tõ ȷĄć ›Ć #Ź L«˚ ÅuĆ ˚ľ Win NT ÞEœ£ ę§3 üqt Ì ¸\ łù Şéú uú ¡ {}ř. ĂufiŞ v—!` –œ8 ¸ [tõ [ýăŹÚĆ §Ã¸ SSÌă9ř.(Feedback ÙÛ ú Ç ,) Zć ¸ [t˚ îŞ Ď [ýõ „L ò$# version UPú Ùćř8 e-mailú s§ ĘĹř.

¸ [t˚ ?fi ŽCŹ i386 Linux Kernel 2.0.29Ćt ìSS!õ ăŢř.

1.1 9æĎ

The Linux Serial-Programming-HOWTO is copyright (C) 1997 by Peter Baumann. Linux HOWTO documents may be reproduced and distributed in whole or in part, in any medium physical or electronic, as long as this copyright notice si retained on all copies. Commercial redistribution is allowed and encouraged; however, the author would like to be notified of any such distributions.

All translations, derivative works, or aggregate works incorporating any Linux HOWTO documents must be covered under this copyright notice. That is, you may not produce a derivative work from a HOWTO and impose additional restrictions on its distribution. Exceptions to thes rules may be granted under certain conditions; please contact the Linux HOWTO coordinator at the address given below.

In short, we wish to promote dissemination of this information through as many channels as possible. However, we do wish to retain copyright on the HOWTO documents, and would like to be notified of any plans to redistribute the HOWTOs.

If you have questions, please contact Tim Bynum, the Linux HOWTO coordinator, at linux-howto@

sunsite.unc.edu via email.

1.2 ff [t� /ê č;

¸ [t˚ /ê č;ù ftp://sunsite.unc.edu/pub/Linux/docs/HOWTO/Serial-Programming-HOWTO ő yă P¸!Ćt üú ¡ –ř. PostScript Ď DVI č;ê řô jȷffiú ‚L –Ź %ńùýĆ –ř. http://

sunsite.unc.edu/LDP/HOWTO/Serial-Programming-HOWTO.html Ćtê uč ¡ –œ6, comp.os.linux.
answersĆ »ţ jSS6 þ ,¸ř.

1.3 Feedback

ąê, Ů[, v—!, &˚Pĺ¸# Ť ¡ 8`č Pĺ¸ –ř8 Nšs§ ĘĹř. ¸ HOWTOõ GŽ:œ£ z Ú¸! ă§õ Ùćř. ¿ê¸ AÝ& ¸ľăŞ GăŹ ÙÛ¸ –$# Ì <Ýľb č ÙÛ¸ –ř8 Nš}Ę. 4 e-mail sŹŹ Peter.Baumann@dir.de ¸ř. ¸ [tĆ [ć e-mailú Ã7 :Ź [t˚ č;ê ›¸ Nš }Ę. ¸ [t č;ù 1.0¸ř.

2 èæă§

2.1 %čĺ

Śȷõ %čĺăŹ `$ ^ù Şłù Z ă#˚ ýĄSS ĞSSõ ĽzăL ~ ýĄSS ĞSSõ null-modem Ă¸ø £ Ŋ@ăŹ ,¸ř. Miniterm Š£ŤŰú ¸ÌăŁ [ıffiú ;ćľÃĘ. Minitermù {7‹ă§ê ÖL, Å ÃȷĆt «şüŹ [ıffi("¡[ı jě)ú èýv j!£ ;ćč ¡ –ř. {7‹č : –¿ľb č ,ù

#define MODEMDEVICE "/dev/ttyS0"

[$¸ CÂ£ zAüq –Ź` ăŹ ,¸ř. COM1œ£ ”8š8 /dev/ttyS0, COM2£ ăš8

/dev/ttyS1œ£ ¡Aćř. ìSS6ú č : `$ |Åć ,ù [ı` èýv j!£ ;şþ : Ú¸â` ;

ş Ú¸â ˛ý(output processing)ú ăŞ ML ŤÂ£(raw) ;ć¸ üŹ`õ Ý‚ăŹ ,¸ř. ìSS! YA ù řüY ›ř. ~ Â˚ ýĄSS ĞSSĆt ´´ miniterm Š£ŤŰú ìśèÅL ÅÃȷõ flÆř. ć VĆt Í¸§ć [ı` řô VĆt ŤÂ£ #Í#Ź Ş Ý‚ćř.

Null-modem Ă¸ø˚ TxDő RxD` t£ cross Ŋ@¸ üqb ćř. ffi ?ò9œ8 Serial-HOWTO [t˚ 7$ú Æř.

æ˚ ìSS!Ź ć Â˚ {Ňâˇ ‚Lê `ăăř. PÌč ¡ –Ź èýv j!` ~ „ –ř8 Ă¸øú ´´ ˚ èýv j!Ć Ŋ@ăL minitermú ~ „ ìśăŁ ìSS!ă8 ýř.

2.2 j! Č6

$X 7‹‚ /dev/ttyS*Ź ýĄSSĆt âyGú Ŋ@ă§ æć @:œ£ PÌýř. ¸ Pìù èýv `ê Š £ŤŠČú ăŹÚ Łȷè §rľb č Pĺ¸ř. Žõ ffiq, èýv j!ê [ı ĆŚõ ăêÀ zAüq – ř. ¸ zAù Ã` Ú¸â ;ćèĆ Ęþb č Pĺ¸ř. (Ńı s: èýv $X 7‹ê âyG $X£ Ûêü § :[Ć #§ zAù ‹Ł âyGĆt PÌüŹ ĆŚ` üêÀ zAüq –Ź ,¸ř.)

?fi 7Ęyâffiù Š£ŤŰ ŚȷĆt Ö3 zAč ¡ –ř. 7Ęyâffiù <asm/termbits.h>Ć A˚üq – Ź struct termios uS–Ć 9$üq –ř.

#define NCCS 19
struct termios {
        tcflag_t c_iflag; /* input mode flags */
        tcflag_t c_oflag; /* output mode flags */
        tcflag_t c_cflag; /* control mode flags */
        tcflag_t c_lflag; /* local mode flags */
        cc_t c_line; /* line discipline */
        cc_t c_cc[NCCS]; /* control characters */
};

¸ 7‹ù ?fi flagffiú A˚ăL –ř. c iflag(«ş ?ȷ flag)Ź ?fi «ş ˛ý(input processing)õ A ˚ćř. «ş ˛ýĹ read() ě¡Ć ˚ľ èýv j!£ ffiqč Ú¸âõ readĆ ˚ľ ›§ ;Ć Ú¸âffi ú c iflagĆ A˚ć Â£ ˛ýăŹ ,ú ˚˝ćř. c oflag(;ş ?ȷ flag)Ź ;ş ˛ý(output processing) ăŹ Şłú A˚ćř. c cflag(Cq ?ȷ flag)Ź baudrate, data bits, stop bits #˚ j! Č6ú A ˚ćř. c lflag(local ?ȷ flag)Ź echoõ č ,‚Ş #ú @Aćř. ˝Ş˚œ£ c cc(Cq [ı) ŢŐù EOF(End of File), STOP #˚ Cq ôȷffiú qE [ı£ A˚č ,‚`õ zAćř. Cq [ı˚ %m ! [ıŹ <asm/termios.h>Ć A˚üq –ř. æ flagffiĆ [ć z<ù termios(3) man pageĆ #ő–ř.

termios uS–˚ c line ĺ@ù POSIX ÒÞ èSSðĆt PÌüŞ MŹř.

2.3 èýv $X� ´ş Şł

¸ ĎŐĆtŹ Č `Ş˚ «ş Şłú §Áă§£ ćř. ßÌ ÛbĆ 0Ęt N”ù Şłú PÌľb ćř. ć [ıB ›Ź ØŠõ îšt ;– [ıŐú ŃŹ Şłù `ăăř8 Ÿľb ćř. 4` ¸ć Şłœ£ řú :, [ıõ ”qčýŹ EÍ` fą Ł8, ;– [ıŐú ćěĆ ›ú :Ź Ćă` ŇfăŞ MUř.

2.3.1 Canonical «ş ˛ý(Canonical Input Processing)

Canonical «ş ˛ýŹ âyG˚ §Æ ˛ý Şł¸ř. ¸ Şłù ć v şæ£ ˛ýăŹ řô Š£ŤŰY `ê ăŹÚĆ PÌč ¡ –ř. ć vù %m!£ NL(New Line, ASCIIŹ LF) [ı, EOF(End of File) [ı, Óù EOL(End of Line)Ć ˚ľ [ÒüŹ [ıŐú ˚yćř. CR(Carriage Return, DOS/Windows˚ %m! EOL [ı„) [ıŹ %m! Č6Ćt ć v˚ [Ò [ı£ ‚éüŞ MŹř.

Zć Canonical «ş ˛ý ?ȷĆtŹ ERASE, DELETE WORD, REPRINT CHARACTERS [ıffiú˛ ýč ¡ –L, CR [ıõ NL [ı£ žÞ ˛ýõ č ¡ –ř.

2.3.2 Non-Canonical «ş ˛ý(Non-Canonical Input Processing)

Non-Canonical «ş ˛ý ?ȷĆtŹ ć ě ›ú :˝ř AľŢ ¿§˚ [ıˇú ›q7 ¡ –ř. Zć Í¸" õ ~qt ‹A è^ńŞ read()` ýäăŞ MŹ EÍ ˛C ýäú č ¡ –ř. ¸ ?ȷŹ ĺ\ AľŢ ¿§ ˚ [ıffiˇú ›q4$# Â§˚ [ıffiú ;ćăLı č : PÌćř.

2.3.3 üô§ «ş

æĆt z<ć ~ `Ş ?ȷŹ ô§ Şé¸# üô§ Şéœ£ PÌþ ¡ –ř. ô§ Şéù read˚ S&¸ˇ Tþ :ńŞ blocküŹ Şéœ£t %m!£ zAüq –ř. üô§ ŞéĆtŹ read() ě¡` Ę£ ýäü6, Ò;ć Š£ŤŰĆ3 signalú Ã6ř. ¸ signalù signal handler(èŤG ˛ý ě¡)£ Ã4Ţř.

2.3.4 «ş$X %/Ťńñ

æĆt z<ć «ş ?ȷĆ ľ¿ăŢ MŞˇ Łă „˚ $Xffiú řØLı č : îÌăř. Žõ ffiq 4 ßÌ Š£ŤŰĆt TCP/IP ŹĘY èýv `êĆt ôèĆ «şú ŃIb řř. IŠ 3.4˚ ŽCŹ ~ „˚ t£ řô $X£Ùâ ôèĆ «şú §řýŹ Śȷ¸ř. ˚ | ć „˚ $XĆt «ş¸ ffiqą8 ˛ýõ ăL Z řè ^£Ï «ş¸ ď :ńŞ §řßř.

IŠ 3.4˚ ŽCŹ Ä!ľ Ã‹ ¡ –Şˇ, ýĄSS` multi-processing OS„ú NL –§Ć »Í |Åăř.

select() èSSð Ò; ě¡Ź «şú §řýŹ ôK CPUĆ Ùăõ sŞ MŹř. Ł8 «ş¸ ffiqţŹŞ Ø

Šõ î8t –¿ăŹ polling Şéù èSSðĆ Ùăõ s3 üq řô Š£ČSS˚ ¡ś Žêõ 9ăèÅ3 ý ř. 3 Š£ŤŰ ŽC

Ł§˚ ?fi ŽCŹ miniterm.cĆt 0ţř. Canonical «ş ˛ýĆt ˛ýč ¡ –Ź /Â č¸˚ [ıŹ 255„(<linux/limits.h> Óù <posix1 lim.h>Ć A˚ß) £t čN˚ /Â č¸Ź 255£ Cćýř.

Łă «ş ˛ý ?ȷ˚ PÌłĆ Âć z<ú Ùă8 Śȷ 4˚ commentõ œSăĘ. Śȷ` ¸ľă§ Ö§õ ĘĹř. Canonical «ş ˛ý ?ȷ˚ ŽCŹ commentõ `$ ffi ľnUř. řô ŽCŹ canonical ?ȷ ŽCő řô ÙÛĆˇ commentõ ţUř.

z<¸ řźăŢ MŞˇ, ¸ ŽC£ Ť? ìSS!õ ľÃ8 ¿ê˚ Š£ŤŰĆ :Ìč : /:˚ Şłú üú ¡ –ú ,¸ř.

èýv j! $X 7‹˚ xØú CÂ£ řŹ`õ řè ć ě Ý‚ăL, 7‹ ?Ű ť`Ź CÂ£ üq –ŹŞ Ã§õ ĘĹř. (Ž: chmod a+rw /dev/ttyS1)

3.1 Canonical ´ş fiý(Canonical Input Processing)

#include <sys/types.h>
#include <sys/stat.h>
#include <fcntl.h>
#include <termios.h>
#include <stdio.h>

/* Baudrate łÍåŋÍòňÛá <asm/termbits.h>ňź ŋÍòňÇď£ňÿ ňÝñďť.
/* <asm/termbits.h>čÛá <termios.h>ňźłÿ includeďÔáďť. */
#define BAUDRATE B38400
/* ňžąÈňÇ šĳśÆ ŋÉòŕÈ šťňÝåňÛå ĺťćÖáďť. COM1="/dev/ttyS1, COM2="/dev/ttyS2 */
#define MODEMDEVICE "/dev/ttyS1"
#define _POSIX_SOURCE 1 /* POSIX şĳşÒá łĳłÆ */

#define FALSE 0
#define TRUE 1

volatile int STOP=FALSE;

main()
{
  int fd,c, res;
  struct termios oldtio,newtio;
  char buf[255];

/* ňÝæąÈ/ńÆąÈ ğĳďÆęĳ ğĳďÎí ŋÉòŕÈęÛå ňÏáďť.(O_RDWR)

ďźňÈśÿ ŋÍáłÑò łÈňź <CTRL>-C ğÖáŋťąť ňĳğÏá šÆęĳąÆęÊíňÈ ŋÑòęÀď£ŋÈ ňÉãďĳęÑÞ şťąÈ ňÄşţ controlling ttyąť ňÉáď£ďĳęÑÞ şÉáďť.(O_NOCTTY)

*/
 fd = open(MODEMDEVICE, O_RDWR | O_NOCTTY );
 if (fd <0) {perror(MODEMDEVICE); exit(-1); }

 tcgetattr(fd,&oldtio); /* save current serial port settings */
 bzero(&newtio, sizeof(newtio)); /* clear struct for new port settings */

/*
  BAUDRATE: ŋÍáłÑò łÑÞďĳ. cfsetispeed() ğÝô cfsetospeed() şÉíłÁęĳďĳ łźśÝò ąťčÛò
  CRTSCTS : şťďÆňÃňÿ şÆęÛí ŋźňÿ. (łÈęÈňÍå řźňÈĺÛåňÈ ğĳďÛá šÝáňź ňÏáąÏåď£ňÿ ňÝñčÛá

ąÏòňÁğÉá łťňÕòşťďĳęÑÞ şÉáďť. Serial-HOWTOňÇ 7ŋÉòňÛå ŕÉíŋĳşÉå ąÍð.)

  CS8 : 8N1 (8bit, no parity, 1 stopbit)
  CLOCAL : Local connection. ğĳďÎí ŋźňÿęÛå şťŋÈ ňÉãčÛáďť.
  CREAD : ğÖáŋť łÁłÝáňÛå ąťčÛòşťąź şÉáďť.
*/
 newtio.c_cflag = BAUDRATE | CRTSCTS | CS8 | CLOCAL | CREAD;

/*
 IGNPAR : Parity ňźęÿąť ňÝñčÛá ğÖáŋť ĺťňÈśÆęÛå ğÁłÈşÉáďť.
 ICRNL : CR ğÖáŋťęÛå NL ğÖáŋťęĳ ĺÏáşÒá ŕÿęÈşÉáďť. (ňÈ łÍåŋÍòňÛå ňÉáşťğÏá ďťęÛá

řÍíšÅśÿčÛá CR ğÖáŋťęÛå şÉá ŋÖåňÇ ŋÑòęÀğÖáŋťęĳ ňÝáłÝÞşťŋÈ ňÉãňÛå łÁ ňÝñďť.)

  otherwise make device raw (no other input processing)
*/

 newtio.c_iflag = IGNPAR | ICRNL;

/*
 Raw output.
*/
 newtio.c_oflag = 0;

 ICANON : canonical ňÝîęÏÞňÛå ąťčÛòşťąź şÉáďť.
  disable all echo functionality, and don’t send signals to calling program
*/
 newtio.c_lflag = ICANON;

/*

ğĳďÛá ŋźňÿ ğÖáŋťďÛåňÛå ŕĳąÈş¡şÉáďť.

ďÈšÑåśÆ ąÉïňÛá <termios.h> şźňÿ šťňÝåňźłÿ ŕÉóňÛå łÁ ňÝñďť. ňžąÈ commentňźďĳ ŕÁąťęĳ ďÉåňťčÑøňÉñďť.

*/
 newtio.c_cc[VINTR] = 0; /* Ctrl-c */
 newtio.c_cc[VQUIT] = 0; /* Ctrl-\ */
 newtio.c_cc[VERASE] = 0; /* del */
 newtio.c_cc[VKILL] = 0; /* @ */
 newtio.c_cc[VEOF] = 4; /* Ctrl-d */
 newtio.c_cc[VTIME] = 0; /* inter-character timer unused */
 newtio.c_cc[VMIN] = 1; /* blocking read until 1 character arrives */
 newtio.c_cc[VSWTC] = 0; /* ’\0’ */
 newtio.c_cc[VSTART] = 0; /* Ctrl-q */
 newtio.c_cc[VSTOP] = 0; /* Ctrl-s */
 newtio.c_cc[VSUSP] = 0; /* Ctrl-z */
 newtio.c_cc[VEOL] = 0; /* ’\0’ */
 newtio.c_cc[VREPRINT] = 0; /* Ctrl-r */
 newtio.c_cc[VDISCARD] = 0; /* Ctrl-u */
 newtio.c_cc[VWERASE] = 0; /* Ctrl-w */
 newtio.c_cc[VLNEXT] = 0; /* Ctrl-v */
 newtio.c_cc[VEOL2] = 0; /* ’\0’ */

/*

ňÈŋź modem ęťňÝáňÛå ŕĳąÈş¡şťąĳ šĳśÆ łźśÝòňÛå ğťŕÝáďť.

*/
 tcflush(fd, TCIFLUSH);
 tcsetattr(fd,TCSANOW,&newtio);

/*

śÿğÈčÍå łźśÝòňÈ ćÛöčÉñąĳ, ňÈŋźčÛá ňÝîęÏÞňÛå ŕÿęÈşÉáďť. ňÈ ňżŋźňźłÿčÛá şÉá ŋÖåňÇ ğÊá ŕÍð ğÖáŋťęÛå ’z’ęĳ şÊñňÛå ěţ šÆęĳąÆęÊíňÛå ŋÑòęÀşÉáďť.

*/

 while (STOP==FALSE) { /* ŋÑòęÀ ŋĳąÍá(STOP==TRUE)ąť ďÔå ěţćťŋÈ ęÁšÆ */
 /* read()čÛá ęťňÝá ŋÑòęÀ ğÖáŋťąť čťňÑå ěţćťŋÈ 255 ğÖáŋťęÛå čÍíňÿąťďÿęťďĳ
    block ďÔáďť. read şťąĳŋť şťčÛá ğÖáŋť ąţłÁąť ňÝîęÏÞ ąťčÛòşÉá ğÖáŋť ąţłÁĺĳďť ŋÍÞňÛá ąÏòňÁňźčÛá ěĳ şÉáĺÍáňÇ readęÛå şťňž čťğÿŋÈęÛå ňÝæňÿčÊå łÁ ňÝñďť.

    resčÛá readňź ňÇşţłÿ łÝåŋźęĳ ňÝæşžŋÝá ğÖáŋťňÇ ąţłÁęÛå ąÉóąź ďÔáďť. */

    res = read(fd,buf,255);
    buf[res]=0; /* set end of string, so we can printf */
    printf(":%s:%d\n", buf, res);
    if (buf[0]==’z’) STOP=TRUE;
 }
 /* restore the old port settings */
 tcsetattr(fd,TCSANOW,&oldtio);
}

3.2 Non-Canonical ´ş fiý(Non-Canonical Input Processing)

Non-Canonical «ş ˛ý ?ȷĆtŹ «ş¸ ć v şæ£ ˛ýüŞ MŹř. erase, kill, delete #˚ «ş ˛ý ê ¡śüŞ MŹř. ¸ ?ȷĆt zAăŹ 7ĘyâŹ c cc[VTIME]Y c cc[VMIN] ~ `Ş¸ř. c cc[VTIME] ù Í¸"˚ è^ú zAăL, c cc[VMIN]ù readč : ýäü§ æć /Ź˚ [ı „¡õ ŞAćř.

MIN > 0, TIME = 0

MINù read` ýäü§ æć /Źć˚ [ı „¡. TIME¸ 0¸8 Í¸"Ź PÌüŞ MŹř.(XćÂ£ §řßř.)

MIN = 0, TIME > 0

TIMEù time-out ¯œ£ PÌýř. Time-out ¯ù TIME * 0.1 #¸ř. Time-out¸ ‹q#§ ;Ć ć [ıĘê ffiqą8 readŹ ýäýř.

MIN > 0, TIME > 0

TIMEù time-out¸ Iĺ inter-character Í¸"£ ôȷćř. /Ź MIN „˚ [ı` ffiqą$# ~ [ ı P¸˚ è^¸ TIME ¯ú Jœ8 ýäýř. [ı` ˛ü ffiqď : Í¸"Ź ôȷú èȷăL ¸ó [ı` ffiqď :˝ř &èȷýř.

MIN = 0, TIME = 0

readŹ Ňè ýäýř. Ç& ›ú ¡ –Ź [ı˚ „¡# Å»ć [ı „¡` ŁÞýř. AntoninoAĆ˚

ă8 readă§ ;Ć fcntl(fd, F SETFL, FNDELAY); õ Ò;ă8 [›ù @Yõ uú ¡ –ř.

newtio.c cc[VTIME]Y newtio.c cc[VMIN]ú ¡AăŁ æ P `Ş Şéú ìSS! č ¡ –ř.

       #include <sys/types.h>
       #include <sys/stat.h>
       #include <fcntl.h>
       #include <termios.h>
       #include <stdio.h>

       #define BAUDRATE B38400
       #define MODEMDEVICE "/dev/ttyS1"
       #define _POSIX_SOURCE 1 /* POSIX compliant source */
       #define FALSE 0
       #define TRUE 1

       volatile int STOP=FALSE;

main()
{
  int fd,c, res;
  struct termios oldtio,newtio;
  char buf[255];

 fd = open(MODEMDEVICE, O_RDWR | O_NOCTTY );
 if (fd <0) {perror(MODEMDEVICE); exit(-1); }

 tcgetattr(fd,&oldtio); /* şÏáŋţ łÍåŋÍòňÛå oldtioňź ŋÿŋÉò */

 bzero(&newtio, sizeof(newtio));
 newtio.c_cflag = BAUDRATE | CRTSCTS | CS8 | CLOCAL | CREAD;
 newtio.c_iflag = IGNPAR;
 newtio.c_oflag = 0;

 /* set input mode (non-canonical, no echo,...) */
 newtio.c_lflag = 0;

 newtio.c_cc[VTIME] = 0; /* ğÖáŋť łťňÈňÇ timeręÛå disable */
 newtio.c_cc[VMIN] = 5; /* ŕ£łĳ 5 ğÖáŋť ĺÉäňÛå ěţćťŋÝá blocking */

 tcflush(fd, TCIFLUSH);
 tcsetattr(fd,TCSANOW,&newtio);

 while (STOP==FALSE) { /* loop for input */
   res = read(fd,buf,255); /* ŕ£łĳ 5 ğÖáŋťęÛå ĺÉäňÆğÏá ęÈśÍá */
   buf[res]=0; /* ’\0’ ŋÑòęÀ ğÖáŋťňÏå(printfęÛå şťąÈ ňÄşţ) */
   printf(":%s:%d\n", buf, res);
   if (buf[0]==’z’) STOP=TRUE;
 }
 tcsetattr(fd,TCSANOW,&oldtio);
}

3.3 üô§ ´ş

#include <termios.h>
#include <stdio.h>
#include <unistd.h>
#include <fcntl.h>
#include <sys/signal.h>
#include <sys/types.h>

#define BAUDRATE B38400
#define MODEMDEVICE "/dev/ttyS1"
#define _POSIX_SOURCE 1 /* POSIX compliant source */
#define FALSE 0

#define TRUE 1

volatile int STOP=FALSE;

void signal_handler_IO (int status); /* signal handler şÉíłÁ ŋÍòňÇ */
int wait_flag=TRUE; /* signalňÛå ĺÉäŋÈ ňÉãňÛá ďÑòňÉáňÛá TRUE */

main()
{
  int fd,c, res;
  struct termios oldtio,newtio;
  struct sigaction saio; /* signal actionňÇ ŋÍòňÇ */
  char buf[255];

  /* Non-blocking ğĳďÆęĳ łÈęÈňÍå ŋÉòŕÈęÛå ňÏáďť(read şÉíłÁ şĳŕÖå şÁ ŋÛÞąÉÞ ęÈśÍá) */
  fd = open(MODEMDEVICE, O_RDWR | O_NOCTTY | O_NONBLOCK);
  if (fd <0) {perror(MODEMDEVICE); exit(-1); }

  /* install the signal handler before making the device asynchronous */
  /* ŋÉòŕÈęÛå ĺÈďÑòąÈ ğĳďÆęĳ ğÉáďÛåąÈ ŋÍáňź signal handler */
  saio.sa_handler = signal_handler_IO;
  saio.sa_mask = 0;
  saio.sa_flags = 0;
  saio.sa_restorer = NULL;
  sigaction(SIGIO,&saio,NULL);

  /* SIGIO signalňÛå ĺÉäňÛå łÁ ňÝñďĳęÑÞ şÉáďť. */
  fcntl(fd, F_SETOWN, getpid());
  /* file descriptoręÛå ĺÈďÑòąÈęĳ ğÉáďÛáďť. (manual pageęÛå ĺĳğÏá
     O_APPEND ň¡ O_NONBLOCKğÉáňÈ F_SETFLňź łťňÕòşÉå łÁ ňÝñďťąĳ ď£ňÿ ňÝñďť.) */
  fcntl(fd, F_SETFL, FASYNC);

  tcgetattr(fd,&oldtio); /* save current port settings */
  /* canonical ňÝîęÏÞŕÿęÈęÛå ňÄşÉá šĳśÆ łźśÝò */
  newtio.c_cflag = BAUDRATE | CRTSCTS | CS8 | CLOCAL | CREAD;
  newtio.c_iflag = IGNPAR | ICRNL;
  newtio.c_oflag = 0;
  newtio.c_lflag = ICANON;
  newtio.c_cc[VMIN]=1;
  newtio.c_cc[VTIME]=0;
  tcflush(fd, TCIFLUSH);
  tcsetattr(fd,TCSANOW,&newtio);

  /* loop while waiting for input. normally we would do something
     useful here */
  while (STOP==FALSE) {
    printf(".\n");usleep(100000);
    /* after receiving SIGIO, wait_flag = FALSE, input is available
       and can be read */
    if (wait_flag==FALSE) {

      res = read(fd,buf,255);
      buf[res]=0;
      printf(":%s:%d\n", buf, res);
      if (res==1) STOP=TRUE; /* stop loop if only a CR was input */
      wait_flag = TRUE; /* wait for new input */
    }
  }
  /* restore old port settings */
  tcsetattr(fd,TCSANOW,&oldtio);
}

/***************************************************************************
* signal handler. sets wait_flag to FALSE, to indicate above loop that *
* characters have been received. *
***************************************************************************/

void signal_handler_IO (int status)
{
  printf("received SIGIO signal.\n");
  wait_flag = FALSE;
}

3.4 ´ş $X %/Ťńñ

¸ ĎŐù ^Ĳć z<ˇú ă9ř. qN3 ăŹ ŞĆ Âć ^şć (!ˇú s§ æć ,¸t£ ěù ŽC Ś ȷˇú žUř. ¸ Şłù èýv j!Ćˇ :ÌüŹ ,¸ IęĘ file descriptorõ PÌăŹ ?fi «;şĆ P Ìč ¡ –ř.

select() èSSð Ò; ě¡ő ľ¿ăŹ »¿£ ě¡ffiù fd setú PÌćř. fd setŹ bit array£t file

descriptor˚ bit entry£ ȷÌćř. select()Ź ľ¿ăŹ file descriptor˚ bitffiú Č6ć fd setú «ş 7Ę yâ£ ŃIt «ş, ;ş Óù Ž¡ Ňf¸ ‹q& EÍ ýäćř. fd setù FD £ èȷăŹ »¿£ ě¡ffiú `ľt [ýćř. select(2)˚ man pageõ œSăĘ.

#include <sys/time.h>
#include <sys/types.h>
#include <unistd.h>

main()
{
   int fd1, fd2; /* input sources 1 and 2 */
   fd_set readfs; /* file descriptor set */
   int maxfd; /* maximum file desciptor used */
   int loop=1; /* loop while TRUE */

   /* open_input_source opens a device, sets the port correctly, and
      returns a file descriptor */
   fd1 = open_input_source("/dev/ttyS1"); /* COM2 */
   if (fd1<0) exit(0);
   fd2 = open_input_source("/dev/ttyS2"); /* COM3 */
   if (fd2<0) exit(0);

4. řô îÌć AÃ 11

   maxfd = MAX (fd1, fd2)+1; /* maximum bit entry (fd) to test */

   /* loop for input */
   while (loop) {
     FD_SET(fd1, &readfs); /* set testing for source 1 */
     FD_SET(fd2, &readfs); /* set testing for source 2 */
     /* block until input becomes available */
     select(maxfd, &readfs, NULL, NULL, NULL);
     if (FD_ISSET(fd1, &readfs)) /* input from source 1 available */
       handle_input_from_source1();
     if (FD_ISSET(fd2, &readfs)) /* input from source 2 available */
       handle_input_from_source2();
   }

}

æ˚ ŽC ŚȷŹ «ş¸ ffiqď :ńŞ GŽ block üŹ ôȷú ÃŁuř. Time-out¸ ŻÅăř8, řüY › ¸ Ęöř.

int res;
struct timeval Timeout;

/* set timeout value within input loop */
Timeout.tv_usec = 0; /* milliseconds */
Timeout.tv_sec = 1; /* seconds */
res = select(maxfd, &readfs, NULL, NULL, &Timeout);
if (res==0)
/* number of file descriptors with input = 0, timeout occurred. */

¸ ŽCŹ 1# óĆ time-out¸ üŹ ,ú ÃŁuř. Time-out¸ ‹q#8 select()Ź 0ú ŁÞćř. Ł§ t s˚č >ù, zAć Timeout ¯ù select()Ć ˚ľt ˇŹă§ :[Ć řè select()õ Ò;ćř8

Timeout.tv usecY Timeout.tv sec ¯ú řè zAľb ćř. Timeout ¯¸ 0¸ ü8 time-out¸ ŇfăL
select()Ź Ňè ýäýř.

4 řô îÌć AÃ

• Serial-HOWTO [tŹ èýv j!õ qN3 ĽzăŹŞõ z<ăL ăȷSSq AÃõ CWćř.

• Michael Sweet˚ Serial Programming Guide for POSIX Compliant Operating Systems <http://www.

easysw.com/~mike/serial>. ¸ ¨¿Ź §( ,¸L /ê æXõ üú ¡` {ř. ¸$ üIv Û Ău

{¡? ¸ [tŹ »Í ffi Aýý ,¸ř. (Ńı s: řè ¸ æX` ÙSSřř. Ž;Ć è fľý :¸ – }ř.)

• termios(3) man pageŹ termios uS–˚ ?fi flagĆ Âľ A˚üq –ř.

5 §Łć PŁffi

1$˚ Ź„ ÙÛĆt sŻř"¸, #Ź ¸ Ûb˚ ;[`` Ięř. Ťă# Łă [CĆ Ù/Ì}L, řô ¸ffi ˚ êÓú ŃIt [Cffiú ľ@řř. Strudthoff A, Michael Carter(mcarter@rocke.electro.swri.edu)A

5. §Łć PŁffi 12

Ď Peter Walternberg(p.waltenberg@karaka.chch.cri.nz) A˚ êÓĆ ˇPćř.

Antonino Ianella(antonino@usa.net)AŹ 4` ¸ [tõ ȷĄč : Serial-Port-Programming Mini HOWTO õ ‚ř. Greg HankinsAŹ Antonino˚ Mini-HOWTOõ ¸ [tĆ OœĘL Ďřř.

¸ [t˚ uSő SGML jȷù Greg HankinsA˚ Serial-HOWTOĆt 0ţř. ¸ ŸĆt ąêõ ¡Ač ¡ –êÀ êősê ˘ù Ûffi¸ –ř. Dave Pfaltzgraff(Dave Pfaltzgraff@patapsco.com), Sean Lincolne(slincol@tpgi.com.au), Michael Wiedmann(mw@miwie.in-berlin.de), Adrey Bonar(andy@tipas.lt) AĆ3 ˇPćř.