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1. Introduction

Thi s docunent describes how to programthe RS-232 ports for serial
communi cati ons, under PC-Linux. It covers information about

the serial ports, RS232 connections, nodemissues, and the C progranm ng
| ogi c.

2. Background

For our final year project, our group had to design a concept Wrld
Wde Wb browser. Qur prototype was a hand-hel d devi ce whi ch pl ugged
into a PCs COMR (25-pin) serial port. The user would i ssue conmands
to the browser (eg Back, Open, etc) by sending character commands to
the PC. The browser software would detect it, and performthe required
operation.

The nmet hod provided in the 'Linux I/O port programm ng mni ni-HOMO

did not act reliably. Often, an incorrect val ue would be received.

The information within provided a 100% reliable, quasi-POSIX-conpliant
approach to comuni cati on.

The program provided at the end of this 0 forned the basis of

the PC s conmuni cation program This docunment is witten fromthe
1 needed for the web browser project. It revolves around

C progranmming for Linux, for a 9600 baud device attached to COMWR.
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The informati on here conmes nainly fromthese sources -

Heavi |y based on the 'Serial Programm ng Guide for POSI X Conpliant
Qperating Systens', at http://ww. easysw. conl ~ni ke/ serial/, by

m ke@asysw. com |f you need greater detail or nore infornmation, then
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5. RS-232 connections

RS-232 is a standard for serial conmunications. It conmes in different
varieties. The nmost common is RS-232C which defines a '"nmark' bit as a
vol tage between -3V and -12V, and a 'space' bit as a voltage between
+3V and +12V. RS-574 is the standard for 9-pin PC connectors and
vol t ages.

RS- 232 basically consists of wires for serial conmunications; sending
and receiving, timng, status, and handshaki ng.

You can use a null nodem cabl e as your connector

The following pins are what were used for our project. W connected

the device to the DB-25 pin COW port. Please note that the Transmt

line fromthe PC nmust connect to the Receive |line of the device, and

vice versa. Al so, please note that a parallel port is different to a
serial port!

PC s pins Devi ce' s pins

- 3 RxD Receive Data
2 TXD Transmit Data
7 SG Si gnal Ground

TxD Transnmt Data 2
RxD Recei ve Dat a 3 -
SG Si gnal Ground 7

Refer to the Linux Serial HOMO for nore specialised connections, and
detail ed RS-232 pins.

6. Serial 0 and RS-232 definitions

The way that data get transnmitted in serial comunications is, well
serially. One data bit is sent at a tine. Each bit is either on (or the
"mark' state), or off (or the 'space' state).

The serial data throughput is usually expressed in bits-per-second (bps)
or baudot (baud). Throughput is the nunber of data bits (2 or off) that
may be sent in a second. Your nmodem ni ght be able to support 115200 baud.
The project's web browser device was designed to run at 9600 baud.

RS-232 provides 18 different signals. About 6 are available to UNI X for
progr anmmi ng.

G\D - Logi c ground

Very inportant. Acts as a reference voltage, so the devices know
the relative voltage of the data transmitted.

TxD - Transmtted data
Carries the data transmtted fromyour PC
A '"mark' voltage is interpreted as 1,
while a 'space' voltage is interpreted as O.

RxD - Recei ved data



Carries the data transmitted to your PC fromthe other device
DCD - Data carrier detect

Is sent fromthe other device to your PC. A 'space' voltage neans
that the device is still connected, or 'on-line'. This signal is
not al ways used or avail abl e.

DTR - Data terminal ready

Is sent fromyour PCto tell the device that you are ready (space)
or not-ready (mark). DTR is usually enabl ed automatically whenever
you access the serial interface.

CTS - dear to send

Is sent fromthe other device to your PC

A 'space' voltage neans that your PC nay send sone data

It is usually used to regulate the flow of serial data from your
PC, but it is not currently supported by all UN X flavours.

RTS - Request to send

Is set to the 'space' voltage by your PC when it requests to send
nore data. It also used to regulate data flow. Many systens |eave
it on 'space' voltage all the tine.

7. Communication issues

This section covers other issues of serial conmunication which m ght be
rel evant to your particular application

Since we are progranm ng for asynchronous conmuni cati on, we need the
PCs/ devi ces to know where each character starts and ends in the serial
data fl ow.

I n asynchronous node, the serial data line stays in the mark state until
a character is sent. A 'start bit' is sent before each character; it is
always 0 and tells the PC/device that a character will follow

After the start bit, the character's bits are sent, then a 'parity' bit,
and one or nore stop hits.

The parity bit is a checksumof the data bits, indicating the nunber of
1 bits it contained -

Even parity - parity bit is 1 if there is an even nunber of 1s
Qdd parity - parity bit is 1 if there is an odd nunber of 1s
Space parity - parity bit is always 0

Mark parity - parity bit is 1

No parity - no parity bit is sent or present.

"Stop' bits cone at the end of every character. There nay be 1, 1.5, or 2
stop bits. They used to be used to give the conputer tine to process the
character, but now they are used to synchroni se the conputer to the

i ncom ng characters.

Asynchronous data is usually described like '8N1' - 8 data bits, no parity
bits, 1 stop bit. Another conmon one is '7Nl'.

Fl ow control is used to regulate the data flow between devices, if there
is sone sort of linmtation, such as a slow device. There is 'Software

Fl ow Control' using special characters, XON and XOFF, to regulate the flow
This method is not useful for transnmitting non-textual data.

" Hardware Fl ow Control' uses the RTS and CTS signals instead of special



characters. The receiver sets CIS to space when it is ready to receive,
and to mark when it's not. The sender uses RTS the sanme way. This met hod
is faster than Software Flow Control, since it uses a separate set of
signals instead of extra bits.

Since the receive or transmit signal is at nark voltage until a new character
is sent. A 'break' condition exists when the line is set to low for 1/4

to 1/2 a second. It is used to reset a conmunications |ine, or change

t he operation node of devices |ike nodens.

8. Basic port programming

Hopefully, all of the above is reasonably clear to you, so you nmay proceed
to programwi th confi dence!

In UNI X all system devices are treated as (special) files. Al serial ports
are opened, read from witten to, and closed, just like a binary file.
In Linux, the PC serial ports are

COML - /dev/ttySO
CoOwe - /dev/ttySl
COMB - /dev/ttyS2
covd - /dev/ttyS3

Firstly, open the serial port as a file. However, UN X does not allow
devices to be accessed by normal users. To solve this, either run the
program as the superuser, or change the pernission on the device as root,

eg
chnod a+rw /dev/ttySl (lets everyone access COWR)

To open the file do the following. Notice the three flags used in the
open() function. O RDWR neans that we open the port for reading and
writing. O NCCTTY specifies that the programwon't be the controlling
entity for the port. Mst user progranms don't want this feature.

O _NDELAY neans that your programignores the DCD line. If it didn't,
the programw ||l be put to sleep until DCD is set to 'space' voltage.

/*
* '"open_port()' - Open serial port 1 - COW.
*

* Returns the file descriptor on success or -1 on error
*/

i nt open_port(void)

int fd; /* File descriptor for the port */

fd = open(&quot;/dev/ttySl&quot;, O RDWR | O NOCTTY | O NDELAY)

if (fd == -1)

{ /* Could not open the port */
fprintf(stderr, &quot;open_port: Unable to open /dev/ttySl - %\ n&quot;,

strerror(errno));
}
return (fd);

}

If you need to wite data to the port, do sonething like
n =wite(fd, &quot; ATZ\r&quot;, 4);

if (n &t; 0)



put s(&quot ;wite() of 4 bytes failed!'\n&quot;);

Reading fromthe port is nore conplicated. If you open the port in 'raw
data' nmode (the norm, each read() returns the nunber of characters actually
available in the serial buffers. However, if no characters are avail abl e,
read() will block until it receives characters, an interval tiner expires,

or an error occurs. Use the following to nmake read return inmediately.
FNDELAY nakes read() return O if no characters were read.

fentl (mai nfd, F_SETFL, FNDELAY); /* Configure port reading */

To close the serial port, sinply use
cl ose(fd);

9. Port configuration

Thi s section discusses how to configure the serial port for your device.

You will need to set the terninal attributes related to the port.

To do this, include & t;term os. h&gt; and access the termi os structure using

t he

PCSI X tcgetattr() and tcsetattr() functions.

The term os structure contains

c_cflag - Control options
c Iflag - Line options

c_iflag - Input options
c_oflag - Qutput options
c_cc - Control characters

See section 12 for a list of c_cflag control nodes.

They are used to set the baud rate, parity and stop bits, and flow control

Al ways enabl e CLOCAL and CREAD, so the program does not own the port, and so
the serial interface driver will read incom ng bytes.

9.1. Accessing the term os structure and the baud rate

Use cfsetospeed() and cfsetispeed() to set the baud rate.

CRTSCTS might be call ed CNEW RTSCTS on ot her systens.

The following uses a termios structure called 'options'.

For our project, the device transmtted at 9600 baud and transm tted nothing
speci al

tcgetattr(mai nfd, &anp;options); /* Get the current options for the port
*/

cfseti speed( &np; opti ons, B9600); /* Set the baud rates to 9600
*/

cf set ospeed( &anp; opti ons, B9600);
/* Enable the receiver and set |ocal node */
options.c_cflag |= (CLOCAL | CREAD);

/* Set the new options for the port */
tcsetattr(mai nfd, TCSANOW &anp; options);

The tcsetattr() function replaces the port's ternmios structure with the
settings you provided. The TCSANOW constant neans that the changes shoul d
occur inmediately, without waiting for data transnission to conplete

Al ternative choices are TCSADRAIN and TCSAFLUSH, which wait until buffers
are cleared. Refer to section 13.

9.2. Character size and parity



To set the character size, you nmust use bitw se |ogic.
The foll owi ng code sets the character size to 8 data bits, and no parity.

options.c_cflag &np; = ~PARENB; /* Mask character size to 8 bits, no parity

*/
options.c_cflag &np; = ~CSTOPB;
options.c_cflag &np; = ~CSl ZE;
options.c_cflag |= CsS8; /* Select 8 data bits */

For other nethods, refer to section 11
9.3. Hardware flow control
To enabl e hardware flow control, use
options.c_cflag | = CRTSCTS; /* Enabl e hardware flow control */
To disable it,

options.c_cflag &np; = ~CRTSCTS; /* Disable hardware flow contro
*/

9. 4. Canoni cal and raw i nput
Canoni cal input nmeans that all incomng characters are placed in a buffer

whi ch may be edited by the user, until a carriage return or line feed (CR or
LF) are received. Typically, you would use

options.c_lflag | = ~(1 CANON | ECHO | ECHOCE);

Raw i nput is unprocessed, so they nmay be used as they are read.
Qur device sent raw data

options.c_|flag &np;= ~(ICANON | ECHO | ISIGQ;

Whet her you use canonical or raw input, nmake sure you never enabl e input
echo when connected to a conputer/device which is echoing characters to you.
Refer to section 14 for |ocal node constants.

9.5. POSIX input modes

Set the port's input nodes for any input processing.

Set input parity when you have enabled parity in the c_cflag part.

Usual ly you'd use the following to enable parity checking, and strip the
parity bit off the data, before your programreads it.

options.c_iflag |= (INPCK | | STRIP)

You might use | GNPAR, which ignores all parity errors. PARMRK narks parity

errors by inserting a DEL(255) and NUL character before the bad character
If 1GNPAR is enabled, only a NUL is inserted.

You may set software flow control using
options.c_iflag |= (I XON | | XOFF | | XANY);
Refer to section 15 for input node constants.
9.6. POSIX output modes

To set port output nodes, use the c_oflag nmenber

To sel ect processed output, use the following. O all the output nodes, you
will probably only use ONCLR to convert newines into CR and LFs.



options.c_oflag | = OPCST;

For raw out put, use

options.c_oflag &np; = ~OPCST,;

Refer to section 16 for output node constants.
9.7. POSIX control modes

You may set the control characters using the c_cc part.

Set the software flow control characters in the VSTART and VSTOP

el enents. The standard is DCL(17) and DC3(19) for XON and XOFF.

VM N speci fies the m ni mum nunber of O to read. If it is O, then

VTI ME specifies the tinme to wait for each character

If VMNis not O, VIIMEis the tine to wait to read the first character

If the first character is read, then any read() will be blocked until all
VM N characters are read.

VTIME is specified in tenths of seconds. If it is O, then read()s wll

be permanently bl ocked unl ess NDELAY was previously specified with fcntl ().

Refer to section 17 for control node constants.
10. Sample program

This programis a skeleton COMR reader, which was used for our project.

It did not need all of the information specified above for

configuring ports. The 20nms delay is used to indicate that data comng into
the port is buffered, and is available for the next read().

/* Better port reading program
v1.0
23-10-96

This test program uses quasi-POSI X conpliant UNI X functions to
open the ABU port and read.

Uses term o functions to initialise the port to 9600 baud, at

8 data bits, no parity, no hardware flow control

and features character buffering.

The 20ns delay after the port read indicates that characters are
buffered if a button is pressed nany tines.

This programwas derived frominstructions at
http://ww. easysw. com ~m ke/ seri al /
*/

#i nclude & t; stdio. hé&gt; /* Standard input/output definitions */
#include & t;string.h&t; /* String function definitions */
#include & t;unistd. h&t; /* UNI X standard function definitions */

#include & t;fcntl. hé&gt; /* File control definitions */
#include & t;errno. h&gt; [* Error nunber definitions */
#include & t;term os.h&gt; /* POSI X term nal control definitions */
/*
* 'open_port()' - Open serial port 1
*

* Returns the file descriptor on success or -1 on error
*/

i nt open_port(void)

{



int fd; /* File descriptor for the port */
fd = open(&quot;/dev/ttySl&quot;, O RDWR | O NOCTTY | O NDELAY)

if (fd == -1)
/* Could not open the port */
fprintf(stderr, &quot;open_port: Unable to open /dev/ttySl - %\ n&quot;,
strerror(errno));
}

return (fd);
}

voi d main()

{
i nt mai nf d=0; /* File descriptor */
char chout;

struct term os options;

mai nfd = open_port();

fentl (mai nfd, F_SETFL, FNDELAY); /* Configure port reading */
/* Get the current options for the port */
tcgetattr(mai nfd, &anp;options);
cfseti speed( &np; opti ons, B9600); /* Set the baud rates to 9600
*/
cf set ospeed( &anp; opti ons, B9600);

/* Enable the receiver and set |ocal node */
options.c_cflag |= (CLOCAL | CREAD);
options.c_cflag &np; = ~PARENB; /* Mask the character size to 8 bits, no parity
*/
options.c_cflag &np; = ~CSTOPB;
options.c_cflag &np; = ~CSl ZE;

options.c_cflag |= CsS8; /* Select 8 data bits */
options.c_cflag &np; = ~CRTSCTS; /* Disable hardware flow control
*/

/* Enable data to be processed as raw i nput */
options.c_|flag &np;= ~(ICANON | ECHO | ISIGQ;

/* Set the new options for the port */
tcsetattr(mai nfd, TCSANOW &anp; options);

while (1)

read( nmai nfd, &anp;chout, sizeof(chout)); /* Read character from ABU
*/

if (chout !'= 0)
printf(&quot; Got %.\n&quot;, chout);

chout =0;
usl eep(20000);

/* Close the serial port */
cl ose(mai nfd);

}

11. Character and parity settings

No parity (8N1):



options.c_cflag &np; = ~PARENB
options.c_cflag &np; = ~CSTOPB;
options.c_cflag &np; = ~CSl ZE;

options.c_cflag | = CS8;
Even parity (7El):

options.c_cflag | = PARENB
options.c_cflag &np; = ~PARODD;
options.c_cflag &np; = ~CSTOPB;
options.c_cflag &np; = ~CSl ZE;
options.c_cflag | = CS7;

Qdd parity (701):

options.c_cflag | = PARENB
options.c_cflag | = PARODD;
options.c_cflag &np; = ~CSTOPB;
options.c_cflag &np; = ~CSl ZE;
options.c_cflag | = CS7;

Mark parity is simulated by using 2 stop bits (7M):
options.c_cflag &np; = ~PARENB

options.c_cflag | = CSTOPB;

options.c_cflag &np; = ~CSl ZE;

options.c_cflag | = CS7;

Space parity is setup the same as no parity (7S1):

options.c_cflag &np; = ~PARENB
options.c_cflag &np; = ~CSTOPB;
options.c_cflag &np; = ~CSl ZE;

options.c_cflag | = CS8;
12. POSIX control mode flags

The following table lists the possible control nodes for c_cflag.

Const ant Descri ption

CBAUD Bit nask for baud rate
BO 0 baud (drop DTR)
B50 50 baud

B75 75 baud

B110 110 baud

B134 134.5 baud

B150 150 baud

B200 200 baud

B300 300 baud

B600 600 baud

B1200 1200 baud

B1800 1800 baud

B2400 2400 baud

B4800 4800 baud

B9600 9600 baud

B19200 19200 baud

B38400 38400 baud

EXTA External rate clock
EXTB External rate clock
Csl ZE Bit nask for data bits

CsS5 5 data bits



CS6
cs7
CSs8
CSTOPB
CREAD
PARENB
PARCDD
HUPCL
CLOCAL
LOBLK
CRTSCTS

6 data bits

7 data bits

8 data bits

2 stop bits (1 otherw se)

Enabl e recei ver

Enabl e parity bit

Use odd parity instead of even

Hangup (drop DTR) on | ast close

Local line - do not change 'owner' of port
Bl ock job control output

Enabl e hardware flow control (not supported on al

13. POSIX tcsetattr Constants

Const ant

Descri ption

TCSANOW
TCSADRAI N
TCSAFLUSH

Make changes now without waiting for data to conplete

Wait until everything has been transmitted
Flush i nput and out put buffers and rmake the change

14. POSIX Local Mode Constants

pl at f or ns)

Const ant Descri ption

I SI G Enabl e SIA@ NTR, SI GSUSP, SIGSUSP, and SIGQUI T signals

| CANON Enabl e canonical input (else raw)

XCASE Map uppercase \|l owercase (obsel ete)

ECHO Enabl e echoi ng of input characters

ECHOE Echo erase character as BS-SP-BS

ECHOK Echo NL after kill character

ECHONL Echo NL

NOFLSH Di sabl e flushing of input buffers after interrupt
or quit characters

| EXTEN Enabl e extended functions

ECHOCTL Echo control characters as “char and delete as ~?

ECHOPRT Echo erased character as character erased

ECHOKE BS-SP-BS entire line on line kil

FLUSHO Qut put being fl ushed

PENDI N Ret ype pending input at next read or input char

TOSTOP Send SI GITQU for background out put

15. POSIX Input Mode Constants

Const ant Descri ption

| NPCK Enabl e parity check

| GNPAR Ignore parity errors

PARMRK Mark parity errors

| STRI P Strip parity bits

| XON Enabl e software flow control (outgoing)
| XOFF Enabl e software flow control (incom ng)
| XANY Al'l ow any character to start flow again
| GNBRK I gnore break condition

BRKI NT Send a SI G NT when a break condition is detected
I NLCR Map NL to CR

| G\CR I gnore CR

I CRNL Map CR to NL

I UCLC Map uppercase to | owercase

| MAXBEL Echo BEL on input |ine too |ong



16. POSIX Output Mode Constants

Const ant Descri ption

OoPCST Post process out put (not set = raw output)

aLcuc Map | ower case to uppercase

ONLCR Map NL to CRNL

OCRNL Map CR to NL

NCOCR No CR output at colum O

ONLRET NL performs CR function

OFI LL Use fill characters for delay

OFDEL Fill character is DEL

NLDLY Mask for delay time needed between lines

NLO No delay for NLs

NL1 Del ay further output after newine for 100 mlliseconds
CRDLY Mask for delay time needed to return carriage to left colum
CRO No delay for CRs

CR1 Del ay after CRs dependi ng on current col unm position
CR2 Delay 100 nilliseconds after sending CRs

CR3 Delay 150 nilliseconds after sending CRs

TABDLY Mask for delay tinme needed after TABs

TABO No del ay for TABs

TAB1 Del ay after TABs depending on current columm position
TAB2 Delay 100 nmilliseconds after sending TABs

TAB3 Expand TAB characters to spaces

BSDLY Mask for delay tinme needed after BSs

BSO No del ay for BSs

BS1 Delay 50 milliseconds after sending BSs

VTDLY Mask for delay tinme needed after VTs

VTO No del ay for VTs

VT1 Del ay 2 seconds after sending VTs

FFDLY Mask for delay tinme needed after FFs

FFO No del ay for FFs

FF1 Del ay 2 seconds after sending FFs

17. POSIX Control Character Constants

Const ant Descri ption Key

VI NTR I nterrupt CTRL-C

VQUI'T Quit CTRL- Z

VERASE Erase Backspace (BS)

VKI LL Kill-1ine CTRL- U

VEOF End-of -file CTRL-D

VECL End- of - 1i ne Carriage return (CR
VEQOL?2 Second end-of -1ine Line feed (LF)

VM N M ni mum nunber of characters to read

VTl MVE Time to wait for data (tenths of seconds)

----------------- End of Linux Serial Progranming Mni-Howo -----------------



