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Controlling
Devices with
Relays

Firgg bells and mone with a simfie © program and
i:'||'_-_:-:_|_|.'_"|'|'_-|'-.-'“|_' harthware, By JASOM ELLISON

recently wias given the curmous taxk ol owaking M om o

factory foar at set inbervals, The company wanted o ese

iliis moigs o provide impestant asditory cues for specific

cvems, Thes: events included the time employees should
clck in. clock oul, take a break and return from beeak. The
solntiom [ implemeited has been warking well, and everyone
involved has been pleased with the resulis, The graciuede 1
receive from emplovees thal clock in and clock ow is related
directly 1o the inacouracy of e own perseaal mepicce—
iheae with [ast waiches appreciate the appanent extm time ey
have hefore clocking an. Later, though, they curse me for beong
delavel in clocking cul when the watches an ther wrists clearly
sl i s Cinne s S,

The company 1 work for uses hareocde check eeminale
placed througlyst the plant # record thie wme that employees
chock in and elock o, In acddition, the arcede clocks also
pecond what job each individual employves s performing, Whan
an employes clicks i or sut, e employes scans his or her
identification badee and a barcodde representing the job the per-
som i% doing. The clock wenminal copies this data w a buffer,
along with a timestamp of when the itens were scanned.
ChilMer, a data collection svstem nuning on o Microsaft
Windows NT systems, is vsed o pcgquire the data from b
clocks, The ¢locks are polled every muinfe of 80 6 retrieve The
daia h:ld in the clock termanal’s baffer. During palling, the
chocks also are set to the local tme of the mnchine palling the
chocks, The data scquired from the clocks is Later ampocted it
the entermpase resouses plonming (ERF) sysemn For job costing
and payioall.

The company™s policy om landines dates, “enployees will
bhie consideresd tardy iF they clock in onc minaie or were fter
thveir assignesd story time,” Due to (e company policy concern-
iing tardiness, the svenl bells needed o be synchmonized per
Fetly wilh 1he barcode clocks and the muchines runmng
CMINe. This svnchromization would, in theory, alleviate he
diserepancies between the recorded clock-in tme, recorded
clack-out Times and the e Tocal tme. Comecl tme synchro-
pizalion is key, but it is not discusied tevoughly in this articke

Considering the ane minule-or-misre-late-sguals-tardy rule
and the fact that emplovecs invariably become time-challenged

whei veturming From break, it was decided thor scheduled bell

soundings would be welul. Therefore, a mission-critical noise-
minking system was needed, and 1 was given the sk of imgle-
menlang il

implementation Conoepts
Based an the issues af homl, Qs project s w meed 1be Fol-
lwawing requiremenis:

1. Provide auditery coes usang a bell system, The balls need w
bes aadibile and anpoving enough fo be naticed even after

prosliomged EXposLing.

2. Provide a simple way of ¢losing an ebectrical circuit over a
[RRTEITITRES

1. Provide ncourbe time synchronizaiion for all Gime-sansilive
swetems, inclulag the machine that wonld trigger the belis,
the machines ranning ChINet and. indirectly, the barcode
clocks.

With il requisemients defined 1 began oo formulate o plan,
Five mow 12VAC bells und a 12VAC power supply were pur-
ehiased, Thase are the same type of bells commanly weed in
alarm sy sbems or any souwdig svsiem. The bells physieally
hammer themselves in the same manner as an okl alarm check,
ancl they pump oul the decibels. The: bells needed o be wired
%0 Thatl connesting pwo wings would mng all the bells in
the plant.

Tor comniirodl thee bells, we peeded to close the bells' circuit
temporarily. | was pointed wward a specific relay device, the
AR-2, thut can be controlled by a computer over o serial porl.
This device woukl e used to complets the bell circuit, causing
ihem 1o ring. The AR-2 is wold by Electranic Energy Control,
e (EECT for abour 344 U8, It has two relays on a circoit
board, amd both can be comnected as nommally open (MO or
norenally closed (NCH relovs. Only aoe melay wined as NO
wiould be wsed for this project. An enclosare (EM-B 1o house
the board also wis purchased. An emergency onfoff switch was
monnted on e enclosure for use in cose something went lei-
bily wrome. The AR-2 is documented wall encugh thar T knew it
wiildl be prosaible o write o progrum in C o coatrel it This
program coald be scheduled wsing cnom jabs.

For time synchronization, the NTP protocel was chosen
MTE clicwts and servers ame anlikely 1o have interoperability
problems due 1o well-delwed protocel that is widely adopied.
In ndfition, MTP chents can hamdke netaaerk Tiency, daylight
saving time and local fie zones, Free clients are available for
ahrwsl every major operating syvstem in use oday, Uompunens
vseng (hese clems can readily oblyin e SOUTOes JCCURIE W
at beast the milliseoomd. God accuraey 15 exactly what we
peed when rydng o synchroning multiple systems.

Iimpiementiation Details

The five 12VAL bells were installed thronghout the plamt and
in the desigsated hreak aress so that everyene would hear
them. The bells were wired in mixed seres and parallel with o
1 2WAC power supply supplied by the vendor. One kead from
the power supply was left sncormected © provide a peant 2
whiehy e biglls could be turned on and off,
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Tigars 1. Srhematic of the Ball System

[ ehtamed o of o company’s spare Dall PCs eowse for
this project, @ basie PC with a Pentium T TA0MHz processon,
128ME of SDRAMN, 4GB IDE hard dorvve and an I0E CT-
R, T oused wiet was readily available, and really, the com-
puser is 0 lot more powerfol than necesaary.

The AR-2 relay device ottaches to the computer's serial port
and is controlled by the TR (data terminal ready) and BTS
{resedy 10 send cowiea lines, Seting RT3 o high energzes the
first relay and seiting DTR to high ¢nergizes the sscond relay.
Closing the hell circuit requires only one relay, so 1 needed 1o
be able o woggle only the RTS signal, Example programs in
CWBEASIC and il C were provided with the docaments-
i, | wanted w0 write a prograin usisg GCC o control the
relay bal huagl linle eaperience in C programnung, so | searched
the Wb for =ome well-decumented examples of C progrms
that made nse of o serinl o,

The first imeresting program [ found was upscheck.e from
Harvey 1. Stein’s UPS HOWTOL apscheck, wself a modified
version of Miguel van Smoorenburg's powerd.c, makes use of
bath the RTS signal and the DTR signol. The program aagnally
wis wssd Wy dlagnose or examine UPS commumicadicns with a
PC over a senal port. When staning the program., youw indicae
with purameters 1o which serial device the UPS is sttached and
whzlher o set RTS ambior DTR high. Afier the program opens
the porl and sels or chears the indseated segial comrol lines, the
program wenld menilor another coitre] line For fecdback Tom
the UPS, The program did everylhing [ neaded and more. All T
biad to do was remove the monitoring part, and 1 had my C
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in the UPS HOWTO, thimgs waald mol
hewe mome so smoothly, With a linle
effert, | was able 1o find C source
code thal was close to whal | needed
and |||-:|.:|j]'_|,- b o meel my needs, [ now
cin comdeol two relays from o ,:-.ing]u:
sériil por

At this point, the bells could be
atizched 1o the first relay on the AR-2
using the MO contacts, Before conpect-
img it all. though, T waned o put the
AR-2in an enclosare, a nice lole be o
ol all this soudd 50 e clectromecs arem’t
exposed. | used the EN-B encloswre
recoanneisled and sold by EECE, 1t
comsists of twor plostic pieces, o top asd
bestowm, with black plastic inserts to
dover opemings on two sides, The enclo-
sure 15 raiher large for this job, bt i
wiorrks, T had we gut the black plastic
inserts s that the extemal connectons
would be accessibde. Alse, a hole was
cut for the serial connector on the AR-2
that would e used for the conpection 1o
thee compaber’s seral por A hoale wos
drillied for the female power connecior
thar possers the AR-2 boand, To comnect
the relay and the bell carcuit, | chnse a
red and black bamana clip, which con be
found a1 most elecironics stores, Tw
mire hodes were drilled for the Bana
clips. For added functionality, T added a
peewer swiltch and power LED 1o the wop
of the enclosure so the povwer W the AR-2
Toand eowld be wmeed on and of . The
LED lighes up when the AR-X boand is
tarmed on. With the eleciranices lested
amd emclosed, st was time o meeve on
ler Lhve comgpaiter.

| chime Bed Hat 7.3 us the operating
ayslem, A fresh instull wos done, choos-
ing Server as the instullation type. Ones
ihe Red Hat installation was completzd,
I hegan customizing the box. | copied
ar-2.c. the hacked-up version of
upscheck.c, fo the hox and comgnled i
Aditer it sucoessfully compaled, T copiad
ihe regulting bHiary ar-2 b the fustthind
dipeetary, because the AR-2 progrm
rums Troam cran af specific mmes

1 wanted 10 allow remote sdmiiniz-
iration of the cron jobs that ring the
hells, so I really didn't fesl comforiable
with them running as root. | therefore
devided w adl o user for the specific
la=k of ringing and zave it the user
name bell with the command, usseradd
Ba1l. The waer bell las no seed w log
im locally or rensslely, s il s a good
idea to change the user’s shell 1w o non-

lunctioning one with the command
usernnd -5 fshin/nologin bell,

A profilem with permissions ariscs
here that needs aitention. In Red Hal
7.5, the Mdevitty5* devices have their
permigsions set g0 that only rool and
members of the group oucp have read
and wile access L them. User bell,
however, needs s b2 able @ weile 16
the sarial pors in order (o contral the
attached relay device, 'I-'I-:,-' defanlt, the
wxer bell does not hove repd or write

access 1o the aenal devices. To solve
this problem. [ decided 1o make the
user bell a member of e gucp Zroup,
A rosol, | added the vser hell 10
the group e wilh the command
usernnd -G uucp bell, Mow bell can
vse AR-2 on the fdevitiy S0 device o
manipuluie the coentrol lines of the
serinl port.

For remote administation of the
bell's cron pobs, | cloose a Web-based
s weith which many Linex users are
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program to comire both relays on the AR-Z {Listing 1) The
program is compiled with the following command:

[ropt@pluce ar-218 GCC -0 ar-2 ar-2.c

[roctipluto ar-20& .Jar-2
Usage: ar=y <devices chits-to-sek= <hald-Times-

Ligtned 1. -2

#include <yvs typas, -

#include <sysfioct]l. he

#lmclude =feont] .k

finclude <errno ke

dinclude <stdlil. h-

Hinclude <unfistd,h=

gFinclude <stdio.fo

#Finclude <signal.h=

J* Wain progran. S

imt main{int argc, char **argv)

[

i T

Tht &lepp Tiga:

Jt These TIMM_* parameters are defined in
. clirukftermiad. b, WHICH
= s indirectly ncluded hers,
i

int drr_bic = TIOOM DTH;

it ros bic = TIOOH ETS;

int =et_BiTs:

int flags;

imt status, oldatat = =1

int count = 0;

int pc;

if farge < 3)
fprinctistderr, "uUsage: ar-2 sdevices °

“ihiTs-to-set: «<hald-vise=\n"]1;

exit(l};

1

J% Dpen mondtor device, *f

if {(fd = open{argv[l], 0 =pwe | O_MDELAYID = ) {
fprinufistderr, "ar-Z: ¥s: Xs\a®,

arge[1], sys_erclisterrmall;

pxiE{l] ]

]

J® Get the bits to set from the command Tine. *f
sscanfiargu[Z], ", &set_bitsl;

S5 get delay time From command lies, ©f
sscanflarge[3]. T%d™, Lsleep_rime);
joct] (fd, TIOCHSET, dmet_bitd);
slesmplslaap TImMal;

close(fdl;

Thie presgrm compiled with no errors, and beiter yeb, it fan
with n errors, Using the program is preity sitaightboraand, but
let's briefly discuss il AR-2 requires three parameters: device,
hita-to-set and hold-time, Device refers w the special character
deviee that addresses the serinl device o which the AR-2 is

BANJANUARY ZOO04 WiW LIMNUN|DDIUKNA]L LU
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Figquin 1. CoaaneOlbns b the AR-E Bosrd

abinchesl. For exasaple, if the device is nttached 1o COMI, the
device would be ey 50 Bits-to-z21 is a liftle maore comph-
cated. It is a decimal number dlsat must be converted o banary
tor b umdersecad. Bit 2 conrods BTS or relay one, and bit 3
comteods TR ar relay two, So the decimal number 4, which in
binary = W0, has the first bit st to mem, te second bit se1 10
2 wnel the tuird bit set o one, Therefore, if the bar-to-set
puarameter is the decimal number 4, the DTR line would be
pluced high sl the KBTS ne would remain low, The Last
parameter. Hokb-time, smply is the number of seconds the
modem contral Tines should be held inthe state reguested by
ihe bits-to-se1 parameker,

| applicd power 1o the AR-2 board and contiected it to the
serial port w west (hat the program worked as [ had hoped. With
(he AR-2 commected o wyS0 (COMIY, 1 attempled 1o energize
the first reloy by plactng KTS high by setting it 2 wath the
command . far-2 fdev/reyso 2 5. The program successfully
placed RTS high for five seconds. After the progrom exited, o
placed the BTS line in ifs original ow state, de-energizing the
relay. Mext, I placed DTR high by setting bit 4 using the com-
mand . far-2 Sdev/reysi 4 5 Both BTS and TR coubd b
Plucesd bugh by seting bits 4 and 2 @1 the same e, using e
decimul number 6 for the bis-to-sel parameter. The LEDs on
the honrd are helpful in determining that both the AR-2 pro-
gram and AR-2 biand are operational.

Thanks 1o upscheck.c and 114 authors, 1 was able 10 place
bath the BTS and DTR contral lines in a low or high stale
for @ specified amount time, Withoat the source eode listed
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farmiliar, Usermin. | alse downloaded Webmin for the purpos:
off confliguring Usermin and installed them both, Afier insial-
Tatien, 1 Begged 1o 1o Webmin and configured Usermin with
the Usermin Configuration module, Decouse anly user bell
should bz able to wse Usermin. T usad ihe Allowed Users and
Gll:ﬂlp_:. meeclule and selecied ‘I':ln'l}' allorer listedd nsers™: hell,
wge ol course, 1he |_'|||.|:.I wser | added 1o the list. Mext, | used
Awailable Medlales 1o restrict all bul the Scheduled Cron Jobs
module. Last bt mot beast, [ wend info the User Interface
misbule andd clicked Yes for the G divect w msdule i user
has only ome aplion, Naew bell is the only user thar can log in
using Dsarman, and when wser bell does log in, Usermin
Juripe straighl v displaving Scheduled Cron Jobs. 1 alse
turnesd on mandatory S50 encrypion. Webmin wasn't needed
For anything else, a0 [ siopped il with service webrin stop
T ke aure it does not start back ap on i rebeot, 1 entered
chkconfig webnin off,

Mo we can log i e Usermin as the wser bell amd easily
schedule the tmes ot which the bells should ring and fow long
they shoubd Last by wsing the commuand fusr/binfar-2
Sdevirtysn 2 2. Emplovees can leel contfontable ksmwing e
kel .alwn:.‘:. lets them know when 0 start mnimng. dlanagemsm
cun resl @asy knowing they have vel another Lol s |r:I].| keep
thinps running smoethly, and T can rest easy knowing that it's
rarmang on Lisux, whach means [ don't a0 worry aboud
comsgantly bakydng i

Further Possibilities

This was & simple exercise that illusirsted the wse of controel-
ling devices using a relay over a senal inerfzee. The low-cos
relay nsed i thas examypbe 15 capable of controlling amy number
of elecirica] devices. Alse available are velay boacds tl can be
expuandec] wo up to 128 relaws per serial port. not to mention
amalog and digital inpur cards B

jemon Elkson s fram Farhope, Alabama, and curently
5 a nelwork analyst for Delphi. He a'so maintans
serepal Lireas aned alx systems sl Delphi
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