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Abstract

Continuously m onitoring the beam quality i the CEBAF
accelerator, a variety of beam diagnostics softw are created
at Jefferson Lab m akes a significant contribution to very
high availability of the machmhe for nuclkar physics
experiments. The nterface between this sofiware and
beam nstum entation hardw are com ponents is provided
by a device control tool, which is optin ized for beam

disgnostics tasks. As a part of the devicefriver
developm ent fram ew ork at Jefferson Lab, this tool is very
easy t support and extend t© htegmte new beam

Thstrum entation com ponents. A 11 device control fimctions
are based on the configuration ASCII text) files that
com pletely define the used hardw are Interface standards
camMaAC, VME, RS-232, GPIB, etc.) and
comm unication protoools. The paper presents the mamn
elem ents of the device control ol for beam diagnostics
softw are atJefferson Lab.

1.INTRODUCTION

The CEBAF accelkemtor provides nuckar physics
experin ents at Jefferson Lab wih high quality electron
beams. High quality of beams means not only their
excellent more than 80% ) polarization factor and precise
position and shape on tawets, but alo an outsanding
rlhtive energy spread, which is as small as twenty parts
T one m illion. The analler the beam energy spread the
better the resolution of nuclear physics experin ents, and
physicists can see m ore details nside nuclei.

CEBAF beam quality is continuously moniored by an
advanced beam diagnostics system . The system includes
such popular beam disgnostics devices as w Ire scanners,
beam viewers, optical tansiton rwditon OTR)
moniors, synchroton light moniors ©GLM) and
nterferometers SLI) as well as a varety of software
dealing w ith the m ain fimctions of these devices and their
data analysis. The software is based on a device control
tool that was designed and created at Jefferson Lab as a
partof the device Ariver developm ent fram ew ork .

2. DEVICE CONTROLTOOLAND ITS
BASIC COM PONENTS

The device control at Jefferson Lab is based on the
EPICS tokit 1], which allow s easy system extensions at
all control levels. To mterface w ith control devices, the
elements of a disrbuted maltime EPICS database or
EPICS records need t© know the device comm unication
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potocols and must be equipped wih deviceMriver
support software. A1l this can easily be provided on the
basis of the device Ariver fram ew ork thathas been created
at Jefferson Lab. The main dea of the framework is t©
m ake the device control a relatively sinple task even for
non-gpecialists n accelerator control software. Based on
this idea, the deviceMdriver support software for beam

diagnostics applications at Jefferson Lab wasw ritten to be
regponsible for all essential control fimctions for beam

diagnostics devices as well as very efficient m echanian s
for troubleshooting of any possible problem s with these
devices during accelerator mins. The software m akes up a
pow erfi1l device control tool consistng of the next key
components: a Device Communication Hardware
Handler, a Serial Port Handler, a Device Support
Datebase Handler, and a Device Contwol and Data
Processing SupportM odule Figl).

Device Control and Data
Processing Module

Device Support
Database Handler

Device Communication

Hardware Handler Serial Port Handler

Figure 1.M amn com ponents of the D evice Control TooL.

2 1 D evice Communication H ardw are H andler

The Device Communication Hardware Handler
regisers hardware components used by a oontrol
computer (DC) to communicate wih control devices.
The Handler isbased on CAM AC , lndustryPack (IPAC or
IP), Common Serial, and G PIB support libraries created at
Jefferson Lab R4]. Hamdware is regisered w ith the use
of a very linied number of lbrmry calls, the most
in portantof w hich dealsw ith the type of the hardw are:

sat= hih eviceHw HW TYP, PARAM _STR) @)

Here sat is the registation satus (@aditonally, the satus
is equal © 0 if everything is OK and contains an emor
code In case of a failure), HW TYP is the device hardw are
type, and PARAM STR is a string consisting hardw are
specific nitbalization param eters.

IFHWTYP isVM E or CAM AC then the hardw are does
not require other registation calls but the PARAM _STR
must contain the information about a used VM E board
(uch as HYTEC VSD 2992 CAMAC seril highway
driver card or M axvideo 200 inage procesor, for



example), its IO base addresses @ 16,A24,A32),and an
teruptnum ber (Or nternuptnum bers), if applicable.

W hen HW TYP is IPAC, then the PARAM _STRING must
provide the Information about a used carmder board
(SYSTRAN, TVM E200, VIPC616, etr.) type and is 10
base addresses as well as assign to this board its num ber
(CBN) 1n the system . Atthatall IP m odules used on slots
available on this board require one additonal registration
call:

sat= nifPslot(CBN, SLN, PAR_STR), @)

where sat is the module wgistation satus, CBN is a
carrier board num ber, SLN is a slotnum ber on this carder
board, the PAR_STR is a string w ith inform ation aboutthe
module type GPIB, IP-OCTAL232, IP-OCTAL485, etc.)
and an ntermupt number used by this module, if
applicable.

When hardware is 1mgiserd, the Device
Communication Harmware Handler software makes
several checks t© make sure that specified cards are
nsalled ma VM E crate oron an IP carrierboard aswell
as have valid m anufacturerand m odel D s.

2 2 Serial PortH andler

If an IP serial controlm odule is insalled n one of the
slots on an IP carrer board, it can usually be used t© @k
wih several serial devices comnected t is daa
comm unication ports. For example, eight serial devices
can be connected t© each TP-OCTAL232 module. Serial
ports availlble for device controls are =gisered by the
Serial Port Handler software wih the use of the next
ITbrary call:

sat= hitSerialPort(CBN, SLN, PN ,P_STR) 3)

Here sat is the port registration status, CBN and SLN are
carrier and slotnum bers, PN is the portniumber, P_STR is
a sng that defnes basic serial communication
param eters, such as the baud mate, num ber of stop bits,
data w ord size, parity, and o on.

2 3 D evice SupportD atabase H andler

The Device Support Dat@base Handler regisers
device comm unication protocols. For exam ple, in case of
GPIB or serial devices, each device protocol fragm ent
consists of a sequence of putand output comm ands w ith
or wihout daa as well as some additonal param eters
affecting data transfer, such as sepawmtors, tem hators,
tneouts, etc. Protoool fragments have ther names,
which arr usually asociated wih partcular device
actions (such as enable, start, stop, etr) . For each device
type, all protoool friagm ents are combined I one device
protocol file. A1l device protocol files reside I one
“gpecial” directory (~iocsDATA AeviceProtocols) i the
control com puter file system . The protocol file nam e, the
protocol friagm ent nam e, and the form ation about the
data comm unication channel (carrer board num ber, slot
num ber, and serial port number or GPIB address) are

referenced by WP and OUT fields of EPICS datgbase
records.

W hen an EPICS datbase is loaded on the D C, the
Device Support D at@base Handler parses protocol files
referenced by records, defines the stucture of all device
control data stream s and m ake them a part of the sandard
EPICS deviceAriver support.

2 4 D evice Controland D ata Processing
SupportM odule

The Device Control and Data Processing Support
M odule consists of a st of device data processing,
diagnostics, and service executable utlites and scripts.
For each D C and for each particular type of the used
device control hardware, device hardware registation
calls mentioned above are combied nto one device
configuration file. A1l these files are Jocated In a second
“goecial” directory (~ibcsDATA AevCommHw) n the
control computer file system at Jefferson Lab. W hen the
device support sofiware is Joaded on the DC, sewice
scripts read all device configuration files existing for this
O C and make regisyation calls 1)-Q) for required data
comm unication channels.

V ery inportant fimctions for accelerator operations are
provided by D evice Control and D ata Processing Support
M odule software wih respect to wire scanmner controls
and beam In age processing system S.

Inages from dozens of beam viewers in the CEBAF
accelerator are captured by TV cam eras and digplayed n
the machine control room on the man control digplay
wallaswellas on num erous TV screens all over Jefferson
Lab. The TV signals are alo fed o pipelined high
perform ance inage processing system s M axvideo 200.
The m ain advantage of the pipelne technology is that the
pixel m anjpulation can be done while the inage is belng
digitized and directed to the mage memory. As a result
basic in age processing operations can be inplem ented at
the full 30 Hz fiame mte of the sandard NTSC video
signal. To calculate the size of the beam from isviewer
nage, M axvideo sofiw are needs to know such in portant
parameters as pixel spachg I physical unis (for
example, mm per pixel), a r=gion of nterest o mask
pixels outside i, an Imnage acgquire galn, etc. For each
view er, these param eters are detemm ined during a standard
view er calbration procedure and are placed 1 a viewer
calibration file. A 1l these files reside in another “special”
directory (~locgDATA albViewers) . the contol
com puter system . W hen M axvideo 200 begins processing
Inages fiom a particular beam viewer, Device Contol
and D ata Processing Support M odule software reads the
calbration file for this beam viewer and enters this
form ation Into a control system database, which m akes
itavailble forany application mimming on the accelerator
control com puternetw ork .

The m ostpopularbeam profile m easurem ent devices at
accelerator facilites are w ire scamners W S). The idea of
W S is trensparent. A sEpper motor moves thin w ires
through the beam . The amount of beam particles
htercepting a wire changes depending on the beam




profile. The advanced wir scammer control software
created at Jefferson Lab Integrated W S Inplemented In
different hardware sendards (CAMAC and VM E) nnto
one hom ogeneous system that is very easy to use and
support foracceleratoroperations [3]. The D evice Control
and D ata Processing SupportM odule softw are has added
m ore finctionality to this system by inplem enting a sem i-
automatic W S mode. In this mode, the wires can be
moved contiuously back and fore between any two
goecified points n the beam pipe, w ith different velocites
and acceleration. The software collects the infomm ation
about beam profiles and settings of upstream magnets,
which can Inmeditely be used, for example, for beam

The Device Contwl and Data Processig Support
M odule software also provides pow erfiil m echanisn s for
troubleshooting of any problem s with beam diagnostics
devices In opemtions. For each mwgisered device
com m unication channel (serial port, G PIB address, etc.) it
sawns a task monioring data stgeam s flow ng through
this channel. Th case of any troubles w ith the data flow ,
the software analyzes the situation and generates EPICS
alamm s associated w ith the device failure sources (such as
a serial CAM AC highway collapsed loop, a w ire scanner
Stepper m otor pow er supply failure, problem s w ith video
signals for M axvideo system s, etc.). The EPICS A lam
Handler catches these alaim s and provides accelerator
operators and beam diagnostics specialists w ith sandard
D igplay Guidances [5] that explain in detail what should
be done to solve device com m unication problem s.

3. DEVICE CONTROLTOOLATW ORK

Above we have presented the basic elements of the
D evice Contrtol Tool atJefferson Lab. W ith the use of this
Tool, the device control does not require any software
ocoding for connecting a new device t© the control system
and is based on configuration A SCII text) files, which
define device comm unication hardw are and protocols. W e
note that the mainh documentaton web page of the
contwols software group at Jefferson Lab has detailed
Infom atdon about the D evice Control Tool and num exous
exam pleshow touse it

Tn partcular, if we have, for mstance, a serial RS-232)
device w ith the nam e contoD EV and want to connect it
o one of the ports of an IP-octal232 module sitting on a
TM S200 carrer board and control this device from the
control computer w ith the name IbcdABC, then we must
perform the follow Ing steps.

a) Log on any contol softw are developm ent com puter,
go to the directory ~iocsDATA AevCommHw , and add
the Inform ation (if it doesn’t exist already) about the used
carrier board, slot, module and param eters of the serial
port t© the device configuration file wih the name
IABC hw in the form of the sandard Tool library calls
@)-B).

b) Go t the directory ~iocgDATA MbeviceProtocols
and create a file w ith the name contoDEV  (if itdoesn’t

exist already there) consisting all fiagm ents of the device
com m unication protocol.

c) Create a new EPICS dat@base handling this serial
device.

d) Go t the directory ~iocs/iocABC and add the
Inform ation about a new control device to the startup all
file.

e) Connect the device to the serial port w ith a proper
cable.

d) Reboot the IbdABC computer o activate the new
device comm unication channel.

W hen the D C is rebooted, the D evice Contrtoland D aa
Processing Support M odule software reads the device
configuration file locaed T the ditectory
~IocsDATA BevCommHw and activates the device
comm unication serial port. The D evice Support D atzbase
Handler exam Tnes the EPICS database associated w ith the
device, reads the device prwotoool file n the directory
~iocsDATA AeviceProtocols and adjusts the Serial Port
Handler sofiware to deal wih all device control data
stream s. A t this point, serial port control Which is a part
of the Serial Port Handler) and monioring (hat is
provided by the Device Control and Data Processing
Support M odule) tasks are spawned and take control on
the device.

4. CONCLUSIONS

The Device Control Tool has been In operations at
Jefferson Lab for the last few years. A Inost all control
and inage proessing oftware for CEBAF beam
diagnostics applications is based on this Tool. The
oftware is exttemely wliable and very easy to use,
support, and extend t© Itegate new  beam
Tstrum entation com ponents.
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