© 1996 |EEE. Personal use of this material is permitted. However, permission to reprint/republish this material
for advertising or promotional purposes or for creating new collective works for resale or redistribution to servers
or lists, or to reuse any copyrighted component of this work in other works must be obtained from the IEEE.

History Data Collection, Retrieving and Display in the NSL S Control System *

Y.N. Tang and J.D. Smith, National Synchrotron Light Source, Brookhaven National Laboratory,
Upton, NY 11973

Abstract

This paper presents the history data collection, retrieve and pre-

sentation subsystem of our control system. We made every ef-

fort to to make the software friendly, convenient and robust. It
iswidely used and has become a very valuable diagnostic tool.

Anyone may start and stop hisown history at any datarate up to
20 Hz. Thedatacan be periodically writtento disk ®lesor stored
inacyclicring buffer and dumped to adisk ®euponrequest. All
the history data ®les use the self-contained and self-explanatory
standard format. One graphical display program displaysall the
history data ®les because of their standard format. In addtion
to the standard features of a plot program, this display program
can display up to 16 devices on both axis, take differences with
a reference point, browse the data ®le by pages or a scroll bar,
zoom-in and zoom-out any portion of the plot, do many types of

analyses, etc.

|. INTRODUCTION

The history data archiving and retrieving is a very important
subsystem in every accelerator control system. When we started
to upgrade our control system severa years ago, we decided to
revamp this subsystem and we paid most of our attention to:

o It should be very “exible and easy to use to make this sub-

system available and accessible to everyone;

o It should have a convenient and powerful program to dis-

play and browse the history data graphically.

» The history data should be readily available to other pro-

grams such as the orbit analysis program set.

In our old DG-based control system, we aso had the history
datacollection processes running all thetime. However, in order
to look at the huge data set, one had to print it out. It was very
time-consuming and tediousto check athick stack of printedtext
papers. The limited display capability severely limited itsuse.

Withthesuccessful completion of our control system upgrade,
thenewly designed and devel oped history datasubsystem hasre-
alized our design goals and become a very valuable tool in the
daily operations and diagnostics. It plays an important role in
the determination of the causes of beam dumps and other unex-
pected beam movements. The people in the RF group, power
supply group, radiation and safety group, interlock group, Vac-
uum group and other groups use the history data to do differ-
ent kinds of analysis, get the daily radiation doses for many lo-
cations, eva uate equipment performance, and detect equipment
problems etc.

Thefollowing are thekey elements of the history data system:

» asdf-contained and self-explanatory standard ®le subsys-

tem;

o two data collection programs. one for the normal history

and the other for the fast history;
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+ agenera graphical display program to browse and plot the
history data. It aso converts the data ®les of standard for-
mat to other formats used by commonly-used packages and
data analysis programs.

[I. TWO TYPES OF HISTORY DATA
COLLECTION PROCESSES
Generaly speaking, the history data collection processes pro-

duce huge data sets. In order to save disk space, we have two
types of history data collections.
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Ethernet Ring Buffer
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Figure. 1. Two typesof history datacollections: thes ow history
and the fast history.

+ Thefast history collects datain aring buffer, which isthen
dumped to a disk ®le upon request. Its collection rate can
be asfast as 30 Hz. For example, the X-ray and VUV orbit
istracked by two fast historiesat 5to 10 Hz rate.

+ The slow history collectsand writes datato disk ®les at the
required rate. The max rateis 1 Hz. Each dow history
writes data to a speci®c subdirectory in the history disk,
generates one ®le per day and uses the date as ®le names
such as Mar1595.

All the data®les generated by both fast and slow historiesuse

the standard ®le format.

I1l. THE STANDARD FILE FORMAT

When we started to upgrade our control system, we designed
and devel oped a so-called °self-contained and self-explanatory
NSLS standard ®le subsystem? (we call it STF in the following
text). At thebeginning, we planned to apply this®leformat toal
the applications. If done so, every application could read/write
any ®les produced by other applicationswithout the prior knowl-
edge of the®leformat and structure. It has been proved that our
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plan was a little bit too ambitious. Yes, it could be done. But it
needs too much effort. However, the STF has made our history
datacollection and display subsystemareal success. Without the
STF, it would not be possible.

The STF subsystem contains:

o aset of careful designed formats and rules for the ®le;

« alibrary containing functionsto open/read/write/search the
®le. There should be functions to read/write anywhere in
the®le.

An STF ®le has a ®le header followed by several segments.
Each segment has a segment header followed by the data. The
®leheader consists of severa sectionsand segment headers con-
sist of a parameter section and severa blocks. Some blocks are
mandatory and some are not. Programmer may add their own
blocks into these headers. Generaly speaking, these headers
have al theinformation needed to read/writethe STF ®les.

Asamatter of fact, the STF ®les are similar to database tables
with the exceptionthat an STF ®lemay have many segments and
each segment hasitsown table. Usually thenumbers of rowsand
columns are different form segment to segment in an STF ®le.
In the header of each segment, one may assign alabel, display
format, data physical type such as setpoints, limits etc for each
column in the segment. Any data typesincluding structures are
allowed to form acolumn.

In the STF function library, one could

+ get al theinformation in the ®le header and segment head-
ers. For example, one may call stfgetlabel to get the labels
of thecolumnsinadatasegment. Theselabelscould be de-
vice names.

o read/writeany columnsby columnindex, by label, by phys-
ical typeetc.

« read any portion of a segment. Thisisvery useful when an
applicationisbrowsing the ®leback and forth and zooming
asection of data.

o update any portion of an existing segment or append datato
the end of a segment.

o insert columns and/or rows to an existing segment.

o delete columns and/or rows from a segment.

Though it sounds that thisis a very complicated system, itin
fact is not. We paid most of our attention to its ef®ciency. Be-
cause the history data®les are generaly large ®les (most are of
several megabytes, some of them more than 20 megabytes), the
display and browser program has to search back and forth many
times through these ®les to display them. Therefore, the ef®-
ciency isone of the most important considerations.

We use one program hbrowser to display and plot al the his-
tory data. When hbrowser opens ahistory data®le, it fetches al
the device names (column labels) whose data are recorded in the
®le from the segment header. Then hbrowser presents these de-
vices and asks the user to select devices to display. In addition
toit, the program hbrowser fetches al the necessary information
from the ®le and segment headers to read them correctly. There-
fore, one program can display al the history data ®les.

IV. THE HISTORY DATA COLLECTION

Wehavetwo programsto start the history datacollection. One
isfor the dlow history and the other for the fast history. To start
ahistory isavery smple matter: the major task isto make the

input data ®le to the history program. The ®le contains al the
needed information including the data rate, device names, the
data®elds of interest etc.

Now we have about 20 history processes running at different
datarates (from 0.01 Hz to 20 Hz). Most of them are started by
ring managers, physicists, technicians and engineers.

V. THE HISTORY DATA BROWSE AND
DISPLAY

There are two keys to the success of the history data subsys-
tem. One is the standard ®le format, the other is the general
graphical display program hbrowser.

History processes produce big sets of data. In order to make
the history system really useful, how to display and present these
huge data setsis essential.

In addition to al the common features of aplot program, the
program hbrowser

+ hastwo y-axises. Each y-axis can display up to 8 devices.

o usestime or any other device data such as the beam current
asthex-axis.

» zooms any portion of the display by click and drag.

« displaysany portionof the dataset includingthewholedata
set. To select the desired portion of data, use the mouseto
move the line-marker on the picture.

o selectsany point asthe reference point to display the differ-

ence.

uses push buttonsor dider to browsethrough thewhole®le.
provides ®lters and statistics calculation facilities.
translates and rescal es the picture.

convertsthe history data®lesto other formats used by other
programsand packages. For example, it generatesdata®les
for c-plot and orbit correction and analysis programs.

There are many other features not listed here. We have three
sample displays. Figure 2 is the radiation history display One
may see the radiation increases during injections and whenever
the booster is on. The top-right text panel givesthetotal radia-
tion counts of the day. Notethat it plots the difference with the
reference point at the start of theday. Figure 3 presentsapicture
of aportion of afast history, from which we detected the cause
of abeam dump in the early morning of Jan 31, 1995. The cause
isthat X17 (wmainamp) tripped. The dataof wmainamp, the X-
ray current and three PUESs are plotted. Figure4 is another for-
mat to display the radiation data.
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Figure. 2. Theradiation history display

Figure. 3. The beam dump caused by x17 trip
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Figure. 4. Display history datain abar chart
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