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Abstract

A magnet measurement system based on relational database
technology has been developed for use at the Fermilab Magnet
Test Facility (MTF). Results of magnetic field strength and field
shape measurements are stored in the database for use in under-
standing accel erator and beamline operation. Inadditionto mea
surement results, the database is used to store measurement his-
tory and the commands which prescribe measurement sequences
along with supporting parameters that control how each mea-
surement is performed.

The system contains more than 200 tables with more than
1500 columns. The design of the tables is documented in the
form of diagrams, design documents, as well as through tables
which store, within the database itself, descriptionsof each table
and column.

|. SOFTWARE ENVIRONMENT

Software for a magnet measurement system[1],[2] has been
created at Fermilab. This paper describes the database design
and i mplementation which supportsthat system and providesac-
cess to the measurement results as well as the complete descrip-
tion of the measurement environment. We use the Sybase' rela
tional database system, employing features of the standard rela-
tional model plusadditional vendor specific features which have
reduced implementation effort. The measurement system was
developed primarily to support testing of magnetsfor the Fermi-
lab Main Injector Project[3], but it a so has been used to measure
magnets for other applications.

Il. DATABASE DESIGN OVERVIEW

There are severd distinguishingfeaturesin the M TF database

design including:

» Tables with closdly related functionality are grouped to-
gether into “virtual databases.” For example, measurement
data obtained by rotating acoil inthefield are stored in the
“harmonics’virtual database, while measurement data ob-
tained by scanning and measuring the the field at various
points are stored in “ pointscan.”

+ Dataaregrouped intorelated tablesbased on natural hierar-
chies derived from data coll ection (points, runs, sequences)
and data processing (raw, reduced, anayzed) relationships.

» Special procedures called triggers are executed to enforce
the integrity of the relationships between data entered into
the various database tables.
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« To simplify referencing data in different tables, unique se-
rial numbers are generated and used asthe primary key for
datathat is cross-referenced in other tables.

o The database is used to store not only the results of mea
surements, but the prescription for how each measurement
isperformed and the history of measurements performed on
each test subject.

1. VIRTUAL DATABASES

Tableswithrelated information are grouped together into“ vir-
tual databases.” The Sybase data owner concept is used to im-
plement the virtual databases by creating a pseudo-user of the
same name to own each “virtual database.” There are two cat-
egories of virtua databases, those containing measurement re-
sults and those contai ning measurement commands and support
data. Each of the virtua databases and its purposeis identified
in the following subsections.

A. Measurement Results Virtual Databases

The following virtua databases are implemented for storing
results of magnet measurements:

harmonics. containstablesfor storing thedata obtained when
amagnet’s field strength or field shape is measured by ro-
tating a coil.

flatcoil: contains tables for storing the data obtained when a
magnet’sfield strength or field shape is measured by ramp-
ing the magnet while measuring flux with a stationary coil,
or by trandating the coil within thefield.

pointscan: containstables for storing the data obtained when
amagnetic field is measured at individua points, using ei-
ther aHall element or an NMR probe, or both.

currents. containstablesfor storing the magnet current mea-
sured during a measurement.

results: containstablesfor storing the measured magnet prop-
erties. Data in these tables are derived from data stored in
the other Measurement Results Virtual Databases after ap-
plying appropriate data selection, analysis and perhaps fit-
ting techniques.

B. Measurement Support Virtual Databases

Virtual databasesinthiscategory are used to storeinformation
that supports measurements, as opposed to storing actua results
of magnet measurements. The virtual databasesin this category
include:

admin: identifies personnel involvedin measurements, docu-

ments describing measurements; serial numbers generated
by the system are also stored here.

subjects: identifiesmagnetstested or availablefor testing, in-

formation about the components used in assembling the



magnet, and which magnet design group each magnet be-
longsto.

calibrations: contains information about how data obtained
from readout devices is converted into appropriate engi-
neering units of interest. Also storesan historical record of
what calibration constants were used to convert data.

facilities: identifies and provides details about test stands,
readout devices, measurement probes, etc. that are used in
measurements.

instruments: identifies the collection of devices used to per-
form each measurement.

logbook: stores checklists, which prescribe the sequence of
steps performed during a measurement. Providesan histor-
ical record of activitiesperformed duringtesting (e.g., when
magnet was mounted on the stand, when and by whom each
measurement was performed, etc.).

ramps. storesthelist of currents at which each measurement
is performed, along with details about how to accomplish
the ramps.

quality control: storesvalues against which measurement re-
sultscan be compared to determine whether magnetic prop-
erties are within expected ranges.

V. MEASUREMENT RESULTS
ORGANIZATION - RAW AND REDUCED
DATA

Data points are the set of measurement results which charac-
terize a given state of the magnet and measurement apparatus,
such as a probe angle and flux, or a probe location and NMR
field measurement. Data points are collected in sets called runs
inwhich dataare grouped by the measurement system operations
used to acquire the data. Examples of runsincludeamagnet cur-
rent excitation sequence, or atransverse probe movement (scan).
For convenience of both programming and measurement specifi-
cation, runsare grouped into rel ated sets called sequences. A se-
guence normally carries out the operationsrequired to measure a
specific magnet property such asits strength vs. magnet current.

Data obtained from magnet measurements are stored with
threelevels of processing. Raw data consists, as nearly as possi-
ble, of direct instrument readings. Raw data for a measurement
are stored with minimal conversions, thus permitting reprocess-
ing effort to begin from the basic information. Reduced dataare
stored after al conversions to engineering unitsand all process-
ing which can be done on a per run basis have been compl eted.
Wherever possible, the reduced data describes the measurement
resultsto be evaluated at measurement time. When further anal-
ysisis useful or required, the resulting analyzed data are aso
stored in the database.

The structures used to store measurement results reflect the
measurement and reduction structure based on sequences, runs
and points by using a related hierarchy of (master-detail) ta
bles for sequences, runs and points for both raw data and re-
duced data. This design is repeated for the ‘flatcoil’, “ harmon-
ics', and ‘ pointscan’ measurement styles, with variationsrefl ect-
ing only the fundamental differences between the measurement
techniques

Further analysismay combinemorethanonerun, may involve

different measurement styles and perhaps utilizes knowledge of
physica propertiesof the magnets under measurement. The out-
put from this analysis isless dependant on measurement system
specificsand thereforeof moregenera interest. The'results’ vir-
tual database tables store these analyzed data. Properties mea
sured by complementary techniques are stored here, allowing
cross-checks to be performed on the data.

V. THE SERIAL NUMBER GENERATOR

Sybase provides afeature called a stored procedure by which
Structured Query Language (SQL) commands which are stored
inthedatabase. Triggerscause the execution of these stored pro-
cedures when specified database events, such as theinsertion of
adatarow, occur. Thisfeatureisutilized to createa‘ serial num-
ber’ asaprimary key for most of our tables. Theinsertiontrigger
code obtains the value to be stored as the primary key from the
‘serial _generator’ stored procedure which providesa uniquein-
teger value and records thetable for which it has been requested.
The commonality provided by the frequent use of ‘serial num-
bers' as foreign keys permits us to create most of our trigger
codefor relational integrity automatically[4]. Sinceasingledata
typeis used for most primary keys, a single column can refer-
ence a row in amost any table. Using a single comments ta
ble, comments are linked to amost any object defined withinthe
database.

V1. SUPPORT TABLES - AN EXAMPLE

We will use the design of the subjects virtua database to il-
lustrate some of the ways we use the rel ational model to capture
the data we use about magnets and their components. Figure 1
illustrates this design graphically. The database design assumes
that test subjectsare identified productsfromaproduction series.
It implements the usual “parts explosion” paradigm common to
engineering design. The series table labelsthe design of the se-
ries of objects and the properties of that series are stored in the
series_attributes and series_text_attributestables. The nature of
these propertiesis stored in the series attributes defn table. In-
dividua subjectsareidentified in the subjectstable and areiden-
tified as an instance of the seriesusing aforeign key to the series
table.

The hierarchica structure that defines the parts which are
specified in the series design is stored using the series table to
store the labels of the parts and the series_components table to
declare their relation to the object (series) of which they are a
part. The identity of a specific component of a subject is defined
in the subjects table while the rel ationship to the base object in
the series/series_component hierarchy is made specific in asub-
jects/subject_components hierarchy. This design permits us to
identify and store a complete partslist in a compact form.

For the Main Injector magnets, the magnet, the yoke parts
(two half cores), and coil parts (2 dipole or 4 quadrupole main
coilsand 4 quadrupole trim coil windings) are stored. Informa
tion which tracks parts in more detail can be stored here but at
thistimeis not. Note that the column series components.com-
ponent_role defines the way a part is used in a magnet.
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Figure. 1. Graphic representation of the subjects virtual database which stores magnet and magnet component information.

VIl. DOCUMENTATION

The system of documentation which isused to record thisde-
sign[5] includesthe use of atool (TOT?) to record thetabl e defi-
nitions, primary and foreign keys as well as descriptions of each
table and column. This information is summarized graphicaly
asillustrated in Figure 1. In addition, each virtual database is
documented with a report which explains overall purposes and
all special design considerations.

VIIl. CONCLUSIONS

A database has been designed and implemented for magnet
measurements which alows a single set of database toolsto be
used to access the measurement command structure, control and
conversion parameters, raw, reduced and analyzed measurement
results, and measurement history aong with thelist of measured
objects, and a comment and assessment system. Measurements
of more than 85 magnets have been recorded with the current
system. Theformat issuitablefor incorporating resultsfrom pre-
Vious measurement systemsinto the same data storage structure.
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