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ABSTRACT

GEONET is a database system developed at the Stunford Linear Accelerator
Centor for the alignment of the Stanford Linear Collider, It features an auto-
mated data flow, ranging from data collection nsing HP110 handheld computers
to processing, storing and retrieving data and finally to adjusted coordinates.
This paper gives a brief introduction to the SLC praject and the applied survey
methoda. [t emphasizes the hardware and software implementation of GEQONET
using a network of IBM PC/XT's.
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INTRODUCYION

The Stanford Linear Accelerator Center (SLAC) is in the process of building a new
particie collider, the Stanford Linesr Collider (SLC) [ERIKSON, 84]. The tunnel
which houses the SLC is about 3 Km long and contains approximately 1000 mag-
nets. To do the precision alignment of these magnets nearly 400 control paints are
established. The positioning of the magnets in X,Y,Z, roll and pitch requires the
determination of about 2500 fiducial marks {OREN, 85]. The accuracy requirement
for the absolute positioning of cach magnet is 1 to 2 mm while the relative posi-
tioning between adjacent magneis requested an accuracy better than 0.1 mm. All
magnets have to be positioned using an iterative procedure from the rough layout
of coordinates for the magnet support systems to the final smoothing of adjacent
magnets (PIETRYKA, 86). This leads to an estimated 50,000 to 60,000 coordinates
which have to be determined during the construction time frame of 3 years. To
control this huge amount of data an automated data fiow from data collection to
data pracessing and finally data storing is essential. Since none of several evaluated
software packages [GRIINDIG, R4} fulfilled our needs or matched the already ex-
isting hardware, the ducision was made to write a customized data base progrum,
GEONET. Figure 1 shows a finalized skeich of the data low from the measuremenis
to the coordinate databun as it is implemented in CEONET |RULAND., 86'.
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HARDWARE CONFIGURATION

In order to establish a lotally automated data flow procedure each step of the sur-
veying process needed to be computerized as much as practical, beginning with
the collection of observations in the field and carrying through to the final least
squares adjustment of coordinates. The first step was to find a suitable data col-
tector. After having evaluated several different hand held calculators for example
the HP41CX, HP71B, EPSON 1iX20 etc., the HP110 portable microcomputer from
Hewlett-Packard was chosen. Although the HP110 computer has the disadvantage
of being heavier than most other available data collectors [DONAHUE, 86}, its stur-
dineus, refiability, easc of data transfer, size of memory and the capability to write
specialized data collection programs made it the best choice for a data collector.

The link between HP110's and survey instruments is accomplished using the RS-232
port built into the HP110. In the case of KERN E2 theodoalites a SLAC designed
interface box, able to serve up to four theadolites, is used to translate the signals
from the E2 to the standard 8-232 levels. The communication between K2 and
HP1i0 i3 bi-directional, making it possible nol only to record data but also to sead
data such as herizontal and vertical angles o the E2 for display or Lo cantrol ils
sellings,

Two diflerent concepts for the implementation of a geodelic database were con-
sidered. The first was to run the data handling and least squares adjustments on
a mainfene, either an IBM 3081, VAX 750, or VAX 860 (GRUNDIG, 84]. The
alternative concepl was Lo set up a system of Personal Computers, interconnected
by a loral arca network. lach idea had certain advantages and disadvantages. The
abvious advantages of the mainframe approach is its speed and virtually unlimited
memory size. But the major disadvantages are the inability to have control regard-
ing operation and maintenance hours and the difficuily to establish a connection to
the field data collectors. These are tasks easily accomplished with a PC/XT. Con-
sideration of the advantages of both the mainframe and PC/XT led to the decision
to implement a hybrid system combining Lthe best features of both approaches.

The first part of Lthe hybrid system, the data management, is done using a cluster
of PCs. The local PC warkstations are intereonnected by a 10 Mbit Ethernet local
arei netwark. liemote aceess ts also passible using modes; this feature i used for
the tranxfer of calibration datia between the oflice and the calibration rovm, lorated
several miles away from the server. Fach I'C s equipped with a co-processor, 610
KbyLes of memory, a 20 MByte hard disk and an accelerator board running at a
clack rate of 10 MHz. The network permits sharing of a2 35 Mbyte hard disk, an
internul tape backup system and an HP LaserJel printer. In addition, plot {acilities
including A-size and E-size plotiers are available. A sketch of the hardware setup
can be seen in Figure 2.

Ta establish the connection between the HP110 data collectors and the network,
each PC is equipped with an HP-IL interface board which lets the PCs Jook at the



HP110's as at external disk drives. The actual data transfer 13 dane by using the

DOS copy command. This link provides an easy, fast and rcliable exchange of files
in both directions.

The second part of the hybrid system involves the use of an IBM 3081 maunframe
to process least squares adjustments. Input filas, ereated on the individual Prc
workstations, are uploaded to the mainframe and result files are downloaded vi

a an
R5-232 communication port to the PC.
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Figure 2 Hardware sotup

SOFTWARE CONFIGURATION

Basic Structures

During a large scale survey propact such as the conatruetion of Ue S10 w0 o)
different forms of date have to Le managed. Among these forms are:

recorded field data observations

calibration dita for various instruments used

reduced rmeasurement data

e and several different coonrdinate databases

GEONET provides data structures and programs to handle all of the above data
forms.

GEONET takes advi: -iage of the subdireclory structore provided by the DOS op-
erating system on the PC. Each recorded field observation is transferred from the



HP110 data collectors to the PC 'nd stored in a data file system. All data files are
stored in a four level hierarchal str icture and can be accessed via a menu by using
a p..hname of the following form :

pathname = \ hasename\location\type\epach

where basename is the data file systemn identifying name,
location is the localion of the points surveyed.
type is the type of survey data.
epoch is the survey epoch.

GEONET can handie more than one data file system at a time and it is possible
to use up to 16 unique names for each of the location, type and epoch variabies.
The result files created by the reduction programs are stored together with the
measurement data using the same pathname. Czlibration data is stored in a similar
form using a calibration file structure also of four levels. The coordinate database is
defined as a two level subdirectory structure. In this case the pathname is created
as follows:

pathname = \COORD" locatian

where COORD is the coordinate database identifying name.

location is the location of the points in the database.

Data Managenient Systern Function Menu

1. Upload field data 2. Process pending updates
3. Data reductions 4. Transfer to shared disk
5. Generate Input file 6. Pedorm Adjustment

7. Coordinate datahase 8. NSCB00 operations

9. Access server disk files 10.  Access calil> data
11. System configuration 12.  Archive subsystem
13. Escmpe to DOS 14, Exit Geonct

Enter [unetion number:

Fignre 3. GEGNET Main Meau
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The interaction between these various data forms is organized by the GEONET
data management system function menu shown in Figure 3. 1t is presented after
the user enters his password. Eac, password allows access to a unigue group of
GEONET functions depending on the user's privilege. The upload function for
instance can be used by each member of the survay crew while the reduction of
data is a restricted function only accessible for privileged users,

The following sections describe each of the options addressed in the data manage-
ment system function :nenu in mose detail,

Upload Field Data

The function “Upload field data” is used to transter data collected, using the HP110,
to the local hard disx of the PC and then ta a shared temporary siorape disk
maintained by the server. Eack individual data collection pregram creates its own
filename and a unique filetype for each observation. For instance, the filenarae for
a direction st is given by the station name and the filetype is definod as DIR, thus
sitnplifying the upload procedure by using wildcards for the fila transfer  ther
measurements such as RN or Distinvar observations oblain a filetype DST and
ANV, respectively. During the upload procedure the filetype is repliced by the
Julian date of the day the measurements were recorded. At the same time the
filetype of the original data file still residing on the 1’110 is changed 1o 999 thus
eliminating the possibility 1o upload a file twice and making iv an easy task to coase
all uploaded files on the HP110 after the data transfer is done.

The upload prograrn also accesses an index file stored in the same subdirectory as
tha recorded observations. It is always ypdated whenever a new observation file is
added to a subdirectory. The index file is used by other programs, mainly reduction
programs, to oprn and read each individual file of a specified subdirectury.

Currently, data ¢ llection programs for the following observation types exist:

s [Dired Lion measurements
« DM measurements
faMa03

- Mcekometer
s Distinvar measurements
e Level mewurements
s Set-nut  points {CURTIS, 86)
s Control of dial gauges

Most of these program incorporate error checking routines which are performed in
the Beld while mcasunng. Far example the direction callection program checks for

a



gross errors, such as pointing to the wrong target, and also performs a statistical
analysis after three sets of direction measurements are completed. This analysis
verifies for the usur the relisbility of the measurements made on a station by cal-
culating the mean square error for the direction sets. In case the statistical check
fails an additional set s requested by the program. If the statistical analysis still
fails after the fourth sel is measured, the station has to be remeasured completely.
Another example of error checking is used while leveling. By using double scaled
level rods it is possible to compare the difference of the left and right scale reading
against the known offset between both scales and thus check for gross errors. An
even number of setups within a level loop is required by the program, to eliminate
the level rod offset when using two different rods.

Process Pending Updates

Afier uploading the recarded fiekd data 1o the PO, the next step i 1o transfer these
observation files from the shared disk to the acinal database for permanent storage.
This s done by function two of GEONET's main mena called “Process pending
updates”.

Data Rudnetion

Before the input files for o lenst squares adjuatment can be formed, certain obscrva-
tions must be reduced for promelric or atmospheric corrections, while others have
to be reformatied. Lovel lines, for instance, are reduced for the effects of the level
rod calibration, as well as for the measured tomperature of the rod tape during
foveling PELZEI A3 Distances are redured o a oreference surface, in this case
a Ganssian sphere hest litting the ellipsoid st the longitude and latitude of SLAC,
Atmospheric eorrections ace wlse taken into account [BRUNNER, 84]. Dicection
sets are summarized add eeformatted to their final form.

Reduction prageaas for the following measuremonts ate currcutly available:

* Level measurements

EDM weasuremoentds
DASOD
MEKOMETER

PDisunvar mepsurementis
v Nirertion measurements

Olfset measurements

After having evaluated the resnlts of the reduction programs the user can move the
result files from the loral disk 1o the GEONET databuse using again oplion two
“Pracess pending wpdate”. The next step will be i generate an input file for the



appropriate least squares adjustment.

Generate Input File

The inpat file generation function creates input files for a grong of grodetic ad-
justment programs wsed at SLAC BURSTEDDE, 87 . These adjustsuent programs
include | norm and 2 norm adjustments for 1. 2 or 3 dipensional networks. The
datum of the network inay be rhosen as a unconstrained, minimal «onsteained. cnn-
strained or as a ronnected pet bound to a superior net. The progzam for which the
input file is required is determined using the menu shown m Figure 1.

Definition of the Program Natme
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Figure £ Octiation of Adjusdtant Prograo Naz o

The program names are all four letter cnmbrinations whese the bt boeter i ates
the adjustment type, the second letiee the aetwork dienenaon. the ths bt the
input data type ard the fourth the datun of the et The gt st wtter
after each arrow on rach line of the menn "These letters are then o atetiated ta
form the program name .

Once the name of the program is hnown, the paer & presesfed & a0 s o0 ah
menus which allow the wser W apreeify which pmnts to incduds i o ad oot
what types of observalions are Lo be nsod and from when epees e aara osid
be taken. The data is then merged antomaticadls into the spur e o e ornat
required by the adjustment programn,

Perform Adjustivent

Only 2 out of the 24 different possible adjustment programs runnmyg on the me.s
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frame, were implemented on the PC network; a one-dimensional constrained ad-
justment (T1RA) for a level net with up to 60 benchmarks and a two-dimensional
constrained adjustment {(T2RA), which allows the adjustment of a net with a max-
imum of 40 points. All other adjustments are being processed on the mainframe

alter uploading ihe input {ile to the IBM 3081.

Coordinate databnse

Choosing this option takes the user to a sub-menu , which provides two options:

e Updating of an existing database

* Retrieving of coordinates from a database
In order to update a certain coordinate database, a specially formatted fle, created
by each least squares adjustmient, has to be downloaded frem the mainframe to the
PC workstation. The coordinate database can then be updated using this function.

An input file created for a later least squares adjustment then always picks up the
most recent coordinates as approximate coordinate values.

The second option of the sub-menu can be used to retrieve coardinates of the coordi-
nate database, thus providing a history of the mavement of each survey monument.

NSCS8U0 Operations

This option is provided for up and downloading programs and data files between the
PC/XT and NSC800 micro processor controlled devices such as the SCHAEVITZ
inclinomter, the hydrostatic level ELWAAG THIERBACH, 70| and OFFSET mea-
surement devices for the lincar accelerator section of the SLC. The programns and
interfaces which control these devices have been ¢ustom developed at SLAC.

Access server disk files

A privileged user is allowed to browse through the database, verily the contents of
a sclected subdirectory and print or edit zertain files, by using this function.

Access calibration data

Similar to the previous function, this option enables one to browse through the
calibration database.

System configuration

The system configuration option allows the user to create a new survey epuch for
the data and calibralion Nle syswem or to delete ebselele ones. The deletion of a
survey epoch is anly possible if the setected subdirectory duoes not contain any files.

A separate coordinate database can be assigned to cach survey project. This oplion
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provides the pessibility Lo create new coontdinate databases using the stand

it Trasn
structire described earbor.

Archive subsystem

Considering the fact that even the smallest files allocate 2 Koyvies of ik

HETEIN
this function allows the user to cormbine several files into une e, I orier o g
disk space. This process is called data compression and is Miee Tl usedi alter e
data reductions are done and the raw data is no lopger ored. Anathio: part of ths
function allows une to archive obsolete data onto floppy disks in order to e g
even more disk space. Tn heth cases archived and compressed Sies can S retppeved

and split into individual files at any time if necessary.
Escape to DOS

The escape to DOS function permits the user to temporarily return o e 1O~
command level while ranning GEONET. This is usell for exar. e the s ontent ol
the hard disk or perfoerming a DOS rommand. To return ta e GEONTT pane
the ‘exit’ cornmand is used.

Exit GEONET

The Exit Geonet function terminates o GEONET wsessjon, It
the subdirectory from which GEONET was originally invekr i,

Teburss T e T

CONCLUSION

The experience with GEONET has shown that the time it tahes from recordang
measurements in the feld to obtain adjusted coordinates i reduccd tresendons s
by using an automated data management system. Without a svstern line GRONET
it would have been impaossible to align the Stanford Linear ol ader 0 e given

time frame of three vears,
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