
%&<»* <£ • 
SLAC-PDB—4142 

DE88 006433 

A REALIZATION OF AN AUTOMATED DATA FLOW FOR 
DATA COLLECTING, 

PROCESSING, STORING AND RETRIEVING* 

- GEONET-

Horst Friedsam, Robert Pushor and Robert Rtiland 
Stanford Linear Aectitrator Center 

Stanford University, Stanford, California 94S05 

ADSTRACT 
GEONET is a database system developed at the SlLnford Linear Accelerator 
Center for the alignment of the Stanford Linear Collider. It features an auto­
mated data flow, ranging from data collection using HPllO handheld computers 
to processing, storing and retrieving data and finally to adjusted coordinates. 
This paper gives a brief introduction to the SLC project and the applied survey 
methods. It emphasises the hardware and software implementation or GEQNET 
using a network of IBM PC/XT's. 
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INTRODUCTION 

The Stanford Linear Accelerator Center (SLAC) is in the process or building a new 
particle collider, the Stanford Linear Collider (SLC) [ERIK50N, 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 points are 
established. The positioning of the magnets in X,Y,Z, roll and pitch requires the 
determination or about 2500 fiducial marks jOREN, 85j. The accuracy requirement 
for the absolute positioning of each magnet is 1 to 2 mm while the relative posi­
tioning between adjacent magnets 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 jPIETRYK A, 80|. 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 flow from data collection to 
data processing and finally data storing is essential. Since none of several evaluated 
software packages [GRUNDKi, R'l) fulfilled our needs or matched the already ex­
isting hardware, the decision was made to write a customized data biu>e progrum, 
GEONET. Figure 1 shows a finalized sketch of the data now from the mc&summ'riU 
to the coordinate database as it is implemented in GEONET [RULAND, 8(>'. 
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H A R D W A R E C O N F I G U R A T I O N 

In order to establish a totally 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 s tep was to find a suitable da ta col­
lector. After having evaluated several different hand held calculators for example 
the HP41CX, HP71B, EPSON HX20 etc., the HP110 portable microcomputer from 
Hewlett-Packard was chosen. Although the HP 110 computer has the disadvantage 
of being heavier than most other available da ta collectors (DONAHUE, 86], its stur-
diness, reliability, ease of data transfer, size of memory and the capability to writ* 
specialized data collection programs made it the best choice for a data collector. 

The link between HPllO's and survey instruments is accomplished using the RS-232 
port built into the HPI10. In the case of KERN E2 theodolites a SI.AC designed 
interface box, able to serve up to four theodolites, is used to translate the signals 
from the E2 to the standard RS-232 levels. The communication between E2 and 
HPl 10 is bi-directional, making it possible not only to record data but also to send 
data such as horizontal and vertical angles to the E2 for display <ir to control its 
settings. 

Two different concepts for the implementation of a geodetic database were con­
sidered. The first was to run the data handling and least squares adjustments on 
a mainframe, either an IBM .1081, VAX 750, or VAX 800 [CIcUNDIC, 8-lj. The 
alternative concept was ).« set up a system of Personal Computers, interconnected 
by a local area network. Each idea had certain advantages and disadvantages. The 
obvious advantages of the mainframe approach is its speed and virtually unlimited 
memory size. Bui ihe major disadvantages are the inability to have control regard­
ing operation and maintenance hours and the difficulty to establish a connection to 
the field data collectors. These are tasks easily accomplished with a P C / X T . Con­
sideration of the advantages of both the mainframe and P C / X T led to the decision 
to implement a hybrid system combining the best features of both approaches. 

The first part of the hybrid system, the data management, is clone using a cluster 
oT l '( 's . The local PC workstations are interconnected by a 10 Mbit Ethernet local 
area net work. Remote access is also possible using modems; 111 is feature is used for 
the transfer of calibration data between the ollice and the calibration room, located 
several miles away from the server. Each PC is equipped with a co-processor, G-10 
Kbytes of memory, a 20 Mliyte hard disk and an accelerator board running at a 
clock rale of 10 MHz. The network permits sharing of a 35 Mbyte hard disk, an 
internal tape backup system and an IIP LaserJet printer. In addition, plot facilities 
including A-size and E-size plotters are available. A sketch of the hardware setup 
can be seen in Figure 2. 

To establish the connection between the IIP110 da ta collectors and the network, 
each PC is equipped with an HI'-IL interface board which lets the PCs look at the 



HPlIO's as at external disk drive.. The actual data transfer is done by using the 
DOS copy command. This link provides a n easy, fast and reliable exchar, Re of files 
in both directions. 

The second part of the hybrid system involves the use of an IBM 3081 mainframe 
to process least squares adjustments. Input files, created on the individual I'C 
workstations, are uploaded to the mainframe and result files are downioaded v,a an 
R.S-232 communication port to the PC. 
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Figure 2 Hardware setup 
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S O F T W A R E C O N F I G U R A T I O N 

Bas i c S t r u c t u r e s 

During a Uirj;c scul" survey prut''' 't surh ;is the construction of liu- >l.i ' 
different forms of data, have to bi> managed. Armnt; these forms are, 

• recorded field data observations 

• calibration data for various instruments used 

• reduced measurement data 

• and several different coordinate databases 

GEONET provides daln structures and programs to handle all of th-• ab'*vc data 
forms. 

G E O N F T takes adv;: tage of the subdirectory structure provided by the ' )OS op­
erating system on the PC. Each recorded field observation is transferred from the 



HPl 10 data collectors to the PC MHI stored in a data file system. All data files arc 
stored in a four IOVPI hierarchal sir ir.ture and can be accessed via a menu by using 
a. p j -hname of the following form : 

pathname = \ /)asename\iocation\type\r /)or/ i 

b-here basename 

locution 

type 

epoch 

is the data file system identifying name, 

is the location of the points surveyed, 

is the type of survey data, 

is the survey opoch. 

GEONET can handle 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 variables. 
The result files created by the reduction programs are stored together with the 
measurement data using the same pathname. Calibration data is stored in a similar 
form using a calibration file structure also of four levels. The roordinatc database is 
defined as a two level subdirectory structure. In this rase the pathname is created 
as foltows: 

where 

pathname = \COORD\/oea£iorr 

COORD 

iocation 

is the coordinate database identifying name. 

is the location of the points in the database. 

D a t a M a n a g e m e n t Sys turn F u n c t i o n M e n u 

1. Upload field data 2. Process pending updates 

3. Data reductions A. Transfer to shared disk 

5. Generate Input file 6. Pt'iform Adjustment 

7. Coordinate database 8. NSC800 operations 

9. Access server disk files 10. Access r.alil) data 

11. System configuration 12. Archive subsystem 

13. Escr.po to DOS 

Enter function number: 

11. Exit Geonct 

Figure 3. C E O N E T Main M.-nu 
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The interaction between these various data forms is organized by the GEONKT 
data management system function menu shown "m Figure 3. It is presented after 
the user enters his password. Eac, password allows access to a unique group of 
GEO NET functions depending on the user's privilege. The upload function for 
instance can be used by each member of the survey crew while the reduction of 
data is a restricted function only accessible for privileged users. 

The following section.1- describe each of the options addressed in the data, manage­
ment system function menu in more detail. 

U p l o a d F ie ld D a t a 

The function "Upload Field data" is used to transicr data collected, using the HP] 10, 
to the local hard din k of the PC and then to a. shared temporary storage disk 
maintained by the server. Each individual data collection program creates its own 
filename and a unique filetype for each observation, r-'or instance, the filename for 
a direction set is given by thr station name and the flletype is defined as .Dili, thus 
simplifying the upload procedure by using wildcards for the file transfer Other 
measurements such us KHM or Distinvar observations obtain a filetype DST and 
.INV, respectively. During the upload procedure the flletype is replaced by the 
Julian date of the day the measurements were recorded At the same time the 
Tilelype of the original data file still residing on the 111*110 is changed to .WM thus 
eliminating the possibility to upload a lile Lwjce and making iv an easy tusk to erase 
all uploaded files on the HP110 after the data transfer is done. 

The upload program also accesses an index file stored in the same subdirectory as 
the recorded observations. It is always updated whenever a new observation file is 
added to a subdirectory. The index file is used by other programs, mainly reduction 
programs, to op'-n and read each individual file of a specified subdirectory. 

Currently, data o•Uection programs for the following observation types exist 1 

• Direi tiini measurements 

• EPM measurements 

EJM503 

- Mokometer 

• Distinvar measurements 

• Level me vsuremenls 

• Set-out i points ;Ci ;RTlS, 86) 

• Control of dial gauges 

Most of those program incorporate error checking routines which are performed in 
the held while (iie.tMirir.g. 5;or example the direction collection program check:, fur 
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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 user the reliability of the measurements made on a station by cal­
culating the mean square error for the direction sets. In case the statistical check 
(ails an additional set is requested by the program. If the statistical analysis still 
fails after the fourth set is measured, the station has to be remea&ured 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 rending Updates 

After uploading ttw rvcanhxl ftr-kl data to the PC, lh* next step is U> transfer tbesi 
observation files from the shared disk to the actual database for permanent storage. 
This is done by function two of GEONKT's main mom railed "truces* pending 
updates". 

Data Rt'tliirlitm 

Before the input, fill's for a least squares adjustment, can be formed, certain observa­
tions must be reduced for ^omeLrir or atmospheric corrections, whilu others have 
to bo reformatted. I,evel liru's. for instance, are reduced for the effects of the level 
rod calibration, ;i« well ,\a Tor the measured temperature of tliu rod lane during 
li'vdinu TKI,/.KIt. Hilj, Distances are reduruil to n roforr-nco su riant, in this rase 
ii tl.iushi.iti .sphere ln'.st littinK the ellipHoid uL the longitude und latitude: of SI.AC. 
Atmospheric corrections arc iil.so taken into account jllKUNNKK, K-lj. Direction 
sets are sumiii;iri/.M and reformatted to their final form. 

Reduction programs for the following measurements are currently available: 

• Level measurements 

• KD.M measurements 

DMMKt 

MKKOMKTKIl 

• Disiinvar measurements 

• Direr tion measurements 

• OhVi measurements 

After having evaluated the results of the reduction programs the user can move the 
result files from the loral disk to the GEONET database using again option two 
Trarcss pending update". The next step will be to generate an input file for the 



appropriate least square* adjustment. 

Generate Input File 

The input file generation function creates input files for a group of ueo<b-iii ad­
justment programs used at SI.AC .BUHSTKnDK. »T . These adjtistii,.m programs 
include 1 norm and 2 norm adjustment* for J. 2 or 3 tittnt>nsiotî l ni-tvmik.'. The 
datum or the network may be rhosen as a unconstrained, minimal (unstrained, mn-
slraitied or as a connected net bound to a superior not. The prog:AHI fur whirh the 
input file is required is determined using the menu shown in Kigure t. 

I>eHi»rb>» o f the Program N a m e 

A>)r>tMun't(t <>:••' fc>T> 

Ni'lw>ir)i ' l i i i inm<ni H.'-l 
IlJ|ill1 il Ll.l I K i l l H 

( l n i ' i i l . l imit [ i ' , \ T ( l ' | 

A ' l i i i - mi'i i l Ni ' iwi. 'b Input i ir . i i ' .1 

0 I .NnPlii I ( I M P l i m n il K I ' l l u f l ' | n | i I M m • ii i i , 11 • • 

N i . l l l l J ' I ' A - I ! ' II It. iJ I H . - \ I . . , , i : i 

I Till. '. Ml II I) !'-f W i l t I I ' ''..mi.-, i. I 

K ' u - • • ' ! I I Hi-, i 

Figure • - UHlnitioii of .-Vijie.Ki<eiii ('ro^r.wn ,\.i:i. 

The program names are all four letter «nmhin&tiou* where the in-1 l> •:• r J.-I-IK.ite.s 
the adjustment type, the second leiiei tlie network <linn fi*-"'ii. tin- t|,.;.; !,••!• • the 
input data type and the fourth the datum of the net T't«* II-*I \\\nv ««!.•• .«-ts-» 
after each arrow on each line or the menu Thesie letters .in- «IH-II •••!•• .ii.-:iV' •! :<• 
form the program name . 

Onre the name of the program is known, ilie UMT I. pn-« ni>il A "• .i . t • •-' •::• 
menus which allow the user to tpeeify nliirh points to iti< liuti m :"'-• ad •- i;»!<i. 
whai types of observations are lit be IIMI) .itid fmui wltuii epm :: -In -:.ii.i -:."':M 
be taken. The data is then merged •Liilmn.it it at!;, into il.e ;i:im: !..•- .:. «.•••• ;»r mat 
required by the adjustment program. 

Perform Adjustment 

Only 2 out of the 24 different possible adjustment programs running on i»i' m...:i-

http://�Liilmn.it


frame, were implemented oti the PC network; a one-dimensional constrained ad­
justment (TlRA) for a level net with up to CO benchmarks and a two-dimensional 
constrained adjustment (T2RA), which allows the adjustment of a net with a max­
imum of '10 points. All other adjustments are being processed on the mainframe 
after uploading the input file to the IBM 3081. 

Conri l inat .o il;il;ib;iSL> 

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

• Updating of an existing database 

• Retrieving of coordinates from a database 

In order to update a certain coordinate database, a specially formatted file, created 
by each least squares adjustment, has to be downloaded from 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 coordinates of the coordi­
nate database, thus providing a history of the movement of each survey monument. 

N S C 8 0 0 O p e r a t i o n s 

This option is provided for up and downloading programs and data files between the 
P C / X T and NSC80Q micro processor controlled devices such as the SCHAEVITZ 
irieLinomter, the hydrostatic level ELWAAG jTHiERBACH, 79) and OFFSET mea­
surement devices for the linear accelerator section of the SLC. The programs and 
interfaces which control these devices have been custom developed at SLAC. 

Access s e r v e r disk files 

A privileged user is allowed to browse through the database, verify the contents of 
a selected subdirectory and p r i n t e r edit certain files, by using this function. 

Across c a l i b r a t i o n d a t a 

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

S y s t e m c o n f i g u r a t i o n 

The system configuration option allows the user to create a new survey epoch for 
the data and calibration fili: system or to delete obsolete ones. The deletion of a 
survey epoch is only possible if the selected subdirectory does not contain any files. 

A separate coordinate database can be assigned to each survey project. This option 
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prov ides t h e poss ib i l i ty lo c r e a t e new c o n t d i n a l e iiiit.-ibu.si-K UMII[> t he s ia thhi t . i I M M , 
s t r u c t u r e desc r ibed ear l ie r . 

A r c h i v e s u b s y s t e m 

C o n s i d e r i n g the fact t h a t even ihe smal les t tiles iilliwaie 2 K i n t . s nj disk ->,n.>. 
t h i s rune t ion al lows t h e user to c o m b i n e scveinl (jlcs in to OIK- file. ;M i>;d.>r u, v l l V r 
disk s p a c e . T h i s p rocess is called d a t a compress ion and i< n-.n-H-, u-"d , ±(•, r l ( | 1 . 
data, r e d u c t i o n s a re d o n e a n d the raw d a t a is no l o i t e r ui-ed. A n o t l u : ji.ir" nt this 

funct ion al lows one Ui a r c h i v e obso le te d a t a o n t o floppy d i s i ^ in u r d ' T in 'i n 
even m o r e disk space . In b o t h ca s r s a rch ived ami compressed !';ies i ,ui *>.• n tr;> v. r. 
a n d sp l i t i n to ind iv idua l files a t any t ime if necessary. 

E s c a p e t o D O S 

T h e e s c a p e t o DOS funct ion p e r m i t s the user to t empora r i i ' . r e tu rn to '.],t l ) ( ) -
c o m m a n d level wliile r u n n i n g G E O N E T . 'I'll is is useful for f \u i:..:i in;; t he . '>:,ii m . nf 
t h e h a r d disk or p e r f o r m i n g a D O S c o m m a n d . To ret u rn In • ;.e < , | . n \ I T ,..,,.,,,. 
t h e ' e x i t ' c o m m a n d is used . 

E x i t G E O N E T 

T h e Exi t Geonot funct ion tor mi na tes a G E O N H T sess ion, h r e t u r n s t:,e •,, • - i,> 
t he s u b d i r e c t o r y from which G E O N E T was original ly i n v o b :. 

C O N C L U S I O N 

T h e expe r i ence wi th G E O N E T has shown that tin- t i m e it t.ik' s in>:n ' n n r d i m ; 
m e a s u r e m e n t s in t he field t o o b t a i n ad jus ted coordinate 1 - is reduced w iMuniousK 
by us ing a n a u t o m a t e d d a t a m a n a g e m e n t sy s t em. W i t h o u t a sj -,1cm line < . KON1.T 
it wou ld h a v e been imposs ib le to alinn t he Stanford Linear <"!',<irr .'i 'in ^i'..-n 
t i m e f rame of t h r ee years . 
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