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ABSTRACT 
The distinvar is an instrument for the precision measurement of 

distances up to 50 m. This report describes the latest developments at 
CERN which have improved its resolution to 2 um and increased its speed 
of use. Measurements are automated by incorporating a microcomputer 
programmed in BASIC. 

RESUME 

Le distinvar est un instrument qui permet de mesurer avec précision 
des distances pouvant aller jusqu'à 50 m. Ce rapport décrit les derniers 
développements visant à porter sa résolution à 2 um et à automatiser son 
utilisation par l'introduction d'un micro-ordinateur programmable en BASIC. 
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GLOSSARY 

ADC: Analog to Digital Converter 

ASCII: American Standard Code for Information Interchange 

CERN: European Organization for Nuclear Research 

CMOS : Complementary Metal Oxide Semiconductor 

DIL: Dual In Line 

EEPROM: Electrically Erasable Programmable Read Only Memory 

EPROM: Erasable Programmable Read Only Memory 

ISR: Intersecting Storage Rings 

LCC: Leadless Chip Carrier 

LEP: Large Electron-Positron storage ring 

RAM: Random Access Memory 

RS232C: Communication standard for serial asynchronous connections 
established by the Electronic Industries Association 

SOP: Small Outline Package 

SPS: Super Proton Synchrotron 

UART: Universal Asynchronous Receiver Transmitter 



1. INTRODUCTION 
The construction and operation of circular particle accelerators has 

frequently stimulated the development of specialised precision instru
mentation. The span of applications covers control (metrology) in the 
building of apparatus through to large-scale geodesy [1-12]. 

The scale of LEP, with the large number of elements to be installed, 
has driven the Applied Geodesy Group to consider the automation of 
existing equipment. It is hoped in so doing to further decrease the 
measurement time, while assuring greater accuracy in the capture and 
transfer of field data. 

The Director of the LEP project, E. Picasso, therefore set up a 
collaboration between the Instrumentation Group of EE Division and the 
Applied Geodesy Group of LEP Division. This collaboration was presented 
with the task of developing a set of homogeneous automated instruments for 
the required precision measurements. In certain instances, these would be 
based on existing instruments, which would be upgraded and automated. In 
other cases completely new instruments were envisaged. In addition, a 
unified data acquisition system was conceived, to collect, process and 
store the information produced by these instruments. The effort was to be 
concentrated on two instruments initially, together with the data 
acquisition system. The selected instruments were the DISTINVAR and 
GYROSCOPE, already in use in the Applied Geodesy Group, but requiring 
upgrading and automating. This report covers the distinvar. 

2. PRINCIPLES OF AUTOMATION 

As already mentioned, the automation of the distinvar has not been 
conceived in isolation, but is the first application of a technique to be 
used with a variety of instruments for the geodetic measurements necessary 
for the development of a new particle accelerator. 

The instruments developed must be flexible in use, adaptable to the 
specific needs of the user, and easily interfaced. To satisfy these 
requirements, the same microprocessor is to be incorporated into each 
instrument: this both controls the functioning of the instrument and 
provides the user-interface. 

This unified approach presents a number of advantages, in particular: 

- Minimisation of development work. The most complex problem is the 
design of the microcomputer card, but once developed this will be used 
in all the instruments. 



- Simplification of maintenance, as the number of elements specific to 
each instrument is reduced. 

- Ease of operation, as all the instruments use the same system software. 

Each instrument is linked externally with a special cable: this 
contains the two power supply lines as well as the RS232C standard 
communication lines. 

As the instruments will be programmable, adaptable software can be 
developed to suit the various and changing needs of the field personnel. 

PRINCIPLES OF THE DISTINVAR 

3.1 Importance of distance measurements in applied geodesy 

Since the completion of construction of the PS in 1960, distance 
measurements have taken precedence over angle measurements. The gain in 
precision has been a factor of 10, yet, more significantly, the time 
required for the measurements has been reduced by a factor of 100. This 
has been made possible by the development of a relatively simple 
instrument, the "distinvar", which is capable of giving field precision 
comparable to that of an average calibration on the geodetic base at CERN. 

Since its conception, the distinvar has been used for a variety of 
functions. It was used to assess the stability of sites proposed for the 
construction of the 300 GeV accelerator. In a later improved form, it 
supplied measurements of the geodetic reference figure of the ISR and the 
subsequent positioning of the magnets. The semi-automatic version ensured 
success of the metrology of the SPS, and the transformation of that into a 
proton-antiproton collider. 

The external applications of this CERN developed instrument have been 
numerous: it has been used in almost all other particle physics labora
tories, and elsewhere in such spheres as the aerospace industry, nuclear 
power production, positioning of radio-astronomy antennae and stability 
measurements of dams [13]. 

3.2 Description of the distinvar 
The distinvar comprises three elements: the geodetic invar wire, with 

its clip-in fittings; the remote attachment head; and the actual measuring 
instrument (fig. 1 ) . The latter two have a special cylindrical male base 
which allows rigorous mechanical centring in 30 mm diameter precision 
sockets. These sockets, which must be rigidly fixed and vertical, define 
the end points of the length to be measured. The mechanical interfaces 
(reference sockets and clip-in connectors) are described in Appendix 1. 
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T b * mein e i ® » « a t of the distinver i s a p r e c i s i o n balança, which i s 
mounted, on a mobil* carriage (fig. 2 ) . Mith a 1.5 Mg counterweight and a 
leverage system, this balance applies horizontal tension on the invar wire. 
To make » measurement, the dietiaver i n s t r u m e n t end remote attachment heed 
ere pieced into reference socket* fixed et each end of the length to be 
measured. A celibreted length invar wire i s clipped into each end. The 
mobile carriage in the distinvar inetcument is then moved to apply 
Increasing tension on the wire, until it reaches a position where the 
balance is in equilibrium, i.e. the tension applied to the invar wire 
equalises the tension induced by the counterweight, and the balance beam 
is horizontal. The reversible motor which drives the mobile carriage 
responds to signals from a detection system on the balance, and is capable 
of very fine adjustments using e mierometric screw. A rotary incremental 
encoder attached to this screw indicates the precise longitudinal position 
of the carriage along its 50 mm coucse. 

Depending on the inver wires used, the distinver can measure any 
length up to 50 m. The wire generally used (in Europe) is "geodetic invar 
wire", with specifications 1.65 mm diameter end 1 7 . 3 2 §/». At each 
extremity of a wire is * tempered steel connecting piece (Appendix l). 
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Balance Counterweight 
beam 

Opto-

Motor Nut Planetary Bearing Rotary 
r o l l e r screw encoder 

Fig. 2 Internal elements of the balance measuring instrument 

3.3 Calibration 

The complete apparatus comprising measuring instrument, remote 
attachment head and invar wire provides only relative distance 
measurements: to define an absolute length, measured distances must be 
compared to a primary standard. The method of calibration is as follows: 
two reference sockets, at a known distance. L. apart are used on the high 
accuracy CERN baseline. The distinvar is set up on these sockets and an 
invar wire of the required length is selected. The mechanical balance is 
operated and a reading of the counter, p. is taken when the instrument has 
found the equilibrium point. The calibrated length is thus given by: 

L' = L - p. 

To obtain subsequent measurements in the field, all that is required 
to obtain a measured length is to add the calibrated length, L 1, to the 
reading of the new carriage position, p'. 

4. STRUCTURE OF THE AUTOMATIC DISTINVAR 
The reasons for controlling the distinvar by microcomputer have 

already been covered. The microcomputer used runs a BASIC interpreter, 
allowing easy programming [14]. The standard language (Appendix 3) is 
enhanced with a number of extensions specific to the distinvar 
(Appendix 4 ) . The complete system provides a programming tool which is 
powerful, flexible and interactive. Programs written can be stored in the 
non-volatile (EPROM) memory (Appendix 5) or in the volatile memory (RAM). 
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The volatile memory includes a protection system, ensuring that the 
contents will not be corrupted, even if the distinvar is disconnected from 
the power supply, for at least one day. 

An electronic circuit provides the interface between the micro
computer and the various electromechanical elements of the distinvar. 

Although the mechanical part of the upgraded distinvar runs on the 
same principles as previous versions [1,12], a number of modifications 
have been made; specifically, the conventional screw has been replaced by 
a high precision planetary roller screw, and the mechanical counter by a 
high resolution incremental encoder. 

The mechanical part of the instrument consists, essentially, of a 
fixed frame, a mobile carriage and a balance. As indicated in paragraph 
3.2, a measurement consists of finding the position of the mobile carriage 
when the balance is in eguilibrium. 

The steps in making a measurement can be summarised as follows: in 
the initial, rest position of the carriage there is too little tension on 
the invar wire for equilibrium, and so the carriage is moved to apply 
higher tension. When the wire becomes too taut for eguilibrium, the 
carriage reverses in motion to slightly release the tension. Motion of 
the carriage is finally stopped when the counterweight stabilises in an 
equilibrium position. The position of the carriage is then given by the 
counter, and this is the measurement result. 

A program to control the above sequence can be written in BASIC, 
using the specific commands to move the carriage, monitor the position of 
the counterweight and read the position of the carriage. It can be loaded 
into KPROM. and the measurement undertaken automatically as soon as the 
distinvar is connected to the power supply (Appendix 10). 

The flexibility of a programmable system means that user-friendly 
programmes can be written which are well adapted for use by field 
operators. At best, operators have no need to know that the distinvar is 
programmable, as the programs should be carefully designed for the 
specific tasks to be carried out. 

A final point is that the external connection cable contains four 
wires: two for the 12 V DC power supply and two to control the distinvar 
via the RS232 interface. This cable is the only external connection: there 
is no switch or button for the user to operate (fig. 3). 
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ffig,1 The «utcmatíc distinvar with cover removed 

8 . MECHANICAL B L O I B W T S OF TOB AUTOMATIC PI3TINVAR 

8 . 1 S P E C I F I C A T I O N S 

T h t distinvar i s booted in a rectangular case o f d i m e n s i o n s 
73 x 85 x 57 « a . On i t f bottoa L I I I ia the special cylindrical male 

t»as«» 30 l a disaster and 70 aa long. The instrument1 s « a s a is 3 , 4 kg. 

T h e carriage of the distinvar serves t o tension the INVAR wire, it 
has a total course of movement of 50 an and can be displaced at a speed o f 
3 . 5 aw / 8. An incremental rotary encoder f i t t e d to the micrometer screw 
allows & positional resolution of the carriage o f 2 P I . 

The balance serves to apply a constant tension on the wire. At 
eguilibrlua, this tension Is ISO M, 
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5.2 The mobile carriage 

The mobile carriage includes the following elements: 

- A geared motor. 
- A planetary rolling screw driven by the motor. (The main feature of 

this type of screw is the presence of non-circulating and permanently 
meshed rollers between the screw and the nut. which thus eliminates the 
eliding friction occurring in conventional screws.) The screw has a 
double 1 mm thread with a threaded length of 85 mm; 

- An incremental rotary encoder (500 points per revolution), which 
measures the angular position of the planetary rolling screw. 

- The carriage itself, which carries the balance, microcomputer board, a 
printed circuit interface, and the memory protection circuit. 

5.3 The balance 

This comprises the following: 

- A lever which transforms a vertical force of 15 N into a horizontal 
tension of 150 N. which is applied to the invar wire. The concept of a 
knife-edge system has been taken from previous versions of the distinvar. 
It offers two advantages: firstly, no friction is produced by the knife-
edges; and secondly, when the tension is no longer applied, the knife-
edges retract to a fully protected position to resist any significant 
shock to which the distinvar may be subjected; 

- A counterweight which equilibrates the tension of the wire. For minimum 
volume, the counterweight is made of hollowed brass filled with lead. 
Its mass is about 1.5 kg. When the tension reaches 150 N. the 
counterweight lifts from its support; 

- An opto-electronic system, connected to an 8 bit analogue to digital 
converter (ADC), giving the tilt of the balance beam. 

5.4 Other mechanical components 

- The attachment point into which the invar wire is clipped; 

- The cylindrical male base, fitted to the bottom plate of the distinvar. 
This fits snugly into the end point reference sockets, between which the 
distance measurement is required; 

- The remote attachment head, comprising the clip-in attachment for the 
invar wire and a male cylindrical base. It is between this head and the 
measuring instrument that the invar wire is tensioned. 
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6. MICROCOMPUTER OF THE AUTOMATIC DISTINVAR 

6.1 Design 

The microcomputer (fig. 4) is composed of low power consumption CMOS 
integrated circuits [15]. It has three power supply lines: +5 V, 110 mA; 
+12 V, 4 mA; and -12 V, 4 mA. The tolerance of these voltages is ± 10%. 

Wherever possible, miniature components have been inserted; in 
particular "LCC" (Leadless Chip Carrier) and "SOP" (Small Outline Package) 
integrated circuits (IC's or chips) have been used, with a few 
conventional "DIL" (Dual In Line) chips. 

The microcomputer has a single four layer printed circuit board, part 
of which is rigid, part flexible. It measures 177 mm long, 55 mm wide and 
is 10 mm thick, including surface mounted components. On one side of the 
rigid board is a strip of flexible circuit (50 x 30 mm), at the end of 
which is the main connector, made of another piece of rigid printed 
circuit. This connector is used for all communications and power supply 
between the microprocessor and the rest of the apparatus. At the other 
end of the rigid printed circuit board, another connector links to the 
EPROM memory, to allow external programming. 

On the printed circuit board are mounted the following components: 

- An NSC800 microprocessor chip. This has the advantage of having the 
same instruction set as the Z80 microprocessor for which software is 
readily available. It is available in an LCC package and uses low power 
consumption CMOS technology. 

- Two peripheral NSC810 IC's. They are directly linked to the NSC800 chip 
and each contains two counters and 22 input/output (I/O) lines. They 
are available in an LCC package. 

- Three MBM27C64 EPROM memories. Each has an 8 kbyte capacity, giving a 
total of 24 kbyte. These IC's are LCC packaged. 

- Two RAM memories, type TC5565PL-1. each of 8 kbyte capacity. They come 
in a standard DIL package. 

- A communication chip. UART6402. to allow communication between the 
microprocessor and the user. This chip can function at any standard 
speed from 50 to 19200 bits per second, and comes in a standard DIL 
package. 

- A number of other components are attached: the clock, amplifiers, etc. 

The microprocessor is designed to function with a back-up power 
supply, to ensure protection of the volatile memory. This protection is 
assured by a minimum supply of 4 uA at 2 V. 
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The memory is organised as follows: 

Addres 
Decimal 

¡S Map 
Hexadecimal 

Size of Memory 
Decimal Type of memory 

0-16383 
16384-32767 
57344-65535 

0-3FFF 
4000-7FFF 
EOOO-FFFF 

16 kbyte 
16 k 
8 k 

EPROM 
RAM 
EPROM 

6.2 Software description 

The EPROM program area is organised as follows: 

Addree 
Decimal 

S Map 
Hexadecimal 

Size of Memory 
Decimal Program type 

0-2047 
2048-8191 
8192-16383 

57344-65535 

0-7FF 
800-lFFF 

2000-3FFF 
EOOO-FFFF 

2 kbyte 
6 k 
8 k 
8 k 

Monitor 
Programs in ASSEMBLER 
Programs in BASIC 
BASIC interpreter 

A description of the monitor is given in Appendix 7. From the monitor 
one can call the BASIC interpreter. 

A 6 kbyte zone of EPROM is available for ASSEMBLY language routines, 
which can easily be called from BASIC programs. These routines, described 
in Appendix 4, control the functioning of the electromechanical elements 
of the distinvar. An 8 kbyte zone of EPROM is available for storing BASIC 
programs. When called, these programs are automatically loaded and 
executed. The system is set up so that one of these programs is loaded 
and run on power-on. 

The BASIC interpreter resides in an 8 kbyte zone of the read-only 
memory (Appendix 3). 

Typical execution times of a sample of BASIC instructions (using the 
NSC800 microprocessor. 2 MHz version) are as follows: 

A = B 2 ms A = B/C 7.2 ms 
A = B + C... 3.4 ms A = SIN(B)... 25 ms 
A = B * C... 4.5 ms A = TAN(B)... 55 ms 
FOR/NEXT 2 ms A = ATN(B) . . . 35 ms 

7. ELECTRONIC INTERFACES OF THE AUTOMATIC DISTINVAR 

7.l Power supply 
The distinvar requires a single +12 V (* 2 V) DC external power 

supply. Its power consumption is from 150 mA when the carriage is at rest 
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to 270 itiA when it is being driven. From this external source, two DC/DC 
converters supply the power, one providing +5 V. 300 mA and the other 
± 12 V, 60 mA. They are located within the rear section of the 
instrument, attached to the housing. 

7.2 Electromechanical interfaces 

An interface circuit is used by the microcomputer to drive the 
electromechanical elements; this is mounted on a miniature printed circuit 
and provides five distinct functions (fig. 5 ) : 

- Processing the signals from the 
incremental rotary encoder. 
Information on the direction and 
speed of movement is returned to 
the microcomputer. 

- A control circuit for the motor. 
The control is based on the 
principle of pulse width 
modulation, which has the 
advantage of requiring low power 
consumption. 

- A circuit to filter contact bounce 
when the carriage activates the 
switches at the end of its course, 
so that parasite signals are not 
transmitted to the microcomputer. 

EEPROM 
memory 

Mi c o 
processor 

INTERFACES 

RS 232 

^ Motor 

Rotary encoder 
' c a r r i a g e 

_ Cell 
counterweight 

J jwitch + 
~ l i m i t 

vSwi tch 
- l i m i t 

12 VOLTS 

Connector 

Fig. 5 Electronic design of the 
distinvar 

- A signal processor for the balance beam and tension applied to the invar 
wire. The analogue signal from the opto-electronic detector is 
amplified, then converted into an 8 bit digital signal to be transmitted 
to the microcomputer. 

- The EEPROM memory. This non-volatile memory stores sixteen constants 
specific to each distinvar, for instance the instrument constant for 
adjusting the measurements, the serial number of the instrument, etc. 
These constants may be read or modified by a BASIC program. 

7.3 Memory protection 

During a set of measurements, it is likely that the distinvar will be 
connected and disconnected from the power supply a number of times. So 
that this does not cause loss or corruption of data or programs, two large 
capacitors (0.1 Farad each) have been utilised, which ensure sufficient 
power to protect the contents of the memory over at least one day. The 
capacitors are completely recharged within 30 seconds of the distinvar 
being reconnected. The capacitors are mounted on a separate printed 
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circuit from the interface and this also carries a system to monitor that 
the microprocessor is functioning correctly. If an error condition occurs, 
the power supply to the motor is cut within a tenth of a second. 

7.4 Internal connections 

Within the distinvar are twelve printed circuits, two switches, a 
motor, a rotary encoder, an opto-electronic detector and the RS232/power 
supply connector. These elements are interconnected by more than a 
hundred electrical connections. With the available space being very 
limited (1300 c m 3 ) , it was considered that the use of connections by 
flexible printed circuits would be beneficial. This method both reduces 
the space required for wiring and obviates the possibility of wiring 
errors. Three of the flexible printed circuits are particularly 
important: the first is attached to the body of the distinvar, while the 
two others connect the rigid distinvar elements to those mounted on the 
mobile carriage. Particular care had to be taken in the miniaturised 
design of these circuits as they must not degrade from mechanical wear 
over tens of thousands of cycles of the carriage. 

PERFORMANCE RESULTS 

»Total number of measurements = 2224 

Standard deviation 
= 2 , 6 pm 

Fig-
- 1 0 

6 
-5 »10 POSITION (pm) 

Frequency histogram 
of a series of repetitive 
measurements 

A number of systematic tests have 
been done to evaluate the performance 
of the distinvar. 

An initial set of repetitive 
laboratory experiments was made to 
examine the precision of the balance 
measuring system. From several 
thousand measurements, the standard 
deviation of the results was found to 
be 2.6 iim. The frequency histogram 
from 2224 measurements is given in 
fig. 6. For these, a 0.5 m length 
invar wire was used and the repetition 
period of the measurements was 36 s. 

Secondly the instrument was tested by field surveyors. One sextant. 
900 m in length, of the CERN SPS accelerator was measured six times in 
succession. A 32 m length invar wire was used, corresponding to the 
distance separating two quadrupole magnets. The standard deviation of 
these measurements was 31 um, and the trials confirmed the ease of use 
of the instrument. 
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Thirdly, an important field test attempted to simulate the use of the 
distinvar in the positioning of the LEP quadrupoles. Three 32 m spans, at 
the ends and middle of the SPS sextant, were calibrated with an inter
ferometer. Using the values thus obtained in the compensation calcula
tions, the standard deviation of the distinvar measurements was reduced 
from 31 um to 16.6 um. Intermediate field calibrations can thus 
improve the overall accuracy of the measurements by a factor of two. 

A final test involved taking a series of measurements between two 
reference sockets 32 m apart. An initial set of eight hundred observations 
were done at a rate of one every two minutes, followed by a second series 
of a thousand measurements at a frequency of one every four minutes. The 
two series of measurements gave the same standard deviation of 10 jim. 

To carry out an acceptance test and later to monitor performance of a 
distinvar instrument, a test procedure as described in Appendix 8 can be 
followed. 

9. CONCLUSIONS 
The distinvar is an instrument for measuring lengths of up to 50 m 

with a precision of 2 microns. 

The instrument is portable (1300 cm 3 in volume, mass 3.4 kg), and 
requires a single power supply (12 V DC, average consumption 150 mA). 
Being programmable in BASIC, it allows the system to be configured exactly 
to the measurement programme to be undertaken. This greatly simplifies 
the field workers' task, and reduces the possibility of errors. 

Furthermore, the distinvar is controlled by a high performance 
microcomputer which will be applied for the automation of other geodetic 
instruments. When fully developed, these other instruments will thereby 
enjoy the same adaptability and advantages as the distinvar now does. 
Together, they will form a set of homogeneous instruments, which will 
ensure the successful geodetic control of the new LEP accelerator. 
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APPENDIX 1 

MECHANICAL INTERFACES OF THE DISTINVAR 

The invar wire has a 1.7 metric thread, 0.35 mm pitch, over 2 to 
2.5 mm to secure its end connector. 

Polished and 
r e c t i f i e d a f t e r 
hardening 

Clip-in connector for the 1.65 mm diameter geodetic invar wire 

so 
! 

o 
VC 

m 

- 1 

i— 1—i 
i 
j 
i 

F 

1 
I 

i 
1 _ „ i q o o 

Reference socket 

N.B.: The axis of the socket must be vertical to within 0.1 mm/m. 
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PIN ASSIGNMENTS AND SIGNAL DESCRIPTIONS OF THE MICROPROCESSOR CONNECTOR 

The rigid printed circuit board of the microprocessor has a strip of 
flexible printed circuit leading from one edge, at the end of which is a 
connector, described below. 

Signal description Name IN/OUT PIN NO. 

Power supply 

Ground 
+ 5 V 
+ 12 V 
- 12 V 
+ 5 V back-up 

Control lines 

Clock 
Reset 
Bus request 
Bus acknowledge 
Interrupt acknowledge 
Interrupt request 
Restart A 
Restart B 
Restart C 
Non-maskable interrupt 
Baud-rate select (4800/300 bds) 
Baud-rate X16 clock 
RS232 input line 
RS232 output line 

GND 
+ 5 V 
+ 12 V 
- 12 V 
+ 5 V back-up 

CLK 
RES 
BREQ 
BACK 
INTA 
INTR 
RSTA 
RSTB 
RSTC 
NM I 
BRS 
BRC 
RX 
TX 

A 1 2 

_ n n -

B 

3 9 A O a 
M 

u r n 

1 2 

m m 

3 9 4 0 
B 

0 
0 
I 
0 
0 

0 
I 
0 

COMPONENT SIDE 

A3, B3 
AI. Bl 
B39 
B37 
B34 

B35 
A3 5 
A3 6 
A3 4 
B32 
B31 
A3 3 
B29 
A31 
B33 
A10 
B36 
A3 9 
A3 7 
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Signal description Name IN/OUT PIN No. 

NSC810 # í Í 

Port A line 0 PAO I/O B19 
Port A line 1 PA1 I/O B21 
Port A line 2 PA2 I/O B18 
Port A line 3 PA3 I/O B22 
Port A line 4 PA4 I/O A25 
Port A line 5 PA5 I/O B23 
Port A line 6 PA6 I/O A21 
Port A line 7 PA7 I/O A22 
Port B line 0 PBO I/O A23 
Port B line 1 PB1 I/O B20 
Port B line 2 PB 2 I/O A3 2 
Port B line 3 PB3 I/O B30 
Port B line 4 PB4 I/O B28 
Port B line 5 PB5 I/O A26 
Port B line 6 PB 6 I/O A24 
Port B line 7 PB7 I/O B27 
Port C line 0 PCO I/O B26 
Port C line 1 PCI I/O A28 
Port C line 2 PC2 I/O A20 
Port C line 3 PC3 I/O B25 
Port C line 4 PC4 I/O B24 
Port C line 5 PC5 I/O B17 
Timer TO input TOin I A19 
Timer TO output TOout 0 A18 

NSC810 # B 

Port A line 0 PAO I/O B8 
Port A line 1 PA1 I/O B7 
Port A line 2 PA2 I/O A8 
Port A line 3 PA3 I/O B9 
Port A line 4 PA4 I/O BIO 
Port A line 5 PA5 I/O A7 
Port A line 6 PA6 I/O A13 
Port A line 7 PA7 I/O A14 
Port B line 0 PBO I/O B12 
Port B line 1 PB1 I/O All 
Port B line 2 PB2 I/O B13 
Port B line 3 PB 3 I/O B14 
Port B line 4 PB 4 I/O B15 
Port B line 5 PB5 I/O AI 5 
Port B line 6 PB 6 I/O B16 
Port B line 7 PB 7 I/O A17 
Port C line 0 PCO I/O AI 6 
Port C line 1 PCI I/O A12 
Port C line 2 PC2 I/O B6 
Port C line 3 PC3 I/O A6 
Port C line 4 PC4 I/O A9 
Port c line 5 PC5 I/O B5 
Timer TO input TOin I Bll 
Timer TO output TOout 0 A5 
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THE RESIDENT BASIC INTERPRETER 

This 8 kbyte BASIC interpreter offers 7-digit floating point numbers, 
full trigonometric funtions, string handling and I/O control [16]. It 
possesses also: 

- A powerful USR function, which allows BASIC programs to call dedicated 
assembly language subroutines with the transfer of up to six parameters 
without using PEEK/POKE statements. 

- Some extra statements or commands like: TIME, SETIME, ECHO, INKEY, 
PRGn, DLOAD. etc. 

The BASIC interpreter executes programs loaded into its working RAM 
area according to one of the three following methods: 

(a) Writing of a program, line by line (72 characters per line), from a 
terminal connected by the RS232 serial link. 

(b) Loading of a program stored in the EPROM memory (ASCII format) with 
the command "PGRn", n being the number of program (1 to 255). For 
example, to call the program number 6 you have to execute the command 
"PRG6" which loads it automatically. It is also possible to include, 
in the stored programs, some BASIC commands as NEW, RUN, etc. Note 
that these commands can be programmed. 

(c) Downline loading of an ASCII format program from another source (e.g. 
INDEX, the CERN serial transmission network) via the RS232 serial 
link, with the command "DLOAD". 
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APPENDIX 4 

BASIC COMMANDS SPECIFIC TO THE DISTINVAR 

These commands have the format "USR(I)", where I is a parameter which 
defines the function actually called. To call a function, a single 
statement Í6 required, e.g. 

or 

or 

127 X = USR(O) 

20 PRINT USR(8) 

REM 

REM 

80 IF USR(3)<>0 THEN 1000 : REM 

GENERAL INITIALISATION 
PRINTS THE CURRENT 
CARRIAGE POSITION 

IF LIMIT SWITCH IS HIT 
GOTO 1000 

All functions are presented in this Appendix in the form: A = USR(I), 
for clarity. 

Function 9 must be followed by constant or variable name indicating 
the destination of the mobile carriage. Function 13 must be followed by 
between one and three constants or variable names, as required for the 
particular application. 

All the functions, when executed, return a numeric result. The 
significance of this result depends on the function and is explained in 
the following table. The value of -1000 is shared by all functions 
(except function 4) to indicate that initialisation has not been done or 
an error condition has occurred during execution. 
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Call Description Function return 

A = USR(0) 

General initialisation of 
the distinvar. This must 
be done at the start of 
all programs. It positions 
the carriage at its fully 
de-tensioned state. 

A = 1: Command executed 
normally. 
A ¿ l: Error condition. 
If A - -1200, the calibration 
constant has been wrongly 
read. 

A = USR(3) To read the state of 
the limit switches. 

A = 0: Both switches off. 
A = 1: Rear switch activated 
(ON). 
A = 2: Forward switch ON. 
A = other values: Error 
condition. 

A = USR(5) 
To stop the mobile carriage 
with an immediate return 
to BASIC. 

A = 1: Command executed 
correctly. 
A ¿ 1: Error condition. 

A = USR(6) 
To stop the mobile carriage 
and return to BASIC when 
it is stationary. 

A = 1: Command executed 
correctly. 
A )í 1: Error condition. 

A = USR(7) To read the tilt position 
of the balance. 

A = -128: Counterweight in 
lowest position. 
-127 S A < 0: Wire 
insufficiently tensioned. 
A = 0: Counterweight in 
equilibrium. 
A < 0 S 126: Wire too taut. 
A = 127: counterweight in 
highest position. 

A = USR(8) 

To read the position of the 
carriage in 2 y.m 
increments. The minimum 
value is about 3000, but 
varies slighly between 
different instruments. 

3000 < A < 32767: Carriage 
position. 
A = other values: Error 
condition. 

A = USR(9).T 
To move the carriage to 
position T in increments 
of 2 um. 

A = 1: Command executed 
correctly. 
A ¿ 1: Error condition. 
If A = -2000. then T < 0. 

A = USR(13)C.P.D 

Control of the EEPROM 
memory (capacity of 16 
constants). Code C 
determines the function 
to be executed. P is the 
location of the constant 
concerned (only applicable 
if C - 4, 8 or 12). D is 
the value of the constant 
concerned (only applicable 
if C = 4 ) . 

C = 0: Change of all 
constants disabled. 
C = 2: Erase all 16 
constants. 
C = 3: Change of constants 
enabled. 
c = 4: To write constants D 
into location P. 
C = 8: To read the constant 
from location P. 
C = 12: To delete the 
constant in position P. 
where 0 £ P S 15 and 
-32768 S D S +32767. 
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APPENDIX 5 

PROGRAMMING THE EPROM MEMORY 

Three 8 kbyte EPROM chips, type MBM27C64, are soldered onto the 
microcomputer printed circuit board. They are programmed via an 
intermediate connector mounted at one end of the microprocessor board. 
Next to this connector are 7 jumpers, which must be removed to allow the 
EPROMs to be modified. 

Warning: EPROM chip 3 contains the BASIC interpreter, while chip 1 
contains the monitor and specific distinvar functions. Reprogramming of 
these is only done in special circumstances. 

BASIC applications programs, designed for specific measurement 
requirements, are stored in chip 2. One of these user programs stored in 
EPROM is automatically loaded into RAM and executed on power-on. Most of 
the time only this chip will be reprogrammed. 

Remark: User programs may subsequently be loaded into RAM via the 
RS232 comminication link. However, unlike EPROM stored programs, they are 
lost when the protecting capacitors are exhausted (about one day after 
power-off). 

The following table details the functions of the 32 signal lines. 
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Signal description Name IN/OUT PIN NO. 
Address line # 0 
Address line # 1 
Address line # 2 
Address line # 3 
Address line # 4 
Address line # 5 
Address line # 6 
Address line # 7 
Address line # 8 
Address line # 9 
Address line # 10 
Address line # 11 
Address line # 12 

Data line # 0 
Data line # 1 
Data line # 2 
Data line # 3 
Data line # 4 
Data line # 5 
Data line # 6 
Data line # 7 

Control lines: 
Chip enable # 1 
Chip enable # 2 
Chip enable # 3 
Programming enable # 1 
Programming enable # 2 
Programming enable # 3 
Programming voltage # 1 
Programming voltage # 2 
Programming voltage # 3 
Output enable 
Ground 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
All 
A12 

DO 
Dl 
D2 
D3 
D4 
D5 
D6 
D7 

CEI 
CE 2 
CE 3 
PG1 
PG2 
PG3 

v p p i 
Vpp2 
Vpp3 
5Ë 
GND 

/O 
/O 
/O 
/O 
/O 
/O 
/O 
/O 

A3 6 
A3 7 
A3 8 
A3 9 
A40 
B3 
B2 
Bl 
B34 
A4 
A3 
A2 
Al 

A3 5 
A3 4 
B40 
B4 
A5 
A6 
A8 
A7 

B37 
B36 
B33 
B35 
B7 
B8 
A3 3 
B6 
B5 
B38 
B39 

A 1 8 

A _nn n 

Q " U U U 
B 1 8 

COMPONENT SIDE 

3 3 

n n 

T J Z T 

3 3 

2̂ A 

40 B 
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APPENDIX 6 

PIN ASSIGNMENTS FOR THE DISTINVAR CONNECTOR 

The distinvar has a single LEMO multi-pin external connector, 
reference FG-2B 310CRO80. 

Four of the 10 pins are used: 

Function Pin number 

GND 6 

+ BATT. (+ 12 V) 3 

RS232 RECEIVE 1 

RS232 TRANSMIT 2 

A r r a n g e m e n t o f p i n s 

a s v i e w e d from c a b l e 

RS 232 

+BATT. 
(+12 V) 
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THE MONITOR 

The monitor contains all the communication routines and a few 
commands available to the user. The BASIC command "BYE" is used to pass 
control to the monitor. 

The monitor commands are the following: 

BCOLD (Cold start) Returns to the BASIC interpreter after a general 
initialisation has been performed (the previous program stored 
in RAM is destroyed). 

BHOT (Harm start) Returns to the BASIC interpreter without 
destruction of the previous program stored in RAM. 

- MEMORY 

BRATE 

This command starts an automatic test of the RAM memory (non 
destructive for the data). It lasts about 8 s . In case of 
error, a message is displayed. 

If the pins AlO and B16 of the NSC800 board are strapped, this 
command allows the baud-rate of the serial link to be changed 
between 4800 (initial value) and 300, and vice-versa. 
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TEST PROCEDURE FOR THE DISTINVAR 

Check that when the balance is in equilibrium, the distinvar exerts a 
tension of 147.1 N ± 98 ^N on the invar wire. 

Using a 2 m wire between the measuring instrument and the remote 
attachment head, complete the following measurements: 

(a) Four series of 10 measurements. After each series of measurements, 
turn the cylindrical base of the distinvar by 90° (always turning in 
the same direction). 

(b) Repeat the same measurements as in (a), but in this series turn the 
remote attachment head by 90°. 

(c) Place the distinvar instrument and remote head in the positions which 
gave the lowest readings in the previous sets of measurements. Do a 
series of 10 measurements. 

(d) Turn the bases of the distinvar and remote head by 180° and do 
another series of 10 measurements. 

The standard deviation calculated for each series of 10 measurements 
should not exceed 10 urn. and the difference between the means calculated 
from series (c) and (d) should be less than 20 v-m. None of the 
measurements should take longer than 30 8. 

Using a 40 m invar wire between the distinvar and remote head, do 
four series of 10 measurements. The standard deviation of each series 
should remain less than 10 um. 

With the 40 m invar wire, do two series of 10 measurements in "continuous" 
mode, as follows: 

(a) When the distinvar has reached equilibrium, place a 1 g mass on the 
counterweight then lift it off. Repeat 10 times. 

(b) Repeat as in (a), but with a 10 g mass. 

Each time the mass is lifted, the distinvar carriage should return to 
the same initial position to within ± 5 urn. 
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OPERATING INSTRUCTIONS FOR THE DISTINVAR 

To measure the distance between two reference sockets, the following 
procedure should be followed: 

Al. MECHANICAL SETTING-UP 

- Place the remote attachment head in one of the reference sockets. 

- Station the distinvar instrument in the other socket. 

- Clip an invar wire of suitable length into the attachments on the remote 
head and distinvar instrument. 

Appendix 1 describes the mechanical attachments of the invar wire and 
the reference sockets. 

A2. ELECTRICAL CONNECTION 

A single cable is plugged into the socket at the front of the 
distinvar. This is a 4-wire cable, carrying the two power supply wires 
(12 V DC, maximum current 300 mA). and two for the RS232 serial line 
between the distinvar and its controller (e.g. terminal, computer, or 
modem). Its standard communication speed is 4800 baud, with 2 stop bits, 
no parity and in full duplex mode. Using one of the commands described in 
Appendix 7, the communication speed can be changed to 300 baud. The 
connector plug is described in Appendix 6. 

Once connected to the power supply, the distinvar functions 
automatically - there is no other external switch or button to operate. 

A3. OPERATING PROCEDURE 

(a) The distinvar will execute one of the following options immediately 
on power-on: 

- If the memory protection capacitors are still charged, the program 
in RAM will be executed automatically. 

- Or if the capacitors are discharged, the first BASIC program 
contained in the user programmable EPROM memory will be loaded into 
RAM and then executed. 
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(b) After the initial program has started execution, there are two 
options open to the user: 

- Allow the program to execute through its normal stages. 

- Or exit program execution by pressing the "ESC" Key twice. Control 
is then returned to the BASIC interpreter. At this stage another 
program may be loaded from EPROM by typing "PRGn", where n is the 
number of the program to be called. Alternatively, a program may 
be loaded via the RS232 line by typing "DLOAD" (Note: a program to 
be downline-loaded must end with "EOT"). 

STOPPING THE DISTINVAR CARRIAGE 

To stop motion of the distinvar carriage, the BASIC program must 
either be halted temporarily or fully exited. There are three situations 
which will cause the carriage to stop: 

(a) The "ESCAPE" key is pressed once. The carriage stops immediately. 
To continue execution of the program press "RETURN". Alternatively, 
to exit the program, press the "ESCAPE" key a second time, and the 
carriage will then return to its fully de-tensioned rest position. 

(b) Execution of an "INPUT" instruction. The carriage stops and waits 
until the operator responds correctly to the program question. 

(c) Detection of an error during program execution. The program stops 
execution and the carriage returns to its rest position. 
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APPENDIX 10 

MEASUREMENT PROGRAM EXAMPLE 

A complete example of a working measurement program is given here. 
Its object is to measure a length each time the operator presses "RETURN" 
on the console connected to the distinvar. It occupies 924 kbyte of 
memory. The measurement result is the position of the mobile carriage 
when a tension of 147.1 N is applied to the invar wire, and this is 
displayed on the screen. After the measurement, the carriage is returned 
to its rest position. 

The measurement section of the program finds the carriage position 
when the counterweight is in equilibrium. The difficulty is that the 
counterweight oscillates when it approaches equilibrium. The solution of 
waiting until the counterweight has stopped swinging before moving the 
carriage again is unacceptable as it would take far too long. Therefore, 
the program rapidly observes the movements of the counterweight, estimates 
the point around which it is oscillating, and then moves the carriage 
accordingly. If the position of the counterweight has a positive value, 
its position is too high, and hence the wire should be loosened by moving 
the carriage to a lower coordinate position. Conversely, for a negative 
position of the counterweight, the carriage must be moved to a higher 
coordinate position. 



- 29 -

SAMPLE PROGRAM 

10 REM DISTINVAR 
11 I=USR(0) '.REM INITIALISATION 
12 PRINT "HIT RETURN KEY" 
13 PRINT "TO START MEASUREMENT" 
15 INPUT DUM 
25 IF l o i THEN 455 
30 B=USR(7) 
35 IF B<-128 THEN 470 
40 W=B+10 
50 IF B>-10 THEN 440 
60 G=USR(9). 32700 :REM MOVES CARRIAGE 
70 P=USR(8) 
80 IF P>27000 THEN 440 
90 B-USR(7) 

100 IF B<W THEN 70 
110 S=USR(6) 
120 WAIT 1 :REM MEASURES WIRE TENSION 
130 P=USR{8) 
150 FOR I=P-60 TO 1000 STEP-5 
160 G=USR(9).I 
170 P=USR(8) 
180 IF P>I THEN 170 
190 B=USR(7) 
200 IF B<0 THEN 220 
210 NEXT I 
220 FOR K=l TO 2 :REM TWO CONSECUTIVE MEASUREMENTS 
230 WAIT 1 
240 S=120:L=-120 
250 FOR 1=1 TO 290 :REM OSCILLATION AMPLITUDE 
260 B=USR(7) 
270 IF B>L THEN L=B 
280 IF B<S THEN S=B 
290 NEXT I 
300 E=L-S :REM NEW CARRIAGE DESTINATION 
302 M=(L+S)/2 
304 IF M<-80 THEN 60 
310 IF E>240 THEN 230 
340 P»USR(8) 
350 X=P-M/3 
360 G=USR(9).X .'REM MOVES CARRIAGE 
370 GOTO 230 
380 Q(K)=USR(B)*2 
390 NEXT K 
400 IF ABS(Q(1)-Q(2))>5 THEN 220 
410 M=(Q(l)+Q(2))/2 
415 M=65534-M-8270 :REM NORMALISE RESULT 
420 PRINT M 
430 GOTO 11 :REM NEXT MEASUREMENT 
440 PRINT"WIRE TOO TAUT/SLACK" :REM ERROR HANDLING 
447 I=USR(0) 
448 IF l o i THEN 455 
450 STOP 
455 PRINT"INIT ERROR" 
460 STOP 
470 PRINT11 ERROR IN VALUE OF TILT" 

10000 END 


