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ABSTRACT 

The microprocessor-based system described is intended to monitor and 
record data from radiation detectors on an extended site, and can accept 
detector output pulse rates between zero and 900 pulses per second. The 
logger accumulates the total dose received at each detector, calculates 
the mean dose rate with a time constant of 93 sec, compares it with two 
user-settable alarm levels and generates alarm signals if either level is 
exceeded. It also provides a 12-channel analog output to permit continuous 
recording of the dose rates, a printed log, and a serial data output for 
remote dose rate display. A NORD-10 computer can be connected to read the 
status of the detectors and alert users to alarm conditions. This system 
could form the basis of a range of medium-speed data collection and pro
cessing instruments. 
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1. INTRODUCTION 
On the CERN sites, which are located on both sides of the French-Swiss border near 

Geneva, there are four accelerators and their associated experimental areas. The Radiation 
Protection Group is responsible for the protection of the general public and of workers on 
the sites from exposure to radiation resulting from the operation of these accelerators. 

An important part of the Group's function is therefore the continuous monitoring of the 
radiation levels on the two sites and in particular in the areas in which people are working. 
Two types of monitoring instrument are used for these functions, reflecting the different 
conditions to be expected. 

The instruments used for site monitoring have to be sensitive to radiation levels only 
slightly above the natural background, and the attached equipment is required to integrate 
this level over long periods, at the same time checking for any unusual changes in the level. 
In experimental areas the radiation level can be high during accelerator operation when access 
is not permitted, but is much lower when no beam is present and work is being carried out. 
The primary function of the monitoring system in these areas is to give an immediate warning 
of any potentially hazardous increase in the radiation level. The system's secondary function 
is to indicate what dose is likely to be received by workers in the area. Thus the connected 
equipment is required to act as a ratemeter with preset alarm levels and with outputs to drive 
warning signals. 

As originally planned, this monitoring system consisted of detectors linked in groups to 
equipment racks containing separate ratemeters each with a settable alarm level. The racks 
also contained pulse-counting equipment for long-term integration. These racks were linked 
to a minicomputer network that permitted Radiation Protection personnel and the accelerator 
operators to interrogate them to receive an over-all picture of the radiation levels in any 
area. 

When this system was installed it was found not to function in an entirely satisfactory 
manner, so when an expansion of the system to further experimental areas was considered it was 
decided that the technology then available would permit a rack of monitoring equipment to be 
replaced by a small microcomputer in conjunction with some relatively simple interface units. 
This approach permitted new equipment, having many more facilities and much greater flexibi
lity, to be constructed for about the same cost as an expansion of the original system. 

At that time no commercial equipment having the required characteristics existed, and 
experience had shown that to have such a system developed by an inexperienced contractor would 
involve as much effort to be devoted to liaison and supervision as would be required to 
develop the system in CERN, where the necessary experience was already available. Thus this 
system was developed in CERN but the manufacture was contracted out. 

Development started in January 1977 and the first operating units were installed in 
May 1978. Since that time, program development has continued and the first units containing 
the full-scale version of the program went into operation in July 1978. 

2. SYSTEM PHILOSOPHY 

The original specification of this system was essentially the same as that of the system 
it replaced1'. Each unit had to provide eight input channels capable of generating an analog 
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output signal proportional to the input pulse rate, with a settable alarm level incorporated. 
Some of these input channels would also have to provide long-term integration of the number 
of input pulses. Inputs to test the status of alarm relays were also required, and an inter
face to the minicomputer network had to be provided. About a dozen such units were to be 
installed at those points on the site where a logical grouping of detectors occurred. 

Examination of this specification showed that suitable equipment could be based on con
ventional large-scale integration (LSI) hardware, but it was realized that such an approach 
would "freeze" the design and application of the system and make any changes to meet future 
requirements extremely costly. Also, since the equipment needed at each location would not 
always be identical, it would be necessary to provide at each point the maximum system that 
would ever be required. 

Thus the possibility of basing the system on a cheap, commercially available micro
computer was studied, and it was found that all the system's requirements could be met by 
one of the simplest computers available. Most of the functions required could be delegated 
to software, and only simple interfaces would be required to complete a functioning system. 
By constructing the interfaces in the form of independent plug-in modules the system could 
be adapted to requirements differing from place to place and from time to time. 

To allow for future expansion, and with the possibility of other applications in mind, 
the system of connecting these modules to the microcomputer card was made as general as 
possible. By using a "CAMAC-like" dataway for the interconnections, it has been made possible 
to add new modules to the system or even to use it for totally different applications else
where in CERN. For the mechanical components the industrial standard "Eurocard" system was 
selected. This provides a convenient size of card for the type of interface modules required, 
and gives the possibility of using module front panels large enough to accommodate the 50-pin 
rectangular connectors already used for many of the system's interconnections. The 31-pin 
DIN standard connector normally used with these cards has sufficient pins to provide an 8-bit 
address bus, an 8-bit bidirectional data bus, and six handshake signals in addition to power 
and reset connections, and still leave three unused pins. This card size and connector type 
is the same as that used by the microcomputer card chosen as the system controller. 

This combination of an 8-bit controller with small, readily available modules has pro
vided us with a data-handling system having the flexibility and many of the same applications 
as CAMAC but at a fraction of the cost. By using the relatively short Eurocards and placing 
the dataway in the centre of the crate, we have produced a system capable of having modules 
plugged into both the front and the rear of the crate. This permits separating the functions 
of signal input/output from those of display and control. This is extremely useful in a 
system requiring frequent access to its display functions but rarely requiring its cable 
connections to be altered. 

In addition to the relative ease with which functions can be changed, one great advantage 
of basing the operation of the system on software is the possibility of installing a partially 
functioning system before development is finished. This permits the basic functions of the 
system to be checked in the field. The feedback from installed and working systems was very 
useful in the later stages of development. To have used a similar method with hardware would 
have been prohibitively expensive. 
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Having decided on a software approach, it was possible to rewrite the specification to 
include additional facilities that would have been difficult to implement using hardware but 
which could easily be added to the software. By deciding to use a modular approach for input 
and output interfaces it was possible to set quite high upper limits to the system capability 
without a particular unit having more parts physically present than was necessary. 

Unfortunately this very flexibility made it difficult to resist the temptation to expand 
the specification as the possibilities of the system became apparent to the users. Thus the 
system in its present form has a number of capabilities that were not foreseen in the original 
specification. 

3. SYSTEM DESCRIPTION 

Physically this digital data logger can be regarded as being divided into two sections. 
One is the front panel (Fig. 1) with its associated drive electronics and power supply, the 
other consists of 13 Euro-modules which are plugged into the rear of the chassis (see Fig. 2). 
One of these modules contains a 26 V power supply and another contains the controller. The 
other 11 modules are input and output interfaces selected according to the requirements of 
the particular data logger. 

Figures 3 and 4 show the mechanical construction of a data logger, and Fig. 5 is a block 
diagram of a typical system. 

The system controller (Fig. 6) is a Eurocard-sized microcomputer '. The version we use 
is the DCE-1. This contains an Intel 8080A microprocessor, 4096 bytes of program memory, 
512 bytes of read/write memory, and two interface circuits. These were bought for around 
SF 1200 apiece. One of the interfaces, an Intel 8255, is used to create the dataway that 
links the modules of the system to the controller; the other, a TMS5501, provides the system 
time reference and the serial data output to drive a histogram unit used for remote display 
of the input dose rates. 

The dataway uses one 8-bit bus to address the modules and another 8-bit bidirectional 
bus to transfer data to and from them. Two handshake signals are used to send an address, 
two to send data to a module, and two to receive data from a module. Fuller details and 
circuit diagrams are given elsewhere2 >. 

The front panel carries a 32-digit alphanumerical display, six push-buttons, two banks 
of thumb-switches, a key-operated switch, and a strip printer. The push-buttons are used 
to select the data shown by the display, and by using the keyswitch and the thumb-switches 
the system's parameters (e.g. alarm levels) can be changed. The strip printer records all 
alarm conditions that occur and any parameter changes that are made. It can also be used 
to print a summary of the dose rates or the integrated dose between any two times. 

Since continuous operation of the system is necessary, each unit is powered from a 
nickel-cadmium battery which charges as long as the mains supply is available and which can 
power the unit for 30 min if the mains supply should fail. Operation of the system is 
independent of the minicomputer net. All functions continue and no data are lost if the 
network fails; indeed many of these loggers are being used as local alarm and recording 
systems at locations not connected to the minicomputer network. 

*) Made by Data Applications International, Brussels, Belgium. 
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PROCESSING 

Data arrive from the radiation monitors in the form of pulses each representing an accu
mulated dose of 5 or 20 yrad. Pulse rates can lie anywhere in the range from a few pulses per 
hour from a site monitor to several hundred pulses a second from an area monitor in an intense 
radiation field. Each pulse has a nominal length of 1 msec and comes from a source providing 
20 mA and 5 V via a wire pair link up to 500 m long. A fault condition flag is also trans
mitted by each monitor. Provision is also made for data input in the form of status relays 
or opto-couplers indicating equipment faults or alarm conditions. 

The logger does two things with the input pulses from each monitor: it keeps a running 
total of the dose received, and it calculates the mean dose rate using a time constant of 
93 sec. The input pulse rate is multiplied by a "quality factor" chosen by the user, and 
allowance is made for the two possible input pulse calibrations in calculating the displayed 
dose rate. The running total continues to accumulate until a command to reset the counters 
is sent from the minicomputer (if one is connected) or until an integration is stopped. This 
transfers the integrated dose to storage. Both this dose and the accumulating total dose can 
be displayed along with the relevant elapsed time. 

The present state of the status inputs, the monitor fault signals, and the alarm outputs 
can also be displayed. 

Each channel is provided with two user-settable alarm levels. If the dose rate at any 
time exceeds either of the alarm levels, a flag signal which can be read by the minicomputer 
is set, an alarm message is printed, and one of the output bits in the alarm output module 
is set "on". A further "relay output" is turned on when any alarm of a particular type appears. 

One further process is carried out on each dose rate. Its logarithm is calculated and 
converted into a voltage output between 0 and 10 V, representing 0.5 to 1,000 mrem/h. These 
outputs, for 12 input channels selected by the user, are multiplexed onto two outputs which 
can be connected to two six-point plotters to provide a wide range record of the variations 
in dose rate. The logarithms of all 16 dose rates (up to 200 mrem/h) are available in serial 
form for transmission to a remote histogram dose rate display. 

An alarm flag for the minicomputer is generated if any of the status inputs changes 
state. 

DISPLAY 

A 32-character alphanumeric display is used to present information on the present and past 
performance of the connected monitors. 

The information displayed can be selected by using the push-buttons to choose the type 
of information required and using the channel number switch to select the correct channel. 

Any necessary changes to the system's parameters can be made by displaying the para
meter, setting its new value on a thumb-switch, and operating a keyswitch. Only users having 
this key can interfere with the system's operation. 
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By pushing various combinations of the six buttons, eleven functions can be selected. 
These are listed below: 

1) Display the integrated dose received at any monitor. Also display the relevant 
integration period. 

2) Display the total dose received at any monitor in the last integration period and 
the length of that period. 

3) Start or stop a manually controlled integration period. 

4) Display, and change if required, the allocation of input channels to the 12 recorder 
output channels. 

5) Display the mean dose rate at any monitor. 

6) Print the dose rate at all 16 monitors. 

7) Display, and change if required, the "B" dose rate alarm level for any monitor. 

8) Display, and change if required, the "A" dose rate alarm level for any monitor. 

9) Display the state of 16 input status bits, or display which channels are showing 
alarms. 

10) Display, and change if required, the input calibration and quality factor being 
used for any monitor. 

11) Display, and change if necessary, the date and time. 

6. ALARM OUTPUTS 

Three alarm conditions are associated with each input channel. 

- Each monitor can be equipped with a relay which signals a monitor fault if it closes. 
- Each monitor's counting rate is compared with the two user-settable "A" and "B" alarm 

levels, and an alarm signal is generated if either is exceeded. 
- Each monitor's counting rate is tested to see if at least one pulse is generated every 

eight minutes. 
Direct access to all these alarm signals is provided for each of the 16 input channels by 
means of two "word output" modules, each of which provides 32 transistor switches that can 
be either open or closed to ground. The rate alarm outputs are open if all is well, and sink 
current if an alarm level is exceeded. The monitor fault outputs sink current (to turn on a 
lamp) if all is well and become open if a fault occurs. 

Another four switches close if any alarm of a given type occurs. These outputs, one 
for each type of alarm, are provided by a "relay" module that has four isolated switching 
transistors as outputs. This module is intended to operate warning lamps or buzzers to 
indicate to the user that an alarm of the selected type has occurred. The user can then 
consult the logger's display or a lamp array connected to the word output modules to see 
where the alarm has occurred. 
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RECORDERS 

A logger can be provided with one or two multipoint recorders to display the mean rate 
of up to 12 channels. 

These plot at a rate of one point per 20 sec, so if each channel is showing a different 
input there is an interval of 2 min between successive points on the same channel. This re
sults in a plotting rate of about one point per ratemeter time constant. The chart speed is 
set at 20 mm per hour and one chart lasts just over a month. Since the paper is fan-folded 
it is easy to take a section out of the recorder for examination. 

The recorder scale is logarithmic and covers the range 0.5 to 1000 mrem/h over 100 mm. 
It is calibrated so that 30 mm represents a factor of 10 change in rate. Each 10 mm division 
thus represents a difference in rate of just over two (2.15). Rates equal to or less than 
0.5 mrem/h appear on the zero division of the scale. 

The voltage module used to drive the recorders provides an output up to 10 mA at 10 V. 

SERIAL OUTPUT 

Provision is made in the control module to supply an output signal to display the loga
rithm of all 16 dose rates in histogram form at a remote location. This display unit is 
described elsewhere3). 

The dose rate signals are transmitted in turn as 8-bit words in the range 0-199 represent
ing, logarithmically, rates between 0.5 and 200 mrem/h. Between the data words there are 
address words in the range 208-223, representing channels 1-16. In each case the channel 
address is that of the following data word. The word rate is one per two seconds and the 
bit rate 110 baud to be Teletype-compatible for testing. It takes 64 sec for each set of 
16 rates to be transmitted. 

PRINTER FUNCTIONS 

A strip printer on the front panel provides a log of any alarms or system changes, a 
means of recording the dose rates at a particular moment, and a means of recording the total 
dose integrated over a user-selected period. 

For its logging function the printer records the date, time, and dose rate each time an 
alarm level is exceeded. It records if a monitor fails, or if a monitor sends no pulses in 
any eight-minute period. It also records any changes made in the alarm levels or calibration 
settings. 

If the mains power fails, a print-out of all 16 calibration factors and the A and B 
alarm levels is made in case the failure lasts long enough to discharge the battery and it 
is necessary to re-enter these parameters by hand. 

At any time the user can request a print-out of all 16 dose rates by pressing the appro
priate buttons and operating the key. 

In systems not linked to a minicomputer an integration of all 16 dose inputs can be 
made between any two times by selecting the appropriate function and operating the key to 
start or stop integration. 



- 7 -

10. THE DATAWAY 
The modules of the data logger are interconnected by a board which provides a parallel 

connection to the corresponding pins of each module. This board, the "dataway", provides 
each module with a ground line, three power lines (+5 V, -5 V, +12 V ) , a reset line, an inter
rupt line, eight address lines, eight bidirectional data transfer lines, and six handshake 
lines. The three remaining pins on each connector are unallocated. Table 1 shows the dataway 
connections. 

Table 1 
The dataway pin connections 

Pin Name Function 

1 -5 V Power supply 
2 +12 V Power supply 

3 N/C Spare pin 
4 INT CPU interrupt 

5 RST Master reset 
6 N/C Spare pin 

7 A0 Address bit zero 
8 Al / i 

9 A2 
10 A3 Address bus 

11 A4 
12 A5 

13 A6 
14 A7 Address bit seven 

15 N/C Spare pin 
16 AAK Address acknowledge 

17 ADP Address present 
18 DAS Data strobe 

19 DAR Data read 
20 DAK Data acknowledge 

21 DAP Data present 
22 D7 Data bit seven 

23 D6 i 

24 D5 
25 D4 Data bus 
26 D3 

27 D2 
28 

29 
Dl 
DO Data bil : zero 

30 +5 V Power supply 
31 0 V Ground 
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The signal lines operate at levels of 0 V (logical zero) and +5 V (logical one) and are 
intended to be driven by CMOS tri-state outputs and to drive CMOS inputs. To avoid the signal 
lines taking up ambiguous states, they are all provided with 10 kft pull-up resistors. 

With the exception of the interrupt line, not used in this logger, control over the data-
way remains with the control module. It initiates all dataway operations, but their completion 
is signalled by the module addressed. The timing of an operation is controlled by the hand
shake signals exchanged by the controller and the module. 

In this system modules are addressed by type and by number, not by location. It nor
mally requires the six most significant of the eight address bits to specify a particular 
module, leaving only two bits to specify the subaddress within the module. If the system 
can only have a single module of a specific type, four bits are used to address this module, 
leaving four bits available for subaddresses. The module types with their corresponding 
addresses are listed in Table 2. 

Table 2 
The module types and their addresses 

Addresses 
Type Number 

possible 
Total 

channels Hex. Binary 
Type Number 

possible 
Total 

channels 

00-1F 000NNSSS Relay output 4 16 
20- 2F 0010NNSS Voltage output 4 8 
40-5F 010NNNSS Counter input 8 32 
60-6F 0110NNSS Status input 4 112 
90-9F 1001NNSS Word output 4 128 
C8-CF 11001SSS NORD-10 interface 1 N/A 
D0-D7 11010SSS Front panel 1 N/A 
N = module number address bit. 
S = module subaddress bit. 

There are three basic types of dataway operation. These are the "command" operation, 
the "read" operation, and the "send" operation. There is also a variant of the "read" ope
ration in which the register being read is automatically reset to zero. These operations 
use different combinations of the six handshake lines. If the interface on the controller 
card is set to the correct mode (C4H) the handshake signals are generated automatically 
whenever data is put into or read from the interface. 

The "command" operation is very simple. No use is made of the data bus. To send a 
command it is only necessary to send the appropriate address to the interface address latch. 

The "read" operation is used to read the contents of the module registers. The addressed 
module puts data on the data bus from which they are latched into the controller's interface 
circuit where they can be read as if they were in memory. The slowest read operation, the 
one that also clears the register being read, uses the dataway for less than 4 ysec. 

The "send" operation sends data from the controller to a module register and is used for 
all data output. 
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11. THE MODULES 
With the exception of the front panel unit and the power supply module, all the modules 

in this system comprise a Eurocard (100 x 160 mm) fitted at one end with a panel 30.4 mm 
wide and at the other with a DIN standard 31-pin connector with 2.50 mm pin spacing to inter
face with the dataway. Up to 18 DIL packages can be fitted comfortably on a card this size. 

Regardless of its function, every card is required to decode a number of the address bits 
to see if it is the card being addressed. In most cases two gates are used to test three or 
four of the more significant address bits to identify the card type, and a further two or 
three bits are fed to a decoder circuit with a DIL switch connected to its four or eight out
puts. The position of this switch sets the card number and ensures that only the correct 
card will respond to an address. The cards carry further decoding circuits to select the 
correct response to the subaddress sent. All cards have some circuitry for generating and 
responding to the handshake signals, and use from one to three tri-state buffers to drive 
the handshake lines. 

Logical inputs from the outside world are fed via protective and noise filtering resis
tor capacitor networks to the inputs of CMOS buffers. Overloads are more likely to damage 
the resistors than the integrated circuits. Logical outputs use open collector Darlington 
transistors that come seven to the package. These are rated at 50 V 150 mA and are fitted 
with protection diodes which have been left unconnected to permit different output voltages 
being used. 

The counter module (see Fig. 7) is perhaps the most fundamental module in the data logger 
since it forms the interface with the radiation monitors. It has four identical input channels, 
each capable of receiving data pulses and a status signal. The pulse inputs accept 20 mA 
pulses greater than 800 ysec long"J. Each input is fed to a 4-bit (0-15) counter. These coun
ters can be connected in pairs to the dataway to be read by the controller. Three subaddresses 
are used by this module. Subaddress zero couples the four input status bits and a "module 
present" flag pattern to the dataway. Subaddresses 1 and 2 read and clear the counter pairs 
1/2 and 3/4, respectively. The complete "read and clear" process takes 4 ysec and is repeated 
every 16 msec. The address decoding permits up to eight counter modules (32 input channels) 
to exist in one system. 

The status input module provides a means of connecting 28 status inputs to the dataway 
via a filter and a tri-state buffer. It uses subaddresses zero to three to enable these in
puts in three groups of eight and one group of four. Provision is made to use up to four of 
these cards (112 inputs) in a single system. 

The relay module was designed as a simple means of switching external equipment such as 
warning lamps or buzzers. Each of its four outputs is isolated from the system ground and 
can be switched on or off independently under software control. A 4-bit latch circuit is 
used to drive opto-couplers and thus the output transistors. Eight subaddresses are used. 
Subaddresses 0 to 3 open relays 1 to 4, respectively, and subaddresses 4 to 7 close the same 
relays. Up to four of these relay modules could be used in one system. 

The relay module had been intended to be the sole digital output device in the logger, 
but pressure to provide at the logger the same alarm signals as would be received by the 
NORD-10 led to the development of a module capable of providing large numbers of switching 
outputs. 
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This, the word output module, provides 32 open collector switches with a common ground 
connection. These can be loaded with data in four groups of eight bits by using subaddresses 
0 to 3 to address the group to be loaded. The module contains eight 4-bit latch circuits 
driving five seven-channel Darlington drivers. The data sent remain latched until changed. 
Up to four of these modules, 128 channels in all, can be used in one system. 

A voltage output module is used to drive the two six-point recorders. In essence it is 
two independent 8-bit latches driving two digital-to-analog converters with output amplifiers. 
Any 8-bit number can be loaded into the latches where it will be held indefinitely, causing 
a voltage between 0 V and +10 V to appear at the corresponding output. In addition to its 
analog output, this card also provides two logic inputs. These are used to synchronize the 
logger's output voltages to the motor-driven channel changers in the two plotters. A contact 
is made between these logic inputs and ground whenever channel 1 is required. Up to four of 
these modules could be used if required. 

An interface module providing a 16-bit input and 16-bit output is used to communicate 
between the logger and a NORD-10 computer via the SPS multiplex system. It contains the 
latches and gates necessary to establish the communication protocol with a MD multiplexer 
module. This multiplexer module has 16 opto-coupled outputs which the interface module 
connects to the dataway via tri-state buffers. Data to be sent to the NORD-10 are loaded 
as two 8-bit bytes into a 16-bit register which is connected to 16 Darlington drivers capa
ble of operating the input opto-couplers of the MD module. 

12. THE FRONT PANEL 

Although regarded by the software as just one more module, the front panel unit is a 
complex device that is more conveniently considered in terms of its component parts. These 
are an address decoding card, a printer and display interface card, a switch interface card, 
a commercial alphanumeric display panel with its power supply, and a commercial strip printer. 

The address decoding card acts as a mother-board for the panel and carries the circuits 
used to recognize the panel address and to decode the seven subaddresses used by the other 
parts of the panel. It also generates the handshake signals and carries the link which cuts 
the mains power supply to the panel as the panel is being removed. Mains power is fed by this 
card to the display power supply which is plugged into it. This supply provides the low- and 
high-voltage lines required to drive the display and its incorporated logic. 

Also plugged into this card is the display and printer interface card. The display 
unit*-' uses a glow-discharge matrix to form 32 alphanumeric characters. It has an automatic 
refresh circuit and a character generator to display characters which are loaded into it 
serially in 6-bit parallel form. The interface provides an 8-bit latch that can be loaded 
from the dataway. Six bits select the character to be displayed, the seventh is used to 
clear and reset the display, and the eighth is used to switch an oscillator intended to gene
rate a flashing display to indicate alarms. One of the decoded subaddresses loads this latch 
and sends a "data present" signal to the display. Normally, a complete message of 32 charac
ters is sent as a sequence of dataway operations lasting about 1 msec. 

*) SSD0132-0040 Self-Scan display made by Burroughs. 
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To economize on power, the strip printer*-' is switched on only when required; thus the 
interface carries a latch and power switch. Since the printer needs to have characters fed 
to it on demand during the 1.2 sec required to print one line, a 16-character memory is pro
vided on this card. This memory can be filled from the dataway in about 500 usee. The prin
ter then reads the stored characters at a speed to suit itself, without further intervention 
from the controller. 

A further card is connected to the address decoder by a flexible cable. This card carries 
the front panel switches and push-buttons along with the tri-state buffers necessary to connect 
any of them to the dataway. The other components on this card are a 6-bit latch and a driver 
circuit to operate the lamps in the push-buttons. Also on this card is the driver for the 
lamps that indicate whether the system is operating from the mains of its battery back-up. 

13. THE POWER SUPPLY 

This data logger is designed to operate from the a.c. mains supply but is provided with 
a back-up battery which enables it to continue collecting, processing, printing, and trans
mitting data during mains failures of less than 30 min duration. The display operates directly 
from the mains and cannot be used if the supply fails. 

In order to provide this autonomy with a single battery, all three supply voltages had 
to be generated by d.c.-d.c. converters. The 22 V battery already being used elsewhere in 
the monitoring network for similar purposes was selected for this logger. This has a capa
city of 500 mAh. Thus the system's power consumption had to be kept below 1 A at 22 V to 
permit 30 min back-up operation. This need for power economy is reflected in many features 
of the logger design. A consumption of around 850 mA has been achieved, and this gives a 
theoretical autonomy rather better than 30 min. If mains power is not restored by the end 
of this time, the system shuts down, losing all its stored data, calibrations, and alarm 
levels. On restoration of the power supply the system carries out its normal power on restart 
procedure, clearing its memory of rubbish, setting default alarm levels and calibrations for 
all channels, and preparing a "system ready" word for the NORD-10. The original alarm settings, 
calibrations, and plotter channel allocations must be restored manually. 

It is intended to build a further module containing a standby memory with its own back-up 
battery. On detecting impending battery failure the system will shut itself down in an orderly 
fashion, storing its current status in the standby memory before turning off. On power being 
restored the contents of the standby memory will be returned to the normal memory and operation 
will continue with a message to the NORD-10 explaining what has occurred. The standby memory 
will be capable of storing the system status for periods of several months. 

The system's interface with the a.c. mains is a module 50.4 mm wide containing a stabilized 
26 V, 1 A supply and the relay that is used to cut the mains connection to the connector when 
this module or the front panel are unplugged. The 26 V output goes to the battery and conver
ter board mounted behind the front panel. This board carries the back-up battery, its charge 
and discharge control circuit, and three d.c.-d.c. converters. These provide the +5 V, -5 V, 
and + 12 V supplies for the remainder of the system. The battery-charging circuit provides a 

*) Printina OEM S, made by Ing. Guido Gay, Milan. 
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trickle charge to keep the battery ready for use, but also provides a higher charging current 
if the battery voltage falls. This restores at least some capacity as quickly as possible 
after a long period of battery operation. A voltage-sensing circuit cuts off the battery 
when its output has fallen to 19 V to avoid harming it with a complete discharge. 

14. THE PROGRAM 

When switched on or manually reset, the microcomputer program starts at address zero. 
This starts an initialization routine that clears the data storage memory, sets the dataway 
interface mode, and loads the alarm level and calibration factor stores with default values. 
A hardware timer is then loaded with a number which represents a time of 16 msec and the 
processor halts. When a timer interrupt is received, the timer is immediately reset and 
starts counting the next 16 msec period. Meanwhile the processor starts the series of ope
rations that are carried out every 16 msec. 

First the registers in the counter modules are read and cleared. Since their maximum 
capacity is 15 pulses, the highest input rate that can be handled is 15 pulses every 16 msec, 
that is, 937 pulses/sec. Only those modules present are read, and a status word is maintained 
automatically to show which modules are present at any time. 

Next the state of the front panel push-buttons and the keyswitch is tested. The present 
state is compared with the previous state to check if a button has been pushed for longer 
than 32 msec. Any verified button is added to the map of buttons already pressed, and this 
map is tested to see if a valid new command has been formed. If so, the new command is 
stored. 

The next operation is the first of the system's optional functions. The program occupies 
*•) 

four PRQMs and has been arranged so that the first two PROMs contain a limited but comple
tely functional program. A logger containing only these two would integrate incoming pulses 
and calculate the dose rates. Most of the display functions would operate normally, and 
alarm levels and calibration factors could be set. The main things that would not work would 
be the testing of the dose rates against the alarm levels set and the outputs to the mini
computer, the histogram, the recorders, and the strip printer. The routines to implement 
these functions are placed in the third and fourth PRQMs. These are completely independent, 
and their respective functions will operate even if one is not present. The object of all 
this is to enable the functions of the loggers to be changed without having to reassemble the 
complete program. One could even foresee several versions of the logger coexisting, differ
ing only in which optional PRQMs each contains. 

In order to operate in this fashion, the main program has been made to call optional 
routines at various points. It addresses the option call to an index which forms the first 
few bytes of each optional PROM. If the PRQM does not exist, this procedure automatically 
restarts the program in such a way that normal flow continues from the point where the call 
was made. If a PRQM is partially filled, the same operation will take place if the instruc
tion "restart 7" is placed in the index at the appropriate point. If the PROM is present and 
contains the optional routine it will be used as a normal subroutine and operation will then 
continue from the point from which the option was called. 

*) Programmable read-only memory. 
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The option called every 16 msec is the routine that tests if the minicomputer has requested 
information. If so, the information is fetched and dispatched to the computer via the interface 
module. Thus the minicomputer has to wait at most 16 msec before a request is satisfied. 

The last operation carried out every 16 msec is the decrementing of a counter that tells 
the system when 2 sec have elapsed. 

Every 2 sec several operations are carried out. First the status input modules are inter
rogated and the results stored. Next the stored push-button command and the channel-selector 
switch are used to select the correct text and data for the display. The two are merged and 
transmitted to the alphanumeric display unit. 

Two options are then called. One of these increments a counter and, every 20 sec, selects 
a dose rate to be sent via the voltage output module to the point recorders. Forming part of 
this routine is the subroutine that calculates the logarithm of the 16 dose rates and trans
mits them in serial form to the distant histogram display unit. The second option, in the 
fourth PROM, checks whether any message is waiting to be printed and, if so, sends a single 
line to the printer interface whence it is fed, character by character, to the printer as the 
printhead crosses the paper. After this the processor checks if a 6 sec counter has reached 
zero and halts if it has not. 

Every 6 sec another sequence of operations is started. First the elapsed time store is 
incremented. After that the rate calculation algorithm is applied to each of the 16 stored 
dose rates. The number of counts accumulated in the last 6 sec is multiplied by the user-
selected quality factor and by a constant to give a result in biological units. The result 
is added to the previous value of the mean dose rate, and the total is multiplied by 15/16. 
This process gives the same result as an analog ratemeter with a resistor capacitor time cons
tant of 93 sec. 

Two more options are then called. One advances the real time clock and calendar by a 
tenth of a minute and tests each newly calculated dose rate against the two alarm levels, 
generating an alarm flag and closing the appropriate output switch if either is exceeded. 
The other tests if the system has just switched over to battery operation. If so, it prints 
all the alarm levels and the calibration factors to permit their manual re-entry in case the 
battery runs down and the system has to be restarted. 

This complete sequence of operations is repeated every 6 sec. Most routines can be com
pleted between 16 msec timer interrupts, but if a process continues longer the interruption 
only delays it briefly. On the average the processor is halted about three quarters of the 
time. 

Despite this, some parts of the program must run as quickly as possible. For example, 
the data input routine must occupy considerably less than 16 msec or no time will be left for 
any other operations. Another consideration in writing the program was the availability of 
only 4096 bytes of memory to hold it. This virtually forced the program to be written in 
assembly language. It could probably be written in a high-level language if enough assembly 
language inserts to handle data are used, but it would certainly no longer fit into around 
4000 bytes. 

The microcomputer card used in this logger is ideal for the present purpose but has not 
the capacity in this version to be used for program development. Luckily the Group already 
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had a larger microcomputer system based on an 8080, and it was possible to upgrade this to 
make available a practical system for assembling and testing programs. A Texas Instruments 
Silent 700 terminal with cassette storage was added to provide a cheap means of preparing 
and editing programs. A disk and VDU based system would have been more practical but was 
at that time much more expensive. 

An interface to simulate the dataway was added, and this permitted development of both 
the modules and their driving software to proceed in parallel. However, the development 
system runs at a lower speed than the logger controller, and all final tests had to be carried 
out using the logger itself and simulated data. A subsidiary program was developed to carry 
out automatic tests on all the manufactured modules to pinpoint any faults. This probably 
cut the module checkout time by 90°s. To check a module and print a report on it can take as 
little as 30 sec. The report on a faulty module gives an excellent guide to where the fault 
lies. In practice almost the only faults found in assembled modules were integrated circuits 
inserted the wrong way round. 

15. CONCLUSIONS 

At the time of writing, five of these loggers have been installed and are performing 
satisfactorily. The users' response to this new and sophisticated monitoring instrument has 
been uniformly enthusiastic, which is not surprising since it was designed in close co
operation with them and it has proved possible to incorporate almost every function that was 
requested. Thus we can regard the creation of a "smart" logger for pulse rate information 
as being satisfactorily completed. 

Hopefully the life of this system has just begun. The present hardware should be able 
to provide the basis of the monitoring equipment requirements of the Radiation Protection 
Group for many years. As needs change or new applications are found, the existing hardware 
can continue to be used; only the program needs to be changed and its structure is designed 
to make this simple. By adding new modules to the system, for example an input for voltage 
signals, its range of application can be further extended, even to uses we cannot foresee at 
present. 

In the more general case, this system, with its central dataway providing room for up to 
25 modules and its data-handling protocols and routines already designed, offers designers 
throughout CERN a means of assembling instrumentation cheaply and easily for all those data-
handling and processing applications where the speed of CAMAC is not necessary. What started 
as a special-purpose monitoring instrument should thus be able to make its contribution to the 
future instrumentation of CERN. 
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