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Abstract
Computers are widely used in controlling of nuclear experiments. Since the com-

puters are relatively complex and sensitive devices, contemporary designs prefer the use
of programmable logic controllers. These are simplified versions of computers, mostly
equipped with appropriate inputs and outputs to be used directly in industry.

Two experiments were prepared under this and former research contract. In both
cases the possibilities of controlling a physics experiment were studied, under former
contract the control was made utilizing a programmable logic controller and.under this
similar experiment was interfaced to the IBM PC type computer. The experiment was in
both cases a simulation of neutron beam guiding system. The beam of neutrons was
simulated by a laser light beam and deflection of the same was performed by mirrors.
Photo transistors are used to sense the direction of the light beam and the signals from
them are evaluated by a computer, connected to the experiment. The computer can
move the two mentioned mirrors for the deflection of the beam by stepper motors and
thus deflect the beam to the target. The target is a light reflective body. Another light
detector is mounted on a moveable support. By the means of another stepper motor this
detector can be rotated around the target and register the light, which is reflected from
the target. The scattering of the neutron beam from the target is simulated.

The two mentioned experiments were prepared to be used at the Agency organized
Training Course on Interfacing in Nuclear Electronics. The final version of the software
for the experiment js to be prepared by the students of the course. The guidelines for
writing the same are given in this report.
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The description of project

The aim of the contract was to study the possibilities of PLC devices compared to
standard computers and hardwired logic used in nuclear experiments. As a final step a
demonstration experiment for Neutron Beam Guiding was designed, built and tested.
This experimental setup is meant to used on a course Interfacing in Nuclear Electronics.

Nuclear experiments can be controlled and guided either manually, by using spe-
cially designed logic or a computer, upgraded to control the experiment. Manual control
can be used only in small experiments, where all the options are simple. If they are not,
then specially trained personnel has to be used. The continuous work with the same ex-
periment over and over again can cause loose of concentration and manual control in big
scale is therefore unreliable.

Electronic, tailored to the experiment can be ussd instead. This consists of logic
part, power actuators and sensing devices. In the logic part all the knowledge about the
experiment is implemented in such a way to affect the experiment through the actuators
according to the informations gathered from the sensors. Complete electronic can be
made very reliable, but it is specially designed for a specific task and therefore it is dif-
ficult to adjust it for new experiment or even a slightly change it for the existing one.

A computer can be used instead of thf logic part of the previously mentioned
electronic. This adds flexibility to the system because the computer can be easily
reprogrammed to accomplish different tasks. The programming itself is simplified by use
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of high level programming languages. So it seems that the computer with added sensors
and actuators serves the aim. The questionable part in such design is reliability. Most of
the computers are not made to operate in harsh environment. Dust, moisture, vibrations
present in industry environment kill them. Therefore it is a must to use the computers
specially designed to withstand all the shocks in this kind of environment. Industry stand-
ard computers are available on EURO board format PCBs. These work exactly as the
usual computers but their mechanical construction is much better therefore the
reliability is improved. The price of such a unit also increases with the reliability and
computing power built in.

The possibilities of using a Programmable logic controller were already established
under the first agreement with the Agency. Since it is only possible to compare effective-
ness of the two different solutions if both two solutions are studied, another solution was
prepared. Almost the same experiment was this time prepared to be controlled by a com-
puter instead of a PLC. Within the experimental setup some improvements were intro-
duced. The experiment setup is intended to be used at training course on interfacing in
nuclear experiments (IAEA organized) as this was also the case with the setup made
under the previous agreement.

In the previous design the infra red light source simulated the neutron source. A
simple infra red light emitting diode was used. This was very convenient, since inter-
ference of the surrounding light to the beam was minimized by the use of infrared light
detectors instead of visible light sensors. Usual light emitting diodes were not able to
produce high intensity light and therefore it was not possible to operate with visible light.

Recently new devices were introduced on the market. These are semiconductor
laser diodes. They are capable of producing high intensity coherent red visible light. The
power of the light beam is in the range of few lOmW and since the light source is a point
source, it is easy to focus the light into a narrow beam. The produced beam is bright and
visible also against surrounding light. Thus it is much easier for the students to under-
stand the experiment, since they can actually see what is going on.

The mechanical setup was also changed. Instead of the shutters that selected only a
small portion of the beam, as they were placed in the first version of the experimental
setup, the newly produced beam of laser light is deflected by the means of mirrors. Two
mirrors are used, one for horizontal and one for vertical deflection of the beam. Each
mirror is rotated by stepper motor by the means of high transfer ratio gear. The gear is
described later in the text.

The target itself is not a single photo detector any more. Instead if it and unknown
shape and light reflection coefficient body is placed. The light detector is mounted on a
moveable support in such a way, that it can encircle the body but it is always directed
towards a reflection body. It can therefore detect the laser beam reflected into the sur-
roundings of the body. Since the amount of the light reflected into the surroundings
depends on the properties of the body (transparency and/or reflection coefficient), the
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diagram of the reflection versus the angle of detector position can be determined by
moving the detector around the body and measuring the quantity of reflected light. The
target light detector can be moved by the means of another stepper motor.

All the interfacing to the computer is done through an commercially available plug
in board for the PC type computer. The unit is equipped by 16 analog inputs lines, con-
nected to 12 bit analog to digital converter. Some of those are used to measure relevant
parameters of the experiment. The unit also hauses 16 digital output and 16 digital input
lines, some of them are used to control the stepper motors and sense the end position of
stepper motors. The analog output line of the board is used to control the intensity of the
laser beam.

2. EXPERIMENT ASSEMBLY

The intention of this experiment is to demonstrate possible use of PC type com-
puter in physics experiment. Guiding of the beam in a neutron generator was selected for
the task. For this purpose an approximation of simple neutron generator model was as-
sembled. The beam of the generator is simulated with by a visible light beam and deflect-
ing of the neutron beam is exchanged with deflecting of the light beam. The direction of
the deflected beam is determined by a set of photo transistors (direction detector) and
the intensity of the light beam, reflected from the target body, is measured by another
photo transistor (target detector). The target detector can be rotated around the target
body. See the assembly in appendices Al.

The light beam itself is produced by a semiconductor laser diode, which emits high
intensity coherent red visible light. The light power in the beam is in the range of few 10
of mW. The light is focused by the means of an lens assembly, which is a eye piece of a
microscope. The diameter of the light beam obtained is approximately 3mm. Since the
power dissipated on the diode is relatively high, the diode is mounted on a cooling sup-
port made of aluminum. See A2 for drawing of the support.

For deflection of the light beam two mirrors are used, one for vertical and one for
horizontal deflection. Each of them is mounted on a special support, which includes high
transfer ratio gear. The gear employs two springs of different torsion strengths. The
stronger one of the springs is fixed to the base of the support with one end and the other
end of it is coupled to the weaker spring. This junction also holds the mirror. The other
end of the weaker spring is fixed to the stepper motor axle. The strengths of the springs
are selected in such a ratio, that for one full turn of the stepper motor axle the mirror
rotates for three degrees. The transfer ratio of the gear is therefore around 1:100. The
angle of 3 degrees suffices to deflect the light beam all over the target. The mirror as-
sembly can be seen in appendices at A3.

Minor part of the light beam, which was deflected by the two mirrors, is separated
from the main part of the beam by the means of the semi transparent glass plate. This



Final Report on Research Contract No. 5323/R1/RB/TC

minor part falls on a set of four photo transistors. Each of them receives the amount of
light corresponding to the direction of the beam. See chapter 5 for the arrangement and
function of these transistors. Four analog signals are derived from these four transistors
by electronic circuit (beam direction electronics) and the same are measured by the PC
plug in unit.

The main part of the light beam continues its way through the semi transparent
glass plate towards the target body. The computer controlling the experiment, deter-
mines the direction of the beam by measuring the four voltages from the beam direction
electronics and it rotates the deflecting mirrors in such a way that the beam is deflected
directly towards the target. The target itself should be a light reflective body, which does
not need to reflect the light equally in all directions. So the intensity of the light reflected
from the body depends on the angle of observation. Since the target detector (another
photo transistor) can encircle the target body, a diagram of reflected light versus angle
can be determined by rotating the target detector and simultaneously measuring the
amount of the detected light.

3. Electronics

Interface to the IBM PC compatible computer

A commercially available plug in unit PCL718 is used. The unit employs 16 digital
output lines and 16 digital input lines. All of those are TTL compatible. Beside this the
unit consists of 12 bit analog to digital converter with 16 multiplexed inputs and two 12
bit digital to analog converters. There are still some timers and additional electronic
built on this unit, but they are not used in this application. Technical description of the
unit is given in appendices.

Laser diode driver

The laser diode is very sensitive device and a special electronic must be build to
supply it. The element itself is composed of the actual laser light emitting diode and ad-
ditional light sensitive diode, which should be used to measure the intensity of the
emitted light. This is necessary not to overload the emitting diode. At the same time
maximum allowed current for the emitting diode is 85mA, if this current is exceeded,
then the component may fail. Operating current for the laser diode is 80mA. A precise
and reliable circuit is needed to drive the diode.

In order to overcome any possible interference with the surrounding light, the same
technique as with the former setup is used. The technique is called "in lock detection"
and it was briefly described in former report, detailed description of the technique can
be found in "The Art of Electronics", Horowitz and Hill.

The module for the purpose of driving the laser diode was build as a EURO size
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module. The inputs to this module are the following: an analog signal for controlling the
intensity of the emitted light and a digital reference frequency signal for "in lock detec-
tion" technique. Outputs of the circuit are connections for the laser diode.

The wiring diagram for the circuit is shown in A5. The circuit consists of constant
current generator (U203) and optical feedback amplifier (U202). The current through
the laser diode can be constantly on, off or pulsed, transistors Q201 and Q202 are used to
switch the current. The selection depends on position of switch SW201, which is
mounted on the front plate of the module. The reference frequency for pulsing the laser
diode is supplied from another unit through the front plate connector. The same is truth
also for light level intensity signal, which should be supplied by a computer.

Direction detectors

Direction detectors are four light sensitive transistors which are mounted as shown
in A6. The light falling on each transistor is converted in analog voltage by the means of
the corresponding electronics. For each transistor an amplifier (U1B) was build, fol-
lowed by phase rectifier circuit (U1D) and smoothening circuit. The voltage derived in
this way is still amplified (U1C) before being feed to the computer plug in unit PCL718.

This electronic is built on a separate EURO size module. The module has connec-
tions for the four transistors on the front plate and the four voltage outputs for the com-
puter plug in unit. The unit includes also reference frequency oscillator, which is
necessary for the "in lock technique", the output of the same is available at the front plate
to be connected to the laser diode driver module.

Target detector

The same circuit used for each of the direction detectors, is repeated also for target
detector photo transistor. The circuit is built on the same board as the direction detector
electronics. The output of this circuit is available for the computer plug in unit at the
front plate of the module. The input of the module is connected to the moveable target
detector photo transistor. The wiring diagram is given in A7.

Stepper motor drivers

The stepper motors used are low power four coil units. In order to step the motor
the voltage must be applied to two of the four coils in proper sequence. Since the current
flowing through the coils is around 100mA per coil, driver transistors are used to inter-
face the computer plug in board to the motors. The schematic diagram is shown in A8.

Four digital lines are used to control the current flowing through the four coils of a
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single motor. The signals on these lines are derived from the two digital signals, supplied
by the computer plug in unit and are controlled by the software running on the com-
puter.

There are three sets of the motor driver transistors, one set for each motor. The cir-
cuit is build as a separate EURO size module. Connections for the motors are available
at the front plate, the same is truth also for the connections to the plug in unit of the
computer.

4. Programming of the computer

SteD
0
1
2
3

Coill
0
0
1
1

Coil2
0
1
1
0

Coil3
1
1
0
0

Coil4
1
0
0
1

Stepper motor driver

Two of the four coils of the stepper motor should conduct current at a time. By
proper sequential selection of the coils, which conduct current, the stepper motor can
rotate. The following table summarizes the proper sequence of the selected coils. Logic
one means, that the corresponding coil conducts current.

If current is applied to the coils in se-
quence of steps 0, 1, 2, 3,0, 1, 2, 3,..., then the
stepper motor will rotate in one direction. By
applying the opposite sequence of steps 1, 0,
3, 2, 1, 0, 3, 2,... the stepper motor will rotate
in the opposite direction. It is necessary to
continue always at the next step from current

step (if currently the motor is supplied as in step 2, then possible next, steps are either 3
for rotation in one direction or 1 for rotation in the other direction). The way to rotate
the motor through the steps is to simple send corresponding numbers to the motor inter-
face circuit: 3,6,12,9,3,6,12,9,... for rotation in one direction.

This would work, but it unnecessarily waists computer output lines. One can see,
that table entries for the first coil are just an invert of the
table entries for the third coil, the same is truth also for the
second and fourth coil entries. This inversion can be done by
the added hardware instead by the computer. Two digital con-
trol lines per stepper motor are needed only. The former
table can be reduced using only the first ans second column,
the other two columns are produced by hardware in the step-
per motor driver circuitry.

The easiest way to programme this is to first define an array of possible steps as
tabulated above. Four array elements are defined as:

Step
0
1
2
3

Coill
0
0
1
1

Coil2
0.
1
1
0
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DIM St%(4)
st%(0) = 0 : st%(l) = 1
st%(2) = 3 : st%(3) = 2

An additional variable, current step (integer variable, named CurStep%), for deter-
mining current position of the stepper motor is initialized. The last two bits of this vari-
able are used as a pointer to the previously defined array of steps. Thus if CurStep% is 0,
the last two bits of the variable are 0 and the array element st%(0) is defines the coils of
the stepper motor to conduct current. In case the motor is to rotate forward, the variable
CurStep% should be incremented and again the last two bits of it are used to access the
proper array element. The same is truth also for steps 2 and 3. Note that when the Cur-
Step% is again incremented, its value becomes 4. Thus it signifies fifth step of the se-
quence of steps, but since only the least two significant bits of the variable are used to
point to the proper element of the array the sequence of steps is correct. Programming
example follows:

DIM st%(4)
st%(0) = 0 : st%(l) = 1
st%(2) = 3 : st%(3) = 2
CurStep% = 0
REM MotAdr% must be defined according to hardware
Start:
INPUT "Enter next motor position = "; ReqStep%
IF CurStep% < ReqStep% THEN
DO

CurStep% = CurStep% + 1
OUT MotAdr%, st%(CurStep% and 3)

LOOP WHILE CurStep% < ReqStep%
ENDIF
IF CurStep% > ReqStep% THEN
DO

CurStep% = CurStep% - 1
OUT MotAdr%, st%(CurStep% and 3)

LOOP WHILE CurStep% > ReqStep%
ENDIF
GOTO Start

Using this technique it is possible to keep track of the current position of the step-
per motor compared to the initial position simultaneously with generating proper se-
quence for driving the stepper motor.
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Reading signals from the detectors

The four analog voltage signals from the four direction detectors are connected to
the first four analog input lines of the plug in unit for the computer. The voltages at these
points range from 0 to 10V, depending on the intensity of the light falling on the light
sensitive detectors. The input sensitivity of the plug in board should be set to 10V,
unipolar.

The reading itself can be achieved by using software subroutines for Quick Basic,
supplied by the producer of the plug in board. For these subroutines it is necessary to
supply the starting number of the channel to be measured and the end number of chan-
nel to be measured. These parameters for the subroutine must be defined prior to calling
the subroutine. The programme for reading the first four channels (0 to 3) follows:

DIM da t%(4) , a r y l % ( 5 ) ,
DIM ary2%(5) 'needed due to supplied library

func% = 0 'initialise board
dat%(0) = &H300
dat%(l) = 3
dat%(2) = 3
er% = 0
CALL pcl718(func%, SEG dat%(0), SEG aryl%(0), SEG

ary2%(0), er%)

func% = 1 'set range for input channels
dat%(0) = 0 'from 0
dat%(l) = 3 'to 3
er% = 0
CALL pcl718(func%, SEG dat%(0), SEG aryl%(0), SEG

ary2%(0), er%)

DO
FOR n% = 0 TO 15
func% = 3 'start single conversion
CALL pcl718(func%, SEG dat%(0), SEG aryl%(0), SEG

ary2%(0), er%)
LOCATE 7 + n%, 19 'print channel number
COLOR 3: PRINT " CHANNEL";
PRINT USING "###"; dat%(l); : PRINT " : "; COLOR 14
PRINT USING " ######"; dat%(0) 'print result
NEXT n% 'next channel

LOOP WHILE INKEY$ = ""
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The subroutine takes care about all the addresses involved and waiting for the
analog to digital converter. The result of the measurement performed is stored in an
array element 0, which must also be defined prior of the call to the subroutine. The result
is an integer number between 0 (for measured 0V) and 4095 (for measured 10V).

The same is truth for the target detector, its output is connected to the fifth analog
input line of the plug in unit. It is reasonable to read all five analog input signals with the
same set of calls of the subroutine mentioned above and to expect the result of each con-
version at array element 0.

Setting laser light beam intensity

Laser light beam intensity is controlled by the computer using one analog output
line of the plugged in unit. The output voltage of 0V request laser diode to be off and the
output voltage of 10V requests maximum brightness of the laser light. The output voltage
can be set by using the supplied subroutines in the following way:

DIMdat%(4) , aryl%(5)
DIM ary2%(5) 'needed due to supplied library

func% = 0 'initialise board & software
dat%(0) = &H300
dat%(l) = 3
dat%(2) = 3
er% = 0
CALL pcl718(func%, SEG dat%(0), SEG aryl%(0), SEG

ary2%(0), er%)

func% = 16 'function 16 sends data to DAC
dat%(0) = Intensity% 'intensity to DAC channel 0
CALL pcl718(func%, SEG dat%(0), SEG aryl%(0), SEG

ary2%(0), er%)

The parameter Intensity% stands for requested intensity of the light beam, 0 for no
light and 4095 for maximum intensity. It is necessary to initialise the PCL718 board only
once after starting the programme, so if one has to change the intensity many times, only
the second call statement needs to be repeated with parameters set properly.

5. Direction sensors characteristics

Since the four light sensitive transistors are mounted to form a cross, the light beam
can stike all four of them only if it is directed at the middle of them. Fig. 5.1 shows the
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DETECTOR
situation. In this case the four voltages from direction
detectors are the same. This is possible since the edges of
the laser light beam are not sharply defined due to
unideal focusing of the lens assembly.

LIGHT BEAM

Fig. 5.1

In case the beam is
misalighned in one direc-
tion, for instance to the
left, then the left transis-
tor will receive more
light. See Fig. 5.2 for
details. Corresponding
voltage from this channel

will be higher and the voltage derived from the light fall-
ing of the right transistor will be lower. The computer
should measure these four voltages and rotate the step-
per motors with deflection mirrors in such a way to cen-
ter the beam again exactly between the four transistors.

DETECTOR

LIGHT BEAM

Fig. 5.1

Similar situation occures when the beam is deflected to high. Upper transistor will
receive more light, the computer should measure the four voltages and recognize where
the beam is directioned, and consequently correct the misalignment.
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Appendices 1: Experimental setup



Final Report on Research Contract No. 5323/R1/RB/TC 13

Appendices A2: Laser diode support
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Appendices A3: Mirror deflection assembly
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Appendices A4: target detector support
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Appendices A5: Laser diode driver electronics
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Appendices A6: Direction detectors electronics
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Appendices A7: Target detector electronics
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Appendices A9: Stepper motor drivers


