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PREFACE 

Computer-based digital circuit analysis has a very important place in technical education. These analyzes are 

essential for control systems. LabVIEW is the most important software used for this process. These processes 

are taught mostly in higher education. Here, it is reduced to the level of vocational high school students. 

Thus, it is aimed to introduce these systems. It is a very innovative step for second level technical education 

providers and students. 

As the IQinDIGIT KA202 project team, this booklet has been prepared for technical providers and students to 

recognize and to learn this innovative approach. This booklet will guide our teachers and students and 

provide opportunities for self-development. This booklet is based on LabVIEW software. LabVIEW software 

is an easy to use, hardware and software based electronic simulation platform. Today, anyone who takes 

electronic education can use it easily. Electronic circuit applications can be built on a breadboard and 

simulated in the program through related equipment. Thus, all experiments can be done in the computer 

environment and can be seen as a contribution to Digital Transformation in the technical education system. 

We are happy to share the knowledge and experience of the teachers who came together for the Erasmus+ 

project KA202 - Increasing Digital Qualification in the Digital Transformation- Industry4.0. We hope that the 

booklet will be useful to all technical staff.  

for trial software and more; 

https://www.ni.com/en-tr/shop/labview.html 
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A  series  of  five  experiences  in  the  use  of  the  software  LabVIEW  for  applications  in  GPIB
interfacing, through remote communication with digital generation and measurement instruments,
to  remarkable electronic circuits, in their actual study and in their simulation through theoretical
formulas for the establishment of correct comparisons.
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Introduction
These  handouts  originate  from  the  desire  to  share  the  experiences  carried  out  in  our  school
throughout the years in order to prepare the students, to whom they are dedicated, and to meet their
needs. They document laboratory activities which can be reproduced, mutatis mutandis.

The  software  that  has  been  used  is  created  through  LabVIEW,  an  advanced  development
environment that offers integration with a wide range of instruments.
It consists of two sub-environments: Block Diagram and Front Panel (you can switch from one to
the other with the combination: CTRL + E).
In the first (Block) there is the actual program flow, where the processing, its input data (controls),
and its output data (indicators) are set.
The controls are matched in the second (Front) as variables to be set or buttons to be clicked or
settings to be applied, while the indicators correspond in the Front to boxes in which to read the
results, or virtual LEDs that display on / off, or graphics, or elements indicating a processing result.

This cycle of five experiments concerns a particular application of LabVIEW, as a software tool to
remotely  interface  a  PC,  via  digital  generation  and  measurement  instruments,  to  remarkable
electronic circuits. Therefore we will focus on the GPIBwrite and GPIBread communications with
their syntax consulted from the datasheets of the instruments.

We will examine in parallel the main constructs of LabVIEW control structures: conditions (case
structures),  loops  (for  loop  or while  loop),  sequences  (flat  sequences).  We  will  also  learn
remarkable methods and tools for processing vectors, the linking to local variables, the reproduction
of graphs and so on.

Furthermore,  great  importance  has  been  given  to  the  theoretical  comparison  of  the  results,
implementing  a  comparison  of  the  experimental  results  with  what  should  happen  through  the
formulas in the various programs.

All it takes is a little imagination to understand the power and developments of remote interfacing,
thanks to which it is even possible to control the circuits and their measurements, and to trigger the
whole process with another PC or mobile phone from afar, even from home or from the street, for
example connecting to the instruments and circuits in the school laboratory and putting them into
operation, using them without being present in front of them, and then receiving the results in a
different location, at home or on the street (applications in remote measurements).
All that is needed is a simple network connection between the PC in the laboratory and the PC at
home or mobile phone.

We are happy to share our knowledge and experience among the teachers we met for the Erasmus+
Project KA202 - Increasing the Digital Qualifications in Digital Transformation-Industry 4.0. We
hope that the booklets will be useful to all the technical staff.

Bolzano/Bozen, March 2022

Increasing the Digital Qualifications in Digital Transformation-Industry 4.0

IQinDIGIT Project Team
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Worksheet n.1
Automatic measurements with digital multimeter of the voltages automatically supplied by the
digital waveform generator and resolution of the problem of load mismatch (to the generator)

In this first experience, a digital waveform generator supplies a power supply voltage and a digital
multimeter  measures  the  voltage  taken  directly  from  the  generator  output.  However,  both
instruments  perform these functions  in  automation,  ie  they are remotely controlled from a PC,
through a LabVIEW program, rather than being controlled directly from their front panel; at the
end, the multimeter tranfers the result to the PC.

The  power  supply  and  the  measurement  can  also  be  repeated  in  cycle,  again  in  automation
(remotely), perhaps with a certain step for the generator voltage.

The structure of the connection is therefore as follows: on the back, a cable (remote GPIB  bus)
remotely connects each of the two digital instruments (generator and multimeter) to the PC; on the
front, an analog cable connects the generator and the multimeter to each other to form the physical
circuit  to  be  automatically  put  into  operation  and  on  which  to  automatically  perform  the
measurement.

The experience is similar to the others that we will see except for the modification of the physical
circuit  (in the others, instead of a simple analogue connection cable there will be a  remarkable
physical circuit mounted on a breadboard, powered by the generator and with the multimeter placed
at the ends of a component, but the main concepts for the implementation of the LabVIEW program
for  the  remote  communication  will  not  vary):  the  communication  between  the  PC  and  the
instruments will be completely similar,  as well as the cycles in LabVIEW that repeat the same
communication. 

In this experiment the physical circuit would seem to consist only of the analog cable, at the ends of
which the generator and multimeter are connected: but in reality the generator, the analog cable and
especially the multimeter have an internal resistance.

This is why the physical circuit is not, as it would seem to the inexperienced student, a simple short
circuit branch, but the sequence of the output resistance of the generator Rg, the internal resistance
of the cable Rcavo and the input resistance of the multimeter Rm. It is no coincidence that the
voltage measurement on the multimeter is not simply equal to the voltage set on the generator, but it
is about double this value (slightly less: in order to realize this even before the automation, switch
on and control the two instruments from their front panel).
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For this reason, just as much inexperience could argue that,  being the circuit  passive, a double
voltage  is  not  possible  as  it  would  be  equivalent  to  amplification;  let’s  clarufy the  "mismatch
problem (of the load on the generator)".

The real generator can be schematized as the series of an ideal generator, delivering a voltage Vg,
and an output resistance, Rg, the latter clearly known to the manufacturer and equal to:

Rg = 50 Ω

due to which the voltage Vi of the real generator, that is the one on the series and which will be the
input for the circuit mounted downstream, does not coincide with the voltage Vg but is less than the
latter. When we set a voltage equal to a certain Vs value ("set voltage") on the generator, it tries to
make the Vs value available to the generator output terminals, which in general have a voltage Vi
and to which a circuit that acts as a load will obviously be connected, in order to make the voltage
available on the series (on Vi) and not on Vg, and for this purpose it supplies a voltage Vg greater
than the one set Vs.

The voltage Vi, however, also depends on the load (ie on the input resistance Rc of the latter) that
the generator will see downstream and that the manufacturer certainly cannot know a priori: the
manufacturer specifies that the voltage set Vs corresponds to the one of the output terminals Vi only
if the user connects the generator to a load that is adapted to the generator itself, so if the load has
an input resistance Rc equal to Rg: considering the adaptation condition, the generator is set to
deliver a voltage Vg double the voltage Vs set (Vg = 2Vs): in fact the Vi at the output terminals, for
the voltage divider, is equal to:

Vi = Vg * Rc / (Rg+Rc)

which in the adaptation condition (Rc = Rg) is equal to:

Vi = Vg / 2 = Vs.

On the  other  hand,  if  the  load  is  not  adapted (Rc ≠ Rg),  the  voltage  is  seen  at  the  generator
terminals:

Vi = 2Vs * Rc / (Rg+Rc)
which is very different from Vs, and therefore in this case Vs is not equal to Vg (which will always
be 2Vs) but not even to Vi, so a value is set on the generator which, however, does not coincide
with the one taken at its terminals and which will power the circuit.
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In our experience, the load is constituted by the series of the internal resistance of the cable and by
the one of the multimeter, which is much greater, in other words Rc = Rcavo + Rm: since Rm ≈ 1
MΩ, even if Rcavo tended to zero, i.e. even if the cable were comparable to a short circuit, we
would have:

Vi = 2Vs * Rm / (Rg+Rm)

and since there is a complete mismatch (Rm >> Rg), Vi is about twice as much (slightly less) the set
voltage Vs. 

This does not contradict the non-amplification property at all, as the true independent generator
inside is Vg = 2Vs rather than Vs .

The multimeter clearly measures the voltage Vo at its own ends, therefore downstream of the cable
and on the resistance Rm, where the voltage (divider) is seen:

Vo = Vi * Rm / (Rcavo+Rm)

which (note that Rm >> Rcavo) is approximately equal to Vi, that is approximately 2Vs, and this
explains why the measured voltage is approximately double that the one set on the generator.

In simple terms, the multimeter measures voltage (overall divider):

Vo = Vg * Rm / (Rg+Rcavo+Rm)

approximately equal to Vg, double of Vs, when Rm >> Rg + Rcavo: the multimeter, having a large
input resistance, behaves almost like an open circuit and not as an adapted load, therefore very little
current flows in the circuit, with very little voltage drop on the “small” resistors (Rg and Rcavo)
and the measured voltage is almost the one of the independent real generator Vg = 2Vs, twice the
amount of the one set (Vs).

Now,  we  can  analyze  the  implementation  of  the  remote  communication  program:  we  will
distinguish  the  case  of  a  single  measurement  and  that  of  the  cycle  of  several  measurements,
proceeding by successive steps.

Automation of the circuit and of the single measurement
As shown in the block-diagram of the corresponding LabVIEW program shown on page 10, we set
in sequence from the PC:

– a GPIB-write communication ("Writing", i.e. a flow of data or commands from the PC to the
instrument) with the generator, which we only need to command to generate a certain DC
voltage and from which we do not need to receive data;

– a  GPIB-write  communication  with  the  multimeter,  which  we  must  control  in  order  to
measure the voltage;

– finally a GPIB-read communication (“Reading”, i.e. data flow from the instrument to the
PC) with the multimeter itself, so that the measurement data is transferred to the computer.
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The  sequencing  between  these  three  phases  of  the  overall  communication  (this  sequencing  is
essential, since vice versa the multimeter could, for example, measure before the generator delivers,
in  which  case  it  would  only  measure  noise,  or  it  could  transfer  the  result  of  the  previous
measurement before having carried out the current one, etc.) is ensured by the cascade connection
of the error-out of the first block with the error-in of the second, and the error-out of the second
with the error-in of the third, before displaying as an indicator on the program front-panel the error-
out of the third stage, which summarizes the error of the whole cascade.

As regards the first block, the  address-string must be set to the remote address of the generator,
which can be seen when the instrument is switched on and, in the case of our experience, equals to
10;  the  input  data-string must  contain  the  particular  syntax  of  remote  communication  for  the
setting, in the case of our example, a direct voltage of a specified value. In the case of multiple
instructions, they must be separated by semicolons. For the study of the syntax it is necessary to
refer to the data-sheet of the particular instrument.

The first instruction, which resets the instrument, is:

*CLS
The second is:

APPL:DC DEF,DEF,3

which  sets  particular  values  for  the  frequency,  the  amplitude  (intended  as  the  frequency  and
amplitude of the sole alternative component superimposed on the DC voltage) and the offset (the
DC component  or average value)  of the generator  and in  our  case generates  a  voltage of zero
frequency (DEF means default,  and by default  the frequency is zero),  zero amplitude (also the
amplitude is zero by default) and 3V offset, in other words a DC voltage equal to 3V.

Clearly the data-string could also be declared as a control string rather than a constant, which can be
typed from the front-panel.

If  we  want  to  rerun  the  program  several  times  with  different  voltage  values,  we  could  also
concatenate two or more strings and perhaps keep one of them constant and the other as a control,
thus breaking up the data-string into a constant part on the block-diagram

(the string *CLS;APPL:DC DEF,DEF,)

and  another  variable  (for  example  the  value  of  the  offset)  from  the  front-panel,  through  a
concatenate string block which receives the constant and the variable part of the command as input
and concatenates them before supplying the concatenated string,  to give as an input to the data-
string.

All this is very elegant and you need to quickly familiarize yourself with these solutions.
As regards the mode, let's set it to 0.
Moving on to the second block, the address is clearly that of the multimeter (in our case 22) and the
syntax of the data-string (see data-sheet of the particular multimeter) is the following:

*CLS;MEAS:VOLT:DC?

which first resets the instrument and then makes it measure the DC voltage at its ends.
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We note that, just to test if the remote interface works, it is clearly possible to execute only the first
block or only the second block (or even only the third) without the other one being included in the
block-diagram: it is a correct procedure, in order to detect possible errors, to test one block of code
at a time, as well as it is a correct procedure for a good programming to monitor certain variables
through special indicators, to see what the data flow is on a link.

Finally for the third block we set the address back to that of the multimeter, then for the byte count
(the number of bytes with which we want to receive the measurement) we choose for example 20,
and on the data-output-string we put an indicator in order to view the result from the front panel.

NOTE: GPIBread byte count problem

The output value that the GPIBread communication returns to the PC from the remote address (for
our connection equal to 22) of the multimeter (after a GPIBwrite command has been given to the
same  address  to  carry  out  the  measurement)  is,  in  the  first  format-string  (data)  specified  in
exponential notation in base 10  (for example, not 0.8765465 but 8.765465*E-1).

If we do not put a sufficiently high number of bytes in the byte count of the GPIBread there is a risk
that E-1 can’t be read at the end (but, in the example given, only 8.765465) and so we can confuse
the value with another one higher of one or more orders of magnitude, making a mistake in the
measurement, which also affects potential downstream measurements in different experiences.

This is why we have set the byte-count equal to 20 bytes.

Let's  run  the  program:  with  a  simple  click  of  the  mouse  you  will  give  the  impulses  to  the
instruments that will perform their task, turning on and power an electronic circuit, measuring a
voltage on this circuit  and returning the measurement to your computer,  and at  the same time,
obviously,  also  displaying  on  their  front  panel  the  voltage  generated  and  the  measurement,
respectively, while emitting sound impulses: everything happens as if you had used them frontally,
but you have not touched them at all with your hands.

The block-diagram and the front-panel of the program are shown below: in the execution phase, in
the data box there will be an output of about 5.98 V (if you set Vs to 3V).
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Block Diagram

Front Panel

If, on the other hand, you intend to change the Vs value set on the generator from Front:
Block Diagram

Front Panel
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Automatic cycle of generations and measurements

At this  point  the  idea  is  to  cyclically  repeat  the  entire  communication  process,  and therefore  the
generation  and  the  measurement  and  its  return,  perhaps  for  several  values  of  the  input  voltage.
Obviously the trivial solution is to rerun the same program several times by setting a different value for
the generator each time, in the syntax of the data-string of the first GPIBwrite (whether it is done as a
modification of a front-panel control, or as a modification of a constant string from block-diagram).

But this would only be a re-execution of a program (with variable input) and it would not be the real
automation of the loop, which must instead be done according to a single execution of the same
program containing a for loop that repeats the operations.

The  idea  is  therefore  to  include  all  the  previously  seen  program in  a  for  loop,  and  make  an
intelligent  modification  to  the  first  write  to  make  the  generator  voltage  proceed  discretely  by
constant steps from a minimum to a maximum expected, with a certain number of iterations.

In fact, if we were to enclose the overall program in the cycle without appropriate modification of
the first  write,  the measurement would only be repeated many times for the same value of the
generator  (this  could  also  be  an  application,  to  estimate  the  statistical  parameters  of  the
measurement, such as the average and standard deviation for example).

In the example of the program we have created, illustrated by the block-diagram and the front-panel
visible on page 13, we decided to make N = 51 total communication processes by gradually setting
the generator voltage from a minimum of 0 V to a maximum of 5 V, proceeding at a constant pace
(of 0.1 V = 100mV) between one communication and the next. For this purpose, the index i of the
cycle (which will be iterated from 0 to 50) is multiplied by 0.1, and the result (equal to the current
value of the generator for the generic iteration) must be converted into the string type, since the
data-string of the GPIBwrite is of string type. 

It is not enough, as it must also be converted into exponential notation format with a certain precision
after the comma of the mantissa, and with the period instead of the comma in the mantissa itself. 

This happens because this string, concatenating itself to the command string and therefore being
part of the command itself, must respect the GPIBwrite syntax for the generator, which provides for
this format to specify a decimal value. 

If there were a comma in the mantissa instead of a period, it would be mistaken for a comma that
separates two parameters of the generation instruction, and therefore misinterpreted by the generator. 

We could choose the precision for the mantissa equal to 1 (one decimal digit after the comma of the
mantissa and the rest given to the exponent) or leave it by default equal to 6, and set the block to
convert from decimal to string to F (False), so that the comma is transformed into a point, and at the
exit we concatenate (through a "concatenate string" block) the string containing the variable value
together  with  the  constant  string  "*CLS;APPL:DC DEF,DEF,"  for  the  purpose  of  forming  the
overall command to be supplied to the data-string so that, at each step of the cycle, it receives the
diversified concatenated command, consisting of a constant part and the final variable number with
the  index,  and therefore always  generates  a  DC voltage  each time but  with  value  in  this  case
increasing in steps ("stair"). 

Page 11 / 34



IISS G. Galilei – Bolzano/Bozen                            Automazione dei circuiti e delle misure elettroniche tramite LabVIEW

It might be interesting to monitor the concatenated string through an indicator, step by step, from
the front-panel.

Interesting variations could be for example:
- that of obtaining the step as the ratio between the dynamics to be explored and the number

of desired iterations, having this ratio calculated by a divider and inserting the dynamics and
the number of iterations as a control;

- that of deriving the number of iterations as the ratio between the desired dynamics and the
desired step, linking the output of the corresponding divisor to the variable N of the cycle.

We can also insert a timer ("Wait (ms)") with the desired time between one step and another: in the
example it is set to 1s (1000ms), so a new voltage is generated every second and a new measure is
performed and returned, and the operations last 50s.

At the exit of the for loop we can monitor and store in array (appropriate indicator) all the measures
that we get and diagram their values according to the time (first you have to change the type as the
data-outputs are of the string type while the Waveform Chart demands numeric inputs). 

It would also be possible, to recall the task of other experiences, to plot in X-Y the values of the
voltages of the generator and of the multimeter and perhaps interpolate the discrete points of the
graph.

Let's run the program and an exciting show will arise: with a simple click of the mouse you will
give life to an iterated process of generations, measurements and cyclical returns, marked by the
constant sound chimes of the digital instruments that, step by step, will respond punctually to your
single initial command, like pyrotechnic fires started by a single ignition, and in the meantime, as
well as at the end, you will see all the results on your PC.

Let’s illustrate the block-diagram and the front-panel (before execution) of our cyclic program in
the next image.
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Block Diagram

Front Panel
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Resolution of mismatch problem
To solve the problem of the load mismatch (to the generator) it would be possible to proceed in two
ways:

1) Hardware modification: physically adapt the load, placing a resistance of about 50 Ohm in
parallel. However, this solution alters the physical circuit.

2) Thinking backwards through a calculation (perhaps to be carried out by the software) while
leaving the load mismatched. If we know the value of the load Rc (about 106 in our case)
and being true that:

Vi = 2Vs * Rc / (50+Rc)
then by inverting the formula, in order to have a desired voltage Vi across the load, we must
set a voltage Vs on the generator equal to:

Vs = [Vi / 2] * (50+Rc) / Rc 

By adopting solution 2) in order not to modify the hardware, the variable to be controlled becomes
Vi and no longer Vs, so the single measure program becomes:

Block Diagram

Front Panel
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While the cyclical one becomes:
Block Diagram

Front Panel
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Worksheet n.2
Automatic transient measurement on RC-series filter using LabVIEW

Remote processing with GPIB communication and tolerance check

Presentation
The purpose of the experience is to automatically obtain the value of the transient charging time of
a capacitor of capacitance C connected in series with a resistor of resistance R, by connecting an
incoming digital signal generator at the filter and of a digital multimeter on the output taken at the
ends  of  the  capacitor,  and remote  communication  of  the  two instruments  with  a  PC using  the
LabVIEW interface program, directly by measuring the time the capacitor takes to pass from the
discharge situation (Vo = 0) to 99 % of the charge (Vi) reached in DC (see fig. B).

Furthermore,  to  directly  compare  (again  with  the  automatic  program)  the  transient time  thus
measured with the one which derives from the theoretical formula (Trans = 4.6 RC) according to
the indirect deterministic method starting from the circuit parameters and the relative error with
which they are provided by the manufacturer, with return feedback of the direct measurement in the
tolerance range of the indirect one.

The structure of the connection is as follows (see fig. A):
– on the front, a RC-series  low-pass filter is mounted on a breadboard, connecting the first

terminal of the resistor to the signal generator (together with the ground reference), the two
terminals of the capacitor (the second is ground wire ) to the multimeter.

– on the back, a PC is connected with GPIB interface to the two instruments.
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Theoretical formula

We accept as "Transient" the time it takes for the voltage Vo on the capacitor to pass from discharge
(Vo = 0) to the steady value in DC (Vo = Vi) at less than 1%, i.e. when it reaches:

Vo = 99% (Vi).

If there are:

Vo=Vi(1-e-t/τ)   with τ = RC (constant-time) 

then imposing Vo = 99% Vi is equivalent to imposing:

1-e-t/τ =99%=99/100e-t/τ =1% =1/100  -t/τ = ln(1/100) t/τ = ln(100) = 4.6  t = 4.6 τ = 4.6 RC

The values of R and C are provided by the two manufacturers with maximum relative percentage
deviations respectively equal to:

Err rel on R = eR = ER/Rnom 

Err rel on C = eC = EC/Cnom

being Rnom and Cnom the nominal values and ER and EC the maximum absolute deviations.

From the formula for the maximum error according to the indirect deterministic method in case of
product (Trans = 4.6 RC  ETrans = 4.6 (  ER Cnom +  Rnom EC)) we deduce that the relative error is
added, that is:

eTrans = ETrans /Transnom =  eR + eC    ETrans = eTrans  Transnom = (eR + eC) Transnom

where  obviously  Transnom =  4.6  Rnom Cnom is  the  transient  nominal,  while  ETrans is  the  absolute
maximum deviation.

We accept as tolerance the range: [Transnom – ETrans ; Transnom + ETrans]

If we arrive inside this tolerance with the direct method, we will turn on a green LED (In Range), if
we arrive outside we will turn on a red LED (OUT).
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Program implementation

Block Diagram

Front Panel
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Explanation of the program, problems and resolutions

OVERVIEW OF THE PROGRAMME

The program (see page 18) allows, as a free choice, in input (controls) to enter the constant value of
the input voltage to the filter (Vi [V], to be entered in Volt), of the nominal values of R (called R, to
be inserted in Ohm) and C (called C, to be inserted in Farad) provided by the manufacturers and of
the related errors (Err rel on R, Err rel on C). At the output (indicators) it evaluates the voltage (Vs
[V]) automatically set on the generator, the voltage on the capacitor (Vo [V]) in Volts, the nominal
value of the transient (Val Nom Trans), the absolute and relative error (Err ass on Trans, Err rel on
Trans) on it estimated as the maximum error, and finally the measurement of the transient (Trans
mis) in addition to the tolerance check (In Range or OUT-no response).

Let's set up a flat sequence (to provide the correct sequencing) consisting of 4 frames:
– in the first frame it is evaluated the time instant when the program is executed (Run): this

corresponds to the instant in which,  in the second frame, the generator is set,  the initial
instant of the process (t=0), when the circuit is at rest (Vi passes from rest to the set value,
Vo starts from rest);

– in the second frame the generator is set to supply the value Vi at the input to the filter,
according  to  the  considerations  referred  to  in  point  (1)  of  "PROBLEMS  AND
SOLUTIONS";

– in the third frame there is a while loop which repeats the measurement on the multimeter
until Vo [V] (obtained according to the considerations of the point (3)) is greater than or
equal to 99% Vi, when it stops;

– when the cycle  stops,  at  the fourth frame the instant  when the cycle  was interrupted is
evaluated

At the output of the flat the difference is made (expressed in [ms] and to be divided by 1000 to
convert it into [s]) between the final instant and the initial one, which represents the value of the
transient in question.

The tolerance range described on  page 17 is also evaluated; if the measured value is within the
range, the green "In Range" LED lights up, vice versa the red "OUT" LED lights up.

PROBLEMS AND SOLUTIONS

(1) Generator load mismatch problem
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Let’s suppose we set a Vs value on the generator. The downstream voltage Vi of the real generator,
which will power the circuit in question, depends on the load that the generator "sees" downstream.
The manufacturer specifies that it corresponds to that Vs set on the generator itself only if the load
were adapted, that is, if it were Rc = Rg = 50 Ohm. For this purpose, it supplies a voltage double the
one set (Vg = 2Vs), which in fact, in the adaptation condition, favours a voltage for Vi equal to Vs.

In our case (in the two steady-state situations interspersed with the transient) the load Rc corresponds to
the R + RM series ( RM being the input impedance of the multimeter, approximately 1 MOhm) for which
it is anything but adapted. Obviously, being impossible to foresee it, the device is still constituted to
supply double voltage of the one set. The problem is that, in this case, the following applies:

(a) Vi = 2Vs ( R+106 ) / ( R+106+50 ),

very different from Vs. This means that a voltage value not equal to the applied one is being set on
the device.

The problem could be solved earlier, adapting the load, placing in parallel a resistance of about 50
Ohm. However, this solution alters the physical circuit.

The solution lies instead in the inversion of formula (a) looking for the Vs value to be set on the
machine so that it provides the desired Vi value at the ends of the load. It turns out:

(b) Vs = Vi / [2 ( R+106 ) / ( R+106+50 )]

so on the device we are going to set Vs defined by the formula (b), rather than Vi. This is done
punctually in the second frame of the flat, building the value of Vs starting from the one desired for
Vi according to (b), before supplying Vs to the generator in the GPIBwrite remote communication,
transforming it into a string and concatenating it with the generation string (at remote address n.10
in the case of our connection).

(2) Problem of instrument load effect
If we don’t want the connection of the multimeter to the output to alter the measurement it is necessary
that it practically behaves as an open circuit in parallel to the output, or that its input impedance is much
greater and not comparable with the circuit ones. This is ensured, as described above, by choosing a
resistor R of the order much lower than M Ohms (for example, of the order of k Ohms).

(3) GPIBread byte count problem
The value Vo[V] (then transformed from string format to number) that the GPIBread communication
returns to the PC from the remote address (for our connection equal to n.22) of the multimeter (after a
command GPIBwrite to perform the measurement has been given to the same address) is, in the first
string-format (data),  specified in exponential  notation in base 10 (for example,  not 0.8765465 but
8.765465 * E-1).
If we do not put a sufficiently high number of bytes in the byte count of the GPIBread we may not read E-
1 at the end (but, in the given example, only 8.765465) and so we can confuse the value with another one
higher than one or more orders of magnitude, getting the wrong measure, which also affects the measure
of the final transient (the condition of greater than or equal to 99% Vi could be satisfied much earlier).
This is why we have set the byte-count to be 16 bytes.    
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(4) Improvements
When the operations are completed, we can insert a fifth and last frame to set the generator to 0,
thus inducing the capacitor to discharge for a possible repetition of the measurement or re-execution
of the program. Without this precaution we would have to manually short circuit the capacitor ends
to make it discharge completely before re-execution. We set a delay of ten seconds more than the
measured  transient  (which  is  the  same during  the  discharge  phase)  in  order  to  be  sure  of  the
complete discharge. Furthermore, in the first frame we add the reset of the indicators to 0 (the leds
to False), and finally, in the last, the reset of the controls to 0, through local variables. The program
takes on the following final look in the block, and is ready to be executed.
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Worksheet n.3
Automatic measurement of LED diode characteristic curve through LabVIEW and threshold
voltage evaluation through a preset current threshold

Remote processing with GPIB connection

Presentation

The purpose of the experience is to automatically obtain the characteristic curve of a LED diode,
mounted in series with a resistor of resistance R, by connecting a digital signal generator at the
input of the circuit and a digital multimeter at the output taken at the ends of the diode, and remote
communication of the two instruments with a PC using the LabVIEW interface program, and also to
evaluate the threshold voltage of the diode (see fig. D).

The structure of the connection is as follows (see fig. C):

– on the front, a series R-diode circuit is mounted on the base, connecting the first terminal of
the resistor to the signal generator (together with the ground reference), the two terminals of
the diode (the second of which is ground wired) to the multimeter;

– on the back, a PC is connected with GPIB interface to the two instruments.
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Program explanation
The program (see page 24) allows a free choice input (controls) the resistance value of the resistor
in series with the diode and the current threshold beyond which the LED of the diode is deemed to
turn on.
A voltage excursion (variable from 0 to 10V) is set on the series in steps of 100 mV with a time step
of 1s (the operations last 100s). To do this, through a for loop (upper part of the block), we iterate
the index i from 0 to 100 in a total of 101 steps, multiplying it at each step by 0.1 and building the i-
th voltage Vi on the series.

Calculation of the load
During the excursion the resistance Rd that is "felt" on the diode varies from +∞ (there is practically
no current  for  very low voltages  before  the  threshold,  ie  the  diode  is  an open circuit)  until  it
descends (assuming a white LED is used):
Rdmin = Vdmax / Idmax = 3V / 21mA = (1/7) kOhm
at the imposed limit voltage / current.
In general, the load is worth:
Rc = R + Rd // Rm being Rm the impedance of the multimeter (about 1MOhm).
Since, to limit the current to about 21 mA (for white diode), we choose a resistance R = 330 Ohm
(at Vdmax equal to about 3V at the excursion limit there will be 7V on the resistance R, therefore R
= 7V / 21mA = 333,33 Ohm approximated to 330 by resistor choice on the market), the load Rc
during the excursion practically varies from +∞ down to R + Rdmin that is about 473 Ohm. As a
matter of mismatch to the generator (Rg = 50 Ohm), to obtain Vi on the load it is necessary to set a
voltage Vs on the generator such that:
Vi=2Vs*Rc / (Rc+50)
and so:
Vs=Vi*(Rc+50) / (2Rc)
which varies from [Vi / 2] to [1,1 * Vi / 2] during the excursion, and therefore in our experience it is
not considered a big mistake setting Vs = Vi / 2 during the entire excursion (in other contexts it
would  be  necessary  to  distinguish  the  cases  before  or  after  the  threshold  through  conditional
selection).
The diode voltage is measured at each step by the multimeter, subtracted from the voltage on the
series (Kirchhoff's law) to obtain the voltage on the resistor which, divided by the resistance (Ohm's
law),  favors the current on the resistor and therefore also on the diode.  As soon as the current
reaches the threshold, the virtual LED "Check LED" lights up (by suitably chosen current threshold,
the event is practically simultaneous to the switching on of the physical LED).
At the end of the cycle the voltage and current vectors on the diode, conveniently stored in two
arrays at the output, are supplied to the XY Graph block which interpolates the pairs favoring the
characteristic.
The lower part is an elaboration of the two vectors for determining the threshold voltage: we search
for  the  first  index  for  which  the  current  has  equalled  or  exceeded  the  threshold  through  its
initialization and subsequent iteration only if (case structure=False) the condition is not verified. As
soon as it is, the while loop at the second frame of the flat sequence ends, and the index of the last
explored value is the first index such that the current exceeds the threshold, and therefore also the
index of the threshold voltage. The index-array blocks determine the element of the array at the
specified index.
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We note that, in an even more precise way, we could derive the voltages on the resistor (from which
the currents), rather than by difference, by measuring them (with another multimeter or through a
double channel  of itself). Furthermore, it could be interesting to place a photoresistor next to the
physical LED of the diode and, by measuring its resistance in the form of an output voltage on a
transducer, automatically understand if the LED has turned on in correspondence with the obtained
threshold voltage.

Program implementation

Block diagram

Front panel
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Worksheet n.4
Automatic measurement of LED diode brightness with photoresistive sensor transducer

Automation on LED diode via LabVIEW

Tracing Characteristic Voltage / Current

Check LED and voltage-threshold evaluation through brightness threshold or output voltage
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Introduction
By shielding the LED diode and a photoresistor it is possible to perform, in addition to the tracking
of the voltage-current characteristic, a function of detecting the precise level of brightness L of the
LED, by measuring the output  voltage with a second multimeter on a second dedicated circuit
(mounted on the same breadboard as the diode circuit) which includes the photoresistor (which is a
brightness sensor) and which acts as a transducer of the brightness level of the diode in the voltage
Vout: in fact the latter is mathematically linked to L.

Thus it  is  also possible  to  produce to  a re-elaborated "Check LED" function (compared to the
previous experience without transducer) according to which, as soon as the diode begins to conduct
(and turns on its light, white in the case of our experience), the LabVIEW program, interfaced with
the digital  generation and measurement  instruments,  signals this  through a special  virtual  LED
created  on the front  panel  of  the  environment,  which  instantly follows the variations  from the
switching off to the switching on or vice versa,  and acts  as a tester for the voltage evaluation
threshold: in order to create an automatic and computerized sensor, that could be developed in order
to create a further function according to which the information reaches the network even from afar.

According to the connection diagram shown on page 25, two circuits are mounted on the same breadboard,
one dedicated to the diode and the other to the photoresistor, but the first affects the second because the light
of the LED, as it increases as the current increases, decreases the resistance Rf and so, according to a suitable
increasing law (non-linear), creates a correspondence with the voltage Vout taken on the resistor R1. 

Beyond a certain threshold (this time it is a voltage threshold on Vout rather than a current threshold, so we are
sure that the LED is actually bright) the second circuit declares to the PC that the diode of the first has
entered into conduction, and through appropriate processing at the end of the excursion set on the first one,
the voltage on the diode responsible for the ignition (threshold voltage) is reported. In other words, it is not
signalled through a current threshold established "by eye contact" as it was done in the previous application
(experience n.3), but with a real light sensor (the extra step consists in the fact that only the threshold voltage
was previously declared, but not how much light the diode emits when the current is conducted). 

Clearly,  the LED and photoresistor are shielded (an appropriate mechanical system strategically
designed) so that the diode is the only responsible for the variations in resistance and therefore for
the signaling of ignition and of brightness level: vice versa, the photoresistor would also declare
light the one of the external environment, even if  the LED were off. 

Both circuits are interfaced to the PC and carry out their operations in automation via LabVIEW: on the
first the program imposes (via the for cycle) a voltage excursion of about 10 Volts (starting from 0 V) in
steps of 100 mV with step time of 500 ms, which does not end when the threshold is reached, continuing
to trace the entire characteristic up to the voltage that corresponds to the maximum current allowed for the
protection of the component, of about 21 mA (for this purpose a resistance R of 330 Ω in series with the
diode is chosen), and it does so through a digital waveform generator controlled by software with GPIB
connection; moreover, a first digital multimeter, also remotely controlled via GPIB in the same cycle,
measures the array of voltages that arise on the diode and returns them to the PC. 

The array of currents is automatically analytically determined, subtracting, step by step, the voltage on the
diode from the voltage on the series and dividing by R. The second circuit is powered at constant voltage and
connected to a second digital interfaced multimeter which, according to the step in the cycle, measures the
Vout array via GPIB and returns them to the software. This way we have the display of all the brightness
levels observed during the excursion.
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Subsequently, we had the idea to create an option whereby the program, at the end of the upward
excursion, asks the user via a dialogue box if they are interested in doing the opposite downward
excursion (also in order to make the LED switch off again and to indicate this on the same indicator).

Program
Let's examine the program in more detail (the Block Diagram and Front Panel, the latter shown
before the execution, can be seen on page 29):
it allows a free choice in input (controls) the value of the resistance R of the resistor in series with
the diode and the threshold of the voltage Vout taken from the circuit of the photoresistor beyond
which it is considered that the physical Led turns on (for this purpose it is sufficient to calculate,
according to the relationship explained later in the theory at the base of the system of the lesson n.5,
the voltage corresponding to an established level of brightness); moreover, as input, it is necessary
to assign the voltage threshold Vout.   below which, in the downward excursion (in case we intend to
perform it), the physical Led is considered to turn off again. 

The two thresholds could clearly coincide, but different variables have been declared to prevent
asymmetries during the two excursions.
The output (indicators) shows the current step of the cycle (for both sections), the voltage Vi as it is
set on the array of the first circuit, the voltage Vs that needs to be set on the waveform generator for
the load mismatch problem, the current voltage read on the diode, the current that corresponds to it,
the voltage on R, the current voltage Vout of the second circuit (for both sections), the array of all the
voltages and currents read on the diode and the array of all the Vout during the first section, the index
of the step corresponding to the achievement of the threshold and the corresponding voltage on the
diode (threshold voltage); Check LED (the same indicator for both sections) is also an indicator and
so is the voltage-current graph of the diode, suitably constructed from the corresponding arrays
(interpolation of the pairs determined with the same index).

Controls and indicators are clearly visible from the Front on page 29. At this point we can start with
the analysis of the corresponding Block (on page 29).
An  external  flat  sequence  consisting  of  two  frames  separates  the  upward  excursion  from  the
downward excursion (possibly carried out by selecting "Perform" from the secondary dialogue box
entitled "Perform the downward excursion?"), so that the latter starts temporally after the former
(with a response to the secondary window that appears after the first excursion).

A voltage excursion (varying from 0 V to 10 V) is set on the series of the first circuit, as already
mentioned, in steps of 100 mV with a time step of 500 ms (the range lasts 50 s).
For this purpose, by means of a for loop (upper part of the first frame), we iterate the index i (which
we define as "Step" through of an indicator) from 0 to 100 in 101 total steps, multiplying it at each
step by 0.1 and constructing the i-th tension Vi on the series. 
As a matter of load mismatch, to obtain Vi on the load, a voltage V s must be set on the generator
such that (see connection):

Vi = 2Vs*(R+Rd // Rm) / (50+R+Rd // Rm)  hence:

Vs = Vi*(50+R+Rd // Rm) / [2(R+Rd // Rm)]
Rm being the input impedance of multimeter No.1 (approx. 1 MΩ) and Rd the resistance felt on the
diode. During the excursion, the latter varies from +∞ (for very low voltages there is practically no
current before the threshold, i.e. the diode acts as an open circuit) down to approx: 

3 V / 21 mA = (1000/7) Ω   at the set voltage/current limit.

Page 27 / 34



IISS G. Galilei – Bolzano/Bozen                            Automazione dei circuiti e delle misure elettroniche tramite LabVIEW

Substituting the values the two borderline situations are:

Vs ≈ Vi / 2 = 0.5 Vi   at zero or almost zero voltage (current)

Vs ≈ Vi*[50+R+(1000/7)] / [2(R+(1000/7)]   to the borderline work situation.

Considering that to obtain the desired limit situation we choose R=330 Ω (for Vi = 10 V in order to
obtain 21 mA of current on the series at the voltage limit of the diode (about 3 V) there will be 7 V
on the resistor R, therefore R = 7 V / 21 mA = (1000/3) Ω approximated to 330 Ω by choice of
resistor on the market) we obtain Vs ≈ Vi*[50+330+143] / [2(330+143)] ≈ 0.55  Vi

and therefore it can be assumed that we do not make a big mistake by setting Vs = Vi / 2 = 0.5 Vi
over the entire excursion (otherwise we should have distinguished the cases by conditions).

The voltage of the diode is measured at each step by the multimeter, subtracted from the voltage on
the series (Kirchhoff's law) to obtain the voltage on the resistor which, divided by the resistance R
(Ohm's law), favours the current on the resistor and therefore also on the diode (being in series).
We note that, in an even more precise way, we could derive the voltages on the resistor (hence the
currents), rather than by difference, by measuring them (with an additional multimeter or by dual
channel of one).

At the end of the cycle the voltage and current vectors on the diode, appropriately stored in two arrays at
the output, are supplied to the XY Graph block, which interpolates the pairs to favour the characteristic.
The communication with the second terminal of the photoresistor is absolutely analogous and takes
place with a second multimeter (suitably modified in the address so that the data on the bus do not
conflict). 

The output voltages of the photoresistor circuit (practically all the brightness levels) are also saved
in an array.
The check of the LED (appropriate indicator) already takes place within the cycle, so that the virtual
LED lights up at the same time as the physical one and so that it follows it "instantaneously" in its
switch-off switch-on or vice versa. 
Obviously, also a check only at the end of the excursion would have been possible, by testing if the
light is on or off for a voltage that exceeds the threshold or not.  
The lower part of the program is an elaboration of the "LED check-array" (it's a vector of booleans, false
until the threshold is reached, true afterwards) for the determination of the threshold voltage:  the first
index for which the output voltage has equalled or exceeded the threshold is searched for by initialising
the index itself and then iterating in case (case structure=False) the condition is not verified. 
As soon as it  is (case structure=True),  the while loop at  the second frame of the flat  sequence
terminates (attaching the True output of the index-array to the termination condition of the loop),
and the index of the last value explored is the first index such that the voltage has exceeded the
threshold,  and thus also the index of the threshold voltage of the diode (the index-array blocks
determine the array element at the specified index).
The downward excursion at  the second frame of the external  flat  is  controlled by a secondary
dialogue  box  and  is  activated  only  in  the  case  of  True  (in  the  case  of  False  the  program is
terminated). It is similar to the upward excursion except that at each step the input voltage is:

10 - 0.1 * i.  
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In contrast to the program used in the previous lesson, the condition of exceeding the threshold is
therefore applied this time to the voltage Vout rather than to the current id: note that this program is
thus specialised for LED diodes (i.e. diodes that emit light). 

However, a trivial initial selection between the current programme (which communicates with the
photoresistor)  and the previous programme of lesson no.3 (that still  analyses the excursion and
characteristic and threshold voltage, but through an established current threshold, and that clearly
does not need to communicate with any photoresistor, and that can be applied to any diode, both
LED and non-LED) would be sufficient to extend the test system to any diode (even non-LED).

Block Diagram

Front Panel

Clearly the physical LED is analogue with increasing light with current, while Check LED is virtual
and boolean with only two states. 
If, of course, the threshold were to be decreased or increased, the sensitivity of the system would
increase or decrease respectively, i.e. ignition would be signalled even in dim light, or only in bright
light.
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Worksheet n.5
Theoretical simulation of the circuit from Lesson 4 and comparisons
Apart  from  the  virtualisation  of  the  LED  alone  in  the  automaton  with  real  generations  and
measurements on actual circuits and instruments, we liked to create the virtualisation of the entire
system, simulating the operation of the diode and the operations of the photoresistor with theoretical
formulas, in order to demonstrate the correctness of the results found experimentally. In this way,
the complete automaton documented in Experiment 5 was created.

Theoretical simulation programme

Block Diagram

Front Panel
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Theory behind the simulation
As can be seen from the Block, the diode is simulated using the exponential approximation:

id = IS {exp[ Vd / (ηVt) ] - 1}   (Shockley's equation) 

where IS is the leakage current in reverse polarisation (reverse saturation current), Vt is the "thermal
voltage" (it depends on the absolute temperature scale according to a linear law that incorporates as
a factor the ratio of the Boltzmann constant to the charge of an electron, but we assume Vt = 0. 026
V = 26 mV at 25 0C) while η is a "correction factor" (corrective coefficient) compared to traditional
rectifier diodes that summarises the fact that for LED diode the appropriate current threshold is
reached for higher voltage (and therefore the factor can also be quite a bit higher than 1). 

The step-up effect of the input voltage is simulated by increasing the voltage Vd of the diode in
constant steps, by 50 mV at a time (assuming that for the white diode Vd the limit is 3V, but in the
case of any diode the value of the step is calculated as the ratio between Vd limit and 60 being Vd
the limit set as control) from 0 V to 3 V in 61 total steps with index from 0 to 60. 

Note that the constant step in the actual experience is imposed for the input voltage on the series,
but from this a constant step for the voltage on the diode  does not result. But the essential thing is
that the total voltage range is almost identical (about 3 V for our diode) and that each current is
related to the corresponding voltage. 

The photoresistor is simulated by imposing the law that links the decrease of resistance Rf with
illuminance: 

Rf = A * L-α   where A and α are two constants dependent on the particular photoresistor. 

By carrying out experimental resistance measurements under two different illuminance conditions
(assuming the latter is known in value), two equations would be written to determine them. 

The problem is to connect the illuminance L that invests the photoresistor to the current id of the
diode responsible for the illuminance itself, although it is obvious that the relation is increasing. It is
'brutal' but unavoidable to assume that the law linking these two “actors” is linear: 

L = k * id 
(where the constant k depends on the particular diode and the geometry and material of the screen)
and substituting in the law of photoresistance: 

Rf = B * id-α  

with B=A*k-α ,  and therefore by measuring two resistance values at  two known currents of the
diode, one could determine B and α by seeing how Rf decreases with id.

Not to mention that the relation would be highly approximate. We have here assumed that only the
light from the diode reaches the photoresistor: this depends on the quality of the screen. Obviously
we have (divider on R1 in the second circuit): Vout = V * R1 / (R1+ Rf) , which is the (non-linear)
relationship by which we observe that Vout decreases with Rf but therefore increases with lighting
L and consequently with id (and therefore also with Vd).
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The constants A, α, k (and consequently B is calculated as an indicator) are stated (as are η, Vt and
IS) as controls to be entered from the front in order to vary them according to the components used,
the shielding conditions and the experimental results. 

The  resistor  R1 chosen in  series  with  the  photoresistor,  the  supply  voltage  of  the  circuit  to  it
dedicated   and  the  Vout threshold  that  declares  the  switching  on  of  the  LED  (to  simulate  the
behaviour of the photoresistor circuit) must then be set. 

The outputs  are  the  diode's  current  voltage,  the current  that  corresponds to  it,  the voltage and
current  arrays,  the  current  value  of  the  photoresistor's  resistance  (mathematically  modelled
depending on illumination, i.e. the diode's current), the voltage Vout that corresponds to it, the arrays
of all the resistances taken on by the photoresistor and all the corresponding output voltages, the
index of the cycle in which the threshold is reached and the voltage taken on by the modelled diode
(virtual threshold voltage), as well as Check LED and the virtual graph.

Merging of the two programmes (interfacing and simulation) for comparison
It  is possible to unify in the same program the interfacing of lesson n.4 and the theoretical (or
virtual) simulation just examined: with two separate option enabling buttons the program allows the
user  to  select  between  the  actual  system and the  simulated  one,  or  to  carry out  both  options:
enabling the first one, it  carries out the interfacing automaton described in the previous lesson,
enabling  the  second one,  it  "plays"  through  the  theory to  simulate  it  instead,  with  the  aim of
justifying it. 

The  differentiation  of  the  two options  (two case  structures)  makes  it  possible  to  carry out  the
simulation even if the circuit and instruments are not available (otherwise it would be necessary
their physical presence or the GPIB communication would be stopped). 

At the same time, however, if available, a double run is possible by selecting both the options and
displaying the settings and results of both on the same dedicated Front Panel for easy comparison.
The overall programme (B.D. and F.P.) is shown below.
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Block Diagram

Front Panel

Page 33 / 34



IISS G. Galilei – Bolzano/Bozen                            Automazione dei circuiti e delle misure elettroniche tramite LabVIEW

Conclusions

We hope that the reading and reproduction of our work in this series will have exited the reader: the
experiences in question contain a great deal of useful information from both a practical and didactic
point of view, and we have devised and proposed them precisely to try to create a link between
good language teaching and the relevance of its  applications.  After  going through this  cycle,  a
student should be able to manipulate a set of tools for industrial level applications as well.

There are still many other functionalities of LabVIEW: for example, the dialogue with electronic
control and data acquisition boards,  instead of digital  generation and measurement instruments,
through other special blocks (DAQ) available in the environment (all the experiences carried out
could be repeated with acquisition boards); or the connection to input/output files, thanks to which,
for example, the values of the controls in the front panel can be imported from a configuration file
(.ini), or those of the indicators exported to an Excel table (. xls); or again, the use of sub-programs
(subVI), thanks to which an entire programme becomes a simple icon with inputs and outputs to be
inserted in the block of an external programme, from which it receives only the value of the controls
or of the constants or of the simple links instead of the inputs and into which it exports, after its
execution flow, the value of the indicators or of the simple links instead of the outputs; and so on,
many functionalities from the point of view of graphics, such as for example stylised controls or
indicators, the control panels with various sections and so on.

In addition, we want to underline that LabVIEW is able to interface with a microcontroller, through
additional functions available in the environment.
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