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Abstract

Oscilloscopes are one of the most versatile
electronic instruments available. It allows one to
see a voltage at an arbitrary point in an electronic
circuit. It can also be used to observe variables in
other phenomena, provided the appropriate sensor
is available. Such as perhaps a sound wave, when
converted to an electronic voltage by a microphone
— the microphone being the sensor. Oscilloscopes
are however very expensive, and thus requires
substantial monetary investment, which is greater
than the average student can afford.

PC monitors are standard these in days with
Desktop PC systems. There is however a surplus of
these monitors available, especially since the
lifetime of the monitor is much longer than the
lifetime of the desktop PC. With the accelerating
changes in desktop PCs these days, this surplus is
likely to increase at an even faster rate.

This has created an interesting possibility — what if
an cheap oscilloscope could bebuilt that has as its
display a PC monitor.

1.Introduction

For our experimental design project, we’ve decided
to build a PC-based oscilloscope. After spending
four years for the bachelor of engineering, we’ve

2. Limitations and Scope

The thesis tries to implement a low-end
oscilloscope with downscaled features from that of
commercial oscilloscopes. It does not attempt to
build the prototype with great accuracy. It is merely
an attempt to see if the idea is possible and if
possible, build a prototype system.

Its bandwidth is only 500Hz, and peak to peak
voltage is only 24v.

3. Plan of Development

The project starts off by describing the literature
that was read to get a deeper understanding of the
problem. It then describes the method used to
attack the problem, followed by a description of
some of the development tools used during the
design. Then it describes some of the experiments
that were performed. It then gives an overview of
the initial design followed by a description of the
design in detail, with pictures of some of the results
of the prototype system. Finally it states some of
the conclusions that were made and recommends
further action that can be taken to improve the
prototype.

4. Benefits

Inexpensive (See cost analysis)

discovered that it’s extraordinarily difficult to Portable
design and build hardware outside of class because, Small enough to take up little space in a
aside from a multi-meter, good debugging tools are bag.

much too expensive for the average student. As we
all know, the best way to learn something is to
practice it, and without the ability to build at home,
there is no real way to reinforce abstract topics like
signal processing. In an effort to provide ourselves,
and possibly future engineering students, with the
tools to practice at home what they learn in class,
we’re endeavoring to design, build, and complete
an oscilloscope that is not only affordable for every
engineering student to buy or build, but easy to use,
small enough to fit in a small tool box, and fast
enough to be useful.

e USB interface and Windows software
makes it compatible with most student’s,
basement engineer’s, and professional
engineer’s computers

5. Specification

e No extra power supply required (Works
on USB power supply)

e Communicate to PC with serial Port (no
extra communication device required)

e Small size (Portable)
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e Easy to use, easy to handle. 7. Experiments

5.1 The maximum Rating of this PC based
oscilloscope is:

There was also a time for experimenting. | did
some experiments in order to confirm my
understanding of certain process.

e No.of Channels: 1; For example, when wanting to confirm my
o Vp<24v; understanding of the program of the
o V< 12v; microcontroller, | wired up to the programmer and
e Vertical sensitivity (42  divisions): used a blinking LED program. | also experimented

0.0234V/div.

Input impedance ~ 20kohm;

e Analog bandwidth (f ) < 500Hz;
e Sampling Rate = 3.5kS/s;

with the development board, in order to verify my
understanding of its interface.

In last stage of making of the oscilloscope
by lack of the signal generator | used a program
that gives sinusoidal output to serial port to check
whether my computer program is worked properly
or not.

IJERTV 215100804

6. Research

A large component of my thesis had been the
reading of a wide range of literature. The
oscilloscope and PC interfacing and controlling

8. Component required

readings, had been essential to understanding how S. Name of the | Rating | Qua | Function
these components worked. These were fairly No. | Components ntity
straightforward readings however.

A greater part of my reading however, was 1 Microcontrolle ATME 2 Analog to dlgltal
on Microcontroller and its programming. | had no r GA328 converter,
experience with these devices, and thus had to read p Buffer storage.
a wide range of books, papers and articles, in order _
to understand, what exactly a Microcontroller was 2 Crystal 16Mhz | 2 To provide
and how to program and apply them. I did not use Oscillator Clocking signal
most of the content | read on internet; however, the
reading was essential in order to develop an initial 3 Capacitor 22pF 4 For Stability
“feel” for the -capabilities and limitations of (ceramic disk)

Microcontroller. This reading was done throughout _ —
my thesis. These readings did of course gain 4 Transistor BCS47 | 3 Amplifier and
greater direction during the progression of the nverter
thesis, when certain concepts needed to be _ .
understood on a deeper level. 5 Zener Diode 6v 2 For hlg_h voltage
| searched on internet, read books and protection
ma_gazine like “electrqnics for you”, for how to 6 Resistor 10K 1K 12 Pull up, voltage
write program for microcontroller and how to divider
interface it with computer. The major task for me is
that, how to show graphical representation of my 7 Botentiomater 0K T Tosetthe
electrical value to the computer monitor. I have Transistor in
done this task by using I_angl_Jage JAVA IDE on Active region
computer. By using this i made executable
application  which  can  communicate to 8 LED 3v 2 Indicator
microcontroller through serial port of computer.
9 RS232 Pin DB9 1 To connect with
male PC
10 Dotted PCB 1 To implement
Circuit
11 Project Box 1 To protect the
circuit
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9. Block Diagram:-

Voltage Level E Analog to Digital signal E Parallel to
Shifter (RTL) | Digital »| Buffer E > series
) ' Converter > | converter
i/p ; | (RAM 2KB) ;
signal : > . Atmega328
L > Ly P
- Jr N J ____J y,
| : A
E ATmega328p !
s ~ "
)
Display I Signal RS232 port of Modem(MAX2
Processing PC 32 or RTL)
By Software
— )
—
- J - J - J

Figure 1. Block diagram of PC based oscilloscope
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10. Circuit Diagram

microcontroller to convert it in a single bit line.
The second microcontroller sends it to the serial
port of the computer.

The analog input pin PDO of the first

t+3u
%7 E ATmega328p gets analog _value. In the cil_'cuit
|18k, e WL A diagram we can see the transistor and some resistor
L2 also connected in input section, because of
P12/ INTA H— microcontroller can read only from 0V to 5V, and
1k i this extra circuit is for converting the sinusoidal
k23] PBO/ICP [5— wave (from -12v to +12v) 1o 0V to 5V. so that
é BC547 R PBLAOCL [ rT_llcroc_ontroIIer can easHy unde_rstand the
12k PR2/SS [ sinusoidal wave. The potentiometer is placed in
o PBA/MOST [ bas_e of the transistor to set transistor on active
— M- PRAMISO [ g region.

" B = Two Zener diode is placed back to back in
the input side, so that high voltage signal can be
glﬂk easily ground, and not affect to the extra

by 5 components.
sl ﬂID e ITECA3REP In the second microcontroller two
y— 18] yroa transistorize not gate is present which is actually a
22F | 16MHz CND GND TTL convert. We already know that any type of
N la {2 microcontroller can work on up to 5V. But DB9
d port work on -15V to +15V. Hence we cannot

v

directly connect microcontroller to the serial DB9
port. We must use TTL convert which convert its

e e voltage level.
1 uee o Avce ~ 1)
RESET 1 - -
i —0 Logi | Microcontroll | DB9
pevire PR <, c er POR
—0
1 oa 10 L7 T
L3} ep1/et 4 0 ov +3Vit
16 ppases L o
— Wlepmst PDL/TXD 4 +15V
—— e o 1 5V -3V
——— L epsak " %
PI2/INT® 5 to -
te gt ~~ 15V
jz B9 PORT
o f2 e | ¢ ED*-LED Table:- Voltage level in microcontroller and
= . DB9
XTAL2
Z26F| Loz o o

Je J

Figure 2. circuit diagram of PC based
oscilloscope

11. Description of Circuit Diagram

12. Circuit analysis

The main task in this project is, to convert
AC waveform (contains negative polarity in
negative half cycle) to pulsating DC waveform
in between Ov to 5v. This is done by using a
NPN transistor in Active region. Which
collector is connected to the input pin of
microcontroller and pull-up from 1k resistor.
The mathematical analysis of this voltage

As shown in above circuit diagram, here two
microcontrollers is used, one for take analog
reading and another for parallel to serial converter.
The first microcontroller also uses its own RAM to
store analog value because it cannot send the data
serially to the computer as fast as it takes reading.
Hence first Atmega328p stores the value to the
RAM location and then it send to the second

shifter circuit is given below:-
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Figure 3. Voltage level Shifter Circuit diagram

In the output of transistor three basic

conditions may happens:

1. When no input is applied the voltage
across collector is 2.5V.

2. When input voltage is +12V, the voltage
across collector is OV.

3. When input voltage is -12V, the voltage
across collector is 5V.

In First condition the voltage across 1k resistor
is 2.5V. by this voltage we can easily get
current across resistor:

V=IR
I=V/R

I .= (5 - 2.5)/1000
I .= 2.5/1000

I .=.0025 Amp.

This is the collector current. Then base current
is

Ic =h fe 3 b

www.ijert.org
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.0025 =200 -1
datasheet)

(h & ~ 200 given in

I, =.0025/200
I, =.0000125
I p = 12.5uA

In this case input voltage is zero. No potential
difference create in 10k resistor by external
means.

In second case the voltage across resistor is
OV. in this case

I .= (5-0)/1000
I .= 5/1000
I .=.005 Amp.

This is the collector current. Then base current
is

le=hg-lp

.0025 =200 -1 (h ¢ ~ 200 given in
datasheet)

I, =.005/200

I, =.000025 Amp

I, =25UA

In Third case the voltage across resistor is 5V.
in this case

I .=(5-5)/1000
I .= 0/1000
I .=.0 Amp.

Here collector current is zero, means base
current is also zero.
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13. Flow Chart of the program:-
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The above both AVR programs can be easily understand by this flow chart
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Figure 4. Flow Chart of AVR Program
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14. Experimental analysis

The project is checked and analyzed by giving different waves of different frequency and amplitude to the PC based
oscilloscope and waveform is obtain in the screen of the laptop.

}

n a5

Image 1. Experimental arrangement of PC Based Oscilloscope

The Typical arrangement of PC based oscilloscope is shown in above image. The output of Function generator is
directly connected to the input of PC based Oscilloscope. The oscilloscope is connected to the PC through USB via
USB to serial converter. By executing the executable Program in PC, The graphical representation of wave is
formed.
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By giving Triangular wave of 360Hz from the function generator:

Image 2. Triangular wave of 360Hz

2 finel_work P

Image 3. Graphical representation of wave in PC display
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By giving sine wave of 299Hz from the function generator:

Image 4. Sinusoidal wave of 299Hz

24 finel_work P =Lk _

irst Batch — PIE-TECH

Image 5. Graphical representation of wave in PC display
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24 finel_work P

Image 6. Square wave of 516Hz

vmax-0

By giving square wave of 516Hz from the function generator:

,"p p—[w

Fmax-512
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Image 7. Graphical representation of wave in PC display
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15. Conclusions

You have seen the results. It works! It is however just
a partial solution to the problem statement described
in the introduction. Conclusions one of the purposes
of this document is to give a better view on the
different possibilities of oscilloscopes. What is a
better way to do this then to implement one? Of
course in the end the remote oscilloscope is
developed which was the main goal of this work.
This oscilloscope will be used in the distant
laboratory of the Blekinge Institute of Technology
(http://www.bth.se). Different kinds of schools
around the world rent laboratory time on the servers
of BTH. (http://distanslabserver.its.bth.se). Hopefully
this paper gives a clear view on the working of the
oscilloscope, the most important instrument in this
laboratory. In this way this paper should also provide
a better understanding of Lab VIEW for the reader.

Developing the basic oscilloscope was an excellent
way to learn how to work with Lab VIEW. The way
this oscilloscope is implemented is the result of
thoroughly testing and changing the whole concept.
For making it more transparent; the oscilloscope was
restructured several times. The code will also be
submitted to National Instruments. It will be
published on their website (http://www.ni.com) as a
good example on how to build instruments around
the basic acquisition boards they provide. The
oscilloscope will also be used as an example in Lab
VIEW lectures at BTH. Hopefully the final result is
clear enough to be understandable for every reader of
this report as well as for all the interested customers
of National Instruments. At last there are still two
existing problems in the basic oscilloscope. The first
problem is the buffer overrun error discussed in the
performance paragraph. Also a possible solution is
suggested in that paragraph. The second problem is
the maximum/minimum value calculation in AC
mode. It can happen that in AC mode the signal is out
of range as the maximum and minimum value are
calculated only considering the volts/division setting,
the position knob and the maximum Y-scale for the
waveform graph. For example: when the signal has a
high offset; this offset is removed by the AC-filter.
Although it's possible that a signal that is considered
out of range in the maximum/minimum value
calculation is displayed anyway.

When displaying the signal in DC mode, this
is not a problem as the signal is out of the window of
the waveform graph. This problem was solved by
using the maximum possible range when one of the
channels is in AC mode. The user of the oscilloscope
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should know that it’s not possible to do such accurate
measurements in AC mode and should work in DC
mode while using the position knobs. Of course this
can be solved with a much more complex algorithm;
but this will make the oscilloscope too complex as
the goal of this first part of the project is to be basic
and understandable. Generally speaking this is a
limitation of the AC mode, and the user of the
oscilloscope should be aware of this. The second
oscilloscope is only tested with the discussed testing
environment. It's not yet implemented in the existing
distant laboratory. Therefore at the moment of
writing, nothing is known about the performance of
this code. When a client module is implemented for
this oscilloscope, the developer should take care of
all advices mentioned in the notes for client module
implementation (see earlier).

In the end it's a pity there was no time left to
develop the function generator for the remote
laboratory. This function generator still needs to get
rebuild as the existing code contains some errors and
many blanks. Also the existing code of the function
generator is not structured in a good way. Of course
the existing program works, so it's not a disaster that
the function generator has not been rebuild. This can
be done in a later stage.

16. Recommendations

The person following on from this project is advised
to:

16.1.Increase the main CLK rate.

The CLK rate should be increase to at least 75MHz
to provide the capability of a higher ADC. Increasing
the main CLK rate, is however coupled to the next
recommendation. By increasing CLK rate we get
more bandwidth.

16.2. Build the design on a PCB
This should be done to support the higher CLK rates
required on the board.

16.3. Use a faster ADC
A faster ADC should be used to support a greater
input signal bandwidth.

16.4. High input impedance
By using operational Amplifier we can get high input
impedance.

16.5. Increase input voltage range

By using proper isolation between microcontroller
and input amplifier, and by feedback system, input
voltage range can be increase.
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16.6. Parallel Port communication
Instead if serial port, by using parallel port we can get
real time measurement.
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