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Abstract: The objective of this paper is to acquire data from the sensor or transducer. Also the command signal has
been send to the sensor to acquire the data from time to time when the computer needs it. The acquisition system has
been modified and it can control the deviated data or output. For this measurement system we develop software using
visual basic software. The sensor output has been calibrated into corresponding electrical signal. The measured and
acquired data (output of sensor) has been processed through USB based data acquisition system. If there any
deviation in the desired output then we can use the control signal to control (computer generated signal) and set it to a
desired value. An approach to develop a USB based data acquisition system is presented; where a PIC microcontroller
(Microchipbés 18F2550) based st anahddhtocaollectior andatsafidlecdntrad
device. The developed USB based device continuously scans its input analog and digital channels sequentially and
updates the PC with these values, which are updated in a Visual BASIC based application GUI (Graphical User
Interface). Here USB device has been programmed as Human Interface Device (HID) class, which provides an
additional advantage of not requiring any device specific driver. The firmware used in the microcontroller is
developed in PicBASICPro platform. A second Generation JDM programmer has been developed, which is used
along with WINPIC800 to program the microcontroller. This device can accept an analog input voltage between 0 T
5Vdc from any real life sensor(s) and generate digital output (8 bits) as control action.

The work is focused on the following objectives:

(i) Todevelop a PIC microcontroller based data acquisition card for collecting field data.

(ii) To develop a USB communication link for bidirectional data and command transfer between a PC and the card.
(iii) To develop a GUI, which acts as the user-end front panel to control entire operation of the system.

(iv) To develop communication between the sensor and the DAQ device and acquire the physical data and send it to
the computer end.
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I. INTRODUCTION
With the introduction of lowpower, fast performing, miniature embedded circuitslristrumentation;data

ystem

acquisition devices have become more compartatileand easy to use. Added with this, the computational power of

digital computer igver increasing, which has resulted data acquisition, presentation, processing andperstiongo

become more P€entric. Small, compact DAQ devices, popularly known as DAS cards are very popular a&néront
data collection units in all RBased istrumentation system®rimarily these cards offer analog conditioning functions

(like filtering, isolation, excitation, amplification etc), followed by digitization of the signal. Finally, -bigh

microcontroller converts the digitized samples to a fdatedadata conforming a (serial) protocol for delivery to a

desktop, laptop or even PDA device.

Universal Serial Bus (USB) has emerged as a very popular, inexpensive ant-essyshort range (5m)
communication media for data transfer with a PC (hostgrevthe communication device acts as a client. The USB was

originally designed to connect PC with its peripherals (keyboard, mouse etc.). However, it has proven useful
other applications, including measurement and automation.

for many

Use of Graphical Usdnterface (GUI) inwindowscompatibleapplication softwares have become an integral part of

the software andre given equal importance with the algorithm developm@&itl based system employ the use

of

graphical widgets like menu, edit box, pushbuttatgrts, displays etc to create an user friendly interface so that an

inexperienced user can become quickly conversant with a complex applications.

This work discusses the development of USB based acquisition system which can acquire the the sigrel
world sensors and display it in a computerized environment with the help of another software.

An engineer first formalizes requirementsaasertionsor small models, which may be thought of as monitors

from re

that

observe the behavior of the system asxdcutes. Theengineer then develops the instrument based on the model and

develops test suites with the aim of highlighting where assertion violations occur.
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The idea of this project originated from the fact that USB is a fast, technologically advancednication mode
which can be used for various type of communication and instrumentation based projects. USB is getting advanced day
by day and is becoming the major concern for people working in research and development activities.
Various journals and paps have been studied for modeling the project.
A work has been conducted on kevel measurement systemirom which data has been acquired and measured.

II. METHODOLOGY
In our water level measurement system a cylindrical tube is measured by measuringnthes af capacitance
between electrodes acting as a sensor due to the change of water level. This change of capacitance is measured in term

of voltages by using D8auty bridge. Output of the bridge is fed to the signal conditioner unit which consists of
following units.

i. Instrumentation Amplifier.
ii. Second stage Amplifier.
iii. Rectifier and Filter Network.

v

v
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WITHPVC
PIPE
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RECTIFIER

PC FOR LEVEL
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Output of this bridge is fed to the first unit calliedtrumentation amplifierinstrumentation amplifier is basically a
difference amplifier, which amgies the difference between two signals from-®auty bridge. Instrumentation
amplifier has two stages: buffer stage and amplification stage. The first stage is the buffer stage whose input impendence
is very high. This results in a perfect isolation betwéhe input andutput signals and avoidverloading. The second
stage is nothing but a differential amplifier, which amplifies the signal difference coming at the inverting and non
inverting terminals. This offers a very good CMRR (Common Mode RejeRitio) capability.

Now output of the instrumentation amplifier goes to the second stage amplifier which provides necessary

amplification and zero, gain and span adjustment. Now output of this second stage amplifier which is an AC signal, is
applied to tle next unit which is called rectifier and filter network.
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A rectifieris an electrical device that converts AC signal to DC signal, a process knoectifisation.A half wave
precision rectifier using an egmp is used for this purpose, and includedibde in the feedback loop. This circuit will
generate an average DC voltage.

Then output of the rectifier will pass through a filter netwdrke output from any of the rectifier circuit is not
purely dc but also has some ac components called ripptesy alith it. So it becomes essential to reduce the ripples
from the pulsating dc supply available from rectifier circuits to the minimum. This is achieved by using a filter or
smoothing circuit which removes (or filters out) the ac components and allbywherdc component to reach the load.

Output of this filter will be the final output of the signal conditioner unit which will b& @olt DC signal. This
signal will be taken into a DAS card for monitoring, recording and storing purpose.

The Programme:

A The programmer (Hardwa#gart) is developed. The circuit diagram of ' generation JDM programmer is
included in Alllustration of Hardware and Softwar ec

A The first step is to write the program (firmware) for the PIC microcontroller. The pro§ramwvgre) is written
in PicBasicPro language. The programming configures the USB descriptor so that the device is set under HID
class. One of the benefits of a wd#fined specification (like the USB HID class) is the availability of device
drivers availéle in most modern operating systems.

The program is written in notepad (a software which is found in the accessories part of WindowsXP) and is
saved inpbpformat.

The program is compiled and converted it to HEX code before loading the program imo ther ocontr ol |
EPROM. Microcode Studio (front end) & PicBasicPro header files (compilation engine) is used in this project

for compiling the program (firmware). After compilation a HEX file is generated

A This HEX file is burnt into the PIC microcontretl using WinPic800 software & JDM programmer. This
programmer (JDM) is a high voltage programmer, since low voltage programmers are not suitblg& for
programming. The Winpic800 configuration bit settings needs to be configured properly. The proper
configuration bit setting diagram is included.

A ThePIC18F2550microcontroller can be connected to PC through USB port. As the device belongs to HID class
so when it is connected to PC the operating software recognizes it as a HID device. One can checktibg prope
of the device through USBView (a free tool from Microsoft Corporation) or Control PaBelvice Manager.

A The GUI is developed using VB6 (Visual Basic 6) software. The GUI recognizes the USB device, by its VID
(Vendor ID) and PID (Product ID) whenig connected to a USB port. After the device is detected the user
program can communicate with it. The flowcharts represent the program which have been written to create the
GUI are included.

Here we measured a Voltage from a D.C. source and varyising a potentiometer. We can measure any kind of
electrical from of data/signal in the rang®@(DC) and display it in the computer
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Figure 1.0:Block diagram of measuring system
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IV. SENSOR PART
Sensing and transducing unit with signal condibner:
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Figurel.l:Detailed diagram of measuring system

Capacitive (parallel plate) Transducer for Liquid Level Sensor:
Electrical Properties

The sensor must be in direct or indirect contact with the product to detect its electrical properties.ifiapusont
measurement, only part of the intrusive sensor must be in contact with the product to detect the difference in dielectric
permittivity or conductivity.

Capacitive

In most applications, a rod electrode is arranged vertically in the tank. Th@déectm be (1) neimsulated if the
liquid is nonconductive, or (2) insulated. The metallic vessel acts as a reference el€stelally, parallel plate
capacitors are used as Transducers. According to theory, the capacitance C of such a capamittuyis gi

=2 F
4
Wh e r e ,o| =Dielectfic Constant
x= Distance between two plates
A= Overlapping area of the plates

If the dielectric constants changes then capacitance will also change. This principle is used here for measuring liquid
level.

Principle: Capadi ance variation with the variation of L i s
arrangement shown in figure the terminal A is connected to a cylindrical electrode of diameter 2r and the terminal B is
connected to the wall of an outer hollowyliodrical container which forms the second electrode. The inner electrode is
fixed to the cylindrical container by an insulator stopper. The cell thus formed may be dipped in the tank, the liquid level
of which is to be measured. The liquid of the tanteenthe cell through the pores of the walls of the cells.
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The electrical equivalent circuit is shown in figurd(a) and figure 1(B)
A

e g
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1

Figure 12(a): Capacitive transducer tiig 1.2b): Equivalent Electrical Circuit

The capacitors (& C, are variable because of the variation of the liquid level.
We assume that liquid is naonducting & stopper insulator is a very poor dielectric, gasCzero. Then the
capacitance between A and B danwritten as

C=G+G
27 27
== Lol + T Lol X
n—— lnT
Which gives,
Ir+8
. *
X=t eoter-1 &1
= K;C+Ky,

Where, K and K are the constants of the cell. This equation is linear. This kind of level sensors is used not only for
common liquids but also powdered oragular solids, liquid metals, liquefied gases, corrosive liquids such as
hydrofluoric acid etc.

Output of the signal conditioner unit which is G5 volt dc signal is fed to the microcontroller based DAS card. It is
used for converting the analog signal ird digital signal and it also works as a transreceiver for PC based
communication.

V. CIRCUIT DIAGRAM
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The flowchart of the firmware which has beerloadedinto the PIC18F2550

‘1. Define Osc frequency 48 MHZ.
2. ADC bit resolution 10bit.
3. Define ADC sampling time 50ps.

}

Set Port A as a analog i/p &
Port C as a digital i/p.
Set Port B as a o/p port

!

Initialize USB ‘

1
v

USB Service ‘

Mo

Take mput from PC
via USB port

Yes |
v Set the Port B
Load Output buffer with control
with appropriate ¥
analog or digital value Load Output
buffer with zero

| o e I

USB Serviee

No Anything

to send?

Send Output
via USB port

Developed VB based GUI
Control Action

. : ¢ «al 5.9 :

I'~"USB analog data acquision system ragi iy

=

DigCh0 O
DigCh1 O

Analog i/p Channels  Digital i/p Channels  Control Button
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Flowchart

Flowchart of VB program to receiveanalogand digital channel values

| Timer Interval= 50 ms ‘

v

Qutput buffer [1]=0
Qutput buffer [0]=Channel

!

Send the value of O/P
Buffer via USB port

v

‘ Read I/P from pc ‘

l

Display the value of
the channel

Increment
Channel

Flowchart of VB program for control action generation

Is Control button
pressed?

O/P buffer [1] =1
Q/P buffer [0] =Centrol action value

l

Send control action via
USB port

!

Read I/P from
ne

© 2017, IJARCSSE All Rights Reserved

May- 2017, pp. 377-388

Page | 383



Biswas et al., International Journal of Advanced Research in Computer Science and Software Engineering 7(5),
May- 2017, pp. 377-388
VI. RESULTSAND DISCUSSIONS
Results for Level vs. Capacitance

Tablel:
Iteration Number: 1 (decreasing order)
SL. No. Level incm Capacitance in pF
1 60.0 548
2 59.0 544
3 58.0 534
4 57.0 520
5 56.0 510
6 55.0 500
7 54.0 492
8 53.0 482
9 52.0 476
10 51.0 466
11 50.0 450
12 49.0 438
13 48.0 423
14 47.0 408
15 46.0 391
16 45.0 373
17 44.0 358
18 43.0 342
19 42.0 323
20 41.0 309
21 40.0 292
22 39.0 276
23 38.0 260
24 37.0 242
25 36.0 228
26 35.0 213
27 34.0 200
28 33.0 185
29 32.0 174
30 31.0 158
31 30.0 144
32 29.0 128
33 28.0 116
34 27.9 60
Table2:
Iteration Number: 2 (increasing order)
SL. No. Level in cm Capacitance in pF
1 27.9 059
2 28.0 139
3 29.0 124
4 30.0 139
5 31.0 157
6 32.0 177
7 33.0 191
8 34.0 213
9 35.0 221
10 36.0 234
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11 37.0 249
12 38.0 262
13 39.0 278
14 40.0 302
15 41.0 318
16 42.0 331
17 43.0 350
18 44.0 366
19 45.0 376
20 46.0 393
21 47.0 408
22 48.0 424
23 49.0 438
24 50.0 448
25 51.0 460
26 52.0 470
27 53.0 476
28 54.0 486
29 55.0 498
30 56.0 509
31 57.0 518
32 58.0 530
33 59.0 543
34 60.0 548

Resultfor Level Vs Output Voltage of Signal Conditioner:

Table3:
SL. No. Level incm Signal Conditioner
output in volt
1 28 0.05
2. 29 0.20
3. 30 0.35
4. 31 0.50
5. 32 0.66
6. 33 0.80
7. 34 0.96
8. 35 1.10
9. 36 1.30
10. 37 1.45
11 38 1.60
12 39 1.75
13 40 1.93
14. 41 2.00
15. 42 2.22
16. 43 2.40
17. 44 2.55
18 45 2..70
19 46 2.86
20. 47 3.00
21 48 3.20
22 49 3.30
23 50 3.50
24, 51 3.63
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25. 52 3.83
26. 53 4.00
27. 54 4.15
28. 55 4.30
20. 56 4.45
30. 57 4.60
3L 58 4.76
32 59 4.87
33. 60 4.97

Graph for level Vs Output Voltage of Signal Conditioner(for Table 3):
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Snapshots of Work are given below

£ e
2" Generation JDM programmer

USB based DAQ device
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Control action is being given through the GUI
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