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Abstract— This work is focused on design, simulation and implementation of signal conditioning and processing
electronic system for real time low power (pico amps and millivolts) signals using Texas Instruments chip and
LabVIEW software. The low power signal is conditioned, analysed, simulated and processed using MULTISIM
software. The Pico current generator circuit output is conditioned using TI chip OPA4131 and National Instruments
hardware data acquisition module (NI-PXI 1031 chassis with NI-PXI 4071 flexible digital multi meter card). High
performance, low power 16-bit microcontroller MSP430F2013 is used to display the result and control the LED signal
to monitor the status of various parameters in the real time system.
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I. INTRODUCTION

This research work is focused on optimized design of smart sensor using conducting polymers and gold or silver or
carbon nanotubes (CNT) composites. In this paper author discussed on bio-tech based embedded sensors and smart
systems to physiological monitoring of leukocyte-counts in real time blood sample. Here author used thin film bio-
sensors to sense or acquire the nano current signal which ranges from 0 to 1000 nano amperes and conditioned this signal
by using analog device chip OP97FP to the corresponding voltage that ranges from 0 to 2000 milli volts without noise or
interferences [1].

This work deals with experimental design of biosensor, acquiring signal data of the sensor i.e. by constructing a nano
current source circuit (0-500) nano amps whose output was proportional to the designed biosensor signal output and later
building a suitable signal conditioning circuitry using analog device chip. Conditioned signal was further processed by
employing MSP430 processor. In this research work, author had processed the biosignal which is of the order of (0 to
500 mv) generated or acquired from the simulated biosensor (nano current source) circuit efficiently using a typical
mixed signal processor. Real time biosignals are usually very weak in nature and will be comprised of interferences and
noises. It is required to filter the unwanted components from the acquired biosignal using MSP430 processor and
processed signal data or information is displayed on the LCD by writing embedded “C” program [2].

The electrocardiogram (ECG) signal detecting, amplifying, anti-aliasing filtering circuits were designed to access the
analog ECG signal, and then make it necessarily conditioned to meet the requirements of data acquisition card (signal
frequency: 0.05Hz ~ 159Hz, signal amplification: +1000 times). Using the data acquisition card, USB-6008 developed
by National Instruments Company for A/D conversion, digital form of ECG signal which can be transmitted to a personal
computer for further processing by LabVIEW. The author has carried out multi-resolution analysis of the digital ECG
signal and obtained ECG signal components in different sub bands [3].

The recording of multiple channel biomedical signals wirelessly using the digital multiplexing technique is
implemented in this work. Then, the microcontroller handled the tasks of data conversion, wireless transmission, as well
as providing the ability of simple preprocessing such as waveform averaging or rectification. The portable multichannel
system is described for the recording of biomedical signals wirelessly. The wireless technique used for bio-telemetry,
wireless transmission of signals via radio frequency (RF) and this module was implemented with an instrumentation
amplifier, AD627 and AD8961 [4].

This work is carried out to monitor the health of patients via assistive diagnosis platforms. The data acquisition of real
time ECG single channel signal was acquired and recorded in their smartphone. A 1GB card could store 40 days’ worth
of continuous ECG data. The real-time ECG display, processing and cardiac summary reports, and runs on windows
mobile smart phones. The heart monitor communicates with phone using a Bluetooth serial data stream at a sampling rate
of 300HZ. The machine learning based platform for Bluetooth ECG heart monitor in smartphone was utilized in the
creation of the machine learning platform LabVIEW and MATLAB [5].

Biosensor is a hardware device that interacts with a biological or physiological system to acquire a signal for either
diagnostic or therapeutic purposes. Data gathered using biosensors are then processed using biomedical signal processing
techniques as a first step toward facilitating human or automated interpretation. Normally the sensor output is a weak
electrical signal, which must be captured and then converted into the required form that can be used by an expert for
further analysis.
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The accurate measurement of low-level signals with the data acquisition system generally requires a good transducer
with minimum noise and offsets. The output of the transducer generally is an electrical parameter such as current, voltage
or change in resistance. If the output is low and weak signal, then conditioning and amplification of the signal is
necessary. The proposed design model for pico current generator, current to voltage converter and signal conditioning

circuits are discussed in this section.

A. Pico Current Generator

The Figure 1 shows the pico current generator circuit which produces current that ranges from 0 to 1500 pico

amperes. The design for the pico current generator circuit is given below.
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Figure 1: Pico Current Generator
Design:
Let Iy current flows through loop-1 and F; current flows through loop-2.
Apply KVL to both loops, then circuit equations become as,
1.01x 405, —10*, = 10
—10x 10%T; + 10001 x 104,
Solving 1 & 2 simultaneously we will get,
I;=9.901x107%4
I,=9.9x107%4

Here the pico amps current is measured by writing Graphical User Interface (GUI) program in LabVIEW as shown in
Figure 2. The circuit shown below for LabVIEW simulation consists of a case structure block to sense the applied input
voltage. This input voltage is displayed effectively using a GUI Program: NI DMM (National Instruments Digital
Multimeter). The measured input voltage is then connected to the while loop structure to obtain the desired pico amperes

current at the output terminals.
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Figure 2: LabVIEW Program to Measure the Pico Amps Signal

B. Current to Voltage Converter Circuit

The output of the pico current generator circuit is connected to the current to voltage converter (1-V) circuit, which is
effectively designed and simulated by employing MULTISIM software to achieve milli volts (mV) for the corresponding
pico ampere signal. The pico current is connected to the inverting input terminal of the I-V converter, OPA4131 which
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produces the negative output voltage that ranges from 0 to 1500mV for the corresponding pico ampere current input (-
1500mV for 1500pA current). The current to voltage converter circuit using Tl FET input general purpose operational
amplifier and its design is as follows.
Design:
Vﬁ-‘ut = —I,:-n * 'Rfl
We are expecting 1000mV for 1000pA

Vyur 1000mV

B =7 = Tooopa - 147
The gain of the circuit is
Gain= It = 162 _ 0000
TR, T 100k0

C. Signal Conditioning Circuit

The integrated circuit for the pico current generator and current to voltage converter with inverting amplifier circuit
are designed and simulated using MULTISIM software. Further the output of the pico current generator circuit is
connected to the current to voltage converter (I-V) circuit, OPA4131 which produces a negative output voltage that
ranges from 0 to -1.5 volts. The output of the current to voltage converter (negative) circuit is then connected to the
inverting input terminal of the operational amplifier LM-741 circuit to obtain an inverted (positive) voltage and also to
amplify the voltage that ranges from 0 to +3.6 volts. Here the fixed bias voltage of £12V supply is used to provide bias
voltage Ve and Vee to both the general purpose FET input operational amplifier OPA4131 and LM-741 opamp.

Design:
Ve = E in
The voltage gain of the amplifier is
Gain = 2
ain = R,

Choose Brz = Bwn = 1k {4 get inverted outputs.

D. NI 4-slot PX1-1031 Chassis
The NI PXI-1031 chassis and NI PXI1-4071 Flexible Digital Multimeter card are used to measure the practical results
in the Laboratory. The Figure 3 and Figure 4 show NI PXI-1031 chassis and NI PXI-4071 Flexible DMM card

respectively

Figure 3: General-purpose 4-slot PXI-1031 Chassis
E. NI PXI-4071 Flexible DMM Card

e

Figure 4: The NI PXI-4071 7%-digit Flexible Digital Multimeter
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F. MSP430F2013

In this work, MSP430F2013 has chosen from MSP430x2xx family to display the results. The overview of
MSP430F2013 is as shown in Figure 5 and its pin configuration is shown in Figure 6. The MSP430x2xx series is an
ultra-low power mixed signal microcontroller with a built-in 16-bit timer, and ten 1/O pins. MSP430F2013 has a built-in
communication capability using synchronous protocols (SPI or 12C), and a 16-bit sigma-delta (S/D) converter. Typical
applications include sensor systems that capture analog signals, convert them to digital values, and then process the data
for display or for transmission to a host system. Standalone RF sensor front end is another area of application.
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®
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MSP-EZ430U Debugging Interface Target Board

Figure 5: Overviews of MSP430F2013
G. Pin Configuration
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Figure 6: Pin Diagram of MSP430F2013

I11. SIMULATION
The simulation of various circuits for the present work is performed using LabVIEW and MULTISIM software which
are developed by National Instruments (NI). MULTISIM is used to simulate the pico current signal generator and signal
conditioning circuitry (current to voltage converter and inverting amplifier using Texas Instruments chip). The NI
LabVIEW control design platform is used for acquiring the real time signal from the sensor or from the current source
generator.

IV.HARDWARE SETUP

A. Pico Current Generator

The experimental setup for pico source circuit is implemented using two fixed resistors (10kQ and 100MQ) and a
variable 1MQ resistor powered by the DC power supply. A variable DC power supply (0 to 15V) is connected to the
voltage divider, which is used to adjust the pico current that ranges from 0 to 1500 pico amperes. The voltage divider
mainly consists of a SkQ resistor in series with a 1MQ potentiometer and 100M(Q resistors are connected to the contact
terminal of the potentiometer. The current through the 100MQ resistor is measured in LabVIEW DMM front panel by
using NI-PXI1 4071 flexible DMM card which is connected with PXI1-1031 chassis. The LabVIEW virtual instrument
front panel is designed to acquire the real time pico current signal using DMM/Switch express from the pico current
source. The pico current source is effectively constructed and tested in the Laboratory and its circuit is as shown in
Figure 7.
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Figure 7: Pico Current Generator
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B. Current to Voltage Converter

The output of the pico current generator circuit is connected to the current to voltage converter (1-V) circuit, which is
effectively designed and implemented effectively using Texas Instruments chip. The pico current is connected to the
inverting input terminal of the 1-V converter, OPA4131 which produces the negative output voltage that ranges from 0 to
1500mV for the corresponding pico ampere current input (-1500mV for 1500pA current). The current to voltage
converter circuit using TI1 FET input general purpose operational amplifier is illustrated in the Figure 8.

usz
DC 10MOhm
RT
A70Cy

- Figure 8: Current to Voltage Converter
C. Signal Conditioning Circuit

The signal conditioning circuitry is designed and constructed which has current to voltage converter and inverting
amplifier circuit. The TI OPA4131 FET input general purpose opamp which is received as free samples from Texas
Instruments Company used to implement this project work in the Laboratory. This OPA4131 chip has four opamps. The
Ve (+12V) is connected to the pin 4 and Vee (-12V) is connected to the pin 11 of the opamp. Pico current source output
is connected to the inverting input terminal (pin 2) of the I-V converter. This provides negative voltage that ranges from
0 to -1.5 volts measured at pin 1 with respect to ground. The output of the I-V converter is connected to the inverting
input terminal (pin 2) of the LM-741 inverting amplifier circuit, which provides inverted and amplified output that ranges
from 0 to +3.5 volts, measured at pin 6 with respect to ground. This designed circuit is built on general purpose printed
circuit board (PCB) and the circuit is as shown in the Figure 9.

Figure 9: Signal Conditioning Circuit

The designed and developed complete hardware circuitry for the signal conditioning electronics along with TI
MSP430F2013 is as shown in Figure 10. It has been implemented on general purpose PCB, connected to the NI chassis
1031 which has 4071 flexible DMM card and DC power supplies for both input and biasing voltage supply. The results
of pico current generator and signal conditioning outputs are displayed on the monitor of personal computer.
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Figure 10: Complete Hardware Circuit Interfaced with MSP430F2013

The output of the signal conditioning circuit is connected to the INO (analog input O: channel) pin of the ADC which is
interfaced with the MSP430F2013 microcontroller board. The USB cable is connected between the computer and
MSP430F2013 to power up the board, further the embedded C program is loaded into the microcontroller chip. The 16x2
character LCD display is interfaced to the MSP430F2013 microcontroller to display the required information as shown in
Figure 11.

L EY R

| St WIPUT = 6,520
JIPUT = 2,900 RESET STATUS

CRITICAL COND,

Figure 11: MSP430F2013 Display Unit
D. Embedded “C” Program for Microntroller

To interface MSP430F2013 microcontroller with the Liquid Crystal Display (LCD), the program is written in
Embedded C opcodes to read and display the signal conditioned output. The flowchart for this program is as illustrated in
Figure 12. The MSP430F2013 microcontroller is initialized and peripherals are set to the ON state. The peripherals status
is represented using LED ON status (blink state). The amplified output that ranges from 0 to 3.5V inturn is applied to the
ADC which is then displayed on the LCD with an applied delay of 20ms.

There are mainly three states as mentioned below.
¢ In the first state, when the signal conditioning output is > 0.24V and < 0.71V, LED is ON then the display on
LCD is ‘RESET Status’.

¢ In the next state, when the signal conditioning output is > 0.93V and < 2.84V, LED is OFF, and then the display

on LCD is for various ‘White Blood Cell” (WBC) counts.

o Finally, when the signal conditioning output is > 3.0V and < 3.5V, LED is ON, then the display on LCD is

‘Critical Condition’. Likewise the microcontroller performs the tasks to control and display the pico current
conditioned signals.
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Figure 12: Flow Chart

V. RESULTS AND DISCUSSION
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The simulated and experimental results for the designed and developed pico current generator, current to voltage (1-V)
converter, amplifier and signal conditioning electronic circuit along with MSP430F2013 microcontroller are discussed in

this section.

A. Pico Current Generator

DC pico current generator circuit is designed and implemented on the general purpose PCB in the Laboratory. The
implemented hardware circuit produces pico current signal that ranges from 0 to 1500 pico amperes for the
corresponding variation of input supply voltage from 0 to 15 volts. The simulated and experimental results for pico
current generator are as shown in Table 1.

Table 1: Results for Pico Current Generator

Supply Voltage Simulated Pico Source Practical Pico Source Circuit
in Volts Circuit O/Pin O/P in Pico Amperes (pA)
Pico Amperes (pA)

0 0 0

1 99 105
2 198 210
3 297 310
4 396 405
5 495 513
6 594 605
7 693 708
8 792 808
9 891 910
10 990 1005
11 1089 1115
12 1188 1205
13 1287 1305
14 1386 1410
15 1485 1505

B. Current to Voltage Converter

The output of the pico current generator circuit, inturn is applied to the current to voltage converter and then amplified
using OPA4131 operational amplifier which is implemented efficiently on general purpose PCB in the Laboratory. The
simulated and practical results for I-V converter are as shown in Table 2.
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Table 2: Results for Current to Voltage Converter

I/P Current Simulated 1-V Converter O/P Practical I-V Converter O/P
in pA in mv in mv
0 0 0
105 -108 -106
210 -207 -203
310 -305 -307
405 -404 -402
513 -502 -505
605 -601 -609
708 -699 -706
808 -798 -806
910 -896 -905
1005 -995 -1009
1115 -1094 -1110
1205 -1192 -1212
1305 -1291 -1312
1410 -1389 -1409
1505 -1498 -1515

C. Signal Conditioning

ISSN: 2349-2163
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The I-V converter circuit produces negative voltage that ranges from 0 to -1.5 volts as shown in the Table 3 for the
corresponding input current ranges from 0 to 1500 pico amperes. This output is then amplified effectively using the LM-
741 operational amplifier to obtain 0 to +3.5 volts as shown in Table 3. Also this table provides the complete hardware
setup results for the signal conditioning electronic system which is implemented on general purpose PCB in the
Laboratory. Using Microcontroller, MSP430F2013 development board, the following conditions for the WBC Counts
(for real time biological applications) are programmed and interfaced with the hardware, also displayed as shown in

Figure 11.
Table 3: Results for Signal Conditioning
Supply | Practical I-V | Practical I-V Simulated, Practical Display on LCD LED
Voltage | Converter Converter Signal Signal Starter Kit
in I/P in pA O/P in mV Conditioned Conditioned
Volts O/Pin Volts O/Pin Volts
0 0 0 0 0 Output = 0V ON
Zero
1 105 -106 0.187 0.24 Output = 0.24V ON
Reset Status
2 210 -203 0.436 0.48 Output=0.4 V ON
Reset Status
3 310 -307 0.685 0.71 Output = 0.71V ON
Reset Status
4 405 -402 0.934 0.93 Output = 0.93V OFF
WBC count =80
5 513 -505 1.182 1.17 Output = 1.17V OFF
WBC count = 100
6 605 -609 1.431 1.40 Output = 1.40V OFF
WBC count = 120
7 708 -706 1.680 1.62 Output = 1.62V OFF
WBC count = 140
8 808 -806 1.929 1.85 Output = 1.85V OFF
WBC count = 160
9 910 -905 2.178 2.08 Output = 2.08V OFF
WBC count = 180
10 1005 -1009 2.427 2.34 Output = 2.34V OFF
WBC count = 200
11 1115 -1110 2.675 2.56 Output = 2.56V OFF
WBC count = 220
12 1205 -1212 2.924 2.84 Output = 2.84V OFF
WBC count = 240
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13 1305 -1312 3.173 3.02 Output = 3.02V ON
Critical Condition
14 1410 -1409 3.422 3.26 Output = 3.26V ON
Critical Condition
15 1505 -1515 3.67 3.5 Output = 3.5V ON
Critical Condition

V1. CoNCLUSION AND FUTURE WORK

This work is focused on design, simulation and implementation for a simple low power electronic system to access
and process the signal output from various sensors such as food or pharmaceutical or biosensor. The acquired signal is
successfully conditioned by employing Texas Instruments chips OPA4131 and LM-741. The conditioned signal is
efficiently processed by MULTISIM and LabVIEW application software. Further, the practical signal conditioning
electronic system output is effectively interfaced with the Mixed Signal Processor (MSP430F2013) development board.

In future, the practical smart biosensor (heartbeat sensor, blood pressure sensor, chemical sensor) can be used in place
of the actual pico amperes generation circuit. Further this biosensor output can be conditioned, processed and analyzed
using data acquisition card: NI PXI Flexible DMM-4071 card. Also the same concept can be extended for real time
applications such as pulse and respiratory rate monitoring, Electrocardiogram (ECG) for heart beats,
Electroencephalogram (EEG) for brain signals and Electromyogram (EMG) for muscles motions.

ACKNOWLEDGMENT

I would like to thank my beloved parents by degree of whom | reached the stage of completion of this work. | express
my deep sense of gratitude to my guide Prof. A Usha for her valuable suggestions and guidance in completion of this
work. My sincere thanks to Texas Instruments for providing the sample IC chips at appropriate time and | would like to
thank Prof. Ravishankar Deekshit for providing Electrical and Electronics Laboratory facility in executing this research
work.

REFERENCES

[1] Prof. A Usha, B. Ramachandra and M.S. Dharmaprakash, (2011) ““ Optimized Design of Bio-Sensor Using
Conducting Polymers and Nano composites™ International Journal of Engineering Science and Technology (1JEST).

[2] Prof. A Usha, B. Ramachandra and M.S. Dharmaprakash, (2011) “Bio Signal Conditioning and processing For
Biological Real Time Application Using Mixed Signal Processor’”, Biosensors and Bioelectronics.

[3] ZeliGao, Jie Wu, Jianli Zhou, Wei Jiang, LihuiFeng “Design of ECG signal acquisition and processing system”
2012 International Conference on Biomedical Engineering and Biotechnology, Kunming University of Science and
Technology, Kunming, China.

[4] C.-N. Chienl, H.-W. Hsu, J.K. Jang, C.L. Raul, F.S. Jaw, Department of Electrical Engineering, National Taiwan
University, Taipei, Taiwan “Microcontroller-based wireless recorder for biomedical signals™ IEEE Engineering in
Medicine and Biology 27th Annual Conference Shanghai, China, September-2005.

[5] Joseph J. Oresko “A Wearable Smartphone-Based Platform for Real-Time Cardiovascular Disease Detection via
Electrocardiogram Processing” IEEE transactions on information technology in biomedicine.

[6] http://mww.ni.com/pdf/manuals/371226b.pdf

[7]1 http://mww.ni.com/pdf/products/us/cat NIPX14071.pdf

[8] http:/lwww.ti.com/product/msp430f2013

© 2014, NIRAE- All Rights Reserved Page -204



