BME 458 LAB HANDOUT

Fall 2002

Introductory Lab

Introduction

This is a course in Biomedical Instrumentation so the best place to start is with the laboratory instruments themselves. It is very important that you become familiar with the common instruments that will be used most often. The goal of this lab is to give you experience with the laboratory instruments and basic laboratory techniques. You will also do some basic electronics work to build an isolated preamplifier that will be used throughout the course to provide an isolated interface between the signal source (.i.e. you), and the lab instruments. The preamplifier needs to be isolated in order to prevent dangerous shock to the patient. Finally, you will acquire and digitize your signals for analysis on the laboratory computers. The entire procedure is designed to take 3 weeks to complete. 

Goals of the Lab: 

1. Meet the GSIs who will discuss the rules of lab resources, access to lab, submission of pre and post lab exercises. There will also be a brief tour of the lab and an explanation of our expectations to make this course a beneficial experience for everyone.

2. Learn to operate and use the lab instruments: oscilloscope, function generator, multi-meter, power supply, and differential amplifiers. 

3. Identify electronic components and parts you will typically be using (resistors, capacitors, op amps, and optoisolators), and use these components to build and characterize an isolated pre-amplifier to be used throughout the course.

4. Learn to operate the A/D board, examine effects of sampling rates and aliasing and using LabVIEW and MATLAB software. 

Instruments
Function Generator

The function generator is used to output signals of known shape, frequency, amplitude and offset. It can also be used for a noise source as well as a source for an external triggering device. Investigate the following:

1. Make sure you can set the Output Termination option to High Z, if not your output will be twice what you expect. To set this, go to Menu(Sys Menu(Output Term(High Z. You must know how this works because it may come up often.

2. Signal Shape – Change the signal shape and observe the output on an oscilloscope. How many shapes are available (Hint: there are more than appear obvious).

3. Signal Amplitude and Frequency – Adjust the amplitude and frequency to find out the ranges available. How much DC offset is available (It is based upon the amplitude of the wave)?

4. What does the sync output do? Why would this be helpful in terms of triggering (see below for triggering)?

Oscilloscope

An oscilloscope is a sophisticated instrument that is used to measure voltages over time intervals. This is usually done by displaying the voltage as a vertical deflection while the horizontal sweep is moving at a constant speed determined by the horizontal timing of the oscilloscope. Basically the oscilloscope shows a Voltage vs. Time relationship. The oscilloscope uses a trigger to determine the onset of signal display. The trigger can be a voltage threshold, a slope, or an external signal and is a very important aspect of the instrument. In order to use the oscilloscope successfully you will need to be familiar with the controls listed below. Use the function generator as input for this section. Make a table in your lab notebook with following information:

1. Vertical/Horizontal Sensitivities – Adjust the knobs to discover the full range of sensitivities.

2. Measurement and Cursor Functions –Input some signals of known amplitude, frequency and shape and use the oscilloscope measurement utility to compare the readings from the scope with those of the generator. 

3. Triggering – This is one of the most important aspects of the oscilloscope. Triggering determines when the oscilloscope starts acquiring the signal. Investigate the Triggering Menu and make sure you understand the difference between auto, normal and line triggering. Know how to set triggering on rising/falling slope and how to set the threshold for triggering.

4. AC-DC Coupling – What is the difference between the two types of coupling? What is the average value of an AC coupled waveform? Explain how you determined your answer. How does AC coupling work (Hint: What frequency is a DC signal?)

Circuit Components
Now that you are familiar with the oscilloscope and function generator it is time to start building your own instrument. Many signals, especially biological are low amplitude signals (on the order of millivolts). Since noise can easily be in the millivolt range steps must be taken to amplify the source signal while reducing noise interference. In this section of the lab you will build your own isolated pre-amplifier and use filters to remove unwanted frequency components. You will be using a known signal (not biological) but it is important to know how to use the filters and amplifiers to properly condition your signal. Before coming to lab you should have designed a differential amplifier using op-amps and resistors and your lowpass filter using the op-amps, resistors and capacitors (this was your pre-lab exercise). You will be using a bread board to construct your amplifier.
1. Implement the differential amplifier using the available components at your lab station. You will have to consult your wiring diagram for the op-amps to learn how to properly configure your chip. Build your circuit on a solderless breadboard. You will need to use a Power Supply to power the circuit. Show the GSI your circuit before you power it up. Design your amplifier to have a gain of 50. Once the diffamp is completed verify the design by measuring the gain and the CMRR (Common Mode Rejection Ratio). Also measure the Noise Figure of your circuit (see the end of the lab handout).

2. Implement your lowpass filter on the breadboard. Choose any cutoff frequency you like Use the output from the isolated diffamp as your filter input. Is your filter cut off frequency correct? Is the gain correct (It should be set for unity)? 

3. Finally compare your diffamp, filter design, with the Stanford Research Differential Amplifier available at your lab station. Use gain accuracy, CMRR, and Noise Figure as comparisons.

4. Implement the optoisolator in your circuit. For the optoisolator you will want to consult the section at the end of this lab handout

A/D Conversion 
Digitization

To measure physical phenomena electronically, you have to sample and digitize it. An A/D (Analog-to-Digital) converter takes a continuous analog signal and chops it up into discrete numbers.  Actually, the continuous signal is examined at a single instant of time, and the best numeric approximation to the value is provided as a number.  This approximation to a single number is repeated again, and again, at progressively later times, to build up a sequence of numbers.  Even if a software graph on a display is drawn as a continuous line to represent the A/D conversion, it is not continuous.  It is just an array of numbers.  This sequence of numbers usually represents an equal time spacing between the A/D conversion. Whenever using output from an A/D converter, the good engineer is aware of how much (the range) and how fine (the resolution) they are using.  A National Instruments’ PCI-MIO-16E-4 board carries an A/D converter with 12 bits of resolution, or 212 (4096) quantization levels.

The PCI-MIO-16E-4 board also has software selectable input ranges that span a wide voltage range: from (50 mV to (10 V (maximum).  The actual hardware inside the A/D converter board consists of a programmable gain, differential amplifier followed by the A/D converter itself, which has a range that can be set internally to (10V, 0-10V, or (5V.  The programmable amplifier gain can be set to 0.5, 1, 2, 5, 10, 20, 50, or 100.

Measurement Automation Explorer (MAX)

All of your input devices on the computer can be configured using MAX (Measurement Automation Explorer). It is a simple program that allows you to test your devices, install/remove hardware drivers, and change settings of the existing hardware. You should see MAX on your desktop. Open up MAX and select “Devices and Interfaces”. Right Click on the A/D board and open the Test Panel. Using a known signal verify that your analog input is working properly. Using an oscilloscope verify that the analog output is working properly. Investigate the Properties of the device and find out how to change the Range and the Mode. What options are available for these settings? For the Mode describe the difference between each selection. When finished close MAX without making any changes.

LABVIEW

In this course we will be using LabVIEW extensively to acquire, analyze and present data. While other programming languages use text-based languages, such as MATLAB or C/C++, to create lines of code, LabVIEW uses a graphical programming language, G, to create programs in block diagram form. LabVIEW programs are called virtual instruments (VIs) because their appearance and operation imitate actual instruments.  VIs have both an interactive user interface (front panel) and a source code equivalent (block diagram), and accept parameters from higher level VIs (modular programming).  There are also conventional debugging tools with which you can set break points, single step through the program, and animate the execution so you can observe the flow of data.  The execution of a program in LabVIEW is data driven, as opposed to the instruction driven execution in traditional programming languages such as C and Pascal.  A node executes only when data has arrived at all of its input terminals and only passes data on to its output terminals when it has finished executing.  

Sampling and Aliasing

Since digitizing an analog signal involves sampling, there are some very important considerations to be aware of when acquiring your signal. The Nyquist theorem states that to accurately measure a certain frequency component of a signal, you must sample at least twice as fast as that frequency.  If your sample speed is not high enough, spurious components will appear.  This is called "aliasing". In real life, we sample many times higher than the Nyquist frequency to get a nice "picture" of the waveform in the time domain as well.

Open the Spectrum Analyzer Example in LabVIEW. Using the function generator as input, investigate aliasing. Please limit your input to 10V maximum as it may damage the A/D board. Make a table of input frequencies, output wave shape, apparent output frequency and if aliasing is observed and include this in your lab notebook.

Programming Your Own VI
1. Go through the LabVIEW tutorial provided at the end of this lab handout, making sure you understand how to build your own VI for data acquisition and analysis. 

2. Once you understand how to use LabView design a VI that will acquire data through the A/D board and display it on a graph. Make sure you know how to set the following:

Number of Channels

Sampling Rate (scan rate)

Number of Scans

Buffer Size

A stop mechanism to terminate the acquisition

Display of data on a graph

Write data to a Text File

This will be your base VI that you will modify in later labs. Going through the tutorial should accomplish the above. 

3. Modify the VI so there is a second graph which displays power spectrum of the data. It should look similar to the block diagram below. You may want to look at the Spectrum Analyzer example for help. You will also need to modify the x-axis in the frequency plot.
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4. Verify your design by connecting a Function Generator to Analog Input Channel 0 on the breakout board and running the VI.

Integrating Hardware and Software

Now that you have built your pre-amplifier and programmed your VI it is time to bring it all together. Construct an acquisition/measurement system that uses an input, your amplifier and your VI. You can also use the Stanford Diff-Amp for additional signal conditioning if you wish. Verify that the result on the VI is what you expect. 

MATLAB
Many of you have probably used MATLAB before and recognize it as a powerful tool for numerical analysis. While this course will primarily use LabVIEW we do have MATLAB available as well. There is a brief MATLAB example at the end of this lab handout. Review this example and use it to load the text file created by LabVIEW and plot the signal and its FFT on one figure window. You will want to modify the example given in the Appendix to properly display the FFT and also include a title and axis labels to your figure. Compare the output to that of the LabVIEW VI you designed above.

APPENDIX
Operational Amplifiers
Most biological signals are small in amplitude and require amplification. Amplifiers can be built with cheap circuit components called Operational Amplifiers (OP-AMPs), and a few circuit components such as resistors and/or capacitors. The schematic symbol for an OP-AMP is given below.
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We know that V2=V1 and i1=i2=0. These equations and Ohm’s Law V=iR are all you need to know to formulate the characteristic equation of an instrumentation amplifier using OP-AMPs.

Below is an example circuit of an inverting gain amplifier. There are further examples in your book which should help in your pre-lab exercises.


Using the basic Op-AMP equations and adding the currents at node VN, using Kirchoff’s Current Law, we get:

i1 + i2 = iN
Using Ohm’s Law we get:

i1 = (Vs-VN)/R1

and

i2 = (Vout – VN)/R2
iN = 0

This leaves,

(Vs-VN)/R1 + (Vo – VN)/R2 = 0

Rearranging and noting that Vn=0,

Vo = -(R2/R1)*Vs
CMRR

Determining the Common-Mode Rejection Ratio:

Biomedical applications of electronic circuitry tend to be in noisy locations like hospitals (noisy meaning electrical noise. Also, the signals they attempt to measure, being biological, are often very small.  So overhead fluorescent lights, other electronic devices, computer monitors, etc all contribute to ambient noise that can severely degrade the signal you’re trying to measure.  That’s why instrumentation amplifiers need to have a high Common-Mode Rejection Ratio, or CMRR.  A high ratio means that any noise that’s on both terminals of the device (which usually comes from the environment) will tend to get cancelled out, leaving a cleaner signal to measure.

This circuit will show a very high CMRR only if the resistors are accurately matched, i.e., the 2 R1s, R2s, and R3s are very close in value ( see Pre-Lab Exercise).  Remember that standard commercial-grade resistors can vary as much as 5%. We won’t spend any time here rigorously defining differential and common mode voltages (if you’re interested consult any current op-amp text).  The results of these definitions and relationships are:

Vid = V1 – V2  ;     Vic = (V1 + V2)/2 ;
Vo  =  Ad * Vid  +  Ac * Vic

That is, output is equal to the differential voltage times the differential gain, plus the common-mode voltage times the common-mode gain.  The CMRR is defined as Ad/Ac, the ratios of the gains.  When calculating the CMRR, always express it as a log:  

CMRR =  20 log(Ad/Ac).

Measuring CMRR can be tricky.  Theoretically, all you are measuring is the ratio of the differential mode (DM) gain and the common-mode (CM) gain.  So you might think that you apply the same voltage to both inputs, measure the output for common-mode voltage, then apply two different voltages to both inputs to get the differential voltage, and then take the ratio.  Unfortunately, since real signals are not perfect, any time you apply a real differential signal to an amplifier, you are applying both a differential and common-mode voltage.  You can’t separate them in real life.  But the CMRR can also be defined as the ratio between the amplitude of the common mode signal (call it Vcm ) and the amplitude of an equivalent differential signal (call it Vd ) which would produce the same output voltage from the amplifier. 

So first put in a relatively large common-mode signal, i.e., Vcm  = 10 volts tied to both inputs.  Measure the output signal. This should be very small in amplitude. Then put a very small differential voltage on the inputs. This can be accomplished by tying one of the inputs to ground and applying a VERY SMALL signal to the other input. A voltage divider as the circuit shown below could be required to achieve a small enough differential voltage where Vd is the voltage applied to one input while the other input is applied to ground), and adjust this differential voltage carefully until the output voltage just equals the output voltage of the common-mode case.  That gives you your Vd.
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Then the CMRR = 20 log (Vcm /Vd ).

Noise Figure

Download the Noise Figure files from the course website. Read it thoroughly before coming to the lab and be prepared to measure the noise figure of an instrument.

Optoisolator
Download the data sheet for the 4N25 Optoisolator:

http://www.fairchildsemi.com/ds/4N/4N25-M.pdf
The chip provides an isolated interface between two sides of a circuit. It does this by sending a signal via an LED to a phototransistor without any direct connection. Also since the LED is a diode current does not flow backwards and therefore will only flow away from the signal source, that source being you in this case. Since the isolator contains a diode and phototransistor it needs to be properly biased. Since some AC signals might not have enough DC bias you will have to add this. One way to do this without inserting an additional voltage source is by using a summer to add your AC signal to a DC offset which is some multiple of your source voltage. The figure below shows the summer with the isolator in cascade. The inputs to the summer are the output from your differential amplifier and the DC bias voltage. The output from the summer is given as:
V0=(-RF/R1)*VAC + (-RF/R2)*(-Vcc)


[image: image4]
You should choose the Resistors such that R1=RF and R2≈(1/4)Rf

The input and output resistors of the isolator chip can be around 10Kohms but should be matched. You should alos put a fairly large capacitor before the output so as to remove the DC offset seen at the output.
LabVIEW

The front panel is the interactive user interface that displays the inputs (controls) and the outputs (indicators) of the program, simulating the panel of a physical instrument.  The block diagram contains the virtual instrument’s source code.  In order to create a VI, you start by dropping controls (inputs) and indicators (outputs) onto the front panel.  To do this you can either use the Controls pull-down menu at the top of the window or position the cursor over an empty part of the front panel where you would like to place a control or indicator and then hold down the right hand mouse button (RHMB) to view the Controls pop-up menu.  You will find the pop-up menus to be quite useful.  There is at least one pop-up menu associated with each control, indicator, and sub-VI, which you can view by placing the cursor over the icon and holding down the RHMB.  You will find that these menus change depending on where on the icon the cursor is located and if the VI is in edit or run mode.

Now that you have been given a brief introduction on the usage of LabVIEW, it is time to practice.  The following exercise will make you step through some of the basic programming and editing methods available.  

In this tutorial, you will write a LabVIEW virtual instrument (VI) to read voltages and display them. The idea is to build a VI that works like a graphing digital multimeter. Your multimeter must be able to set the range of values for the readings (resolution) and display the reading on a digital readout and a chart.

The best way to learn LabVIEW is to just get your hands dirty and jump right into it. Follow the procedure below making sure that you know how to do each step. You might want to make sure that everyone gets a chance to do the programming to get some practice.

a. Launch LabVIEW and Select New VI.

b. Select the Window menu and select “Show Diagram” to bring the Block Diagram     window (the window with the white background) to the front.
c. Select Windows»Show Tools Palette to display the Tools palette.

d. Insert a While Loop into the diagram window. First, open the Functions palette by clicking the right mouse button with the cursor in the block diagram window. Then move the pointer down to the Structures palette button (upper left button). When the cursor reaches the button, a palette of program elements will appear. Click on the While Loop (icon on the far right in the top row).
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e. The While Loop first appears in the Block Diagram window as a box-shaped cursor. Insert the loop by placing the cursor in the upper left corner of the block diagram window and clicking and dragging the icon to the lower right corner.

f. Go back to the front panel. Insert a Waveform Chart. Right-click in the Front Panel window to bring up the Controls palette. Click on the Graph button (the right button in the second row) in the Controls palette. Choose Waveform Chart from the palette, move the cursor back to the Front Panel window, and click to insert the chart wherever you want.
g. You will now insert a stop button to control the While Loop execution. You can find the button palette by choosing the Boolean controls from the Controls palette on the front panel. You may select any button, as long as it is a button and not an LED, light, or switch. 

h. Use the Wiring tool to connect the STOP terminal (small rectangle with TF written inside) to the conditional terminal that controls the While Loop. The conditional terminal should be in the lower right corner of the While Loop. This is done on the block diagram. You may need to move the STOP inside the While Loop.

i. Right click the condition terminal and select Stop if True. With this option, when the stop button is switched to True, the While Loop will stop running.

Now that the While Loop has a controlled stop mechanism and you have your wave chart output, it’s time to program the VI for Data Acquisition.

For this part you will use the following blocks (from the Block Diagram window), AI Config, AI Start, AI Read, and AI Clear. These are found in the Data Acquisition button on the Functions pallette.

a. Place the blocks in the following configuration in the block diagram as seen in the figure below. Wire the TaskID and the ERROR terminals together.This enables communication between the blocks.
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b. On the front panel add Numeric Controls such that your front panel looks like the figure below. The Device, Buffer Size, #Scans, and Scan Rate are digital Controls. The Daq Channel needs to be in an array. So create an array from the Array and Cluster Menu. The Daq Channels is found under the I/O sub-pallette under the Controls palette. Insert the channel name into the array you just created. You will need to change some data types, which are viewable on the block diagram. To change them right click on the control of interest and select Representation. Then you can change the data type. You will also want to change the name of the controls. To do this select the Text Tool from the Tools palette and click on the label to type in your changes. Below is a figure of the Front Panel and the Block Diagram. Make the modifications from the figure above. On the Front Panel you must set the device to 1 and the Channel to 0. The other settings are up to you. To have a continuous picture of your data set the # Scans to Read to –1.
[image: image7.png]Devie ‘Waveform Graph Ploto B

9 e

Channel ‘ ‘ \“ ‘

9 F

Jo o | H“ M”‘\‘ ‘“
u w \‘ ‘\

Scan Rate.
#0000

Euffer S
§aom ]
# cans to Read 2000m 400.0m_600om G00om 1.0
Joo Time

stop

[stor]





[image: image8.png]ig_condition_tab 5 yptitied 1 = =

e e —

Untitled 1 Diagram *

Fle Edi Operate Took Growse Window telp

>[@] ©[1][@] foal ] [t povlcatinront <]

veform Chart]

Scans to Read

G me1d e col e [ b [ |





c. Now it’s time to include error handling. You will need to include 3 more blocks. The OR function found in the Boolean Pallette. The Unbundle by Name function found in the Cluster Pallette, and the Simple Error Handler found in the Time and Dialog Pallette. Your block diagram should now look like the figure below.
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d. The final step is to modify the VI so that it sends the data to a text file. Modify the VI so that it looks like the figure below. You will need to add a Path Control from the String and Path Menu in the Front Panel, 1 Boolean if True from the Boolean Menu in the Block Diagram, and a Write to Spreadsheet File from the File I/O Menu. You will also need to add a Case Structure (shown in the While Loop in the figure) as well as a Switch from the Boolean Menu on the Front Panel. Connect the blocks to the appropriate terminals and also connect the output of the AI READ to the 2-D data input on the Write to Spreadsheet block. First, right click on the AI READ block and choose Select Type and choose Scaled Data. On the Front Panel type I the full path of the file you want to write to. If you don’t you will encounter problems with the path. Also, this VI is set up to append data to the file contained if the path name if it already exists. So if you want separate files then be sure to write a new filename the next time you run the VI. 
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e. Save the VI. This is your base VI that you should keep for subsequent programming. You will need to modify it but this is a good start. If you want to keep the values as default values every time you open the VI, go to the Operate Menu and select Make All Values Default.

MATLAB

This is very brief info on using MATLAB successfully to input data from a text file and to perform a basic fft of the data. First, to input data from a textfile, for example generated by LabVIEW, use the TEXTREAD function:

out=textread('filename.txt','%f');

The name filename.txt simply refers to what you called your file. Make sure you are in the same directory as the text file or MATLAB may not be able to find it.

Next to do a simple fft just use the FFT function:

out_freq= fft(out);

Then develop a vector called “time” that has the same number of data points as the your vector “out”.  Each point in the time vector should correspond to the time at which it was sampled.

Now you can plot the data and FFT on one figure:

subplot(211)

plot(time,out)

subplot(212)

plot(out_freq)

You should notice that the FFT is symmetrical about the Nyquist Frequency. Typically we do not show the right half of the FFT, and the result above is a very rough and simple plot for a signal and it’s FFT. For a more complete FFT example you will want to refer to the following url from The Mathworks Technical Support web site:

http://www.mathworks.com/support/1702.html
Additional tutorials for MATLAB can be found at:

http://www.engin.umich.edu/group/ctm
Figure � SEQ Figure \* ARABIC �1�: Circuit schematic of OP-AMP





VN





i2





R2





R1





i1





VO





Vs











+





-











R3





-





+











VAC





R1





RF





R2





-VCC





+Vcc





RO





Vo














PAGE  
16

