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ABSTRACT

The cardiovascular research laboratory at the University of 

Arizona has been using manual data acquisition and analysis 

techniques (ie., physiologic recordings on a strip chart and 

subsequent manual analysis) for their experimental data. Manual 

methods involve tedious, time consuming and costly procedures. A 

computer based data acquisition and analysis system was designed 

utilizing a Macintosh computer with Lab VIEW software. The system 

includes software to acquire and store electrocardiographic, blood 

pressure, and nerve activity data; and analyze microneurographic 

muscle sympathetic nerve activity (MSNA), arterial blood pressure 

(systolic (SBP), diastolic (DBP), and mean (MAP)) and heart rate (HR). 

The analysis results using the computer system indicate .90, .99, .98, 

.98, and .96 correlation coefficients when compared to manual 

analysis for MSNA, SBP, DBP, MAP, and HR respectively.

9
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CHAPTER 1 

INTRODUCTION

Overview

Traditional methods of data collection and analysis in 

cardiovascular research laboratories involve data reduction 

techniques which require manual measurements and calculations. 

This study describes a test of the development and evaluation of a 

microcomputer based system for data collection and analysis of 

cardiovascular-autonomic nervous system variables. This system is 

to be used for all research projects in the Cardiovascular Research 

Laboratory of the Human Performance Laboratories at the University 

of Arizona. Such a system was desired in order to reduce the 

tedious, time consuming, and expensive procedures associated with 

manual methods.

A research group in the human performance laboratories at the 

University of Arizona is devoted to research of the human 

cardiovascular system. Their specific area of research is the 

responses of the cardiovascular system when exposed to various 

physical stresses including exercise and environmental stress. This 

type of research is a form of applied physiology which looks at the 

function, change, and adaptations of the various organ systems. The



cardiovascular system is just one part of an integrated unit which 

controls human function. There are many physiologic variables 

which affect and are affected by the cardiovascular system.

A problem with applied physiology is that it requires the 

measurement and analysis of many variables, usually over extended 

periods of time. A typical experiment in an applied cardiovascular 

laboratory may require measurement of eight physiologic variables 

for 45 to 90 minutes. Data reduction methods for these lengthy 

protocols can be tedious, time consuming, and expensive if done 

manually.

Data acquisition and analysis techniques have been reported 

for applied cardiovascular research. Early reports indicate the use of 

the traditional, manual methods for data acquisition and analysis. 

More recent investigations reveal that laboratories are using 

computer assisted methods. Most systems acquire and analyze 

heart rate, blood pressure, respiratory excursions, and muscle 

sympathetic nerve activity. Depending on the specific aim of the 

research, other physiologic variables are collected and analyzed. 

Elaborate experimental procedures requiring the measurement of 

several variables indicate that alternative methods of acquisition and 

analysis are needed.



Several papers (5,11,12,13,15,20) have reported using manual 

techniques for data acquisition and analysis of cardiovascular 

variables. Basically, this technique involves analog signals 

simultaneously recorded to paper and frequency modulated (FM) 

tape (for back-up purposes). Measurements and analyses are 

performed from the paper recording. An advantage to a manual 

method is that it enables the investigator to oversee the entire 

reduction/analysis process. A disadvantage is that the method is

potentially inaccurate due to human error and/or investigator bias. 

In addition, it is labor intensive and thus expensive.

Some physiology laboratories have utilized a method which 

uses a computer with a digitizing pad.(12) This method involves the 

use of a digitizing device with a microcomputer. By placing the 

physiologic recording oil a special grid, data points are indicated with 

a marking tool. The orientation of the marking tool on the grid is 

stored in digital form to the computer. This method saves time 

through the use of computer analysis. However, the method is still 

susceptible to investigator error and/or bias. Furthermore, the 

accuracy of analysis with this method is limited by the number of 

points which are manually digitized.

Others report the use of processing digital oscilloscopes to aid 

in the data acquisition process.(l,2,7,10,19) This method uses 

external circuitry to provide a trigger for a digital oscilloscope to
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begin data acquisition. Usually the trigger conditions involve other 

physiologic variables including the onset of inspiration or a peak R 

wave from an ECG signal. A predetermined number of samples are 

acquired for each friggered acquisition. After a triggered data

acquisition, the digital signal is transferred to a computer for 

analysis. The computer then performs further analyses of the

signals. This method provides the objectivity, accuracy, and

precision of computer analysis methods. This type of system,

however, can only be used for specific types of research protocols 

(ie., those which are investigating specifically timed signals). It does 

not allow continuous analysis of data over extended acquisition 

periods.

The most recent cardiovascular physiologic data 

collectioh/analysis technique involves a computer with a high speed 

analog to digital (A/D) converter. Currently, there are only a few 

applied cardiovascular research laboratories using this technique.(9) 

This method uses software to trigger the A/D conversion process and 

the subsequent storage of digital signals to the computer's memory. 

Multiple signals can be digitized with the same A/D converter using a 

multiplexer. The length of data acquisition and number of signals 

converted are software controllable. After the data are acquired, the 

computer analyzes the physiologic variables. This technology offers 

continuous data acquisition capabilities with the objectivity, 

accuracy, and precision of computer analysis methods. In addition, it
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provides an integrated unit which allows modifications and 

expansions simply by changing or adding to the software.

On the basis of these various methods, we developed a 

microcomputer-based data acquisition and analysis system to study 

cardiovascular-autonomic nervous system variables during 

prolonged experimental protocols. The system was verified by using 

it to correlate cardiovascular-autonomic nervous system variables 

measured by a manual method to the same variables measured by 

the computer method. The cardiovascular variables characterized 

were systolic (SBP), diastolic (DBF), mean (MAP) blood pressure, 

heart rate (HR), and muscle sympathetic nerve activity (MSNA).

Background

Borland's medical dictionary defines the cardiovascular system 

as "the heart and blood vessels, by which blood is pumped and 

circulated through the body."(3) Its purpose is to provide adequate 

tissue perfusion throughout the body. Under normal resting 

conditions, the healthy heart maintains homeostasis (ie., it pumps 

enough blood so that all tissue is adequately perfused): When a

particular stress is applied to the cardiovascular system, the body 

makes certain physiologic adjustments to maintain adequate tissue 

perfusion. The cardiovascular responses to such stressors can be 

directly observed via adjustments in blood pressure, heart rate, and



15

cardiac output. These cardiovascular adjustments are mediated by 

the autonomic nervous system (AN'S).

The ANS is the primary controller of cardiac and blood vessel 

function. It is "the portion of the nervous system concerned with the 

regulation of activity of cardiac muscle, smooth muscle, and 

. ■glands."(3) . The ANS can be subdivided into the sympathetic and 

parasympathetic nervous systems. The sympathetic nervous system 

increases heart rate, heart contractility, cardiac output, arteriolar 

vasoconstriction, and is responsible for increasing blood pressure. 

The parasympathetic nervous system decreases heart rate and 

contractility, and thus is responsible for reducing blood pressure.

There is a close interaction between the sympathetic and 

parasympathetic nervous systems in the control of cardiac function. 

The integration of both systems occurs in the brain. This integrated 

system provides an accurate control mechanism similar to the 

accelerator/brake system in an automobile. In order to better 

understand the behavior of the cardiovascular system in response to

the ANS it is important td be able to understand the activity of both
- ■ . ' _ ’ ' ' ' ■- •

the sympathetic and parasympathetic systems.

The parasympathetic nervous system has been difficult to 

characterize because a lack of technique to directly measure its
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activity. At the present time, there is no reported literature on 

direct parasympathetic nerve recordings in humans.

Unlike the parasympathetic nervous system, sympathetic 

nerve recordings can be obtained directly and have been reported 

for several years.(20) Sympathetic activity is manifested in the form 

of electrical impulses known as action potentials. These action 

potentials originate in the central nervous system and are conducted 

through nerve fibers to various sites in the body.

There are two types of signals associated with the sympathetic 

nervous system that can be directly measured in humans, namely: 

Skin Sympathetic Nerve Activity (SSNA): and Muscle Sympathetic 

Nerve Activity (MSNA). S SNA is influenced by arousal and thermal 

stimuli however it has not been directly correlated to changes in 

cardiovascular variables. MSNA is influenced by blood pressure (BP), 

respiration, and heart rate and its activity has cardiovascular 

consequences (ie., evokes changes in cardiovascular variables).(20)

A large part of the research which takes place in the 

cardiovascular research laboratory at the University of Arizona 

involves direct measurement of MSNA using a technique known as 

microneurography. The technique measures sympathetic activity 

using microelectrodes. A tungsten recording electrode with a shaft 

diameter of 200 p.m and uninsulated tip of 1 - 10 pm  is
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percutaneously placed in the nerve fiber to serve as a recording 

electrode. A similar needle with a larger uninsulated tip is 

percutaneously placed outside the nerve to serve as reference 

electrode. These electrodes record nerve action potentials or 

"neurograms". The research group at the University of Arizona 

typically uses the peroneal nerve to make microneurographic 

recordings. The best place to measure the activity of the peroneal 

nerve is just under the skin on the outside of the leg below the knee. 

The technique of recording sympathetic action potentials in 

peripheral nerves of awake* unanesthetized human subjects was 

introduced in 1968 by Hagbarth and Valbo.(20) T o d a y , 

microneurography is a research tool commonly used in applied 

cardiovascular physiology.

In addition to MSNA, the measurement of other physiologic 

variables is essential to cardiovascular research. These variables 

may include: electrocardiogram (ECG), BP, respiration, cardiac output,

and electromyogram (EMG). Only the ECG, BP, and MSNA are utilized 

in this study* Figure 1 shows a typical recording of these 

cardiovascular variables. The top waveform is a blood pressure 

recording. The middle waveform is a processed muscle sympathetic 

nerve recording. The bottom waveform is an ECG recording.

Blood pressure is the pressure of the blood on the walls of the 

arteries. Systolic (SBP)V diastolic (DBP), and mean (MAP) blood
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FIGURE 1. Typical Recording of Cardiovascular Variables
The top waveform is a blood pressure recording. The middle waveform is a processed 
muscle sympathetic nerve recording. The bottom waveform is an ECG recording.

oo



19

pressure values are obtained from the BP recording. The systolic and 

diastolic blood pressures are the maximum and minimum pressures 

during the cardiac cycle respectively. The mean pressure is a 

derived value calculated using the following formula:

MAP = (SBP - DBP)/3 + DBF

Muscle Sympathetic Nerve Activity (MSNA) is obtained from 

the processed nerve signal (see Figure 1), A few basic features 

distinguish MSNA. Each of the large spikes is referred to as a "burst" 

of activity. The bursts are pulse synchronous (ie, if burst activity is 

present, it occurs at a specific point in time after each peak R wave of 

the ECG),(4) Burst amplitude varies depending on the proximity of 

the recording electrode with respect to nerve fibers and the 

amplifier gain. The signal-to-noise ratio (SNR) is defined as the ratio 

of the burst amplitude to the backround noise amplitude. Ideally the 

signal to noise ratio of the MSNA recording should be at least 3:1. 

MSNA is quantified by measuring burst frequency (bursts/minute), 

average amplitude (arbitrary units), and total activity (arbitrary 

units). Burst; frequency is simply the number of bursts which occurs 

during a specified analysis period. Similarly, the average amplitude 

is the mean of the burst amplitudes during the same period. The 

total activity is a derived value which is the product of the burst 

frequency and the amplitude. All MSNA variables are typically

normalized for minute values.



An acceptable nerve recording is determined by the following 

eriteria(16):

1. Weak electrical stimulation (1-3V, 0.2 msec, 1 Hz) 

through the electrode in the peroneal nerve elicits 

involuntary muscle contraction but not paresthesias.

2. Tapping or stretching the muscles or tendons 

supplied by the impaled fascicle elicits afferent 

mechanoreceptor discharges, whereas stroking skin 

in the distribution of the peroneal nerve does not 

evoke afferent discharges.

3. The neurogram reveals spontaneous, intermittent, 

pulse synchronous bursts which increases during 

held expiration and phase 2 and phase 3 of a 

Valsalva maneuver, characteristic of muscle 

sympathetic nerve activity.

The EGG is a record of the variations in electrical potential 

caused by electrical activity of the heart muscle and detected at the 

body surface. It is used to study the action of the heart muscle. The 

heart rate (HR) is obtained from the EGG recording.

20
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CHAPTER 2

SYSTEM. CONFIGURATION 

System Specifications

There are several characteristics of a data acquisition/analysis 

computer system which are essential to a cardiovascular physiology 

research laboratory. At the onset of this project, the following 

characteristics were determined to be necessary in a computer based 

system:

A. Data acquisition/storage capability for at least eight 

physiologic variables sampled at a minimum sampling 

frequency of 100 Hz and continuous collection periods 

lasting approximately six minutes.

B. Signal processing to provide:

1. Determination of actual MSNA activity including burst 

frequency, burst amplitude, and total activity.

2. Determination of blood pressure variables including 

systolic, diastolic, and mean pressure with the 

capability of averaging over a specified time interval.

3. Determination of heart rate in beats per minute.

G Simple operation procedures for the investigator.



Other desirable features of a data acquisition/analysis computer 

system included: reasonable cost, expandability, and flexibility.

A system was designed which best accommodated the above 

specifications. Figure 2 shows a block diagram of the system design. 

Inputs to the system are physiologic variables. These variables are 

transduced (ie., transformed from the raw physiologic signal to a 

standard. representation) via the blood pressure monitor and nerve 

traffic analyzer and amplified (via the 8-channel physiologic 

monitor). Each output is connected to the physiologic recorder and 

data recording system. The data recording system is also coupled to 

a computer with printer. The outputs of the system include: a hard

copy output from the physiologic recorder, the physiologic data 

reduction/analysis results from the computer/printer, and a long 

term storage output from the data recording system.

A general description of the protocol using the micro computer 

based system for data acquisition, digitizing, and analysis is as 

follows:

A. During the experiment, data is routed to the physiologic 

monitoring/recording and data recording systems. These 

systems provide a record of the entire experimental 

procedure for storage/backup purposes.

B. After the experiment, the recording is played into the 

computer and the data digitized with the A/D converter.
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Following the digitizing process, data are analyzed by the 

computer and the results sent to a printer.

The following text outlines the design of the data acquisition 

arid analysis system. It offers justification of purchases and methods 

pursued. The system design is divided into two parts. The first part 

determines the software and hardware configuration best suited for 

the research laboratory. The second part concerns the actual 

software design.

Existing Equipment

The existing equipment used for this project includes ari &- 

channel physiologic monitoring and paper recording system with ECG 

amplifier (Model 4600, Gould Inc, Recording Systems Division,

Cleveland, OH); a nerve traffic analyzer (Model 662C-3, Univ, of Iowa 

Dept of Bioengineering, Iowa City, I A); a non-invasive blood pressure

monitor (Finapres Model 2300, Ohmeda, Englewood CO 80112); and a

ImageWriter II printer (Macintosh II, Apple Computer, Inc.,

Cupertino, CA).

The eight channel physioldgical monitoring system is used to 

amplify, display, and print all of the signals collected during an 

experiment. Table 1 lists the specific component modules and their 

model numbers. The monitoring system provides an amplified,
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component

Video Display Monitor

Medium Gain DC Amplifier

Biotach Amplifier

Transducer Amplifier

Integrator Amplifier

Universal Amplifier

Electrostatic Recorder

4600 Interface to Recorder 
SP800

model number

V I000

13-4615-00

13-4615-66

13-4650-50

13-4615-70

13-4615-58 

ESI000

23-1101-04

Table 1. Components of the Gould 4600 Physiologic Monitoring 
System and corresponding model numbers.



analog output signal for each channel available through a standard 

BNC connector. The video display of the physiologic monitoring 

system provides an immediate display of the amplified waveforms. 

The variable speed, paper recorder provides a hard copy recording of 

the experimental data.

The nerve traffic analyzer (NTA) provides the electronics to 

process the nerve signal so that nerve activity can be quantified. 

Input to the NTA is the recording of raw action potentials obtained 

directly from the neurogram. The analyzer outputs an amplified, 

filtered, rectified, and integrated nerve signal. The signal can be 

displayed and recorded with the physiological monitoring system. 

The analyzer also provides an audio output which is used to listen for 

the characteristic sound of bursts. The audio/visual signals are used 

to verify an acceptable nerve recording.

The non-invasive blood pressure monitor provides a 

continuous measurement of arterial blood pressure in the finger 

using the finger photoplethysmographic technique developed by 

Penaz.(6) The monitor provides an analog output of blood pressure 

waveform. A calibration signal provides a square wave output 

corresponding to 0 to 100 mmHg scaled for 1 volt/100 mmHg.

The printer is an output device. It is used with the computer 

to print the results of the data analysis procedures.
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New Equipment

The new equipment acquired for this project includes 

application software, a computer with an A/D board, and; a data 

recording system (for long term data storage).

S o f t w a r e . The software is probably the most important 

component of the system. The software determines the system's 

basic abilities aud functions including data acquisition and analysis 

capabilities, speed, and programing/operating complexity. Several 

software programs were considered for acquisition/analysis 

capabilities, complexity, cost, and expandability. These included: 

Asyst, Asystant, and Labwindows for the DOS-based computers and 

MacAdios and LabYIEW for the Macintosh computer.

The Lab VIEW software (National Instruments Corp, Austin, TX) 

was chosen to write the programs for data acquisition and analysis. 

It provides all necessary components of an effective application 

software package including: data acquisition, data reduction, data

analysis, and data presentation capabilities. The Lab VIEW 

application package requires a Macintosh II computer with at least 

one Megabyte of memory and a hard disk.

Lab VIEW is an acronym which stands for Laboratory Virtual 

Instrument Engineering Workbench. Lab VIEW is an interactive
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software program which provides advanced analysis capabilities 

including signal analysis in both frequency and time domain. 

Software applications are developed by building virtual instruments 

(Vis) using a graphical programming language;

Lab VIEW provides the user with the basic programming tools 

which enable the user to perform such tasks as basic arithmetic,

simple comparisons, and file manipulations. Additional tools provide 

for array arithmetic, complex numbers, signal generation, signal 

processing, statistics, curve fitting, vector algebra, and matrix 

operations. Structures and constants allow the user to piece together 

a program using the above tools. These include such things as "DO 

WHILE" loops, "FOR/NEXT" loops, variables, and constants. Each tool 

has an icon or a graphical representation of the function. In addition, 

it has a connector pane which is analogous to a pin configuration on 

an integrated circuit.

A LabVIEW VI library is provided with the application

software. This series of Vis enable analog input/output, digital

input/output, and data acquisition support for the NB Series of

boards for the Macintosh II (eg., the A/D board).

The VI is essentially a program that emulates a real-world 

instrument on a computer. Like a real-world instrument, the VI has 

a "front panel" with controls that include buttons, switches, slide



controls, etc.. In addition, it has a Lab VIEW block diagram which is 

the computer program and analogous to the electronic circuitry of 

the real-world instrument. A VI can be operated interactively from 

its own graphical front panel or graphically connected to other Vis to 

be operated programmatically. Vis are combined to form a program 

by graphically wiring them together in the same manner that a test 

setup is built by cabling together individual physical instruments. 

Thus, a Lab VIEW program is not a sequential set of commands but 

rather is a virtual instrument that is constructed of a collection of 

sub Vis. Each of the sub Vis are themselves complete, executable 

software modules. Since any virtual instrument can be used as a 

sub VI, more sophisticated, application specific instruments can be 

continually developed. Figure 3 shows a simple example of a VI 

used to calculate the parallel or series combination of two resistor 

values.

Figure 3 a shows the front panel of the VI as it is seen on the 

computer screen by the user prior to initializing VI operation.. The 

front panel controls are manipulated by the computer's "mouse" and 

a keyboard. The top two boxes are input values specifying the 

resistor values to be used in the calculation. Their values are 

entered by positioning the cursor (via the mouse) over the particular 

value to be entered, selecting (by double-clicking the mouse), and 

typing (via the keyboard) the numeric value. The "Case Chooser" in 

the middle of the front panel is a slide control used to indicate the



Front Panel

o____
Resistor A

0
Resistor B

Case Chooser

[0___
ResuIt

FIGURE 3a . Exam ple of L abview  fro n t panel.



type of calculation to be performed (ie, parallel or series 

combination). This is one of several types of controls available in 

Lab VIEW. The control's choice is indicated by triangular pointer and 

by the number in the box just above the slide control. A selection is 

made by positioning the mouse over the desired case and clicking the 

mouse. The bottom box is where the result of the calculation is 

displayed after running the virtual instrument. Refer to the 

LabVIEW manual for instructions on running LabVIEW virtual 

instruments.(8)

Figure 3b shows the VI diagram of the front panel in Figure 3 a. 

Each of the front panel inputs and outputs has a corresponding 

component in the diagram. The "Case Chooser" input is connected to 

a structure which is used to indicate the case options (ie., series or 

parallel). The two lower boxes show the sub-diagrams corresponding 

to each case option. These show the actual arithmetic operations. 

Each of the inputs and outputs is connected to sub-VIs to perform 

the indicated operation. Refer to the LabVIEW manual for 

instructions on diagram wiring.(8)

Hardware .  A Macintosh computer (Macintosh II, Apple 

Computer, Inc., Cupertino, CA) with two Megabytes of read only 

memory (ROM) and 40 Megabytes of read access memory (RAM) was 

chosen for the computer based data acquisition and analysis system. 

It provides system compatibility since the LabVIEW software was
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written specifically for the Macintosh computer system. As it turned 

out, the investigators had also preferred the Macintosh system and 

thus it satisfied user compatibility requirements. Furthermore, the 

Macintosh computer provided uniformity with respect to other other 

computers used in the laboratory.

The analog' to digital (A/D) board used, is the NB-MIO-16H-9 

(National Instruments Corp., Austin, TX) and was chosen for its 

hardware/software compatibility. It provides multi-function analog, 

digital, and timing input and output for the Macintosh II. It has a 12 

bit A/D converter, 16 single ended or 8 differential analog inputs, 

two 12 bit D/A converters w/outputs, eight lines of TTL compatible 

digital input and output, and three 16 bit counter timer channels for 

timing input and output. It also provides software programmable 

gain settings of 1, 2, 4, and 8 for high level analog input signals.

The Vetter Model 4000 including Video Cassette Recorder 

(VCR) (AR Vetter Co., Rebersburg, PA) was chosen as the recording 

system. The Vetter system uses a pulse code modulation (PCM) unit 

to convert an analog input to a digital signal that can be stored on a 

VCR tape. The PCM is capable of simultaneously recording up to 15 

data channels and one audio channel on a VCR tape. It uses a 

sampling frequency of 5000 samples per second when all 15 data 

channels are being utilized. This system met all of the necessary 

requirements for the data storage system and offered an inexpensive



medium for data storage (ie>, six hours of continuous data on one 

standard VCR tape).



CHAPTER 3 

SOFTWARE DESIGN

Several design options were available for the data 

acquisition/analysis system. For example, data acquisition, storage, 

and analysis may or may not be done in real time. In addition, the 

system's data acquisition/storage could be done to a floppy disk, a 

computer hard disk, or to another medium. Before any analysis 

software was written, some decisions had to be made concerning the 

general system operation. The decisions were made within the 

constraints of experimental and equipment limitations with 

simplicity, efficiency, and flexibility in mind.

A design option for the system was a real time data 

reduction/analysis. This design would require additional hardware 

to provide direct memory access so that data acquisition and analysis 

Could occur simultaneously. The length of protocols and number of 

signals acquired would not make a real time system feasible. The 

analysis procedures are quite involved. At this time, it doesn't 

appear that Lab VIEW would be able to perform such involved 

analyses and collect data simultaneously in real time. Furthermore, a 

real time system would require different programs and procedures 

for specific protocols. This makes the system as simple as possible 

by maintaining the same procedures (ie., general data acquisition) for



each protocol. For these reasons, it was decided that data 

digitizing/analysis would be done after all data was collected. This 

design requires an additional step to digitizing the data, however it 

makes the computer available for other applications. It also avoids 

any catastrophic events such as running out of memory or computer 

problems during an experiment which would result in the loss of 

experimental data.

Another system design consideration was a data storage 

medium. Early on in the software design it was discovered that data 

Storage to floppy disk was not adequate, The length of data 

acquisition periods, number of signals analyzed, and data format 

specified by Lab VIEW (ie., 5 bytes per sample stored in an array- 

format) severely limit the amount of data that can be stored on this 

medium. A typical floppy disk provides 880 kilobytes of available 

memory. Sampling eight channels at 100 Hz at five bytes per sample 

would result in a maximum of 220 seconds (3 minutes and 40 

seconds) of data that could be stored to each floppy disk.

An alternative to the floppy disk data storage was hard disk 

data storage however; since data could only be stored temporarily on 

hard disk, hard disk data storage was also not feasible.

Given the constraints of computer and floppy disk memory, it 

was obvious that an alternative method was required for long term
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storage of data. Tape systems have traditionally been used and were 

previously used in the cardiovascular physiology lab. The Vetter 

PCM/VGR system was chosen because it provides the capacity to 

precisely store many signals with adequate frequencies on a 

relatively inexpensive medium. As stated earlier in the system 

protocol, the PCM/VCR system records all physiological variables 

onto a VCR tape. After the experiment the PCM/VCR can be played 

back so that the data can be digitized and subsequently analyzed.

The software design programs are explained in three sections: 

data acquisition, data digitizing, and data analysis.*

Data Acquisiti on

The main purpose of the data acquisition program is to provide 

a record of the physiologic variables during an experimental

procedure. During the data acquisition, the names of the 

experimental procedures are stored to a "Protocol" file in the order in 

which they were carried out. These names are generated by the

settings of the data acquisition virtual instrument front panel 

controls. The contents of the "Protocol" file are used with the data 

digitizing/analysis programs to match the data with the correct

intervention name. Finally, the data acquisition program provides

* Programs and User Manual available on request from Neihl Omar Suwamo, 
University of Arizona, Department of Exercise and Sport Sciences, McKale 
Center Rm 228D, Tucson, AZ 15721.



features to simplify the data collection procedure including: external 

control of PCM/VCR and Gould recorders, and a data acquisition 

timer.

The data acquisition software provides external instrument 

control via the digital outputs provided by the NB-MIO-16 and 

interface box, and is programmed through Lab VIEW. An interface 

box was assembled to couple the necessary A/D converter inputs and 

outputs to the various apparatus. Appendix B shows the schematic 

diagrams and manufacturers specifications of components used with 

and for the interface box. Both the PCM/VCR unit and the 

physiological recorder are controlled by the computer during data 

acquisition.

A feature was included in the data acquisition software to

provide standardized data digitization of each intervention. This

feature is useful in case the data must be digitized a second time for 

re-analysis or further analysis. It provides the capability to digitize

the same exact data each time a particular set of data is digitized.

The standardization is accomplished by putting a five volt dc signal 

on one channel of the VCR tape to indicate a data acquisition period. 

A non-data acquisition period is signified by a zero volt signal on the 

same channel. This control signal is used during data digitization to 

trigger the start and end of data acquisition period.



A typical experiment in the cardiovascular laboratory involves 

the collection of several sets of data. Appendix A shows a typical 

protocol used in the cardiovascular lab. For each data set, there is a 

control, intervention, and recovery period. Intervention periods are 

used to elicit a cardiovascular response (ie,. increases or decreases in 

BP, HR, and MSNA). Each of the interventions may or may not be 

used in a typical experimental protocol. For example, the protocol in 

appendix A uses only handgrip exercise for a microneurography 

protocol. All intervention types are explained here in order to clarify 

the data acquisition/analysis system programs;

Handgrip exercise (isometric or dynamic) is a typical 

intervention used in the cardiovascular research laboratory. This 

intervention uses a handgrip dynamometer to indicate the intensity 

of the exercise. Intensity is expressed as a percentage of the force 

exerted during maximal handgrip exertion. Maximal exertion refers 

to the maximum exercise potential of the person. Sometimes during 

or following exercise, blood flow to the forearm is occluded. This is 

used to maintain exercise-like stimulation of the cardiovascular 

system without actual muscle contraction.

Another type of intervention typically used is lower body 

negative pressure (LBNP) which simulates standing position without 

having to actually stand. Microneurography at the peroneal site
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requires absolute relaxation of the lower body. The LBNP technique 

allows simulation of standing while in a supine or reclining position.

Finally, dynamic exercise is typically used in the cardiovascular 

laboratory. This is a general categofy for exercise and may include 

cycle ergometer exercise or treadmill exercise and is usually 

performed at a percentage of maximal exertion.

Figure 4 shows the system control and data flow diagram for 

the data acquisition procedure. Notice that data is input directly to 

the physiologic monitor and PCM/VCR systems.

Figure 5 shows the front panel of the data acquisition virtual 

instrument. The various front panel settings of the data acquisition 

VI are used to indicate the type of data being collected and are 

described below.

Subject Name (Last, First, Middle Initial) — specifies the subject's 

name

Subject's Height (cm) -- specifies the subject's height in centimeters

Intervention — specifies the type of intervention used 

and is associated with the data on tape. Each
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intervention has a corresponding control described 

below.

Calibration — specifies a calibration signal

Handgrip — specifies handgrip intervention

Handgrip Occlusion/Normal — specifies whether the arm 

is being occluded or not occluded during the 

handgrip exercise intervention

LBNP — specifies lower body negative pressure 

intervention

LBNP Level -- specifies the absolute pressure 

applied to the lower body

Dynamic Exercise —  specifies a dynamic exercise 

intervention

Exercise intensity — specifies the exercise intensity 

as a function of maximal exertion

Control/lnt/Recovery — specifies a control sequence 

intervention sequence, or a recovery sequence
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Collect/Standby — specifies the start and stop of the data acquisition 

period. Data acquisition periods can be enabled until the "End 

Data Collection Session" push button is activated

Marker -- an additional marker which can be used to mark the data 

for specific points during the data acquisition period

VCR on/off — controls VCR operation when in the standby mode

Rec on/off — controls printer operation when in the standby mode

Printer Speed — sets printer speed

# of seconds acquired — indicator of the time elapsed for the 

particular data acquisition period

End Data Collection Session — terminates the program operation

Data Digitizing/Analvsis

The data digitizing/analysis programs were written to provide 

a meaningful and accurate interpretation of the cardiovascular- 

autonomic nervous system variables during the experimental 

protocol. The analysis program provides external instrument control
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for the PCM/VCR unit so that digitizing, analysis, and presentation 
can be automated.

The numeric format defined by Lab VIEW limits the memory 

available for rigorous analysis techniques. Therefore all data 

digitizing and analysis programs must presently be initiated 

manually. The next version of Lab VIEW enables the user to specify 

a numeric format and will enable the use of the automated programs.

Figure 6 shows the system control and data flow diagram for 

the data digitizing/analysis procedure. System control signals are 

passed between the PCM/VCR system and the computer via the 

interface box,

Figure 7 shows the front panel of the data analysis virtual 

instrument. The various front panel settings are described below.

Subject Name (Last, First, Middle Initial) — specifies subject's 

name

Averaging Interval — specifies the time interval over which 

average values are calculated

BP — indicates that a blood pressure analysis including HR is to 

be performed
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MSNA — indicates that a MSNA analysis is to be performed

The program allows the user to specify what type of analysis is done 

by depressing the appropriate push buttons. In addition the user 

can specify the averaging interval (ie., the interval over which the 

blood pressure values or the microneurographic recording will be 

averaged). For accurate results, it is essential to set all front panel 

controls before initiating the program'.. The results of the analyses 

are automatically printed by a printer.

The system is capable of collecting up to 15 

analog variables; At the present time, the computer system is 

configured to digitize ohly four data signals since that is all that is 

required for the present analysis programs. The number of data

signals can be changed with a slight modification in the software.

The data from all channels were sampled at 100 Hz. The 

maximum frequency component of most physiological data is well 

below 50 Hz. Therefore Nyquist sampling requirements are met with 

a 100 Hz sampling frequency. A higher frequency could have been 

chosen; however, because of the long acquisition periods it was 

important that the sampling frequency be used frugally in order to 

conserve memory. A samplihg frequency of 100 Hz is listed in 

several literature articles and is a reasonable value. (1,2,13)



The data are digitized using a circular or double buffered 

method: With this. method, the user specifies both a "buffer" and

"block" size (buffer size must be a multiple of the block size, and its 

minimum size must be two times the block size), The large buffer is 

sectioned into blocks. Figure 8 shows a diagrammatic representation 

of the buffer/block structure. The buffer continuously fills blocks 

with incoming data in a sequential manner. Once all blocks are filled, 

data is stored at the beginning of the buffer again (writing over the 

previously stored data). A background acquisition process allows the 

computer to store blocks of data to memory in the order in which 

they were put onto the buffer. This method enables very long 

periods of data acquisition because it uses two fixed buffer sizes 

which are continually updated, rather than one buffer which 

continually grows with data acquisition time. Computer data file size 

is not limited by the buffer size, but by the medium on which it is 

being stored.

The data files were set up in an array format. Lab VIEW was 

written to operate primarily on array formatted data. The Lab VIEW 

software provides a tool called "array indexer". This tool can isolate 

a particular element in an array, a one dimensional array, a two 

dimensional array, etc., depending on the dimensions of the original 

array. In addition, many virtual instruments are provided by 

Lab VIEW for array formatted data. The tools provided by LabVIEW
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for analysis of array type data make array format an appropriate 

choice.

Analysis. The data analysis design can be broken down into 

three categories: R wave peak detection from ECG signal, blood

pressure analysis, and MSNA analysis.

R Wave Peak Detection. The ECG waveform consists of several 

components which indicate a particular event in the cardiac cycle. 

Alphabetical letters indicate a particular event. Figure 9 shows the 

breakdown of the ECG waveform and the corresponding name. The 

portion of the ECG which we are interested in is the R wave. Because 

of its high frequency and relatively large amplitude, the R wave is 

easily detected and typically used in signal analysis involving ECG.

The purpose of this section is to provide a point in time at 

which each R wave occurs. Time delays of various physiological 

phenomena are usually expressed with respect to the peak R wave. 

The results of this analysis are used for this purpose in the blood 

pressure and microneurographic sections. The number of R wave 

peaks within the specified time interval is also used to determine 

heart rate in beats per min.
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FIGURE 9. Com ponents of an  ECG w avefo rm



The method used in the R wave peak detection program 

examines the ECG data in 10 second epocheS. Each epoch is

normalized for maximum and minimum amplitudes of +1 and -1 

respectively. Anything below 50 percent of the peak to peak 

amplitude is set to a value of zero. At this time, only the peaks of 

the QRS complex remain from the original signal. The program looks 

for local maxima and retains the points in time at which they 

occured.

Blood Pressure Analysis The blood pressure waveform, like 

the ECG, has certain components which indicate specific events in 

cardiac function. The systolic and diastolic blood pressures are the 

maximum and minimum pressures during each cardiac cycle 

respectively. Both systolic and diastolic blood pressure values are 

obtained from the BP recording. Figure 10 labels the systolic and 

diastolic pressures of one complete cycle.

The purpose of the blood pressure analysis is to provide 

systolic, diastolic, and mean pressures averaged over a user specified 

time interval. Pressures vary within each breath cycle therefore it is 

not necessary to provide beat to beat pressure data. Each systolic, 

diastolic, and mean pressure averaged over a specified time interval 

gives a better indication of the directional change in blood pressure.
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Systolic

Diastolic

FIGURE 10. Com ponents of a Blood P re ssu re  W aveform



Using the times of R wave occurrence, the program looks for a 

maximum and a minimum value in the blood pressure waveform 

within each R to R interval. These values correspond to the systolic 

and diastolic pressures respectively. The mean arterial pressure is 

then calculated from these values using the previously given 

equation. The values obtained are then averaged over an interval 

specified by the user. The program presents averaged SEP, DBF, and, 

MAP.
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MSN A Analysis. As mentioned earlier, the total activity of the 

MSNA recording is obtained by multiplying the average amplitude 

by the number of bursts within the analysis period. Since the 

average amplitude is the total amplitude of all bursts divided by the 

number of bursts, total activity is actually the sum of amplitudes 

within the analysis period.

Characteristics of the microneurographic bursts reveal that 

they are pulse synchronous with constant time delays from the R 

wave of the ECG. The delay between the R wave of the ECO and the 

onset of the burst has been determined to be a function of the 

subject's height. Using data from Fagius and Wallin, a regression 

equation was estimated to calculate the MSNA latency.(4) The 

estimated equation is:

y=4.16 e*3 x + .51



where x is equal to the subject's height and y is equal to the reflex 

latency.

The reflex latency and the fact that the burst width is 

approximately one second provided a window in which the bursts 

could be summed to obtain total activity. The use of this technique 

assumes that signal averaging properties will occur (ie., random noise 

will cancel and actual bursts will sum). The computer presents only 

total activity values. Average amplitude values are calculated 

manually and can be obtained by dividing total activity by the 

number of bursts.

The investigator had requested the analysis of MSN A to 

provide burst frequency and average amplitude in addition to total 

activity. Because of the signal to noise ratio of the nerve recording, 

amplitude analysis techniques were difficult. Initial attempts to 

filter the signal failed because of the similar frequency content of the 

noise and signal. Further investigation into analysis techniques of 

this signal will be done in order to provide burst frequency and 

average amplitude of MSNA.

Presentation

The results of the data analysis are sent to the printer. The 

format of the data presentation is illustrated in Figure 11 .
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subject's name and the analysis date are shown at the top. The name 

of the corresponding data file is printed on the left and just above 

the analysis results. Time indicates the time into intervention in 

seconds. MSNA total activity is in arbitrary units. Blood pressure 

values are expressed in millimeters of mercury (mmHg). Heart rate 

is expressed in beats per minute (bpm).

Preliminary Analysis Results

Using the data acquisition VI, ECG, BP, and MSNA data were 

collected onto a VCR tape from an experiment using a protocol 

similar to the protocol listed in appendix A. A hard copy recording 

for each experiment was retained for verification of the computer 

programs against hand analysis techniques. The data on the VCR 

tape were digitized and analyzed using the digitizing and analysis 

sub-VIs respectively. Hand calculated values for MSNA were 

obtained from the original record as scored by Douglas R. Seals. Hand 

measured values for blood pressure and heart rate were done by the 

author. Average blood pressure values were obtained by drawing a 

best-fit-line to approximate the systolic and diastolic pressures over 

the entire averaging interval. Average mean arterial pressure values 

were calculated using the SBP and DBP values in the equation 

specified earlier (pg 19). Heart rate values were computed by 

adding up the rate for each interval and normalizing for minute 

values.



Data from two complete experiments were analyzed. In each 

experiment there were nine interventions each consisting of 

approximately two minutes of data. Each intervention was verified 

for every 30 second interval within the two minute period, resulting 

in a total of 72 intervention comparisons (ie., four 30 second 

intervals x nine interventions x two experiments = 72 comparisons).

The Statview 512+ statistical analysis program (Brainpower, 

Inc., Calabasas, CA) was used for all statistical analyses. Individual 

linear regression analyses were performed for SEP, DBP, MAP, HR, 

and MSNA comparing, hand calculated values to computer analysis 

valuM, The linear regression analysis software provides the 

correlation coefficient of the analysis. The results show correlation 

coefficients of .99 for systolic pressure, .98 for diastolic pressure, .98 

for mean pressure^ .96 for heart rate, and .90 for MSNA analysis 

methods.
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CHAPTER 4 

DISCUSSION

A computer based data acquisition and analysis system has 

been designed and developed into an operational system for the 

Cardiovascular Research Laboratory at the University of Arizona. The 

work contained in this thesis has provided the basis for a system 

which should satisfy all of the needs of the research group. It

provides a flexible data acquisition system which can be used with 

any protocol in the cardiovascular laboratory. At the present time, 

the system provides analysis of blood pressure variables (including: 

SEP, DBP, and MAP), heart rate, and M (total activity).

The time savings with the microcomputer based method was 

not actually quantified because the Vis had to be run manually. The

manual Vis however, seemed to require less time than the manual

methods. A rough estimate of the time savings with the manually 

run Vis is approximately 50% over manual methods. A better idea 

of the actual time savings can be assessed when the automated 

programs are fully functional (contingent upon the release of

Lab VIEW version 2.0). Again, a rough estimate of the time savings 

using the fully automated system would be approximately 75% over 

manual methods.
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The accuracy of the present system appears to be sufficient 

according to the statistical analyses performed. The correlation 

coefficients were less than perfect. This may be attributed to 

differences in analysis methods. It is questionable whether any

method will give an "absolute" correct value. Therefore, it is the 

trend which is of importance in these physiologic variables. The 

computer analysis may in fact be more accurate than manual

methods simply because it eliminates any possibility of human error 

and/or bias. Nevertheless, the correlation coefficients of .90 and 

greater are adequate for the reseach purposes.

The user reaction to the present system is favorable. At this 

point, there is little to base user reaction on. However, the system 

was introduced to one investigator, and he was able to understand 

and operate the system within five minutes. The system was

designed to be "user friendly" and there is little doubt that the user 

will have any problems using and understanding the system.

Additions and modifications to the system will be made as the 

system gets more use and newer versions of LabVIEW are

introduced. Future directions of the system include further 

modification of analysis methods to provide better assessment of 

cardiovascular variables. Future analysis modules to be developed 

include: cardiac output, blood flow, and respiratory measurements.



Further developments may also include the realization of real time 

analysis via a direct memory access board.



APPENDIX A:

EXPERIMENTAL PROTOCOL
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A typical microneurography experimental protocol in the 

cardiovascular research laboratory is shown below.

1, Preparation and application of ECG electrodes, blood pressure 

monitor, respiration pneumobelt.

2. Determination of maximum handgrip exertion and recording of 

calibration signals.

3. Insertion of microelectrodes into peroneal nerve to obtain a 

recording muscle sympathetic nerve activity.

4, Experimental interventions:

A. 3 minute control period (subject resting and breathing 

room air).

B. 3 minute intervention period (subject performing 

rhythmic handgrip exercise at 50% of maximum handgrip 

exertion and breathing room air).

C 3 minute recovery period (subject resting and breathing 

room air).



Repeat A-C above twice substituting room air in B. with 10% 

oxygen, and 100% oxygen, respectively.



APPENDIX B .

INTERFACE BOX SCHEMATIC ; 
(Including m anufacturer's data sheets)
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FIGURE B 1. In te rface  Box Diagram



SWl(collect) 

SWl (analyze)

Computer Recorder 
Input/Output Output VCR 

Hardware Connector Connector Remote

BNC #0 3
BNC #1 5
BNC #2 7
BNC #3 9
BNC #4 1 1
BNC #5 1 3
BNC #6 15 ■
BNC #7 17

BNC #0-7 Ond 19
; ' i 25 2

27 13
2 9 2 9

TTL(BNC) 26
29 4

Ul(15) 26
3 1 3 4

Gnd(TTL, marker) 33 .

2 8 28
3 0 2 7 ;
3 2 26

U l(l) 34

Table Bl. Interface Box Connections



Setup and Configuration Section Two

First, read the entire installation procedure and pay close attention to the important details. Then, 
install your NB-M1CM6 board into the Macintosh II by following the procedure.

Signal Connections-
This section describes input and output signal connections to the NB-MIG-16 board via the NB~ 
MXO-16 I/O connector. This section provides specifications and connection instructions for the 
signals provided on the NB-MIO-16 I/O connector.

. . - W A R N I N G / ' -

Connections that exceed any of the maximum ratings o f  input o r ou tput signals 
on NB-M IO-16'may result in damage to the NB-MKM6 board and to the 
M acintosh II com puter. This includes connecting any pow er signals to ground 
and  vice versa. National Instrum ents is not liable for any damages resulting 
from  any such signal connections.

The pinout for the NB-MIO-16 I/O Connector is shown in Figure 2.12.

AIGND — 1 2 -
ACHO — 3 4 -
AC HI — S 6 -
ACH2 — 7 8 -
ACH3 — 9 10 -

: ACH4 — 11 12 -
ACHS — 13 14 -
ACH6 — IS 16 ,
ACS? — 17 18 -

AI SENSE ' 19 20 -
DAClOUT — 21 22 ■

AOOND>— 23 24 -
ADIOO — 2S 26
ADIOl — 27 28
AD102 — 29 30
ADI03 — 31 32

DIG GND — 33 34
<•5 Vote — • 35 38

EXTSTO0BE0 — - 37 38
EXTQATB — • 39 40
S0URCE1 — "41 42

OUT1 —-4 3 44
GATE2 —■45 46

SOURCES —■47 48
oms —-4 9 Iso

AIGHD 
ACH8 
ACH9 
ACH10 

. ACH11 

. „ ACH12 
» ACH13
- ACHi<
/  ACH15 > 
» DAGO OUT
- EXTREF
- DIO OHD
- BDIOO 
“ BDIOl
-  BDI02
-  BDI03
-  4-5 VelQ
-  SCANCLK
-  EXITRIG19
-  EXTC0H70
-  GAIEl
-  20012022
" oim.
-  GA1E5 :
-  fo u t

Figure 2.12 - NB-MIO-16 I/O Connector

NB-MIO-16 User Manual 2-10 ©National Instruments, Corp.



2 .1 0  CHART DRIVE A N D  SPEED CONTROL

The chart drive can be controlled from the front 
panel (Figure 3-1), the rear panel (Figure 2-12) or 
from both. When one presses the button (6) of the 
front panel, the paper starts running at the pre
selected speed. The lamp of the button glows as 
long as the paper runs. A second pressure stops the 
paper and the lamp. The lamp glows also when 
the chart drive is remotely controlled from the 
rear panel.

There are 2 ways, to remotely control the chart 
drive. The simplest is to connect together terminals
1 and 6 of the rear “PARTIAL REMOTE 
CONTROL" terminal board, or to apply on 
terminal 6 a TTL signal as defined in Figure 2-14. 
One can also use the FULL REMOTE CONTROL 
socket (See Section 2.11)
There are 6 chart speeds (5, 10, 25, 50, 100, 
250mm/s) which can be selected on the front panel 
or the rear panel. On the front panel there is one 
button for each speed (Figure 3-1). Never press
2 buttons at the same time, which would produce a 
false value of speed. Speed selection is usually 
achieved before actuating the chart drive control. 
The corresponding button glows. It is possible 
to change the speed without stopping the chart 
drive. Remote control of the speed selection can 
only be achieved through the "FULL REMOTE 
CONTROL" socket (see Section 2.11).

2.11 PARTIAL AND FULL REMOTE 
CONTROL INPUTS

The rear terminal board can be used for simple 
remote control of:

— The chart drive;

— The 4 event markers;

— The external time base (See Section 2.12).

Just connect the corresponding terminal to common 
(Figure 2-12). These controls work in parallel with 

. the front panel controls.

This is not true for the FULL REMOTE CONTROL 
socket, or 37 pin connector on the rear. When a 
logic 1 (See Figure 2-14, 1 is 0 V) is applied on 
pin 32, all controls of the front panel are discon
nected. The controls are then achieved by applying 
in addition the level 1 to some other pins, as shown 

. in the table following:

FULL REMOTE CONTROL 
SOCKET J3 - 37 PIN "D" CONNECTOR

Function Symbol Pin of J3 
(on the rear)

GROUND GND 1-19
GENERAL REMOTE 

CONTROL- 
(EXT INDICATOR ON)

REM EN8 32

•CHART DRIVE REMDRV 29
AMPLITUDE LINES REMLIGH 30
TIMING LINES REMLIGV 31
TRACE IDENTIFICATION REM I DENT 33
EVENT MARKER # ) REMAR1 34
EVENT MARKER #2 REMMAR2 35
EVENT MARKER #3 REMMAR3 36
EVENT MARKER #4 REMMAR4 37
CHART SPEED 1ST B I T - REMSPD 0 26
CHART SPEED 2ND B I T - REMSPD 1 27
CHART SPEED 3RD BIT— REMSPD 2 28

° Panel lamp "REMOTE" on front panel glows. 
All the panel lamps of the front panel buttons 
continue to glow when their function is active.
° ° The correspondence of the speeds and the 

3 bit words is given below:

SPEEDS (CONNECTOR J3)

3rd bit 2nd bit 1st bit
mm/s Pin 28 Pin 27 Pin 26

0 0 0 0
5 0 0 1

10 0 1 0
25 0 1 1
50 1 0 0

100 1 0 1
250 1 1 0

0 1 1 1

The logic levels correspond to Figure 2-14. The 
signal level is TTL compatible low true. Each 
input is terminated in 220/330  ohms.
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V E T T E R REMOTE CONTROL UNIT 
MODEL RU20-J (for JVC)

• Wired Renote for 
Model 420 Recorder.

• Battery Operated.

• Operates
A) Manually
B) TTL Inputs
C) Parallel Computer
D) Momentary Contact 

Closures.

The R420 is a remote control nodule for the Model 420 Recorder. It contains
a duplicate of the VCR operating buttons and contains a 20 foot cord to allow it 
to be separated 20 feet from the VCR. The remote controller is operated by three 
AA cells. Since the device uses CMOS electronics, the standby current drain is 
ninute, assuring long battery life. A connector on the rear panel (Molex 0.1" KK) 
permits the recorder to be slaved to an external device. The pin-out of the con
nector is shown below:

(PIN 1 ) ---------RECORD ---♦5 OUT ---PLAY-----

--- POLARIZING BAR--- REWIND (PIN 14)
— —  STOP " ♦S OUT--- P A U S E — FRAME a d v a n c e
---  FORWARD

■ GNO.
To operate the Remote Unit from momentary contact closures, it is simply 

necessary to connect momentarily +5 (pins 3 or 12) to the desired mode. Con
necting pin 12 to pin 14, for example, will start the recorder in the Rewind 
mode. Then, if pin 12 is momentarily connected to pin 13, the recorder will stop.

Similarily, TTL voltage on the active pins will activate the seven operating 
modes. In this case, the +5V outputs are not used; the TTL voltages are rela
tive to ground (pin 9).

Also, an 8 bit latched output from any computer can be used (again relative 
to ground). If the output bus is wired in the same order as the above figure, 
(bit 0 • rewind, bit 1 - stop, etc.) then on output of 0000001 will start the 
rewind mode. A subsequent 00000010 output will stop the recorder. Battery life 
will ue extended if each command is followed by an output of 00000000 to simulate 
loeentary switch closure.
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HEX BUFFERS
The MCI4049UB hex inverter/buffer and MC14050B non

inverting hex buffer are constructed with MOS P channel and 
N-channel enhancement mode devices in a single monolithic 
structure. These complementary MOS devices find primary use 
where low power dissipation and/or high noise immunity is 
desired. These devices provide logic level conversion using only 
one supply voltage. V q q . The input-signal high level (V|nl can 
exceed the V q q  supply voltage for logic level conversions. Two 
TTUDTL Loads can be driven when the devices are used as 
CMOS-to-TTUDTL converters (V q q  = 5.0 V. V q l ^  0.4 V. 
Iqi_ ^  3.2 mA). Note that pins 13 and 16 are not connected in
ternally on these devices; consequently connections to these 
terminals will not affect circuit operation.
•  High Source and Sink Currents
•  High-to-Low Level Converter
e  Supply Voltage Range -  3.0 V to 18 V 
S Meets JEDEC LIB Specifications—MCI4049U8 

Meets JEDEC 8 Specification—MCI4050B
•  V ,N  can exceed V q q

MAXIMUM R A T IN G S *  (V oiixgai R«l«f»mc*d to V sg)

M C14049U 8

CIRCUIT SCHEMATIC 
11'6 OF CIRCUIT SHOWN!

9 voo

_TL
;c n

lH-o

1. .

"M axim um  R atings e re  th o s e  values B eyond w h ich  dam age  to  th e  device may o cc u r

;; x

^00

pSE!
JgE

Sym bol P e rem e le r Value Unit

VD0 DC Supply Voltage - 0  5 10 -  18 0 V

v,„ mout von ag e  (DC or Transient) - 0  5 10 -  16 0 V

v oul Output Voltage (DC Of Transient) - 0  5 10 V o o  * 0 5 V

•in Input Current (DC or Transient), per Pm = to mA

•out Output C urrent (DC or Transient), per Pin ♦ 45

TS!Q Storage Tem perature -  63 lo -  1 SO •c
t l Lead Tem perature (8-Second Sordering) 260 •c

MC14049UB
MC1405QB

CMOS SSI
(LOW AOW tR COMPLEMENTARY MOS)

HEX BUFFERS
Inverting  — M C 14049U B 

N oninverting  — M C 140508

LOGIC DIAGRAMS 

MCI 404SUB MCI 4 0 508

L SUFFIX P S U F F IX
CERAMIC PACKAGE P l a s t i c  p a c k a g e  

CASE 6 2 0  CASE 6 4 8

OROERINQ INFORMATION

A S en es -SS"C to -  I26"C
MC I4XXX0AL o' UBAL (Caram .c Pac-xr;*? Cn:> 1

C S e n e s  -  40*c to * eS'C 
MCI4XXXBCP e> uBCP iP iav .c Pac«a-j-i 
MC 14XXX3CL or UQCL tCeramic Pacxagei

3 — U > ° — 3 3 — D > — 3

5 -------- 3 ------- [ > -----------

7 — D > — 6

9  — ■ 1 0 9 --------

" — [ > — - n  — — , 5

1 4 — r ^ > o — 15 1 4  --------£ > —  ' »

NC = P i n  1 3 . 16  

VS S  *  P i n  3  
v 0 0  “  p , n  '

NC «  P m  13. 16 
V $ s  *  P ,n  8  

V D D  *  P in  1
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MC14049UB»MC14050B

CHARACTERISTICS (vo«iaoea Reiofenceo in Vĝ i

Symbol
v o o
Vdc

Tiew* 25°C Th-n*
Mm Typ 0 Mm

O utput Voltage "0 "  Level
Vjn * V q O or 0

V,n -  0 or Vq q  " 1 "  Level

v q l SO
10
IS

-
0 0 5  
0 05 
0 05

-
0
0
0

0 05  
0  05  
0 05

-
0 0 5  
0 0 5  
0 05

Vac

v q h SO
10
15

4 95 
9 3 5  
14 95

-
4 95 
9 3 5  
1 4 9 5

5.0
10
IS

-
4 3 5  
9 3 5  
14 95

v a c

input Voltage M C1404SU8 "0 "  Level
IVq  •  4 .5  Vdc)
•Vq  •  9 .0  Vdcl 
IVq  •  13.5 Vdcl

„ ~V Level
(Vq  • 0 .5  Vdcl 
IVq  • 1X) Vdcl 
(Vq  •  1 5  Vdcl

V |L
SO
10
IS

A 1.0 
2 0  
2 5

- 2.25 
4.50 
6 75

1 0  
2.0 
2.5

1.0 
2 0  
2 5

v a c

V |M
s o
10
15

4.0
8.0 
12.5

- 4 0
8.0 
12 5

2 75 
5 SO 
8 25

- 4 0
8 0
1 2 5

-

v c c

Input Voltage M CI40508  "O" Level
IVq  - 0 5  Vdcl 
(Vq  -  1.0 Vdcl 
(Vq  • 1 5  Vdcl

" I "  Level
(Vq  •  4 5  Vdcl 
IVq  • 9 5  Vdcl 
IVq  - 1 3 5  Vdcl

VlL
5 0
10
15

-
1 5 
3 0
4 0

-
2 25 
4 5 0  
6 75

1.5 
3.0 
4 0

1.5
3 0
4 0

Vdc

V(H
SO
10
IS

3 5 
7 0  
11

- 3 5  
7 0 
11

2 75 
5.S0 
8 25

- 3 5 
7 0  
11

-
v a c

O utput Drive C urrent (AL Device)
IVq h  ■ 2.5 Vdcl Source

iq h
s o - 1 6 -1  25 - 2 5 - 0  9

mAoc

IVq h  •  0 5  Vdcl 10 - 1 6 -1 .3 - 2  6 - 0  9
IVQH -  1 3 5  Vdcl i s -4  7 - -3 .7 5 -  10 _ -2  7
IVq l  * 0 .4  Vdcl S.nk 'OL s o 3 75 3 2 6 0 '"AOC
IVq l  - 0 5  Vdcl 10 10 8 0 16
IVq l  - 1 5  Vdcl IS 30 - 24 40 _ 17 0

O utput Drive C urrent (CU C P Oevicel
IVQH -  2.5 Vdcl Source

'OH
s o - I S -  1 25 2 5 -1 0

mAdc

IVq h  - 9 5  Vdcl 10 - 1 5 -  1 3 - 2 6 -1 .0
IVq h  * ' 3 5  Vdcl IS 4 5 - - 3  75 -  10 - - 3 0 _
I V Q L  •  0 .4  Vdc) Sink 'OL s o 3.6 _ 3 2 6.0 2.6IVq l  -  0 .5  Vdcl 10 9 6 _ 8 0 16 6 6
IVq l  -  ' 5  Vdcl IS 28 - 24 40 . 19

•m 15 - ■ 0.1 - •0  00001 •0 .1 ! 1 0
•m 15 - r0  3 - •0 0 0 0 0 1 10  3 ? 1 0

Cm - _ 10 • 20 _ pF
I V .n - 0 )

Quiescent C urrent (AL Device! 'DO 5.0 _ 1 0 0 002 1.0 _ 30 i i - i t(Per Package! 10 - 2.0 - 0 004 2.0 60
IS 4 0 0 006 4 0 120

Quiescent Current (CUCP Oevicel '0 0 5.0 4 0 0 0 0 2 4 0 30 r-T f
(Per Package! 10 - 8 0 - 0 0 0 4 8 0 60

15 16 0 0 06 16 120
'T s o It  -  11 8 uA /kH f i i r - n r

(Dynamic plus Quiescent, Per Package 1 10
(Cl  50  p F on  aw o u tpu ts, all Du I t e n  twitching) IS It  * fS 3 u A /k H tl l  ♦ Iq q

"Tiow- -SS*C  lor AL Oewce. -40*C  lor CL/CP D e«ce 
Th«gfi * * 12S*C lor AL Device. « 61 'C  lor CL/CP Device.

#O eie  labelled ~Typ ie noi lo be  weed lor deeign purposes 
6ul is in tended e»  an  indication ol the  1C s potential perlorm ence

“ The lorm utas given a re  lor the typical characteristics only at 25-C.

?To calculate total supply current at loads other th an  so pF

It ICl ) -  IftSO pF) .  (Cv -  SO) VIS

where lT is in uA (per oacaage). m pF. V -  (V0 o  - Vgs> in volts 
I in SHz is input Irequency. and k •  0 002
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MC14049UB*MC14050B

SWITCHING CHARACTERISTICS* ICU - 5 0  p F , T A - 25°CI

v OD
Cher eater istie Symbol Vde Min Typ * Maa Unit

M C14049UB

O utpu t Rise Time 'TLH
<TLH -  (0 8 n t/p F I C(_ » 50  ns 5.0 - 100 160
'TLH  -  (0.3 nVpFI C l  ♦ 35 ns 10 50 100
<TLH •  (0.27 nVpF) C L ♦ 28.5 ns 15 - 40 60

O utput Fall Tune 'TH L
ITHL * (0.3 n t/p F ) C l  ♦ 25 ns 5.0 - 40 60
'T H L * (0 1 2 ns/pFI C l  ♦ 14 ns 10 - 20 40
tTHL * (0 1 ns/pF I C l  ♦ 10 ns 15 - 15 30

Propegation Oelav Time 'PLH
tpLH * (0.38 ns/pF ) C l  ♦ 51 ns 5.0 - 80 120
tpLH * <0.20 ns/pF 1 C l  ♦ 30 ns 10 40 65
tPLH * (0 1 1  ns/pF 1 C l  ♦ 24.5 ns 16 - 30 50

Propagation Oelav Time 'PHL ns
tPML * (0.38 ns/pF 1 C l  ♦ 11 ns 5.0 - 30 60
tPHL * (0.12 ns/pF I C l  ♦ 9 ns 10 - 15 30
tpHL " <0.11 ns/pF I C l  ♦ 4 .5  ns 15 - 10 20

M CI4 060B

O utput R ue  Time 'TLH
'T L H  •  (0.7 ns/pF 1 C l  ♦ 65  ns 5.0 - 100 160
'TLH  •  (0.25 ns/pF 1 C l  ♦ 37.5 ns 10 - 50 80
'T L H  •  (0 2 ns/pF 1 CL ♦ 30 ns 15 ~ 40 60

O utpu t Fall Time 'TH L
ITHL " (0 2 ns/pF) C l  ♦ 30 ns 5.0 - 40 60
ITHL * (0 06  ns/pF ) C l  *17 ns to - 20 40
ITHL * <0.04 n t/p F I C l  ♦ '3  ns 15 ~ 15 30

Propagation Oelav Time 'PLH
tpLH * <0.33 n t/p F )  C l  ♦ 63 .5  ns 5.0 - 80 140
tPLH * (0.19 n a /p f  1 C l  ♦ 30.5 ns 10 - 40 80
IPLH * <0.06 ns/pFI C l  ♦ 27 ns 15 - 30 60

Propagation Oelav Time 'PH L
'PH L  * (0 2 ns/pF 1 C l  ♦ 30 ns 5.0 - 40 80
tPHL " (0 1 n s /p F | C l  ♦ 15 ns 10 - 20 40
'PH L * (0 05  ns/pF) C l  ♦ 12.5 ns 15 15 30

• T h o  f o r m u l a s  g i v e n  a r e  fo r  t h e  t y p ic a l  c h a r a c t e r i s t i c s  o n ly  a t 2 5 ’C  

•  D a t a  f a c e t t e d  " T y p  i s  n o t  f o  b o  u s e d  for  d e s i g n  p u r p o s e s  O ut i s  

i n t e n d e d  a s  a n  i n d i c a t i o n  o f  t h e  t C 's  p o t e n t i a l  p e r f o r m a n c e

FIGURE 1 -  TYPICAL VOLTAGE TRANSFER CHARACTERISTICS versus TEMPERATURE

MC14049UB MCI40508

5Vdc

Vy, INPUT VOLTAGE IVdd

1111 Vr)0 = 1 5 V d c

I t t f C

X , f \ )0 = 1C V d c

X .

\
\ V DC = 5V d c

J
f 1

550Cr J 11
S 10 1$ II

V .  INPUT VOLTAGE (Vdd

6-130



MC14049UBeMC14050B

FIGURE 2 -  TYPICAL OUTPUT SOURCE CHARACTERISTICS FIGURE 3 -  TYPICAL OUTPUT SINK CHARACTERISTICS

V O S  " V O H  ~  v D On
VGS • SO V

%yy/
VGS ' ID Vdc //y
v Gr ISV4

M.Bimum

" "W  ' - 1 -  .  *  " " i l — . 1— I------------1----------- 1 ■
• 10 4 0  4 0  4 0  -2  0  0

VOS DRAIN TO SOUFCi VOLTAGE IVdtl

M C 1 4 0 4 9 U B  f  V q q

----------r -

vgs  • 10 v i*

M a x i m u m  C u r r e n i  L e v e l

VQS DRAIN TO SOURCE VOLTAGE IVdtl

F I G U R E  4  -  A M B I E N T  T E M P E R A T U R E  

P O W E R  D E R A T I N G

MASTIC OR CERANIC 
RACKAGE

b 100

Ta . a m b ie n t  TEMPERATURE l*CI

This device contains circuitry to pro
tect the inputs against damage due to 
high static voltages or electric fields 
referenced to the Vgs pin. only. Extra 
precautions must be taken to avoid ap
plications of any voltage higher than the 
maximum rated voltages to this high-im- 
pedance circuit. For proper operation, 
the ranges Vgs *  Vjn s 18 V and Vgs 
*  Vout « Vq d  are recommended 

Unused inputs must always be tied to 
an appropriate logic voltage level (e g 
either Vgs or Vd d ) Unused outputs 
must be left open.

F I G U R E  5  -  S W I T C H I N G  T I M E  T E S T  C I R C U I T  

A N D  W A V E F O R M S

M C 1 4 0 4 9 U S

■  in v e r t  o n  M C 1 4 0 4 9 U B  o n l y

PIN ASSIGNMENT

1 c
v D o  n c = 3  ' «

O u t A O u tp = 3  1 5

3 C = , n  A  , n  F = 3  14

4  C Z O u tg  NC Z 3  13

5 C = • O u t g = 3  12

6 d O u t£  In g Z 3  11

7 d I n  g  O u tQ = 3  10

S  d VSS , n O d 3 0

VC =  N o  C o n n e c t i o n
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