






































































































































































CIRCUITRY 

Figures 2 and 3 show the circuits used to irrplement the basic display. 
The derived control signals are shown in Figure 4. It must be noted 
here that the logic signals were considered to be of positive sense 
for ease of design with cOlTO'rercial DTL logic. Additionally, the levels 
were not translated but the signals were merely attenuated to produce 
a five volt swing and the integrated circuits were operated with "vcc" 
at 0 VOC and "ground" at minus 5 VDC. Figure 5 shows the proposed 
control signals to accorrplish random access and Figures 6 and 7 show 
the present design being constructed for this purpose. At present, 
all logic has been broken into IIDdules representing a byte of data and 
irrplemented with commercial plug-in cards and racks. 

OTHER DEVELOPMENTS 

Little effort has been expended on hard-copy output thus far since the 
surplus Flexowriters obtained for this project rapidly deteriorated and 
failed early in the project. However, an extremely sirrple and in­
expensive technique was used to provide input only by mounting a second 
set of leaf switches in tandem with those used to operate the punch 
select magnets of our remaining operable . Flexcwri ter. This provides 
corrplete electrical isolation thus alleviating the need to IIDdify the 
Flexowriter power supply and requires a single capacitor to shape the 
timing pulses. 

Additionally, an extra tape reader has been converted to stand-alone 
use as depicted in Figure 8. A manual I/O panel similar to those 
described at earlier user's meetings provides for miscellaneous control. 
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AUTOMATED DATA ACQUISITION AND WAVEFORM 

ANALYSIS USING THE MINUTEMAN D17B COMPUTER 
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This paper describes the development of an automated data acquisition and 
waveform anaZysis system for a single-channel AutoAnalyzer using the Minuteman 
Dl7B Computer. This automated system is a typical example exhibiting several 
essential features on which other laboratory data acquisition systems can be 
based. The complete AutoAnalyzer Analysis System was set up in the Tulane 
Systems Laboratory, and total protein analysis of blood serum was executed as 
a representative example of the use of this system. An identicaZ system ~hich 
was also developed in the Systems Laboratory was shipped to the Walter Reed 
Army Medical Center for use in biochemistry research. This system was used to 
demonstrate the success of this development during the Fourth Meeting of the 
MCUG. The consistency, accuracy, reliability, and cost-effectiveness of this 
system have shown the usefulness of the Dl7B Computer in this application. 

INTRODUCTION 

Current advances in medical practice are making ever increasing demands 

on medical laboratories which result in a shortage of skilled technical staff. 

Medical laboratory instruments are finding increased use for clinical and also 

research chemical analysis. Some laboratory instruments such as AutoAnalyzers 

have increased the productivity that is possible for a given size staff, but 

there is still need for improved efficiency if the total laboratory workload 

is to be increased without the addition of technical staff or the purchase of 

more expensive equipment. 

Typical data from these instruments are in the form of recorder traces 

consisting of a series of peaks. These peaks are conventionally interpreted 

by graphical evaluation performed manually. This tedious and inaccurate task 

of manually performing waveform analysis su~gests the need for cost-effective 

automation. 



Automation offers a potential solution as well as a different set of 

problems. Various automated analysis systems are available through either 

commercial or research organizations, but these systems represent considerable 

cost and offer little flexibility. Most chemical technologists can be trained 

to operate a variety bflaboratory instruments. However, special-purpose 

commercial analyzers require increased hardware cost if they are to be used in 

more than a limited application. This additional hardware cost will be needed 

for each new task unless the analyzer includes a general-purpose programmable 

computer. This latter solution offers flexibility, but the cost may even be 

prohibitive for many laboratories especially if mUltiple units are needed. 

One method of reducing the high cost of laboratory automation is to use 

excess DoD computer equipment such as the Minuteman Dl7B computers from the 

Minuteman I missiles. .The main requirements for successful use of the Dl7B as 

a general-purpose minicomputer are software development and the interfacing of 

various peripheral I/O devices and instruments. Application areas will expand 

as the interfacing of these sensing and display devices is developed. 

OPERATIONAL PRINCIPLES OF THE AUTOANALYZER 

The AutoAnalyzer is a continuous-flow chemical analysis system in which 

individual operations are performed on a flowing stream containing specimens 

such as blood serum. The AutoAnalyzer makes it possible to measure the con­

centration of various constituents of the blood serum as individual patient 

samples flow through the system. The standards, controls, and samples are 

measured continuously against a fixed reference. The final results are traced 

on a chart by a recorder stylus. 

It is possible to place a re-transmitting potentiometer on a shaft of the 

pen drive for the purpose of creating an electrical signal whose amplitude is 

proportional to that of the plotted waveform. The re-transmitting device can 

be connected to the recorder shaft of the AutoAnalyzer in a few minutes thus 

providing the only modification required for interfacing the AutoAnalyzer to 

the automated Dl7B data acquisition and waveform analysis system. 

There are a few operational procedures that should be followed quite 

caref~lly in operating the A~toAnalyzer. The essential requirement for the 

correct operation of the entire system is proper flow of the various liquids 
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and air through the pump, coils, and the flow cell. One of the most critical 

characteristics of the flow is the bubble pattern. It must be uniform through 

the system for accurate analysis.. It is always desirable to assure that all 

tubes have clean, smooth inside walls. In general, the AutoAnalyzer has been 

proven to be a reliable and consistent instrument. 

SET-UP OF THE AUTOMATED MINUTEMAN/AUTOANAlYZER SYSTEM 

A Minuteman/AutoAnalyzer Analysis System has been developed in the Tulane 

Systems Laboratory under a research contract supported by the Army Medical R&D 

Command, and total protein analysis of blood serum has been executed as one 

representative example of the use of this system. This automated data analysis 

system for use with an AutoAnalyzer is one typical example of a system which 

includes a Minuteman Dl7B Computer and has potential for cost-effective medical 

application in clinical and research laboratories. 

It has been demonstrated that this system gives accurate, consistent, and 

useful results. The cost-effective use of the Dl7B for automated concentration 

analysis from an AutoAnalyzer compares favorably with commercial special-design 

analyzers, but the capability is similar.to analyze~s which offer the increased 

flexibility that is possible with a small general-purpose computer. 

The Dl7B requires a 28 V DC ± I V power supply that is capable of provid­

ing 20 A in continuous duty. The power supply should be checked for proper 

output voltage under actual operating conditions before it is connected to the 

D17B. The Dl7B should be operated in a cool, dry environment to minimize any 

hardware failures. Therefore,an air conditioned laboratory is desirable in 

many locations, and a fan is necessary to cool the electronic circuitry as well 

as the memory. A relatively simple control panel can be constructed for the 

Dl7B which allows the operator to supply specific initializing and interactive 

input signals. 

A Model ASR35 Teletype was used as an I/O device in this system. The 

interface between the Dl7B and the Teletype has three modes of operation: 

Cha.racter Input, Print Out, and Direct Input. The Character Input mode permits 

the operator .to load data into the Dl7B via keyboard or tape reader. The Print 

Out mode is entered when the Dl7B is to execute a print out subroutine. The 

Direct Input mode is used to load data directly into the Accumulator when a 
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discrete input' instruction is executed., The interface will automatically go 

into the proper mode depending on the state of the D17B. The cost of the 

interface was minimized by time-sharing hardware for the various modes of 

operation. 

The estimated cost for installation of an initial Minuteman/AutoAnalyzer 

Analysis System is approximately $440 plus 60 man-hours technician time. This 

cost does not include amounts for the AutoAnalyzer, Teletype, or the external 

power supplies and the D17B which were acquired as excess property. 

AUTOANALYZER WAVEFORM ANALYSIS 

In the development of the automated system, a typical waveform from the 

AutoAnalyzer was simulated using D17B hybrid function generation initially 

instead of using output directly from the laboratory instrument. D17B hybrid 

simulation offers the advantage of faster operation than is possible when the 

waveform is obtained directly from the AutoAnalyzer. The zero-order hold 

waveform obtained from a D-A converter was improved by filtering with a simple 

first~order feedback network. 

Data sampling is an essential consideration in automated waveform analysis. 

The sampling theorem specifies the lower limit for the sampling rate, and the 

upper limit is determined by the signal waveform and the characteristics of the 

specific A-D converter that is used. The amplitude spectrum of the simulated 

signal was monitored using a wave analyzer for estimating the sampling rate. 

The minimum sampling rate required for this waveform was also investigated by 

using two additional approaches, namely practical considerations and explicit 

function representation. With the data from these analyses an optimal sampling 

rate of one sample per two second interval was determined. This sampling rate 

is practical and has been shown to be suitable for one percent (1%) accuracy. 

The output waveform from the AutoAnalyzer consists of a series of peaks 

corresponding to the individual standards and specimen samples. By observing 

typical output charts obtained from clinical laboratories, potential sources 

, of distortion in the analog signal were identified. Distortion is character­

ized by such effects as noise, carry-over, drift, irregularity in the crest, 

and early or late rise. 'Theref(;re, error and sensitivity analysis were applied 

in the sampling rate determination. 
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AUTOANALYZER ANALYSIS PROGRAM 

The output of the AutoAnalyzer is a signal with a waveform consisting of 

a series of peaks. The height of each peak represents the concentration of a 

certain compound or radical in the corresponding specimen. Criteria have 

been established to check whether the distort:i.on in the signal is above the 

maxim~m acceptable level for a qualified peak. A peak is qualified only when 

all the criteria are met. A complete 'program is composed of various subrou­

tines which are linked together by a standardized subroutine linkage technique. 

The flow chart for the AutoAnalyzer Analysis Program (AAP) is shown in 

Figure 1. The system checkout subroutine wi,ll check for proper operation of 

the system, both software- and-hardware-wise, daily or as requested by the 

operator. During the execution of" this subroutine, the peak values and 

ACCEPTABLE/NOT ACCEPTABLE messages will be recorded indicating whether or not 

the system checkout was satisfactory for each peak. 

After the system checkout, the prog,ram determines the base-line as the 

zero reference level before the calibration curve is validated. Aft;er the 

base-line determination, there are five calibration standards to be validated. 

The calibration waveform is then followed by the specimen samples.· A peak is 

identified by falling readings following rising readings. The sampling rate 

is under program controL 

The first peak of each 'batch of samples is used for time-basesynchroni­

zation purposes. When the first peak is. detected, a counter is set so that 

the following peaks must arrive during specified time limits. The-:duration 

of the allowed peak time window is also under program control. A 20 second' 

time window has been used in this development.; . 

At the end of the calibration curve validation, a message will be printed 

to indicate whether the calibration curve is acceptab'le or not. A drift 

standard may be included to form the batch depending on whether drift correc­

tion is required. The peak heighf of the drift standard is compared to the 

value of stored data,o, If the differellceis beyond a certain limit,Le. 'a 

drift is detected, a linear correction will be applied to the previous peak 

heights. Sample concentration which is the most meaningful pathological data 

is calculated by using linear interpolation in order to agree with convention. 

The concentrad.onvalue and 'the associated data will be recorded in a specific 

format which can be designed as preferred by modifying the program. 
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This program is designed with the ability to detect possible errors. If 

an error is detected, a buzzer will be triggered by a pulse generated using a 

Discrete Output line from the D17B. An error message will also be printed by 

the Teletype. From this indication the operator can decide on the appropriate 

action. The entire automated system will be in the "Halt and Proceed" mode 

waiting for the operator to furnish further instructions. 

SYSTEM DEMONSTRATION AT WRAIR 

A system which typified the prototype development of the Minuteman D17B/ 

Technicon single-channel AutoAna1yzer was shipped to Walter Reed Army Institute 

of Research at the Walter Reed Army Medical Center and was used to exhibit one 

of the many possible methodologies during demonstrations on June 5 and 7 by the 

Systems Laboratory staff. A U.S. Army photograph of the system appears in 

Figure 2. Resulting demonstrations have shown the D17B Computer to be capable, 

reliable and cost-effective in this application • 

.. CONCLUSIONS 

The Minuteman ICBM Weapons System currently includes approximately 300 

operational Minuteman I missiles. Several hundred additional reliable D17B 

minicomputers from Minuteman I missiles are being declared excess by the USAF. 

These small general-purpose computers with extremely flexible I/O originally 

cost $234,000 each. 

Although the D17B does not provide all the capability of large-scale 

computers, it does resemble them functionally, and it possesses a number of 

similar features. One unique feature of the D17B is the reliability factor 

which has been quoted by USAF to be 5.5 years MTBF for over 1,000 units. 

These computers can provide numerous computing requirements with application 

to medicine and other fields. Work that has been completed in the Systems 

Laboratory at Tulane has demonstrated that the modifications required to 

provide for the use of the D17B in a continuous duty laboratory environment 

are not only feasible but cost-effective. A system using the D17B has been 

developed for automated data acquisition, control and waveform evaluation 
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necessary to perform automated concentration analysis from an AutoAnalyzer. 

Commercial equipment for such analysis is available, but these systems have 

high costs that are often difficult to justify especially if a number of 

similar systems are desired. 

Construction of a complete single-channel AutoAnalyzer Analysis System 

which includes a D17B Computer is estimated to require 60 man-hours of tech­

nician time. The total cost for an initial unit will be approximately 50% 

of the current price of a special-purpose commercial unit. The cost compari­

Son for a dual-channel unit is approximately 30% of that for a special-purpose 

commercial unit. These cost estimates include both time and materials for a 

complete system with a teletype used for I/O. The cost will be reduced very 

considerably if these units are mass produced. Although the capability of 

this system is similar to analyzers which include the versatility of small 

general-purpose computers, the cost effectiveness is quite advantageous when 

compared with commercial special-purpose analyzers. 

Accuracy, consistency, simplicity, and cost-effectiveness are the main 

features of the AutoAnalyzer Analysis System. The methodology for total 

protein analysis which was demonstrated during this development is just one 

example of the use of this system with the AutoAnalyzer, and the AutoAnalyzer 

Analysis System is just one typical application for the D17B Computer. The 

D17B has been found to be extremely capable and reliable in this application. 

This system was designed such that there would be no disruption of the· 

usual laboratory procedure. In addition, the simplicity of the system is 

such that existing personnel can easily be trained to operate the automated 

system. This system will give laboratory technologists and professional staff 

more time to evaluate results and investigate specific abnormal data; i.e., 

effective utilization of less-skilled personnel is possible. 

The AAS has full alpha-numeric capability and a proven accuracy of better 

than 1%. The accuracy and reliability obtained with the AAS are considerably 

increased compared to that obtained by manual means because of the reduction 

of human errors in procedure and data manipulation. It has also been shown 

that there will be added flexibility in the implementation of sophisticated 

experimental and analysis techniques. This 'system offers future adaptability 

to the analysis of signals from other laboratory instruments and to other 

computing applications by simply reading in different programs. 
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