
UNCLASSIFIED

*AD 
275 091

ARMED SERVICES TECIHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation wbatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



USASRDL Technical Report 2245
-~ NOX

WIND-DATA-ACQUISITION SYSTEM

Ronald W. Wait&

14W

I

btcembeIt/ 1961 ,.v1

U. S. ARMY SIGNAL RESEARCH AND DEVELOPMENT LABORATORY

FORT MONMOUTH, NEW JERSEY

BEST AVAILABLE COPY



U. S. AR14Y SIG1NAL RESEARCH AND DEVELOPMENT LABORATORY

FORT MONMOUTH, NEW JEMSEY

December 1961

USASRDL Technical Report 2245 has been prepared under the
supervision of the Director, Surveillance Department, and is
published for the information and guidacnce of all concerned.
Suggestions or criticisms relative to the form, contents, pur-
pose, or use of this publication should be referred to the
Commarnic& Officer, U. S. Army Signal. Research and Developmzent
Laboratory, Fort 14,onmouth, New Jersey, Attn: Chief, Meteoro-
logical Systems Branch, M4eteorolo.icael Division.

J. I.. K-.3ROUGH, Jr.
Colonel, Sigýal Corps
Coz=rzndin6

OFFICIAL:
H. W. gL•

?•aJor, SipC
Adjutant

DISTRIBUTIOI:
Special

ASTIA. Availability Notice

Qualified requestors may obtain copies of this report from ASTIA.



December 1961 USASRDL Technicea Report 2245

WIND-DATA-ACQ1JI3ITI~o SYS=E

Ronald W. Waite

DlA Task 3Dl36-21-004-01

U.* S.* AXIT SIGIAL RESEARCH ANID DEVWFMi IL3ORATORy
FORT 1401114uTHl urIE -ZSE



Abstract

The wind-data-acquisition system is a laboratory, experimental
equiplnent designed to accept wind information from up to 15 dual-
channel wind sensors, instantaneously sample and convert this
in-rornation to digital form, sand enter it onto a punched. paper tape
in a form'at suitable for entry into an LGP-30 computer.

The results of tests carried out on the equipment indicate
that it can be a very valuable research tool for conditions where

it is desirable to obtain numerous data samples from various points
and act on the data, usin.] dirital-data-handliný techniques.
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WID-DATA-ACQUISITION SYSTE4

PURPOSE

The purpose of this report is to describe, and Dresent recommendations
for, the use of an analog-to-digital converter and multiplexer which accept
multiple inputs from various wind sensors and enter weighted values onto
punched paper tape. (Figures 1 through 9 are different views of the system.)

BACKGROUND

In the past, measurements of wind speed and direction were performed
by using various types of anemometers as sensors, witth voltmeters and
recording oscillographs to receive and record the outputs. Using the volt-
meter method, only one sensor could be observed at a particular instant in
time; and the value received was subject to huuan as ",ell as ecuipnent error
which, in the case of wind ousts, could be considerable. Another raethod,
that of utilizing recording oscillographs, was far better for recording
actual instantaneous rind values; however, the system vas adequate only for
the observation of a single point or at mostonly a few points in the rind
field.

In early 1960, personnel of the 1.eteorological Division of USASRDL held
discussions to determine the feasibility of using digital-data-handling
techmiques in the acquisition of %,ind data. It was suugested that these
techniques could be used as a substitute for c-i/or •u•c.•cent to the present
anelog techniques. The two featurce afford'inr the zroin advantages for using
the digital-1sn:CLin'1 rncthods vould be that instvntancous wind vectors covld
be obtained fcr nu:;urovz 1ointts of a vind field; end the output, :istead of
having to be tsmnUy evaluated, vould be in a format co:;•atible to a suit-
ably p1LTso c encrzl-pllrpose di •itl co:.];uter (in this case, R1oyel J.c-ee 's
LGP-30). Thus, by using the dijitv.-hnndlin2 tec.hniques. a -reat deal of
tine could be saved in the todio'os evaluation arcn. aver'inz of :,ind values
from nuxerous atv sa;r Iles.

It vas de.idcd at these discu-szions to includle a di:itT.l systen in the
tests bejucý co:nducted unrder the 1.roy- for low-level -.rin('L for missiles.
This proýTan includes a series of tests of various tlrjes of wind-[;;easurmni
equ!iupcnts and evhluatien technicjue. to deteriine the o sti'.. £ystc,: to be
used in the prediction of a curicvar surface condition near a tdssile-
launch site. t`herefore, usin_ design criteria fron this rrojrar-, technicaJ.
requirements for a "cozr.-ercitl standard -ind-data-hanalin. subsyst:.,"
later called "vind-dcata-acquisition system," were prepared. In July 1V60 a
parchase order was placed with C. G. Electronics Cor-p. of vlbuclerque, iev
Wie•ico (a subsidiary of Julton industries), for t',.o such u=its to be
delivered in October 1 Ia0. This system was to be used as a btckup and sup-
plejaentary system for a more sci:isticated syste!a being built concurrently
by Stavid Division of LocJxýed Electronics. (The latter system is described
in a report' entitled, "Converter, Analo. to Digit*l CM7-1043( )/'.," now be-
ing prepared.) k'he t,;o systezns are now in operation at the UMADL ..-ind
range in Bearx. Lew Jersey.
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Fig. 1. Wind Data Acquisition Systera, Front view, shoving complete unit.
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Fig. 2. Wind Data Acquisition System. Rear view, showing complete unit.
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DESCRIPTION

General

The basic subsystem to be used during the tests consisted of those
components shoim in Fig. 10. The wind sensor can be =ny unit that will give
a voltase of' approximately ±6 volts per _i00 nmiles per hour wInd-vector
speed. The output tape of the punch is in six-level Flexowritcr code. An
electric typewriter is both input and output for the LGP-30 computer men-
tioned previously (Fig. 11).

The wind-data-acquisition system (Fig.12) is designed to simultaneously
sample up to 30 data channels (15 t',:o-cha.nnel sensors), and digitize the
analog data in serial form. A front-p:cnel switch selects the repetition
rate of the messages. The operator may select the number of sensors to be
scanned or can select a single channel for observation. The output message
is puanched on a paper tape by a 60-chý.racter-per-sccond punch. The tape
will contain a series of wind-speed values, in miles per hour to the nearest
tenth, together with prefix and suffix characters in six-level binary coded
decimal form suitable for entry into an LOP-30 general-purpose digital com-
puter. (Figurel3 shows a typical message.) A secondary output is the
visual display on the front panel which can monitor the sampled wind vector
of any one channel of a sensor.

Operation

The system has two modes of operati.on: manual and automatic. In the
automatic mode the sampling and conversion cycle is initiated by a master
timer, while in the manual mode the cycle is initiated by an operator using
a front-panel control. The number of sensors to be sampled in any message
is limited by the speed with which the punch can operate. In the case of
the 60-character-per-second punch, only three sensors can be scanned and
recorded every second. The selectable record rate intervals are 1, 2, 3, 6,
12, and 60 seconds per message.

When the system is initiated by the timer (see Fig.12), a 2J-Kc oscil-
lator manufactured by Philanon Corporation, the 30 dump relays (mercury-
wetted) are closed, allowing data from the 15 sensors to be stored in the
sample-and-hold circuits. These circuits consist of an R-C combination
having a time constant of ten milliseconds. During this sample time (approxi-
mately 100 milliseconds) the prefix characters (Fiza13) are enterecL onto the
tape by command from the. interlock gate. At the end of the sample time, the
dump relays are opened, disconnecting the inputs; and the multiplexer relays
activate the sample-and-hold circuit of the first data channel. This cir-
cuit is then connected to the analog-to-digital converter section through a
high impedana, unity gain amplifier. The signal voltage is measured by a
voltage comparator in binary decimal coded form. In approximately 100 micro-
seconds the A-D converter has transformed the wind-vector voltage value into
a four-level binary coded decimal (B.C.D.) representation of miles per hour
to the nearest tenth. Following this function, the four-level B.C.D. code
is changed to six-level Flexowriter code by means of a diode coding matrix.
Following an appropriate time interval, which is controlled by the single-
shot command chain circuit (see Fig.12), the data are fed to the write gates
through buffer storage.

13
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Code

Symbol x82 4 ly

Lower case 000 010

Plus sign 100 101

Minus sign i00 Oil

Conditional stop 010 000

Space 100 001

Carriage return 001 000

0 000 001

1 000 011

2 000 101

3 000 111

4 001 001

5 001 011

6 001 101

7 001 111

8 o0b ooi

9 010 011

Tape x84 2 ly
sample , so 0

Fig. 11. LGP-30 Computer Code Used in Messages

13
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The followin',, is the rnessaije formit used on the output tape:

Item lo. of Characters

prefix 1. Start of ruessace (lower case) 1
chfracter:; 2. Messate count innuacr 4

J. Data with siug 4 times number of
channels sampled

4. Computer control character
(conditional "ts:) l

RIffMX 5. Recordin,, rate interval symbol .

characters o. Spare cbaracter (slace) .

7. End of messa:.e (carriage return - line feed) 1

"'he follourin, shows what is iicluded in a typical mcssag;e of three
sensors recorded at two seconds per iaessaze:

0001 + 007' + 421' +W/00' +377' 005' + 3661 2

000;: + 008' -, ýz I + 006' + j66' + 0 + 0 , ' +

COO +36'D + 005' + 321'(D

Ync2ssa,;e data for data for sensor reordin,,g
count cross wind range wind No. 2 rate symbol
number of sensor of sensor

No. 1 in Nlo. 1 in
±nph 2mph

Fig. 13. Wind-Data-Acquisition System nessa£,e Format

15



The numerical values obtained by this process are then punched out in

serial form on a paper-tape punch. The multiplexer then steps to the next

data channel and the cycle is again repeated. When the final channel is

reached, as determined by the sensor selector switch on the front panel, the
multiplexer is automatically reset and the coded suffix characters are then
gated to the punch gate circuits and onto the paper tape. The system will
then remain inactive until another record rate pulse is received from thbE

master timer.

Controls (Fig. 14)

The output can be presented in two modes: the first and primary output
mode is through a Tally, model 420, 60-character-per-second tape punch. The
second output mode is an in-line numerical display for visual monitoring.
This display may be operated in either of two modes: continuous monitoring
of the data contained in the messase format or displaying the data on com-
mandl holding this value indefinitely.

The sensor-scan switch enables the operator to select the desired num-
ber of sensors for a particular message.

The time-interval switch determines the rate at which data-recordings
take place. The time-interval switch and the sensor-scan switch settings
must be compatible with the punch speed. A cauLion plate is provided to
assure this compatibility.

The single-channel-operation switch allows the operator to select one
particular channel to be recorded instead of all the channels.

The message-reset button is merely a system-reset button which, among
other functions, will reset the message count to 0000.

The manual read-out button, when used in conjunction with the time-

interval switch, will allow the operator to initiate the recording cycle.

TESTS AND RESULTS

When the two systems were first received, many deficiencies were found
in the output message. These consisted primarily of inconsistent and inac-
curate wind values. These deficiencies were alleviated by the contractor by
replacing the multiplexing relays with an improved type and by adjustment of
the various logic control timing functions. Until these modifications and
adjustments were made, consistent or valid test data could not be obtained.

The test procedure to determine the operational accuracy of the wind-
data converter consisted of two sections: a static accuracy check and a
dynamic operational check.

The static-accuracy check consisted of supplying to the converter vari-
ous d.c. voltages from ±0.000 to t5.674 volts, using a Kepco, model 5441,
precision d.c. voltage supply and a Fluke, model 801, d.c. differential volt-
meter. These voltages represented wind speeds from ±00.0 to ±99.9 miles per
hour. The converter operated on the signal and presented an output message

1.6
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on the paper tape. Calibration voltages were supplied to one connector (one
sensor) and subsequently to a number of connectors representing a number of
simulated data channels. The simulated data were presented on the punch-
paper tape which was reproduced in tabulated numerical form for evaluation.

The system accuracy was found to be dependent on many factors such as
different contact-closure times for the mxltiplexing relays and A-D c6nverter
conversion error. The difference in recorded values between one channel and
another was due to these factors. The greatest variation from channel 1 to
channel 30 per sample was three counts, or 0.3 mph, with the average maximum
deviation of about 0.2 mph. Variations in accuracy also occurred with chang-
ing input signals. At wind speeds up to j:40 mph, the variation from one
channel of one sample to the next sample was ±0.1 mph, but these variations
occurred infrequently. Above 40 mph the variation still remained at 0.1 mph,
but its occurrence from one sample to the next was much more frequent. An-
other slight variation in accuracy occurs when a negative input voltage is
introduced. The maximum deviation for this condition, however, is only

-0.1 iTh.

Tests were run at 105 volts and 125 volts, with no deterioration of
results.

Figure 15 dives an illustration of a calibration-accuracy test run at
F 115 volts for six different input signals. The data alternate channels,

since this gives the nain.-u- chnne from one channel to the next and thus the
greatest chance for error. The input voltages are in proportion to ±5.874
volts 100.0 niles per hour, as shown below.

Wind steed. ln;.ut voltage
(~volts)

.0 2.350
20.0 1.175

0. 5b7.

These values aro true only for an input impedance of 03K ohms.

The d~mamic accuracy checj: consisted of replacing the precision voltage
with a set of -7-ind sensors and obserin. the output message form. The basic
reason for this test •as to observe the consistency and compatibility of the
sensor array a•nd the converter.

11u,"erous lon2 data s=ples (200 messages-per sample) were observed, and
the compatibility of the system was adjudued to be good. The converter 6ave
a true represerntation of the co:nditions present at the sensor. The consist-

ency was dcter=/.ned to be good for a digital system with no error-checking
or error-correcuing circuitry. Daring the tests both Luiits averaged about
one error per 4D,030 characters ouzput. The error, *;her. it occurred, was
usually a sin or a condi-tion-l stop character.

During the tests it w.as determined, and also suggested by the c~ntraetor,
that a calibration ran should be made on the equipuent biweeý.ly, and any
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conversion adjustments necessary be made at that time. This is necessary
because of the normal aging process and the unequal environmental conditions
persisting where the equipment is located.

The results of these tests confirmed that the system accuracy is satis-
factory, since the errors were well within the applicable tolerance range. In
most cases the equipment functioned more satisfactorily than was expected.
In any case, the equipment is much more accurate than the wind sensors now
in use and so will not add appreciably to the over-all system error.

CONMCUSI01$

The equipment, after the initial adjustment period, gave satisfactory
performance. The original accuracy required by the technical characteristics
was ±3.1 mph; however, during the tests it was found that some points fell
slightly outside this region. It was felt that since these points were so
infrequent and since they fell outside the usual range of measurement (in the
70- to 100-mph range), the equipment met the requirements.

Some trouble has occurred with the 60-characters-per-second tape-Ponch
in one unit; however, this is due to a faulty part supplied by the punch
manufacturer. When this part is replaced, the punch will function satis-
factorily.

The equipment was turned over to personnel using the USASRDL vind range
in Mray 190, and it has been obtaining data since that time. During this

period no trouble has been reported, and no maLntenanice has been performed
other than the usual spot-check of conversion accuracy, and adjustment if
out of range.

It has been found that the equipment performs more reliably when used
frequently, and, after the initial break-in period, the components have aged
or adjusted to the circuit in which they are placed.

It should be noted that, although the system operation given in the
description is simpile, there are a large nwuber of electronic comlponerits
invlved. In the logical-control and analog-to-digital-converter sections,
there are 136 circuit boards, each of which contains an average of four
transistors with their acsociated circuits. When these are converted into
possible error areas, the reason for the error rate becomes obvious.
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