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INSTRUMENTATION FOR MUL TICRANNEL RECORDING OF HYDROPHYSICAL MEASUREMENTS

[Coloako , V. A. ,  L. I. Darner , V. N. Kushnir , A. N. Paramonov, and A. V. lChokhlov,
Kompleks apparatury dlya mnogolanal’noy regiatratsii gidrofizicheskikh izmereniy,
Morakoy Gidrofizicheskiy Institut , Trudy , No. 6 (56) , 1971, pp. 164—170; Russian]

The paper gives a description of instrumentation designed for /164*
visualization, digital and graphic recording of data from measuring
instruments and individual sensors used for studying physical fields
in the ocean.

Modern methods of studying the characteristics of physical fields in the ocean
require synchronous measurements , recording and processing of not only the basic
properties of the seawater medium, which determine the genesis and development of
the phenomenon studied, but also a whole series of auxiliary parameters characterizing
the conditions of the experiment. In many cases, it is impossible to clearly separate
the basic and auxiliary information before the studies are begun , since hidden rela—
tionships of various phenomena , dependent on the degree of development of a given
process, are revealed in the course of the experiment. The set of parameters to be
measured is determined by the investigator on the basis of theoretical concepts and
a priori information on the nature and dynamics of the phenomenon under study, and ,
as well ,by the availability of measuring devices and their metrological and technical
characteristics. Since the capabilities of modern computing are limited by the volume
of rapid storage and speed, the operator and specialized resolvers are charged with /165
preprocessing the experimental data (scaling, linearization, introduction of correc-
tions, etc.). The selection of the parameters, their number, and volume of informa-
tion subject to final processing for the purpose of obtaining the required oceano-
graphic characteristic is determined by the investigator on the basis of ail of the
available information and its prelitninAry evaluation allowing for the actual condi-
tions of the measurements in the sea. All this requires an intermediate recording
and representation of a whole series of measured parameters. Moreover , the necessity
of introducing intermediate information converters and storage is due to the great
variety of measuring sources, irregularity of the arrival of information files, the
requirement of free design of the data obtained for combined processing , as well as

L sharing of the universal computer , which usually handles several aspects of the re-
search. The practice of using standard recorders individually for each measured
parameter or a limited group of recorders has turned out to be incorrect because .of
the limitations on the speed, ailtichanne].ing, standardization of the forms in
which information is presented , etc.

For these reasons, the Marine Hydrophysical Institute of the Ukrainian Academy
of Sciences has developed instrumentation designed for multichannel recording and
representation of oceanographic information in the course of comprehensive studies
aboard scientific research ships of the institute and on the marine experimental
range. The equipment provides for multichannel recording of information supplied
by measuring units afld individual sensors in analog and digital form suitable for
further processing by computer . The following requirements for the recording unit Ci
were formulated during the study:

*Nuab.rs in the right margin indicate pagination in the original text .
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1. Maintaining the resolution and accuracy of the input data at a given
level.

2. Since in the majority of cases the statistical structure of the investi—
gat.d processes is not known in advance , the device controlling the recorder should
have several operating modes providing the required speed and duration of recording
of the set of parameters in order to obtain statistically valid information.

3. Control of the information acquisition modes should be carried out by
the operator as well as automatically, by a special—purpose data preprocessi ng
computer .

4. The system for a clear representation of information should provide for
a simple and rapid visual reading of a group of parameters selected at random and /166
finding the extreme and characteristic points of the process studied , which are
necessa ry for controlling the experiment.

• 5. The recording unit should enable the investigator to exercise his die—
cretion in designing the information files to be subj ected to the final processing ,
with their subsequent entry in a computer according to an access program or on comaand
by the operator.

6. The equipment should provi de for a reliable recording of the measured
information and servic e (time markings , referenc e grids , etc.) dur ing the entire
course of the experiment.

The recording system of the equipment , a diagram of which is shown in Fig. 1,
includes: an amplifier unit , three units for control , conversion and disp lay of data , /167
a magnetic recorder , digit al pr inter , puncher , and two analog plotters . Info rmation
can be fed to the input of the record ing system in the form of a 12—bit parallel or
serial binary code of changing voltage , which corresponds to a measured physical
value in the 0-6 V range . The equipment is designed for operat ion with 16 meters
with time separation of channels and 8 sensors in synchronou. measurem ents . With
information suppli ed in the form of a binary code , the capacity is 240 b. u/eec ,
and in synchronous measurements of 8 parameters , up to 140 b. u/sec . When the
information is fed directly to the computer , the equipment provides for infor mation
trans mission rates up to 500 12—digit words per second . The entire system runs
on a mains volta g. of 2 2 O V a c , and the tutake power is 950 W.

The digital information reception unit performs the conversion of the serial .
v code to the parallel code , followed by shapi ng of code pulses for recordi ng on the
& magnetic recorder , display on a digit al panel and entry in the computer , convert s

the parall el bina ry code to the serial code , and perfor ms the selection of the
channel , for selective indication and coding of informa t ion when the latter is fed
to the puncher and digita l printer . This unit also includes a code stima lator , which
performs a comprehensive contro l of the functioning of the individual control units
and extern al recording devices .

The analog information reception unit is designed for receiving the data in ~analog form over 8 channels with an input voltage amplitude in the 0—6 V range,
convsrsio n of this informa tion to a 7—bit par allel binary code , and its distribution
with t ime. This unit includes a converter of the parallel binary code to a voltage
fed to the measuring inputs of the plotters . The third unit serves to con—
tr ol the operation of th. external recording devices and to display the informat ion
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Figure 1. Block diagram of recording system.

on the digital panel . The selection of one or more channels with outputs to the
digital printer , perforator or analog plotters iø made by means of a channel
switch. In addition to the measuring information , the paper taps of the digit al
printer is imprinted with the n~~~er of the channel to which the information cor-
responds , and the operator ’s service marks. The recording equipment also includes

H a unit consisting of series—produced dc electronic measuring amplifier s.

The magnetic record er is designed for recording and reproducing digital data f 168
• in the form of a parallel binary code supplied by the digital information recept ion

unit . The number of cracks is 15, and the tap e speed is adj usted over a wide range,
from 5 to 100 cm/sec.

- - 
- In th. recording equipment , the magnetic record er is used as a buffer for

reproduction by the plotte rs , digit al printer and puncher , which have a low
speed , of observational data measured at a high frequency (up to 30 measurements/eec).
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Studiee to determine the statistical structure of the light field in the sea
and processes in the ocean—atmosphere bOundary layer s were carr ied out with the aid
of the elaborated equipment and system of measuring sensors mounted on a gradient 

~mast in the coastal region of the sea on the institute’s marine experimental range.
The research program included measurements of irradiance, fluctuations in the index
of light attenuation by seawater at different levels , measurements of sea surface
elevation , micropulsation s of the pre ssure on the wave surface , vertical and hori-
zontal components of flow velocity at various dep ths in the wave layer , water and
air temperature, and wind speed and direct ion . Information from the measuring
sensors was transmitted in the f orm of analog signals by a multicore cable laid on
the sea floor to a laboratory on the shore , and fed to the recording system through

-• a moltichannel wideband amplifier unit. The recording and repres entation of the data were
carried out in two steps . First , the averaged and fluctuation componen ts of the
investigated processes were encoded and recorded on a magnetic recorder in the form
of a parallel binary code. In order to obtain the results of the studies with a
specified distortion level irrespective of the statistical structure of the processes
studied , the frequency of the measurements was established by an adap t ive special—
purpose computer which had analyzed the measured process in -real time. The range
of measurement frequencies was 0.03—30 Hz. The recording on magnetic tap e was
made at a tape speed of 65 cm/sec and the time between channels in the time separation
did nOt exceed 4—5 a/sec. Simultaneously with the recording of information on the
magnetic medium, a selective recording of individual parameters was made on the. two
analog plotters during the experiment , so that changes could be introduced into
the initial program .

In the second step , the information sources were disconnected from the input
of the recording system, the recorded data were reproduced at a low speed (6.5 ca/sec)
of the magnetic recorder , and the information was fed to the puncher and digital /169 ~printer. The reproductio n rate was limited by the speed of the external recording
devices. Siaa ltaneou sly with the reproduction of information , data were recorded on

the analog plotters , and control with the digital panel was carried out. This made
it possible at the end of the experi ment to estimate the astrological and operational
characteristics of the record ing system. The entire information obtained in the
cours e of the 4—month studies was processed on a computer. Typical spect ra of the
waves and wind pressure on the wave surface , obtained in the course of this study ,

L are shown in Fig. 2. As is evident from the grap h , the decrease of the wave spectrum
is similar to the law s — (Phillips spectrum) , the level of spectral distortions
in the high—frequency region was specified by the program of the experiment , and the
measuring mode was established automatically by the adaptive control device.

I
The tests showed a high efficiency of the equipment. Despite the unfavorable

climatic conditions during the expedition and a relatively complex circuit (the
control units alone include over 1000 potential inverters) , duri ng the 4—month per iod ,
there was only one malfu nction , due to the failure of a potential inverter. Isolated
malfunc t ions which resulted in a distortion of the acquired information took place
during the recording of measure ment data. Their main source was switching noise in
the mafn~ . Particularly sensitive was found to be the tape recorder , operating in
the playback mode. The number of failures per unit time was found to be a random •

~~~
- •

quantity dependent on temperature , supply voltage , and other factors . Analysis• shoved that the average number of undistorted word s per failure was 1672 , although
in some cases , series of observations consisting of 6000 words were reproduced with—
out distortion.
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Figure 2. Spectra of sea surface elevatio n and pressure on the wave surface,
obtained by digital computer processing of recorded information .

Tests of the recordi ng system clear ly demonstrated its advantage over graphi— ¶
cal recording (plotters , loop oscillograpbs) , which are still widely employed in /170
experimental hydrophysical studies.
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