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ABSTRACT For a number of years the US Naval Research Laboratory (NRL) 
has been conducting a research program in underwater sound propagation 
using large aperture hydrophone arrays. This research requires the 
spectral and angular distributions of the sound field with a variety of 
bandwidth and throughput rate requirements. As the size of the aperture, 
in tenus of number of hydrophones, increases, the demand on the signal 
processing equipment increases correspondingly. In addition to this 
growth in processing needs, the move to at-sea, real-time systems demands 
high reliability and very high speeds to prevent loss of data. 

A sea-going signal processing system has been developed at NRL to meet 
these processing requirements. The system is versatile in that it is 
composed of a number of small array processors operating in parallel 
which can be redistributed to handle the varying processing loads pre-
sented by different research interests. It is designed to handle 256 
irnput channels at an overall input rate of 256 kHz. The system is 
designed around a dual bus architecture connected by an interbus window 
and controlled by a single CPU. All components of the system are com-
mercially available plug in components making replacements simple and 
system reliability high. This paper describes the system architecture, 
the system design philosophy and current operating capability. 

INTRODUCTION 

The desirability of performing data analysis at sea has been recognized 
for some time. Until recently, however, the speed and size of array 
processing equipment has not permitted the high data rates necessary to 
do spectral analysis and beamforming at sea. Systems were either too 
bulky to be easily taken aboard ship or too slow to handle the required 
throughput rates. The Naval Research Laboratory has developed a system 
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designed around a number of new compact array processors which is easily 
transported, can withstand the harsh environment at sea, and is fast 
enough to handle the real time analysis of multichannel systems. 

The use of an on-line system such as the one presented here gives the 
investigator a distinct advantage over the approach of recording a 
large number of data channels and performing the analysis back in a 
laboratory facility. One major advantage is that examination of on-
line results can verify the quality of the data being taken and changes 
in the experimental procedure can be implemented if the situation warrants. 
A second major advantage to on-board analysis is the significant reduction 
in lag time between data collection and reporting of results. By perform-
ing the bulk of the data reduction at sea rather than competing for valu-
able processing time at the lab system, the investigator can begin the 
real challenge of interpreting his results as soon as the experiment is · 
complete. 

At the time of this writing the system has been used successfully in two 
major experiments. The first was performed in February and March 1979 off 
the east coast of New Zealand and involved the angular and frequency dis-
tribution of long range reverberation resulting from large broadband 
explosive sources. The second was performed in June 1979 off the east 
coast of the United States and involved the angular and frequency distri-
bution of long range propagation from narrowband cw signals. Reports on 
both of these experiments have been submitted for publication, which 
attests to the time savings obtained by on-line data reduction. The 
difference in signal processing requirements for these two experiments 
demonstrates the flexibility this type of system offers. 

This paper discusses the basic system design philosophy and the architec-
ture of the system. The two configurations used for the two sea experi-
ments performed thus far will be discussed to illustrate the flexibility 
of the design. Finally, an examination of likely directions for system 
growth will be presented. 

1. BASIC SYSTEM DESIGN PHILOSOPHY 

For a system to be practical as a sea-going real-time research tool it 
must be compact for easy transportability and easily adapted to a variety 
of processing needs. In addition, the system must be easily repairable 
at sea or be designed to allow graceful degradation in the event of partial 
system failure. The approach taken by the Large Aperture Acoustics Branch 
at NRL is to, wherever possible, use a number of small array processors 
which fit directly into the backplane of a DEC PDP 11/34. This creates a 
very compact system with all the processing elements in standard DEC 
expansion boxes. 

The use of these small array processors offer some real advantages over 
larger processors. Most processing jobs can generally be split into a 
number of smaller jobs which can be executed in parallel. By assigning 
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a different array processor to each phase of the job a high throughput 
rate can be achieved. Since each job will differ in the amount of pro-
cessing power needed at a given phase this system permits the movement 
of power to the points where it is most needed. 

By using several processors of the same type a small number of spares 
can protect against all but the most catastrophic component failure. 
Should a processor fail when no backup is available it is possible to 
eliminate some stages of the analysis scheme and continue running in 
a partial data reduction mode, thus giving graceful system degradation. 

2. BASIC SYS'l'EH ARCHITECTURE 

Early in the development of the system the decision was made to design 
around the DEC UNIBUS. One reason for selecting the DEC mainframe was 
to provide software compatibility with the large laboratory facility 
already in use. A second reason for this selection was the widespread 
industry support of this bus which gives good flexibility in the choice 
of components. 

Since this system is to be used in the potentially harsh erwironment of 
a ship a ruggedized version of the PDP 11/34 built by Plessey was selected 
as the control element for the system. 'rhis unit when used with large 
TOPAZ isolation transformers provides protection from the high vibration 
environment and somewhat variable supply voltage. 

There are two basic constraints which limit any digital signal process-
ing system, namely the amount of memory ti1e system can support and the 
total data rate the system can maintain. It was apparent in designing 
toward a system that could handle 256 channels at a throughput rate of 
1 KHz per channel that both these constraints would be a problem with 
the DEC UNIBUS. By using a two bus system, however, it is possible to 
support nearly twice the memory and to divide the bus traffic so that 
the data flow does not exceed the bandwidth of either bus. Since most 
of the processing load is being carried by array processors installed 
as system devices the load on the CPU is relatively light and a single 
CPU can control both busses. 

Thus, the basic system architecture (Fig. 1) is designed around a dual 
bus DEC computer controlled by a single 11/34 CPU. Devices for analog 
interface, processing, storage, display, and user interface can be moved 
about as needed for a particular processing job. 

3. FEBRUARY 1979 CONFIGURATION 

In the February experiment it was necessary to have good spatial resolu-
tion, all beam coverage and 100% throughput with broadband sources. The 
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general analysis scheme was to double buffer the input data, take 1024 
point transforms to convert to the frequency domain on each channel, and 
finally to distribute the energy into the angular domain. The results 
were then stored on digital tape and displayed for on-line monitoring. 

3.1 Hardware 

With the basic analysis procedure in mind, it is possible to decide on 
the specific hardware configuration for this application. The first 
decision to be made is how to split up the processing between the two 
data busses. Since the AID operation can take place without loading a 
system bus the logical split is to perform the time-to-frequency trans-
form on the aux bus while the space-to-angle transform is handled on the 
main bus. 

To accomplish the AID and double buffering requirements a pair of Computer 
Design and Application Micro Input Processors (MIPs) were chosen with 
enough on board memory to handle 32 channels double buffered on one and 
8 channels double buffered on the other. These input processors are 
smart processors which can be programmed to automatically handle the 
double buffering needs thus freeing the CPU of this chore. 

The main signal processing effort was accomplished using the Micro Signal 
Processors (MSPs) also by CD&A. Since the time-to-frequency transform 
can be accomplished with a fast Fourier transform a single MSP card was 
placed on the aux bus for this purpose. The space-to-angle transform 
was more complex so a pair of MSP cards were placed on the main bus for 
this phase of the operation. 

This leaves the fairly routine decisions of memory requirements, displays, 
human interfaces, and storage. The memory requirements are easily handled 
with 64K memory on each bus. The display is a Rarntek model 9153 color 
display which offers 256 by 256 spatial resolution with ·different colors 
being assigned to each of 256 possible intensity levels. Human interface 
to the machine was provided by two terminals, one Tektronix 4006 CRT to 
give plot capability and one Texas Instruments Silent 700 to give hard 
copy. Two types of storage devices were selected for the system; for 
permanent retention of data a Kennedy 800 BPI 9-track tape drive was used, 
while for temporary data storage and off-line analysis three 10 M Byte 
disk drives were selected. The resulting hardware configuration, shown 
schematically in Figure 2, fits into a two rack system which is easily 
transported. 

3.2 Data Flow 

The general flow of data from analog input to digital tape and display 
is relatively straight forward. The analog input is digitized and auto 
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double buffered by the two MIPs into their onboard memory. The data 
is made available on the aux bus through an 8K window which is part of 
the MIPs. This data is transferred one channel at a time to the aux 
bus MSP where it is transformed to the frequency domain. The transformed 
results are placed in the 64K aux memory where they are made available 
to the main bus through the bus window. The lines of interest are 
taken by the two main bus MSPs and distributed in angle. The angular 
distributions for each individual frequency are converted to power and 
then summed across frequency by the CPU. These average distributions 
across bands of frequencies are then transferred to digital tape for 
permanent storage and to the color display for on-line monitoring. 

3.3 On-Line Results 

The results displayed in a real time mode can be a significant advantage 
in running an experiment. In this case there were three broad bands of 
acoustic energy being distributed into the time and angle domains plus a 
pair of cw sources similarly distributed. The on-line display consisted 
of 64 pixels dedicated to each of the three broadband sources and 32 pixels 
to each of the narrowband sources, where each pixel corresponds to a given 
steering direction. This data was sent to the color monitor in a scroll 
fashion with a new frame being output every second. The result is a 
display which shows the angular distributions of all bands for the past 
256 seconds. 

A typical display reproduced in black and white is shown in Figure 3. 
This shows returns from large topographic features such as seamounts 
in a time period from about 5 to 9 minutes after the source detonation. 
As can be seen even in this black and white version, the returns are 
quite strong and it is clear that data quality is high. 

4. JUNE 1979 CONFIGURA'I'ION 

The second use of the system took place in June 1979 off the east coast 
of the United States. The type of processing required in this second 
experiment was quite different from the first. In this case, the interest 
was in a large number of cw sources and good angular and spectral resolu-
tion was the goal, while the 100% throughput requirement could be relaxed. 

The high spectral resolution, 1/16 Hz; desired implies the need to take 
long time samples. At the same time the need to obtain a 500 Hz bandpass 
requires a sampling frequency of 1024 Hz. The resulting sample size 
required is 16384 for each of 128 input channels. 
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4.1 Hardware 

Several hardware changes are imposed by the requirements for this system. 
The two largest changes are caused by the need to take larger transforms 
and the need to store 128 channels of 16K words each before transforming 
can begin. 

The large storage requirements were satisfied by placing a bulk memory 
device capable of holding four megabytes of data. This device, manu-
factured by Monolithic Systems, appears to the system as an RFll disk 
syste~. This device satisfies the storage requirements but does not 
permit any double buffering of input data. However, since this appli-
cation does not require a 100% throughput rate this is not a necessary 
part of the processing. 

There are two possible solutions to the requirement of taking 16K trans-
forms. First it is possible to perform the transforms in 4K pieces 
using the small MSP array processors and then combine the results to 
acheive the desired 1/16 Hz resolution. Second it is possible to re-
place the small processor by a large processor which has the capacity 
to perform the larger transforms. In order to take advantage of 
previously developed software an SPS-81 normally used in our lab system 
was selected for use on the sea system. 

Two other hardware changes were made for this experiment. The input 
processors needed to be expanded to handle the required 128 input channels. 
This consisted of expanding the second MIP to a full 64 channel capability. 
The final change was dictated by the data output rate. While 100% data 
throughput was not required it was important not to have large gaps in the 
data. Hence, no time can be taken for tape changes and additional drives 
must be added to the system. The final hardware configuration used in this 
experiment is shown in Figure 4. 

4.2 Data Flow 

The general flow of data in this configuration begins with the digitization 
and auto double buffering of the 128 input channels by the two MIPs. The 
data is moved from the MIP memory to the bulk storage device until 16K 
points have been saved for each channel. At this point the sampling is 
suspended and the data on the bulk storage is passed one channel at a time 
to the SPS-81 and transformed to the frequency domain and selected lines 
are stored in aux bus memory. The data lines are written to tape at this 
stage so that different shading coefficients can be applied prior to bearn-
forming in the lab facility. 

In order to obtain on-line monitoring the data must still be bearnformed 
in real time. Hence, the data is passed on to the MSPs which perform the 
angular distributions. At this stage, the data is transferred to the main 
bus to be converted to power and sent to the disks which provide a 2 1/2 
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hour display memory. The operator can then select a variety of displays 
which give a history of either the hydrophone intensities or the angular 
distribution of energy for any selected frequency bin. 

4.3 On-Line Results 

A typical display, again reproduced in black and white, is shown in 
Figure 5. This displays a 2 1/2 hour history of the angular distri-
bution of one of the possible frequency lines. It is possible to 
determine from these displays the strength, direction, and Doppler 
shifting of any of the deployed sources. 

A second type of display is shown in Figure 6 which gives the average 
hydrophone intensity at a selected frequency as a function of phone 
number and time. This display can be used to immediately identify dead 
or weak channels and permits early correction of such problems. 

5. DIRECTIONS OF SYSTEM GROWTH 

While the basic system design has worked quite well in two quite different 
experimental applications some system improvements are called for. The 
three general areas of system growth are; increased channel capability, 
increased CPU speed, and greater array processing capability. 

The channel capability will soon be expanded to the original design goal 
of 256 channels with the addition of two fully expanded MIPs. It has 
become apparent in the last two experiments that software development will 
be greatly simplified on the expanded system with the addition of a faster 
CPU. For this purpose a PDP 11/55 will replace the slower 11/34 as the 
main systeTI CPU. 

The final system change will be in the choice of an array processor capable 
of handling the large transform sizes needed in future experiments. While 
the SPS-Sl is capable of the speed and size requirements it has two dis-
advantages. First, it is considerably larger than the card size MSPs which 
presents some transportation problems. Second, by using a single large 
processor, such as this, it becomes a critical link in the system and the 
system cannot be gracefully degraded if it should fail. One solution being 
considered is to use a number of the small t£P processors along with a 
second CPU as a custom made array processor. By using components identical 
to the ones already on the system spares are easily available and graceful 
degradation is possible. 
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CONCLUSIONS 

The system developed by the Large Aperture Acoustics Branch at NRL was 
designed to be versatile, compact, and reliable. The early implementations 
of this system, which have been presented here, have been quite successful 
and have confirmed the validity of the basic design. Future system im-
provements will make the system capable of performing both frequency and 
angular distributions at an input rate of 256 KHz. 

DISCUSSION 

1.S. Pyett With 256 channels at 1 kHz, what is the word-
size and the percentage loading on the auxiliary bus? 

1.M. Griffin The wordsize referred to is 12 bits from the 
AID converter. Once on the bus, however, we are actually 
transferring 16-bit words since no packing is done. 
I would estimate the total bus load for all DMA's on the 
auxiliary bus at near 50%. 

D. Steiger Is any processing done other than in the array 
processor? 

1.M. Griffin The only processing done by the CPU are the 
simple tasks such as block floating to true floating 
conversion and averaging of data after it has been reduced. 

D. Steiger What data is recorded? 

J.M. Griffin The data recorded varies with the experiment. 
In the January configuration we were writing beam power in 
three frequency bands as a function of time. In June the 
output was a set of frequency estimates for each hydrophone. 
Although the beam power was computed and displayed, this 
does not represent a data reduction so no tape is saved. 
In addition writing the frequency estimates permits 
application of a variety of weighting coefficients or phase 
corrections after the fact since phase information is not 
lost. 

D.V. Crowe What operating system do you use? 

J.M. Griffin . Software development is done under RSX 11M. 
Once complete the program is booted from disc and runs in 
a stand-alone mode. 

R. Seynaeve How much effort was involved in say the prepara-
tion of the June experiment? 

J.M. Griffin From a software standpoint, after the develop-
ment of a general approach, approximately three man-months 
were used. It should be pointed out, however, that some of 
the routines, such as those to drive the SPS, had been 
previously developed. 
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R. Seynaeve How do you synchronize data? 

1.M. Griffin Each device has interrupt capability. 
Typically the interrupt routine consists of setting a 
flag. A master scan loop is written to start the devices 
in proper synchronization. 

R. Seynaeve Is data transfer by DMA's? 

1.M. Griffin Yes, all the major devices have DMA capability. 

R. Seynaeve Do you experiment with pseudocolour and do you 
find colour useful? 

1.M. Griffin We have not made a scientific study of pseudo-
colour. This particular table was developed by trial and 
error to be intuitive, not to display maximum information. 
I believe colour can be of significant advantage in 
distinguishing intensity levels, although a different colour 
table would certainly be chosen for this. 
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FIG. 1 BASIC SYSTEM ARCHITECTURE 
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FIG. 2 
SYSTEM CONFIGURATION FOR 
FEBRUARY 1979 

FIG. 3 ON-LINE ANGULAR DISTRIBUTION OF BROADBAND RETURNS 
FEBRUARY 1979 

FIG. 4 SYSTEM CONFIGURATION FOR JUNE 1979 
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FIG. 5 ON-LINE ANGULAR~ISTRIBUTION OF NARROWBAND SOURCE 
JUNE 1979 

FIG. 6 ON-LINE HYDROPHONE INTENSITY DISPLAY 
JUNE 1979 
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