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Abstract

This paper presents a replacement data acquisition systenof the KiwiSAS-IV synthetic aperture sonar,
designed by the Acoustics Research Group at the University bCanterbury. The replacement system is
based on the Analog Devices' Black n DSP running a customisd embedded Linux operating system.
The system captures data at 312.5kilosamples per second, oim eight onboard high performance,
delta-sigma analogue-to-digital converters, and is then tansmitted over 100 Mbps Ethernet to a remote

computer for storage and processing.
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1 Introduction

The Acoustics Research Group (ARG) at the
University of Canterbury have been conducting
sea trials with synthetic aperture sonar (SAS)
systems since the mid-1980s, the goal being to
generate high-resolution imagery and bathymetry
of the seaoor, in particular within shallow
water harbour environments [1]. To this end, a
progression of sonar tow sh have been developed
over the years to provide a platform for synthetic
aperture sonar research. With each development
it has been necessary to sample more and more
channels. The current system uses a compact
PCI computer system with custom built data
acquisition cards [2, 3]. A disadvantage of the
system is that a di erential signal pair needs to run
the length of the tow sh from each preampli er
to the computer system. Moreover, we cannot
increase the number of channels without a redesign
of the custom compact PCI data acquisition cards
due to space constraints within the sonar pressure
housing.

In this paper we present a new data acquisition
system for the sonar where the signals are sampled
close to the preampli ers and then communicated
to the tow sh computer via Ethernet. This is
achieved using the Black n BF533, a high-end
Analog Devices DSP, interfaced to an array of
analogue to digital converters and an Ethernet
controller. The Blackn DSP was selected for
this project since it can run ucLinux. This is a
specialised port of Linux designed for embedded
CPUs without dedicated Memory Management
Units (MMUs). An advantage of using ucLinux is
that it simpli es the development and uploading
of software remotely, an important consideration

since the data acquisition system is sealed in a
pressure housing.

The structure of the paper is as follows. We start
with an overview of the KiwiSAS-IV tow sh, de-
scribe the new system, and discuss how the pro-
posed solution will integrate with the tow sh. We
comment on problems encountered and potential
solutions and conclude with recommendations for
the next stage of the project.

2 Background

The current ARG synthetic aperture sonar,
KiwiSAS-1V, has eighteen hydrophone channels,
each sampled at 312.5kHz. The data acquisition
system between the hydrophones and the digital
recording equipment in the sonar tow sh is shown
in Figure 1. The incoming analogue signals
are preamplied and converted to a dierential
signal, then transmitted di erentially the length
of the tow sh, before nally being converted to
a digital signal and processed and stored by the
onboard computer. The signals are also sent
via 100-baseT Ethernet up the tow-cable to the
tow-boat computer for processing and display.

The goal of the new system is to digitise each hy-
drophone channel as close to the preampli ers as
possible. The signals are then sent via Ethernet
to the tow sh and tow-boat computers for storage
and display. A key requirement is that the control-
ling software needs to be loaded and updated with-
out having to open the pressure housing containing
the data acquisition system. The hardware also
needs to be modular so that additional channels
can easily be added.
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Figure 2: New sonar data acquisition system structure.

3 Hardware Design

Since the current preampli ers use a Eurocard for-
mat, it was decided to use a similar form factor for
the data acquisition boards. Each Eurocard board
must integrate the high-speed delta-sigma ADCs, a
Black n processor, associated RAM and Flash, an
Ethernet interface, and appropriate power supplies
for both the ADCs and the Black n itself. This
layout is shown in Figure 2.

In order to simplify the hardware design, an exist-
ing reference Black n board was used, speci cally
the open-source Black n STAMP design released
by Analog Devices. This board was chosen for
a number of reasons. Firstly: it provides a com-
plete reference design with both schematics and a
fully routed PCB suitable for manufacturing. It
also contains an Ethernet interface (complete with
Linux drivers) and SDRAM; both elements central
to this design. Finally, the open source nature of
the design makes it most suitable for modi cation
and integration into the nal design.

Each Eurocard board plugs into the aft backplane
of the sonar tow sh though a 64 pin DIN41612 con-
nector. This connects the board to power busses
and the hydrophone signals. At the other end, a
single 100 Mbps Ethernet jack connects to the in-
ternal tow sh Ethernet network, allowing the cap-
tured data to be either processed by the onboard
computer or transferred to the towboat computer.

The existing power supply and parallel Flash inter-

face were removed from the STAMP design in order
to simplify and shrink the design, as were the myr-

iad of external interface connections on the board.
Eight ADCs and a new power supply system were
then added to the design. These are explained in
greater detail in the following sections. A block

diagram is shown in Figure 3 and the completed
etched Eurocard is shown in Figure 4.

3.1 Analogue to Digital Converters

Each input channel utilises a 16-bit delta-sigma
ADC (AD7723), sampling at 10 MHz giving an
output signal rate of 312.5kHz and a sampled
signal bandwidth (90 dB) of 193 kHz. Delta-sigma
ADCs were chosen to simplify the anti-aliasing
Iter speci cation and thus minimise temperature
dependent phase shifts between the channels. The
AD7723 oversamples at 16 or 32 times the desired
output rate and thus only a low-order anti-aliasing
Iter is required.

Each ADC accepts a pair of dierential signals
from the hydrophone preamps, AC coupled
through a 100nF capacitor, then o set to mid-
supply voltage via a pair of 100kohm resistors.
A THS4140 di erential opamp bu ers the signals
and isolates the source from the ADC. An RC
Iter between the opamp and the ADC inputs
signi cantly reduces transients on the opamp,
as inrush currents drawn by the ADC sampling
capacitors can be supplied by the external
capacitor. The arrangement helps isolate the
ADC from the rest of the system, resulting in
improved overall signal to noise ratios. A single
pole antialiasing lter is all that is required with
the 32 times oversampling of the ADCs to obtain
su cient rejection.

As the Black n only has two dual-channel serial
interfaces (a total of four full-duplex serial chan-
nels), the eight ADCs need to be connected in
pairs using their built-in stereo operation mode. In
stereo mode, the master ADC sends out the rst
16 bits of each 32 bit transfer, while the slave ADC
completes its transfer during the remaining 16 bits.
A separate left/right clock dierentiates between
the master/slave words, while a frame sync. signal
starts the conversion process.
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Figure 3: Structure of the Eurocard PCB.

Figure 4. Etched Eurocard PCB, ready for populating.

Due to the space constraints of the Eurocard
board, it has been necessary to interleave the
layout of each ADC channel, paying particular

attention that only single sided traces are used
where the top and bottom layers overlap. The

eight ADCs are placed close to the backplane
connector in order to reduce signal transmission
distance and hence the possibility of additional
noise being introduced.

The PCB layout features completely separate ana-
logue and digital planes with 1.2 mm separation, in
order to isolate the analogue and digital portions
of the AD7723 ADCs and prevent coupling. De-
coupling capacitors have been placed as close as
possible to each ADC, however, due to the space
constraints this has required placing the decou-
pling capacitors under the ADCs themselves.

The analogue and digital ground planes are cou-
pled in 3 locations by surface mount 0 ohm resis-
tors, while each power plane is powered by an inde-
pendent linear regulator with numerous decoupling

and bypass capacitors. By isolating the ground
planes the rapidly switching digital signals kept

separate from the analogue portions of the circuit,

helping to further reduce introduced noise.

The digital ground plane operates as an island
around the ADCs in order to keep switching
currents localised. It is linked to the main digital

ground plane by a small bridge of copper under
the level shifter IC.

Since the AD7723 is a 5V logic device, output
signals from the chip are shifted to Black n-
compatible 3.3V levels via an ST2378E bi-



Figure 5: STAMP daughter board with a pair of AD7723 ADCs.

directional level shifter IC. All high-speed signals
to and from the AD7723 are terminated with
series termination, in the form of 100 ohm surface
mount resistors. This helps reduce the slew rate
and thus injection of digital switching signals into
the analogue front-end of the ADC [4].

The 10MHz clock signal for the ADCs is gener-
ated by a Black n timer, however the clock for
the AD7723 is an analogue signhal and must be
referenced to the analogue supply and ground [4].
A clock bu ering circuit translates between the
3.3V Black n signal and 5V analogue-referenced
AD7723 clock input. This uses a 1:1 ratio pulse
transformer to reduce jitter coupled from the digi-
tal ground into the ADC and a 74HC541 octal bus
driver to provide independent clock signals to each
ADC. By using individual drivers to each clock
input, the clock lines can each be individually ter-
minated with series termination, located close to
the bu er IC[5].

3.2 Power Supplies

The Eurocard board requires four dierent sup-
ply voltages: two independent 5V rails for the
ADCs, and 1.2V and 3.3V rails for the Black-
n and associated logic. The KiwiSAS-IV back-
plane provides 12 rails, however, most low drop-
out (LDO) regulators are limited to a maximum
of 7V input source. Therefore, a self-contained
switching DC/DC converter (the PT78HT265 from
Texas Instruments) was employed. This operates

at approximately 750kHz and produces a regu-
lated 6.5V DC output from any DC input between
10.5V and 28V, at up to 2 A.

The output from the 6.5V regulator powers the
two 5V supplies and the 3.3V supply, which in
turn supplies the 1.2V regulator. Each regulator
has its own bypass and decoupling capacitors, as
well as a short-circuit protection diode. The out-
put of the regulator is connected to the appropriate
power plane, and a ring of vias surrounding the tab
of the SOT-223 case provide a thermal conduction
path from the device to the power plane, helping
dissipate excess heat.

The Black n is a split-rail device, with separate

core and I/O supplies. The Black n core is sup-

plied by an independent 1.2V power supply, origi-
nally a switching regulator but replaced by a single
linear regulator in this version, in order to sim-

plify the circuit and reduce board real estate. The
replacement regulator is positioned close to the
1.2V power island and connected by large 25 mil
traces, in order to reduce trace inductance and
hence increase voltage stability during switching
transients.

The Black n I/O logic is supplied by an isolated
3.3V rail, via an island on the power plane and
connected to the main 3.3V rail with a resistor.
The use of the island mainly serves to allow current
measurements of the core to be made, by replac-
ing the surface mount 0 ohm resistors with a small
resistance and measuring the voltage drop over it.



Where long power traces have been used, trace
inductance and resistance has been halved by using
traces on both top and bottom layers of the PCB,
connected by vias. This helps reduce losses and
common mode noise in the power supply traces.

3.3 Core Black n Design

The Black n BF533 requires external data memory
to store the program code. The Black n STAMP
board uses a parallel Flash memory chip connected
to the data and address buses and activated via a
CPLD. The CPLD provides additional chip select
pins and support more memory mapped devices
than the four devices natively supported by the
BF533. As the modi ed design does not require
additional memory mapped devices, the CPLD has
been removed to simplify the design.

A further simpli cation has been made in removing
the parallel Flash interface and replacing it with a
single serial Flash device, accessed over the Serial
Peripheral Interface (SPI). This simpli es the rout-

ing requirements considerably, removing the need
for data and address busses to be routed, instead
requiring only the standard SPI signals.

The RJ45 Ethernet connector is on an isolated
ground island in order to localise ground stabil-
ity issues caused by large transients on Ethernet
cabling. The Ethernet connector is a MagJack
brand device, with integrated magnetics, meaning
that the isolation transformers are integrated into
the socket itself, further reducing the component
count and potential sources of interference.

Di erential signal traces from the Ethernet con-

nector are routed in pairs and feature both se-
ries/parallel (for receive traces) and parallel termi-
nation, due to the high-speed nature of an Ethernet
interface (125 MBps).

3.4 PCB Design

Due to the numerous power planes and signal
traces involved, a four layer PCB was produced.
The reference STAMP design requires ne width
(5mil) traces due to the high ball density of the
mini-BGA and BGA SDRAM chips. In addition,
10mil vias were used between many balls of
the Black n to route power traces. These two
constraints required specialised manufacturing, as
most prototype PCB manufacturers are unable
to produce such nely dimensioned boards. The
reference  STAMP design was produced using
Allegro Design Entry CIS (formally an OrCAD
product, now produced by Cadence) and Cadence
Allegro PCB Editor, for the schematic capture
and board layout, respectively.

4 Software Design

At the highest level, the software is required to
interface eight ADCs to an Ethernet interface. It
must capture incoming data from the ADCs and
form it into packets suitable for retransmission over
Ethernet, to a remote processing system.

The main reason for choosing the Black n DSP
is its ability to run ucLinux, a specialised port of
Linux designed for embedded CPUs without ded-
icated Memory Management Units (MMUs). A
version of ucLinux designed specially for the Black-
n DSP has been released as part of the STAMP
project and this was used as the basis of the soft-
ware for the project.

In order to access the eight ADCs from Linux,
a device driver module was written. The device
driver initialises the ADCs, con gures a timer to
generate the 10 MHz sampling clock, and captures
serial data from the ADCs. The Black n serial
ports transfer the sampled data into ring bu ers
using DMA. An application program can read the
contents of these ring bu ers using standard Unix
I/O routines and send the data to the tow sh com-
puter via a TCP/IP socket. The device driver was
tested using a pair of AD7723 ADCs on a STAMP
daughter board (see Figure 5).

The base kernel supplied pre-programmed on the
STAMP board does not support loadable kernel
modules, requiring a new kernel to be built. Addi-
tionally, no compiler is built in, requiring a cross-
compiler to be used on a separate development
machine. Due to the particular setup used in this
particular case, it was necessary to add additional
programs to the STAMP environment to support
downloading of the module code from the devel-
opment machine. Once the module was compiled,
it could easily be copied to the target board and
loaded into the running kernel. This approach
eliminated the need to recompile the kernel, copy
the changed kernel into RAM via the boot loader
and execute it every time a change was made; an
error prone process that takes many minutes each
time.

5 Discussion

The bulk of the problems encountered while
designing the Eurocard board have been due to
the use of BGA devices: speci cally the di culty

in sourcing the SDRAM; the ne trace widths
and via diameters leading to an expensive circuit
board; and the problem of reliably a xing BGA
devices to the PCB. By moving away from BGA
packaging and using more traditional TSSOP and
TQFP packages for the SDRAM and Black n,



respectively, a far more workable solution is

possible.

A further recommended change is to replace
the four 4 bit SDRAM chips with a single

16 bit wide device. At present, however, the
maximum commercially available SDRAM density

is 512 Mbit, which if con gured as a 16 bit wide

device limits maximum memory to 64MB. A

solution to this is to use two 8 bit wide devices,
once again allowing the maximum supported
memory, 128 MB, of the Black n BF533 device
to be attained. Prices for 512 Mbit RAM devices
are considerably higher than 256 Mbit devices,
however, making a 64 MB solution comprised of
a single 16 M 16 bhit devices a more attractive
solution. While the reduced memory capacity
is signi cant, for the target application large

amounts of memory are not important 16 MB

being amplé'.

By using traditional TSSOP packaging for the
SDRAM, trace widths can be made considerably
larger. By reducing the number of RAM devices
from four to two, or even a single device, board

real estate can be reduced and more space made

available for analogue signal processing circuitry
or additional ADCs. Currently, the number
of ADC channels per board is limited to eight
since there are e ectively four serial ports and
pairs of ADCs can be cascaded on each serial
port. Additional ADCs could be interfaced to
the Black n's parallel port since this has a FIFO
and DMA capability. However, this would require
software to unpack the interleaved serial data.

These suggested changes closely echo the work

of the Black nOne (BF1) project, which has

designed a two layer PCB incorporating SDRAM,
parallel Flash memory and a Blackn BF532

(pin-compatible with the BF533 used here). The
aim of the BF1 project is to be as simple as
possible and contains just the minimum amount
of components.

Another major benet of the BF1 project is that
all design work is done using open source tools
(speci cally: geDA and PCB), meaning that bar-
riers of entry are far lower than is the case with
Cadence / OrCAD; work can be carried out on any
computer, without requiring proprietary software
and expensive licenses.

6 Conclusion

An eight channel analogue-to-Ethernet bridge
based on the Blackn DSP and running an

116 MB is ample as the memory need only contain the
kernel, a C library, the device drivers and assorted utiliti  es
to allow dynamic IP addresses to be used.

embedded Linux operating system has been
designed for KiwiSAS-IV. By using a powerful
DSP with abundant high-speed SDRAM as
the core of the data acquisition system, much
exibility is aorded for performing real-time
signal processing, such as spectral Itering and
pulse compression, on the incoming data.

A reference Black n design, the Black n STAMP
produced by Analog Devices and released under
the open-source GPL, was modied to suit the
project. Extensive simpli cations were made, such
as removing the large switch-mode power supply
and using serial ash memory instead of the par-
allel variety.

A working software platform has been developed,
based on the open-source ucLinux distribution
which is targeted specically towards systems
without dedicated memory management units,
such as Black n DSP used in this design.

A number of recommendations have been made for
future work on this project. The largest single
recommendation is to remove all Ball Grid Array
(BGA) devices from the PCB in order to simplify
assembly and etching. Suggested approaches to re-
duce the component count further have been made,
such as using a single 32 bit wide SDRAM chip in
place of the four 4 bit devices presently used.
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