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Abstract
In this paper, a pocket-sized four channel passive SONAR
solution is described. This system can listen for and track an
acoustic signal moving through water. The compact design
is ideal for small unmanned vessels such as autonomous
surface vehicles (ASVs) and autonomous underwater
vehicles (AUVs).
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1. INTRODUCTION
The Machine Intelligence Laboratory (MIL) at the
University of Florida regularly competes in some of the
toughest autonomous vehicle challenges, including
RoboSub, RoboBoat, and (for the first time in 2016)
Maritime RobotX. In each of the competitions, the student
teams are given a set of complex missions which must be
completed using a fully autonomous platform. A frequent
component of the missions is acoustic localization of a
submerged sound source. Locating these sound sources
replicates the real world application of locating black boxes
from downed aircraft and sunken ships in the ocean. To
accomplish this task, MIL has developed a pocket-sized
passive SONAR system which can be used across all of our
autonomous platforms.

2. AUTONOMOUS PLATFORMS

such as: ocean sensor deployment and retrieval, port
surveillance, autonomous underwater vehicle (AUV) launch
and recovery, pier inspection, offshore oil and gas
operations, etc. Utilizing a flexible structure with a
suspension system, the hull is able to conform to the surface
of the water. This conformity provides a smoother ride for
onboard systems and allows the vessel to traverse in sea
states that would normally capsize vessels of similar size.
Additionally, the 2 to 1 length to beam ratio of the catamaran
provides a very stable ride resistant to rolling. Another
feature of the platform is the boat’s modular construction.
Without tools, the entire vessel can be unpacked and
assembled (or dismantled and packed) within 30 minutes.
This allows easier transportation of the vessel. Customers
are required to install their own power and propulsion
system.

Figure 1. NaviGator

2.2 SubjuGator
In 1996 MIL started designing and building submarine.
Over the years we have won three RoboSub competitions

The Machine Intelligence Laboratory currently has three
autonomous platforms which are used to conduct SONAR
testing, SubjuGator (our 8th generation robot submarine),
PropaGator (our 2nd generation robot boat), and NaviGator
(our first WAM-V based robot boat “plus”).

2.1 WAM-V
The University of Florida recently acquired a 16’ Wave
Adaptive Modular Vessel (WAM-V, http://www.wamv.com/, Fig. 1) for maritime robotic research. The WAM-V
is a lightweight, flexible catamaran designed to be adaptable
to any mission. The top platform of the vessel allows it to
be outfitted with a multitude of sensors enabling missions

Figure 2. SubjuGator
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and placed in the top three in 11 of the 18 international
competition. The last three SubjuGators (six, seven and
eight) were designed with both research and competition in
mind. SubjuGator 8 [1] (Fig. 2) utilizes a Teledyne Doppler
Velocity Log (DVL), Sensonar IMU, and eight thrusters to
perform complex maneuvers accurately and autonomously.

2.3 PropaGator 2
Our second generation robot boat, PropaGator 2 [2] (Fig. 3),
is a student designed autonomous surface vehicle designed
to raise the bar in RoboBoat competitions. From conception,
PropaGator 2 was designed with speed in mind. The pontoon
hull of our first PropaGator was re-engineered in
PropaGator 2 to lift out of the water as it ramped up in speed
in order to minimize drag. PropaGator 2 uses a student
designed rim-driven propulsion system to allow the boat to
reach a top speed of 10.4 knots. The platform features a
panoramic LIDAR which couples with the on-board GPS to
allow it to safely navigate through waterways autonomously.

Figure 4. SONAR Iteration 1

3.1.1 Key Components
3.1.1.1 ADCs – TI ADS8327
These ADCs (one for each channel) were selected for their
low power (10.6mW) and high sampling rate (500ks/s).
Standard black box pingers broadcast at 37.5kHz; when
sampling at full speed, we are able to record 13 samples per
period. This is sufficient to perform the necessary signal
processing algorithms. The ADC is also sufficient in
resolution (16-bit) to detect weak signals travelling through
the water.

3.1.1.2 CPLD – ALTERA EPM570GT100I5N
A CPLD was selected to service all four of the ADCs in
parallel. The software algorithms on board (which will be
described in detail in section 4) depends heavily on the phase
shift of incoming signals. Servicing the signals in parallel
with dedicated hardware guarantees that the phase shift is
not artificially skewed. The CPLD can either stream
incoming data to the DSP or store it in the external SRAM.

Figure 3. PropaGator 2

3. HARDWARE
The Passive SONAR hardware has evolved over the course
of a two semester period.

3.1 Iteration 1
The first generation of the passive SONAR (Fig. 4) featured
four channels of analog inputs, a CPLD to manage incoming
data, an external SRAM to store samples, and a DSP to
calculate the bearing of the incoming signals.

3.1.1.3 SRAM – Cypress CY7C1041CV33
A 4-Mbit external SRAM was selected in order to allow for
the recording of 0.5s of data at 500ks/s
0.5 sec∗

∗ 16

4
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Access time for the asynchronous SRAM was 8ns.

3.1.1.4 DSP – TMS320F28335 Delfino Class
This DSP from Texas Instruments was selected for its great
support structure, both online and in the IDE. With FPU,
DMA, SPI, and PWM all built-in, this processor gives
developers the power of a DSP with the feel of a
microcontroller.

Figure 5. Analog Power Filtering
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3.1.2 Design
3.1.2.1 Analog
Incoming signals are fed through an instrumentation
amplifier (TI INA331) with a gain of 1000 and were filtered
by a first order band-pass filter centered at 35kHz (see Fig.
5). Power from the digital 5V switcher was filtered through
a ferrite bead/decoupling capacitors and stepped down to
4.2V (TI TPS79942). The recipient of the incoming signals
are four ADS8327 16 bit ADCs which uses a high-side
reference of 4.096V and mid-level reference of 2.048V (TI
REF2041).

3.1.3.2 Digital
Each component was laid out to in a way which would
minimize trace lengths and maximize useable space. Care
was taken to not terminate high speed data lines with right

3.1.2.2 Digital
Data from the ADCs is read into the CPLD via SPI operating
at 12MHz. The CPLD either streams the data to the DSP or
to the SRAM based on control logic governed by the DSP.
The board features an LMZ14201h simple switcher which
steps the input voltage (24V-48V) down to 5V which is
further stepped down to 3.3V and 1.2V.

3.1.3 Layout
The board (see Fig. 6 and 7) was constructed with four layers
(signal, power, ground, and signal) and had separate analog
and digital sections.

3.1.3.1 Analog
Each analog channel was isolated from the next by a spacing
of 20mil. Care was taken to keep digital signals far away
from sensitive analog circuits such as the reference pin on
the ADC.

Figure 8. Digital (Top)
angle or sharp turns in an effort to minimize reflections.
Filtering Capacitors were placed directly under the DSP to
guarantee clean input power.

3.1.4 Pitfalls
Upon completion of iteration 1, there were several
identifiable areas which could be improved. Primarily, the
isolation between analog and digital circuits proved to be
insufficient, yielding close to 1mV of noise on the reference
pins to each ADC (as can be seen in Fig. 9).

Figure 9. Data Recorded from ADCs

3.2 Iteration 2
The mission of the second iteration of board was to simplify
the overall design and improve analog performance.

Figure 6. Analog Layout (Top)

Figure 7. Channel 1 Analog (Bottom)
Figure 10. SONAR Board Iteration 2
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3.2.1 Key Components
3.2.1.1 ADCs – TI ADS8327
3.2.1.2 DSP – TMS320F28379s Delfino Class

3.2.3.1 Analog (see Fig. 12)

In Iteration 2 the F28335 DSP was replaced by its
predecessor the F28379s. This new DSP boosts performance
with a 200MHz internal oscillator. It also features three SPI
peripherals which allows us to eliminate the CPLD and
interface to the ADCs directly.

3.2.1.3 Digital Pots – AD8400ARZ100
New to this iteration is the ability to tune the gain of the
analog inputs to both prevent clipping and pick up distant
signals.

3.2.2 Design
3.2.2.1 Analog
In contrast with the iteration 1 design, the input signals are
no longer passed through a passive band-pass filter but are
instead conditioned by an active, multi-stage band-pass filter
centered at 35kHz. The topography of the design four stage
op-amp circuit was (1) an inverting amplifier with dynamic
gain (controlled by digital pot) (2) a unity gain 2nd order
sallen-key low-pass filter (3) a unity gain sallen-key 2nd
order high-pass filter and (4) a fixed gain inverting amplifier.

Figure 11. 35kHz BPF Q = 2
Power from the digital 5V switcher was filtered through a
ferrite bead/decoupling capacitors and stepped down to
4.2V (TI TPS79942). The recipient of the incoming signals
are four ADS8327 16 bit ADCs which uses a high-side
reference of 4.096V and mid-level reference of 2.048V (TI
REF2041). Fig. 11 shows the results of this iteration 2.

Figure 12. Analog Shield (Top)

3.2.3.2 Digital (see Fig. 13 and 14)

Figure 13. Digital Shield (Top)
Care was taken to evenly distribute decoupling capacitors
around the DSP to ensure clean input power.

3.2.2.2 Digital
Converted analog signals are fed directly into the DSP via
two SPI peripherals (SCK = 25MHz), each with control over
two ADCs. The board features an LMZ14201h simple
switcher which steps the input voltage (24V-48V) down to
5V which is further stepped down to 3.3V and 1.2V.

3.2.3 Layout
In an effort to both save space and reduce noise, the analog
and digital circuits are on separate printed circuit boards. By
isolating the two boards, the noise levels on the reference
pins of the ADCs was reduced to 0.01mV.

Figure 14. Digital Shield (Bottom)
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4. SOFTWARE ALGORITHMS
The software objective for the SONAR is to bag data and to
perform both interpolation and cross-correlation on the
stored signals. These algorithms will be used to calculate the
time-delay of arrival (TDOA) of incoming signals which in
turn will be used to determine the bearing.

4.1 Bagging Data
The frequencies which the Pocket SONAR listens for (based
on hardware design) are 25kHz-50kHz. In order to capture
these signals for signal processing, we operate our ADCs at
500ks/s. This allows us to capture at a minimum 10 samples
per period.

4.2 Interpolation
A common procedure in digital signal processing is to
digitally increase the number of samples stored in memory.
This operation, known as interpolation, eliminates noise,
reduces hardware requirements (i.e. can sample slower), and
increases data resolution. The Pocket SONAR interpolates
incoming signals by a factor of four (500k x 4) which allows
for smaller step sizes in the cross-correlation (Fig. 15).
∙
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The resulting summation is a sinusoid with a peak occurring
at the alignment of the two signals. This operation can be
used to determine if a signal is leading or lagging the other.
For example, if signal 1 (see Fig. 16) leads signal 2 the peak
of the summation wave will occur before the center.

4.4 Hydrophones
The medium between water and electrical systems is an
array of sensors referred to as hydrophones. These piezoelectric ceramics are designed to detect ultrasonic
frequencies which can be relayed to the SONAR board. In
order to reduce cost of the system, the Machine Intelligence
Laboratory has begun to investigate the use of raw piezo
ceramics for hydrophones as opposed to off the shelf
solutions such as the Teledyne TC-4013 which cost an
estimated $1200 per hydrophone. The trade-off in low cost
ceramics is frequency response. The TC4013 hydrophones
have been designed to have a flat frequency response across
a wide band (shown below)

1

Figure 15. Interpolation of 25kHz Signal

4.3 Cross Correlation
Cross-correlation is the measurement of similarity between
two signals. The operation (seen below in mathematical
form) can be visualized by the sliding of one signal across
the other, summing the signals as you progress.

Figure 17. TC4013 Frequency Response
Raw ceramics have a very sharp frequency response,
peaking in sensitivity at the resonate frequency. This narrow
band frequency response shows promise for future SONAR
projects as the ceramics naturally act as a tight band pass
filter.

∗

Figure 16. Convolution on Input Signals
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5. CONCLUSION
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Our board design has been developed over the course of two
iterations. Hardware dynamic gain is used to detect signals
both in close proximity and at long ranges. The bearing is
calculated by running the time delay of arrival (TDOA)
through a non-linear least square solver (NLLSQ).
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