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Abstract: As is known, a large-scale sea-floor observatory is comprised of hundreds of instruments. Integration 
of new instruments into such a large observatory is a very tedious, repetitive but tough task. Manual 
configuration is error-prone, so an automatic configuration mechanism is needed. MBARI PUCK is designed  
for this purpose. But it is not easy to make a hardware puck. So a virtual puck, called Cloud PUCK, is proposed 
in this paper. Cloud PUCK also makes some modify to achieve the high scalability and interoperability 
requirement of the sea-floor observatory. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 

 

In order to get more accurate observing data  
of the sea, cabled sea-floor observatories, like 
NEPTUNE and MOOS, usually contain hundreds  
of diverse instruments. Those instruments make up  
a sensor network. And interoperability must be 
implemented among those instruments, and between 
instruments and the host system. In other words, they 
can communicate and exchange data between each 
other. So the instrument software and metadata must 
be installed into the system as soon as the instrument 
is plugged into the network. And this process is 
usually called configuration. The whole process  
of instrument configuration needs to install data  
as follows [1]: 

1) Interface software. The host system 
communicates with instruments via the  
interface software. 

2) Instrument driver software. The instrument 
driver software implements operations for the 
interface software. 

3) Instrument metadata. Instrument metadata 
includes its manufacturer, serial number, instrument 
name, classification and so on. Scientists need 
instrument metadata to explain its observing raw data. 
Raw data without metadata has no scientific value.  

Usually, for small-scale sea-floor observatories 
which are comprised of only a few sensors, like 
VENUS and MARS, instruments are usually 
configured manually. When an instrument is plugged 
physically into the network, the instrument operator 
also installs instrument software and metadata into 
the host computer to configure that instrument. Then 
the system “knows” the instrument and they can 
communicate with each other. Manually 
configuration performs quite well in small 
observatories, but very bad in large ones. It is 
because operator has to configure on more than one 
host computer for every new instrument. Here 
manually configuration becomes boring, repetitive 
and error-prone. It will surely lead to very severe 
damage if error occurs in a large observatory. On the 
other way, sometimes an ad-hoc densification  
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of a sensor network may be required. For example,  
in flooding scenarios, large numbers of water gauges 
shall be needed temporarily. Certainly efficient and 
fast configuration of sensors will be crucial for such 
disaster management. Consequently, it is very 
important to establish an automatic configuration 
mechanism to minimize the efforts for the integration 
of new sensors with the sea-floor observatory. It is an 
important step to enable sensor plug-and-play  
to make configuration of sensors automatic  
with minimum human intervention [2]. 

 
 

2. MBARI PUCK 
 
MBARI PUCK is a small and low-power device 

designed by MBARI (Monterey Bay Aquarium 
Research Institute) for minimizing human 
intervention during instrument configuration. An 
instrument puck is preloaded to the instrument before 
the instrument is plugged physically into the sensor 
network. It stores all the configuration information  
of the instrument, including its metadata and software. 
As soon as the instrument is plugged in, the system 
can retrieve its configuration information through the 
puck interface and configure it automatically (shown 
in Fig. 1). Thus MBARI PUCK enables “plug and 
play”. Since the process is automatic, it scales very 
well to large numbers of instruments.  

 
 

 
 

Fig. 1. PUCK configuration. 
 
 
The instrument puck hardware consists of a non-

volatile flash memory device, a microcontroller,  
a serial transceiver, an isolated power supply and two 
RS-232 serial ports (shown in Fig. 2). The 
instrument’s metadata and software is stored inside 
the flash memory device. While associated  
to an instrument, one of the two ports is connected  
to the instrument permanently, and the other for the 
host computer.  

Instrument configuration and discovery 
mechanism using instrument puck is as follows: 

1) The instrument together with its associated 
puck is plugged in the sensor network, and the puck 
enters its “puck” mode, 

2) The host detects and finds the new instrument 
puck in the sensor network,  

3) The hosts retrieve the driver software and 
metadata from the instrument puck, 

4) Configure the sensor without human 
intervention, install the driver software and metadata 
for the sensor. 

 
 

Fig. 2. PUCK components [3]. 
 
 
As soon as the configuration is finished, the puck 

will be set to “go through” mode. And the host 
computer communicates with the instrument directly 
as if the puck does not exist.  

MBARI PUCK is external or embedded. An 
external instrument puck is a device connected to the 
instrument permanently without changing the 
firmware of the instrument. It makes it very easy  
for any RS232 legacy instrument to be puck-enable. 
However, since the metadata and software of the 
associated instrument is stored in the puck, it is very 
crucial to guarantee that the connection is permanent. 
But, there is possibility for an external puck that it 
may be separated from its associated instrument. The 
puck can also be integrated into the firmware of the 
instrument utilizing the storage of the instrument 
without the need for external connectors. In this way 
the association between puck and the instrument is 
guaranteed. But it will be very difficult to change the 
native firmware and hardware of the instrument 
without the help of the manufacturer. 

Although PUCK makes it easier and smarter  
for configuring new instruments, it is not easy  
to make an associated puck for an instrument. So the 
PUCK protocol hasn’t been widely used among 
sensor network. It still needs improvement before it 
becomes a common widely-used standard. 
 
 
3. Cloud PUCK 
 

Since a hardware puck is not available in many 
circumstances, we propose the Cloud PUCK (Fig.3), 
which is a virtual puck based on cloud. Comparing to 
MBARI PUCK, Some modify has been done.  

Similar to MBARI PUCK, Cloud PUCK also 
contains a datasheet. A universal unique identifier 
(UUID) is included in the datasheet. It must be 
guaranteed to be unique for each Cloud PUCK 
instance, so it will be assigned by the host system. 
Besides the datasheet an Observation Data Format 
and Driver software jar is also included. The 
Observation Data Format describes the observation 
data of the instrument in Observation & 
Measurements Schema, which is a standard model 
and XML Schema defined by OGC (Open Geospatial 
Consortium) for encoding observations and 
measurements from a sensor. It enables the PUCK 
Interpreter, which runs on the host system, to decode 
the observation from the instrument so that it can 
work with the instrument and connect it with Sensor 
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Web services (e.g. SOS or SPS, Fig.4). Then the 
functionality can be accessed in an interoperable way. 

And payload is optional, and can store any  
arbitrary object.  

 
 

 
Fig. 3. Cloud PUCK. 

 
Fig. 4. Configuration using Cloud PUCK. 

 
 
Before a new instrument is plugged in the sensor 

network, it will be assigned a UUID, and its 
associated cloud puck will be made and uploaded to 
the “cloud”. When the host system detects that a new 
instrument is plugged in the sensor network, it would 
execute the following sequence: 

1) Retrieve its associated cloud puck by the value 
of UUID, 

2) Extract files from the puck, 
3) Install its metadata and driver software, 
4) Communicate and exchange data with the 

instrument. 
Besides reading method, a writing method is also 

provided by the Cloud PUCK approach. This is 
because the instrument’s metadata and software will 
improve and update periodically. So every time the 
instrument’s configuration information needs modify, 
it would execute the following sequence: 

1) Modify the cloud puck by the value of UUID, 
2) Tell the host system that the cloud puck has 

been updated, 
3) Get modified cloud puck and install it. 
 
 

4. Interoperability and Scalability 
 
The Cloud PUCK approach requires a Cloud 

PUCK Interpreter running on the host system. Via the 
cloud puck, the Cloud PUCK Interpreter translates 
between the instrument’s communication protocol 
and the host system. It is beneficial because we don’t 
have to change the instrument’s protocol or adapt it 
to standardize approaches such as IEEE 1451. So it is 
well designed for scalability to a wide variety  
of instrument protocols and data formats. 

As is known to all, a sea-floor observatory usually 
needs to deal with different kinds of instruments. 
There is no widely recognized software protocol for 

oceanographic instruments. And each kind of 
instrument has its unique command set and 
communication protocol through which  
to communicate with. It poses great burden to the 
management system with a great deal of interface 
software. For example, there have to be a lot  
of utility software for each instrument to receive and 
decode their observation data, to control the power, 
to log their status. One solution is to build each 
specific utility software with prior knowledge of the 
software protocol for each kind of instrument. But it 
is a bad solution because it makes the utility software 
tightly coupled to instrument protocols. Each time  
a new kind of instrument is added, or the protocol  
of existing instrument updates, the utility software 
has to be modified. 

Via Cloud PUCK, a different solution is proposed. 
A standard instrument interface is designed  
for interacting with instrument. It contains most 
common methods to all instruments, like instrument 
initial, power control, data decode, parameter set and 
so on. So client software can interact with any 
instrument via the standard instrument interface 
without knowing its protocol. But the implementation 
of the standard interface is encapsulated  
by the service, hidden from the rest  
of the system. So every time a new instrument is 
added, client software does not need to be modified. 
The only thing to do is to add specific service 
implementation for that instrument.  

The concept is shown in Fig. 5. The standard 
instrument interface called Instrument is 
implemented by Instrument Service. Instrument 
Service implements most methods that are generic  
to all instruments and leave other specific methods  
to be abstract. It has been found that 75 % of the 
instrument service is common [4]. One specific 
instrument service can add its own specific method 
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by extending Instrument Service. For example, 
ADCP service has its additional method to set the 
parameter of pitch. If client software knows an 
instrument is not just an instrument but an ADCP, it 
can access ADCP’s specific functionalities by 
invoking the extra methods. Since the standard 
instrument interface has been defined, the specific 
implementation of each instrument service is written 
and encapsulated in the Instrument service jar which 
is included in the cloud puck. So every time a new 
instrument is plugged in, the host system can extract 

its instrument service implementation from its 
associated cloud puck and implements its specific 
service immediately. By this approach Cloud PUCK 
enables simplified integration of instruments to the 
sensor network and great scalability to support many 
kinds of instruments.  

Standard interface for sensor decoder is shown  
in Fig. 6. It is implemented by the class  
called InstrumentDecodeAdpater. One specific 
instrument adapter extends it by adding its specific 
decoding methods.  

 
 

 
Fig. 5. Standard Interface for sensor service.

 
Fig. 6. Standard Interface for sensor decoder.

 
 
As noted before, instruments in a sea-floor 

observatory need to be interoperable with the host 
system. The host system has to understand the 
observation data from instruments. Thus it needs  
to know how to decode the observation data and 
translate it to what it recognizes. Similar  

to instrument service, a standard instrument decoder 
is also defined. Shown in Fig. 7, the standard 
Decoder called Instrument Decoder is implemented 
by Instrument Decode Adapter. And each specific 
instrument adapter adds its own method by extending 
the Instrument Decode Adapter.  

 
 

 
 

Fig. 7. Sensor Codec Controller. 
 
 

When the host system receives observing data 
from an instrument, it decodes the data following 
sequence as follows: 

1) Find its associated protocol decode adapter by 
device ID; if found, go to (3); if not, go to (2); 

2) Retrieve its associated cloud puck and extract 
the observation data format, and extend Instrument 
Decode Adapter by adding a new adapter; 

3) Decode the observation by invoking methods 
of the adapter. 
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For example, a new instrument “ADV” (Acoustic 
Doppler Vector) is newly added. Firstly, the Decode 
Controller searches existing Instrument Decode 
Adapters to find whether there is an adapter 
corresponding to it. Surely there is no such an 
adapter. Then controller retrieves the instrument’s 
associated cloud puck, extracts the observation data 
format. Since the data format is encoded in standard 
O&M XML Schema, it is easy to translate it  
to protocol that host system can recognize. Controller 
will extend the Instrument Decoder by adding a new 
specific adapter and decode the observation data by 
invoking the standard instrument decoder. 
Observation data of one type of ADV current vector 
manufactured by Nortek is decoded following the 
sequence shown in Fig. 8.  
 
 

 
 

Fig. 8. Decoder of ADV data. 
 
 

Cloud PUCK approach’s standard instrument 
interface feature and standard instrument decoder 
feature achieve the scalability requirement and 
interoperability requirement respectively. 

 
 

5. Test and Conclusions 
 

Cloud PUCK approach extends MBARI PUCK, 
and designs a virtual puck base on cloud. It contains 
a datasheet to identify the instrument, an instrument 
service jar to simplify integration of new instruments, 

a data format in O&M XML schema to achieve 
interoperability requirement. Using Cloud PUCK, an 
automatic creation mechanism of sensor adapter is 
designed in order to adapt new sensors with 
minimum human intervention. This automatically-
created sensor adapter is called dynamic sensor 
adapter. For each specific type of sensor, its own 
decoder is included inside its dynamic sensor adapter. 
The sensor adapter makes the transformation 
between protocols of the associated sensor and 
protocols of the host system. Shown as Fig. 9, the 
dynamic decoding test is done via the concept  
of dynamic sensor adapter.  

 
 

 
 

Fig. 9. Dynamic decoding test. 
 
 
When the host system detects a new sensor in the 

sensor network, it will try to look for its associated 
dynamic sensor adapter by its UUID. If not found, it 
will retrieve for its Cloud PUCK and then create a 
dynamic sensor adapter according to the Cloud 
PUCK. Then the sensor’s protocol transformation 
will be done by the dynamic sensor adapter 
automatically. The host system interoperates with the 
sensor via the dynamic sensor adapter. 

Using the mechanism of dynamic sensor adapter, 
decoding tests of instruments such as CTD, ADCP 
and ADV, have been done successfully. These 
decoding tests and other test prove that it fits those 
requirements well. But it still has many things to do, 
and service of many kinds of instrument has not been 
implemented and test. 



Sensors & Transducers, Vol. 172, Issue 6, June 2014, pp. 45-50 

 50 

Acknowledgements 
 

This research was partly supported by National 
Natural Science Foundation of China (NSFC, Project 
No. 71171121/61033005) and National “863” High 
Technology Research and Development Program  
of China. (863 Project No. 2012AA09A408). 
 
 

References 
 
[1]. Headley, Kent L., et al., Managing sensor network 

configuration and metadata in ocean observatories 
using instrument pucks, in Proceedings of the 3rd 
IEEE International Workshop on Scientific Use  

of Submarine Cables and Related Technologies, 2003, 
pp. 67-70. 

[2]. Bröring Arne, et al., Semantically-enabled sensor 
plug & play for the sensor web, Sensors, 11, 8, 2011, 
pp. 7568-7605. 

[3]. O'Reilly, Thomas C., et al., Software infrastructure 
and applications for the Monterey Ocean Observing 
System: design and implementation, in Proceedings 
of the MTTS/IEEE TECHNO-OCEAN'04 
(OCEANS'04), Vol. 4, 2004. 

[4]. O'Reilly, Thomas C., et al., "Smart network" 
infrastructure for the MBARI OCEAN observing 
system, in Proceedings of the MTS/IEEE 
Conference and Exhibition on OCEANS’01, Vol. 2, 
2001. 

 
___________________ 

 
2014 Copyright ©, International Frequency Sensor Association (IFSA) Publishing, S. L. All rights reserved. 
(http://www.sensorsportal.com) 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

http://www.sensorsportal.com/HTML/For_advertisers.htm

