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Introduction

Ecological Observatory Networks, such as GLEON, CREON and Ecogrid, are playing an important role o
drive new scientific discovery, One of the current key issues is that the size of the collected data is growing
exponentially as these networks expand, and over time diversa data sources can accumulate huge amounts
of data. Methods 1o access, manage, and archive this data Iy has 1oa ing field in
IT development.

In this work, we demonstrate a robust data stream management system to bridge users, sensors and
persistent storage pools in a scalable manner. The system is designed to work with any type of streaming
data (i.e numerical, audio, video) and allows users to subscribe to two-way data channels on the fly, either for bt
sources of dynamic data or for legacy data. Parallel data streaming from two ecological observatories in
Talwan is used as proof-ol-concept, thus allowing us to demonstrate how the system can be effectively used
for sharing data amongst global science and IT communities.

Method

Our streaming data management system incorporates three main components: RBNB DataTurbine, Fisteh meat

recomi dats

Storage Resource Broker and an external egent lo manage internal data transfers. These are briefly P
A v s

explained below:

Ring Buffered Network Bus (RBNB) DataTurbine is a product of Creare Inc. that has bean released
88 open-source in collaboration with the San Diege Supercomputer Center (SDSC). The RBNB
DataTurbine provides excellent basis for developing robust streaming data middleware. The system
satishes a core set of critical infrastructure requirements inciuding reliable data fransport, the promotion of
sensors-and sensor streams to firstclass objects, a fra tk for the integration of h geneoUs sl
instruments as weli as a comprehensive suite of services for data management, routing, synchronization,
monitoring, and visualization.

Figura 1. Ring buffer.

e Resource Broker (SRB) is a data grid middleware developed at SDSC. SRB provides a
hierarchical logical namespace to manage large amounts of data across multiple sites. Through SRB,
applications are presentad with a singlev file hierarchy to access distributed data. SR8 also provides

to repl data remme storage pools (Figure 2). In gur construction, SRB Is
used in conjunction with RBNB to provide psﬁﬁ;\l storage for sensor data. An 8xternal agent has been
developed to manage intérnal data transfers (Figu 3

)

Figure 2. SRE running on fwo of our
mainsifes: Hainchu and Tainan.

Yuan-Yang Lake

‘Yuan-Yang Lake (YYL) has been established as a natural preserve and has
been a long-term ecological study site in Taiwan, Sensors in the area
measures factors such as wind speed, temperature and dissolved oxygen in
the lake. A 900MHz radio system is used fo ransmit numerical sensor data
to a remote storage point fram where It can be inserted into RBNB (Figure
5a). Such automatic transmission mechanisms are necessary o record data
during severe weather condilions (Figure 5b).

More Information :

Software:

RENB DataTurbine: hitp:/www.dataturbine.org/ , hitp:/rbnb.creare. com/rbnby/
SRB: hitp://www.sdsc.edu/srbindex. php/Main_Fage

RDV: hitp:/it. nees.org/softwane/rdv!

Figura 4. System design of
e Kenting obasrvatory.

{a) Overview of Yuan Yang Lake. (b) Data captured during a typhoon.
Figure 5, RBNB DataTurbine dotalls.

Networks:

PRAGMA: hitp:/www.pragma-grid.nel/
GLEQON: hifpwww.gleon. org/
CREON: hitp:iwww.covalresfeon.ongy’
ECOGRID: hitp:/ecogrid.nche.org.tw/

Ebbe Strandell, Hsiu-Mei Chou, Yao-Tsung Wang, Fang-Pang Lin

National Center for High-Performance Computing, Hsinchu, Taiwan

Sameer Tilak, Tony Fountain, Peter Arzberger, Arcot Rajasekar
San Diego Supercomputer Center, University of California, San Diego, USA

Results

Qur prototype has been successfully deployed and is currently collecting numerical and video data from our sites in Kenting
and Yuan Yang Lake at & rate of Tmbps. Three RBNB servers are used in a tree fopology with parent-child routing. This
strategy allows us to share resources (memory, CPU, network capacity) between nodes while providing a single point of
access. In addition, data mirroring is used to minimize the network load when stresming data between NCHC and SDSC via
the PRAGMA connection (Figure 3). The archive on SRB Is growing with roughly 20GB per day and contains a few weeks of
video data (using about 0.7 of totally 4TB os storage capacity). The screenshot in figure 7 shows 8 of our Kenfing video
streams being di usly, in real-time, using Data Viewer (RDV).

To address larger networks for ECO-science the most important question is scalability. In our test bed more than 70 HD
videos has bean pushed onto a single RBNB node with total input rate of 128 mbps (Table 1). In a similar test, a number of
RDV clients were connected to a parent node from which up to 140 DV video streams were subscribed. Despite a small loss
of data rate per channel there were no noticeable loss of image update rate (Figure &). At that time the outgoing data rate
exceaded 100mbps (total rate 217mbps).

InputType ___ | Resolution _| Update Rate (FPS) _|
—_l
NTSCOV____ | 7obwso | 1| ‘El
_-E{?ZEI_I o] feeo] 122000
|LowRes.Video | __600xs00 | 2| 200+ | 220 45000

Table 1. Max numbar of sources per child-nede (dual 3.4GHz, 2GB RAM, 1000Mbil NIC) depending on video type, resclulion and frama rals
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Figure 6. Data rate per chanfel.

Flgure 7. A number of Kenting video streams baing
digplayed simultaneously, n real-lima, using RDV.

Conclusions

Er science and communities are now actively engaged in the eary planning and development
phases of the next generation of large-scale sensor-based observing systems. In all of these systems, streaming data has a
central role. The RBNB DataTurbine presents a compelling solution by addressing a core set of cyberinirastructurs
requiremants common across several environmantal observing systems initiatives. Our deployment at Kenting shows that the
DataTurbine middieware provides a modular and robust solution to manage streaming video data. In addition, our laboratory
tests indicate that it would be fairly straight-forward to set up a DataTurbine-based seiution to manage data from observatories
orders of magnitude larger than the one in Kenting. Large scale, worldwide networks that include hundreds and thousands of
video streams will be the primary focus of our future research,
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