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Abstract

In the past few years, as part of the move to ubiquitous computing, sensor networks
became an active topic for academic and commercial research in “The Post-PC era’. A
variety of sensor network products and applications are appearing in the market. One of
the barriers on the way to commerciaization is usability for ordinary users, such as
environmentalists and ecologists.

One solution in such a case is improving the hardware and software design of sensor
networks at the node and system levels, employing a general-purpose architecture with
plug and play function which is similar to the one realized in PC.

In this project, we will develop, implement and evaluate the new architecture of a
self-configuring environmental sensor network, which involves (1) modular universal
sensor node hardware architecture supporting plug and play functionality, which can
support a variety of sensors, communication channels and other data devices; (2)
software functionality supporting above functions; (3) some fundamental services
supporting measurement storage, transmission and network management.
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Chapter 1 Introduction

A novel system framework for environmental sensors and a novel architecture for
the sensing platform with improved usability and flexibility will be investigated in
my PhD program.

1.1 Overview

In last decade, sensor networks rapidly became an attractive research topic in “The
Post-PC era’. More and more researchers and funds from government and industry
have been devoted to this new technology application. Many aspects of sensor
networks, including sensor node structure, communication channel, network
topology and architecture, media access protocols, routing protocols and low
power system technology, have been explored by researchers and engineers from
al over the world. Many practical sensor networks applying such research
outcomes have been deployed. A variety of commercial products have been
introduced to end users. Environment monitoring and ecological applications are
some of the important fields of sensor network research and application.

However, after investigation of applied experimental environmental sensor
networks, as well as commercia products, some facts are noted:

1. Most networks are application specific, extensive secondary development
IS necessary to adapt to different circumstances;

2. Most of them are run by developers - electronic professionals rather than
end users, such as environment researchers or ecologists;

3. They cannot be applied and deployed without trained professionals,

4. It is difficult for end users to configure and deploy a practical sensor
network;

5. Systematic compatibility for diverse sensors and communication channels
islimited;

6. The aquatic sensor network technology lags behind terrestrial
development in terms of use of modern technol ogy.

For widespread deployments of new technologies, one of the obstacles is the
usability of sensor networks for real end users. they have to handle many tasks
irrelevant to their research, such as installing, configuring and maintaining the
sensor network, before the sensor network can operate to serve their research.

1.2 Project Motivation

Initial motivation for this project is derived from the needs of ecological researchin
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the area of coral bleaching. Marine ecologists want to investigate why cora is
bleaching in many ocean areas globally. Such research needs a mass of different
underwater and atmospheric environmental data. Gaining the desired data has been
acritical issue; it needs many sensing nodes in awide range of relevant ocean areas
with diverse sensors and different data storage and dataretrieval methods. Because
of the number of sensing nodes which will be deployed, lower cost and low power
consumption are desired. To adapt to different applications, flexibility and ease of
reconfiguring of such asystem are important requirements. Ecologists or untrained
persons easily configuring and deploying an effectively-running sensing network
inasimple, rapid, low cost and device-safe manner is akey am.

In this project, a distributed environmental sensor network will replace
old-fashioned data loggers. This proposed sensor network will possess advanced
functional and structural characteristics. The critical challenge of my research isto
investigate improvements of usability and maintainability for a user-friendly
sensor network. Such proposed improvements include a novel hardware
architecture and relevant software.

Plug-and-play concepts and technologies will be introduced and applied in
hardware and software aspects of alow cost subminiature embedded system and a
network formed by such embedded systems. Connection of diverse sensors and
communication channels will be enabled by a new plug-and-play architecture.

1.3 A Quick Look at ThisReport

This report will describe the research context and proposed outcomes of my PhD
project. In Chapter 2, it will discuss the background of the project, the history and
latest improvements of sensor networks, especially in the area of environmental
sensor networks. General technologies involved in this project will be extensively
discussed as well in this section. The details of this project and my contributions
will be described in Chapter 3. Chapter 4 will list project time table and resources.
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Chapter 2 Background and Related Work

This section will discuss relevant technologies that will be used in my project.
They include general introductions of sensor networks, rSoC, plug and play, and
operating systems.

2.1 General Background

2.1.1 Evolution of Smart Sensor

Sensing technology is self-evidently important for a networked society and has
been widely applied in many areas. The core of sensing technology is sensors
which extend human senses to better understand the natural environment.
Nowadays, sensors are becoming intelligent or smart and we look at what this
means.

A basic electronic sensor converts a physical phenomenon (measurand) to an
electrical signal output. A simple sensing instrument only records, displays and
mani pul ates the output of sensor element. Figure 2-1 presents a conceptual model
for asimple sensing instrument.

Memsurmmari
Physical Sagnal —
Measuramenrs Variahble
Variable L
Messurand I | Sersos | I
X s
PHY SHCAL DISPLAY

PROCESS
Figure 2-1: A Basic Sensing Model [1]

Often, a single sensor cannot fully capture the measured phenomenon [2], so
researchers develop multi-sensor systems to obtain more accurate information, as
shown in Figure 2-2, which measures different aspects with multiple sensors and
combines sensor outputs into asingle view of the phenomenon using sensor fusion
as a necessary data processing part. A multi-sensor system is better than a single
sensor system to gather complementary, redundant, more timely and less costly
information of the phenomenon [3].

Since the 1980s, digital technology and computers have been applied in sensing

instruments, as shown in Figure 2-3. The most significant advantage is that
measurements are converted into digital form which ismuch easier to store, display,

8
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and process automatically by computer, and to transmit to other systems, for
further manipulation and application. A sensing instrument integrated with a
microcomputer is called a Smart Sensor Enhanced functions include
“compensation of secondary parameters (e.g. temperature), failure prevention and
detection, self-testing, auto-calibration” [4].

sl urnmenis
SEnsor

- i —-

X, g, Measurement
—_ Senear Sensor

h T—- Fusion —f

| 5;
— 5 |

X, . 5,

Figure 2-2: Multi-sensor Sensing M odel [1]
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Sonsor | E— | A0 | —— quql-n

Figure 2-3: A Smart Sensing M odel with Computer [1]

Chatpust

The Smart Sensor opened a new chapter of sensing technology, and aso brought
many new challenges. Researchers, including Brignell [5-7], Giachino [8], Najafi
et al [4, 9], Bowen and Smith [10, 11], and Frank [12], have researched many
aspects and proposed solutions for those challenges about the architecture,
characteristics, applications, and design of the smart sensor. Their research showed
that a Smart Sensor had three features:

Digital measurement outpult;

Computation;

Communication.

Computation and communication have been the critical parts in the architecture of
a smart sensor, as shown in the Figure 2-4. The abilities of locally processing data
and transmitting the results out of the node are seen as the key characteristics of
Smart sensors.

The recently announced | EEE 1451.2 Standard defines a smart sensor as one

that provides functions beyond those necessary for generating a correct
representation of a sensed or controlled quantity. This functionality typically
simplifies the integration of the transducer into applications in a networked
environment. [13]
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This stresses further that a Smart Sensor works in a networked environment, and
also identifies the trends of smart sensors to integrate additional functions.
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- : Arvaploey ad 'E
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AASASNENG oF HpDray 5
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[__rron Jil #COMF oo §
4 5
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Figure 2-4: Evolution of Smart Sensor [9]

Figure 2-5 shows the genera structure of a Smart Sensor.

Sensing Unit Compuj[atl on Commuqication
Unit Unit
A A A
Power Unit

Figure 2-5: Block Diagram of Smart Sensor
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Brignell pointed out additional characteristics of a Smart Sensor [14]:

An important characteristic of the smart sensor isthat all its complexities
of behaviour are dealt with internally and do not impose themselves on the
host system.

Another characteristic isthe mode of communication with the host system,
which will generally be by means of binary serial signalling.

These descriptions have been important guidelines in the design of smart sensors

[7].

2.1.2 From SingleTo Distributed

Single sensing instruments can be interconnected to form a spatially distributed
network. This concept leads to the Distributed Sensor Network (DSN).
Development of DSN combines sensing, electronics, communication, computing
and other technologies.

2.1.2.1 Concept of DSN

According to the review by Chong and Kumar [15], the networked sensing
applications appeared much earlier than the term Sensor Network, even earlier than
smart sensors. As with many other technologies, military application has been an
important driver for research and development of sensor networks. The U.S. Navy
begun to install the SOund SUrveillance System (SOSUS, as shown in Figure 2-6)
in the mid 1950s for deep ocean surveillance in antisubmarine warfare during the
Cold War. SOSUS consists of bottom mounted nonintelligent hydrophone arrays
which were connected by undersea communication cables to facilities on shore.
This system was actually a multisensor system which used geographicaly
distributed sensors to extend the monitoring range, forming a ssmple “Distributed
Sensors’ Network.

In 1978, aDistributed Sensor Nets workshop explored the technology e ements of
DSN including sensors, communication, networking technology, signal processing
techniques and algorithms, and distributed software [15]. Wesson et al [16] were
among thefirst to devise network structuresfor DSN. lyengar et al [17] made some
improvements on these basics. Jayasimhaet al [18] defined the structure of a DSN
which “consists of a set of sensors, a set of processing elements (PE’s), and a
communication networ k interconnecting the various PE’s. One or more sensorsare
associated with each PE”. This structure actually is very similar to the structure of
the smart sensor above and specifically emphasized that the communication part of
a smart sensor should support the networking functionality not just point-to-point
links.

11
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Figure 2-6: SOSUS[19]

The Defense Advanced Research Projects Agency (DARPA) started a research
program in Distributed Sensor Networks (DSN) in the early 1980s. This program
accelerated the development of DSN. Much research in sensor networks appeared
in the 1980s and early 1990s. For instance, researchers at the Massachusetts
Institute of Technology (MIT) designed a helicopter tracking system using a
distributed array of acoustic microphones integrated with signal abstractions and
matching techniques [15]. This was the state-of—the-art in the early 1980s. These
systems or networks using distributed sensors proved the feasibility of DSN.

From a system perspective, DSN is just a natural evolution of a multisensor
integration system, with similar advantages to smart sensors system (sensing which
is comprehensive, fault-tolerant, timely and inexpensive). With the introduction of
networking, atypical difference between DSN and a general multisensor system or
smart sensors was its distributed nature which brought many benefits and new
challenges.

2.1.2.2 Attributes of DSN

Chong and Kumar investigated the diversity of sensor networks and summarized
common attributes of general sensor networksin Table 2-1. They pointed out that
the dimensions of sensors in sensor network, which may be small or large, are not
important, and the networking methods may be wired or wireless, the energy
availability may be constrained or not. Agre and Clare [20], Estrin et al [21] and
Clare et al [22] stated the characteristics of DSN as:

Extended wider coverage of the environment combining sensing areas of

each sensor networked to overcome the coverage limit of a single sensor.

Better fault tolerance derived from discreteness and redundancy of sensors.

Higher quality of measurements by means of fusing data from distinct

spatial perspectives and various types of sensor.

Shorter distance to the monitored object to eliminate ambient interference.

12



Ph.D. Confirmation Report Wensheng Luo

Reflecting the continuous change of phenomena.
Shorter response delay for changing events.
Flexible size of network through increasing or decreasing the number of

SENSorsS.

Table 2-1: Attributes of Sensor Networks[15]

Sensors

Size: small (e.g., micro-electro mechanical systems (MEMS)), large (e.g., radars, satellites)

Number: small, large

Type: passive (e.g., acoustic, seismic, video, IR, magnetic), active (e.g., radar, ladar)

Composition or mix: homogeneous (same types of sensors), heterogeneous (different types of sensors)
Spatial coverage: dense, sparse

Deployment: fixed and planned (e.g., factory networks), ad hoc (e.g., air-dropped)

Dynamics: stationary (e.g., seismic sensors), mobile (e.g., on robot vehicles)

Sensing entities of interest

Extent: distributed (e.g., environmental monitoring), localized {e.g., target tracking)
Mobility: static, dynamic
Nature: cooperative (¢.g., air traffic control), non-cooperative (e.g., military targets)

Operating environment

Benign (factory floor), adverse (battlefield)

Communication

Networking: wired, wireless
Bandwidth: high, low

Processing architecture

Centralized (all data sent to central site), distributed (located at sensor or other sites), hybrid

Energy availability

Constrained (e.g., in small sensors), unconstrained {e.g., in large sensors)

Although DSN has these advantages, miniaturization and cost problems of sensing
element and integrated circuits as well as cost and complexity of communications
confined the devel opment of smart sensors before the 1990s. It wasrareto deploy a
large scale sensor network consisting of alarge numbers of smart sensor nodes.

2.1.2.3 Wireless Sensor Network - WSN

Significant advances in DSN occurred in the early 1990s. The great progress in
microelectromechanical system (MEMS) technology dramatically reduced the
complexity and cost of sensors and wireless data communication technology, and
also low-power processors and sensing elements were cheaper and smaller, so the
vision of inexpensive and miniature smart sensors was now closer. The integration
with wireless communication enables smart sensor unprecedented flexibility,
mobility and adaptability.

The research group led by William Kaiser and Greg Pottie from University of
Cdiforniaat Los Angeles and Rockwell Science Center of Thousand Oaks firstly
proposed the concept of Wireless Integrated Network Sensors (WINS) and started
related investigations under their Low Power Wireless Integrated Microsensors
(LWIM) project [22-28]. They successfully devised and produced a whole smart
sensing system on a CM OS chip with microsensors, microsensors interface circuit,
digital signal processing circuit, micropower embedded RF radio and
microcontroller. Based on this WINS platform, researchers are looking at all
aspects of wireless sensor network design, from microelectromechanical system
(MEMYS) sensor and transceiver integration at the circuit level, signal processing

13
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architectures, and network protocol design, to the study of fundamental principles
of sensing and detection theory. The birth of WINSindicatesthat DSN isentering a
new stage —Wireless Sensor Network (WSN).

One very ambitious project was Smart Dust, led by Prof. Pister and Kahn, running
a University of California a Berkeley since 1998 [29-32]. The researchers
fabricated an extremely small smart sensor — the Smart Dust Mote (Shown in
Figure 2-7, Figure 2-8, Figure 2-9) - just afew cubic-millimetersincluding MEM S
sensors, passive or active optical transmission, an optical receiver,
signal-processing and control circuitry, and a power source based on thick-film
batteries and solar cells. The“Smart Dust Mote” used optical communication as an
aternative to radio which provided many advantages including less energy
consumption, less complexity and less space occupancy. In addition, a passive
transmission whose kernel was a corner-cube retroreflector (CCR) could provide
the ability of communication by reflecting external light. A CCR comprised three
mutually orthogonal mirrors. This unprecedented small smart sensor containing
more sensors, computation and communication capabilities, and a power supply
was really able to sense and communicate, and even was self-powered. The “ Smart
Dust Mote” proved that a smart sensing system could be as small as a“mote” with
extremely low power consumption. Subsequently, a new development platform
using commercial-off-the-shelf (COTS) components and supporting multiple
sensors was developed. Nowadays, this product is the most popular commercial
wireless integrated sensor network platform supporting many projects in
universities and companies, the Mote from Crossbow Technology, Inc. [33]

Other research projects, such as tAMPS [34], Picoradio [35] and sensor web [36]
also developed various experimental platforms and achieved outcomes on different
aspects of WSN, including design considerations, physical layer structure, network
protocols, power management and energy scavenging, and applications.

14
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Figure 2-7: Conceptual diagram of the Smart Dust M ote [32]

Figure 2-8: Dust MEM S[32]
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Figure 2-9: Prototype Smart Dust M ote [32]

2.1.2.4 Applications of WSN

Because modern sensor el ements have been miniaturized to be integrated on achip,
it is very easy for sensing nodes to consist of various classes of sensors, such as
light, seismic, magnetic, thermal, visual, infrared, and acoustic, which have
abilities to observe a broad range of ambient phenomenaincluding:

* temperature,

* humidity,

» vehicular movement,

* lightning,

* pressure,

* soil makeup,

* noise levels,

» the presence or absence of certain kinds of objects,

» mechanical stress levels on attached objects,

* speed, direction, and size of an object [37].

WSN promises many new applications. The main areas include:

Military and Security
Military application was an initial and important driver of WSN development.
DARPA’s SensI T program [15] continued this interest. Due to the increasing trend
of terrorism threats in the past few years, detecting and warning systems based on
WSN have been devel oped for Homeland Security.

Linet al [25] used WINS nodesfor battlefield surveillance and threat identification.
Aroraet al [38] proposed aWSN to detect intrusion, and classify and track object

16
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in adefence scenario. The UCB researchers demonstrated a Rene Mote network for
detecting and tracking tracks in motion in an unmanned deployment [32]. Merrill
et al [39] presented a WSN approach for next-generation smart landmines to avoid
needless tragedies to civilians. Simon et al [40] presented a novel coutersniper
system based on WSN, which can be used in battlefield and anti-terrorism
scenarios.

So far, military and security have become major applications areas of WSN.

Industrial
Kottapalli et al [41] presented a two-tiered WSN for structural monitoring for civil
infrastructures to sense invisible damages. Godrich [42] designed aWSN applied to
substation automation to cut down the engineering and test cost. Nickerson and
Lally [43] developed an Intelligent Component Health Monitor (ICHM ™) system
using WSN technology and applied it to aircraft engine monitoring.

Civilian

Karilainen et al [44] developed a WSN with surface acoustic wave (SAW)
transponder sensors for monitoring high risk patients. Srivastava et al [45]
discussed a smart kindergarten scheme based on WSN to optimize the education
process by providing a child specific, context aware, coordinative and continual
unobtrusive evaluation environment. Kumar et al [46] and Zhang et al [47]
respectively implemented a WSN consisting of a group of Mica2 nodes, which was
used to track the position of remotely controlled rescue robots and map the field for
resolving Simultaneous Localization and Mapping (SLAM) problem in aunknown
and unstructured urban hazardous field. Malan et al [48] demonstrated the
CodeBlue network based on the COTS MICA2 to serve emergency medical carein
clinics and hospitals for continuous patients monitoring.

Environmental and Ecological

Environmental and ecological applications are considered as another important
driver by Cerpa et al [49]. A number of projects have been investigated by the
research community, e.g., the Great Duck Island project [50-52] for seabird habitat
monitoring, NASA/JPL’s Huntington Gardens project [53], and the smart vineyard
[54]. Because WSN has small size, low cost, is easy to deploy and is scalable and
fault-tolerant, biologists, ecologists and environmentalists can observe many
phenomena unobserved before. This class of WSN applications will be discussed
further in alater section of the report.
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2.1.2.5 Characteristics of WSN

Being a subset of DSN, WSN inherits the advantages of DSN. Tubaishat et al [55]
and Akyildiz et al [37, 56],summarized the specia characteristics of WSN:

Resource constrained.

Densely deployed.

Global identification independence.

High probability of node failure.
Self-organizational ad hoc network topol ogy.

Other characteristics include:
Closed node system.
Difficult to upgrade. The structure and performances are fixed once
development is finished.
Node independence. Coupling between nodesis weak so that nodes cannot
interact with each other.
Power constrained. A node is often powered by a built-in power source so
that the lifetimeis limited.
Ease to deploy. No cable system needs to be built. Deployment is cost
effective and non-invasive. The nodes of WSN can be placed anywhere.
Distributed computation is possible.

2.1.2.6 Research Issues and Challenges

Many research issues and challenges have been exposed [37, 55-57]. Design
considerations for sensor networks include:
Sensing aspect: sensing accuracy, self-calibration, fault tolerance;
Computation part: dynamic sensor scheduling, real time response, data
storage, data fusion, security and privacy;
Networking: area coverage, connectivity, protocols in different layers,
deployment method;
Power supply: power management, power scavenging;
Others. product cost and miniaturization.

Some of the research challenges are identified as:
Dynamic topology due to the failure of nodes and existence of mobile
nodes;
Resource optimization (cost, power, memory and network traffic load);
More processing power to support new functions;
Security problems, especially in military and security applications.

In future development, the trends include component miniaturization and a
growing use of multiple sensors and the new generation of wireless systems.
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2.1.2.7 Structure of Wireless Sensor Network

The structures of WSN are generally seen as either aflat or cluster-based hierarchy
[17, 56, 58-61]. All nodes send the measurements back to the base station (often
caled Snk) using (a) direct connected; (b) flat ad hoc multihop; (c) cluster-based
mode; (d) with mobile sink transmission methods for centralized storage and
utilization. Figure 2-10 shows these approaches.

Figure 2-10: General Sructures of WSN [58]: (a) direct connected; (b) flat ad hoc multihop; (c)
cluster-based mode; (d) with mobile sink.

2.1.2.8 Layered Logical Architecture

Akyildiz et al [56] proposed alayered framework of WSN, asshown in Figure 2-11.
Such amodel partitions WSN into five layers from bottom to top, which are:

Physical Layer: providing the basic data transmission function across
some medium;

Data Link Layer: providing link maintenance and media access control,
also transmitting data through the link;
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Network Layer: providing available paths for data;
Transport Layer: providing transport control for data streams,
Application Layer: providing specific protocols and applications to user.

In addition, this model also includes three planes spanning all layers. power,
mobility and task management. These planes indicate that the relevant functions
must be achieved in al layers rather than any single layer.

Figure 2-11: A hierarchical Model of Sensor Network [56]

2.1.2.9 Sensor Node Hardware Structure

Pottie and Clare [26] presented the basic structure of a WINS node in Figure 2-12,
which was similar to smart sensor. Akyildiz et al [56] stated another similar structure
which made up of four basic components. a sensing unit, a processing unit, a
transceiver unit, and a power unit (shown in Figure 2-13). WSN is evolved from the
same ideas as the Smart Sensor and still employs a traditiona structure of embedded
system in which the peripherals (i.e. sensing unit, communication) are connected to a
standard I/O interface. Such a structure is compact and easy to be miniaturized, but not
flexible and extensible. When new devices are added, secondary design and
implementation has to be taken. Furthermore, the interaction between blocks is so
complex that system modularization is hindered. This structure needsto beimprovedin
future systems.
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Figure 2-12: Structure of WINS Node [26]

Figure 2-13: General Structure of WSN Node[56]

2.1.3 Smart Sensor Sandard — | EEE 1451.x

Connecting sensors to a sensing system is major design issue for engineers. A
developed sensing system generally supports only limited and selected sensors.
Specific interfaces and software need to be redesigned and reconfigured
individualy if anew sensor isadded which isdifficult for normal end users without
electronic skills. Many researchers have addressed this problem to realize absolute
“smart” sensor with “plug and play” benefits. For example, the Universal Sensor
Interface (USI) [62, 63] and UTI (as referenced by Chao et al [62]) are the part of
such efforts. A group of |EEE standards named |EEE 1451.x attemptsto provide a
universal plug and play transducer interface and networking interface. Four of these
standards have been released, including |IEEE 1451.1 — 1451.4 [64)]. IEEE 1451.5
for supporting wireless networking is under development.

IEEE 1451.1 defines the information model of a Network Capable
Application Processor (NCAP) [65] as shown in Figure 2-14;

|IEEE 1451.2 defines the Smart Transducer Interface Module (STIM)(as
shown in Figure 2-15) for communication between transducer and
microprocessor, and Transducer Electronic Data Sheet (TEDS) used to
describe the properties of sensors[13, 66];
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|[EEE P1451.3 defines Transducer Bus Interface Modules (TBIM) and a
interface between NCAP and TBIM for distributed multidrop systems [67].
|[EEE P1451.4 defines mixed-mode communication protocols and TEDS
formats (as shown in Figure 2-16, Figure 2-17) [68, 69].

The standards contained in IEEE 1451 are shown in Figure 2-18.

|EEE 1451 provides a universal method to connect different sensors from different
manufacturers. It supports sensor networking and “ plug and play” functions compatible
with existing transducers.

However, doesthe IEEE 1451 standard achieve the vision of “smart” sensor with “ plug
and play” property? | do not believe so. Although 1451 provides some exciting new
functions, it is still far away from the dream because:
Structural complexity. 1451 spans sensor interface and networking interface on
two separate modules and adds TII interface between them, so more resources
are needed if used together;
Complicated TII. TII includes 10 wires which are not easy to handle;
Necessary redesign for independent use of single part of the standard;
Co-existing Classl and Class 2 interfaces indicates an incomplete “plug and
play”;
No universal connector and cable defined.

At present, the IEEE 1451 standard has not been fully accepted by market. Some
researchers have presented other options. Logan [70] attempted to find a best bus for a
dataacquisition (DA) system and figured out USB had many advantages, such asatrue
outside-the-box plug and play bus, hot swapping, self-powered capability, only 4 wires,
support for up t0127 devices and broad range of acceptance. Wiczer [71] compared
USB with IEEE 1451 standard and pointed out the weaknesses of use and the
improvementsin IEEE 1451. On the other hand, USB has many obvious benefits.
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Figure 2-14: NCAP [65]

Figure 2-15: STIM [13]
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Figure 2-16: 1451.4 Class 1 Interface [68]

Figure 2-17: 1451.4 Class 2 Interface [68]

Figure 2-18: Overview of IEEE 1451 [69]

2.1.4 Plug & Play Technology [72-74]

In brief, “Plug and Play” means anew device will automatically start to work when
it isinserted into the computer and no extramanual configuring process is needed.
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If the system continues to operate without shutdown or reboot when a device is
inserted or removed, hot swapping is necessary. The combination of both these
functionsis desirable for “Plug and Play”.

A “Plug and Play” system includes three main functional aspects:. automatic
identification, automatic resource assignment, dynamic resource alocation.
Resources areinclusive of IRQs, 1/0 address space, memory address space, and so
on.
Automatic Identification: Each Plug and Play device needs to be identified
with auniquely ID.
Automatic Resources Assignment: Each new device added to the system
will be automatically assigned requested resources without user
intervention.
Dynamic Resources Allocation: When a device is removed, the resources
occupied formerly will be released, reallocated and reassigned.

If the deviceinserted isthefirst of itskind in system, asuitable device driver needs
to be found, loaded and run. The whole “Plug and Play” function needs
co-operation between system hardware, operating system and device. Nowadays,
plug and play functionality has been supported on all system buses, i.e. ISA, EISA
and PCI. New bus technologies, USB and Firewire, come with plug and play and
hot swapping.

However, in relatively ssmple and resource-constrained embedded systems, “Plug
and Play” is not supported as well asin the PC. With “Plug and Play”, embedded
systems will be more intelligent, expandable and usable. As an outside-the-box bus,
USB can easily add arbitrary numbers of peripherals, so it is suitable for many
embedded systems.

2.15 USB Bus

The Universal Serial Bus (USB) [75, 76] is aseria periphera bus standard which
provides alow cost and simple way to extend 1/O devices for a computer system.
USB supports three speeds:

High Speed - 480Mbits/s

Full Speed - 12Mbits/s

Low Speed - 1.5Mbits/s
USB provides complete plug and play and hot swapping functionalities. USB
supports up to 127 devices (including hubs - which act as repeaters) that are
connected viaafour wire shielded cable (as shown in Figure 2-19), no longer than
five meters (the distance can be extended longer than 5m via a USB extension
cable and hub). One twisted pair is used to transmit differential datasignalsand the
other two wires are for power delivery with connector pins, which are longer than
signal wires to guarantee that the power is connected firstly and removed last to
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support hot swapping.

Figure 2-19: USB Cable[75]
Devices on the USB are physically connected to the host via atiered star topology
(shown in Figure 2-20). USB is host controlled and there can only be one host per
bus. The USB host (directly integrated with root hub) is responsible for initiating
all communications based on a master/slave and token-based protocol and
scheduling bus bandwidth.

Figure 2-20: USB Topology [75]
USB can supply the devices limited power via cable (called bus-powered) and
provides the power management features, for example, suspend and resume modes.
USB devices can also be self-powered.

Full speed and low speed identification depend on the connectivity of pull-up
resistors as shown in Figure 2-21, Figure 2-22 [ 75].
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Figure 2-21: Full-Speed Device Identification [75]

Figure 2-22: L ow-Speed Device I dentification [75]
No pull-up resistor presence indicates no device connected. A high speed deviceis
actualy identified as full speed device first, and then establishes a high speed
connection with the hub upon negotiation if the hub supports high speed.

USB communication is a point-to-point half-duplex connection, and its protocol is
based packet transmission. Datais transferred by packetsin a predefined sequence
caled a transaction. Each USB transaction consists of a Token Packet, a Data
Packet, and a Status Packet. Four transaction types are defined in USB: Control
Transfers, Interrupt Transfers, Isochronous Transfers, and Bulk Transfers.

For detecting that a device is attached to the bus, the host needs to run a software
process called bus enumeration to identify and change the device state. When the
USB device is removed, the hub sends a notification to the host, and the host will
update its local topological information. In a desktop PC, these processes are
continuously running to insure rapid response for bus state change. But in
resources limited environment, other approaches may be more appropriate.

2.1.6 Linux/uCLinux

Linux also supports USB effectively in new version of kernel. Linux is a free,
open-source Unix-compatible operating system created in 1991 by a college
student Linus Torvalds. To date, Linux has been devel oped as a powerful operating
system supporting multiple platforms from general PC to PDA and mobile phone,
and even smaller embedded systems platforms. Linux supports powerful
networking functionalities such as TCP/IP. Plug and play and USB have been
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supported stably from kernel 2.4. Kernel 2.6 also supports USB 2.0 natively.

uCLinux [77] is a cut-down version of general Linux derived from kernel 2.0.
uCLinux supports microcontrollers without Memory Management Units (MMUS).
uCLinux still has many of the same advantages as normal Linux, including stability,
scalability, and network connectivity. uClinux has been ported to many embedded
system platforms including Dragonball, ColdFire, ARM and soft core like
Microblaze.

uCLinux is suitable for sensor network node on the basic of low resources
consumption and full-function. But at the power management aspect, uCLinux
needs to be further improved to adapt the requirements for sensor network to
prolong the lifetime of sensing node.

217 FPGA/rSoC

Nowadays, Field Programmable Gate Array (FPGA) based Reconfigurable
System-on-Chip (rSoC) attracts significant research interest. As FPGA -based rSoC
is flexible and reconfigurable, applying this technology in embedded system
provides many advantages[78, 79]:

Simplified circuit on board;

Customizable and upgradeable CPU design;

Customizable peripheral integration;

On site upgradeabl e capability;

Ease of modification

Ease of migration;

Potential of dynamic reconfiguration.

Despite higher power consumption than fixed microcontrollers, rSoC is an
interesting technology that has not previously been used in sensor networks.
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2.2 Reated Works

This section will discuss some other work related to environmental monitoring and
underwater networks, including the demands for plug and play, ease of use and so
on.

2.2.1 Environmental Sensor Networ k

Recently, a number of sensor networks have been developed to help environmental
and ecology researchers observe natural environments and ecosystems. Some
different approaches of sensor network design and application are summarized
bel ow.

2.2.1.1 Yuan-Yang Lake Project

For researching the metabolism of Yuan Yang Lake, ajoint team of limnologists,
botanists, climatologists and computer experts from USA and Taiwan universities
and research organizations constructed a wireless sensor network with multiple
sensors to monitor environmental changesin Yuan Yang Lake[80]. Thisnetwork is
able to observe thermal structure and changes in precipitation, wind speed, and
barometric pressure during the first typhoon of the season. Researchers sitting in
labs have abilities to rapidly observe changes of these phenomena without the
difficulties involved in field-based measurements in bad weather. The network
consists of several buoys on the surface and a data collecting station in the
laboratory (as shown in Figure 2-23).

Figure 2-23: Architecture of WSN in Yuan Yang L ake [80]

The architecture and node components of this wireless sensor network running in
the Yuan Yang Lake project is a specia approach based on datalogger technology.
The main components are some remote-controlled data loggers with
well-documented interfaces which can be supported by user-written programs and
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vendor-supplied programs. Serial digital spread-spectrum radios are used as
communication channels to transfer data with 115kbps/90MHz modems. All node
components and solar cell plates are mounted on a buoy (shown in Figure 2-24).
Each buoy is self-powered and will be polled by a master radio. Each buoy actsasa
daveradio and arelay.

Figure 2-24 : Buoy of Sensor Nodein Yuan Yang L ake [80]

This approach to build up a WSN is traditional because the main parts are COTS
and based on old fashioned data loggers. It indicates the lack of proper sensor
network products so that disciplinary scientists have to find their own solutions.
Such astructure is not compact and has to handle interactions between various data
loggers. Deploying buoys is a big problem, and takes much time to install and
configure different devices. The node actualy is not awhole system, so adding any
new classes of sensors will have to add data loggers so that secondary design and
reconfiguring is necessary. This solution is very application-specific and hard to
extend to a general solution. Basically, it must be maintained and run by
professional s rather than normal end users, and is not suitable for manufacturing on
alarge scale.

2.2.1.2 WINS/AWAIRS |

As one of the outcomes of WINS project, the team developed a general purpose
sensor node platform named AWAIRS | (as shown in Figure 2-25) using a broad
range of COTS technologies [81]. This is a development and application node
platform which uses an open modular structure as shown in Figure 2-26 and Figure
2-27 [81]. AWAIRS uses a specific system bus combined with SPI, RS232 and USB
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busses to connect all modules together and support multisensor modules. This
structure provides better expendability for sensors and other functional modules
and has the possibility to provide plug and play. But there are two major
disadvantages:

1. Thenodeis seded. Users have to open the case to replace modules, which
makes it difficult to support plug and play.

2. Although USB is integrated with the system bus, the absence of any
standard USB connector will hinder hot plugging.

So, if users need more different sensors, AWAIRS | is still not easy enough for
normal installation and configuration, unless more improvements have been done.

Figure 2-25: AWAIRSI [81]
Figure 2-26: Structure of AWAIRS| [81]
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Figure 2-27: Block Diagram of AWAIRSI [81]

2.2.1.3 GlacsWeb

To study subglacial bed deformation, Martinez et al [82] designed and implemented
aWSN, which architecture is shown in Figure 2-28 and Figure 2-29 [82], to record
glaciers over areasonable geographic area and arelatively long time.

The reference station is a mains-powered, Linux-based gateway to relay data from
the base station to a data server in Southampton vialSDN every day. It also acts as
the position reference point and records a dGPS file daily. The base station relays
communications between the probes and the reference station and acts as the
controller for autonomous operation. In addition, the base station also equips
temperature and tilt sensors, a snow meter, a webcam, and a differential Global
Positioning System (dGPS) to track ice movement. The electronics and sensors of
each probe are sealed in a 10 centimeters long plastic cylindrical capsule [83] and
not recoverable. A real time clock controls the duty cycles. The probes and the base
station both have multisensor support. After deployment, the probes cannot be

reached, so an appropriate duty cycle has been developed to control the system
operations.
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An alternativeto TCP/IPisused in this network to deal with communication failure.
The new protocol relies on a store-and-forward mechanism. A backup
communication channel is provided as well. These methods ensure that
communication is effective. GlacsWeb is able to publish datato Internet for ease of
data access.

The modular design using 1’C and RS232 bus (shown in Figure 2-30 and Figure
2-31[82]) is noteworthy. Designers carefully partitioned interior modules of probe
and base station, and connected modul es via buses. This approach made design and
maintenance easier and improved compatibilities, however, use of multiple buses
weakened this advantage.

In conclusion, authors pointed out some challenges in design aspects, including
miniaturization, power management, radio communications, scalability, network
management, usability, standardization and security. However, deployment of
GlacsWeb (shown in Figure 2-32) was not easy. Authors stressed that this system
was unavailable for the average earth scientists due to the lack of plug and play
functionality and greater efforts needed to be made to improve the compatibilities
between COTS devices. The solutions addressing these issues are goas of my
project.

Figure 2-28: Topology of GlacsWeb [82]
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Figure 2-29: Communication Architecture of GlacswWeb [82]

Figure 2-30: Base Sation of GlacsWeb [82]

Figure 2-31: Probe of GlacsWeb [82]

34



Ph.D. Confirmation Report Wensheng Luo

Figure 2-32: On Site GlacsWeb Base Sation [83]

Other efforts to devel op application-specific platforms include PC104 sensors [49]
using PC104 bus and the ZebraNet node [84] using SPl and USART to interconnect
different modules. In past few years, investigators have attempted to improve the
architecture of application-specific nodes but still need to do more. The presence of
many specific platforms aso decreases the compatibilities between platforms and
networks; the progress of standardization is hindered.

2.2.2 COTSProducts

In existing sensor networks, many of them are implemented based on commercial
sensor network products, for example, famous Great Dusk Island System [50, 52,
85], Vineyard project [54] and so on. Most of these projects are running on the
COTS node platforms such as Motes developed by UCB and manufactured by
Crossbow Company.

Mote derived from Smart Dust project and is one of the most successful migrations
from academic to commercia institution in sensor networks. Nowadays, Mote
products have been developed to a complete series including four generations as
shown in the Table 2-2.

WeC is the first COTS Mote as shown in Figure 2-33. Jason Hill presented its
architecture in his Master thesis[86], It isatypica single chip embedded system.

All 1/0O devicesincluding sensors and LEDs are connected to standard I/O portina
compact way. This approach will not be possible to support expansibility and “plug
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and play”. Any attempts to increase sensors will require redesign. Its primary
advantage isits small dimensions.

Figure 2-33; WeC [86]
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Table 2-2: Motes[87]

Mica2 [33] (shown in Figure 2-34) is a mainstream model based on Mica. Mica’s
structure is shown in Figure 2-35. The improvement is an optimum architecture
with an expansion connecter. Based on this expansion connector, other modules
such as sensor board and wireless board can be added in easily. This expansion
connector acts as a system bus but no plug and play capability.

Figure 2-34: Mica2[33]
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Figure 2-35: Mica[88]

Telos B (shown in Figure 2-36) is the latest version of the fourth generation Motes
from Crossbow, and Motelv company provides a similar model Tmote Sky [89]. In
Telos B, USB isimplemented as a programming port and al so a data collecting port,
but its main channel is an on-board wireless module. The whole Telos is a
self-contained node without plug and play.

Figure 2-36: Telos B [33]
If users want to develop their applications and deploy the network by themselves,
they have to attend the technical training provided by manufacturer. In addition, the
users require certain knowledge and skills in electronic and computer science.
Obvioudy, those Motes are not ready for untrained personnel.

2.2.3 Underwater Sensor Networ k

In earlier sections, the major terrestrial sensor networks have been discussed. In this
section, we will discuss aquatic and marine sensor networks to look at the specific
demands for underwater sensing platforms.
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2.2.3.1 Node Architecture

Owing to the special working environment, the terrestrial sensor platforms
mentioned in earlier sections cannot be directly applied in underwater sensing.
Sensor nodes working underwater have some specia characteristics in comparison
with terrestrial sensor node:

Bigger and heavier. For keeping afixed position in current, the nodes have
to be bigger. Another reason is to contain more sensors and underwater
sensor elements are bigger than terrestrial ones. Other attachments for
supporting and fixing al'so make the whole node bigger.

More sensors. Deployment is costly using high value vehicles such as
aircraft, ships, AUV (Autonomous Underwater Vehicle) or ROV (Remotely
Operated Vehicle) so that each node will often contain more sensors.

More power (but still limited).

Communication constrained.

Recoverable and reusable.

Waeterproofing.

Theinterior structure of an underwater node issimilar to aterrestrial. The interface
between system and exterior sensors and devices must be specially designed for
waterproofing. At present, Monterey Bay Aquarium Research Institute (MBARI) is
the leader in this aspect. The researchers in MBARI have developed a “plug and
work” mechanism on seria ports (RS-232, RS-422 and RS-485) for connecting
instruments to sensing nodes [90]. The major part of their “plug and work”
architecture is the instrument puck (Programmable Underwater Connector with
Knowledge), as shown in Figure 2-37, and its structure is shown in Figure 2-38.

Figure 2-37: Puck Concept [90]

Figure 2-38: Block Diagram of Puck [90]
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The puck needs to be configured to store software and metadata for its instrument
and is then attached to that instrument, so the puck becomes an extended portion of
the instrument. As the puck is powered, the information and codes stored in puck
will be loaded in the node to identify and configure the connected instrument. After
this stage, the puck will be bypassed and the communication will switch to
instrument for normal data transmission.

The advantages of the puck include:
- Flexibility. One puck can support different instruments and different serial
protocols.
Ease of use. It simplifies user operation on site.
Reusability. One puck can be reconfigured for other instruments.
Host and node independence.

The puck interface has been applied to a number of ocean observing networks, for
exampl e, MOOS and NEPTUNE. But some disadvantages of puck are:
Manually information storing before deployment is necessary.
Lower waterproofness for the extrainterface between instrument and puck.
Contact plug and socket dependence.
Low datarate. Only 115kbps supported.

2.2.3.2 Data Retrieval Methods

Underwater communication is constrained by the aquatic medium. Researchers
have presented many methodsto retrieve datafrom aquatic and marine instruments.
The retrieving methods include manua recovery and use of communication
channels.

Figure 2-39, Figure 2-40, Figure 2-41 and Figure 2-42 show the architectures of
four important ocean observing networks: LEO, MOOS, DEOS and NEPTUNE.
They cover al the existing data retrieval methods used in underwater sensor
networks including cable systems, acoustic networks, and wireless radio networks
combining ships, aircrafts, and satellite. AUV s and divers also provide manual data
collection. This indicates the diversity and complexity of communications in
underwater sensor networks.
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Figure 2-39: LEO [91]

Figure 2-40: MOOS[92]
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Figure 2-41: DEOS [93]

Figure 2-42: NEPTUNE [94]
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Data retrieval methods used in underwater sensor networks can be categorized as
shown below:

Based on transmission medium:

Underwater
o Diver, AUV, and ROV
o Cable (copper or optical fiber)
0 Acousticlink

Surface
0 Vessd and aircraft
0 Radio
o Satdlite

Based on channel connectivity:

Permanent channels
o Cable
0 Acoustic
o0 Radio

Casual channels
o Diver, AUV, ROV, vessel and aircraft
o Satdlite
o0 Radio

Due to the difficulty of underwater communications, researchers have sought
various solutions to overcome this problem. For instance, the uses of autonomous
profiling floats in the ARGO network [95] and the mobile nodes — the radio-tagged
whales in the Shared Wireless Infostation Model (SWIM) [96] developed by the
researchersin Cornell University. These methods exploited periodic approaches to
transmit the data when the nodes surfaced. The working process of ARGO float is
shown in Figure 2-43. In these paradigms, the communication channels are not
permanent and the sensor nodes only send data out using RF radio on the surfacein
a store-and-forward manner.

A genera purpose sensing platform adapting such various communication channels

and sensors will simplify design, implementation and utilization of underwater
sensor network.
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Figure 2-43: ARGO Float Cycling [97]

2.3 Conclusion

Much research in Smart Sensors, Distributed Sensor Networks, and Wrel ess Sensor

Networ ks emphasi zes common themes. Practical applications need multiple sensors,
both in type and location, with different communications and networking. End

users expect ease of use, and flexible generic solutions, not one-off solutions.

As described in the report of “Environmental Cyberinfrastructure Needs For
Distributed Sensor Network Workshop” by Estrin et al [98], the sensor shall

“ provide interactivity with the network to allow flexible operations, including
remote setting of operation parameters such as observation frequency, signal
gain, calibration frequency, etc. and transmission of appropriate operational
and housekeeping metadata to the network. Each sensor should provide a
self-description capability to the network.”

Thereisamarket for “smart” sensor networks with awell-engineered architecture;
but so far there are till research challenges to achieve this. This project aimsto
investigate these obstacles and present new solutions.
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Chapter 3 Project Description

3.1 Aimsé& Objectives

With the

networks,

diversity of applications and the multidisciplinary nature of sensor
developing a genera, smart, manageable, low cost, low power sensing

platform will be a valuable contribution. This project’s aim is to develop and
analyze a new modular sensor network architecture, suitable for underwater
deployment, which combines ease-of-use with rapid reconfigurability.

Specific features of the platform should be:

This new
systems.

Seamless connection support for a broad range of current and future
sensors by means of plug & play technology;

Seamless connection of different communication channels, including
wired or wireless,

Universal physical layer interface for different external devices;
Dynamic update for drivers of peripherals;

Low power consumption FPGA rSoC based computation architecture;
Self-management capabilities at node and network level.

platform provides the following advantages compared to existing

Rapid assembly of various sensor networks by non-IT disciplinary
scientists;

Ease of operation, no user contactable electrical interfaces exposed on
sensing platform;

Users can focus on studying environmental phenomena rather than the
configuration and management of the sensor network;

Adaptive capability for different applications, without the need for
individual secondary-devel opment;

System reusability for different applications, protecting user investment.

The solution involves hardware and software aspects, some fundamental
resear ch questions will be addressed in this project:

RQ 1. Whatisasuitable modular smart sensor architecture which

supports adaptability and ease of use?

RQ 2. How can plug and play functionality be implemented in a

resources constrained computational environment?
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RQ 3. How to support distinct sensors, communication channels and
other data devices, and how to implement dynamic configuration in the
nodes and network?

RQ 4. How to implement a self-adaptive measurement schedule which
reacts to environmental changes?

RQ 5. How to design acontactless “plug and play” USB-like interface
suitable for underwater use?

RQ 6. How to implement automated dataretrieval for sensing hubs
without direct network connection?
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3.2 Vision of Proposed System

3.2.1 BigPictureof Whole System

The proposed sensor network will consist of many low cost underwater sensing
platforms named Sensing Hubs as sensor nodes. Sensing hubs will be connected to
each other or to a ship or on-shore base station, by selected communication
channels, i.e. radio, undersea cable, optical fiber or acoustic modem, as shown in
Figure 3-1.

Figure 3-1: Picture of the Whole System
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3.2.2 Vision of Sensing Hub

The structure of sensing node will ook like Figure 3-2.

Figure 3-2: Possible Sructure of the Sensing Hub
A single hub prototype will possibly comprise 6 ports: 1 for external power, 5

general interface for sensor probes and functional devices which are inclusive of
data storage and communication channels.
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3.3 Individual tasks & Original Contributions

The whole project will be partitioned into severa tasks.

3.3.1 Novd System Architecture
Thistask isrelated to RQ 1 and RQ 2.

The proposed sensing hub (sensor node) architecture mentioned earlier will focus on
the improvements of system usability and flexibility, so that an optimum compact
architecture will be designed and implemented. This novel embedded system will
exploit a peripheral bus — USB to connect modules, and FPGA-based SoC controller
will be applied aso. The proposed solution is envisioned as Figure 3-3:

BMod 1Xd

MEM Function
Module

Figure 3-3: Proposed Sensor NodeArchitecture

The sensing hub will comprisea USB host and root hub as the major part of USB. Other
USB devices will connect to USB hub for communication with host. Devices can not
communicate each other directly but will communicate viathe host. USB will not act as
a full-function bi-directional system bus but just provides a universa interface for
various 1/0O devices. Based on the USB native hot swapping function, al sensors and
1/O devices will work in plug and play manner. Also, each external module will be an
independent block in system just communicating with host. The proposed solution will
support a full speed USB 1.1 system. Version 2.4 or later uCLinux will be used to
support USB.

Such structure will provide:
Better module independence;
Better extensibility;
Better upgradeability;
Better manageability;
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What will be investigated?

Validate the solution on development kit;

Design and implement the prototype of sensing hub;

Evaluate its effectiveness, such asif the system identifies USB disk plugged in,
reads and writes the data from or to the disk;

Evaluate system power consumption in various states, such as configuring,
sampling, suspending, transmitting;

3.3.2 Plugand Play in Resource Constrained Embedded

System
Thistask isrelated to RQ 2 and RQ 3.

An implementation of resource constrained plug and play will beinvestigated using the
Linux-based embedded system. This part of work will concentrate on automatically
identifying and configuring USB devices for lower power consumption. For lower
power consumption, such plug and play functions shall be different from that running
on a genera PC. For example, plug and play in sensor node shall be controlled or
stopped by a power management policy. The common functionality supporting
different communication channels will also be investigated in this part. This will
include the software and hardware development for specific classes of devices,
including sensor, communication channel and data storage/collection devices.

What will be investigated?

Study Linux/uCLinux plug and play architecture, especially the support for
USB device; implement plug and play system on uClinux;
Investigate suitable methods to support plug and play for the sensors and
communication channels;
Implement support for some specific sensors and devices:

0 Sensor: temperature, acidity, humidity, salinity, light

o0 Communication Channel: RS232, Zigbee/Bluetooth

o Datadevice: USB Disk

3.3.3 Sensor Probe Development/I mplementation
Thistask isrelated to RQ 2 and RQS.

The proposed sensor probe will be a sealed device separate from the hub with or
without battery. It will be aminiature USB device including single or multiple sensors.
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When a sensor probe is connected to sensing hub, it will be controlled dynamically in
someway by sensing hub. If a sensor probe works alone, pre-configuration needs to be
set up. This part of investigation will consist of hardware and software development.
IEEE 1451.2 TEDS is being planned to apply to sensor element connection for
identifying sensors. The TEDS will be transferred to sensing hub when the probe was
connected to sensing hub. As soon as the sensors are recognized, the related drivers will
beloaded in system to achieve communication between system and sensors. Figure 3-4
illustrates the architecture.

e
4{ Sensor

Figure 3-4: Proposed Sensor Probe

What will be investigated?

Design and implement a prototype of the sensor probe;

Investigate the software or operating system running on the probe;

Investigate USB communications,

Evauate the time to install or configure a sensing node, hot plugging, the
response time for hot swapping; the support for various sensors, power
consumption.

3.3.4 Adaptive Duty Cycle
Thistask isrelated to RQ 4.
A proper duty cycle shall be a tradeoff of power consumption and sampling rate
according to the user’s data demand to prolong sensor lifetime. Thus, a sensor must be

able to enter different power saving models, such as running, suspending and sleeping
status. Power-aware scheduling of measurements will be developed in uCLinux.

What will be investigated?

Appropriate power saving models and their implementation in uCLinux will be
investigated;
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Evaluate its effectiveness and performances on power consumption reduction;

3.35 ContactlessUSB Interface
Thistask isrelated to RQ 5.

This novel sensor interface will ensure the sensing hub is waterproof and will provide
other protective characteristics for underwater application. It will consist of two parts:
one on hub side and another on probe side. Wireless media, for example, infrared, will
connect two parts as a contactless data communication channel. Inductive power
coupling will provide completely contactless data and power exchange. The proposed
structure will be as shown in Figure 3-5:

#$!

5 I = I O
N 3{ B

Figure 3-5: Proposed Non-contact USB Interface

What will be investigated?

Investigate a proper wireless connection media, i.e. Infrared and power
transmission method, i.e. inductive transmission;

Design and implement the interface to evaluate its effectiveness,

Evaluate actual datatransmission rate, with an aim of full speed USB rates,
Evaluate power transmission efficiency;

Evaluate trial deployment for underwater operation.

3.3.6 Dynamic System Configuration
Thistask isrelated to RQ 2 and RQ 3.

Thisisthe process required when some devices are plugged in or removed. It involves
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two aspects: thefirst isautomatically configuring the connected device; the second isto
notify the rest of the network that a new device is connected. The first issue will be
handled by plug and play service on send node. The second will need to be considered
as anew networking process. This process may be as shown in Figure 3-6.

Acidity Sensor is Read)
eady

Light Sensor is R

Figure 3-6: Automatic Configuring

What will be investigated?

What configuration is required?
How does inserted new device affect system operation?
How are the dynamically changing communication channels handled?

3.3.7 DataTransferring/Retrieving Methods
Thistask isrelated to RQ 6.

As mentioned earlier, a sensing node may send data back to a database or end-user via
multiple optional permanent or casual communication channels, or manual collection.
Is there a suitable common method for data transmission in these channels? The
automatic adaptation of data transmission to changing conditionsis also required.

What will be investigated?

Study and compare existing approaches for thisissue.
Modelling an appropriate general purpose data transmission method in different
channels; self-adaptation between protocol and channelsis desired;
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Provide an automatic function for manual data collection via USB data storage;
Evaluate the effectiveness of the methods, for example, the datain sensing hub
can be collected by USB disk and only the updated data will be collected, the
data can be sent out via the efficient channel in sensing hub regardless of the
characteristics of the channel.
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Chapter 4 Project Time Line & Milestones

4.1 Resources

1
2.
3.

FPGA Development Kit — Xilinx ML40x;

USB Development Kit (Depending on the Chip Selected);

For system hardware prototyping, some electronic parts and devices are
needed, and printed circuit board will be designed and fabricated in
workshop;

For evaluating the underwater performance of the system, the waterproof
housing needs to be developed and implemented, and some attachments will
be needed for experiments to evaluate underwater performance.

These resources will all be available from school and research funds.

4.2 Plan timetable

Activity

Literature
Review

Initial Design

oﬁlté%p Oct | Dec | Feb | Apr | Jun | Aug | Oct | Dec | Feb | Apr | Jul
05 05 06 06 06 06 06 06 06 o7 o7

Hub
Hardware

Probe
Hardware

PnP
Software

Probe
Software

USB/Infrared
Interface

Test bed
Buildup

Evaluation &
Anaysis

Thesis

Write-up
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