
CHAPTER-1

INTRODUCTION

For the last ten years, development of "smart dust" has moved right along. Smart Dust is 

basically very miniaturized electronic devices. This is similar to stuff like RFID, smart 

cards, EZ Pass and those rice grain size tracking devices you can have injected into your 

pets. But Smart Dust takes this all to a new level by being small enough to be disguised 

as dirt, the kind you can pick up in your shoes or clothing. Each bit of Smart Dust can be 

given a unique serial number that, when hit with an "interrogation signal" from troops on 

the  ground,  or  aircraft  overhead,  is  broadcast  back.  Some  forms  of  Smart  Dust  are 

believed to be in use in Iraq and Afghanistan. It's also believed that Smart Dust played a 

role  in  the  recent  death  of  al  Qaeda  leader  Abu Musab  al  Zarqawi.  In  this  case,  if 

someone were able to sprinkle some Smart Dust on Zarqawi's clothing, it would have 

been a simple matter to track him with great precision. Iraqis have already heard of this 

stuff, but regard it more as "magic dust."  Iraqis have a tendency to exaggerate American 

capabilities, especially when it comes to technology. But U.S. troops have learned to use 

this  exaggerated  reputation  to  their  advantage,  threatening  Iraqis  with  magical 

capabilities that don't exist. That often works, just like smart dust.

Developed at the UCLA Berkeley College of Engineering, smart dust particles are small 

wireless devices designed to monitor all types of measurable physical quantities, such as 

temperature, pressure, humidity, motion, light levels, pollution etc. .

1.1 Smart Dust Definition:

Smart dust is nothing but a commercial name coined for smart sensors, which integrates 

transducers,  processors,  solar  powered  batteries   and  communication  interfaces  on a 

single  micro  miniscule  silicon  chip.  The  above  system is  achieved  by  using  MEMS 

technology which is described ahead.
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1.2 What Are Sensors?:

A device  that  responds  to  a  physical  stimulus.  For  eg:  Heat  Light,  sound,  pressure, 

motion, flow etc and produces a measurable corresponding electrical signal is called a 

sensor.

1.3 What are Smart Sensors?:

Sensors which not only have the capability to measure a physical quantity but also have 

the ability to decide whether the data is usable or not or in other words whether the data is 

to be transmitted or not are called smart sensors i.e. they have the ability of decision 

making. This type of "smart" sensors will revolutionize the design of sensor systems. It 

will  become  easier,  cheaper,  and  faster  to  design  a  sensor  system,  and the  resulting 

systems  will  be  more  reliable,  more  scaleable,  and  provide  higher  performance  than 

traditional systems.

1.4 Why Smart Sensors?:

Traditionally, each sensor system must be custom-designed for its intended application by 

experienced engineers. This results in a practical limit on the number of sensors that may 

be installed in each system, imposed by the level of complexity that the human designer 

can comfortably deal with. This in turn results in a system composed of a small number of 

highly specialized,  relatively expensive sensors. In addition,  the resulting system is not 

easily expanded or modified, and maintenance or repair of the system is time-consuming 

and requires highly trained personnel. 

A small silicon based sensor would change all this by making available a large no of cheap, 

easy to use sensors. The "smartness" of the sensor will allow straightforward integration of 

sensors into systems, and hence enable computer aided engineering tools that help architect 

the systems. This will allow sensor systems of greater complexity and utility to be realized. 

In addition, instead of designing a multitude of different sensors for individual applications, 

manufacturers need only to produce a small variety of smart silicon-based sensors that can 
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be dynamically programmed to suit many different user needs. Sensor programmability 

will  also  enable  highly  sophisticated  and  complex  sensor  systems  that  would  be  too 

difficult to design using traditional methods. 

Finally, the low cost and wide availability of smart sensors will significantly reduce the 

cost and time required to design, repair, or modify sensor systems. While this is certainly 

beneficial  to  traditional  users  of  sensor  technology,  such  as  military,  industrial,  and 

automotive, its real impact will be to make sensor technology available to a much wider 

range of users.

1.5 History

Smart dust was conceived in 1998 by Dr. Kris Pister of the UC Berkeley. He set out to 

build a device with a sensor, communication device and small computer integrated into a 

single package.  The defense Advanced Research Projects Agency (DARPA) funded the 

project,  setting  as  a  goal  the  demonstration  “that  a  complete  sensor  system  can  be 

integrated into a cubic millimeter package”.

In the early stages of the project the team gained experienced by building relatively large 

motes using components available “off the shelf”. One such mote is named RF mote has 

sensors for temperature, humidity, light intensity, barometric pressure, tilt and vibration, 

and magnetic field, and was capable of communicating distances of about 60 feet using 

radio frequency communication.

1.6 Smart Dust : A Challenge

Smart dust is a challenge to integrate an entire self powered , networked smart sensor into 

one cubic millimeter. COTS (components-off-the-shelf) are used to develop a laboratory 

level  prototype  board  to  analyze  the  various  aspects  related  to  the  miniaturization  of 

different components.
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1.7 General Block Diagram: 

Figure 1.1: Smart dust :General Block Diagram

Generally  a  smart  dust  particle  consists  of  a  embedded  sensor  with  a  processor,  a 

communication circuitry and a power supply to drive these all. While the electronics is 

fabricated  using  the  IC  fabrication  Technology,  the  mechanical  components  are 

fabricated  using  micro  machining  technology.  The  integration  of  micro-

electromechanical systems with electronics makes it possible to realize complete system 

on a chip (SOCs) with a smaller size and higher performance.

1.8 Working

The "mote" concept creates a new way of thinking about computers, but the basic idea is 

pretty simple: 

• The core of a mote is a small, low-cost, low-power computer. 
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• The computer monitors one or more  sensors. It is easy to imagine all  sorts of 

sensors,  including  sensors  for  temperature,  light,  sound,  position,  acceleration, 

vibration, stress, weight, pressure, humidity, etc. Not all mote applications require 

sensors, but sensing applications are very common. 

•  The computer connects to the outside world with a radio link. The most common 

radio links allow a mote to transmit at a distance of something like 10 to 200 feet 

(3 to 61 meters).  Power consumption,  size and cost  are the barriers  to longer 

distances. Since a fundamental concept with motes is tiny size (and associated 

tiny cost), small and low-power radios are normal

Motes  can either  run off  of  batteries,  or  they  can  tap  into  the power  grid  in  certain 

applications. As motes shrink in size and power consumption, it is possible to imagine 

solar power or even something exotic like vibration power to keep them running. 

All of these parts are packaged together in the smallest container possible. In the future, 

people imagine shrinking motes to fit into something just a few millimeters on a side. It is 

more common for motes today, including batteries and antenna, to be the size of a stack 

of five or six quarters,  or the size of a pack of cigarettes.  The battery is  usually  the 

biggest part of the package right now. Current motes, in bulk, might cost something on 

the order of $25, but prices are falling.  It is hard to imagine something as small  and 

innocuous as a mote sparking a revolution, but that's exactly what they have done.

The  smart  dust  mote  is  run  by  a  microcontroller  that  not  only  determines  the  task 

performed by the mote, but consists of the power to the various components of the system 

to  conserve  energy.  Periodically  the  micro  controller  gets  a  reading  from one of  the 

sensors,  which  measure  one  of  a  number  of  physical  or  chemical  stimuli  such  as 

temperature, ambient light, vibration, acceleration, or air pressure, process the data, and 

store  it  in  memory.  It  also  turns  on  optical  receiver  to  see  if  anyone  is  trying  to 

communicate with it. This communication may include new programs or messages from 

other motes. In response to a message or upon its own initiative, the microcontroller will 

use the corner cube retro reflector or laser to transmit sensor data or a message to a base 

station or another mote.
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The primary constraint in the design of the Smart Dust motes is volume, which in turn 

puts a severe constraint on energy since we do not have much room for batteries or large 

solar  cells.  Thus,  the  motes  must  operate  efficiently  and  conserve  energy  whenever 

possible. Most of the time, the majority of the mote is powered off with only a clock and 

a few timers running. When a timer expires, it powers up a part of the mote to carry out a 

job,  then powers off.  A few of  the timers  control  the sensors that  measure one of a 

number of physical  or chemical  stimuli  such as temperature,  ambient  light,  vibration, 

acceleration,  or  air  pressure.  When  one  of  these  timers  expires,  it  powers  up  the 

corresponding sensor, takes a sample, and converts it  to a digital  word. If the data is 

interesting,  it  may  either  be  stored  directly  in  the  SRAM  or  the  microcontroller  is 

powered up to perform more complex operations with it.  When this task is complete, 

everything is again powered down and the timer begins counting again.

1.9 What Is MEMS?:

MEMS an acronym for micro-electromechanical system is a technology which combines 

the  already  developed  IC  processing  technology  with  the  newly  developed  and  still 

developing  micromachining  technology.  This  technology  provides  a  way to  integrate 

electronic and mechanical components onto a single silicon substrate.

Smart  dust  requires  mainly  revolutionary  advances  in  miniaturization,  integration  & 

energy  management.  Hence  designers  have  used  MEMS  technology  to  build  small 

sensors,  optical  communication  components,  and  power  supplies.  Microelectro 

mechanical  systems  consists  of  extremely  tiny  mechanical  elements,  often  integrated 

together with electronic circuitory. They are measured in micrometers, that is millions of 

a meter. They are made in a similar fashion as computer chips. The advantage of this 

manufacturing process is not simply that small structures can be achieved but also that 

thousands or even millions of system elements can be fabricated simultaneously.  This 

allows  systems  to  be  both  highly  complex  and  extremely  low-cost. 

Micro-Electro-Mechanical Systems (MEMS) is the integration of mechanical elements, 

sensors,  actuators,  and  electronics  on  a  common  silicon  substrate  through 
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microfabrication technology. While the electronics are fabricated using integrated circuit 

(IC)  process  sequences  (e.g.,  CMOS,  Bipolar  processes),  the  micromechanical 

components are fabricated using compatible "micromachining" processes that selectively 

etch away parts of the silicon wafer or add new structural layers to form the mechanical 

and electromechanical devices. Microelectronic integrated circuits can be thought of as 

the "brains" of a system and allow microsystems to sense and control the environment. 

Sensors  gather  information  from  the  environment  through  measuring  mechanical, 

thermal,  biological,  chemical,  optical,  and magnetic  phenomena.  The electronics  then 

process  the  information  derived  from the  sensors  and through some decision  making 

capability  direct  the  actuators  to  respond  by  moving,  positioning,  regulating,  and 

filtering, thereby controlling the environment for some desired purpose. Because MEMS 

devices  are manufactured using batch fabrication techniques similar  to those used for 

integrated circuits,  unprecedented levels  of functionality,  reliability,  and sophistication 

can be placed on a small silicon chip at a relatively low cost.

Components of MEMS:

1) Micro Sensors

2) Micro Electronics

3) Passive Micro Structures

4) Micro Actuators
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Figure 1.2: Components of MEMS

CHAPTER-2

ARCHITECTURE

2.1    Detailed Architecture:

The figure below shows a detailed depiction of a smart dust particle in a diagrammatical 

form:
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Figure 2.1: Detailed description: Smart dust particle
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2.2    Dust Components:

2.2.1 Thick Film Battery:

Figure 2.2: Battery

The majority of the volume of the mote will  consist of power supply elements.   The 

rechargeable thick film battery will store 1 J/mm^3, with low output resistance for sub-

milliAmp current.   

2.2.2 Power Capacitor:

Figure 2.3: Power Capacitor

The multi-layer ceramic power capacitor (COTS) will store only 1 microJoule, but will 

provide high current when needed (e.g. for laser pulses).
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2.2.3 Solar cell:

Figure 2.4: Solar Cell

In full sun, solar cells provide roughly 1 J/day per square millimeter.  Different versions 

of dust may have only battery, only solar cell, or some combination.

2.2.4 CMOS Controller:

Figure 2.5: Controller

The dust particle incorporaes a fully functional Anlog cum digital signal processor cum 

controller based on micro CMOS technology.

2.2.5 Sensors:
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0.5x0.5x0.1mm^3

Figure 2.6: Sensors

The  sensors  options  include  temperature,  pressure,  acceleration,  humidity  etc. 

incorporated  into  one  interface.  These  are  fabricated  using  the  micro  machining 

technology.

2.2.6 Passive Transmitter

Figure 2.7: Passive Transmitter with Corner Cube Retro-reflector

Passive communication means that no energy is generated to transmit the message, only 

the power of the interrogating laser beam is modulated with the help of movable micro 

mirrors called corner cube retro reflector(CCR). It can transmit data at a rate of 10kbps 

up to a distance of 1 km using just 1uw power that too to rotate the mirrors.

2.2.7 Active Transmitter:
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Figure 2.8: Active Transmitter with Beam Steering Mech.

These  type  of  transmitters  use  a  laser  diode  to  produce  the  required  carrier  thereby 

consuming more power than the passive transmitter (about 10mw). But can transmit data 

at a rate of 10Mbps that  too up to a phenomenal distance of 10km. So what’s lost in 

terms of power is gained in terms of speed and distance. 

2.2.8 Receiver:

Figure 2.9: Photo-detector & Receiver

The receiver section consists of a micro photo-detector cell and a demodulator circuitry 

that receives the incoming laser beam and demodulates it n order to extract the useful 

information from it.

2.3   Summary of components:
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CHAPTER-3
MANUFACTURING

These dust size smart sensors are fabricated using MEMS technology. The MEMS date 

back to middle of the last century. The first application was a silicon based strain gauge, 

which  was  commercialized  around  1958.  The  MEMs  concept  uses  silicon  as  base 

material and wet etching to generate pattern therein. State of the art MEMS are fabricated 

using same materials and technology that are used to fabricate ICs, with a few additional 

compatible layers and processing methods. Some MEMS specific technologies have also 

been developed to create structures that cannot be carved to create with conventional 

technologies.  An  example  of  such  technology  is  LIGA,  a  german  acronym  for 

Lithographie, Galvanoforming, and Abfourmung (meaning lithography, electroforming, 

and moulding).  Recently,  Deep Reactive  Ion Etching  (DRIE) has become popular.  It 

employs plasma based  etching to generate high aspect ratio (depth/width) structures in 

silicon.

Micro-Electro-Mechanical Systems (MEMS) is the integration of mechanical elements, 

sensors,  actuators,  and  electronics  on  a  common  silicon  substrate  through 

microfabrication technology. While the electronics are fabricated using integrated circuit 

(IC) process sequences (e.g., CMOS,

Bipolar  processes),  the  micromechanical  components  are  fabricated  using  compatible 

"micromachining" processes that selectively etch away parts of the silicon wafer or add 

new structural  layers  to  form the  mechanical  and  electromechanical  devices.  MEMS 

realizes a complete System On chip technology. Microelectronic integrated circuits can 

be thought of as the "brains" of a system and allow microsystems to sense and control the 

environment.  Sensors  gather  information  from  the  environment  through  measuring 

mechanical,  thermal,  biological,  chemical,  optical,  and  magnetic  phenomena.  The 

electronics then process the information derived from the sensors and Smart Dust through 

some decision making capability direct the actuators to respond by moving, positioning, 

regulating, and filtering, thereby controlling the
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environment for some desired purpose. Because MEMS devices are manufactured using 

batch fabrication techniques similar to those used for integrated circuits, unprecedented 

levels of functionality, reliability, and sophistication can be placed on a small silicon chip 

at a relatively low cost.

The deep insight  of MEMS is  as a new manufacturing technology,  a way of making 

complex electromechanical systems using batch fabrication techniques similar to those 

used for integrated circuits, and uniting these electromechanical elements together with 

electronics.Historically, sensors and actuators are the most costly and unreliable part of a 

sensor-actuatorelectronics  system.  MEMS  technology  allows  these  complex 

electromechanical  systems  to  be  manufactured  using  batch  fabrication  techniques, 

increasing the reliability of the sensors and actuators to equal that of integrated circuits. 

The performance of MEMS devices and systems is expected to be superior to macroscale 

components and systems, the price is predicted to be much lower.
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3.1    MEMS Fabrication Process:

Figure below shows the  generic process flow of MEMS fabrication.

Su

Figure 3.1: MEMS fabrication process

Fundamentally, MEMS fabrication includes deposition of certain layers, patterning these 

and then micro-machining of the layered structure to achieve final working structure. 

Basically It includes two types of processes namely Bulk Micro machining and Surface 

Micro-machining.

3.1.1  Bulk micro machining:

In bulk micro-machining of silicon, wet chemicals are used to define the pattern within 

the silicon substrate.  The patterns are created by depositing masking layers of silicon 

dioxide, silicon nitride, or metals( Au, Ti, etc) and patterning these using lithography.

Wet chemical etching used in MEMS fabrication is generally an-isotropic (directional). 

Wet  an-isotropic  etching  takes  advantage  of  different  package  densities  of  atoms  in 
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different  crystallographic axes.  The etch rate is slower in axes where atomic packing 

density is high, for example, in <111>, and faster in directions where packing density is 

low. Wet etching using alkaline etchants like potassium hydroxide (KOH), tetra methyl 

ammonium  hydroxide  (TMAH)  and  ethylene  diamene  pyrocatechol  (EDP)  is  an-

isotropic, whereas acidic etching using a mixture of hydrofluoric acid, nitric acid, and 

water is isotropic. 

Using  wet  isotropic  techniques,  structures  like  diaphragms,  V-shape  grooves,  pillars, 

through- holes, and tips can be fabricated in silicon. Pressure sensors and accelerometers 

are  the  common  devices  fabricated  using  silicon  bulk  micro-machining  technology. 

These devices include fabrication of resistors called peizo - resistors on one side of wafer 

and machining on the other side to form diaphragm or suspended mass in the case of 

pressure  sensor  or  accelerometers  respectively.  On  application  of  force  (pressure  or 

acceleration), the value of resistor changes due to piezoelectric effect, which indicates 

change in force.

3.1.2  SURFACE MICROMACHINING:

Surface micro machining is a more advanced technique to make novel structure on the 

surface of silicon wafer. In this variant of MEMS technology, certain layers are deposited 

and  patterned  using  lithographic  and  etching  techniques.  Electrical,  structure  and 

sacrificial  are  the main  three  layers  employed in  surface  micro machining.  Electrical 

layers conduct electrical signals to and from the MEMS structure. Structural layers form 

the mechanical body of the MEMS and sacrificial layers serve the purpose of releasing 

(making deflectable or movable) the structural layers. Sacrificial layers are completely 

removed by etching in the final micro machining step. 

Peizo-electric material
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pressure sensor accelerometer

Figure 3.2: Sensors fabricated by micro-machining process

3.2   LIGA & DRIE:

Two  technologies  namely  LIGA  and  DRIE  are  developed  specially  to  produce 

microstructures with both an-isotropic and isotropic characteristics. 

3.2.1  LIGA

LIGA technique  is  used to  form micron-sized  structures.  Here,  mould  of  the  pattern 

required  is  fabricated  on  a  10  to  1000um  thick  polymer  (such  as  poly  methyl 

mithacralate)  using  X-ray  lithography.  Then  the  mould  is  filled  by  electroplating, 

followed by removal of resist to achieve the final structure.  This technique could not 

become much popular because of many process difficulties like electroplating  and X-ray 

lithography.

3.2.2  DRIE

Recently requirement of more sophisticated and peculiar structures has generated interest 

in dry etching techniques.  Micro machining,  with the help of dry etching techniques, 

offers better control on the etch profile. DRIE is one such techniques that is finding use in 

more  sophisticated  structures  like  micro  fluidics,  bio-mems,  and  gyroscopes.  In  this 
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technique, high density plasma sources are used to etch vertically deep trenches in wafers 

at  high  etch  rates.  Inductively  coupled  plasma  sources  are  commonly  employed  to 

generate  plasmas  of  high  densities.  DRIE  offers  the  flexibility  of  choosing  the  etch 

profile, type of mask, and etch rates.
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CHAPTER-4

WIRELESS COMMUNICATION FOR SMART DUST

4.1    System Design Options

A viable wireless communication architecture for smart dust must satisfy a number of 

requirements. It must support half- or full-duplex, bi-directional communication between 

a central transceiver and up to 1000dust motes. The downlink (central transceiver to dust 

motes) must broadcast to all of the dust motes at a bit rate of several kbps. The uplink 

(dust motes to central transceiver) must permit each of 1000 dust motes to convey about 

1 kb of data within 1 s, an aggregate throughput of 1 Mbps. 

Options  for  uplink  multiplexing  include  time-,  frequency-,  code-  and  space-division 

multiplexing. The central transceiver must be able to resolve the position of each dust 

mote with an angular resolution of the order of 1/100 of the field of view. The link should 

operate over a range of at least several hundred meters. The dust mote transceiver must 

occupy a volume of the order of 1 mm3, and consume an average power not exceeding 1 

mW. If possible, the uplink and downlink should afford a low probability of interception. 

It should be noted that I do not envision performing direct communication between dust 

motes.

4.2    Comparison: RF Transmission vs Free-Space-Optical-Trans:

Two types of transmission technologies are possible namely RF transmission and Free 

Space Optical Transmission (FSOT). The discussion below shows why (FSOT) is better 

than RF Transmission.

4.2.1 RF Transmission and its pitfalls:

RF transmission can be employed for the uplink and/or the downlink. In principle, uplink 

multiplexing  can  be  achieved  using  time,  frequency-  or  code-division  multiplexing 

(TDMA, FDMA or CDMA), but each technique may be problematic in this application. 

TDMA requires each dust mote to transmit at an excessively high bit rate, as high as the 
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aggregate  uplink capacity  in the absence of other multiplexing techniques.  Moreover, 

TDMA requires each dust mote to coordinate  its  transmission with all  the other dust 

motes.  FDMA requires  accurate  control  of  the  dust-mote  oscillator  frequency,  while 

CDMA requires  high-speed digital  circuitry  to  operate  for  a  relatively  extended time 

interval, potentially consuming excessive power. In order to avoid coordination between 

dust motes, both FDMA and CDMA require individual dust motes to be preprogrammed 

with  unique  frequencies  or  codes.  If  RF  transmission  is  to  be  used,  it  is  probably 

necessary  to  employ  a  judicious  combination  of  two  or  more  of  these  multiplexing 

techniques. In principle, space-division multiplexing (SDMA) represents another means 

to  multiplex  uplink  RF  transmissions.  In  SDMA, the  central  transceiver  employs  an 

antenna array to separate transmissions from different dust motes. Given the limited size 

of  the  central  transceiver,  however,  it  would  be  difficult  for  SDMA  to  achieve  the 

required spatial resolution. For similar reasons, it would be difficult for a RF uplink to 

provide  information  on  the  location  of  the  dust  motes.  The  resolution  of  RF-based 

location determination can also be degraded by multi path propagation.

4.2.2 FSOT: Why its Better?:

Free-space optical  transmission at visible or near-infrared wavelengths (400-1600 nm) 

represents an attractive alternative for the downlink and uplink. On the downlink, a single 

laser transmitter can broadcast an on off-keyed signal to the collection of dust motes. 

Each dust mote would be equipped with a very simple receiver consisting of a band pass 

optical filter, a photodiode, a preamplifier and a slicer. This receiver would involve only 

low-speed base-band electronics, making it far simpler than its RF counterpart.

On the uplink, optics offers two alternatives for transmission. Each dust mote can be 

equipped  with  an  active  laser-diode-based  transmitter.  This  has  the  disadvantage  of 

requiring excessive power. To minimize the power consumption, the dust mote should 

employ a directional beam and an active beam-steering mechanism, but this complicates 

the dust-mote design, and adds the need for beam-tracking protocols. Alternatively, each 

dust mote can employ an optically passive transmitter consisting of a corner-cube retro-

reflector (CCR). By displacing one of the mirrors, the CCR reflectivity can be modulated 

at bit rates up to 10 kbps. The collection of dust motes can be illuminated by a single 
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interrogating laser. Because of its small power consumption (of the order of 1 W) and 

because it avoids the need for active beam-steering,  the CCR-based transmitter  seems 

much more promising than the laser-diode-based design. Because they involve only low-

speed base-band digital electronics, both transmitter designs are much simpler than their 

RF-based counterparts.

With  either  uplink  optical  transmitter  design,  the  uplink  receiver  should  employ  an 

imaging receiver, consisting of a lens and a CCD or CMOS image sensor array. With 

either transmitter design, periodic pulsation of the downlink or interrogating laser beam 

can be used to synchronize the transmissions from all dust motes to the frame clock of the 

imaging array. Such an uplink architecture offers several advantages over a RF solution. 

The short optical wavelength enables a reasonably sized camera to achieve high spatial 

resolution. Not only does this easily yield information on the dust-mote locations, but it 

enables the uplink to rely solely upon SDMA for multiplexing. The 1000 dust motes can 

transmit simultaneously and without any mutual coordination, greatly simplifying their 

design and the system protocols. Based on the above considerations, we currently favor 

free-space optical transmission for both downlink and uplink, with the uplink relying on a 

CCR-based transmitter. This system design is shown in Fig. 4.1.
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4.3   System Realization
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Figure  4.1:  Bi-directional  free-space  optical  communication  link.  The  laser  beam  is 
modulated with on-off-keyed data for downlink transmission, while it is CW or pulsed 
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periodically to interrogate the CCR for uplink transmission. For clarity, only one of many 
dust motes is shown. Not shown are optical band-pass filters used at downlink and uplink 
receivers to reject ambient light noise.
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CHAPTER-5

APPLICATIONS

5.1     Defense-related sensor networks

Battlefield surveillance, treaty monitoring, transportation monitoring, scud hunting, and 

applications in the field of airplanes, satellites, missiles give the country using these dust 

particles an edge over their enemies in war like situation. Dust particles spread on the 

enemy roads can give valuable data about the number and type of enemy vehicles passing 

by. The dust particles can be spread by using Unmanned Air Vehicles (UAVs) and data 

can be read after a while by sending the same vehicle to that place which receives data 

transmitted from the dust particles

6

5.2    Virtual keyboard 

Glue a dust mote on each of your fingernails. Accelerometers will sense the orientation 

and motion of each of your fingertips, and talk to the computer in your watch.  QWERTY 

is  the  first  step  to  proving  the  concept,  but  you can  imagine  much more  useful  and 

creative ways to interface to your computer if it knows where your fingers are: sculpt 3D 

shapes in virtual clay, play  the piano, gesture in sign language and have to computer 

translate.  Combined  with  a  MEMS  augmented-reality  heads-up  display,  your  entire 

computer I/O would be invisible to the people around you.  Couple that with wireless 

access and you need never be bored in a meeting again!  Surf the web while the boss 

rambles on and on. 

5.3     Inventory Control 
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The carton talks to the box, the box talks to the palette, the palette talks to the truck, and 

the truck talks to the warehouse, and the truck and the warehouse talk to the internet.  

Know where your products are and what shape they're in any time, anywhere.  Sort of 

like  FedEx tracking on steroids for  all  products  in  your production  stream from raw 

materials to delivered goods. 

5.4   Product quality monitoring 

Temperature,  humidity  monitoring  of  meat,  produce,  dairy  products  Impact,  vibration, 

temp monitoring of consumer electronics. Failure analysis and diagnostic information, e.g. 

monitoring vibration of bearings for frequency signatures indicating imminent failure 

5.5   Smart office spaces 

The Center for the Built Environment has fabulous plans for the office of the future in 

which environmental conditions are tailored to the desires of every individual.  Maybe soon 

we’ll all be wearing temperature, humidity, and environmental comfort sensors sewn into 

our clothes, continuously talking to our workspaces which will deliver conditions tailored 

to our needs.  No more fighting with your office mates over the thermostat.

5.6   Interfaces for the Disabled 

Put motes “on a quadriplegic’s face, to monitor blinking & facial twitches-and send them 

as  commands  to  a  wheelchair/computer/other  device.”  This  could  be  generalized  to  a 

whole family of interfaces for the disabled.  

5.7   Automobiles:

Accelerometers  find the biggest  use in automobiles,  mainly in airbag safety systems to 

detect the collision impact and inflate the airbags to protect the passengers. Conventional 

accelerometers are now being replaced by MEMS counterparts that cost 10 to 20 times less. 

MEMS base pressure sensors facilitate checking of the tyre pressure on a digital readout at 

the vehicle’s dashboard. A pressure transducer is employed to measure tyre pressure all the 

time, even in motion, and transmit it to the dashboard using RF signals.
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5.8   Environmental Applications:

Environmental applications mainly include habitat monitoring and weather sensing. Habitat 

monitoring include micro climate and wild life monitoring. Smart dust particles are spread 

over the area whose climatic conditions and wild life are to be monitored and wireless 

communication is established to gather the respective information

5.9   Traffic Monitoring:

Smart  dust  particles  spread  on  a  highway  can  be  used  to  monitor  the  varying  traffic 

conditions on the road and provide the drivers with useful and time saving data about the 

conditions of the highway ahead. This data coupled with weather information can prove to 

be a decisive technology for the future drivers.

5.10   Health Applications:

Can be applied in the following ways for health related applications:

 Tele monitoring of the human psychological data

 Tracking and monitoring of doctors and patients inside the hospitals.

 Drug administrator in hospitals.

 Glucose level Monitors.

 Cancer detectors and general health monitors.

These applications can prove decisive in restricting and curing various deadly diseases 

like cancer, leukemia, tumors etc. by foretelling about the conditions which prevail at the 

time of their origination. 
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CHAPTER-6

RESEARCH AREAS AND DARK SIDE

6.1   Research Areas

The  realization  of  a  practical  smart  sensor  system  requires  the  synthesis  of  several 

technologies.  One  must  bring  together  knowledge  in  the  fields  of  sensors,  data 

processing,  distributed  systems,  and  networks.  While  extensive  research  has  been 

conducted  in  all  of  these  areas,  a  smart  sensor  system  imposes  some  new  design 

parameters which must be met. A brief summary of research tasks follows: 

While most computer data resides within the virtual realm, sensor readings are attached 

to some quantity in the physical world. This means that each piece of sensor data also has 

some time and place associated with it. In terms of networks this means that latency is 

extremely important, as sensor systems are in some sense clocked by real-time events. To 

facilitate the timely delivery of packets, networks must support broadcast messages and 

time  synchronization.  The  nodes  themselves  must  be  able  to  provide  a  clock  and 

geographical location. 

Plug  and play  functionality  requires  a  standard  interface  that  communicates  a  node's 

identity  and  capabilities.  The  upcoming  IEEE  1451  standard  provides  a  basic 

communications link for sensor nodes, but provides no methods specific to programming 

a node's data processing resources. An interface must be defined that standardizes the 

dynamic programming of sensor nodes. 

Efficient  data  conversion  within  the  smart  sensor  node  is  a  fundamental  key  to  its 

success. While the bandwidth required to transmit results is perhaps fixed, the bandwidth 

required  to  program the  nodes  is  not.  One  may  attempt  to  devise  a  small,  efficient 

instruction set with which to program nodes for a wide variety of functions. 
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The advantages of a smart sensor system can only be fully realized by the development of 

software tools to facilitate their design. This means a set of tools to help design, manage, 

and monitor the sensor network and to program the sensor nodes. For example, one could 

devise a compiler which transforms a sensing/control algorithm into appropriate code for 

the individual nodes. Existing CAD tools and compilers can be adapted to fulfill smart 

sensor needs. 

6.2   THE DARK SIDE

6.2.1 Privacy Going Public

Personal privacy is getting harder and harder to come by. As the technology is going 

smaller and smaller personal information has been under a lot of threat. So some privacy 

laws should be formulated before commercially implementing this technology

6.2.2  Environmental Impact 

A lot of people seem to be worried about environmental impact.  Not to worry!  Even in 

my wildest imagination I don't think that we'll ever produce enough Smart Dust to bother 

anyone.  If Intel stopped producing Pentia and produced only Smart Dust, and you spread 

them evenly around the country, you'd get around one grain-of-sand sized mote per acre 

per year.  If by ill chance you did inhale one, it would be just like inhaling a gnat.  You'd 

cough it up post-haste. Unpleasant, but not very likely. Consider the scale - if I make a 

million dust motes,  they have a total  volume of one liter.  Throwing a liter  worth of 

batteries into the environment is certainly not going to help it, but in the big picture it 

probably doesn't make it very high on the list of bad things to do to the planet.
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CHAPTER 7

FUTURE SCOPE

In March, 2003, researchers managed to cram all of the parts needed for a mote onto a 

single  chip  less  than  3  millimeters  on  each  side.  The  total  size  is  about  5  square 

millimeters, meaning that you could fit more than a dozen of these chips onto a penny. 

The  chip contains  all  of  the  components  found in  a  mote:  a  CPU, memory,  an A/D 

converter for reading sensor data and a radio transmitter. To complete the package you 

attach the sensor(s), a battery and an antenna. The cost of the chip will be less than a 

dollar when it is mass produced.
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CHAPTER-8

CONCLUSION

With the base technology of manufacturing ICs already available in our country and just 

by employing a little extra on micro-fabrication technology the Indian firms like BEL, 

SCL and other semiconductors giants can take the initiative to conquer the world markets 

in  this  sector  and  take  India  into  a  dominating  position  as  in  the  IT  sector.  The 

employment of smart dust would mean better measurement data, therefore better control 

of various industrial and non industrial variables, thereby enhancing the standard of life 

in general.
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