ABSTRACT

                Advances in hardware technology have enabled very compact, autonomous and mobile nodes each having one or more sensors, computation and communication capabilities and a power supply. The emergence of small computing elements provides enriched opportunities to reshape interactions with people and computers appearing computing researches. The present paper ‘Smart Dust’ introduces a new concept on tiny electronic devices designed to capture information about their surroundings that can detect light ,temperature or vibration  while literally floating on air.

                The idea behind ‘Smart Dust’ is to pack sophisticated sensors, tiny computers and wireless communicators into a cubic- millimeter mote to form the basis of integrated, massively distributed sensor networks. They will be light enough to remain suspended in air for hours. Smart dust requires both evolutionary and revolutionary advances in miniaturization, integration and energy management.
            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. This paper also deals with certain advantages, limitations and important aspects for all spans of the life.
INTRODUCTION

           As the current technologies are focusing on automation and miniaturization. The decreasing computing device size, increased connectivity and enhanced interaction with the physical world have characterized computing’s history. The emergence of small computing elements, with sporadic connectivity and increased interaction with environment, provides enriched opportunities to reshape interactions between people and computer’s and computing researches.
           This paper is about “SMART DUST” which is made up from tiny, wireless sensors or “motes” designed to capture mountains of information about their surroundings while literally floating in air. These devices will be smart enough to talk with other sensors yet small enough to fit on the head of a pin. .  Each mote is a tiny computer with a power supply, one or more sensors, and a communication system.
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            Commercially available motes do not yet fit on the head of a pin; some are about the size of a deck of cards and others are as small as a stack of a few quarters.  Smart dust motes are typically outfitted with environmental sensors which can monitor things like temperature, humidity, lighting, position, and acceleration. They will be light enough to remain suspended in air for hours. As the motes drift on wind, they can monitor the environment for light, sound, temperature, chemical composition and a wide range of other information and beam that data back to the base station, miles away.
    ARCHITECTURE 
                Smart Dust requires both evolutionary and revolutionary advances in miniaturization, integration and energy management. Thus a single Smart Dust mote has a semi-conductor laser diode and microelectromechanicalsystems (MEMS) to build small sensors, optical communication components and power supplies, whereas microelectronics provides increasing functionality in smaller areas with lower area consumption. The power system consists of a thick-film battery, a solar cell with a charge-integrating capacitor for periods of darkness, or both. 
                 Depending on its objective, the design integrates various sensors, including light, temperature, vibration, magnetic field, acoustic, and wind shear onto the mote. An integrated circuit provides sensor- signal processing, communication, control, data storage, and energy management. A photodiode allows optical data reception. There are presently two transmission schemes: passive transmission using a corner- cube retro reflector and active transmission using a laser diode and steerable mirrors.
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                The mote’s minuscule size makes energy management a key component. The integrated circuit will contain sensor signal conditioning circuits, a temperature sensor and A/D converter, microprocessor, SRAM, communication circuits and power control circuits. 
                   The IC, together with the sensors, will operate from a power source integrated with the platform.  

 OPTICAL COMMUNICATIONS:
  Passive Reflective Systems:

      Corner-Cube Retro-Reflector:

                   It comprises of three mutually perpendicular mirrors of gold coated poly-silicon. It has a property that any incident ray of light is reflected back to the source provided that it is incident with in a certain range of angles centered about the cube’s body diagonal.
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                                                   Corner-cube Retro-Reflector

                       The micro-fabricated CCR includes an electrostatic actuator that can deflect one of the mirrors at kilohertz rates. Thus the external light source can be transmitted back in the form of modulated signal at kilobits per second.CCR-based passive optical links require an uninterrupted line-of-sight path.

    ACTIVE STEERED LASER REFLECTING SYSTEMS:

                         For mote-to-mote, an active steered laser communication system uses an onboard light source to send a tightly collimated light beam toward an intended receiver.

Steered laser communication has the advantage of high power density.
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                                             Steered laser communication
 OPERATION:

         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 microcontroller gets the reading from one of the sensors, which measure one of the numbers 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. 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.

    LISTENING TO A DUST FIELD:
           Many Smart Dust applications rely on direct optical communication from an entire field of dust motes to one or more base stations. These base stations must therefore be able to receive a large volume of simultaneous optical transmissions. Further communication must be possible outdoors in bright sunlight which has an intensity of app. 1KW/sq.km, although the dust mote each transmits information with a few mill watts of power. Using a narrow-band optical filter to eliminate all sunlight except the potion near the light frequency used for communication can practically solve this second problem, but the ambient optical power often remains much stronger than the received signal power.
CHALLENGES:

1. It is difficult to fit all these devices in a small Smart Dust both size wise and energy wise.

2. With devices so small, batteries present a massive addition of weight. 

APPLICATIONS:

1. Civil and Military applications where chemical and biological agents in a battle field are detected.

2. Virtual keyboard Glue a dust mote on each of your fingernails.

3. Inventory control Smart office spaces.

4. Dust motes may be used in places where wired sensors are unusable or may lead to error.

5. May be used in biological research. e.g.: to monitor movements and internal processors of insects.

     HOW FAR THEY HAVE BEEN IMPLEMENTED:

1. The optical receiver for the Smart Dust project is being developed.

2. For Data transmission, the team is using CCRs built using MEMS techniques.

3. The analog digital converter (ADC) the 8bit ADC has so far demonstrated with a n input range of 1V, equal to power supply, and a 70kHz sampling rate.

4. The latest Smart Dust mote, with a volume of just 16cu mm, has been tested.

 SUMMARY:

 Smart Dust is made up of thousands of sand –grain sized sensors that can measure ambient light and temp. The sensors –each one is called a “mote”. – have wireless communications devices attached to them, and if you put a bunch of them near each other, they will network themselves automatically.

   Sensors, which would cost pennies each if mass-produced, could be plastered all over office buildings and homes. Each room in an office building might have a hundred even thousand of light and temp-sensing motes, all of which tie into a central computer that regulates energy usage in the building.
   Taken together, the motes would constitute a huge sensor network of smart dust, a network that would give engineers insight into how energy is used and how it can be conserved. In dust enabled building, computers would turn-off lights and climate control in empty rooms. During peak energy usage times, air conditioners that cool servers—which drain a lot of tech world’s power would –would automatically shut off and then turned on again if   the servers get too hot. Thus it can very lead to worlds energy conservation solutions.
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