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Abstract 

Large-scale networks of Wireless sensors are becoming an active topic of research. Advances in hardware technology and 
engineering design have led to dramatic reductions in size, power consumption and cost for digital circuitry, wire-less 
communications and Micro ElectroMechanical Systems (MEMS). This has enabled very compact, autonomous and mobile 
nodes, each containing one or more sensors, robots, or other devices, that can detect, compute and communication capabilities. 
The missing ingredient is the networking and applications layers needed to harness this revolutionary capability into a complete 
system. We review the key elements of the emergent technology of “Smart Dust” and outline the research challenges they present 
to the mobile networking and systems community, which must provide coherent connectivity to large number of mobile networks 
nodes co-located within a small volume.  
 
 

 
1.  Introduction  
 
'Smart dust' are sensor-laden networked computer nodes that are just cubic millimeters in volume. The smart dust 
project envisions a complete sensor network node, including power supply, processor, and sensor and 
communications mechanisms, in a single cubic millimeter. Smart dust motes could run for years, given that a cubic 
millimeter battery can store 1J and could be backed up with a solar cell or vibrational energy source. The goal of the 
Smart Dust project is to build a millimeter-scale sensing and communication platform for a massively distributed 
sensor network. This device will be around the size of a grain of sand and will contain sensors, computational 
ability, bi-directional wireless communications, and a power supply. Smart dust consists of series of circuit and 
micro-electro-mechanical systems (MEMS) designs to cast those functions into custom silicon. 
Microelectromechanical systems (MEMS) consist of extremely tiny mechanical elements, often integrated together 
with electronic circuitry. The study of “Smart Dust systems” is very new. The main purpose of this paper is to 
present some of the technological opportunities and challenges, with the goal of getting more systems-level 
researchers interested in this critical area. The remainder of this paper is organized as follows. It presents an 
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overview of the technology that underlies Smart Dust, outlines the key networking challenges presented by this 
technology.  
 

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. A Micro electro mechanical system consists of extremely tiny mechanical elements, often integrated 
together with electronic circuitry. They are measured in a micrometer 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 
micro fabrication 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 realize a complete System On chip technology.  
 
1.1 Smart Dust Technology  
 

A Smart Dust mote is illustrated in Figure 1. Integrated into a single package are MEMS sensors, a 
semiconductor laser diode and MEMS beam-steering mirror for active optical transmission, a MEMS corner-cube 
retro reflector for passive optical transmission, an optical receiver, signal-processing and control circuitry, and a 
power source based on thick-film batteries and solar cells. This remarkable package has the ability to sense and 
communicate, and is self-powered! 

 

 

Figure 1: Smart dust mote, containing micro fabricated sensors, optical receiver, passive and active optical 
transmitters, signal processing and control circuitry and power sources. 
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A major challenge is to incorporate all these functions while maintaining very low power consumption, thereby 
maximizing operating life given the limited volume available for energy storage. Within the design goal of a cubic 
millimeter volume, using the best available battery technology, the total stored energy is on the order of 1 Joule. If 
this energy is consumed continuously over a day, the dust mote power consumption cannot exceed roughly 10 
microwatts. The functionality envisioned for Smart Dust can be achieved only if the total power consumption of a 
dust mote is limited to microwatt levels, and if careful power management strategies are utilized (i.e., the various 
parts of the dust mote is a very small particle, for example a dust particle or a grain of sand. In the rest of this 

presentation we shall assume that the intended meaning of a mote is a very small computer. 

 

Figure 2: The _Node, by Ambient Systems 
 
1.2 Radio Vs. Optical 
 
1.2.1 Radio Communication happens by using radio frequency. This technique has interference problems and is 
though on energy consumption.  
1.2.2 Optical Communication uses laser beams. This has less inference problems, but has only a limited direction. 3  
 
1.3 Mobile Networking Opportunities  
 

The optical free-space communication method presents many opportunities beyond low-power, passive 
communications. Since the application of interest in sensor networks is primarily sensor read-out, the key protocol 
issues are to perform read-out from a large volume of sensors co-located within a potentially small area. Random 
access to the medium is both energy-consuming and bandwidth inefficient. So it is extremely useful to exploit 
passive and broadcast- oriented techniques when possible. Fortunately the free-space approach supports multiple 
simultaneous readout of sensors, mixes active and passive approaches using demand access techniques, and provides 
efficient and low latency response to areas of a sensor network that are undergoing frequent changes. These are 
described in more detail in the following subsections, with emphasis on passive dust mote transmitters.  
 
1.3.1 Parallel Read-Out  

A single wide beam from the BTS can simultaneously probe many dust motes. The imaging receiver at the 
BTS receives multiple reflected beams from the motes, as long as they are sufficiently separated in space to be 
resolved by the receiver’s pixel array. The probe beam sweeps the three dimensional space covered by the base 
station on a regular basis, most likely determined by the nature of the application and its need for moment-by-
moment sensor readings.  



N. Sunil Chowdary, IJRIT  113 

 

1.3.2 Demand Access  
To save transmit power, if the mote must use active communications, then it is best to use the active 

transmitter in a high-bit-rate, short-burst mode. Familiar demand access methods can be used to combine the low 
latency advantages of active communications with the low-power advantages of the passive approach.  
When the mote needs to transmit information, it actively transmits a short-duration burst signal to the BTS. The 
BTS, detecting this signal, then probes in the general geographical area from which the burst was detected. 
Assuming that the passive transmitter (i.e., CCR) is properly oriented toward the BTS, the mote can respond by 
modulating the reflected probe beam with the data it needs to transmit.  
 

Logically, the communications structure described above has much in common with familiar cellular and 
satellite networks [5]. The paging channel is acquired using contention access techniques. The BTS grants a channel 
to the node requesting attention. In a cellular network, this is accomplished by assigning a frequency, time slot, 
and/or code to the node. In the scheme described for dust motes, the channel is “granted” by the incident probe 
beam. Note that there are as many channels (paging or data) as there are resolvable pixels at the BTS. The BTS has 
no way to distinguish between simultaneously communicating dust motes if they fall within the same pixel in the 
imaging array. One possible way to deal with this is to introduce time slotted techniques not unlike that found in 
time division multiple access (TDMA) communications systems. A wide aperture beam from the BTS could be 
modulated in such a fashion as to offer a common time base by which to synchronize the motes. The BTS can then 
signal an individual mote the particular time slot it has assigned to it for communication. The mote must await its 
time slot to communicate, whether it uses an active or a passive transmitter.  
 
1.3.3 Probe Revisit Rates  

Probe beam revisit rates could be determined in an application- specific manner. It is a well-known 
observation from statistical data management that areas where changes are happening most rapidly should be 
revisited most frequently, If sensor readings are not changing much, then occasional samples are sufficient to obtain 
statistically significant results. So it is 4 better to spend probe dwell time on those sensors that are experiencing the 
most rapid reading changes, and for which infrequent visit would lead to the greatest divergence from the current 
sensor values. 
 
1.4 Optical Motes:  
 
� Have a laser beam with range r  
 
� Can move the beam both horizontally and vertically by α degree. We assume α = 40o  
 
 

� The region a mote u can send to is called its region Su  
 
 

� It can receive laser beams from all directions and evaluate the direction of the incoming beam as 
well.  
 

 
Figure 3: The sector Su associated with mote u (From [1]) 
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 Figure 4: A random sector graph, with _ = 29_(_ 70_), n = 100 and r = 0:2 (From [1])  
 
2. Localization  
 
2.1 Distance Estimation 
 

Received Signal Strength Indicator (mainly for RF communication). Time Based methods (Time-of-
Arrival), using the signal propagation speed and the travel time, one can compute the distance (For both RF and 
optical communication). Angle-of-Arrival methods. Using geometric relations to calculate the mote positions 
(mainly for optical communication).  
 
2.2 Location Calculation:  
Hyperbolic tri-lateration, Triangulation, and Maximum Like hood. 
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(From [3]) 

 
2.3 Mote Localization 
All motes that have a direct connection which the base station receive their location from the basestation.  
The rest of the motes need location information from 3 other motes to calculate its own location.  
 
2.4 Localization Algorithm 
 

• Phase 0:  
• The basestation (BS) performs a full scan of the terrain, sending the location it is pointing at in the process.  
• All motes that receive a signal from the BS store their location.  
• Phase I (i ≥ q):  



N. Sunil Chowdary, IJRIT  116 

 

• Every mote that received its location at phase i - 1 does a full scan of its sector, sending its location. After a 
full scan it goes to sleep.  

• Every mote that does not know its location waits until it has received the locations of three other motes. 
Then it computes its own location.  

• When enough motes are in the network this algorithm terminates, with high probability, after two phases.  
 
 
3. Network Algorithms  
 
3.1 Broadcasting from the base station  
 
3.1.1 Phase 0 
The base station performs a full scan and sends the message to all the motes in can communicate with.  
3.1.2 Phase i (i ≥ q) 
All motes with level i perform a full scan, sending the message and their level number plus one. After that, they go 
to sleep. Any mote that receives a message gets the level number it receives.  
 
3.2 Route Establishment from node to the base station 
 
Route Establishment from node to the Base Station 
 
3.2.1 Phase 0 
 

• All motes that cannot directly communicate with the BS perform a full scan, sending their ID.  
 

• All motes that can communicate with the BS send the ID’s they have received to the BS.  
 

• The BS assigns all ID’s to one mote and broadcasts the assignment.  
 

3.2.2 Phase i (i ≥ q) 
 

• All motes that have received an assignment in phase i – 1 send the ID they received in the first step to their 
assigned.  

 
• All motes that have an assignment relay the messages they receive toward the BS.  

 
• The BS assigns all ID’s again and broadcasts the assignment.  

 
 
4. Synchronization  
 

We assume that the motes all know their direction and the time needed to perform a 2π scan. They should also 
have a synchronized clock onboard. The synchronization scheme works as follows:  
 

• The BS broadcasts the starting time of the synchronization scheme.  
 

• In the time that is set for a 2π scan all directions are visited in a counter-clockwise order.  
 

• Whenever a mote wants to send in the direction that is currently visited it starts sending.  
 

This scheme works well, except for the case where three or more motes are aligned within a distance of r. The 
chance that this will happen is probably negligible [1].  
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5. Summary and Conclusions  
 

The research community is searching for a new environment in which to generate innovative ideas and 
prove their effectiveness. A new paradigm beyond desktop computing is capturing the imaginations of systems 
designs: the so called “post-PC” era. Wireless sensor networks are one area that promises to yield important 
applications and demands new approaches to traditional networking problems.  

 
We have described Smart Dust, an integrated approach to networks of millimeter-scale sensing / 

communicating nodes. Smart Dust can transmit passively using novel optical reflector technology. This provides an 
inexpensive way to probe a sensor or acknowledge that information was received. Active optical transmission is also 
possible, but consumes more power. It will be used when passive techniques cannot be used, such as when the line-
of-sight path between the dust mote and BTS is blocked. Smart dust provides a very challenging platform in which 
to investigate applications that can harness the emergent behavior of ensembles of simple nodes. Dealing with 
partial disconnections while establishing communications via dynamic routing over rapidly changing unidirectional 
links poses critical research challenges for the mobile networking community.  
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